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Fig. 1. Changes of egg number means and their standard deviations over weeks of production 
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Table 1. Descriptive statistics of cumulative egg production traits 
Coefficient of 

variance 
Maximum Minimum Standard deviation Mean Number 

Cumulative egg 
production 

71.91 27 0 6.33 8.81 16483 W1-4 
39.34 54 0 11.37 28.90 16483 W1-8 
33.52 81 0 16.36 48.80 16483 W1-12 
32.31 106 0 21.77 67.37 16483 W1-16 
32.29 133 0 27.29 84.51 16483 W1-20 
32.85 157 0 32.87 100.07 16483 W1-24 
33.71 181 0 38.51 114.24 16483 W1-28 
34.78 205 0 43.59 125.33 16483 W1-32 

W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg production for weeks 1 to 4, 8, 
12, 16, 20, 24, 28 and 32, respectively. 
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Table 2. Comparison of likelihood logarithms of different animal models for cumulative egg traits  

Model 3 Model 2 Model 1 Cumulative egg 
production 

-29535.75 -29535.13 -29536.25 W1-4 
-39957.35 -39958.06 -39958.80 W1-8 
-48454.12 -48454.48 -48455.44 W1-12 
-54413.05 -54412.96 -54414.13 W1-16 
-58859.94 -58859.70 -58861.19 W1-20 
-62373.01 -62372.29 -62373.93 W1-24 
-65286.21 -65285.99 -65287.78 W1-28 
-67439.64 -67439.89 -67441.09 W1-32 

W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg production for weeks 1 
to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Table 3. Estimates of genetic (2aσ ), residual ( 2
eσ ) and phenotypic ( 2

pσ ) variances and heritability (2h ) for 

cumulative egg production without ASM1 

 h2 ± SE 
2
pσ 2

eσ
 

2
aσ 

Cumulative egg 
production 

0.431 ± 0.019 37.28 21.33 15.95 W1-4 
0.355 ± 0.021 112.35 72.47 39.88 W1-8 
0.275 ± 0.020 221.20 160.38 60.82 W1-12 
0.231 ± 0.020 386.04 296.84 89.21 W1-16 
0.204 ± 0.019 608.34 484.53 123.81 W1-20 
0.190 ± 0.018 889.01 720.21 168.79 W1-24 
0.179 ± 0.018 1228.24 1008.68 219.57 W1-28 
0.171 ± 0.018 1564.59 1296.73 267.86 W1-32 

ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Table 4. Estimates of genetic (2aσ ), residual ( 2
eσ ) and phenotypic ( 2

pσ ) variances and heritability (2h ) for 

cumulative egg production with ASM1 

h2 ± SE 
2
pσ  2

eσ
 

2
aσ  

Cumulative egg 
production 

0.192 ± 0.017 13.84 11.19 2.65 W1-4 
0.119 ± 0.014 48.05 42.36 5.70 W1-8 
0.119 ± 0.015 135.29 119.20 16.10 W1-12 
0.119 ± 0.016 279.58 246.31 33.27 W1-16 
0.117 ± 0.016 480.28 424.08 56.20 W1-20 
0.120 ± 0.016 737.39 649.04 88.35 W1-24 
0.119 ± 0.016 1051.46 925.89 125.57 W1-28 
0.118 ± 0.015 1366.18 1205.02 161.17 W1-32 

ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Fig. 2. Changes of heritability for cumulative egg production with and without ASM (1 to 9 on horizontal axis are 

cumulative egg productions for W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32) 

� aT2 - 1>�! ]�'��V4 #L��4 ��G�4 I'�7�E)FDI�D �M4� /!�9 ! �9 I�7+#:�; <�%9 = )1  �49  �M4 ��G�4 #A2� �B$ �

E)FD � #L��4 I�D1  �44 "1  �48 "1  �412 "1  �416 "1  �420 "1  �424 "1  �428  !1  �432 (��):D  

  

 � '>� #)��( ��k I��$ =�J K� I! @�AB4 K� �

 #T�)-Y I�D')$��� �!�'9 '9 #:�; <�%9 =� =)2'+- '[-

�$ �M4 ��G�4 1FN #:�; <�%9 =� E�$�� .�� #�'9 E-�D

 ��162  �4226  <�%9 =� '>� =)2'( '[- � �9 .��9 �!

E9 #:�; 1>�! "��$ � #T�U '�V)$ /���& ���L4 I'�7�

�M4 ��$ I�D1  !2 �M4 /���$ E9 ^�4'4 E9 I�7+14/55 

 ��) �N�43/0  E919/0 ! (33/31  ��) �N�15/0  E9

10/0 #)FN K� ��$ � ( /���$ E9 !95/54  ��) �N�

42/0  E919/0 ! (63/22  ��) �N�14/0  E911/0 ��$ � (

��Z�� _D�U #)FN��$ I�'9 EU 1�� #G�  � =�� .12 I�D

3  �48) �,- ����� �D�!�'9 =�� � #-���Z '��V4 "Farzin et 

al., 2011`��)- =�� .( #$ /�,-E[ *$ a9�W _M9 EU �D� -

I� $ ]�'��V4 ��EFG�$ � ��� ��D�,I�D  ���L4 H-���!

��$ � #L��4 �M4�!� I�D  ]!�F4 �� #��- ��G�4 v!'�

��-'�-� #:�; <�%9 =� � �D �[�$ =��'9��9 ! ���9 �.

 I�$� ��$ � /� /�'T- /�� �!�'9 �  �� _�9 ^;�$

EFG�$ H-���! I�D-� #T�)-Y I�D')$��� E��)- � ! �.

D��{�R& E9 .�� �#9���� � "'+�� ] /�(�-'� #T�)-Y I�D

�M4 ��G�4 o��� '9 6��'9 ]�N � #L��4 �� E-�D�$ <'$

�U 1�� 
�J "��$ � #:�; <�%9 =� '>� /�'T- I�D�

��$.�-�� C7  
!� ! �!� I�D 

EFG�$ �!�'91>�! ! H-���! I�D <�%9 =� 1FN I'�7�

��4 ��G�4 ! #:�; E���4 �� aN�  �M4 #L!� a�%B4 !-

 1FN) #)FN1 : #:�; <�%9 =� 1FN !2 : #L��4 ��G�4

E)FD � �M4S%)M$ I�D �!�; � (5  ��� ���� /�,-

 .1��1>�! "#:�; <�%9 =� I'�7�40/0  .�� �!�'9

1>�! "/��-��$ #$�9 /�c'$ � #:�; <�%9 =� I'�7�

 �� I� E�$�� � ��� ! /�.FN�19/0  �441/0  ! ��-� #F���)

 "/��T�D1392 "( "/����9|� #$�9 /�c'$ �35/0  �'W)

 "/��T�D ! #c��1393 ! ( "#)��( I��4 =�J K� �

15/0 B)2) # "/��T�D !1384.1�� ��� 6��( ( 

 

 
  

  

  

  

  

  

  



100                j�'� ���AG��9� ! =��'2 ��-#�'9 : '>� =� <�%9 #:�; '9 �!�'9 EFG�$I�D H-���! ! 1>�!I'�7� 1FN �M4 ��G�4 #L��4  

 

 �!�;5 - EFG�$ �!�'9�! I�D1>�! ! H-��1FN I'�7� �M4 #L��4 ��G�4 ! #:�; <�%9 =�B4 ! E���4 �� aN�  <'$!� a�%-

#)FN  
Table 5. Variance components and heritabilities for age at sexual maturity and cumulative egg records with two-

traits analysis*  

h2 ± SE 
2
pσ  2

eσ
 

2
aσ  Trait 

0.40 ± 0.02 106.69 63.92 42.76 ASM 
0.44 ± 0.02 36.76 20.67 16.09 W1-4 
0.36 ± 0.02 112.83 72.28 40.54 W1-8 
0.31 ± 0.02 221.80 152.33 69.48 W1-12 
0.22 ± 0.03 385.74 302.24 83.50 W1-16 
0.19 ± 0.02 607.76 489.65 118.11 W1-20 
0.19 ± 0.02 888.15 721.07 167.08 W1-24 
0.17 ± 0.03 1228.4 1015.50 212.86 W1-28 
0.16 ± 0.02 1560.70 1308.90 251.91 W1-32 

* Two-traits analysis included ASM (trait 1) and cumulative egg records (trait 2) 
**  ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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1. Plymouth Rock line 
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Table 6. Estimates of genetic (
12ar ), residual (

12er ) and phenotypic (
12pr ) correlations between age at sexual 

maturity and cumulative egg records with two-traits analysis*  

12pr  
12er  

12ar  Trait 2 Trait 1 

-0.79 -0.68 -0.97 W1-4 ASM 
-0.76 -0.65 -0.93 W1-8  
-0.64 -0.50 -0.90 W1-12  
-0.52 -0.43 -0.78 W1-16  
-0.46 -0.36 -.073 W1-20  
-0.41 -0.31 -0.70 W1-24  
-0.38 -0.29 -0.66 W1-28  
-0.35 -0.28 -0.61 W1-32  

* Two-traits analysis included ASM (trait 1) and cumulative egg records (trait 2) 
**  ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Table 7. Estimates of genetic (
12ar ), residual (

12er ) and phenotypic (
12pr ) correlations between different cumulative 

egg records and total cumulative egg records without ASM 

12pr  
12er  

12ar  Trait 2 Trait 1 

0.413 0.372 ± 0.012 0.651 ± 0.039 W1-4 W1-32 

0.647 0.625± 0.008 0.781   ± 0.026  W1-8  

0.809 0.769± 0.005 0.982  ± 0.006 W1-12  

0.891 0.878 ± 0.003 0.953 ± 0.008 W1-16  

0.939 0.931 ± 0.002 0.978 ± 0.004 W1-20  

0.974 0.970 ± 0.001 0.992 ± 0.002 W1-24  

0.993 0.992 ± 0.001 0.993 ± 0.005 W1-28  

ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Table 8. Estimates of genetic (
12ar ), residual (

12er ) and phenotypic (
12pr ) correlations between different cumulative 

egg records and total cumulative egg records with ASM 

12pr  
12er  

12ar  Trait 2 Trait 1 

0.204 0.201 ± 0.011 0.234 ± 0.071 W1-4 W1-32 

0.620 0.606± 0.007 0.726   ± 0.044  W1-8  

0.800 0.788± 0.004 0.885  ± 0.022 W1-12  

0.884 0.875 ± 0.002 0.951 ± 0.011 W1-16  

0.934 0.935 ± 0.001 0.922 ± 0.019 W1-20  

0.972 0.968 ± 0.001 0.978 ± 0.011 W1-24  

0.993 0.992 ± 0.001 0.988 ± 0.009 W1-28  

ASM= age at sexual maturity; W1-4, W1-8, W1-12, W1-16, W1-20, W1-24, W1-28 and W1-32= cumulative egg 
production for weeks 1 to 4, 8, 12, 16, 20, 24, 28 and 32, respectively. 
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Abstract 

The objective of present study was to estimate effect of age at sexual maturity (ASM) on the variance components 
and respective parameters for cumulative egg numbers in a commercial broiler line. The period of data collection 
was from 24 to 55 weeks of age. From the weekly records, cumulative egg productions for different weeks were 
created. Estimates of variance components and heritability were carried out using Restricted Maximum Likelihood 
(REML) procedure and WOMBAT software. To investigate the effect of ASM on variance components and genetic 
parameters, the data were reanalyzed, by fitting this effect as a covariate in the model. Also, we analyzed ASM as a 
trait in multi-traits analysis. Without considering ASM as a covariate, heritabilities for cumulative egg records 
varied from 0.17 (weeks 1 to 32) to 0.43 (weeks 1 to 4). With implementing ASM in the model, these estimates 
ranged from 0.12 (weeks 1 to 20) to 0.19 (weeks 1 to 4). When ASM was considered as a trait in two-traits analysis 
with cumulative egg records, heritability estimates varied from 0.16 to 0.44. These results indicated that considering 
ASM as a trait in the multiple models could not correct its effect on initial cumulative egg records and it is necessary 
to implement it as a covariate in the model. Also, the exclusion of age at sexual maturity from the analysis of 
cumulative egg records, especially for the initial week’s records resulted to overestimation of variance components 
and their corresponding parameters. 
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