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This study was conducted to determine the best model for genetic parameter estimation 

on the Fars native chicken traits using Bayesian and REML Methods. Studied traits 

were body weight at first day (BW1), body weight at eighth weeks (BW8), body weight 

at 12th weeks (BW12), age at sexual maturity (ASM), egg number production (EGP) and 

mean egg weight during 28th ,30th and 32nd week ages (EGW) involving three 

generations 17, 18 and 19 during the years 2010 to 2012. Genetic parameters were 

estimated with REML method using WOMBAT software and with Bayesian approach 

using MTGSAM software. Based on AIC and DIC criteria, the most appropriate model 

was determined. Estimations of direct additive heritabilities for BW1, BW8, BW12, 

ASM, EGP and EGW by the best models using REML method were 0.31, 0.32, 0.29, 

0.45, 0.24 and 0.22 and by Bayesian method were 0.36, 0.33, 0.30, 0.48, 0.26 and 0.25, 

respectively. The genetic correlation coefficients ranged from -0.709 between EGP and 

ASM to 0.844 between BW8 and BW12 (by Bayesian method) and ranged from -0.724 

between ASM and EGP to 0.894 between BW12 and BW8 (by REML method). 

Generally, based on the employed criteria, the 1st and 2nd models can be suggested for 

analysis of body weight traits (BW1, BW8 and BW12), whereas for other traits (ASM, 

EGP and EGW), 1st, 5th, 4th and 6th models seems to be suitable for estimation of genetic 

parameters of the Fars Native fowls traits using Bayesian and REML Methods. The 

Bayesian approach recommended for estimation of genetic parameters on the Fars 
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native chicken traits because this method used the prior distribution in the calculation 

process. 

Key words:  animal model, heritability, genetic correlation, gibbs sampling  

 

INTRODUCTION 

Currently, genetic conservation of the domestic animals has been internationally 

discussed and it has mainly focused on the strategies of rare breed conservation. In recent 

decades, breeding programs has an important effect on the genetic composition of commercial 

chickens (JASOURI et al., 2012). Furthermore, as rearing of native chicken is reasonable in some 

rural areas (MOHAMMADABADI et al., 2010), breeding them becomes important in small farms to 

earn more income as well as the importance of conserving the genetic variation of native breeds 

(EMAMGHOLIBEGLI et al., 2010). Rearing of the domestic fowl in Iran and its dissemination 

throughout this country has an old history. Iran (Persia) was a great empire from the 5th century 

BC to approximately the 7th century AD, and extended from India (Delhi) to the Black and the 

Mediterranean seas. At those times and later, in the middle Ages, Persia was located at the 

crossroads of major ways for transporting goods, including the domestic fowl, from the East to 

the West, both by land and waterways. Numerous wars in the territory of Persia and adjacent 

countries during those periods could also facilitate the spreading of the chicken populations. 

Archaeological excavations confirmed the presence of the domestic fowl in the territory of Iran 

at the ancient times (MOHAMMADABADI et al., 2010). Persian merchants maintained strong trade 

ties with the Mediterranean area and sailed upstream the Volga River, reaching Nizhniy 

Novgorod in Russia. It is known that Persian chickens from the Gilan province took part in the 

origin of the Russian Orloff breed (MOHAMMADABADI et al., 2010). Since 1981, twelve centers 

were organized for reproducing native poultry varieties, and a total number of chickens they 

maintain are about 8000 birds. Currently, there are eight active poultry center in Iran such as 

Fars, West Azarbaijan, Isfahan, Mazandaran, Khorasan, Yazd, Zanjan and Khuzestan provinces 

(MOHAMMADABADI et al., 2010; MOAZENI et al., 2016; MOHAMMADIFAR et al., 2013). Fars 

native fowls are valuable in the rural genetic pool and also, are compatible with open and 

unfavorable conditions of the rural area. These fowls provide a useful protein resource for rural 

families (DEIMI GHIASABADI et al., 2012). These studies indicate that native chicken contribute to 

save genetic diversity for future generations. The goals of the Fars breeding center are to 

conserve the native chicken’s gene pool and to increase the production ability of this breed for 

environmental condition in developing the rural industry (DEIMI GHIASABADI et al., 2012). An 

efficient selection program relies on estimated genetic and environmental parameters of the traits 

involved. So, in order to determination of selection methods for prediction of direct and genetic 

correlation, understanding of the genetic and environmental parameters principles is necessary. It 

is important to have an accurate (co)variance component and consequent genetic parameters for 

every animal breeding program. To achieve this aim, several statistical methods have been used 

during the four past decades. Two powerful statistical methods are still being widely used for 

different animal breeding researches. The first one is Restricted Maximum Likelihood (REML) 

using popular algorithm average information REML (AI-REML; MISZTAL, 2008) and the second 

one is a Bayesian method using Gibbs sampling (BAGS) technique. Thus, selecting the most 

appropriate and accurate model and method for improving these traits in this native chicken 

could speed up the response to selection. Several studies have been conducted on estimating 

direct heritability for economic traits with no attention to the existence of maternal effects in 
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native fowl (SANG et al., 2006). But, only a few estimates are available for maternal genetic and 

permanent environmental effects (NORRIS and NGAMBI, 2006). Maternal effects play a significant 

role in development of the economic traits. These effects can be caused by genetic or 

environmental differences between dams or by the combination of the genetic and environmental 

differences (GROSSO et al., 2010). It is suggested that including maternal effects in the analysis 

reduces the bias of genetic parameter estimations (GHORBANI et al., 2012). Although several 

studies have been conducted on molecular research aspects (MOHAMMADABADI et al., 2010; 

MOAZENI et al., 2016; MOHAMMADIFAR et al., 2009 and 2013; ZANDI et al., 2014) and estimating 

direct additive heritabilities for economic traits with no attention to the existence of maternal 

effects in native fowls (SANG et al., 2006; KAMALI et al., 2007). But, only a few estimates are 

available for maternal genetic and permanent environmental effects (NORRIS and NGAMBI, 2006; 

HAUNSHI et al., 2012; GHORBANI et al., 2012).  

Therefore, this study was carried out to compare six different animal models with 

Bayesian procedure based on Gibbs sampling and REML methods to estimate genetic 

parameters of maternal effects of Fars native chickens in the 3 latter generations (17, 18 and 19). 

Goodness of fit for the models was examined using Akaike’s Information Criterion (AIC) and 

Derivative Information Criterion (DIC). 

 

MATERIALS AND METHODS 

Data 

Fars native chicken breeding center is located in Fars province of Iran (There are three 

distinct climatic regions in the Fars province; mountainous, dry and moderate regions (JAFARI et 

al., 2015), with the objective of saving population of native fowls in the rural areas from 

extinction, concentrating on genetic conservation and improvement and promoting indigenous 

chicken breeding. Initially, the base population was generated from native chickens, collected 

from far the rural areas based on their phenotypic properties. The chickens were housed in dwarf 

wall wire mesh screened pens roofed with corrugated roofing sheets. The first measuring of body 

weight the chickens in the eighth week were done. It was subsequently weighed at 12th week and 

those who had a high weight were selected and moved to the cage. The chickens also are grown 

in the cage until the laying time and the first laying, egg weight and chicken weight are records 

until the herd production reach 5%.  From that time to 12 week age afterwards, the number of 

eggs produced and the weight of eggs are recorded at the age of 28, 30 and 32 weeks. 

Subsequently, the selection of hens and roosters in each generation was carried out in two stages. 

One of them was based on the weight of eight weeks and the second stage based on the collected 

data on the number of eggs, egg weight, the age at maturity and weight chickens. The 

maintenance system from cage system changed to the Penn system. Mating hens and roosters are 

naturally (each rooster with 11 hens at per penn), is performed on the litter. 

 Initially, the birds were selected based on body weight 12th week age, and individual egg 

production was recorded for 12 weeks. Subsequently, the hens were selected based on their 

ASM, EGP, EGW and the roosters were selected based on the performance of their sisters. 

Animals with records were progeny of 246 sires and 1565 dams and the pedigree included 9557, 

8219, 7440 and 7032 for body weight traits, age at sexual maturity (ASM), egg number of 

production (EGP) and egg weight mean (EGW) birds, respectively. The data set used in this 

research included 7746 records belonged to years of 2010 to 2012 for body weight (g) at first day 
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(BW1), eighth week (BW8) and 12th week (BW12); ASM (day); EGP; EGW (g) during 28th, 

30th and 32nd week ages, involving three generations (17, 18 and 19).  

 

Statistical Analysis 

The statistical description of the traits and characteristics pedigree is summarized in 

Tables 1 and 2, respectively. Fixed effects (Including: generation, hatching turn and sex for 

growth traits; generation and hatching turn for egg traits) were selected after testing the 

statistically significant using GLM procedure of SAS software. For studied traits the  variance  

components  were estimated  with  six  different  univariate  animal  models; and  based  on  AIC 

and  DIC criteria,  the  most  appropriate model was  determined. 

The animal models fitted for the genetic analysis were as follows:    

                                  

                                                                                                  

 

 

 

 

 

(1)        

 

Where y; is the vector of observations; b, is vector of fixed effects including Generation, 

hatching turn and sex; a, is vector of direct additive genetic effects; m, is vector of maternal 

additive genetic effects; c, is the vector of random maternal permanent environmental effects; e 

is vector of residual effects and X, Z1, Z2 and W are incidence matrices for b, a, m and c, 

respectively. ; indicates whether covariance between direct and maternal genetic 

effects was considered. 

The direct ( ) and maternal additive heritability ( ) estimates were calculated as below:    

     

                                                                                                                                                        

                                                                                                                             

(2) 

 

                                                                                                                            

(3) 

Where, , ,  and  are additive genetic variance, maternal genetic variance, maternal 

permanent environmental and residual variances, respectively. The (co)variance structure of the 

Model 6 will be as follows:  
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(4) 

A is the additive genetic relationship matrix coefficients among chickens,  is the covariance 

between direct and maternal effects and I is the identity matrix. 

 

Model selection 

Bayesian  

Goodness of fit for the models was examined using Deviance Information Criterion 

(DIC): 

 

DIC = 2 × (  –    Currently, genetic conservation of the domestic animals has 

been internationally discussed and it has mainly focused on the strategies of rare breed 

conservation. In recent decades, breeding programs has an important effect on the genetic 

composition of commercial chickens (JASOURI et al., 2012). Furthermore, as rearing of native 

chicken is reasonable in some rural areas (MOHAMMADABADI et al., 2010), breeding them 

becomes important in small farms to earn more income as well as the importance of conserving 

the genetic variation of native breeds (EMAMGHOLIBEGLI et al., 2010). Rearing of the domestic 

fowl in Iran and its dissemination throughout this country has an old history. Iran (Persia) was a 

great empire from the 5th century BC to approximately the 7th century AD, and extended from 

India (Delhi) to the Black and the Mediterranean seas. At those times and later, in the middle 

Ages, Persia was located at the crossroads of major ways for transporting goods, including the 

domestic fowl, from the East to the West, both by land and waterways. Numerous wars in the 

territory of Persia and adjacent countries during those periods could also facilitate the spreading 

of the chicken populations. Archaeological excavations confirmed the presence of the domestic 

fowl in the territory of Iran at the ancient times (MOHAMMADABADI et al., 2010). Persian 

merchants maintained strong trade ties with the Mediterranean area and sailed upstream the 

Volga River, reaching Nizhniy Novgorod in Russia. It is known that Persian chickens from the 

Gilan province took part in the origin of the Russian Orloff breed (MOHAMMADABADI et al., 

2010). Since 1981, twelve centers were organized for reproducing native poultry varieties, and a 

total number of chickens they maintain are about 8000 birds. Currently, there are eight active 

poultry center in Iran such as Fars, West Azarbaijan, Isfahan, Mazandaran, Khorasan, Yazd, 

Zanjan and Khuzestan provinces (MOHAMMADABADI et al., 2010; MOAZENI et al., 2016; 
MOHAMMADIFAR et al., 2013). Fars native fowls are valuable in the rural genetic pool and also, 

are compatible with open and unfavorable conditions of the rural area. These fowls provide a 

useful protein resource for rural families (DEIMI GHIASABADI et al., 2012). These studies indicate 

that native chicken contribute to save genetic diversity for future generations. The goals of the 

Fars breeding center are to conserve the native chicken’s gene pool and to increase the 

production ability of this breed for environmental condition in developing the rural industry 

(DEIMI GHIASABADI et al., 2012). An efficient selection program relies on estimated genetic and 
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environmental parameters of the traits involved. So, in order to determination of selection 

methods for prediction of direct and genetic correlation, understanding of the genetic and 

environmental parameters principles is necessary. It is important to have an accurate 

(co)variance component and consequent genetic parameters for every animal breeding program. 

To achieve this aim, several statistical methods have been used during the four past decades. 

Two powerful statistical methods are still being widely used for different animal breeding 

researches. The first one is Restricted Maximum Likelihood (REML) using popular algorithm 

average information REML (AI-REML; MISZTAL, 2008) and the second one is a Bayesian method 

using Gibbs sampling (BAGS) technique. Thus, selecting the most appropriate and accurate 

model and method for improving these traits in this native chicken could speed up the response 

to selection. Several studies have been conducted on estimating direct heritability for economic 

traits with no attention to the existence of maternal effects in native fowl (SANG et al., 2006). 

But, only a few estimates are available for maternal genetic and permanent environmental effects 

(NORRIS and NGAMBI, 2006). Maternal effects play a significant role in development of the 

economic traits. These effects can be caused by genetic or environmental differences between 

dams or by the combination of the genetic and environmental differences (GROSSO et al., 2010). 

It is suggested that including maternal effects in the analysis reduces the bias of genetic 

parameter estimations (GHORBANI et al., 2012). Although several studies have been conducted on 

molecular research aspects (MOHAMMADABADI et al., 2010; MOAZENI et al., 2016; 
MOHAMMADIFAR et al., 2009 and 2013; ZANDI et al., 2014) and estimating direct additive 

heritabilities for economic traits with no attention to the existence of maternal effects in native 

fowls (SANG et al., 2006; KAMALI et al., 2007). But, only a few estimates are available for 

maternal genetic and permanent environmental effects (NORRIS and NGAMBI, 2006; HAUNSHI et 

al., 2012; GHORBANI et al., 2012).  

Therefore, this study was carried out to compare six different animal models with 

Bayesian procedure based on Gibbs sampling and REML methods to estimate genetic 

parameters of maternal effects of Fars native chickens in the 3 latter generations (17, 18 and 19). 

Goodness of fit for the models was examined using Akaike’s Information Criterion (AIC) and 

Derivative Information Criterion (DIC). 

 

MATERIALS AND METHODS 

Data 

Fars native chicken breeding center is located in Fars province of Iran (There are three 

distinct climatic regions in the Fars province; mountainous, dry and moderate regions (JAFARI et 

al., 2015), with the objective of saving population of native fowls in the rural areas from 

extinction, concentrating on genetic conservation and improvement and promoting indigenous 

chicken breeding. Initially, the base population was generated from native chickens, collected 

from far the rural areas based on their phenotypic properties. The chickens were housed in dwarf 

wall wire mesh screened pens roofed with corrugated roofing sheets. The first measuring of body 

weight the chickens in the eighth week were done. It was subsequently weighed at 12th week and 

those who had a high weight were selected and moved to the cage. The chickens also are grown 

in the cage until the laying time and the first laying, egg weight and chicken weight are records 

until the herd production reach 5%.  From that time to 12 week age afterwards, the number of 

eggs produced and the weight of eggs are recorded at the age of 28, 30 and 32 weeks. 

Subsequently, the selection of hens and roosters in each generation was carried out in two stages. 
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One of them was based on the weight of eight weeks and the second stage based on the collected 

data on the number of eggs, egg weight, the age at maturity and weight chickens. The 

maintenance system from cage system changed to the Penn system. Mating hens and roosters are 

naturally (each rooster with 11 hens at per penn), is performed on the litter. 

 Initially, the birds were selected based on body weight 12th week age, and individual egg 

production was recorded for 12 weeks. Subsequently, the hens were selected based on their 

ASM, EGP, EGW and the roosters were selected based on the performance of their sisters. 

Animals with records were progeny of 246 sires and 1565 dams and the pedigree included 9557, 

8219, 7440 and 7032 for body weight traits, age at sexual maturity (ASM), egg number of 

production (EGP) and egg weight mean (EGW) birds, respectively. The data set used in this 

research included 7746 records belonged to years of 2010 to 2012 for body weight (g) at first day 

(BW1), eighth week (BW8) and 12th week (BW12); ASM (day); EGP; EGW (g) during 28th, 

30th and 32nd week ages, involving three generations (17, 18 and 19).  

 

Statistical Analysis 

The statistical description of the traits and characteristics pedigree is summarized in 

Tables 1 and 2, respectively. Fixed effects (Including: generation, hatching turn and sex for 

growth traits; generation and hatching turn for egg traits) were selected after testing the 

statistically significant using GLM procedure of SAS software. For studied traits the  variance  

components  were estimated  with  six  different  univariate  animal  models; and  based  on  AIC 

and  DIC criteria,  the  most  appropriate model was  determined. 

The animal models fitted for the genetic analysis were as follows:           

                                  

                                                                                                  

 

 

 

 

  (1) 

 

Where y; is the vector of observations; b, is vector of fixed effects including Generation, 

hatching turn and sex; a, is vector of direct additive genetic effects; m, is vector of maternal 

additive genetic effects; c, is the vector of random maternal permanent environmental effects; e 

is vector of residual effects and X, Z1, Z2 and W are incidence matrices for b, a, m and c, 

respectively. ; indicates whether covariance between direct and maternal genetic 

effects was considered. 

The direct ( ) and maternal additive heritability ( ) estimates were calculated as below:        

                                                                                                                                                        

            (2)                                                                                                                  

             (3)                                                                                                                
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Where, , ,  and  are additive genetic variance, maternal genetic variance, maternal 

permanent environmental and residual variances, respectively. The (co)variance structure of the 

Model 6 will be as follows:  

                                                                                         

         (4) 

A is the additive genetic relationship matrix coefficients among chickens,  is the covariance 

between direct and maternal effects and I is the identity matrix. 

 

Model selection 

Bayesian  

Goodness of fit for the models was examined using Deviance Information Criterion 

(DIC): 

 

DIC = 2 × (  –             (5)                                                                                                          

 

Where  is the posterior expectation of Log-likelihood and  is Log-likelihood evaluated 

at the posterior mean of the parameters. The model giving the lowest DIC value is chosen as the 

best approximating model (NABAVI et al., 2014).  

The analysis of the traits was carried out using BAGS method that was applied by MTGSAM 

software. The Gibbs sampler was run for 200,000 rounds, and the first 20,000 rounds were 

discarded as a burning period. A thinning interval of 200 rounds was used to retain sampled 

values that reduced lag correlation among thinned samples. 

REML  

Goodness of fit for the models was examined using likelihood based criteria as:  

AIC = -2Logl + 2                                                                                                                              

(6)  

Where Logl is log-likelihood and k is the number of parameters estimated. The model giving the 

lowest AIC values is chosen as the best approximating model. Estimation of genetic parameters 

with REML methodology was done by WOMBAT software (MEYER, 2007).  

 

RESULTS 

The mean of BW1 in three generations was 34.51 gram (Table 1). One of the most 

important and economical traits which are selected for improving in native chickens is BW8. 

The mean and the coefficient of variation (CV) of this trait was 633.93 and 20.08, respectively. 

Also, the mean and the CV of BW12 was 1028.82 and 17.12. The mean and the CV were 137.25 

and 7.88 (ASM), 50.10 and 24.67 (EGP) and 50.04 and 12.46 (EGW), respectively (Table 1). 

Estimated (co) variance components and genetic parameters for the BW1, BW8 and BW12 

traits using different models are shown in Table 2. Based on values of comparison criteria (AIC, 

DIC), the most appropriate model for REML and Bayesian method was determined. Selection of 
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the best model partly depends on the criteria that were used. In the present research, for BW1 in 

REML and Bayesian method the second model (includes additive genetic effects and maternal 

permanent environmental effect) had the lowest AIC (20593.19) and DIC (-63655.66) values; 

therefore, it was selected as the best model. Estimated additive heritabilities based on the best 

model for this trait was 0.31±0.061 and 0.36±0.003 using REML and Bayesian approaches, 

respectively. For other weight traits (BW8 and BW12), based on the values of comparison 

criteria, the first model was determined as the best in which the direct additive heritability 

estimates for BW8 were 0.32±0.026 and 0.33±0.008 and for BW12 0.29±0.025 and 0.30±0.005 

by REML and Bayesian methods, respectively. 

 
Table1. Descriptive statistics of the data sets 

C.V % Max Min Mean N Trait 

9.89 49.08 23.9 34.51±0.038 7746 BW1 

20.08 1100 310 633.93±1.446 7746 BW8 

17.12 1900 500 1028.82±2.003 7728 BW12 

7.88 204 109 137.25±0.135 6344 ASM 

24.67 116 10 50.10±0.203 5650 EGP 

12.46 75 30 50.04±0.086 5310 EGW 

BW1: Body weight at first day; BW8: body weight at eighth week; BW12: body weight at weight at 12th week; ASM: 

age at sexual maturity (Day); EGP: egg number of production; EGW: egg weight mean during 28th 30th and 32nd 
week ages (g). 

 
Table 2. Estimated genetic parameters of BW traits and Criteria values  

Traits Method Model ±SE c2±SE ±SE ram AIC DIC 

BW1 

 

R
E

M
L

 

1 0.32±0.026 - - - 20839.96 - 

2 0.31±0.061 0.412±0.029 - - 20593.19 - 

3 0.31±0.061 - 0.412±0.029 - 20593.31 - 

4 0.31±0.061 - 0.187±0.030 0.932 20593.31 - 

5 0.31±0.061 0.206±0/006 0.206±0.030 - 20593.20 - 
6 0.31±0.061 0.368±0/029 0.018±0.000 0.344 20593.20 - 

        

B
a
y

e
si

a
n

 

1 0.32±0.001 - - - - -
53816.53 

2 0.36±0.003 0.391±0.005 - - - -

63665.66 

3 0.34±0.004 - 0.546±0.004 - - -

63381.12 

4 0.34±0.010 - 0.544±0.011 0.326 - -
63474.58 

5 0.34±0.005 0.081±0/008 0.480±0.004 - - -

63404.76 
6 0.34±0.006 0.091±0/008 0.463±0.010 0.360 - -

63410.51 

        

BW8 

 R
E

M
L

 

1 0.32±0.026 - - - 74407.92 - 

2 0.28±0.042 0.019±0.017 - - 74408.70 - 
3 0.28±0.042 - 0.019±0.017 - 74408.70 - 

4 0.28±0.042 - 0.007±0.001 -0.992 74408.70 - 

5 0.28±0.042 0.011±0/017 0.008±0.001 - 74410.70 - 
6 0.28±0.042 0.050±0/017 0.005±0/000 -0.982 74410.70 - 

        

B a y e
s

ia n
 1 0.33±0.008 - - - - -5276.11 

2 0.29±0.003 0.020±0.007 - - - -5027.47 
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3 0.31±0.002 - 0.166±0.006 - - -5165.84 

4 0.31±0.005 - 0.157±0/007 -0.619 - -5183.04 
5 0.31±0.001 0.015±0/004 0.136±0/004 - - -5164.99 

6 0.31±0.004 0.016±0/006 0.136±0/005 -0.642 - -5180.54 

        

BW12 

R
E

M
L

 

1 0.29±0.025 - - - 80672.42 - 

2 0.24±0.038 0.023±0.016 - - 80672.42 - 

3 0.24±0.038 - 0.023±0.016 - 80672.42 - 
4 0.24±0.038 - 0.008±0/016 -0.998 80672.42 - 

5 0.29±0.044 - - - 80672.42 - 

6 0.24±0.038 0.066±0/001 0.012±0/000 -0.997 80672.42 - 
        

B
a
y

e
si

a
n

 

1 0.30±0.005 - - - - 1485.75 

2 0.26±0.003 0.020±0.002 - - - 1694.85 
3 0.27±0.007 - 0.148±0.004 - - 1638.38 

4 0.26±0.010 - 0.146±0/004 -0.612 - 1641.64 

5 0.26±0.009 0.016±0/004 0.122±0/002 - - 1635.81 
6 0.27±0.001 0.014±0/014 0.122±0/008 -0.648 - 1629.02 

Direct additive heritability ( ); maternal additive heritability ( ); proportion of maternal permanent environmental 

variance to phenotypic variance (c2); correlation between direct and maternal additive genetics (ram).  

 

 

Table 3. Estimated genetic parameters of EGW trait and Criteria values 
Trait Method Model ±SE c2±SE ±SE ram AIC DIC 

  1 0.39±0.030 - - - 33294.65 - 

  2 0.38±0.020 0.001±0.020 - - 33294.85 - 

 REML 3 0.38±0.030 - 0.001±0.020 - 33294.85 - 

  4 0.45±0.057 - 0.058±0.002 0.897 33293.08 - 

  5 0.39±0.040 0.001±0.001 0.001±0.020 - 33296.85 - 

  6 0.45±0.057 0.007±0.002 0.002±0.021 0.996 33295.08 - 

ASM         

  1 0.41±0.003 - - - - -31375.15 

  2 0.39±0.006 0.009±0.008 - - - -31292.25 

 Bayesian 3 0.48±0.004 - 0.215±0.001 - - -31819.92 

  4 0.48±0.007 - 0.171±0.007 0.686 - -31795.72 

  5 0.48±0.006 0.012±0.008 0.198±0.004 - - -31837.38 

  6 0.48±0.007 0.013±0.001 0.192±0.002 0.752 - -31817.54 

 
For ASM trait, the fourth model was determined as the best model based on the lowest 

AIC (33293.08) in REML method and the fifth model with the lowest DIC (-31837.38) was 

determined as the best model in Bayesian method. Estimated direct and maternal additive 

heritabilities for this trait were 0.45±0.057 and 0.058±0.002 using REML method, respectively 

and 0.48±0.006 and 0.198±0.004 by Bayesian method, respectively (Table 3). For EGP, in 

REML method, the first model was determined as the best model based on the lowest AIC 

(32849.22) and in Bayesian method, the sixth model was the best based on the lowest DIC (-

22124.42), presented in Table 4.  

Estimated direct additive heritability by REML method was 0.24±0.027 and the direct 

and maternal additive heritability estimates by Bayesian method were 0.26±0.009 and 
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0.121±0.001, respectively. For EGW, in REML method, the first model was determined as the 

best model based on the lowest AIC (24482.02) and in Bayesian method, the third model was 

the best based on the lowest DIC (-27699.35). Estimated direct additive heritability by REML 

method was 0.22±0.028 and the direct and maternal additive heritability estimates by Bayesian 

method were 0.25±0.004 and 0.122±0.007, respectively (Table 5). 

 
Table 4. Estimated genetic parameters of EGP trait and Criteria values 

Trait Method Model ±SE c2±SE ±SE ram AIC DIC 

  1 0.24±0.027 - - - 32849.22 - 

  2 0.22±0.040 0.011±0.018 - - 32851.33 - 

 REML 3 0.22±0.040 - 0.011±0.018 - 32851.33 - 

  4 0.22±0.040 - 0.002±0.018 -0.496 32851.33 - 

  5 0.22±0.040 0.006±0.001 0.005±0.018 - 32851.33 - 

  6 0.22±0.040 0.051±0.001 0.013±0.001 -0.969 32851.33 - 

EGP         

  1 0.26±0.003 - - - - -22087.18 

  2 0.22±0.008 0.015±0.001 - - - -22012.65 

 Bayesian 3 0.26±0.001 - 0.128±0.006 - - -22114.69 

  4 0.25±0.009 - 0.126±0.007 -0.619 - -22111.33 

  5 0.25±0.005 0.011±0.001 0.121±0.003 - - -22097.20 

  6 0.26±0.009 0.010±0.007 0.121±0.001 -0.658 - -22124.42 

 

Table 5. Estimated genetic parameters of EGW trait and Criteria values 

Trait Method Model ±SE c2±SE ±SE ram AIC DIC 

  1 0.22±0.028 - - - 24482.02 - 

  2 0.21±0.040 0.007±0.018 - - 24483.87 - 

 REML 3 0.21±0.040 - 0.007±0.018 - 24483.87 - 

  4 0.21±0.040 - 0.003±0.001 0.276 24483.87 - 

  5 0.21±0.040 0.004±0.001 0.003±0.018 - 24485.87 - 

  6 0.21±0.040 0.042±0.001 0.011±0.018 -0.938 24485.87 - 

EGW         

  1 0.24±0.007 - - - - -27629.00 

  2 0.22±0.001 0.012±0.008 - - - -27609.33 

 Bayesian 3 0.25±0.004 - 0.122±0.007 - - -27699.35 

  4 0.25±0.001 - 0.115±0.006 -0.609 - -27693.56 

  5 0.24±0.008 0.010±0.004 0.106±0.003 - - -27687.97 

  6 0.24±0.006 0.011±0.001 0.102±0.001 -0.615 - -27684.20 

 

Table 6. Genetic correlations (above) and phenotypic correlations (below) by Bayesian method 

Trait BW1 BW8 BW12 ASM EGP EGW 

BW1  0.330 0.406 0.071 -0.162 0.030 

BW8 0.146  0.844 0.141 -0.038 -0.129 

BW12 0.139 0.620  0.129 -0.184 0.073 

ASM 0.024 0.011 -0.082  -0.709 0.068 

EGP -0.038 0.004 0.009 -0.553  -0.500 

EGW 0.036 0.012 0.054 0.072 -0.325  
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The correlation between direct and maternal additive genetics ranged from 0.326 to -

0.998, 0.686 to 0.996, -0.496 to -0.969 and 0.276 to -0.938 for body weights, ASM, EGP and 

EGW, respectively.  

The genetic and phenotypic correlations of Fars native chicken using the Bayesian and 

REML methods are shown in Table 6 and 7, respectively. The genetic correlation coefficients 

ranged from -0.709 (the lowest) between EGP and ASM to 0.844 (the highest) between BW8 and 

BW12 (by Bayesian method) and ranged from -0.724 (the lowest) between ASM and EGP to 

0.894 (the highest) between BW12 and BW8 (by REML method). The phenotypic correlations 

ranged from -0.553 (the lowest) between EGP and ASM to 0.620 (the highest) between BW8 and 

BW12 (by Bayesian method) and ranged from -0.611 (the lowest) between ASM and EGP to 

0.652 (the highest) between BW12 and BW8 (by REML method). 

 
Table 7. Genetic correlations (above) and phenotypic correlations (below) by REML method 

Trait BW1 BW8 BW12 ASM EGP EGW 

BW1  0.413 0.441 0.072 -0.238 0.202 

BW8 0.147  0.894 0.053 -0.075 -0.041 

BW12 0.146 0.652  0.087 -0.207 0.171 

ASM 0.025 -0.117 -0.103  -0.724 0.076 

EGP -0.042 0.081 0.011 -0.611  -0.520 

EGW 0.038 0.017 0.059 0.071 -0.328  

 

DISCUSSION 

The mean of BW1 trait (34.512) was in accordance with the report of Mazandaran native 

fowls (NIKNAFS et al., 2013). This trait for West Azerbaijan native chickens (BABAKHANI et al., 

2014) was 42.16; for Esfahan native chickens (YOUSEFI ZONUZ et al., 2013a; SALEHINASAB et al., 

2013b) 37.72 was reported. The mean of BW8 was 633.93, which higher than Mazandaran native 

fowls (573.04) and Razavi Khorasan native chickens (564.65) by JASOURI et al. (2012) and 

LAKHI et al. (2013), respectively. Also, it was lower than West Azerbaijan native chickens 

(772.16) by BABAKHANI et al. (2014) and Esfahan native chickens (820.82) by YOUSEFI ZONUZ et 

al. (2013a). These differences between means can probably be due to breed, nutrition and 

management. The mean of BW12 in this study was higher than the other reports in this breed 

(GHORBANI et al., 2012; DEIMI GHIASABADI et al., 2012). This probably can be due to genetic 

growth. The mean of ASM (137.25 Day) is lower than the other native chickens (Esfahan native 

chickens 178.94 by and West Azerbaijan native chickens 179.80 by SALEHINASAB et al. (2013b) 

and BABAKHANI et al. (2014), respectively. The mean of EGP was lower than GHORBANI et al. 

(2012) and DEIMI GHIASABADI et al. (2012) in this fowls. This difference was due to the number 

of data and nutrition. These were according to other Iranian breeds (YOUSEF et al., 2013a,b; 

EMAMGHOLIBEIGLI et al., 2010; SALEHINASAB et al., 2013b).  The mean of EGW was similar to 

those estimated by other studies in Iranian native fowls and higher than Nigerian local chicken 

ecotype (OLEFORUH-OKOLEH, 2011).  

The main factor determining the body weight chicken at first day is the egg weight. 

SALEHINASAB et al. (2013b) reported the fifth model as the best model for BW1 which did not 

agree with the best model of this study (second model). The best model for this trait was in 

accordance with of Mazandaran native Fowls (GHORBANI et al., 2012). For the BW8 trait, other 

studies (SALEHINASAB et al., 2013b; YOUSEFI ZONUZ et al., 2013b; GHORBANI et al., 2012) 

reported different models using REML method as the best model (5th, 4th and 6th, respectively). 
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The best model for BW12 trait was not in accordance with other studies (SALEHINASAB et al., 

2013b; KIANI-MANESH, 2000). GHORBANI et al. (2012) in a research that was carried out on 17 

generations of Mazandaran native fowls using REML method reported the fifth model as the best 

model for ASM which is according to this study in Bayesian method but not with REML; 

SALEHINASAB et al. (2013b) reported that the first model as the best model for this trait. The best 

model reported for EGP by JASOURI et al. (2012) and JAFARI et al. (2015) agrees with the results 

of this study for Bayesian method and the best model reported by GHORBANI et al. (2012) using 

REML method was according to this study. For EGW trait, JASOURI et al. (2012) and GHORBANI 

et al. (2012) reported the sixth and the fourth model as the best model, respectively, which was 

not according to this study. The best model of this study was in accordance with results of 

SALEHINASAB et al. (2013b).  

In the present study, models including direct and maternal additive genetic effects and 

random maternal permanent environmental effects were employed. There were different 

estimation of (co) variance components and genetic parameters considering different models 

and the reported values of them for traits are according to the best model in both methods. 

Body weight is a complex trait in which estimated heritability for BW1 was in 

accordance with GHORBANI et al. (2012) and JAFARI et al. (2015) that reported 0.29 and 0.33 by 

REML and Bayesian approaches, respectively. Although most researchers reported that the 

maternal genetic effect is necessary for BW1, most studies showed that contribution of maternal 

permanent environmental effects was more than direct and maternal genetic (EMAMGHOLIBEGLI 

et al., 2010; GHORBANI et al., 2012). The direct additive heritability estimate of BW8 in the first 

model was more than other models. The reported value for direct additive heritability of BW8 in 

white leghorn chickens (NURGIARTININGSIH et al., 2002) and Yazd native chickens 

(SALEHINASAB et al., 2013a) was compatible with this study.  Also, the results of this study for 

this trait were not in accordance with YOUSEFI ZONUZ et al. (2013b) on Mazandaran native 

fowls. Heritability estimates reported by SHADPARVAR and ENAYATI, (2012) and GHAZIKHANI 

SHAD et al. (2012) for BW12 was 0.29 and 0.27, respectively which are compatible with the 

results of this study. Differences between models and estimated heritabilities can be due to 

environmental effects, number of data, software, the method and the breeds.  

The estimated direct and maternal additive heritabilities of ASM trait in this study was in 

agreement with other studies (GHORBANI et al., 2012; SERAJ et al., 2006; YOUSEFI ZONUZ et al., 

2013a). The estimated values for above genetic parameters of ASM trait was higher than 

SALEHINASAB et al. (2013b) and the reported values by JASOURI et al. (2012) were lower than 

this study. For EGP trait, the direct additive heritability of the best model was higher than the 

other models. Most researchers reported the significance effect of genetic and maternal 

permanent environment on this trait (YOUSEFI ZONUZ et al., 2013a; JASOURI et al., 2012; 

GHORBANI et al., 2012). Estimated direct heritability for this trait by SALEHINASAB et al. (2013b) 

for Isfahan fowls was 0.24 and GHORBANI et al. (2012) on Mazandaran fowls was 0.23, which 

are similar to the results of this study.  Estimated maternal additive heritability for this trait by 

SALEHINASAB et al. (2013b) and GHORBANI et al. (2012) were 0.05 and 0.03, respectively which 

were lower than the values of this study. Observed differences in genetic parameter estimation 

and the selected model for this trait can probably be due to the different number of data, breed 

variety, software and the used method. 

The positive genetic correlation indicates that selection based on one trait, can increase 

the performance of other traits and the negative correlations would have reverse results 
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(SHADPARVAR and ENAYATI, 2012). The genetic correlation between BW1 and all other traits 

was positive in both methods (REML and Bayesian) except with EGP. Negative genetic 

correlation was observed between EGP and all other traits in both methods which showed that 

the increasing of the EGP would decrease the other traits, so agree with the other studies 

(YOUSEFI ZONUZ et al., 2013a; SHADPARVAR and ENAYATI, 2012). Results of genetic correlations 

between traits revealed that increasing of BW would decrease EGP, which is unfavorable, but at 

the same time would result in higher favorable EGW (HASSANZADEH et al., 2010). The highest 

genetic correlation was observed between BW8 and BW12 in both methods which was in 

accordance with the others (SHADPARVAR and ENAYATI, 2012; OLEFORUH-OKOLEH, 2011; 

HASSANZADEH et al., 2010). The genetic correlations between body weight traits (BW1, BW8 

and BW12) and ASM agrees with the results of the others (YOUSEFI ZONUZ et al., 2013b; 

SHADPARVAR and ENAYATI, 2012; JAFARI et al., 2015).  

There were moderate and positive phenotypic correlations between body weight traits in 

the both methods. EGP had negative phenotypic genetic correlation with EGW during 28th, 30th 

and 32nd week ages which indicates that increasing the number of eggs causes the reduction of 

egg weight (for both methods). These results are in agreement with those obtained by 

SHADPARVAR and ENAYATI, (2012). The negative phenotypic correlation between BW1 and 

EGP; between EGP and EGW were observed in the both methods. Accordingly, uniform 

management and environmental improvement may improve phenotypic features of the 

population.  

In conclusion, (co) variance components for traits studied were in the range of values 

reported in the previous studies. The results showed that there are considerable genetic variations 

in important traits of Fars native fowls, and that selection on body weight traits, EGP, which are 

the most economically important traits in this breed, could be effective. Generally, the 1st and 2nd 

models can be suggested for analysis of body weight traits (BW1, BW8 and BW12), whereas for 

other traits (ASM, EGP and EGW) 1st, 4th, 5th and 6th models seems to be suitable for estimation 

of genetic parameter on the Fars native fowls traits. Bayesian statistics can be considered as one 

special case of probabilistic modeling, where data together with a model for the process 

generating the data are available in addition to prior information. Therefore, the use of Bayesian 

method is recommended to estimation of genetic parameters in the Fars native fowls traits. 
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Izvod 

Ovo proučavanje je izvedeno u cilju determinacije najboljeg modela za procenu genetičkih 

parametara kod Farskog domaćeg pileta korišćenjem Bejzovog i REML metoda. Proučavane su 

osobine: težina trupa prvog dana (BW1), težina trupa posle osam nedelja (BW8), težina trupa 

posle 12 nedelja (BW12), uzrast polne zrelosti (ASM), broj proizvedenih jaja (EGP) i prosečna 

težina jaja tokom 28-e, 30-e i 32-e nedelje starosti uključujući tri generacije 17,18 i 19, tokom 

2010 i 2012. godine. Genetički parametri su procenjeni REML metodom korišćenjem 

WOMBAT softvera i Bejzovim modelom upotrebom MTGSAM softvera. Na osnovu AIC i DIC 

kriterijuma, utvrđen je najbolji model. Procena direktne aditivne heritabilnosti za BW1, BW8, 

BW12, ASM, EGP i EGW pomoću najboljeg modela, upotrebom REML metoda bile su 0.31, 

0.32, 0.29, 0.45, 0.24 i 0.22, a primenom Bejzovog metoda 0.36, 0.33, 0.30, 0.48, 0.26 i 0.25. 

Koeficijenti genetičke korelacije bili su u opsegu od -0.709 između EGP i ASM do 0.844 između 

BW8 i BW12 (Bejzov metod), odnosno od -0.724 između ASM i EGP do 0.894 između BW12 i 

BW8 ( REML metod). Zaključak je, na osnovu primenjenih kriterijuma, da se prvi i drugi model 

mogu preporučiti za analizu težine trupa (BW1, BW8 and BW12), dok su za ostale osobine (ASM, 

EGP and EGW), prvi, četvrti, peti i šesti model pogodniji za procenu genetičkih parametara. 

Bejzov model se preporučuje za ocenu genetičkih parametara kod Farskog domaćeg pileta.   
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