
 

� � � � � � � �� 	 
 �� � �
 � � �� �� 
 
 ��
� � � � � � �� �� � � � 
 � � �� � � 
 � � � � 
 �� � �� � 
 �� � �� �� � �

� � � � 
 � � � �
�
�

� � � � � � �� �� ��� ��� � �� � 
 � � � � � �� � 
 
 �
 � 
 � ��
� � � � � � � � �

�
�  
 � ��! � � 
 � " #� � �$%% &�� � � � � � �� �� � � � �� � � � �' � �
 &��

� � � � � � &�� � � 
 � � &�� � � � � � �� �
�

�

�
�
�

���



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 2 

� � � � � � � �� 	 
 �� � �
 � � �� �� 
 
 �� � � � � � �� �� � � � 
 � � �� � � 
 � � � � 
 �� � �� � 
 �� � �� �� � �( � � � 
 � � � �
�

� � � � � �� �� � � � 	 
 ��� � � � �� � �� � �� � �� � � � �� � �� � ��� 	 	 � �! ��" � � 	 ��#� � � $ � �%�$ � � � ��� �� � � �%�� � � � ��� �� &�
 � " � � � ��' � � � 
 � � �� � 
 � $ � �� �	 � � �� �	 � � � ���� � � � � � �� � � � � ��( )� )�� �� � �� ��* � � � � �$ �� + � 	 
 � $ � ��#� � 	 �

� � � $ � � 	 � � �� 	 � �, � � � $ � �� �" � 	 � � 	 � � �
�

� � �
 � � �" � �� )� )�� � � � 	 
 ��� )�� � � � � ��� )�� � � $ � ��� )� � " � � � �� )��� � �� � ��
�� )� )! )�� � �� � �� 	 � �� )�� �� � $ � 	 �

�
�
� � � 
 � � 
 
 �
�
- ) �� 
 � 	 � � � �

. ) � � $ $ � � � �

/ ) 0	 
 � � � � � 
 �� 	 �

1) � � � � 
 � � �� �� 
 � �" � 
 �� 	 �� 	 � �� " � 	 � � 	 � � �

2) � � 	 � � � � � 
 �� 	 �
 � � � � 
 � �

3) � � �� � �
 � �� � 
 
 �	 
 �

� � � � 	 � �&�- ��� �� 
 �� ��� � � 
 �� �� � 	 
 � ��

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� �
 � 
 �� � )�
� � � 0, 0�. 445)�� � � � � � � �	 
 � �� ��
 � � �� �� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � )�
� � � 0, 0��� � � � � � )��



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 3 

� *�� 	 � � � � �
�
+ � , �- � � �
�
� �" � � . � � � 
 � � � � 
 � � � 
 �#�� �
�
6)/ 4�7�6)12� , � 
 �� 
 � � 
 �� 	 � � � �� � � �%�� � � � �
�
6)12�7�8)44� 9 ���� �� ��� � � 	 �	 
 � � � � )�: )�� )�� � " � 	 ��
�
8)44�7�8)- 2� � � ����	 
 � � � � � 
 �� 	 � � � � � ���
 � 
 � � ; � ���
�
8)- 2�7�8)/ 4� � � � 
 �	 
 �" � � � 
 � � � 	 � � � � � )�� )�� � � � 	 
 � �
�
8)/ 4�7�- 4)44� � 
 � � � $ � 	 
 �� 	 �
 � � �� 
 � 	 � � � � � � ���
 � 
 � � � �
�
- 4)447- 4)- 2� : � � � � �� � � 
 � 
 � � � � � � � ���
�
- 4)- 27- 4)/ 4� � � � ; � � ��� � �" � � � � � � � ���
�
- 4)/ 47- . )/ 4� � � � � 
 � � �� �� 
 � �" � 
 �� 	 � � � � )�� )� � " � � � ��

� 	 � �� " � 	 � � 	 � � �
�
- . )/ 4�7- )/ 4�  � 	 � � � � � ��� �
�
- )/ 4�7�/ )44� � � 	 � � � � � 
 �� 	 �
 � � � � 
 � � � � ���
�
/ )44�7�/ )/ 4� � � � ; � � ��� � � � � ���
�
/ )/ 4�7�1)/ 4� � � 	 � � � � � 
 �� 	 �
 � � � � 
 � � � � ���
�
8)447- 4)/ 4� 9 � � � � ���� � �� � �
 � �� � 
 
 �	 
 � � � ���
� �
- 4)/ 47- 4)12� � � � ; � � ��� � � � � ���
�
- 4)127- . )/ 4� � �
 � �( � � � � �0� � � � � � � � ���
�
- . )/ 4<- . )12� � �� � �	 
 � � � � )�� )�� � � � � �
�
�
�



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 4 

$*�! ' / / � � 0 �
�
� � �� � � � � � � 
 � � � � � � � � 
 � � � � � � � � � � �	 
 � � � �� 
 � � � � �� � 
 � � � 	 � � 	 �� 	 � � � � � 
 � � � � � � � � � � � � � � �� � � 	 � � � � 
 � $ " � � �
- 2
 � � . 442)� � � � � + � � � � � � � � " � � � 
 � 
 � 
 � 
 � 
 � � � � � � � � � 
 � � � � � �� � � � � 
 � � � � � � � � � � &�� 
 �	 
 � �	 �� �$ � 
 �� 	 � � 	 � �
� � 
 � " ��� � � � � � � 	 � � 	 � � � � � 	 � � � �� � �
 �� � � �� � � � � � � � � � � � � 	 � � � � 	 � � � � � 
 �� 	 � � �� � � � � 
 � � � � � �	 � 	 � &� =� " � 
 � � )�
� � 	 � � 	 �� � � � �� � � �$ � � � 
 � 	 
 � � � � � �� 
 �� 	 � � � �� � � � � 
 � � �� �	 � �� � �	 
 � � 	 � � � �� 
 � � � + � � �� >� � �� � 
 � � 
 � � 	 � � $ � � 
�
�� $ � � � �� � � � �� 
 �� 	 � � �	 �
 � � � � � � � 	 
 � 
 �� � � � � � � 
 � $ ��� 	 � � �� � � � � 
 � � 	 
 � � �� � �� � � 
 � �� � 
 � � � � 
 � 	 � � � � � � � �� � )�� ���
� � � 
 �� �� � 	 
 � � � 
 � 
 � � �+ � � � � � � � � � � � � 
 	 �� � � � � � 	 � � 	 �� >� � �$ � � � 
 � 	 � � � �	 � 
 � � � � � 	 � � � � � 
 �� 	 � � �� 
 � �� � � � � � �� � ��
" � 
 � � 
 � � � � � 
 � � 
 � 
 � � � � � + � � � � 	 � � � 
 � 	 
 � 	 � � � � �� � � " � 
 
 � � � �	 �� �$ � 
 �� 	 � � 	 � 
 � � � � �� 
 � �" � 
 �� 	 � � �� � � � � 
 � � �
� � � � � � �
 � � �� � � 	 
 � � ��� � �+ � ���� � �$ � � � �� � 
 � ��� � �� � 
 � ��	 �� � � � ���� �� � 
 �� 	 � )���
�
� � � � 
 � � � � � � � � 	 � + 	 � 
 � � � � � � � � � � � � � � � 
 � � � � � � � 	 
 � 
 �� � � � � � � 
 � $ � 
 � � � � 
 � � 
 � � + � � 
 � %���$ � 	 =� � � �� � � � � � � �

 � � � � � � � � �� � 
 � � � � ��?
 � ��� � : � $ � � , � � � � � � ��%� 
� � �� ' � 
 �� 	 � �� � � � � �� 
 � � � , � � � � ; , � 	 
 + � � � � � � � � 
 � $ � � 	 � �
, � � + � ;  � � + � 
 �)� � � � �� � � �� 
 � �" � 
 �� 	 � � � � � 	 � � 
 � � � � � �� � � � � � � � � � 
 � $ � �� � � 	 � �� � � � � � � 
 � � � � � � � � � 	 � � � � � � 	 
 �
� � � � $ � 	 
 � � � � � � � � � � � � �� 
 � � � � � � � �� � � �	 � 
 � � � � � � � )�� � � � � �
 � � 
 � � �+ �� � �� �� 
 � �" � 
 �� 	 � � �� 
 � �� � � � � � �� � �� 
 � � � � �
� � � � � 	 �� � 
 � � � � � � � 
 � � � � 
 � � � � 
 �$ � 
 � � � � �� � � � � �� 
 �� 	 � � �� � � � 	 � � 
 � � 	 � � � �	 � 
 � � � � � � � 	 
 � 
 �� " � � � � � � � � �� 
 � � �
�� 	 
 � 
 � �$ � � 
 � � � )� � � � � 
 � � � � � � 
 � � � � � 
 � � 
 � 
 � �� � � 
 � � � � � � 	 
 �	 � � � � 
 � � � � ��� � 
 � �$ � � � 
 � 	 
 � �	 �� �$ � 
 �� 	 �
� � �� � � 	 
 � �� � � � � � � 
 � � � � � 	 � � � � � 
 �� 	 � � 	 � � � � � � �� � " � � $ � �	 
 � �	 � � �� � � + � � � � � 
 � � � � �� � 	 
 ���� � � � �� � � � � � 
 � �
	 � � � � � �� � � � 
 � � � � � � 
 �� 	 � )� � � � � � � 
 � � � � � 
 � � 
 � �	 �� �$ � 
 �� 	 � � 	 � � �� 
 � �" � 
 �� 	 � � 	 � � 
 � � 	 � � � + � � � � � � �
 � �
� � �� � �
 � � �� � � � ��� � � 
 �� 	 � )� 0	 �� �$ � 
 �� 	 � � 	 � � � 	 � �
 � � + � � � � 
 � � � � � 
 � � " � � � �
 � � � 
 � � � �� � �
 � � �� � � 
 � � � � � � � � ��
� 
 � � � � � � 	 � � 
 � � � , � � � � ; , � 	 
 + � � � � � � � � 
 � $ )� 0	 �� �$ � 
 �� 	 � � 	 � � � � � �� � �� � 	 � � � � � � � � � � 
 �� 	 � � 	 � � � � 	 
 �	 
 �
� � 
 
 � � 	 � � �� � � &
� � $ � �� � � ����� � �
 � 
 � � � � ��� � 
 � 
 � � � � � � � � �� � � � � �� 
 � � � 
 � � � � � 
 � � � � � �
 � � � 
 � � � �� � �
 � � 
 � �
� � � � � � � 	 
 � 
 �� � � � � " �
 � 
 � �	 � 
 � � � , � � � � ; , � 	 
 + � � � � � � � � 
 � $ � @� 
� � � � 
 � � 	 � 
 � � � � � � � 	 
 � 
 �A)� � � � � 
 � � � � �
+ � 	 
 � � 	 � 
 � � �� � 	 
 ��� � $ � 
� � � � � � � � � � 	 
 �� � � � � ��� " �� � �� � � 
 � 
 � � � �	 
 � � � � � � �	 �� �$ � 
 �� 	 �� �	 � �� � �	 
 � � � � � � �
� � � 	 
 � �� 
 � � � �� 
 � � � � 
 � � �� � � 
 � � 
 �� 	 � � � 
 � � � 	 � � 
 � � 	 � � � 
 � �� � ��� � �� + � �� � � � � � � � � 
 � 	 
 �� �� �	 � � � � 
 � �	 �
� �� � � $ � 
 � 	 � � � )� ! � + � � � � �� � 	 �� � � � � �� � � � ��� � � � � � � �� � " � � � � � � � 
 � � � � ��� � 
 � � 	 � $ " �
 � � � � � � � 
 � � � 	 � � � 	 
 �	 
 �
� � 
 
 � � 	 � �� 	 � �� � $ � 
 � � � � � �<�� �
 � � � 
 � �
 � � �� � � �� ��
 � � � �� 
 �� � � 
 � 
 � � � � � �� �� � �� � � + � � �� � $ � �� � 
 � 	 
 �� �)���
�
� � � � 
 � � � � � � �� � � � � � � � � � 
 � 	 
 �� �� 
 � � � � 
 � � 
 � � � � � � 
 � � � � � 	 � � � � � 
 �� 	 � � 	 � � � 
 � � � � � 
 � � 
 � �� � � � � �� � � " �
 � 
 � � 	 � �
�� 	 � �� � � �� � � 	 
 � ��� � 
 � ��� 
 � � � �� ����	 
 �� 	 � �� 	 � � 
 � �� 
 � � �
 � � � �� $ �$ � � �� � � � ��$ � � � 
 � 	 
 �
 � � � � 
 � �
 � �� � � � 
 � � �
� � 	 � � � � � 
 �� 	 �� � � � 
 �� � �� � �� � 
 � � � �� �$ � � )�� 	 � � �	 
 �� � � � 
 � � � 	 � � � � � � � � 	 � � � �� � � � � �+ � � � �
 � � � 
 � 
 � 
 � �" � ��� � � �
�$ � � � 
 � 	 
 � � �
 � � � 
 � �$ � � � ��	 �� �$ � 
 �� 	 �+ � � �	 � � � � � � 
 � � � � 
 � �$ �	 � �
 � �� )�0	 
 � � � � � � ���� � � ����	 
 � � �� � � � � 
 � � �
" � � ��� 	 � � � 	 � � � � � � 	 � �� + � ��� 
 � 	 � 
 � � 
 � �� 
 �� � � � 
 � � � � 
 �� � � � �
 � �� � � � 	 � 
 � � � �� � � $ � � 	 � 	 
 � � �� � � � � � � 
 � $ � �� + � � �
� 	 � �$ � � � 
 � 	 
 � � � � �� 
 �� � �� � � 	 � 
 � � �	 
 �� � � � �
 � ��$ �
 � � 
 � � � � � 	 � �
 � � � �� � � � � 
 � � �� � 	 � � � �	 
 � 
 � � 
 � 
 � � � � � � � � � � � 
 �
�� + � � � � � 	 � �
 �� � � 
 � � 	 � 
 � � � � � � 
 � � � � �� � 
 � � � � � 	 �� � � � � )� � � � � 
 � � � 	 �B� � � � �� � 	 � � 
 � � " � � � � � �� �� �� � � 
 � 
 � � � �	 
 �
�	 �� �$ � 
 �� 	 � � 	 � � � � � 
 � � � � 
 � 
 � � � � � � �� � � �� � � " � � � � � � � 
 � � � � � � �� � � �	 �� �$ � 
 �� 	 � � 	 � 
 � � � � 
 � )� , � � �� �
� � ��� � �	 
 �� " � � � � � � � �
 � � ��� + � � 
 � � � �� ��� + �	 
 � � �� �	 � �� �� � � �� � 	 �$ � �� �� �� � � � � 
 �� � �� � �� � � � � �� �� �	 � 
 � �� �� � � �+ � ���
� � � � � + � ��� � � � �
 	 � � � B� � � 
 �� 	 	 � �� � � � � � � � � )� 0	 �� �$ � 
 �� 	 � 	 � � � � � � 	 � 
 � � � � 
 � � � � � �� � � " � 
+ � � 	 � � � 
 �� 	 )�
0	 �� �$ � 
 �� 	 � � 	 � � � 
 � ��� 
 � � � � � ����	 
 �+ � � � � 
 � � � � � 
 � �" � � � �� 
 � � � � �
 � � � 
 � � � �� � �
 � � �	 � 
 � � � � � � � � �� � 
 � � � � � � 	 � �

 � � � � � 	 =� � � � � � � �	 � 
 � � � 	 � � 
 � � � 	 � � � � 
 � �C� � 	 � � � " �
 � 
 � �� � � � � � � �� 	 � � � � � � � � � 	 
 � � �	 � 
 � � � 	 � � 
 � � � 	 �� � � � � � ��
� 
 � � � � � � 	 � � , � � � � ; , � 	 
 + � � � � 
 �� 	 � C� � 	 � � 	 � � 
 � �� 
 � � � 
 � � � �� $ � �	 � 
 � � � 	 � � 
 � � � 	 � � � � � C� � 	 � � � 	 � 
 � � �
�$ � � � 
 � � � �� �	 
 � � � � � � ���� � � � $ � � 
 �
 �� 	 � � 	 � 
 � � � � � � � � �� � 
 � � � � )� 0
�+ � � � � 
 � � � � � 
 � � 
 � �
 � + � � � �$ � � � 
 � 	 
 � 
 � �
� 	 � � � � � 
 � � 
 � �	 � �� � 	 � � � � � � � � 
 � � + � � � � $ � � � � � �� � 	 � � � � � � 
 � � � � � � 
 � 
 � �	 � � 	 � � � � � � � � �� � 	 � � � � � � � � 	 � 
 � � �
� � � � �� � � � � � �
 � � �� � � 	 
 � � )��
�
� � 	 � 
 � � � � 	 � � � � �	 �� �$ � 
 �� 	 � � 	 � 
 � � � � 
 � 
 � � � � 	 � � 
 � � � � 
 � � 
 � � � � � � 
 � � � �	 � 
 � � �� � � � � � � � 
 � � � �� 	 �
$ � 	 � 
 � $ � 	 
 � � � 
 �� �
 �� � � � 	 � � 
 � � � 	 � " �� � � � � � 
 � � � � � 	 � � � � � 
 �� 	 �� � � � + � ��� � � � � � � � � � � 
 � � � �$ � � � 
 � � �� 
 � � �� �
� � 
 �� �
 �� � � � 	 � � � � � 
 � � � � � 	 � � � � � 
 �� 	 )� � ��� � � � 
 �� �� � 	 
 � �+ �� � � � � 
 � � �$ � � � � � � 
 � � � � 
 � 	 � � � � � � � �� �	 �� �$ � 
 �� 	 �
� 	 �� � � � 
 � � �� � � � � � �
 � � �� � � 	 
 � � �� � ��+ �
 � � � 
 �" � 
 
 � � ��	 �� �$ � 
 �� 	 ���
 ��� �� ����� � �
 �
 � �� �� 	 �� � 	 � � � � � 
 �� 	 �� 	 � �
$ � 	 � 
 � $ � 	 
 � �� � � 
 � � � � � � � �� � )� 0
� �� � � � � � � � 
 � � 
 � 
 � �� � � � � � � 
 � � � � � �� � � � � � ��� � 
 � � 
 � � � � �� 	 
 � 
 � �� � � � � � � � � ��
� 	 � �+ ����� � � � �� � � � � � � 
 � � � � � � � � � � � � � 	 � � � � 	 � � � � � 
 �� 	 � �	 � � � 	 � � 	 �� �+ �
 � �� � 	 � + ��$ � � 
 � � � 
 � � � � � � � � � � 
 � � �
�� � 	 
 ���� � �� � �� � �
 �� � �� � 	 � ��	 �� � 	 � �+ �
 � �
 � � �	 �	 
 �� 	 � �� � � � � �
 � �� � � � �� � $ � 	 
)��



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 5 

1*�� 2 � � - + ' � � � - 2 �
�
� � � � � �� � 
 � � � 	 � � 	 �� 	 � � � � � 
 � � � � � � � � � � � �+ � � � � � �� � � 	 � - 2
 � � � � � 
 � $ " � � � . 442� �	 � 
 � � �$ � � 
 �	 
 � � � � $ � �	 �

 � � � � � 	 � � 	 �� � � � � 	 �� � � � �?	 �
 �� � 
 � 
 � � � � � 	 � � 	 �� � � ��� ���� � , � � � � � � � �0	 � 
 �
 � 
 � �@� � � 0, 0A�� � � � B� � � 
 � � � � �	 �
� � � � � � )� � � � � + � � � � � � � � " � � � 
 � 
 � 
 � 
 � 
 � � � � � 
 � � � � � �� � � � � 
 � � � � � � � � � � &�� 
 �	 
 � �	 �� �$ � 
 �� 	 � � 	 � � � � 
 �
� � �� � �
 �� � � �� � � � � 	 � � � � � 
 �� 	 � � �� � � � � 
 � � � � � �	 � 	 � &� =� " � 
 � � � �	 � � � 	 � � 	 �� )� � � � � � + � � � � � � � � + � � � � 
 
 � 	 � � � �
" � � - 1� � � � 
 �� �� � 	 
 � � �� � $ � � � � 0, 0�� � ��� ���� � � �� �� �� 	 �� � � 	 � � 	 �� � ' � 
 �� 	 � �� � � � � � �@� � ' � � � A�� ' 
 � � � 	 
 � � � �
� � 	 � � � � � 
 �� 	 � � � � � � � � 
 � � � �
 � � @' � � � A� � 	 � � 
 � � � � ��� ���� � � � 	 � � � � � 
 �� 	 � � � � �� 
 � � @� � � �� ?� A� @� � � � 	 � �&�
- A)�� � � 0, 0��
 � � � � 
 � �
 � � �� � 	 � � 	 �� �� � � 	 �� � � � �� � 	 �
 � � �	 
 �� � � =� � 
 ��� � � �" � � 	 �� � ��� � 
 �	 
 ��	 �� �$ � 
 �� 	 �� 	 �
� ��� � � � 	 �� � � � � � �	 � � � 	 � � 	 �� � �	 � �� � �	 
 � � � � � 
 � � � � �	 � � � . 44. )� � � �� � �	 �� �$ � 
 �� 	 � �� � �	 
 � 	 � � � � 
 � � " � � � � � � � 
 � �
� � �� � � � $ � ��� � � 	 � � � 
 �� 	 � � �� 	 � �� � � � � � 	 �� � � � � � � 	 � � � � � 
 �� 	 � � � � � � � � 
 � � � � � � 	 
 � � )�� � � � � � � � � � � � � �	 
 � � �� �$ �
� � � � � �
 � � � � � 
 � � � �� � � 
 � � � � � � � 
 � � � � � � 
 �� 	 � �	 � 
 � �� � � �� 	 )� � 
 � � 	 � �	 
 � � 	 � 
 �� 	 � �� �� � � �� � � � � 
 � � � � � � �
� � � � 
 	 �� � � � 
 � � " � � 
 � � � � 
 � 	 � � � � 	 � � � � � � � " � � 	 � 
 � � � �� � � � � � �� � � 	 � �� � � � " �� � �	 
 � � 	 � 
 �� 	 � �� � � 	 � � � � � 
 �� 	 �
� ��� � 
 � � � � � � � 
 � � � �� � 
 � ��� � � � � � � � �� � � � � �
 �	 
 � �	 � � � : �� " � �� � � � � 
 � � � � � 	 � � � � � 
 �� 	 � � � 
 �� 	 � � �� 	 � � � $ � ��� � �" � �

 � � � : �� " � �� � � � � 
 � � � � � � � $ � @( � � 
 � �� � � 
 � � �)� . 44- �� . 44. A�� � 	 � 0	 
 � � 	 � 
 �� 	 � �� � � � � 
 � � � � � 	 � � � � � 
 �� 	 �
� � 	 �
 � � �	 
 � � � � � � � � � � , � � � � 
 � @( � � � �� � � 
 � � �)� . 441A� � � � + � ��� � � � � � � � � 
 �� 	 � � 	 � � � � � 
 � � � �	 � 
 � � � 0?� ' �
�	 
 � � 	 � 
 �� 	 � ��� � 
 �� 	 �� �� 	 ��� � �+ ��� �� � 
 � �@@' � + � ���D�#� � � � � 	 �- 883A�� 	 � �� � � � 	 � �&�. A)�
�
� � � � � � � � 
 � � � �� � � 	 � � � �� 
 � � �+ � � �� >� �$ � � 
� � 	 � � 	 
 � � � � � �� � 
 � � � � � 	 �� � � � � )� � � � � 
 � � � � � � � � 	 
 � � � � � � 
 �� � �� � �
� � � ��� 	 
 � � �� � � � � 	 � � � � � 
 �� 	 �" � � � � � � � 
 � � � � ��� � � � 
 � �� + �� � 	 � �
 �� � � � 	 � � � � 	 
 � � � � � � �+ �� � �� )�� � � � � � � � � � � 
 � �
� �� 
 � � �� � � � � �� 
 � � � 	 � � ���� � � �� 
 � � � � $ � � 	 � 
 � � 
 � � � � � �� 
 �� 	 � � � � B� �� � � � � � 
 � � � � � � � 
 � � � � $ � �	 � � �� " �� � �	 � 
 � � �
�� 	 
 � 
 � �$ )� � � 	 � � 	 �� � �� � �	 
 � � 	 � 
 �� 	 � ��� � �$ � � � 
 � 	 
 � �� � � 
 � � � � � 	 � � � � � 
 �� 	 � � �� 
 � � � + � � �� >� � � � $ � �	 �	 
 �
� � � � 
 � � �� � � � �
 � � � �� � � � � � � � &�$ � 
 � �� � - 4E � � �� 
 � � �+ � � �� >� � � � � � 
 � � �� �	 � �� � �	 
 � � 	 � � � �� 
 � � � � �	 
 �� � �� � 
 � � 
�
� � � � �� 
 �� 	 � � �	 � � � � � � 
 � � 
 � � � � � � � �� + �
 � �	 � 
 � � � � � � � 	 
 � 
 �� � � � � � � 
 � $ )� ! � + � � � � �� � � � � �
 � � 
 � � �� �
�	 
 � � 	 � 
 �� 	 � �� �$ � � � 
 � 	 � � �� �	 �� �$ � 
 �� 	 � � 	 � � � � � 
 � � � �	 � 
 � � � � � � 	 
 � � � �� � � 
 ���� � � � � � ��$ �
 � � �� $ � � �	 
 � �
�
� ����� � �
 � 
 � � � �� 	 � �� � � 
 � � � � � 	 � � � � � 
 �� 	 � � �� 
 � �� � � � � � �� � )� � � �� � + � � � � � � � � 
 � � � � �� � � � � �$ � � 
 � � � � � � $ � 	 
 �
+ � � 
 � + � � � � � � � 	 
 �� � � 	 � + � � " � � 
 � � � � � 
 � � � � 
 � 
 � � � � 	 � � � � 	 � � � � � 
 �� 	 � � � � � � � � 
 � � � � � � 	 
 � � � � 	 � � 
 � � � � 
 �
� � �� � �
 �� � ��� � ��� 
 � � � �� � � � � � � � �� 	 � �� � 	 � � � � � 
 �� 	 )�
�

�
� �	 *�� �� � � � 
 �� �� � � 
 
 � � 
 � 
 � � � " � � 
 �� 	 &� � � � " � #� � � � � � � � 
 
 � � 
 �� 	 � � � � " � �� � 
 )� � � � � " � � � �#� � , � � � � &� 3� � � " � �

4 �" � � � &� 5�� � 
 � / �� � 
 � �&� 5� � � � � � �� , &� ! � � � � � + � � � � 
 &� � � � � � 6 ��#� � � &� 2 � � � 
 � 
 � / � 	 � " � &� . � � � � �" �
/ ( � � 	 � " � &� / � � � � 
 � / 
 � � � &� � � � � �� 
 � � � �� , &� � �� � � � 4 �� � , � &� � �� 7� � � � � � 5� #� � � &�3� � � � ! � � " � � � � � � � � � ��
/ �� � �� �8 */ *�



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 6 

9*�� 6 . . � � 6 �+ � ! � � � 8 ' � � - 2 �� 2 + �� 8 ' 2 + � 2 � . �
 
� � � � �� 	 
 � � 
 � � 	 
 � �	 
 � �� 	 
 � 
 � �$ �� 
 � � � � � ��+ ��� �� � � � 
 � � � �� � � �
 � � � �	 �� � 	 � � 	 �� �� �	 � 
 � � � � � � � 	 
 � 
 �� ' � 
 �� 	 � ��
� � � � )� � � �� � � 
 � � � � � � � � 
 � �� � � � � $ � � � � � �� + � � 
 � + � � � 	 � + � � " � � 
 � + ��� � � � � � 
 � � )� � � � � � � � � � � � � � � � �� + � �	 �
� � � 
 � � � 
 � � �� � � � �� � � � � 
 � � � � � � �� 
 � � � �� � + � � � � �� + �
 � � 
+ � � 	 � 
 � " �� � � &� � � 
 �� 	 � � � 
 � 
 � � � � � � � 
 � � �
� � 	 � � � � � 
 �� 	 � � � 	 � �@� � � A� � 	 � �9 � � 
 � $ " � � � ��� ���� � , � � � � � � � �� " � 
 � � �	 � ' � $ �" �� )� ! � + � � � � �� 
 � � � � � � � � � �
� �� � � " � � 	 � � � � � � � �� � � � � 
 � 
 � �$ � � 
 � � �� � � � �� � � � � �	 
 � � � � 
 � � �	 � � � � 
 � � � �� �� � �� F�$ " � " + � � � 	 � � %� 	 � � �� � 	 � �
� 	 �� � � �
 �� 	 � ���� 	 
 �
 � �$ �� � 	 � � � � � 
 �� 	 �� � � =� � 
 �+ � � �� � 
 � " ��� � � � ��	 �. 44/ ��	 �( � 
 � + � 	 � )��
�
� � � � �� 	 
 � 
 � �$ � � 
 � � � � �	 � 
 � � � � � � � 	 
 � 
 �� � � � � � � � + 	 � 
 � � 
 � � � � � 
 � � � � � � � � � 	 � � 	 � � � � �� � � � �� �� � 	 � � � � $ � �
� � 	 
 � � � � � 
 � $ )� � � $ � �� � � � � � 
 � � � � � � � $ �
 � � 
 � � � � � 	 � � � � 	 
 � � � � � � � � � �� � 
 � � � � � � � � � �� � � � � � 644� $ . ��
�� ��� + �	 
 �
 � � �
 � � � ��� �$ �
 � � 
 �� 	 � � 	 � � 	 � � � ��� � �� 
 � � � � � � � 
 � 
 � � � � � � �� �	 � � �� � $ �
 � � �+ � 
 �
 � � 
 � � � � � � � � � � � � 	 )�
� � �� � � � � 	 � " � � 
 � � � �
 � � �� ��� � � �� �	 
 � � $ � ��� 
 � � � �
 � � �� � � � �� � � � � 	 � � / 5� $ . �� � � � 
 � � � � � � 	 � � �� � � " � � $ �
 � � 
 � � � �
��� � � 
 � � � �� $ � �� � �� $ � � �	 
 � � � � � � � � � �$ ��� � � � � � � � � @� � � � � - 881A)� � � �� � � � � � � � �
 � 	 � �� � 	 � � �	 � � � �$ � 	 � 	 
 �

 � � � � � � � 	 � + 	 � � � � � � � ��
 �� 	 � �� � � � � ��� � � �� 
+ � � � � � 
 � � � � � $ � �� � �� � �
 � � � 
 � � � � � ��
 �� 	 � � � �� � � � 
 � � ��� � � � � � � �
" � � 	 � � � � � � � � � � �	 � 
 � � � � � � � 	 
 � 
 �)� � � � ��
 �� 	 � � � � � � � � � � ��� �� " � 
 � 	 � 
 � � �+ � � � �� $ � � � � � � � � �� " � � 
 � � � � )�
� � $ � �� � � � � � � � �
 � � � � � � ��
 � � � � � � � � � � � $ � � 	 �� � � " � � � � � � 	 � � 	 
 � � � " � )� � � �� � � � $ " �	 � 
 �� 	 � � ��$ � �� � � � � ��
 �� 	 �
�� �$ � 
 �� 	 � � 	 � � � 	 	 � � �� �� $ � �� � � � 	 
 �	 
 � � � 
 
 � � 	 � � + � �� � � � � � � � � $ � � � � 
 � � 	 � - 4� 
 �$ � � � 
 � � � � �� � � � �� $ � �� �

 � � � �
 � � �� � ��� �� 	 �B� � �� $ � 	 
 � 
 �$ � $ $ � �� )��
�
� � � � 
 � � � �� $ � �� � � � � � � � � � � � � � � � � 
 �� � � � 
 � � � 
 � 
+ � � � � � � � � � �� )� � �
 � � � � � � � � 
 	 � 	 � � � � �� � � � � 	 � � 
 � � � � �
$ � 	 
 � � � 
 � � � � 
 �� � � " �� 
 � � 
 � � � � ��
 
 � � � � �� . 73� � � " � � �	 � � � � � 	 � � � � �� �� �� + � �� � � �� � � � � � ��� � �	 � � � � � 
 � � � � �� 
 � ���
� � 
 � 
 � 
 �� 	 � � � � � � � � � 
 � � 
 � �� � 	 � � �	 � � � � � � � 	 
 � � � � � � � � =� � @ � � � � 	 � � 	 � - 881A)� � � � � 
 � � � � � " � � � � ��� � � � � � � �
� �
 � �� � 
 � � �� ��$ � � 
 � ��
 � �7�� 	 �� �� 	 � ��	 �
+ � 	 
 � �� � " � �" � � 	 �$ � � � � ��
 �
 � ��	 � � � � 	 � � 	 � � �@ � � � � 	 � � 	 �- 882A)�
9 � � � � 
+ � � 
 � �� � � � � �� � � " � � � �� � � � � �	 
 � 
 � � �� � ��� � 
 � 
+ � � $ � 	 
 � � � + � � 	 � 
 � � � � � � � � � � 	 ��	 � � � 
 � � 
 � � � �� �� �
@ � � � � 	 � � 	 � - 881A)� � � � � � � 
 � � � � � � � � � � �� � � � 
 � � � � � �� � " � � � � 
 � �$ �	 � � �� 	 � � � �� � 34E � + � � � � � � � � 
 � �
� � � � � 
 �� 	 �� � � � � � $ �	 � 	 
 �� �" � ���� 	 � )�� 	 � 
 � � � �. 3E �� �� � � �� � $ �� " � 	 � � 	 $ � 	 
 ��� � � � � 
 �� � �� � � � � � " �� $ ��	 �� �
$ �
 � � 
 � � � � � � � 
 � $ � � � � � � � � � 
 � � � � � � � 	 
 � 
 �)� � � � � � � 
 � � � $ � � � � � � � � � � 
 � � � � 	 � �	 � � � �� � � 
 �� 	 � + �
 � � � $ � �� �
� � � � ��" � 
 �
 � � 	 ����
 � � �� � � � �$ � � � �� + � � �� � � �	 
 �
 � � � 
+ � �$ � 	 
 � �� � 	 	 �	 
 �� � � �� � �� � � �$ � � �� � � � �
 � �$ � � � �

 � � � �� � � 
 � � ��	 � � �� � � � � 	 � � " � � �� � � � � � 
 � � � " � 	 � � 	 � � � � � � � " � )� 9 
� � � � � � � � � � � � �� � � � 
 � � + � � � � ��� � � � 	 � �
� &� � � � � � )� ( � � � 	 � � 
 � � � � � 	 	 �	 
 � � � � �� � � �
 � �� � � ����� � �
 � 
 � � � � 
 � �$ �	 � � 
 � � � � � � � � � � �� � � � 
 � �� � � � � � � � � � � � � �
� � � � � � � � �� � �� � 	 � �� " � 
 � � � � � � 
 �� 	 � �� � � 	 � + 	 � 
 � � � � 	 
 �	 � � � 
 � � � �� � � � � � � �� )� � � � � � �� � � 
 � � � " � � � � � � � � � � � � �
" � �	 
 � � ���� � � " � � � � � � 	 � � � + � � � 	 �	 � � + � � � � � � �� � @ � � � � 	 � � 	 � - 881A�� + � ��� 
 � � � � 	 � � � � �
 � � � � � 
 � � � � � � � �
" � � 	 � � ���� � � " � � ��� 	 � �@� � � � 	 
 � � � � � )� � " � )A)�9 � 
 � � �� 
 � � � - / � � � � 
 � � � � �� � � � �
 � � � � � 
 � � � � � � � $ � 	 
 � � � �	 � 
 � � �
� � � � 	 
 � 
 �� � �	 � � � - 88- �� � 	 � �+ � � � � � � � 
 � � � 	 � � �	 
 �� 
+ � � 
 � � � � � � � � ����� �� � � �@
� � � � � �� $ � �� � � � 	 � � � 	 � �$ � �� A�

 � � ��� 	 � �� 
 � � � � � @� ��� $ � �� A� 
 � � � 
 � � � � � � � � 
 � � � <� � � � " � " �� � �	 � $ � �� ;$ � �� � 
 � � � �
 � � �� �� � �� � � 
 � � �� + � ��� � � 	 � �
@�� $ � �� A�� �� � � � � � �	 
 � � � 	 
 �	 
 �+ � � � � �
 � � �" � �	 
 � 
 � � � � �" � � � 	 � � � � �
 � : � � 	 
 � � 
 � � � ��� �� � 	 � � 
+ � �@� 	 � �$ � �� �
� 	 � � � 	 � � �� $ � �� A� 
 � � � 	 � 	 � + 	 � � � � � � � )� � � ��� 
 � 
 � � � � � � �� 
 � � � � � � � � 
 � � � + � � � � � � � �� � � 
 � � � � � �
 � � �� � � $ � 	 �
� � 
 �� �
 �� � �@� 	 � � �	 
 � � 	 � � � � � � � � ���A�� 
 � � � � � � � � ��� � �� � 
 � � " � � � �� � � � � � � 
 �� 	 � 
 � �� � � � � � � 
 � � � � � � 
 � � � � � � � �$ � � � �
��� � �� � 
 � � " � � � � 
 � � 
 � � )� � � � � � &� $ � �� �� + � ��� 
 � + � � � � � " � " �� � ��	 � � $ � � 
 � � �� 
 � � � � � � 
 � � � � 	 � � � � � � �� + � �
� � � " � " �� ���	 � �� �� � � � �� $ � ���� � � � � � 
 �� 	 �� ��� � � 
 � � �� � � � � � �" � ���� 	 � )��
�
( � � � � � � � � �� 
 � � � �$ � � � 
 � � �� � 
 � � � � � � � � � 
 � � � � � 	 � � � � � 
 � � �� � � � + � ��� � � � 
 � � �� � � � ��� 	 � � � � 	 � � � � � � �
 � � � � � � � �
" � � � �� � � � � 
 � � � � � � � �� 
 �� 	 � � � � �� 
 � � �� � � � $ � �� &�� � � � � 	 � �	 
 � � 	 � � � � � �
 � � � �� �	 
 � � � � 
 �	 
 � �� � 
 � � � � � � � � � � � �
� � �	 �� ���� � � � � � � 	 � �� � � � � 
 � � � 	 � $ " � � � �@� � � � 	 
 � � 
 � � �)�. 441A)�� � �� �$ � � 	 � � 
 � � 
 � 
 � � � � � � � � � � " =� � 
 �
 � � �� � 
 � �
��� � 
 � � 
 �� 	 � � �	 � � � � � �� 
 �� 	 � � �� � � � � � 
 � � � � � �� � 
 � � � � � � � � � �� � $ � � � � � � 
 � � � � � � �� � 	 � � � � 	 � � � � � $ � 
 � � � � �� �
� � � � $ � 
 � � � � � � � � � � � � � � � � �� � �� � 	 � � � � � � � � � � 
 �� 	 � � � � � � �
 � �� � � � � �� " �� �@� � " �� � - A)� � � � � ���	 
 � � �� 
 � � � � 
 � � � �
� � � � �� 
 �� 	 � ��� �	 
 � � 	 � 
 � � � � � � � 	 
 � 
 �� � �� �	 � � � � $ � 	 � 
 � � 
 � � � 
 � � 
 � ��� 	 � � $ � � � � � � � � � � � �� �$ � � � 
 � � � 	 �
� � � � �� 
 � 	 � � � @%� ��� � D� � � � � 	 
 � . 444A)� � � � � $ �	 
 � 
 � �� � � � � � �� 
 �� 	 � �� � � � $ � �� 
 � �� � �� � �� 
 � � � @+ � �� � � �� � 	 � 
 �
� � � � � 	 
 �� � 
 � � � � � � � A� 
 � � �$ � � � �� � � � � + � 
 � � 
 � ��� � � � � 
 � � � � � � � � �
$ � 	 
 � � 
 � � � � � 
 � 
 � � � �� � � �� � � � � � � � � � + � � 	 �
��� 	 � 	 � $ " � � � � � � � � � �
 � � 
 � � 	 � 
 � � � � � � � 
 � � � � � � � �� 
 �� 	 � �� � � �$ � � 
� � � � 
 � �	 � 
 � � 
 � � � &
�	 � 
 �+ �
 � �	 �14� � � � � � ��
+ � � � � � � � ��� � � � � 
 � � � � � � � � �
$ � 	 
 � � � $ � �	 � � � 
 � 
 � � � �� � � �� � � � � � � � � �+ � � 	 � ��� 	 � 	 � $ " � � � � � � � � �� + �
 � � 	 � �
 � �� �



� � � � � � � �	 
 � �� � �
 � � ���� � 
 �� � 	 � � 	 �� �� � � � 
 � � �� � 	 � � � � � 
 �� 	 �� � 
 �� 	 �� �� 	 �� � � � � � � � �

 7 

� &
� � $ � �� ���� � �� � 
 � � 
 � � � &
�	 � 
 �@%� ��� �D�� � � � 	 
 �. 444A)�� � � 
 � 	 � 
 � �� �� 
 � � � � � � � 	 
 � 
 �� � �� �	 � � � � � � �� 
 �� 	 � �� �
	 � 
 � �� � �� 
 � � � � 	 � � �� � � 	 ��� � �� � 
 � � � � � � � " � � � � � �	 � 
 � � � �� 
 � � � � ��� 
 � � � � � � � � 	 
 � " � � � � � � � � �� 
 � � � � � � � � � � $ � �	 �
�	 
 � � 
 � � 	 � � � � � �� � 	 � 
 � ��� � �� � 
 � � 
 � � � &
�	 � 
)� ! � + � � � � � 
 � � � � � � � �
 � � � � � � � �$ � ��� � 
 �� 	 � � �� � � � $ � ��� � �
� � � � �� 
 �� 	 � � � �� � + � � � � �� � 	 � � � 	 � � � ��	 � � 
 � � � �$ � � � 
� 	 � � � � �� � 	 � � � �	 
 � 
 � � 
 � � � � � �� � � � � " � 
+ � � 	 � � � � � 
 � � �
� � � � �� 
 �� 	 � �� � � �$ � �	 
 � �	 � � �
 � �� 	 � � � � �
 � � 
 ��� � � ��� &
�	 � 
 �� 	 � �� � � �� � � � � 	 
 � � )��
�
9 � � � � ���� � � � � 
 � � � � � � � ��$ �
 � � �� 	 � 
 � � 	 �� � " � � � � � � � � � � + �
 � � $ � � 
 � � � � 	 �� � � � � �� " � 
 � " � � 
 � � � � � 	 � �
 �� � � � ��
� 
 � � � � � � � � � 
 � � � � �	 � 
 � � � � � � � � � 
 � $ )� � � �� � � &� �� �	 � � + � � � � � � � 
 � � � � � � � � � � � ��� � �� � 	 � � � 
 � $ � � � � �� + � � �
� � 	 � �
 �� � � 
 � � 	 � � 
 � � � � �� � 
 � � � � � 	 �� � � � � )� 0	 � 
 � � � � � � � 	 
 � 
 �� � � � � � � 
 � $ � 
 � � � � � 
 �$ � 
 � � � � � � � 
 � � �
� � � � �� 
 �� 	 � �� � � � � � 	 � � . 24� �	 � �� �� � � �� �� + � � � � � � � 
 � � � � � 
 �$ � 
 � � �� � � �� � � � � � � �� � 6447- 444�� ��� 	 � � � � � � �
/ 444�� 	 � �� � � 
 
 � � �� � � � 	 � �	 � � � �� �6444�@� � � � �- 881A)��
�
a) Females 
�
 Individual rates 

 
Annual rates 

 Mean Var. n Mean Var. n 
(years) Adult survival  0.85321 0.1254 7972 0.8516

3 
0.00408
5 

18 
Adolescent survival (1-2 years) 0.67903 0.2207 81 0.6503

4 
0.08439 15 

Recruitment 0.5303 1.0025 4372 0.5419
5 

0.08993 18 
Minimum age of first reproduction 2.00  88    
Mean age 7.01 12.27 88    
Maximum longevity 11.8*  88    
G�� �
� � � 
 � �$ � � � � � � � ��� 	 
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b) Males 

 Individual rates 
 

Annual rates 

 Mean Var. n Mean Var. n (years) 

Adult survival  0.70121 0.2101 338 0.6837
3 

0.04550 18 
Adolescent survival (1-2 years) 0.38573 0.2404 70 0.3556

6 
0.1336 17 

Mean proportion of males recruited to 12 mo. 0.4346 1.0025 214    
Mean age 3.60 1.83 47    
Maximum longevity 7.8  47    
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Table 1.   Demographic rates of Serengeti cheetahs for (a) females and (b) males, showing means and variances 

for individual and annual rates of survival and recruitment (reproduced from Durant et al. 2004). 
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Fig. 2 Map of known sightings of cheetah submitted to the Tanzania Carnivore Project since 2003 up until the 

time of the workshop. Data submitted is in two forms, either as direct GPS locations, or as a grid square 
as identified on the map. The former data type are plotted on the map directly, whilst the latter data type 
are plotted at the centre of the reported grid square.  
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Fig. 3  Percentage of individual adult cheetahs (females & males) seen in the Cheetah Watch Campaign 
out of those seen by the long term study population  plotted against the number of sightings/year. 
Data from Shemkunde 2004. 
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similar habitat) 
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Trends 
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(requires 
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Density N 
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if 
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Y2 Y Unlikely 

Possible 
with 

intensive 
effort 

Y 

Ranging N N Some info Some info Unlikely Y N 

Demography N N 
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but 
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but 
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1 With sufficient visitors 
2 With sufficient visitors and provided the extent of the total area covered by visitors is known 

�
Table 2. Data generated by the different methods covered in the sections above. Y indicates that the 

method could generate appropriate data, N the method could not generate appropriate data, 
and limited the method might generate some appropriate data, but is open to interpretation. 
Finally ‘unlikely’ indicates that whilst the method could theoretically generate the 
appropriate data, it is unlikely that sufficient data would be collected to fulfil the objectives. 
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Questionnaire Spoor
Tourist photos             

(in high tourism areas)
Working dogs Camera Traps Radio collars

Persecution Y N N N N
Possibly - more likely to get direct 

evidence of deaths

Land use change Y N N N N
Y - in combination with in depth 

study of ranging patterns

Unregulated tourism Y N N N N
Y - in combination with in depth 

study
Snaring N N N N N Unlikely
Road kill N N N N N Unlikely

Disease N N N N N
Y - via blood samples and as more 

likely to find dead individuals
Interspecific 
Competition

N Y N Y Y Y �
�

Table 3.  Data on threats and constraints generated by the different methods for investigating cheetah 
status covered in 4.2. Y indicates that the method could generate appropriate data, N that the 
method could not generate appropriate data, and possibly that the method might generate 
appropriate data. Additional conditions on the method to supply appropriate data are listed 
where necessary. 
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a) Status Northern region Maasai Steppe Selous/ Niassa West Ruaha Rungwa
Ugalla/Mahale etc.

Distribution High High High High High
Trends High High High High High
Density High High Low Medium High
Survival and reproduction High Medium Low Medium High
Ranging patterns High Medium Low Low High

b) Threats and constraints Northern region Maasai Steppe Selous/ Niassa West Ruaha Rungwa
Ugalla/Mahale etc.

Persecution
High in Sonjo area 
Medium elsewhere

High Low Low
Medium (assess 

importance)

Habitat loss/land use change High High Low Low High

Snaring

Road kill

Interspecific competition Medium High Low Low
Medium (assess 

importance)

Unregulated tourism
High to determine and 

address
Low Low Low Medium

Other areas Coastal, Northwest
Distribution High
Trends Depends on distribution

Incidence reports throughout

Incidence reports throughout
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