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�3& �� 5!U�& 3%T ���OB5^. � [&�4� 0�5���) :!�.; ���

k�)7B� F!��/ ��& � 3.�/� �/ �/*� l*. ���5� 5^. '/

1��9 Z!� m�"��/0 �W O� /� ���3& O��� �� 5!U�&3%T ���

�3& � ��/3.���/�!�d� ����R�� 1S�� & ��� .�5) �3%�

���!� �� ������B'0  �/�/� F�/ Z4�& �V!�*%G 1��9

f+, 1�#�"��/) �causal relationships .3%��� (5�  _2R

�3& k!U�& 3%T �`R ����3& �� 0��/3.���/ 5  1S�� & ���

����R��0 k!U�&�& F! ��� OQ�� & :B �� K��D 5  �� 3./*�

k!U�& 5-B� OQ�� &Y!D 5 �%!� �3& �� ��5k!U�& .3���  ���

�& ����R�� 1S�� & :B �*# O� 3%./*�  5� OG5# �� �B OG5#

B�) 3.�/N-� 5!c�� ��5k!U�& 5-wu et al., 2010.( 

�3& ZB/ ��/� ��(. O� ���e ��/3.���/ 5!U�&3%T ���

 �B �4!�.; m�"��/ �@%� � 3%��!. 1��9 Z!� 1�#�"��/

�& ���W5� /� 1��9 Z!� �-��"��3%%)0  O) �Q�j ��

��. �-��"�� Z!� �Q*+ & � F+, O`�/� 5-.�(. 3./*�

 .3��� ��5!U�&�3& ���5� �/5� ����R�� 1S�� & ���

f+, 1�#�"��/�& O) 1��9 Z!� �� 3./*� O 1�*9��&P�� 

)simultaneous) ��(65� �B (recursive ��*& 03%��� (

�& �/5e �����/) �5!6Gianola and Sorenson, 2004 O� .(

 3!Q*� 0��n& �/*%,��B' ����!� ����j/ �5!� �����6 �� -

 /� �9�R ����& YB/PG/�& ����!� �*H� C4,5� � 3�� -

) 3��� O��/� 3!Q*� 5� ��*+`&�. 1/5c/ 3./*�Valente et al., 

2010.(  

O&�.5� �+9/ _/3�/ '/ �4BO.*6 �� ��/7. 829/ ��� ���

 �+�/O%!(!�  �@& 1��9 �4!�.; FG5(!D F,5� ��5)

 M'�/ �� ZB3Q/� o�=�./ �� �4!�.; �*"@� .F�/ ���<�e/

j29/��4&/ 5�S�� �) F�/ 5BNDKosgey et al., 2006.( 

�& 
/� 829/ Z!<<=�&M'�/ ]��/ 5� /� �� 
/� 3%./*�-

�W �j29/ ���O"�� �� Z!B�D O"�� �� 1�./*!j � �5) �3%�

�W � _Nj /�5� 03%��� �5�S�� O"�� �/�/� O) �B�� �/

.3%%) o�=�./ O+6 �� �%BP-B�H 

Y��7D �� 3�, [4(&���  FG5(!D Z!! � 0��/7. 829/

��� �# ��/7. 829/ O&�.5� '/ [9�j �4!�.; 5^. ��*& ���

F�/O &�H �� . MP!&W � 3��� O�G56 1�*9 o�=�./ O) �/

�W �4!�.; 1�!9*<R O� OH*� �� �/5G/ Z!�O&�.5� �� �PB�

 829/ O&�.5� �/5H/ �# 3&W F�3� 1/5!!U� �/3d& �*�

�*� ���5� 3B�� ��/7..  ��*& 1��9 �4!�.; 3.�� ZB/5��%�

�& ���W5� F! �H �� o�=�./*�85# ���B'�/ 0Z!%p�� .� -

 '/ �4!�.; 3.�� ���W5� O+!�� O� ��/7. 829/ ���/�  5!!U�

M'�/ Z!-.�!& ����4&/ �j29/ ���) F�/ 5BNDJurado et 

al., 1994.( 

q!dA� :B ��0 ) CB��/ � �B/P+65�1383 �4!�.; 3.�� (

�3& '/ �����/ �� /� ���!�=� �5Q 3%��*6 �� 3�� 1��9-

 1�d!dA� �*%)�� .3.�5) ���W5� ��/3.���/ g+�=& ���

 3%��*6 3�� 1��9 �4!�.; 3.�� ���W5� �*^%& O� ��3 �&

 O�G56 1�*9 ��/3.���/ 5!U�&3%T ��� �3& '/ �����/ ��

) F�/Mokhtari and Rashidi, 2010 rMohammadi and 

Abdollahi Arpanahi, 2014 0�/��4�� � ����& F(D *�, r

1394 rBoujenane and Diallo, 2017( �Q� 0 �*%)��

 �4!�.; 3.�� � �4!�.; ���5�&/��D ���W5� �*^%& O� �(��7D

�3& '/ �����/ �� 3%��*6 3�� 1��9 1S�� & ���

����R�� 
�>./ 3(. F�/ Y��7D ZB/ _3� ZB/5��%� .

 ���W5� O�B�d& 1��9 �4!�.; 3.�� � �4!�.; ���5�&/��D

�3& '/ �����/ �� ���!�=� �5Q 3%��*6 3�� 1S�� & ���

�3& � ����R���� ��/3.���/ 5!U�& 3%T ��*�.  

D�� � ��
��   

5>� 1�,2#/ '/ �.*%) Y��7D ���/� � �/ 1��9 ���

 Z!-.�!& 03fQ*� �'� [&�� ���!�=� �5Q 3%��*6 3��

 �'� YB/PG/ 0�5!65!� �'� 0�5!65!� �� 3fQ*� '/ O./'��

 � �-��& Y� �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!&

��� �# O) 3� �����/ �-��& Y� �'� ���1374  ��

1390  3%��*6 �/7. 829/ � M��5D �-��B/ �� �5Q

���!�=� $�H .�*� 3� ���WZ!-.�!& /PG/YB � �'� O 1�*9

*.�c �'� [b���OB '/ Q�/ �'�O! �d��!  5� OB*.�c Z� [b���

�& O"��A& O!Q�/ Z� '/�*�.  

O� �*^%& s�j ��&5. ��*� 0$B'*� �����*)� t��R '/ 

��3A& ��&5. �/5� 1��9 '/ OBP>� _Nj 3.3� .�� OH*� O� 

O4%B/ �&��� 5��� �� :B '�� '/ 5!� O�G56 �&3.*� �&/ 

u�&�PQ �� :B Z� 03%��!. Z� 5��� �� OBP>� O� 1�*9 

5!U�& /5�� �� 5^. O�G56 3� .��R/*%4B ]2)5B'��� 
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1/5c/ F��c P!. s�j 3� .O92R'/ �/ ��&W ��!9*� ���

 ��3H �� O Q�`& ��*& 1��91 .F�/ 3� �/� ��(. 

 ��3H �� Z!%p��2 O92R5>� 1�,2#/ '/ �/ 1��9 �/

 OH*� �� O) F�/ 3� Ov/�/ ���5� ��*& 3�� '/ �����/ O�

�3&1��9 �&��� �/5� 5!U�& 3%T ���0 5>� 1�,2#/ �/

.�*� ���4B  

�% & �*&'W �*^%& O�  �3& �� 3B�� O) ����c 1/5c/ ��/�

 F�9 5� O� m*�5& �B�@. 3.*� M'/5� OB�� '/GLM 
5.-

 �/PG/SAS  � �!d��& �4!�.; 1/5c/ Yd. CV� .3� �����/

����& ��v/� �`!A& � ����& *) /5�� O�� Z!� C.�B�/

 �3& Y� FA� �(B/PG/ �4!�.; � ����& �4!�.; 1/5c/

 ���&W 5B' 1�*9 O�OBP>����  �/5e ���5� ��*& ���9 :�

FG56:  
 y = Xb + Z1a + e 
 y = Xb + Z1a + Z3 + e 

Cov(a,m)=0 y = Xb + Z1a + Z2m + e 
Cov(a,m)=Aσam y = Xb + Z1a + Z2m + e 

Cov(a,m) = 0 y = Xb + Z1a + Z2m + Z3pe + e 
Cov(a,m)=Aσam y = Xb + Z1a + Z2m + Z3pe + e 

�3& ZB/ �� ��0 y  0F�9 5� O� m*�5& �����*)� �/�5�a 0m 0

pe  �e  0�!d��& �(B/PG/ �4!�.; 1/5c/ ����/�5� a!�5� O�

 � ����& ��v/� g!A& 1/5c/ 0����& �(B/PG/ �4!�.; 1/5c/

 3.�& �e�� 1/5c/3%��� .X 0Za 0Zm  �Zpe CB5��& ���

 Z� 0C%H [&��) F��c 1/5c/ a!�5� O� O) 3%��� 85#

1/5c/ 0�!d��& �(B/PG/ �4!�.; 0(3fQ*� w!� 03fQ*� ��� 0���& 

�/�5� O� /� ����& �`!A& 1/5c/ � ����& �(B/PG/ �4!�.; 

�& g"�5& 1/3��(& .3%%) CV� '/ �����/ �� a��%& �3&

 ��&WBIC 3� o�=�./:  
BIC=-2log L+P log(n) 

 

  

  

��3H 1 - ��!9*� ��&W 3�� 1��9  3%��*6 �����!�=� �5Q 
Table 1. Descriptive statistics of growth traits in Lori Bakhtiari sheep 

Item Traits 
 BW (kg) WW (kg) 6MW (kg) ADG1 (g) ADG2 (g) 
Number of records 4224 4224 4224 4224 4224 
Mean 5.01 29.31 41.55 270.32 136.15 
Coefficient of variation (%) 15.71 18.66  20.77 20.34 45.90 
Standard deviation 0.79 5.47 8.63 54.99 62.49 
Maximum 7.7 47.6 73 453.93 311.49 
Minimum 2 13.4 18.5 104.3 5.56 
BW: Birth weight; ADG1: Average daily gain from birth to weaning; WW: Weaning weight; ADG2: Average daily gain from 
weaning to six-month weight; 6MW: Six-month weight. 

 ��3H2 - O92R5>� 1�,2#/ '/ �/ 3%��*6 �� 3�� 1��9 �/���!�=� �5Q  
Table 2. Summary of the pedigree information for growth traits in Lori Bakhtiari sheep 

Item  
Number of sires 272 
Number of dams 1635 
Number of animals without offspring 3043 
Number of animals with offspring 1907 
Number of animals with unknown sire 496 
Number of animals with unknown dam 354 
Number of animals with both parents unknown 210 
Number of sires with progeny 237 
Number of sires with record and progeny 132 
Number of dams with progeny 1555 
Number of dams with record and progeny 1048 
Average inbreeding coefficient (%) 0.56 
Number of inbred animals 1488 
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��  0O`�/� ZB/log L  0�B��%���� 5n)/3j ��B��-QP  �/3 �

 � �3& 5� ���5�&/��Dn  1/3��(& �/3 �F�/O) �Q3& . 

 �/3d& ZB5��)BIC  �� �3& ZB5�5� �/*%, O� 03��� O��/� /�

�& O�G56 5^.) .�*�Gayawan and Ipinyomi, 2009.(  
'S

F��c 1/5c/ O) F�/ 5)x O� C%H 5� y`� �� ��3Q*� w!� 0 

y`� O� �� ���& Z� 0 ��F��  y`��� 3Q*� ��� � 17 

 �� y`� �.3.3� O�G56 5^. �� ���&W �3& O� 

 1��9 Z!� �f+, g�/�� �*H� ��/3.���/ ���9 z%D �3& ��

��. O�G56 5^. �� 3 � O+j5& �� .�*�0 �3& M'/5� �/5�  ���

 �� �3& �� '/ ����R�� 1S�� & 5� �%�"& ���9 3%T

���/ �f+, g�/�� 3.�/�5� �3& [&�� O) 3� �� ���9 z%D

:BOG5#  [4�) �.�&' �Q/*� ]��/ 5�1 ( )Temporal 

recursive model ( ���9 z%D �3& �:BOG5#  [4�) [&�)

2) ( (Fully recursive model ��� .3% [4�1 ��(. 3%��

 �3& ���9 z%D:BOG5# �.�&' �Q/*� ]��/ 5� O) F�/ 

�f+, g�/��  1��9 Z!��& {=(& /� .3%) �� O) O.*-.���

 [4�1 :B �3& �� F�/ 3� �/� ��(. ]��/ 5� OG5#

 F�9 5� �@%� F�9 5� O) F�/ ZB/ 5� |5G �.�&' �Q/*�

 �*R '/ CD5c/  �& ���9 z%D �3& �� �&/ ��/N6OG5# :B 

 [4�) [&�)2�& F�9 5� O) F�/ ZB/ 5� |5G ( 5� 3./*�

 1/5c/ O!+) .3��� O��/� �f+, 5c/ �*R '/ CD 1��9 O!+)

�3& �� �*H*& �G��<� � F��c  � ��/3.���/ ���9 3%T ���

�3&  �@%� � 3.�*� ���4B ����R�� 1S�� & 5� �%�"& ���

�W Z!� 1����  1��9 Z!� �f+, g�/�� Z�G56 5^. �� 
3, ��

�3& ��  ��/3.���/ ���9 3%T ���F�/.  

 CD �4!�.; ���B'�/ 0F�9 5� �/5� a��%& �3& Z!! � '/


/� P!� �54B�� FA� �4!�.; ���5�&/��D ���W5� � ���  �� �


5. '/ �����/ �/PG/GIBBS2F90 )Misztal et al., 2002(  ��

200000  O+9�G � �/54�10 O� .3� 
�>./ �/54� 0�2,

50000 � �/*%, O� ��/ �/54���q+e �5!6  O�G56 5^. ��

3� �� �B/5-�� �*<j ���5� �/5� C"!6 ��D OBP>� .

�3&
5. '/ �����/ �� 3� M'/5� ��� �/PG/

POSTGIBBSF190 3� 
�>./ )Misztal et al., 2002(. 

O.*�. �/3 � ��*� a��%&�5!6O.*�. �/3 � � ����� q+e-

�5!6  '/ �����/ �����5� ��(T _/56��� $B'*� Z!�D 

Z!! � .3� �3& :B ���9 3%T g+�=& ����& /� OG5#  �/*�

 �/5� �4�) 5k!U�& �/*%, O� 3Q/� (1��9 �B �) F�9 M'/5� ��

�-��"�� ��&P�� Z�G56 5^. �� � 1��9 5-B�  �4!�.; ���

) �*�. /5H/ 1��9 Z!�et al., 2007 Lopez de Maturana .(

�3& �� F�9 5� O) ���9 O� ����R�� 1S�� & ���  5-B�

 5c/�& �f+, �& 3Q/� F�9 ��/N6 ) 3%B*6Rosa et al., 2011.( 
�3& M'/5� �/5� M�� Z!�� '/ P!. 5b�j Y��7D ��  ���

:B ����R�� 1S�� & �����/ OG5#3�.  

M'�/ Z!-.�!& F! ��� '/ �����/ �� 1��9 �4!�.; ���3.��-

Y!D �j29/ ��� O� F�9 5� ��*& �� 1�./*!j 3� �%!�

 03Q*� ���OB5>� ��  ���W5� ����R�� � ��/3.���/ O��9 z%D

 3� � CV�3� O�B�d& 5-B34B ��3. OB�� '/ �*^%& ZB3� .

Reg 
5. �/PG/SAS 3� �����/ )SAS, 2003(.  

D FA� 3� ���W5� �`!A& � �V!�*%G 0�4!�.; ���5�&/��

�3&  ���!� ���5�&/��D /� ����R�� 1S�� & 5� �%�"& ���

�& �3& '/ [9�j ���5�&/��D �� O�B�d& [��e O) 3%&�.  ���

 ��/3.���/ g+�=&F�!. )Gianola and Sorenson, 2004.( 

 ���5�&/��D 0�f+, ���R�� ��*� 3� O�R�%� |5G FA�

��& /� ���!  �@.W ��� & O� 5B' g�/�� '/ �����/ �� �/*�

�3& FA�  �*�. [B3"� ��/3.���/ ���9 3%T ���)Gianola 

and Sorenson, 2004(:  

G∗ =  Λ�� G Λ��� 

	∗ =  Λ�� R Λ���    

��∗ =  Λ��Pe Λ���  

�∗ =  Λ�� P Λ���  

G* 0R* 0Pe* � P* CB5��& a!�5� O� (*)) ���  C.�B�/�

�e�� C.�B�/�(*)) 0�4!�.;3.�& �`!A& 1/5c/ C.�B�/�(*)) 0

����& ��v/�  [B3"� '/ [9�j �V!�*%G C.�B�/�(*)) �

 ��/3.���/ ��� & O� ���!� ���5�&/��D3%���. G 0R 0Pe � 

P CB5��& a!�5� O� (*)) ���  C.�B�/�(*)) 0�4!�.; C.�B�/�

�e��3.�& ��v/� �`!A& 1/5c/ C.�B�/�(*)) 0����&  �

�V!�*%G C.�B�/�(*)) �3& '/ [9�j ��/3.���/ ���F�/. 

CB5��&  � 0 ����R�� aB/5b O� m*�5& CB5��&F�/  O)

OB/�� �& Z!! � 1��9 Z!� �f+, g�/�� ]��/ 5� �W ��� �*�. 

Λ��  �Λ��� O� P!.  ]*4 & � /3"&S CB5��& ]*4 & a!�5�

 /3"&S CB5��& ��@./5�.F�/ 
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Fig. 1. Multivariate temporal recursive model 

 [4�1 -  �3&3%T �.�&' �Q/*� ]��/ 5� OG5# :B ���9  

  
 

  

  

  

  

  
Fig. 2. Multivariate fully recursive model 

 [4�2 - �3& 3%T [&�) OG5# :B ���9  

M'�/ [B3"� �/5��3& '/ [9�j �j29/ ��� 1S�� & ���

�W ��� & O� ����R�� 5B' O`�/� '/ ��/3.���/ �3& �� ��

3� �����/ )Konig et al., 2008:(  

  ��∗ =  ��� BV 

BV∗ M'�/ �/�5� ����j29/  ��� & O� [B3"� '/ [9�j

 ��/3.���/F�/. BV � Λ�� O� P!. M'�/ �/�5� a!�5� ���

1�./*!j �j29/  � ��/3.���/ �3& '/ [9�j ]*4 &

 /3"&S CB5��&F�/.  

 CB5��& �� ����R�� aB/5b�  F! ��� aB5b �,*. $e/� ��

3%��� �3& M'/5� 3%B/5G �# O) ����R�� 1S�� & ���0 

 ����R�� aB/5b CB5��& �@.W ]��/ 5� � 3� ���W5�

�& [!4(� *�) �Gianola and Sorenson, 2004 �/*%, O� .(

 �� ����R�� aB/5b CB5��& :B 5B' �� 0O.*�.z%D  �� F�9

 0
�� 1��9 5� ��/ F�9 �W �� O) F�/ 3� O�G56 5^.
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*� 1��9 5� 
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�3& O�B�d& �/5� ���3%T / ���9��/3.��� �3& � ���

 ��! & '/ ����R�� 1S�� & 5� �%�"&DIC )Deviance 

Information Criterion( �& �����/�B*4. ��! & ZB/ .�*� 

�� /� �3& M'/5� �& 5^.) �5!6Bouwman et al., 2014.(  

E�� � FG���  

 ���5� '/ [9�j zB��.5c/  O Q�`& ��*& 1��9 5� F��c [&/*,

 05� 3Q*� ��� F��c 1/5c/ O) �/� ��(. �.*%) Y��7D ��

Y!& Z�5� 3Q*� w!� 0YB/' ��&' �� �� �@.W F!�%H � ��

�% & 5!c��) 3%��/� 1��9 O�� 5� ��/�P<0.01 .(

0�5!65!� �'� � 3Q*� �'� �/5� �3& ZB5�"��%& �/�/� 

 �(B/PG/ �4!�.; 1/5c/ 0�!d��& �(B/PG/ �4!�.; 1/5c/

�� ��3� ����& ��v/� �`!A& 1/5c/ � ����& 5^.  Z�G56

 ����& � �!d��& �4!�.; 1/5c/ Z!� C.�B�/�*)�*�a��%& . -

 �� 3Q*� '/ O./'�� �'� YB/PG/ Z!-.�!& �/5� �3& ZB5�

�-��& Y� �'� � �5!65!� �/�/�  �!d��& �4!�.; 1/5c/

 � ����& ��v/� �`!A& 1/5c/�*�. 

 �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!& �/� ��(. zB��.

 1/5c/ 5!c�� FA� ���!�=� �5Q 3%��*6 �� �-��& Y�

�& �/5e �!d��& �4!�.; F�9 ZB/ 5� ����& 1/5c/ � �5!6

3.�/3. �5!c��. a��%& '/ �/5� 3� �/� {!=(� �3& ZB5�

A� � OBP>� �� F�9 5�:� [!+�3& M'/5� �/5� 0���9 -

3%T ��� �3& � ��/3.���/ O��9 3%T ���  5� �%�"& O��9

.3� �����/ ����R�� 1S�� &  5B��d&DIC  �3& '/ [9�j

 1��9 Z!� �f+, O`�/� �*H� �W �� O) 0��/3.���/ ���9 z%D

��. O�G56 5^. ��  �� O) 05-B� ���9 z%D �3& �� �� 0�*�

/ ��+�=& 1S�j �@.W 3� O�G56 5^. �� �f+, g�/�� �*H� '

 ��3H ��  0F�/3 3� Ov/�/.3./  

 ��3H �� O) O.*-.���3  5B��d& F�/ 3� �/� ��(.DIC 

�3& '/ [9�jg�/�� O) 0����R�� 1S�� & 5� �%�"& ���

BW ADG1 WW ADG2 6MW 

BW 

ADG1 

WW 

ADG2 

6MW 
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 ��3H3 -  5B��d&DIC �3& O� m*�5& 3%T ���  5� �%�"&  � ��/3.���/ O��9����R�� 1S�� &  3%��*6 �����!�=� �5Q 
Table 3. DIC values of standard multivariate and structural equation models in Lori-Bakhtiari sheep 

Model DIC 
Standard multivariate 77616.3682 
Multivariate temporal recursive 26003.1365 
Multivariate fully recursive 28554.1263 

  

�f+, 5� �� P!. /� ��/3.���/ ���9 z%D �3& '/ 5��) 03.�/�

F�/ ��! & ]��/ 5� 0/NQ .DIC0 �3&  g�/�� 3.�/�5� �� ���

��/3.���/ ���9 z%D �3& O� F"�. �f+, .3.�/� �5�5�  ��

�3& �� Z!�   Z�G56 5^. �� 5� �%�"& ���9 z%D 0�f+, g�/��

:B ���9 z%D �3& ZB5��) P!. �.�&' �Q/*� ]��/ 5� OG5#

 �/3d&DIC  F!�*+`& 5-B� �3& �� O� F"�. O) ��/� /�

�& ��(. /� �5�(!� .3��  �/*%, O� �3& ZB/ 0ZB/5��%�

a��%&�3& Z!� '/ �3& ZB5� �� � o�=�./ O Q�`& ��*& ���

.3� O�B�d& ��/3.���/ ���9 z%D �3& -.�!&Z! Z!�D ���

f+, 1/5c/ O� m*�5& ����R�� aB/5b 3�� 1��9 Z!� �

 �3& FA� ���!�=� �5Q 3%��*6:BOG5#  �Q/*� ]��/ 5�

��3H �� �.�&' 4  Ov/�/3� .3./Z!-.�!& �&��� Z!�D ���

�% & ���&W }�AQ '/ ����R�� aB/5b 3.�*� �/� O+9�G)99 

 /� 5�9 Z!�D ����j/ �Q�-T ZB5�(!� 39����. [&��-

5� 3fQ*� �'� YB/PG/ 
56*+!) 5� �/'/ O� .(�*� Z!-.�!& 0��

!� �� 3fQ*� '/ O./'�� �'� YB/PG/ �5!65343/9  YB/PG/ 
56

�&3��B.  

 �� 3fQ*� '/ O./'�� �'� YB/PG/ Z!-.�!& ����R�� aB5b

 �5!65!� �'� 5� �5!65!�03/0 �& ��(. O) 3&W F�3�-

 �'� YB/PG/ F�9 YB/PG/ 
56 5� �/'/ O� 3��O./'��  '/

�5!65!� �'� 0�5!65!� �� 3Q*� �/P!& O� 03/0  
56*+!)

�& YB/PG/.3��B  

 O� m*�5& ����R�� aB5b5c/ f+, 5� �5!65!� �'� �

 �-��& Y� �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!&

632/10 �& �� ZB/ '/ .3&W F�3�56 O>!�. �/*� �/'/ O� FG

 �'� YB/PG/ Z!-.�!& 0�5!65!� �'� YB/PG/ 
56*+!) 5�

�-��& Y� �� �5!65!� '/ O./'��  �/P!& O�632/10   
56

�& YB/PG/.3��B  �3& ��:BOG5# �.�&' �Q/*� ]��/ 5�0  5c/

f+, �-��& Y� �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!& �

 �-��& Y� �'� 5�14/0  5� �/'/ O� ZB/5��%� .3&W F�3�

YB/PG/ 
56  Y� �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!&

�-��& Y� �'� �-��& �/P!& O� 14/0  YB/PG/ 
56*+!)

�&.3��B  

Z!-.�!& ���W5�Fc/�� Z!�D ���0�!d��& �5BND Fc/�� -

 O� ����& ��v/� �`!A& C.�B�/� F"�. � ����& �5BND

 �3& � ��/3.���/ �3& '/ [9�j �V!�*%G C.�B�/�:BOG5# 

 ��3H �� �.�&' �Q/*� ]��/ 5�5 .F�/ 3� Ov/�/  �&���

�% & ���&W }�AQ '/ ���5� ��*& 1��9 O!+) �� �����W5� -

 O+9�G) 3.�*� �/�99  ����j/ �Q�-T ZB5�(!� 39�� Z!�D

��. [&�� /� 5�9 .(3� ���W5�Z!-.�!&Fc/�� Z!�D ���-

�5BND ��v/� �`!A& C.�B�/� F"�. � ����& 0�!d��& ���

�% & 1���� �3& �� �� �V!�*%G C.�B�/� O� ����& ��/�

 O+9�G) 3%��/3.95 Z!-.�!& �/5� ��%!�#/ 39�� Z!�D ���

.(3%��/� �.��*V�� �� ��  0ZB/5��%��& !�. �/*� O) FG56 O>

 1��9 Z!� �f+, g�/�� Z�G56 5^. �� 5c/�% & 5� ��/�

F"�. 3%��*6 �� 3�� 1��9 C.�B�/� ������!�=� �5Q 

.F�/ O��/3. F"�. O4%B/ O� OH*� �� F�3� C.�B�/� ���

�W ��� & �/3d& O� ����R�� �3& �� 3&W �3& �� ��

�& [B3"� ��/3.���/ /� 5B��d& ZB/ ZB/5��%� 0�*��& �� �/*�

�5) O�B�d& Z!ddA& 5B�� ���W5�.  

Z!-.�!&Fc/�� Z!�D ��� Z!-.�!& 03Q*� �'� �!d��& �5BND

 0�5!65!� �'� 0�5!65!� �� 3Q*� '/ O./'�� �'� YB/PG/

 � �-��& Y� �� �5!65!� '/ O./'�� �'� YB/PG/ Z!-.�!&

 �3& � ��/3.���/ �3& �� �-��& Y� �'�:B 5� OG5#

 a!�5� O� �.�&' �Q/*� ]��/32/0  �29/0 02/0  �22/0 0

17/0  �18/0 011/0  �11/0  �16/0  �16/0  3.3� ���W5�

 Z!ddA& 5B�� ���W5� ��3A& �� O)F�/ )Jafaroghli et 

al., 2010 Boujenane et al., 2015; Diallo, 2017; 

Boujenane and .( 
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 ��3H4 - Z!-.�!& Z!�D ���± f+, 1/5c/ ����R�� aB/5b Z!�D ��! & _/5A./ 3%��*6 �� 3�� 1��9 Z!� ����!�=� �5Q 
Table 4. Posterior means ± posterior standard deviation of structural coefficients of causal effects between growth 

traits in Lori Bakhtiari sheep 
¥Causal relationship Posterior means ± posterior standard deviation 
BW → ADG1 9.343±0.81**  
ADG1 → WW 0.03±0.001**  
WW → ADG2 10.632±0.25**  
ADG2 → 6MW 0.14±0.0002**  
¥BW: Birth weight; ADG1: Average daily gain from birth to weaning; WW: Weaning weight; ADG2: Average daily gain from 
weaning to six-month weight; 6MW: Six-month weight. 
**  99% HPD interval did not include zero; * 95% HPD interval did not include zero. 

 ��3H5 - Z!-.�!& Z!�D ���±  Z!�D ��! & _/5A./Fc/��Fc/�� 0�!d��& �5BND ��v/� �`!A& C.�B�/� F"�. � ����& �5BND

 �3& � ��/3.���/ �3& �� �V!�*%G C.�B�/� O� ����&:BOG5# �.�&' �Q/*� ]��/ 5�  3%��*6 �����!�=� �5Q  
Table 5. Posterior means ± posterior standard deviation of direct heritability, maternal heritability and ratio of 

maternal permanent environmental variance to phenotypic variance in standard and temporal recursive models in 
Lori Bakhtiari sheep 

¥Traits Multivariate standard model  Temporal recursive model 
 PSDha ±2  PSDhm ±2  2pe PSD±  PSDha ±2  PSDhm ±2  2pe PSD±  

BW 0.32±0.03 0.05±0.01 0.15±0.01 0.29±0.01 0.06±0.01 0.1±0.03 
ADG1 0.2±0.03  - 0.14±0.01 0.22±0.00  - 0.14±0.01 
WW 0.17±0.03 0.1±0.00 0.15±0.01 0.18±0.03 0.11±0.03 0.14±0.01 
ADG2 0.11±0.02  -  - 0.11±0.00  -  - 
6MW 0.16±0.03  - 0.06±0.00 0.16±0.00  - 0.06±0.00 

¥¥ BW: Birth weight; ADG1: Average daily gain from birth to weaning; WW: Weaning weight; ADG2: Average daily gain from 
weaning to six-month weight; 6MW: Six-month weight. 2

ah : Direct heritability, 
2
mh : Maternal heritability, 

2pe : Ratio of maternal 
permanent environmental to phenotypic variance, PSD: Posterior standard deviation.

 

Z!-.�!&Fc/�� Z!�D ��� � 3Q*� �'� 1��9 ����& �5BND

 ��/3.���/ �3& �� �5!65!� �'� �3& �:B ]��/ 5� OG5#

 a!�5� O� �.�&' �Q/*�05/0  �06/0  �1/0  �11/0  ���W5�

3.3�. Hanford et al. (2005) �Boujenane and Diallo 

(2017) Fc/�� �'� ����& �5BND � O+B*"&/� ����/7. �� 3Q*�

��5� /�  a!�5� O�19/0  �13/0  ���W5�3.�5)  '/ 5�(!� O)

 �.*%) Y��7D �� 3&W F�3� ���W5��*�. Hanford et al. 

(2005) Fc/��O+B*"&/� �/7. �� �5!65!� �'� ����& �5BND 

/� 1/0  ���W5�3.�*�.  �.*%) Y��7D O��(& O)F�/. 

 Z!%p��Bahreini Behzadi et al. (2007)   �Boujenane 

and Diallo (2017) ��5� � �.�&5) ����/7. �� Fc/�� -

/� �5!65!� �'� ����& �5BND 19/0  �07/0  3.�5) ���W5�

 Y��7D �� 3&W F�3� ���W5� '/ 5��) � 5�(!� a!�5� O� O)

 5b�jF�/.  

 ���W5�Z!-.�!& ��v/� �`!A& C.�B�/� F"�. Z!�D ���

 YB/PG/ Z!-.�!& 03Q*� �'� �/5� �V!�*%G C.�B�/� O� ����&

 Y� �'� � �5!65!� �'� 0�5!65!� �� 3Q*� '/ O./'�� �'�

�3& �� �-��& �3& � ��/3.���/ ���:B ]��/ 5� OG5#

 a!�5� O� �.�&' �Q/*�15/0  �1/0 014/0  �14/0 015/0  �
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) �*� �/5-(��7DAbbasi et al., 2012 rBoujenane et al., 

2015 rDiallo, 2017 Boujenane and.(  

Z!-.�!&�-��"�� Z!�D ��� 0�!d��& �4!�.; ���

 1��9 Z!� �V!�*%G �-��"�� � ��v/� �`!A& �-��"��

�3& FA� � ��/3.���/ ���:BOG5#  �.�&' �Q/*� ]��/ 5�
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 �3& �� 1��9 �&��� Z!� �� �!d��& �4!�.;:BOG5#  5�

�% & �.�&' �Q/*� ]��/ �/� O+9�G)99  ZB5�(!� 39��

��. [&�� /� 5�9 Z!�D ����j/ �Q�-T (3� '/ �47/0  Z!�

3Q*� �'�-  Z!� � �5!65!� �'�3Q*� �'�- YB/PG/ Z!-.�!&

 �� �-��& Y� �� �5!65!� '/ O./'�� �'�99/0  Z!�
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�-��"�� 5!~ ��/3.���/ �3& �� �!d��& �4!�.; ���
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Table 6. Posterior means ± posterior standard deviation of direct genetic correlations, maternal genetic correlations 

and phenotypic correlations between growth traits in Lori Bakhtiari sheep 

Traits ¥ 
Direct genetic correlation Permanent environmental 

correlation 
Phenotypic correlation 

Structural Standard Structural Standard Structural Standard 
BW-ADG1 0.55±0.02**  0.1±0.11ns 0.60±0.14**  0.35±0.08**  0.46±0.01**  0.20±0.01**  
BW-WW 0.47±0.02**  0.33±0.11**  0.54±0.16**  0.53±0.07**  0.39±0.01**  0.34±0.01**  
BW-ADG2 0.47±0.02**  0.08±0.13ns  -  - 0.36±0.01**  0.05±0.01**  
BW-6MW 0.49±0.02**  0.27±0.11* 0.54±0.16**  0.51±0.07**  0.40±0.01**  0.26±0.01**  
ADG1-WW 0.99±0.00**  0.96±0.01**  0.99±0.00**  0.98±0.01**  0.99±0.00**  0.94±0.00**  
ADG1-ADG2 0.91±0.00**  0.17±0.14ns  -  - 0.86±0.00**  0.01±0.01ns 
ADG1-6MW 0.97±0.00**  0.78±0.06**  0.99±0.00**  0.98±0.00**  0.96±0.00**  0.63±0.01**  
WW-ADG2 0.90±0.01**  0.2±0.14ns  -  - 0.85±0.00**  0.05±0.01**  
WW-6MW 0.97±0.00**  0.81±0.05**  0.99±0.00**  0.99±0.00**  0.97±0.00**  0.67±0.01**  
ADG2-6MW 0.98±0.00**  0.73±0.07**   -  - 0.95±0.00**  0.81±0.01**  
¥BW: Birth weight; ADG1: Average daily gain from birth to weaning; WW: Weaning weight; ADG2: Average daily gain from 
weaning to six-month weight; 6MW: Six-month weight. 
**  99% HPD interval did not include zero; * 95% HPD interval did not include zero; ns 95% HPD interval included zero. 
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Fig. 3. Variations of means of breeding value for birth weight under multivariate standard and temporal recursive 
models in Lori Bakhtiari sheep 

[4� 3-  3Q*� �'� �j29/ M'�/ Z!-.�!& 1/5!!U�FA�  ��� �3&���9 3%T  � ��/3.���/�.�&' �Q/*� ]��/ 5� OG5# :B  ��

 3%��*6�5Q ���!�=� 

�+) ���. :B ��0 �4!�.; 3.��  /3��/ '/ 3Q*� �'� ��@�./ ��

��� �& O) ��/� �B2& a!� �� ��* 9 3.�� ���5� ��*& -

��(. 3./*� �j29/ M'�/ �� ��� �*e a��%& o�=�./ 3%��

O+6 �� �%BP-B�H �/5� a��%&3��� ��  [4�)3 .( Z!%p��

 �'� �4!�.; 3.��5� 3Q*� ���!�=� �5Q ���O+!�� O� 

) CB��/ � �B/P+65�1383( �/P!& O� 7/12  ��� �� 
56

 ���W5�3� �3& ���W5� '/ O) 5!U�& 3%T  �� ��/3.���/

Z!B�D ����R�� �3& ���W5� '/ � 5�S�� 5b�j Y��7D.�*� 5�  

 �� 3Q*� '/ O./'�� �'� YB/PG/ Z!-.�!& �!d��& �4!�.; 3.��

�� �5!65!� �3& '/ �����/ � ��/3.���/ O��9 z%D ���:B -

OG5# �.�&' �Q/*� ]��/ 5� a!�5� O� 7/0  �3  �/'/ O� 
56

�% & ���&W }�AQ O� O) 3&W F�3� ��� 5� 3.�*� �/�

)P<0.01( . 3Q*� '/ O./'�� �'� YB/PG/ Z!-.�!& �4!�.; 3.��

�3& '/ �����/ �� �5!65!� ��� ����R�� 1S�� & ���O-

�% & 1�*9�3& '/ [9�j �4!�.; 3.�� '/ 5�S�� ��/� ���

.3&W F�3� ��/3.���/ O�  �4!�.; 3.�� �+) 1�*9 Z!-.�!&

 �5!65!� �� 3Q*� '/ O./'�� �'� YB/PG/��*& ��� �*# �� 

 .�*� ��* 9 ���5� �'� YB/PG/ Z!-.�!& �4!�.; 3.��

5� �5!65!� �� 3Q*� '/ O./'�� ������!�=� �5Q O� O+!�� 

) CB��/ � �B/P+65�1383 (16/0  ���W5� ��� �� 
563� 

Z!B�D 5b�j Y��7D ������W5� '/ O).�*� 5�  

�3& '/ �����/ �� �5!65!� �'� �!d��& �4!�.; 3.�� ���

 � ��/3.���/:BOG5#  �.�&' �Q/*� ]��/ 5� a!�5� O�69  �

129  ���&W }�AQ O� O) 3&W F�3� ��� 5� �/'/ O� 
56

�% & �*� �/�)P<0.01( �5!65!� �'� �4!�.; 3.�� 1���� .

�% &5!~ �����/ ��*& �3& �� '/ �����/ �� :B �� .�*� �/�

/3B� �/7. ��� q!dA�0  �'� �4!�.; 3.��91  �6'�� �#

������ 1971 ��1990  \+�=& M�� �� '/ �����/ ��68  �

127 
56 ��� ��  ���W5�3�  ���W5� O� :B�P. a!�5� O� O)

�3& '/ [9�j �4!�.; 3.�� 1S�� & � ��/3.���/ ���

 5b�j Y��7D �� ����R��) �*�Shrestha et al., 1996( .

 Z!%p��Mokhtari and Rashidi (2010)  �'� �4!�.; 3.��

/� �5!65!� �3& '/ �����/ ��3%T ��� �/ 5!U�&���/3.� 

125  Y��7D ���W5� O� :B�P. O) 3.�5) ���W5� ��� �� 
56

�3& '/ �����/ �� 5b�j .�*� ����R�� 1S�� & ���

) CB��/ � �B/P+65�1383 �5!65!� �'� �4!�.; 3.�� (

5� /� ���!�=� �5Q ���8/21  O) 3.�5) ���W5� ��� �� 
56

Z!B�D 5b�j Y��7D ������W5� '/ .�*� 5�  

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

B
re

ed
in

g 
va

lu
e 

(k
g)

Birth year

Standard model

Structural model



92                  ����& F(D *�, 
��j  :�/��4�� � �5Q 3%��*6 3�� 1��9 �4!�.; 3.�� � ��5�&/��D ���W5��3& �� ���!�=�1S�� & ���...  

 

 

Fig. 4. Variations of means of breeding value for average daily gain from birth to weaning under multivariate 
standard and temporal recursive models in Lori Bakhtiari sheep 
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Fig. 5. Variations of means of breeding value for weaning weight under multivariate standard and temporal 
recursive models 
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Fig. 6. Variations of means of breeding value for average daily gain from weaning to six-month weight under 
multivariate standard and temporal recursive models in Lori Bakhtiari sheep 
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Fig. 7. Variations of means of breeding value for six-month weight under multivariate standard and temporal 
recursive models in Lori Bakhtiari sheep 
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Table 7. Genetic trend ± standard error of growth traits of Lori Bakhtiari sheep using standard multivariate and 

structural equation models 

Traits ¥ 
Genetic trend 

Direct Maternal 
 Standard Structural Standard Structural 
BW(kg/y) 0.006** ±0.001 0.023** ±0.003 -0.0002 ns±0.0002 -0.0007 ns±0.0006 
ADG1(g/y) 0.7** 0.088 3** ±0.395 - - 
WW (Kg/y)  0.069** 0.008 0.129** ±0.013 0.0011*±0.0002 0.0007 *±0.0002 
ADG2(g/y) 0.4** ±0.039 1.2** ±0.134 - - 
6MW (Kg/y) 0.11** ±0.01 0.187** ±0.019 - - 
¥BW: Birth weight; ADG1: Average daily gain from birth to weaning; WW: Weaning weight; ADG2: Average daily gain from 
weaning to six-month weight; 6MW: Six-month weight. 
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Abstract 

In order to estimate genetic parameters and genetic trends of growth traits in Lori Bakhtiari sheep using structural 
equation models and standard multivariate models, pedigree and phenotypic data which were collected from 1994 to 
2011 in Lori Bakhtiari sheep breeding station were used. The studied growth traits included birth weight (BW), 
average daily gain from birth to weaning (ADG1), weaning weight (WW), average daily gain from weaning to six-
month weight (ADG2) and six-month weight (6MW). Three different models including standard multivariate model 
(SMM), multivariate temporal recursive model (TRM) and multivariate fully recursive model (FRM) were 
considered. Based on DIC values, TRM had the highest plausibility. Under TRM, structural coefficients between 
BW-ADG1, ADG1-WW, WW-ADG2 and ADG2-6MW were estimated to be 9.343, 0.03, 10.632 and 0.14, 
respectively. Direct heritability estimates for mentioned traits were 0.32-0.29, 0.2-0.22, 0.17-0.18, 0.11-0.11 and 
0.16-0.16, respectively. The estimated values for genetic trends under SMM and TRM were 6-23, 0.7-3, 69-129, 
0.4-1.2 and 110-187 grams per year for BW, ADG1, WW, ADG2 and 6MW, respectively. The results of genetic 
analyses of growth traits indicated the necessity of considering causal relationships between the studied traits for 
developing efficient breeding program in Lori Bakhtiari sheep. 
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