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Ã|Ì°q  

     �Â�ycZÌ�f¿�Ê°Ì�eÂÀ§�ÁÊbÌ��Á�|���cZ¨�Á]�½�Ã|Ì Ê´·Z��®Ë�ZÅ�]��{É��Ã{Z¨f�Y�Z]��y�»�{Y�¿
��YZÅ{�Â¯�É ������ÁM��¼m��Y�É���,Ã|�Ê�ZÆ·Z�É �����·YÊ �����Y��{ÃZ´f�Ë�ZÅÉ�¬ve�ÊeZ/¬Ì�

ZÅ�½Zf��Æ���y�»��]É�k|ÀÀ��Á��¬��|Ë{�³�{�ÁM�] .u�µ|»Ê¿YÂÌ ®Ë�f¨�Ê�f¨��|Àq�ÁÊ����Á��Ä/]
Z¼Àf��{��j¯Y|uÊË�¿���Âe�Ã|��{Á|v»¹����Y�/§YASREML ��/]Y�É��{�ÁM�/] �f»Y�Za��Ã{Z¨f/�Y�Z/Å��|/�. 

»¾Ì´¿ZÌ�¶¯ )¥Y�v¿Y��Zn»�»¾Ì´¿ZÌ(,�Y�]É ½�Á�,|·Âe�½�Á�cZ¨���Y��Ì³�Ì�,É��½�Á����½�Á�,Ê´ÅZ/»��
�½�Á�,Ê´ÅZ»Ê´·Z��®Ë�]�½�Á�ÁÃ|Ì ��{�¾�Ê´·Z��®Ë��Z])��/�(�/��,)��/�(��/���,)��/�(��/���,

)��/�(��/���,)��/� (��/����¹�³Â¸Ì¯�Á)��/�(��/��� |¿{Â]�¹�³ .�Êf¨��|Àq��Ì·Z¿M��{]�¾Ë�f/�Ì�
iY�Á~a�dÉ�Ë�¬f�»ºÌ�Y�]É��½�ÁÊ´·Z��®Ë )��/�±���/� (��/f¼¯�Á¾Ë��Y�/]�½MÉ�]�½�Á�Ã|/Ì ��¾/���{  

Ê´·Z//��®//Ë )��/�± ��/� (�{�ÁM�//]|//�. ]¾Ë�f//�Ì�~//a�d//iY�ÁÉ�Ë��{Z//»É�¿�//Ì�Y�//]É��|//·Âe�½�Á  
)��/�± ��/� (Ä¯�{Â]�Y�§Y�Z]�Ë���ÅZ¯�¾�d§ZË .´f�^¼ÅÊ�f¿�Ê°Ì ¾Ì]�����Ä/À»Y{��{��Â¯~/»�cZ¨/�

��/�- ·YÊ ��/��Á�´f�^¼ÅÊ�eÂÀ§ÊbÌ ��/��·YÊ ��/� |��{�ÁM�] .´f�^¼ÅÊf¿��ÉZÅÊ°Ì�]¾Ì��cZ¨�
·Á�d^j»�|��Ê�´f�^¼ÅÊ�f¿�Ê°Ì�]¾Ì�y�]Ê�]�½�Á�Z]�|���cZ¨�Ã|Ì Ê´·Z��®Ë�¨À»Ê���{�ÁM�/]�|/�.�

´f�^¼ÅÊ�f¿�Ê°Ì�f�»ºÌ¬�f�»�ÁºÌ¬��{Z»É�]¾Ì�¨À»�cZ¨��Ä¼ÅÊ��{�ÁM�]|� .  
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�-�½Y�Æe�ÃZ´�¿Y{�,Ê Ì^���]ZÀ»�Á�É��ÁZ�¯�Ã|°�¿Y{��ZÌ�¿Y{  
�-�½Zf�{�¯�ÃZ´�¿Y{�Ê»Y{�¹Â¸��Ã|°�¿Y{��ZÌ�¿Y{  
�-�½Zf�{�¯�ÃZ´�¿Y{�|��Y�Ê�ZÀ��Z¯�ÄfyÂ»M��¿Y{  
 

É�Z��Ê Ì^���]ZÀ»�Á�É��ÁZ�¯�¹Â¸��ÃZ´�¿Y{  
Ê»Y{�cY|Ì·Âe�ÉZÆ�ÅÁ�a  
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Ä»|¬»  
     ��y�»��])Ã�Â¬¿M (�·Âe�Ä/]�/Ì����ÅÂ/»�Ã|/ÀÀ¯�|

d�Y�¥Á� » .u��y�»��]Ì¿YÂÊ�Äjm�Z]�®]ZqYÉ�
�¬eË���³|//¿��Z//]�Ä//¯�®//qÂ¯�0Z//^Ê�//v»��{Ì��

¿Zf�ÅÂ¯Ê���Z³�Z/��Ô»Z¯É�{�Y{ .����Ä/]�Ä/mÂe�Z/]
�Ä/¸³�{Y| e�Z/ÅÉ������½Zf/�Y��{�{Â/mÂ»��/y�»��/]
½Zf�{�¯,�¼ÅYÌd�YË�{Z/�f«Y�Äy�q��{�¹Y{�¾É�
]�Ä¬�À»Ìa��Y��Ì»��Z°�M��Ê�|/�Z] .��µZ/u��{

������/]�Ã|/ÀÅ{���Á�/a�ÉZ/Å�YÂ¿Zy�{Z�f«Y���Zu
�����Á�/§�Ä/]�½M���Á�/a�Ê¸�Y�ª�ZÀ»��{��y�»

{�Y{�Ê´f�]�É|Ì·Âe�d�Â³�Á�¥ZÌ·Y.  
       aÌ�Z/Å�Ä»Z¿�]�d§��É��uÔ/�YÊ�»��Y��iZ/f�
Z�ZÀ�ÊË�{�]�Z¯�Á�d��{�ZÆ�Á�É��/Àf^»Ê���/]�

f¿�//Ì//¼¯�®Ê ��Â//Àe��Y�Ã{Z¨f//�Y��Â//�À»�Ä//]�
]Ì�Â·ÂË°Ê  ¼m��{�{ÂmÂ»ÌZÅ�dÉ�u�/Ì¿YÂÊ���Y

ZÅ��]�Ä¸¼mÉ����/»��/y�»�{Y�/¿Ê��|/�Z]. �{�ÁM�/]�
ZÅ��f»Y�ZaÉ�f¿�Ì°Ê�¼ÅY�Á�/Ì��/iY�dcY�f¿�Ì�/°Ê�

Y�§YË�Ê�¬f�»Ì�{Z»�Á�ºÉ�Y�]É���{�|���cZ¨�
»Y{�{Y�¿��ÅÊ��Y�/]É� e�Ì/Ì��/uY���Á�¥Y|/ÅY�¾Ê�
ZÅ�Ä»Z¿�]É�v¿��fÆ]�­�{�,{Y�¿�sÔ�Y�g�YÂe�ÃÂ

a�,|���cZ¨�Ì]��ÌÀÊ�uÔ�Y����YÊ�a�ÁÌ��
]Ì//ÀÊ�������Y��Z//�f¿Y�{�Â//»�[Z//zf¿Y�Ä//]�x//�Za  

ZÅ�Ä»Z¿�]É��Á���[Zzf¿YÉ�d�Y )�� .(��ÃÁÔ/�
f¿��cY�iY��]Ì°Ê�Y�§YË�Ê�v»�ÁÌ�/�Ê��¬f/�»Ì�,º

�cY�iYf¿�Ì°Ê�Y�§YË�Ê�v»�ÁÌ�Ê��{Z»É�¿Ì��]��
¤eÌÌd�Y��iÂ»�|���cZ¨��cY� .f¿��cY�iYÌ�/°Ê�

¬f�»Ì�{Z»�ºÉ��½YÂÀ��Ä]�\¸£YË��º/Æ»��^À»�®
�YÁËZÅ�Ä»Z¿�]��{��¿ZÉ�uÔ�YÊ »Ê |�Z].����/iY
�{Z»É�Á�¶»Z�Ë�/³�Ê��Z/ÅÉ���Z/f§�É���{Z/»É��Á
½YÂe��Ì��·ÂeÌ|É�»��{Z»Ê�|�Z] .���Y�Ä/¿Â¼¿�®Ë
iZeÌeÂ¿���Ì`��{Z»�eÂÀ§��]Ì����Y�ZÅ�Ä·Z£�]�`Ë�ª
ZÆ¿�É�Y�Y{É�Y�§Y��iYË�/�Ê��¬f/�»Ì���cZ¨/���/]�º

�Â�y�Á�|��Ì��{Z/»�cZÉ��/»��YÊ��|/�Z]. ��{
e�Â�ÌZÅ�Ä¨·Â»�Ä°É�f¿�Ì�/°Ê���{Z/»É����/�¿��{

�,{Â�¿�Äf§�³�{�ÁM�]ZÅ�Ä¨·Â»É��Â/¯)�YÁ�/Ë�¿Z(�
f¿�Ì°Ê�Y�§YË�Ê�~a�diY�Á�ÁË�É���Y�cZ¨/��/Ë�\

�|ÀÅYÂyd�Y{��/ «YÁ�Ã{�Z]�ÁÊ�����ÅZ/¯�[Z/zf¿Y
»Ê Ë|]Z )�� .(Y�]É�ZÅ�Ä¨·Â»É�Â¯)�YÁË�¿Z(��Á

ZÅ�f»Y�ZaÉ�f¿�Ì°Ê�]�½�Á�Á�|���cZ¨�ÌÃ|���{
�¾�®Ë�Ê´·Z��ZÅ�]��{É��Z/Å���Y�³��y�»É�
eÁZ¨f»Ê���d/�Y�Ã|/��ÄWY�Y .�½ZÌ¿Z/�»� )�� (��{

Y�Ä ·Z�»É�Á�É�YË��cZ¨/��É�Ë~a�diY�Á�{Y�¿�¾
���Y�½�Á�,|·Âe�½�ÁÌ³�Ì�É�́ ÅZ/»�Ä¿�½�Á�Á�,Ê�

�½�Á�ÁÊ´·Z��®Ë���Y�Y����/���Ze��/�����Y�³
{�///¯.�¬ve��{///Ì{�ªË�///´É�///��Ì|É )�� (

���cZ¨/��Z/]�|·Âe�½�Á�Ê°Ìf¿��Ê´f�^¼Å��Y�½�Á
�½�Á�Á�É�Ì³�Ì//�Ê´·Z//��®//Ë�e�e�Ä//]�Y�//Ì�\

��/��Á��/����½�Á�Ê////°Ìf¿��Ê´f////�^¼Å�Á
�½�Á�Z//]�É�Ì³�Ì//�Ê´·Z//��®//Ë��½�Á�Á�®//Ë

Ê´·Z��]�½�Á�Z]�Y�Ì�Ã|��¾/���{��Ê´·Z/��®/Ë��Y�
��/��Á��/� �{�ÁM�//]|//¿{�¯ .�¾¼ÌÀ//�Y)�� (

��Á�½|/]�½�Á�¾Ì]�ÊbÌeÂÀ§�Á�Ê°Ìf¿��Ê´f�^¼Å
�Z/¬Ë�§M�Ã�Â¬¿M�ÉZÅ�]��{�Y��Ã|Ì]�½�Á��Ê]Â/Àm�É

��\//Ìe�e�Ä//]���/���Á���/���{�//¯���Y�//³ .
Á�½Âf¸Ì� ��d/�Z])�� (���Á�Ê/°Ìf¿��Ê´f/�^¼Å

��Ä/]�Ã�Â¬¿M�ÉZÅ�]��{�Y��cZ¨��¾ËY�¾Ì]�ÊbÌeÂÀ§
�\Ìe�e��/�-��Á�/��|¿{�¯���Y�³ .  

     ¤eÌÌ�¿Zfa��Ìf¿��¶Ì°Ê�Y�]É�y�]Ê���cZ¨/�
{Z�f«YÉ �¿Ì�����YÁ�Z/]�Ä/¯�|���/Ëf¿���¿ZÌ�/°Ê�

´f�^¼ÅÊ��Ë{ZÉ �,|¿�Y{ºÆ» »Ê��|/�Z].����Â/�]
//¸¯Ê�Z//Å�Ä//»Z¿�]É�{Y�//¿�sÔ//�YÉ��Z//�Y�]  

³�Ã�Y|¿YÌ�É��/»�|���cZ¨�Ê��|/�Z], ��/ËY�Y��/Ë�¾
Y�Y{�cZ¨//�É��~//a�d//iY�ÁË�É�0Zf^//�¿��Á�ÓZ//]  

³�Ã�Y|¿YÌ�É��ZÆ¿M��Ì¿»�½Z�MÊ��|/�Z] )�.( ��¾/ËY
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Z//Å�f»Y�ZaÉ�f¿�Ì//°Ê��ÉY�//]�{�ÁM�//]�d§�//�Ìa
cZ¿YÂÌu�[Zzf¿Y��Y�¶�Zu�Ê°Ìf¿���Y�Ã{Z¨f/�Y�, 

�[Zzf¿Y�\�ZÀ»��Á��Á´f�^¼Å�Ê���]Ê�ZÅÉ�
�Ã{Z¨f/�Y�Ê°Ìf¿� ��Ê/» �|¿Â/� .���ª/Ì¬ve��Y�¥|/Å

���Zu�{�ÁM�]v»�cY�iYÌ�Ê�Y�/mY�,É���,�¿Z/Ë�YÁ
�Ë~a�diY�ÁÉ�Êf¨��®Ë�ÄË�ne��Y�¶�Zu��Á{�Á

f¨�Ê�Á ���Ä/Ë�ne��Y�¶/�Zu�Ê°Ìf¿��Ê´f�^¼Å
Y�///]�Êf¨///��Á{É��½�Á�,|///·Âe�½�Á�cZ¨///�

�Ì³�Ì�É�½�Á�,� Ê´ÅZ», ½�Á ��Ê´ÅZ»�½�Á�,
Ê´·Z��®Ë��­�¯�½�Á�Á��¾/���{��Ê´·Z/��®/Ë   
|�Z]�Ê».  

  
Á�{YÂ» ZÆ�Á�  
ZÅ�Ã{Y{  

     ���Y�Ä/ ·Z�»�¾ËY��{�Ã{Z¨f�Y�{�Â»�ÉZÅ�Ã{Y{
¬ve�ÃZ´f�ËY�Á{ÌeZ¬Ê��µZ/��Ê���¬��Á�k|ÀÀ� 

�����Ze ������Ã|��É�ÁM��¼md�Y. ��ZfyZ�
�Ã{Y{��{�ZÅ�µÁ|m� ��d/�Y�Ã|/��ÄWY�Y.���cZ¨/�

�//�Zu�ª//Ì¬ve��{�Ä// ·Z�»�{�Â//»�½�Á�¶»Z//�  
|·Âe )BW(½�Á�,��Y�É�Ì³�Ì� )WW(�½�Á�,��
´ÅZ»Ê )W6(�½�Á�,��´ÅZ»Ê )W9(�½�Á�,�®Ë

Ê´·Z� )WY(�]�½�Á�ÁÌ�Ã|�¾���{�Ê´·Z/��®Ë 
)WF(�»Ê�|�Z] .ZÅ�Ä·Z£�]��Z/e�|·Âe��Y��¾/� ���

³�Á�Ê��{Ây�½Y�{Z»�ÃY�¼Å|¿{Â]���Y�½M��Y�| ]�Á
�Á�Y|m�½Y�{Z»Y�]É ��½{�ÂyÌZ^��µÂ���{���Ä¿

Á{��Á��¿�c|»�Ä]�����Á�t^��d]ÂË��d�Z/��®
�Ä]�{Ây�½Y�{Z»�{�¿�Ã{Y{�µZ/¬f¿Y��/»Ê��|/�|¿ .Y� 
���³�Á�Ê����]�ÃÁÔ��| ]�Ä]Ì��Z/Å�Ä·Z£�]��{Z»��
~¤eË¼°e�ÄÌ¸Ê��||¿ .�Ì�ZÅ�Ä·Z£�]�Ä]��¬§��]��
�Ã{Y{�¾��Ze�Á�|��Y��Ì³�Ì�É����[Â/£�»�Ä/§Â¸�

]�Ä��Â�MfyY��{�{Y�Ì��ZZÅ�Ä·Z£�]��Á�|��Ã{Y{��Y�«
YÁ��½M��Y��a»��e�»�Ä¿Ê��/�||¿ .��Z/Å�Ä/·Z£�]É�

Z//mË�´Ë�Z//e�¾�¾//���-���´ÅZ//»Ê��Ä//¸³��{
�Y|Æ´¿É��Á�Ã|����§{Z/�e�c�Â/��Ä/]Ê����Z/Å�¿�Z/]

»MÌ���|¿|��Ã{Y{.  

  
�µÁ|m�- Ä ·Z�»�{�Â»�cZ¨��Ê¨Ì�Âe��Z»M 

BW: |·Âe�½�Á�,WW: É�Ì³�Ì��½�Á�,W6: �Ê´ÅZ/»����½�Á�,W9: ��Ê´ÅZ/»�Ä/¿�½�Á�,WY: �½�Á��Ê´·Z/��®/Ë�,FW: ��Ã|/Ì]�½�Á��Ê´·Z/��®/Ë,  
N: cY|ÅZ//�»�{Y|// e�,µ: ¾Ì´¿Z//Ì»�,SD: �Z//Ì »�¥Y�//v¿Y )kg(, CLM: �Ä//À»Y{)¹�³Â//¸Ì¯(, CV: cY�//ÌÌ¤e�\Ë�//� )|//��{(, Min:�,º¼Ì//ÀÌ»  

Max: º¼Ë�¯Z»  

  
·Z¿MÌZÅ�É��Z»MÉ  

     Y�]É�·Z¿MÌ����Y|/f]Y�ZÅ�Ã{Y{���Z/]�µ|/»���Y�/] 
�Ã{Z¨f�Y��YÁ��/Ë�ÄGLM�����Y�/§Y�¹�/¿SAS )�� (
|��¹Zn¿Y .���,Ä/¸³�cY�/iY�¶»Z��µ|»�d]Zi�cY�iY

�ZY��Â¸«�|Àq�,�Àm�,|·Âe�µÊË��¾��Á��{Z/» �Á
e�e�Ä]Ì�\Y�Y{É ��,���,�, ��Á ���t����|/¿{Â]

)�µÁ|m� .(�·Z/¿MÌ·ÁY���/Ì�Y�/]�ÄÉ��/���]Ê���cY�/iY
|��¹Zn¿Y�¶]Z¬f».�YË·Z¿M�¾Ì�/Å����Ä/¯�{Y{�½Z/�¿�Z

cZ¨�  N µ SD CLM CV Min  Max 

BW(kg) ���� ��/� ��/� �/� -��/� ��/�� ��/� ��/� 
WW(kg)  ���� ��/�� ��/� ��/�� -��/�� ��/�� ��/�  ��/��  
W6(kg) ���� ��/�� ��/� ��/��-��/�� ��/�� ��/�  ��/��  
W9(kg) ���� ��/�� ��/� ��/�� -��/�� ��/�� ��/�  ��/��  
WY(kg) ���� ��/�� ��/� ��/�� -��/�� ��/�� ��/�  ��/��  
FW(g) ���� ��/��� ��/��� �/���-�/���  ��/�� ��/��  ����  
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���/¼¯�ºÆ/��¶/]Z¬f»�cY�iYÊ���YÁ�¶/¯��Y�/Ë�Y���¿Z
�¶»Z�Ã{Â]��t����{�Á� %À »Ê�{Â^¿��Y{. Y�]É�

e/////¼zÌ�Z/////Å��f»Y�Z/////a�¾É�f¿�Ì/////°Ê   
)¬f�»Ì��{Z/»�,ºÉ�«Z]�ÁÌ�Ã|/¿Z¼ (�/� ]Ê���cY�/iY

§{Z////�eÊ����cY�////iY�Z////]�ÃY�////¼Åd////]Zi   
{�³���Y�]�µ|»��{Ë| .�/À »�dÆmÊ���½{Â/]��Y{

§{Z�e�cY�iYÊ��d�e��Y�LRT �Ã{Z¨f�Y�|/� .��{
���Ä/¯�Ê·|/»��Å�ÊËZ¼Àf��{�ºfË�Z´·�,½Â»�M�¾ËY
�[Zzf¿Y�ZÀ^»�½YÂÀ��Ä]�d�Y{�Y���Y|¬»�¾Ë�f�Ì]

|//� .��ºfË�Z//´·�cÁZ//¨e��Y�Ã{Z¨f//�Y�Z//]��b//�
{Y�M�Ä//m�{�Z//]�Á�ÊËZ¼Àf//��{É�//]�¥Ôf//yYÌ�¾

�����/Ë��¶°/��Ä/]�µ|»�Á{��{�{ÂmÂ»�cY�iY�{Y| e
��ZÆ·|/»�¾Ì]��Y{�ÊÀ »�cÁZ¨e�{ÂmÁ�Ê���]�ÉY�]

|��Ä^�Zv»:  
)�   (  »µ| {�Â» ���¿Log likelihood( 2 = 2   

)��j¯Y|u�µ|» Log likelihood -   
  
     �����ÉY�/]�Á�cZ¨/��Ä/¼Å�{�Â/»��{�cÁZ¨e�¾ËY

|Ë{�³�Ä�ËZ¬»�µÁ|m�Z]�Á�Ä^�Zv»�ZÆ·|»�ÄÌ¸¯ .
��ºfË�Z/´·��Y|¬»�¾Ë�f�Ì]�d·Zu��Å��{�Ä¯�Ê·|»

�e�\�ZÀ»�{�Y{�Y��ÊËZ¼Àf��{���,d/�Y�µ|/»�¾Ë
�����É�Z/»M��/�¿��Y�ZÆ·|/»��ËZ/���]�Êe�Â���{�Ê·Á

�Ä//¯�{�Y{�É�//e�]cÁZ//¨e�|//�Z]��Y{�Ê//À »�½M .
���É�Z///»M��///�¿��Y�ZÆ·|///»�cÁZ///¨e�Ä///r¿ZÀq  
���{�ÁM�/]�ÉY�/]�µ|»�¾Ë�e�Ã{Z��|�Z^¿��Y{�ÊÀ »

�¿Z//Ë�YÁ�ÉZ//Å�Ä//¨·R»-��Ã{Z¨f//�Y��¿Z//Ë�YÁÂ¯  
Â��Ê»{.  

     Â¯�ÉZÅ�Ä¨·R»)�¿ZË�YÁ(�´f�^¼Å�ÁÊ�ZÅÉ�
°Ìf¿�bÌeÂÀ§�Á�ÊÊ��cZ¨�|�����j¯Y|u��Á���Y

�Ã|��{Á|v»�ÊËZ¼Àf��{)REML (��Ã{Z¨f/�Y�Z]
�Y ��Y�//§Y�¹�//¿ASREML )� (�{�ÁM�//]|¿|//� .

´f�^¼Å��b�Ê�ZÅÉ�f¿�Ì°Ê�eÂÀ§�ÁÌbÊ��Ä¼Å
���Âe�cZ¨�M·Z¿Ì���|Àq��Äf¨/���|/��Ä^/�Zv» .

Y�]É���ÅË®�cZ¨���Y,����Y�¶/�Zu�\�ZÀ»�µ|»
�neËÄ�¸ve�ÁÌ¶ Ë®�¤f»ÌÃ����{{�ÁM�]��Â�À»�ZÅ
|� .�Y~·»µ|�Y�]�\�ZÀ»É�|���cZ¨��Á�d¨��

]�½�ÁÌ�Ã|�¾���{Ê´·Z��®Ë�,����c�Â/��Ä/]�/Ë��
{Â]:   

)� (                  y = (Xb +Zaa + Zmm + e)  

y:�,cY|ÅZ//�»�Y{�] b:���d//]Zi�¶//»YÂ��iY��Y{�//]
)Y�]É��cZ¨��Â¯~»��¶»Z/� :��,Ä/¸³���,|/·Âe�µZ/�

e�Á��ÀmÌ`�|·Âe�Ä·Z£�]��{Z/»�¾��,(, a:���Y{�/]�
f¿���iYÌ�/°Ê�Y�§YË�/�Ê��¬f/�»Ìº, m:�����/iY��Y{�/]

f¿�Ì°Ê��{Z»É�»Ê��|À/�Z] .�/Àr¼ÅÌ¾ X,Za �Á 
Zm�e�e�Ä]Ì\��eZ»Ë�ËZÆ/�Ê�����cY�/iY�Ä/¯�|Àf/�Å

f¿��cY�iY�,d]ZiÌ°Ê�Y�§YË�Ê�¬f�»Ìº�Á�f¿�Ì°Ê�
Z»�{É��cY|ÅZ�»�Ä]�Y�Z^e�Y�/»��Ê��|/ÀÅ{��½�Á

|·Âe�¤f»�½YÂÀ��Ä]Ì��°¼¯Ê Y�]É�y�]Ê��,cZ¨�
���Y�¾�Ì³�Ì�É �]Ä·Z£����¤f»�½YÂ/À��Ä/]�Z/Å�/Ì��

°¼¯Ê Y�]É ¨��dWW�{�Â¯��½Z»���{�¾��Á 
�Y{�]É��½�Á��´ÅZ»Ê ¤f»�½YÂÀ��Ä]�/Ì���/°¼¯Ê�

]Y�É�¨��d�W�|��Äf§�³���¿��{.  
 

  
  
  
  
  

1- Likelihood Ratio Test 
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�µÁ|m�-��,|/·Âe�µZ��,Ä¸³�¦¸fz»�sÂ���cY�iY�ÉY�]�¦¸fz»�cZ¨��{�Y|¿Zf�Y�ÃZ^f�Y�Á�cZ ]�»�¶«Y|u�¾Ì´¿ZÌ»�Ä�ËZ¬»  
            ���{Z»�¾��Á��ËY��`Ìe�,�Àm  

Ä¸³  |·Âe�½�Á )kg( É�Ì³�Ì��½�Á )kg( Ê´ÅZ»����½�Á )kg( Ê´ÅZ»�Ä¿�½�Á )kg( ®Ë�½�Á Ê´·Z� )kg( Ã|Ì]�½�Á�¾���{�®Ë Ê´·Z� 
)( �  ��/� ±a ��/� ��/� ± a��/�� ��/� ±a ��/�� ��/� ± a��/�� ��/� ±a ��/�� ��/� ± a��/���  

�  ��/� ±b ��/� ��/� ±b ��/�� ��/� ±b ��/�� ��/� ±b ��/�� ��/� ±b ��/�� ��/� ± b��/��� 

|·Âe�µZ�       

����  ��/� ±ef ��/� ��/� ± e��/� ��/� ± ef��/�� ��/� ± d��/�� ��/� ± ef��/�� ��/�� ± a��/��� 

���� ��/� ± g��/� ��/� ± e��/�� ��/� ±g ��/�� ��/� ±e ��/�� ��/� ±def ��/�� ��/� ± de��/��� 

���� ��/� ± cd��/� ��/� ± e��/�� ��/� ± cd�/�� ��/� ± a��/�� ��/� ± ab��/�� ��/� ±a ��/��� 

��� ��/� ± ef ��/� ��/� ±e ��/�� ��/� ± ef��/�� ��/� ± cbd��/�� ��/� ±cde ��/�� ��/� ± bc��/��� 

���� ��/� ± ef�/�  ��/� ± e��/�� ��/� ± ef��/�� ��/� ±b ��/�� ��/� ± ab��/�� ��/� ±a ��/��� 

���� ��/� ± ef��/� ��/� ± cd ��/�� ��/� ±def ��/�� ��/� ± a��/�� ��/� ± ef��/�� ��/� ±bc ��/��� 

���� ��/� ± cdef�/� ��/� ± d��/�� ��/� ± cdef��/�� ��/� ±b ��/�� �/ �±ef ��/�� ��/� ±bc ��/��� 

���� ��/� ±f ��/�  ��/� ± cd�/�� ��/� ±f ��/�� ��/� ±cd ��/�� ��/� ±f �/�� ��/� ± d��/��� 

���� ���/�± cde��/� ��/� ± d��/�� ��/� ± cde��/�� ��/� ± bc��/�� ��/� ± def��/�� ���/� ±c ���/��� 

���� ���/� ± b��/� ��/� ± a��/�� ��/� ± b��/�� ��/� ±a ��/�� ��/� ± cde��/�� ��/� ±a ��/��� 

���� ���/� ± h��/� ��/� ± f��/�� ��/� ±h ��/�� ��/� ± f��/�� ��/� ± g��/�� ��/�� ±e ��/��� 

���� ���/� ± a��/� �/� ± c�/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ±cb ��/�� ��/� ± a��/��� 

���� ���/� ± c��/� ��/� ± b��/�� ��/� ±c �/�� ��/� ± bc��/�� ��/� ± a��/�� ��/� ±bc ��/��� 

����  ��/� ± ef��/� ��/� ± cd��/��  ��/� ± ef��/�� ��/� ±d ��/�� ��/� ± g��/�� ��/� ± b��/��� 

����  ��/� ± a��/�  ��/� ± b��/��  ��/� ± a��/��  ��/� ± b��/�� ��/� ±cd ��/��  ��/� ± a��/���  
�Àm  |·Âe�½�Á )kg( É�Ì³�Ì��½�Á )kg( �Ê´ÅZ»����½�Á)kg( ÁÊ´ÅZ»�Ä¿�½� )kg( ®Ë�½�Á Ê´·Z� )kg( �Ã|Ì]�½�Á�¾���{®Ë Ê´·Z� 

)(Ã{Z» ��/�± b��/� ��/� ±b ��/�� ��/� ±a ��/�� ��/�±b ��/�� ��/� ±b ��/�� ��/� ±a ��/��� 

�¿ ��/�± a��/� ��/� ± a��/�� ��/� ±b ��/�� ��/�± a��/�� ��/� ±a��/�� ��/�±a ��/��� 
�|Àq       

ËÂ¸«�® ��/� ±a ���/� ��/� ± a��/�� ��/� ±a ��/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ± a��/��� 

Â¸«�Á{ ��/�±a ��/� ��/� ± a��/��  ��/� ± ab��/�� ��/� ± a��/�� ��/�± a�/�� ��/� ±a ��/���  

Â¸«�Ä� ��/� ± b��/� ��/� ± b��/�� ��/� ± b��/�� ��/� ± a��/�� ��/� ± a��/�� ��/��±a ��/��� 

Â¸«��ZÆq ��/�± c��/�  ��/� ± b��/��  ��/� ±ab ��/��  ��/� ± a��/��  ��/� ± a��/��  ��/�� ±b ��/���  

�{Z»�¾�         

� ��/� ± a��/� ��/� ± b��/�� ��/� ± b��/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ± a��/��� 

� ��/� ± a��/� ��/� ± a��/�� ��/� ± b��/�� ���/� ± a��/�� ��/� ± a��/�� ��/� ± a��/��� 

� ��/� ± ab��/� ��/� ± a��/�� ��/� ± b��/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ± a��/��� 

� ��/� ± a��/� ��/� ± ab��/�� ��/� ±b ��/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ±a ��/��� 

� ��/� ± a��/� ��/�± a��/�� ��/� ± b��/�� ��/� ± a��/�� ��/� ± a��/�� ��/� ±a ��/��� 

� ��/� ±b ��/� ��/� ± a��/�� ��/� ±b ��/�� ��/� ± a��/�� ��/� ± a��/�� ��/�� ±a ��/��� 

�  ��/� ±a ��/�  ��/� ± a��/��  ��/� ±a ��/��  ��/�± a��/��  ��/� ± a��/��  ��/� ± a��/���  

�Ä]Z�»Z¿�¥Á�u�ÉY�Y{�ÉZÅ�¾Ì´¿ZÌ»�½Âf���Å��{�|Àf�Å�É�Y{�ÊÀ »�¥ÔfyY�ÉY�Y{)��/�P<(.  
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hv]�Á�lËZf¿  
v»�cY�iYÌ�Ê  

     »�,ZÅ�{�Â¯��{Y| eÌ´¿ZÌ,¾� »�¥Y�v¿Y�/Ì�Z��Á
��Ë\�����µÁ|/m��{�cZ¨/���Â/Àe����Ã{Y{�½Z/�¿

d�Y�Ã|� .�/»�Ã|ÅZ�»�Ä¯��Â�¿Z¼ÅÊ����Z/]�{Â/�
���,ZÅ�{�Â¯��{Y| e��ÅZ¯Ë\��Á��ÂÀe��¥Y�/v¿Y

 »Ì�Z Y�§YË� Ëd§Z. �ÉY�]�¶�Zu�ÉZÅ�¾Ì´¿ZÌ»
���½�Á�Á�É�Ì³�Ì///��½�Á�,|///·Âe�½�Á�cZ¨///�  

Ê´·Z��®Ë����¾Ì/¬¬v»��ËZ/��cZ��Y�³�Z]�ª]Z�»
|///�Z]�Ê///» )��,��,��,��,���Á� .(�¾Ì///Àr¼Å

�Ã|Ì]�½�Á�¾Ì´¿ZÌ»�¾���{®Ë ��¶/�Zu�Ê´·Z�
�É|Ì�����Y�³�Z]��ÅÁ�a�¾ËY��Y)�� (�Á�Ì�x

|¼uYÉ )�� ({�Y{�d¬]Z�», ���Z/]�Ä/�ËZ¬»��{�Z»Y
�ÅÂ»�Ã|Ì]�½�Á�¾Ì´¿ZÌ»��/·ÁY��{Ì�¾�À/Ìq����{
��Ã�Â//¬¿M�ÉZ//Å�Ä//·Z£�]{Ë�ZÅ�Â//�¯��//´���//f¼¯  

|�Z]�Ê» )��,��,��,��,���,����Á��(. ���Y�Ê/°Ë
���/y�»�ÉZÅ�]��{��ÅÂ»�|Ì·Âe�½{Â]�¾ÌWZa�¶ËÓ{

0ÓZ¼fuY��h�Z]�Ä¯�d�Y��ÅÂ»�¹Z´ÀÅ��Ë{�½|Ìq
��ÅÂ//»��Y�É{Z//Ë���//z]�¾f//§���|//Å�Á���//Ë�

|//Ì·Âe{Â//��Ê//»�É.�{�d//¸�Ë�Ä¬]Z//��¹|//���//´
Y�]�[Zzf¿YÉ�Y�§YË»��Ì�·Âe��ÅÂ/»�½Y��/Ì|É���{

YË ¼m�¾Ì»�dÊ�|�Z] .����{�Â/»�cZ¨/��½Z/Ì»��{
��Y��//f¼¯�|//·Âe�½�Á�cY�//ÌÌ¤e�\Ë�//��Ä// ·Z�»

{Â]��´Ë{�cZ¨� .�Ã|/Ì]�½�Á�cY�ÌÌ¤e�\Ë�����{
¾� Ê´·Z��®Ë ��/�� ����½Z/�¿�Ä/¯�{Â/]�|��{

��//y�»��//]��{�d¨//��¾//ËY�{Z//Ë���Â//Àe�Ã|//ÀÅ{  
Ê»�|�Z].  

     ��ÉÁ��Ê/�Ìv»�¶»YÂ���ÌiPe��Y�¶�Zu�lËZf¿
Â»�cZ¨��{��Ä/ ·Z�»���µÁ|/m��{� ��Ä/WY�Y�/��Ã|

d�Y .R2�Y�]�Ã|����Y�]�µ|»É���d¨/��½�Á��Y
É�Ì³�Ì� )��/� (]Ì�{��Y��f/�Ë���cZ¨/���/´)��{

�ÄÀ»Y{��/� ·YÊ ��/� ({Â] .�����/]�|/·Âe�µZ/���iY

�����/��½�Á�,É�Ì³�Ì/��½�Á�,|/·Âe�½�Á�cZ¨�
´ÅZ»�Ä¿�½�Á�,Ê´ÅZ»®Ë�½�Á�,Ê �½�Á�Á�Ê´·Z�

�Ã|//Ì]�Ê´·Z//��®//Ë ��ZÌ//�]��{Â//]��Y{�Ê//À »
)��/�<P( .�iY��,Ä/¸³���À/m�Á����ÉÁ��|/·Âe��Â/¿

�����/��½�Á�,É�Ì³�Ì/��½�Á�,|/·Âe�½�Á�cZ¨�
�½�Á�,Ê´ÅZ»�Ä¿�½�Á�,Ê´ÅZ»Ê´·Z��®Ë ��ZÌ�]

��Y{�ÊÀ »)��/�<P( ���Ã|/Ì]�½�Á�d¨/��ÉÁ��Á
�¾���{Ê´·Z��®Ë���Y{�ÊÀ »¿��{Â/^)��/�P>.( 

�ÉÁ���{Z»�¾�cZ¨���Y�®Ë�pÌÅ��/]�Ä��½�Á��/m
|·Âe�{Â^¿��Y{�ÊÀ ».��Ä¯»Ê�·{�Ä]�|¿YÂeÌ�¶���«

Ä·Z£�]�Ê´f�]YÁ ������Y�|/ ]��/«Â»��{��{Z»�Ì/��Ä/]
�É�Ì³�Ì���|�Z]Ë�Y�Ä·Z£�]�d·Zu�¾ËY��{ ���/¬§

��Ê/°Ìf¿��¶Ì�¿Zfa�Á�Ê�Ìv»�¶»YÂ���ÌiPe�dve
d�Y�{Ây .]�lËZf¿�Z]�ªÌ¬ve�¾ËY�lËZf¿��Y�Ê/y��

¬¬v»Ì¾ ��´Ë{Y{�d¬]Z�»d� )����Á�� .(�µZ�
,|·Âe�Ä·Z£�]��Àm ����|/���½Y�ÁY��/]�|/·Âe�`Ìe�Á

��É�Y{�Ê//À »��ZÌ//�]�cY�//iY�É�Ì³�Ì//���Y�|// ]
|¿�Y{ .�Ä/·Z£�]�½�Á�¾Ë�f¼¯�Á�¾Ë�f�Ì] ���Ä/]�Z/Å

����Z/Å�µZ/��Ä/]��Â/]�»�\Ìe�eÉ ������Á���� 
{Â] .���Á�[M��ËY�/��cY�/ÌÌ¤e�c�Â��Ä]�µZ���iY

�����,½Y�{Z/»���Á�/a�Ê´¿Â/´q�Á�dË�Ë|/»�,ÊËYÂÅ
v¿�Á�½Y�Ì»���,Ä/¸³�Ä/Ë~¤e�ÃÂ��|/���Ä/·Z£�] ��Y��Z/Å

�Y�«��ÌiPe�dve |Å{�Ê». �Á�É�Ì³�Ì���Y�| ]�½
e��ÌiPe�dveÌ`�Ä·Z£�]��Àm�Á�|·Âe�»Ê��|/�Z].�

Ä·Z£�] ����0ÓÂ/¼ »�Â/¸«�®/e�ÉZ/Å�����Y��/e�¾Ì´À/�  
Ä·Z£�] Á{�ÉZÅ�ZÆq�Á�Ä��, ����¾/ËY�Ä/¯�Ã{Â/]�Â¸«

À���{�¥ÔfyYÌWZa�¾ÌÀ »�¾Ê��Y�/§Y�Z]�Á��Y{Ë��
]�cÁZ¨e�¾�Ìe�¾Ì�/·Âe�`�/À »�|Ê�¿��Y{�Â/^{. ��Z/]

Ä·Z£�]�Ä°ÀËY�Ä]�ÄmÂe �����º/u���{�Â/¸«�®/e�ÉZ/Å
��É�/fÆ]�ÄË~¤e�dÌ �Á��Y�|·Âe�¹Z´ÀÅ��{�Á��{Z»

Ä·Z£�]�Ä]�d^�¿ ���Y{�Â/y�]�Â¸«|/Àq�ZË�Á{�ÉZÅ  
�¾ËY�]Z//À]�|//¿{Â] �É�eÓZ//]�½�Á{Â]�Y�Y{�Y�|//¿.  
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YË�Z/f¿�¾Ë�{�Ä]Z/�»�lË�¬ve��/´Ì�cZ/¬ �/»Ê��|/�Z]  
)��,��,���,����Á�� .(��{�Â///»��{�¾Ì///Àr¼Å

Ä·Z£�]�½{Â]��e�¾Ì´À� Ä·Z£�]�Ä]�d^�¿��¿ �Ã{Z»
�����Á�Ê°Ë�Â/·ÂË�Ì§�ÉZ/Å�d/Ì·Z §�½M�Ê¸/�Y�d¸�

d�Y�Ã{Z»�Á��¿��Àm�Á{��{�Ê¿Â»�ÂÅ .�cZ ·Z�»
¬¬v»Ì¾�¿��´Ë{|¿�Y{�d¬]Z�»���Y�³�¾ËY�Z]��Ì .

����{�d/]Zi�¶/»YÂ��cY�iY�¶�Zu�lËZf¿�Ä]�ÄmÂe�Z]
����®/e�¶/Ì¸ve�Á�Ä/Ë�ne�dÆm�É�Z»M�ÉZÅ�µ|»

�Á�Êf¨�Á{��ZÆ¿M�½{Â]��Y{�ÊÀ »��Z�Y�]�Êf¨�
|��Äf§�³���¿��{¾ËY�]ZÀ]�, �Z/Å�Ä·Z£�]É���|/·Âf»

�]��Y�Ã|�ZÅÉ�´À��¾�»ÌÂ]��e�¾{|¿,��Y�Z/»Y�/Ë�¾
´·Z�����¾��Ze�|¿Á�Ê�»�¾��{Â]��{Z��¶/¯��{

Y�§Y�Z]�|���cZ¨�Ë��{Z»�¾���Ze�´·Z����Ê�
Y�§YË»��ÅZ¯��b��Á��Ê Ë]Z�/À| .Y�/Ë�Z/f¿�¾Ë�l

�Ä]Z�»�lËZf¿{Ë��´¬¬v»Ì{Â]�¾ )��,����Á��(.  
  

ZÅ��f»Y�ZaÉ�f¿�Ì°Ê   
     ����cZ¨/��Êf¨/��®/e�¶Ì¸ve�Á�ÄË�ne�lËZf¿

���,Ê´ÅZ/»��/��½�Á�,É�Ì³�Ì��½�Á�,|·Âe�½�Á
�½�Á�,Ê´ÅZ»�Ä¿�½�ÁÊ´·Z��®Ë �Ã|Ì]�½�Á�Á��{

�¾�Ê´·Z��®Ë������ÉY�/]�¦/¸fz»�ÉZ/Å�µ|/»�Z]  
{�ÁM�//]�Ê//�ËY�§Y�Ê//°Ìf¿���¿Z//Ë�YÁ, ��¿Z//Ë�YÁ

�,É�{Z/»�Ê�ËY�§Y�Ê°Ìf¿��Á��Ã|/¿Z¼Ì«Z]��¿Z/Ë�Y�,
ÊbÌeÂ//À§��¿Z//Ë�YÁºÌ¬f//�»�É�Ë~//a�d//iY�Á�,�,

É�{Z»�É�Ë~a�diY�Á, ���Y�/iY�¾Ì/]�Ê´f/�^¼Å�c
É�{Z»�Á�ºÌ¬f�»�Ê�ËY�§Y�Ê°Ìf¿���µÁ|m��{��

d//�Y�Ã|//��Ä//WY�Y .�µÁ|//m��{�Ä//¯��Â�¿Z//¼Å� 
)·Z¿MÌÄf¨��|Àq�� (�¾Ë�f�Ì]�{{�³�Ê»�Ä�uÔ»

����½�Á�Ä/]��Â/]�»�ºÌ¬f/�»�É�Ë~a�diY�Á��Y|¬»
Ê´·Z//��®//Ë )���/� ± ��/� (¾Ë�//f¼¯�Á��½M

�Ã|//Ì]�½�Á�Ä//]��Â//]�»�¾//���{Ê´·Z//��®//Ë 
)����/� ± ���/� (|�Z]�Ê» .�¾Ì]�Ê´f�^¼Å

�É�{Z»�Á�ºÌ¬f�»�Ê�ËY�§Y�Ê°Ìf¿��cY�iY)amr(�
£��Â�]�/Ì���Z/�f¿Y�¶/]Z«��É��/¨À»Ê���±��/]�Á)��{
�ÄÀ»Y{��/�-��/·YÊ ��/�-( �/»Ê��|/�Z].����/�¿��Y

Ê´f////�^¼Å�{�ÁM�////]�Ê°Ë�Â////·ÂÌ]�Ê////¨À»   
�ÉY�]��Ì¿�ÊeÁZ¨f»�¶ËÓ{�Á�Ã{Â]�ÄÌmÂe�¶]Z«�Ì£

d�Y�Ã|��½ZÌ]�Ê¨À»�Ê´f�^¼Å�¾ËY .�¶ËÓ{��Y
�[Z/////�fuY�¹|/////���/////»Y�¾/////ËY�º/////Æ»  
����{�kZ/f¿�Á��{Z/»�¾Ì]�Ê�Ìv»�ÉZÅ�Ê´f�^¼Å

�Ì·Z//¿M�µ|//» ����ÅZ//¯�h//�Z]�Ä//¯�|//�Z]�Ê//»
{Â��Ê»�Ê°Ìf¿��¶»YÂ��¾Ì]�Ê´f�^¼Å )�.(  

  
�µÁ|//m�-�Á�É�{Z//»�Ê´f//�^¼Å�Á�Ê//�Ìv»�Á�ÊbÌeÂ//À§�,Ê//°Ìf¿��ÉZ//Å��¿Z//Ë�YÁ�Á�É�{Z//»�,ºÌ¬f//�»�É�Ë~//a�d//iY�Á  
             �¦¸fz»�cZ¨��Ê�Ìv»)Äf¨��®Ë��Ì·Z¿M(  

  
  
  
  
  
  
  
   

ΕΎϔλ BW WW W6 W9 WY FW 

2
ah  

��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/� ��/� ±��/�  
2m ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/�  
2
a  ��/� ��/�  ��/� ��/�� ��/�� ��/� 
2
m ��/� ��/� ��/�  ��/� ��/� ��/� 
2
p

  
��/� ��/�� ��/�� ��/� ��/�� ��/� 

2
e  ��/� ��/� ��/� ��/�� ��/�� ��/� 

ram ��/� -  ��/� -  ��/� -  ��/� -  ��/� -  ��/� -  
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~//a�d//iY�ÁË�É�´f//�^¼Å�ÁÊ�Z//ÅÉ f¿�Ì//°Ê��Á
eÂÀ§ÌbÊ�¨�Z]�½�Á�Á�|���cÌÃ|��¾/���{ ��®/Ë

Ê´·Z��·Z¿MÌZÅ��É���µÁ|/m��{�Äf¨��Á{� ��Ä/WY�Y
d�Y�Ã|� .~a�diY�ÁË�É�Y�]��n]�|���cZ¨�É�

�d¨��½�Á�Ê´·Z/��®Ë )��/� ± ��/�( ��ÉY�/]
�cZ¨��ÄÌ¸¯f^�¿0Z�WZaÌ{Â]�¾ .Z�yÉ���{�Y|¿Zf/�Y

¯YjZa���ZÅ��f»YÉ {�ÁM�]����{Á|/u��{�Ã|/���/� 

·YÊ ��/� |¿{Â] .��~/a�d/iY�ÁË�É��¬f/�»Ì�º�½�Á
³�Ì�Ì�É�]Ì���Y��f/��|/·Âe�½�Á��Y�/]�ÁÉ��d¨/��

´ÅZ»����½�ÁÊ �Á´ÅZ»�Ä¿�½�ÁÊ ��Y�/§Y�Z/]Ë��
��~/a�d/iY�Á��b��Á��ÅZ¯�¾�Ë�É �½�Á��®/Ë

Ê´·Z� Y�§YË·Zu��{��Ì��~/a�d/iY�Á�Ä°Ë�É��½�Á
]Ì�Ã|)��/� ± ��/� ({Â].  

  
�µÁ|m�-��ºÌ¬f�»�É�Ë~a�diY�Á)��É�/�«��/�ZÀ�(��Ê/°Ìf¿��Ê´f/�^¼Å�, )����/�«�ÉÓZ/]��/�ZÀ� (���ÊbÌeÂ/À§�Ê´f/�^¼Å�Á  

             )À�Z��«�¾ÌWZa��� ( 

  
  

     �½ZÌ¿Z�»�)�� (����/y�»��/]�ÉÁ��Ä ·Z�»��{
����É�Ë~//a�d//iY�Á�Á�ºÌ¬f//�»�É�Ë~//a�d//iY�Á  

É�{Z//»�|//·Âe�½�Á���Y�//§Y�¹�//¿��Y�Ã{Z¨f//�Y�Z//]�Y�
DFREML �\//Ìe�e�Ä//] )���/� ± ���/� (Á 

)���/� ± ���/�(����Ä/nÌf¿�Z/]�Ä¯�{�¯���Y�³
Y|¿�d//¬]Z�»�ª//Ì¬ve�¾//ËYd//� .�ÊaÁ�//�·Y)� (

����|/·Âe�½�Á�É�{Z/»�Á�ºÌ¬f/�»�É�Ë~a�diY�Á�Y�
�������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z/]�ÊeY�Z/»Y�ÉZÅ�]�ÉY�]

DFREML,��\Ìe�e�Ä]�Y���/���Á��/�����Y�³
{�Y{�d¬]Z�»�ªÌ¬ve�¾ËY�lËZf¿�Z]�Ä¯�{�¯ .�Â�Z]

)� (���ÉZ//Å�]��{�Y��|//·Âe�½�Á�É�Ë~//a�d//iY�Á
��Y�//§Y�¹�//¿��Y�Ã{Z¨f//�Y�Z//]�Ä//·ÂeÂ¯ASREML, 

��/� ± �/��������¾/ËY�Ä/nÌf¿�Z/]�Ä/¯�{�/¯���Y�³
�|¿�d///¬]Z�»�ª///Ì¬veYd///� .�É�///^Ë�)�� (  

��É�{Z/»�É�Ë~a�diY�Á�Á�ºÌ¬f�»�É�Ë~a�diY�Á

��\/Ìe�e�Ä]�¶Ë��]�É�Ì��ÉZÅ�]��{�Y��|·Âe�½�Á
��/���Á�/��|//¿{�¯���Y�//³ .�ª//Ì¬ve�¾//ËY��{

É�Ë~a�diY�Á�Á�ºÌ¬f�»�É�Ë~a�diY�Á���{Z/»É�
�Êf¨/��Á{�ÉZÅ�Ì·Z¿M��Y�¶�Zu�Y�/Ë���Ä/]�d¨/��¾

e�eÌ�\����/�± ��/��Á ��/�± ��/� �{�ÁM�]
¿|//�Ä//¯�|�0Zf^//�¿�Êf¨//��®//e�ÉZ//Å�Ì·Z¿M�Z//]�

{�Y{�d¬]Z�».  
     �½ZÌ¿Z�»�)�� (���Á�ºÌ¬f/�»�É�Ë~/a�diY�Á

�d¨��É�{Z»�É�Ë~a�diY�ÁWW��Ã{Z¨f�Y�Z]�Y�
�Y ��Y�//§Y�¹�//¿DFREML �\//Ìe�e�Ä//]���/���Á

���/��{�/////¯���Y�/////³ .�ÊaÁ�/////�·Y)� (  
�Y�Ã{Z¨f�Y�Z]�ºÌ¬f�»�É�Ë~a�diY�Á�����Y�/§Y�¹�/¿

DFREML Y�//]É���{�Y��d¨//��¾//ËY��ÉZ//Å�]
�ÊeY�Z»Y��/�����lËZ/f¿�Ä/]�d^�¿�Ä¯�{�¯���Y�³

�{Â///]��f///�Ì]�ª///Ì¬ve�¾///ËY .�µÂ///°Ì¿)�� (  

FW  WY  W9 W6 WW BW cZ¨�  

��/�±���/�- ��/�± ���/� ��/�±���/� ��/�±���/� ��/�±���/� ��/�±���/� BW 

��/�± ���/� - �/�±���/� ��/�±���/� ��/�±���/� ��/�± ���/� ��/�±���/� WW  

��/�± ���/� - ��/�±���/� ��/�±���/� ��/�±���/� ��/�±���/� ��/�± ���/� W6  

��/�±���/�- ��/�±���/� ��/�±���/� ��/�±���/� ��/�±���/� ��/�±���/� W9  

��/�±���/� ��/�±���/� ��/�± ���/� ��/�±���/� ��/�±���/� ��/�±���/� WY  

��/�±���/� ��/�± ���/� ��/�± ���/� ��/�±���/� ��/�±���/� ��/�±���/� FW  
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����Ã�Â/¬¿M�ÉZ/Å�]��{�Y��d¨/��¾ËY�É�Ë~a�diY�Á
|//À¸Ë�ÂÌ¿ ��/� ± ��/����{�Ä//¯�{�//¯���Y�//³

���ª//Ì¬ve�¾//ËY��Y�Ã|//»M�d//�|]�lËZ//f¿�Ä//À»Y{  
|�Z]�Ê» .�{�YÂ»)� (���ÉZ/Å�]��{�É�Ë~/a�diY�Á
�ÄfzÌ»M)M�Z]�Z¬Ë�§M�Ê»Â]¾ËZb· (��Y�Ã{Z¨f�Y�Z]�Y�
��Y�§Y�¹�¿ASREML, ��/������Ä/¯�{�/¯���Y�/³

¬ve�¾ËY��Y�¶�Zu�ÄnÌf¿�Ä]�d^�¿����/f³��]�ª/Ì
{Â] .��½ZÌ¿Z/�»�)�� (����Y�Ã{Z¨f/�Y�Z/]����Y�/§Y�¹�/¿

DFREML ��d¨/��ºÌ¬f�»�É�Ë~a�diY�Á�½�Á
�́ ÅZ/»�Ä¿Ê �Y�)��/� ± ���/�(���{�/¯���Y�/³.�
Àr¼ÅÌ¾������Z/]�Y��Ê´ÅZ/»�Ä/¿�½�Á�É�Ë~/a�diY�Á  
¹�////¿���Y�////§YDFREML, ���/� ± ���/��
���Y�³³{�|Ë���½Z/�°Ë�ªÌ¬ve�¾ËY�lËZf¿�Z]�Ä¯

{Â].  
     �Á�É|Ì���½�Á�É�Ë~a�diY�Á�½ZÌ¿Z�»��®Ë

Ê´·Z////����Y�Ã{Z¨f////�Y�Z////]�Y��Y�////§Y�¹�////¿  
DFREML�e�e�Ä///]///Ì�\)��/� ± ���/�( Á 

)���/� ± ���/�(�{�¯���Y�³|¿���lËZ/f¿�Z]�Ä¯
��»�ª/Ì¬ve�¾ËY�{�Y{�d/¬]Z .��/Ì·Y�Á�¾¼ÌÀ/�Y��ËÂ

)�� (���Y�Ã{Z¨f//�Y�Z//]���Y�//§Y�¹�//¿DFREML   
�½�Á�É�Ë~a�diY�ÁÊ´·Z��®Ë����/]�Ä¸³�Á{��{�Y�
�Z//¬Ë�§M�Ã�Â//¬¿MÉ�Ê]Â//Àm )��/� ± ��/� (Á   

)��/� ± ��/�(��¾ËY�lËZf¿�Z]�Ä¯�|¿{�¯���Y�³
{�Y{�d¬]Z�»�ªÌ¬ve .�Â�Z])� (���É�Ë~/a�d/iY�Á

�½�Á�Ê´·Z///��®///Ë��Y��Ä///·ÂeÂ¯�ÉZ///Å�]��{  
)��/� ± ��/�(��¯���Y�³{ .�Z]�Ä�ËZ¬»��{�Ä¯

����{Â/]��/f¼¯�ª/Ì¬ve�¾/ËY��Y�Ã|»M�d�|]�lËZf¿ .
�Ã|Ì]�½�Á�É�Ë~a�diY�Á�½ZÌ¿Z�»��¾���{��®/Ë

Ê´·Z�������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z]�Y�DFREML   
)���/� ± ���/�(����Ä/nÌf¿�Z/]�Ä¯�{�¯���Y�³

d�Y|¿�d¬]Z�»�ªÌ¬ve�¾ËY .�¾¼ÌÀ/�Y����ËÂ/Ì·Y�Á
)�� (�Y�Ã{Z¨f�Y�Z] DFREML ���É�Ë~/a�d/iY�Á

�Á�Ã|Ì]�½��¾/���{��Ê´·Z/��®/Ë�����/]�Ä/¸³�Á{�Y�
�Ê]ÂÀm�ÉZ¬Ë�§M�Ã�Â¬¿M)��/�±��/�(�����Y�/³

����¾//ËY��Y�¶//�Zu�Ä/nÌf¿�Ä//]�d^/�¿�Ä//¯�|/¿{�¯
¿�ªÌ¬veÌ��{Â/]��/f¼¯�� .��¾/ËÓM)� (��Ä/ ·Z�»��{

���½�Á�É�Ë~/a�d/iY�Á�Ä�¿Y�§�Ã�Â¬¿M�ÉZÅ�]�ÉÁ�
���Y�Ã{Z¨f//�Y�Z/]�Y��Ã|/Ì] ���Y�//§Y�¹�/¿DFREML, 

)��/�±��/�(��|/¿{�¯���Y�³ .�Ä/¯����Ä/nÌf¿�Z/]
�Y�¶�Zu {�Y|¿�d¬]Z�»�Ä ·Z�»�¾ËY .��Á�{�Â/¨Ì³
�½Y�Z//°¼Å)� (�Ã|//Ì]�½�Á�É�Ë~//a�d//iY�Á�®//Ë
Ê´·Z////��ZÌ·Y�f////�Y�Ã�Â////¬¿M�ÉZ////Å�]��{�Y�   

)��/� ± ��/�(�|¿{�¯���Y�³ .  
     YËZf¿�¾ËZf¿�Ä]Z�»�lË���lÌ|É���½Y�Z/°¼Å�Á

)�� (�Z»YZf¿�Z]Ël�Â¿ÓZe�Âa )�� (�d/�Y{�cÁZ¨e, 
]�ÄË�Â�a�diY�Á�Ä°~Ë�É�Y�]É���|/���cZ¨���{

ZÅ�]É��Ì¸Ì½Z� Y�§Y�Z]Ë�]�¾/���Ì���f/���{�ÁM�/]
|Ë{�³ .~a�diY�ÁË�É�ZÅÉ �{�ÁM�]��Y��f¼¯�Ã|�

������/�Âe�Ä/ ·Z�»�{�Â/»�Ä]Z/�»�cZ¨/� ��Á�{Y�Â/»
�Â¿M )�(�diY�Á�Á~aË�É�]�½�ÁÌ�Ã|Ê´·Z��®Ë�

¬ve�Ä]Z�»Ìª�ÓMË¾ )�(�{Â].  
     ºÌ¬f//�»�Ê//°Ìf¿��Ê´f//�^¼Å��Á�ÊbÌeÂ//À§

�{�Â////»�cZ¨////��µÁ|////m��{�Ä//// ·Z�»���Á  
ZÅ�Ê´f�^¼ÅÉ ��É�{Z/»�Ê/°Ìf¿���|/m��{�µÁ� 

�ÄWY�Y�d�Y�Ã| .´f�^¼ÅÊ�ZÅÉ�f¿�Ì°Ê��cZ¨�
�Ä///À»Y{��{�|///����/� )|///·Âe�½�Á Á �½�Á

Ë´·Z�´Ê (·YÊ ��/� )�/]Ì�¾��Ì/��½�Á��É�/Ì³Á�
´ÅZ»�Ä¿�½�ÁÊ(�{Â] .]�Ä£Ì��Y���½�ÁÊ´·Z��®Ë 

´f�^¼ÅÊ�f¿�Ì°Ê�]�½�ÁÌ��Z/]�Ã|{Ë���/´��cZ¨/�
¨À»�|��Ê��ÁWZaÌ�¾�Â/]{  )��Ä/À»Y{��{��/�- ��Z/]
|·Âe�½�Á ·YÊ ��/�-(�{Â] .YËZf¿�¾Ë��Z/f¿�Z/]�lËl�
{�Â¨¿Z//Å )�(���½Y|À¨//�Â³��{�Ä//¯Â^»Y�Ëd//¸� 
�{�ÁM�]�/���{�cÁZ/¨e�,{Â/]�Ã|�d/�Y .Å��Ê´f/�^¼

����¾/ËY��{�É�/Ì³��Ì/��½�Á�Z]�|·Âe�½�Á�Ê°Ìf¿�
1- Sicilian Girgentana goat                                                   2 - Rambouillet 
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���Ã|/����Y�/³��Y|¬»��Y��f¼¯�Ä ·Z�»)���/� (
�Á�½ZÌ¿Z//�»���//�Âe)��/� (Ì//����//�Âe�É|

|�Z]�Ê»�{Y�¿�¾Ì¼Å�ÉÁ��Ä ·Z�»�{ .�Ê´f�^¼Å
��½�Á�¾Ì/]�Ã|��{�ÁM�]�Ê°Ìf¿���Y��Ì/���Á�É�/Ì³

����Ã|/����Y�/³��Y|/¬»��Y��f¼¯�Ê´·Z��®Ë�½�Á
��½ZÌ¿Z/�»����Âe)��/� (��É|Ì/���Á)��/� (�Á

�Ì�É|¼uY�x)��/� ({Â] )���,����Á��(.  

  
�µÁ|m�-��É�{Z»�É�Ë~a�diY�Á)É��«���ZÀ� (�{Z»�Ê°Ìf¿��Ê´f�^¼Å�Á�É)��«�ÉÓZ]���ZÀ� (�¦¸fz»�cZ¨�  

  
     �½�Á�Ê°Ìf¿��Ê´f�^¼ÅÊ´·Z��®Ë��½�Á�Á
]�Ã|Ì]Ì��Y|¬»��Y��f�É|Ì�����Âe�Ã|��{�ÁM�] 

)�� ()��/�(�Á�¾Ì�·ZË )��(���ÉÁ��Ä/ ·Z�»��{
�Ã�Â¬¿M��])��/� (�Ì]�Á�Ã|����Y�³��Y|¬»��Y��f

�½ZÌ¿Z/�»����Âe )��( )��/�( �d/�Y. ��Ë{Z/¬» 
���¦/¸fz»�cZ¨/��¾Ì]�d^j»�Ê°Ìf¿��Ê´f�^¼Å
��d/�Y�¶Ì·{�¾ËY�Ä]�¦¸fz»�¾ÌÀ���{�½|]�½�Á

�½�Á�Ä¯�ÊËZÆ¿��Ä¯Ê´·Z��®Ë�Y� ����ÌiP/e�d/ve
�dve��Ì¿��´Ë{�¾ÌÀ���{�Y��½�Á�|ÀÅ{�Ê»��Y�«

|ÀÅ{�Ê»��Y�«��ÌiPe .0ÓZ¼fuY����/�Âe�cZ¨��¾ËY
Æ¿��ZË�Ä]Z�»�ÉZÆ¿�����ÊaÁ�eÂ/Ì¸a�{�/°¸¼��Z/]�ÉZ

�Ê/»�µ�fÀ¯�|¿Â/� .������Z/�f¿Y�½YÂ/e�Ê/»�¾ËY�]Z/À]
�����¾/ËY��Y�¹Y|/¯��/Å�ÉY�/]�[Zzf¿Y��³Y�Ä¯�d�Y{
����|/ËM�¶/¼ ]�Ê³|/¿���Y�ÉY�Ä¸u�»��Å��{�cZ¨�
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Estimation of Genetic and Phenotypic Parameters for Some Economic Traits in 

Markhoz Goat 
 
 

M.B. Baghchehmaryam1, M. Moradi shahrebabak2, S.R. Miraeei Ashtiani2, A. Rashidi3 

and M. Sheykh Ahmadi4  
 
 
 
 

Abstract 
     Genetic and phenotypic parameters for body and yearling fleece weigh traits were 
estimated based on 4008 records. Records gathered across year 1993 to 2007 in the 
Markhoz goat research stations in Saghez and Sanandaj. Parameters were estimated 
using univariate and bivariate animal model with restricted maximum like lihood 
ASREML software. Mean (standard error of means) of birth weight (BW), weaning 
weight (WW), 6, 9 and 12 month and yearling fleece eight were 2.56(0.01), 14.93(0.0) 
17.13(0.08), 20.08(0.11), 24.72(0.14) kg and 450.51(3.46) gram, respectively. Higher 
and lower direct heritability were 0.361±0.041 and 0.211±0.036 for 12 month and 

yearling fleece weight respectively. Birth weight has the highest maternal heritability 
(0.121±0.023) and it was decreased with increasing of age. Genetic correlation between 

these traits ranged from -0.202 t0 0.862 and phenotypic correlation 0.152 to 0.835, 
respectively. Genetic correlations for growth traits were positive but those of some 
growth traits and fleece weight were negative. Correlation between direct and maternal 
genetic effect were negative for all traits. 
 
 
Keywords: Markhoz goat, Body weight, Fleece weight, Genetic parameter, Animal 

model  
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