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Abstract

The main aim of this research was to estimate the genetic and phenotypic parameters for
productive and reproductive traits of Esfahan native chickens. Traits included body weights at hatch
(BW1), 8 weeks of age (BW8), 12 weeks of age (BW12), and at sexual maturity (WSM)], age at sex
maturity (ASM), egg number (EN), average egg weight (AEW) in the first 12 weeks of production,
and egg production intensity (Eint). Data were collected over 13 generations (during 1998 to 2011) at
the breeding center of Esfahan native chickens in Iran. Genetic parameters were estimated by a (bi)univariate animal model using the restricted maximum likelihood (REML) procedure. Heritability
estimates for body weight at different ages varied from 0.14±0.01 to 0.42±0.01. Estimated heritability
for reproductive traits ranged from 0.12±0.01 for Eint to 0.36±0.01 for AEW. Estimates of heritability values were moderate but BW1 and AEW showed higher heritability values. Genetic correlation
among body weight traits varied from 0.20±0.03 to 0.82±0.02. Fairly small negative Genetic correlation between body weight traits and egg traits (EN and Eint) was small (in the range of -0.22±0.05 to
-0.03±0.03), while they showed positive and moderate genetic correlation with the average egg
weight, ranging from 0.11±0.04 to 0.39±0.02. There was a low negative genetic correlation (-0.09±0.02)
between egg number and egg weight. Therefore, during simultaneous selection for growth and egg production, probable reduction in egg production due to low reduction in egg number may be compared
by increases in egg weight.
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Introduction
Breeding programs and genetic gain have important
effects on genetic composition of commercial chickens
but the question has risen as what the genetic diversity
of pure commercial line would be in the future (Muir
et al., 2008). Muir et al. (2008) showed that 50% or
more of the genetic diversity in ancestral breeds was
absent in a commercial pure line that, resulted from a
high number of non-corporate breeds. This indicates
the importance of native chickens for the future needs
for genetic diversity. Indigenous chickens, despite their
low growth rate and egg production, are generally superior in terms of disease resistance and performance
under poor nutritions and high environmental temperatures compared to commercial strains reared under village system (Horst, 1989). During the past decades,
importation of exotic breeds has increased the risk of
native chicken extinction in Iran (Ghazikhani shad et
al., 2007). Propagation and extension of Iranian indigenous chickens, in the framework of a national
scheme, started in 1984 in several regions of Iran (Es-

fahan, Mazandaran, Fars, Azerbaijan, Yazd, and
Khorasan). Iranian indigenous chickens are meat-egg
type birds. Breeding of native fowl is important for
small farmers to produce more income (Emamgholi
Begli et al., 2010). Kianimanesh (2002) showed that
age at sexual maturity, egg number, egg weight and
body weight at 8 weeks of age were the most important
traits for improving economic efficiency of Iranian
native fowl. Several studies have reported on the estimates of (co)-variance components and genetic parameters for productive and reproductive traits in indigenous chickens from several regions in Iran (Kamali et
al., 2007; Emamgholi Begli et al., 2010; Dana et al.,
2011; Niknafs et al., 2012) but no comprehensive work
on the genetic and phenotypic parameter estimation
has been published for Esfahan native chicken. Therefore, the (co)-variance components and genetic and
phenotypic parameters and correlation of several productive and reproductive traits were estimated in these
chickens over 13 consecutive generations. The traits stu-

Genetic parameters of chicken traits
dies included body weights at hatch (BW1), 8 weeks of
age (BW8), 12 weeks of age (BW12), and at sexual
maturity (WSM)], age at sex maturity (ASM), egg
number (EN), average egg weight (AEW) in the first
12 weeks of production, and egg production intensity
(Eint).

Because of missing observations, the number of observations differed between traits. The GLM procedure
of SAS software (SAS Institute, 2003) was used to test
the significance of the fixed effects. Genetic analyses
were done by using (BLUP f90) family Misztal (1999).
(Co)-variance components and genetic parameters
were estimated by univariate (1) procedure and correlation between traits by bivariate (2) animal model.
The models used for the analyses were:

Materials and methods
Esfahan province is situated in the center of Iran at
latitude of 32° 39' 35" N and longitude of 51° 40' 17"
E. The province has a dry and hot climate with an average temperature of 40oC and humidity of about 25%
in the summer. Production of native chickens is economical in their environment, because of their adaptation to dry and high temperature conditions in Esfahan.
The Native Chicken Breeding Center of Esfahan was
established with two main objectives, concentrating on
genetic conservation and improvement. At first, the
base population was generated from native chickens,
collected from far the rural areas based on their phenotypic properties, with the first generation created by
random mating within the base population. Chickens
were selected as the parents of the subsequent generations in two steps. Initially, the birds were selected
based on BW12 after 20 weeks of age, and individual
egg production was recorded for 12 weeks. Subsequently, the hens were selected based on their ASM,
WSM, EN and EW, and the roosters were selected
based on the performance of their sisters. Some 40% of
the hens and 5% of the roosters were produced the
next generation; 800 hens and 100 roosters, respectively. Data were recorded data on each individual The
data file consisted of animal, sire, dam number, generation, hatch number and sex (for BW8 trait), and the
number of days in production as a covariate for EN.
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where, for trait i (i=1); yi = vector of observations; bi
=vector of fixed effects of generation, sex, and hatch;
ai = vector of random direct genetic effects; ei = vector
of random residual effects; and Xi and Zi are incidence
matrices relating the observation to the respective fixed
and direct genetic effects.

Results
Pedigree information of Esfahan native chickens is
shown in Table 1, and statistical description (number
of recorded animal, means, standard deviation and CV
%) in Table 2.

Heritability estimates
Estimated heritability of productive and reproductive traits and their correlation are shown in Table 3.
The estimated heritability for body weight at different
ages varied from 0.14 to 0.42. Low estimated heritability values were obtained for traits BW8 and BW12 and
high values for BW1 and WSM. A heritability value of
0.36 was obtained for AEW. The heritability estimates
for egg traits varied from 0.12 for Eint to 0.16 for EN.
However, BW1 among growth traits and AEW among
egg traits were more heritable than other traits studied.

Statistical analysis
For the preparation of data file the visual Fox pro
9.0 software and for pedigree information pedigree
software version 1.01 were used. Statistical description
of the traits is summarized in Table 1.

Correlations within and among growth and egg
production traits
Genetic and phenotypic correlations among studied
traits are presented in Table 3. In general, genetic correlations among body weight traits were rather high
and positive. Genetic correlations among growth traits
ranged from 0.20 to 0.82. The traits BW1 and BW8
were highly correlated genetically (0.82). The phenotypic correlation between BW1 and BW8 was 0.17.
The environmental correlation between body weight
traits ranged from 0.05 to 0.56. There was a low negative genetic correlation between body weight traits and
egg traits (EN and Eint), while body weight traits showed

Table 1. Pedigree information of Esfahan native chicken
Category
Number
All birds
60487
Inbred animals
39766
Sirs in total
1189
Dams in total
6117
Animals with progeny
7306
Animals without progeny
53181
Base animals
785
Non- base animals
59702
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Table 2. Descriptive statistics for the traits in Esfahan native chickens
Trait
N
Mean
SD
Bw0
52034
37.75
3.57
BW8
46310
820.82
181.96
BW12
42201
1461.37
287.35
WSM
15269
1875.60
211.10
ASM
15380
179.26
17.23
EN
14456
48
13.69
AEW
14341
49.49
4.12
Eint
14456
75.36
16.011

CV%
9.47
21.13
19.66
11.25
9.61
20.43
8.33
21.24

BW1, BW8, and BW12: body weight at birth, 8 and 12 weeks of age , respectively, WSM : age
at sexual maturity, ASM: age at first egg, EN: egg number, AEW: average egg weight at 28, 30
and 32 weeks of age, Eint: egg production intensity [= (egg number/days of recording) × 100]

ts, except BW1 and AEW, were in general moderate.
Estimated heritability for BW1 was higher than the
estimated value by Norris and Ngambi (2006) and Dana et al. (2011). The higher estimation in our study
could have resulted from excluding the maternal and
permanent environmental effects in our model. The
estimated values for other BW traits (BW8, BW12,
and WSM) were close to the lower range reported previously (Ghazikhani Shad et al., 2007; Kamali et al.,
2007; Niknafs et al., 2012; Dana et al 2011). Age at
first egg in our study seemed to be less heritable than
in two other (Yazd and Mazandaran) Iranian indigenous chickens (Emamgholi Begli et al., 2011; Niknafs
et al. 2012). Most estimated values for egg number in
previous studies are higher than those obtained in ours
study (Francesch et al., 1977; Sabri et al., 1999; Kamali et al., 2007; Dana et al., 2011; Niknafs et al 2012).
Our heritability estimate for AEW was 0.36 , which is
higher than the heritability value reported in the literature (Emamgholi et al., 2010; Niknafs et al., 2012) for
Yazd and Mazandaran native chickens, and lower than
the study by Kamali et al. (2007) in Fars native chickens. A review of previous studies showed that the direct additive genetic variance, and consequently direct
heritability, increased with age for egg number Ledure
et al. (2000), and the additive genetic variation for egg
number increased with age (Engstrom et al., 1992; Ledure et al., 2003). Change in heritability over generations may result from expression of different genes
during the production cycle. The estimated values for
BW traits in our research were in the range of values
reported by others (Dana et al., 2011; Niknafs et al.,
2012). Heritability estimates for some egg production
traits decreased as selection continued (Sharma et al.,
1996). The obtained heritability of body weight and
egg production traits in this research showed a gradual
improvement over the selection period.

positive and moderate genetic correlation with average
egg weight traits, ranging from 0.11 to 0.39. A negative genetic correlation (-0.20) was observed between
age at ASM and EN. Average egg weight and egg
number were negatively correlated genetically. The
genetic correlation coefficient values ranged from 0.03 (AEW with Eint) to -0.09 (AEW with EN), however, environmental correlation coefficients for these
traits were positive and high, ranging from 0.78 to
0.91.

Discussion
Phenotypic means
The mean birth weight of Esfahan native chicken
was higher than that of the local Venda (Norris and
Ngambi, 2006), Mazandaran (Niknafs et al., 2012),
and Horro Chicken of Ethiopia (Dana et al., 2011). The
calculated values for BW8 and BW12 were lower than
in Fars native (Ghazikhani Shad et al., 2007), Horro
(Da na et al., 2011), Mazandaran (Niknafs et al., 2012)
chickens. Age at sexual maturity in Esfahan native
chickens was rather higher than that reported in Mazandaran (Niknafs et al., 2012) and Yazd (Emamgholi
Begli et al., 2011) native chickens. Phenotypic means
of egg weight in the present study was in the range of
values reported previously (Ghazikhani Shad et al.,
2007; Lwelamira et al., 2009; Niknafs et al., 2012).
The mean egg number was higher than for other breeds
in Iran (Ghazikhani et al., 2007; Emamgholi Begli et
al., 2011; and Niknafs et al., 2012). The phenotypic
differences may be due to breed diversity, long-term
selection in Esfahan native birds (13 generations) and
different environmental conditions.

Heritability
Heritability estimates for most growth and egg traits,
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Table 3. Estimation of genetic parameters in Esfahan native chickens
BW1
BW8
BW12
WSM
ASM
EN
BW1 0.42 ± 0.01 0.82 ±0.02 0.25 ± 0.4 0.46 ± 0.05 0.09 ± 0.03 -0.04 ± 0.02
BW8 0.17 ±0.04 0.16 ± 0.01 0.58 ± 0.02 0.20 ± 0.03 0.01 ± 0.00 -0.09 ± 0.01
BW12 0.18 ± 0.01 0.56 ± 0.04 0.14 ± 0.01 0.38 ± 0.05 0.11 ± 0.04 -0.14 ± 0.04
WSM 0.07 ± 0.04 0.05 ± 0.02 0.18 ± 0.05 0.18 ± 0.00 0.15 ± 0.03 -0.10 ± 0.05
ASM 0.01 ± 0.00 0.03 ± 0.04 0.08 ± 0.04 0.90 ± 0.04 0.15± 0.01 -0.20 ± 0.02
EN
-0.04 ± 0.01 0.07 ± 0.01 0.15 ± 0.03 0.87 ± 0.05 0.65 ± 0.4 0.16 ± 0.01
AEW 0.07 ± 0.02 0.05 ± 0.03 0.18 ± 0.02 0.75 ± 0.05 0.80 ± 0.5 0.78 ± 0.05
Eint
-0.01 ±0.02 0.08 ± 0.04 0.14 ± 0.01 0.81 ± 0.04 0.14 ± 0.2 0.90 ± 0.4

AEW
0.11 ± 0.01
0.38 ± 0.04
0.39 ± 0.02
0.15 ± 0.4
0.54 ± 0.01
-0.09 ± 0.02
0.36 ± 0.01
0.91 ± 0.4

Eint
-0.03 ± 0.03
-0.05 ±0.05
-0.18 ± 0.02
-0.16 ±0.04
-0.22 ± 0.05
0.95 ± 0.03
-0.03 ± 0.04
0.12 ± 0.01

Heritability’s (diagonal), and genetic (above diagonal), and environmental (below diagonal) correlations (± SE) of the investigated traits. BW1, BW8, and BW12: body weight at birth , 8 and 12 weeks of age , respectively, WSM : age at sexual maturity, ASM: age at first egg, EN: egg number, AEW: average egg weight at 28, 30 and 32 weeks of age, Eint: egg production
intensity [= (egg number/days of recording) × 100]

tive correlation between age at first egg and egg
weight, thus increased age at sexual maturity could
result in a reduction in egg number while having a positive effect on the egg weight. The genetic correlation
between egg number and egg intensity was very high
(0.95), therefore, selection for egg number could improve both traits. There were not any considerable environmental correlation between body weight traits in
general. Considerable environmental correlation between egg numbers and intensity of egg production
were observed. There was also a high environmental
correlation between age and weight at sexual maturity,
therefore, uniform management and environmental
improvement may improve phenotypic means of the
population.

Genetic and environmental correlations
Genetic correlations (Table 3) among body weight
traits varied from moderate to high (0.20 to 0.91),
which are in the range of previous reports (Dana et al.,
2011; Niknafs et al., 2012) but the estimated value for
the genetic correlation between BW1 and BW8 (0.82)
was higher than their reports. Genetic correlations between age at sexual maturity and body weight traits
were low and close to zero, except between BW12 and
ASM (0.11) and between WSM and ASM (0.15), being close to the lower end of the range reported by
Niknafs et al. (2012). However, low negative genetic
correlations were reported by others (Kamali et al.,
2007; Lwelamira et al., 2009). Relatively low negative
genetic correlations among body weight traits and egg
number agreed with previous findings (Kamali et al.
2007; Niknafs et al. 2012). Positive genetic correlations were observed between body weight traits and
egg weight while the correlation between egg number
and egg weight was weak and negative, as also shown
by others (Kamali et al. 2007; Lwelamira et al. 2009;
Niknafs et al. 2012). Simultaneous selection for egg
number and body weight may be appropriate for improvement of these traits. A negative association between egg number and age at sexual maturity was recorded, indicating that decreased age at first egg (sexual
maturity) could increase the number of eggs during the
laying period. But improvement in egg number may
result from a decrease in egg weight due to the negative correlation between egg number and egg weight.
Such negative genetic correlation values have been
reported by previous researchers (Ghazikhani et al.,
2007; Kamali et al., 2007; Emamgholi Begli et al.,
2010; Niknafs et al., 2012). We found a moderate posi-

Conclusions
The estimated heritability values for studied traits
were within the range of values reported in previous
studies. There were considerable genetic variations in
important traits of Esfahan native fowls. Growth and
egg production are the most important traits in chicken
under rural production system. Since these chickens
are kept both for meat and egg production, selection
criteria should include both growth and reproductive
traits simultaneously.
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