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�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™���Å�Ë�ä�¬�•�™�•���Ž�Ë�ä�©���õ�‚ �Ù�Ä�™�Ù���õ�¬�Å�ä�™�Ù�Ý���‚ �Å�•
�Ý�é�Ä�Ä�™�Ù�Ý�¤���Ž�é�ä���ä�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å���Ý�ä�‚ �û�Ý���•�Ë�Ë�¾�™�Ù���ä�©�‚ �Å���Ë�ä�©�™�Ù���‚ �Ù�™�‚�Ý���Ž�™�•�‚ �é�Ý�™���Ë�£���¬�ä�Ý
�Ö�Ù�Ë�ú�¬�Ä�¬�ä�û���ä�Ë���ä�©�™���Ë�•�™�‚�Å�£���S�™�Ë�Ö�¾�™���•�™�‚�¾���õ�¬�ä�©���Ý�é�Ä�Ä�™�Ù���©�™�‚�ä���Ž�û���é�Ý�¬�Å�¤���‚ �¬�Ù
�•�Ë�Å�•�¬�ä�¬�Ë�Å�™�Ù�Ý�¤���£�‚ �Å�Ý�¤���Ý�õ�¬�Ä�Ä�¬�Å�¤�¤���ä�‚ �»�¬�Å�¤���•�Ù�¬�ô�™�Ý���õ�¬�ä�©���ä�©�™���õ�¬�Å�•�Ë�õ�Ý���•�Ë�õ�Å�¤���‚ �Å�•
�•�‚ �Ù�™�£�é�¾�¾�û���Ä�‚ �Å�‚ �¤�¬�Å�¤���ä�©�™�¬�Ù���©�Ë�Ä�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���ô�¬�‚ ���Ý�©�‚ �•�™�Ý���‚ �Å�•���Ë�Ö�™�Å���õ�¬�Å�•�Ë�õ�Ý�£

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���� �Å�Å�é�‚ �¾���‚ �ô�™�Ù�‚�¤�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���¬�Å���ä�©�™���f �Ñ�� ���õ�¬�¾�¾���Ž�™�������¶���� �£�� �Ø�#
�õ�‚ �Ù�Ä�™�Ù�£���� �™�Ö�™�Å�•�¬�Å�¤���õ�©�™�Ù�™���û�Ë�é���‚ �Ù�™���¬�Å���f �Ñ�� �¤���ä�©�™�Ù�™���•�Ë�é�¾�•���Ž�™�������¶������ ���Ä�Ë�Ù�™���•�‚ �û�Ý���Ö�™�Ù
�û�™�‚�Ù���‚ �Ž�Ë�ô�™���� �� �Ø�#���Ž�û���ä�©�™���™�Å�•���Ë�£���ä�©�™���•�™�Å�ä�é�Ù�û���¹�9�Ù�Ë�Ý�Ž�û���™�ä���‚ �¾�£�¤������ ���� �º�£����

�,�Ä�Ö�‚ �•�ä�Ý�¥���V�¬�Ý�¬�Å�¤���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���•�Ù�¬�ô�™���Ä�Ë�Ý�ä���Ë�£���ä�©�™���Ë�ä�©�™�Ù���•�©�‚ �Å�¤�™�Ý���Ý�©�Ë�õ�Å���©�™�Ù�™�¤
�•�¬�Ý�Ù�é�Ö�ä�¬�Å�¤���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý�¤���õ�™�‚�ä�©�™�Ù���Ö�‚ �ä�ä�™�Ù�Å�Ý�¤���‚ �Å�•���©�é�Ä�‚ �Å���©�™�‚�¾�ä�©�£��

���‚�•�©���Ë�£���ä�©�™���£�é�ä�é�Ù�™���Ö�Ù�™�•�¬�•�ä�¬�Ë�Å�Ý���Ý�©�‚�Ù�™�•���©�™�Ù�™���‚�Ù�™���é�Å�•�™�Ù���V���S�����£���¤���‚���Ý�•�™�Å�‚�Ù�¬�Ë���¬�Å���õ�©�¬�•�©���¤�Ù�™�™�Å�©�Ë�é�Ý�™���¤�‚�Ý
�™�Ä�¬�Ý�Ý�¬�Ë�Å�Ý���‚�Ù�™�Å�Ä�ä���Ù�™�•�é�•�™�•�£���Z�™�™�����Ö�Ö�™�Å�•�¬�ú�������£�Ë�Ù���Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚�ä�¬�Ë�Å���Ë�Å���V���S�Ý�£��
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�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™���Ý�™�™�Å���•�Ë�‚ �Ý�ä�‚ �¾���™�Ù�Ë�Ý�¬�Ë�Å���•�Ù�‚ �Ä�‚ �ä�¬�•�‚ �¾�¾�û
�•�©�‚ �Å�¤�™���ä�©�™�¬�Ù���Ž�™�‚�•�©�£���) �¬�¤�©���õ�‚ �ä�™�Ù���‚ �Å�•���•�Ë�‚ �Ý�ä�‚ �¾���™�Ù�Ë�Ý�¬�Ë�Å���£�Ë�Ù�•�™�•���Ä�™�Ä�Ž�™�Ù�Ý���Ë�é�ä���Ë�£���ä�©�™
�Ë�¾�•���ô�¬�¾�¾�‚�¤�™���Ý�¬�ä�™���Ë�Å���ä�©�™���Ž�™�‚�•�©���¬�Å���ä�©�™������ ���� �Ý�£��

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���V�™�¾�‚�ä�¬�ô�™���Ý�™�‚���¾�™�ô�™�¾���õ�¬�¾�¾���Ù�¬�Ý�™���‚ �Ù�Ë�é�Å�•�����£�����£�ä���Ž�û���ä�©�™���™�Å�•���Ë�£���ä�©�™
�•�™�Å�ä�é�Ù�û���¹�9�Ù�Ë�Ý�Ž�û���™�ä���‚ �¾�£�¤������ ���� �º�£���V�¬�Ý�¬�Å�¤���Ý�™�‚���¾�™�ô�™�¾���‚ �Å�•���ä�Ë�ä�‚ �¾���õ�‚ �ä�™�Ù���¾�™�ô�™�¾�Ý���‚ �Ù�™
�Ö�Ù�™�•�¬�•�ä�™�•���ä�Ë���¬�Å�•�Ù�™�‚�Ý�™���•�Ë�‚ �Ý�ä�‚ �¾���™�Ù�Ë�Ý�¬�Ë�Å�£��

�,�Ä�Ö�‚ �•�ä�Ý�¥���� �Ë�‚ �Ý�ä�‚ �¾���™�Ù�Ë�Ý�¬�Ë�Å���õ�¬�¾�¾���Ý�©�Ù�¬�Å�»���ä�©�™���£�Ë�Ë�ä�Ö�Ù�¬�Å�ä���Ë�£���ä�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�¦���ä�©�¬�Ý
�•�‚ �é�Ý�™�Ý���©�‚ �Ù�Ä���‚ �Ý���ä�©�™���¾�‚ �Å�•���‚ �Å�•���•�é�¾�ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���‚ �Ù�™���‚ �£�£�™�•�ä�™�•�£���� �Ù�Ë�Ý�¬�Ë�Å���•�Ë�é�¾�•
�‚ �¾�Ý�Ë���Ù�™�•�é�•�™���©�‚ �Ž�¬�ä�‚ �ä���£�Ë�Ù���Ý�Ö�™�•�¬�™�Ý���¾�¬�ô�¬�Å�¤���Ë�Å���ä�©�™���Ž�™�‚�•�©�™�Ý�¤���¾�¬�»�™���Ù�‚ ���Ë�Ù���•�¾�‚ �Ä�Ý�£���) �¬�¤�©
�ä�Ë�ä�‚ �¾���õ�‚ �ä�™�Ù���™�ô�™�Å�ä�Ý���•�‚ �Å���•�‚ �é�Ý�™���•�Ë�‚ �Ý�ä�‚ �¾���£�¾�Ë�Ë�•�¬�Å�¤���¬�Å���¾�Ë�õ� �́¾�û�¬�Å�¤���‚ �Ù�™�‚�Ý�£���H�é�ä�Ý�¬�•�™���Ë�£���ä�©�™
�Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�¤���Ö�Ë�Ù�ä�Ý���‚ �Å�•���Ë�ä�©�™�Ù���•�Ë�‚ �Ý�ä�‚ �¾���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™���ä�©�‚ �ä���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���é�Ý�™
�•�Ë�é�¾�•���Ž�™���ä�©�Ù�™�‚�ä�™�Å�™�•���Ž�û���Ù�¬�Ý�¬�Å�¤���Ý�™�‚���¾�™�ô�™�¾�Ý�£��
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�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥�����a�©�™���) �Ë�©���V�¬�ô�™�Ù���¬�Ý���»�Å�Ë�õ�Å���£�Ë�Ù���¬�ä�Ý���•�Ë�¾�•���õ�‚ �ä�™�Ù���Ž�é�ä���Ý�Ë�Ä�™���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���Ý�‚ �û���ä�©�™�û�Ä�ô�™���Å�Ë�ä�¬�•�™�•���¬�ä���õ�‚ �Ù�Ä�¬�Å�¤�£���#�¾�Ë�õ�Ý���‚ �Ù�™���¬�Å�•�Ù�™�•�¬�Ž�¾�û���ô�‚ �Ù�¬�‚ �Ž�¾�™�¤���õ�¬�ä�©
�¾�Ë�õ���Ý�™�‚�Ý�Ë�Å�Ý���ä�©�‚ �ä���Ö�Ù�™�ô�™�Å�ä���£�¬�Ý�©���£�Ù�Ë�Ä���Ä�Ë�ô�¬�Å�¤���é�Ö�Ý�ä�Ù�™�‚�Ä���‚ �Å�•���©�¬�¤�©���Ý�™�‚�Ý�Ë�Å�Ý���õ�©�™�Ù�™
�£�¾�Ë�Ë�•�¬�Å�¤���¬�Ý���‚ ���•�Ë�Ä�Ä�Ë�Å���Ë�•�•�é�Ù�Ù�™�Å�•�™�£���a�©�™���Ù�¬�ô�™�Ù���¬�Ý���õ�¬�•�™�Ù���‚ �Å�•���Ý�©�‚ �¾�¾�Ë�õ�™�Ù���ä�©�‚ �Å���¬�ä���é�Ý�™�•
�ä�Ë���Ž�™���õ�©�™�Å���Ý�Ë�Ä�™���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���õ�™�Ù�™���û�Ë�é�Å�¤�£��

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���� �™�•�‚ �é�Ý�™���Ë�£���¾�™�Ý�Ý���¤�¾�‚�•�¬�™�Ù���Ä�™�¾�ä���‚ �Å�•���Ù�‚ �¬�Å�¤���Ý�é�Ä�Ä�™�Ù���¾�Ë�õ���£�¾�Ë�õ
�Ý�™�‚�Ý�Ë�Å���õ�¬�¾�¾���Ž�™���¾�Ë�Å�¤�™�Ù���‚ �Å�•���¾�Ë�õ�™�Ù�¦���Ž�û������ �� �� �¤���£�¾�Ë�õ�Ý���¬�Å���ä�©�™���) �Ë�©���V�¬�ô�™�Ù���Ä�‚ �¬�Å���Ý�ä�™�Ä���õ�¬�¾�¾
�Ž�™������ ��� �́��� �� �� ���¾�Ë�õ�™�Ù���‚ �Å�•���Ž�û������ �� �� �¤���ä�©�™�û���•�Ë�é�¾�•���Ž�™���� ��� �́� �� �� ���¾�Ë�õ�™�Ù�£���r �¬�Å�ä�™�Ù���£�¾�Ë�õ�Ý���õ�¬�¾�¾
�¬�Å�•�Ù�™�‚�Ý�™�¦���Ž�û������ �� �� �¤���ä�©�™���‚ �ô�™�Ù�‚�¤�™���õ�¬�Å�ä�™�Ù���£�¾�Ë�õ���•�Ë�é�¾�•���Ž�™���� �� �� ���©�¬�¤�©�™�Ù�£���a�©�™���Ù�¬�ô�™�Ù���õ�¬�¾�¾
�¤�™�ä���õ�‚ �Ù�Ä�™�Ù���õ�¬�ä�©���� �é�¤�é�Ý�ä���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���‚ �ä���ä�©�™���é�Ö�Ö�™�Ù���™�Å�•���Ë�£���õ�©�‚ �ä���Ý�‚ �¾�Ä�Ë�Å���•�‚ �Å
�ä�Ë�¾�™�Ù�‚�ä�™���¹�� �•�‚ �Ä�Ý���Ñ���}�¬�Ä�Ä�™�Ù�Ä�‚ �Å�¤������ ���� �º�£��

�,�Ä�Ö�‚ �•�ä�Ý�¥���#�¾�Ë�Ë�•�Ý���ä�©�‚ �ä���•�Ë�é�¾�•���•�©�‚ �Å�¤�™���ä�©�™���•�Ë�é�Ù�Ý�™���Ë�£���ä�©�™���Ù�¬�ô�™�Ù���‚ �Å�•���•�‚ �Ä�‚ �¤�™
�¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™���õ�¬�¾�¾���¬�Å�•�Ù�™�‚�Ý�™�¤���‚ �Ý���õ�¬�¾�¾���‚ �Ý���ä�¬�Ä�™�Ý���õ�©�™�Å���ä�©�™���Ù�¬�ô�™�Ù���¬�Ý�Å�Ä�ä���Ý�‚ �£�™���ä�Ë
�Å�‚ �ô�¬�¤�‚ �ä�™�£���) �¬�¤�©���£�¾�Ë�õ�Ý���‚ �¾�Ý�Ë���Ý�•�Ë�é�Ù���Ù�™�•�•�Ý���‚ �Å�•���Ý�Ö�‚ �õ�Å�¬�Å�¤���¤�Ù�‚ �ô�™�¾�Ý�£���;�Ë�õ�™�Ù���Ý�é�Ä�Ä�™�Ù
�£�¾�Ë�õ�Ý���õ�¬�¾�¾���Ž�™���•�©�‚ �¾�¾�™�Å�¤�¬�Å�¤���£�Ë�Ù���£�¬�Ý�©���‚ �Å�•���£�¬�Ý�©�™�Ù�Ä�‚ �Å�¤���‚ �Ý���õ�™�¾�¾���‚ �Ý���ä�©�™���©�‚ �ä�•�©�™�Ù�û�£����

�Á�� �Ý�Ö�™�•�¬�‚ �¾�¾�û���¤�™�ä�ä�¬�Å�¤���ä�Ë�õ�‚ �Ù�•�Ý���Ý�é�Ä�Ä�™�Ù�ä�¬�Ä�™�¤���ä�©�™�û�Ê�Ù�™���Ù�™�‚ �¾�¾�û���Å�Ë�ä���‚ ���•�Ù�™�™�»�£���a�©�™�û�Ê�Ù�™

�¾�¬�»�™���‚ ���ä�Ù�¬�•�»�¾�™�£�£�£�a�©�™�Ù�™���õ�™�Ù�™���ä�¬�Ä�™�Ý���ä�©�‚ �ä���õ�™���•�¬�•���•�Ë���Ý�é�Ù�ô�™�û�Ý���Ë�Å���ä�©�‚ �ä���•�Ù�™�™�»���Ž�é�ä���õ�™

�•�Ë�é�¾�•�Å�Ê�ä���Ž�™�•�‚ �é�Ý�™���¬�ä���õ�‚ �Ý���Ý�Ë���¾�Ë�õ�£���r �™���õ�™�Ù�™�Å�Ê�ä���¤�Ë�¬�Å�¤���ä�Ë���Ý�™�™���‚ �Å�û�ä�©�¬�Å�¤���‚ �Å�û�õ�‚ �û�£�Â

�� �©�¬�™�£���� �‚ �»�¬���#�¬�Ý�©�™�Ù



�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥���H�Å�™���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù���©�‚ �Ý���Å�Ë�ä�¬�•�™�•���ä�©�‚ �ä���ä�©�™�¬�Ù���©�‚ �Å�•�Ý���¤�™�ä���¾�™�Ý�Ý
�•�Ë�¾�•���õ�©�¬�¾�™���Ö�Ù�Ë�•�™�Ý�Ý�¬�Å�¤���Ý�Ä�™�¾�ä���ä�©�‚ �Å���ä�©�™�û���é�Ý�™�•���ä�Ë�£���� �Å�Ë�ä�©�™�Ù���©�‚ �Ý���Ö�é�¾�¾�™�•���é�Ö���•�™�‚�•
�•�Ù�‚ �Ž�Ý���¬�Å���Ö�Ë�ä�Ý���‚ �Å�•���‚ �ä�ä�Ù�¬�Ž�é�ä�™�Ý���ä�©�‚ �ä���ä�Ë���©�û�Ö�Ë�ú�¬�•���‚ �Ù�™�‚�Ý���¹�Ö�‚ �Ù�ä�Ý���Ë�£���ä�©�™���Ë�•�™�‚�Å���õ�¬�ä�©���ä�Ë�Ë
�¾�¬�ä�ä�¾�™���Ë�ú�û�¤�™�Å���ä�Ë���Ý�é�Ö�Ö�Ë�Ù�ä���¾�¬�£�™�º�£

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���H�•�™�‚�Å�Ý���©�‚ �ô�™���õ�‚ �Ù�Ä�™�•���‚ �Ù�Ë�é�Å�•���ä�©�™���õ�Ë�Ù�¾�•���‚ �Å�•���ä�©�¬�Ý���¬�Ý
�Ö�Ù�™�•�¬�•�ä�™�•���ä�Ë���•�Ë�Å�ä�¬�Å�é�™�£���,�ä�Ä�Ý���•�¬�£�£�¬�•�é�¾�ä���ä�Ë���Ö�Ù�™�•�¬�•�ä���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���¬�Å���ä�©�™���Ä�‚ �Ù�¬�Å�™���f �Ñ��
�Ž�™�•�‚ �é�Ý�™���ä�©�™�Ù�™���‚ �Ù�™���Ä�‚ �Å�û���Ö�Ù�Ë�•�™�Ý�Ý�™�Ý���©�‚ �Ö�Ö�™�Å�¬�Å�¤���‚ �ä���ä�©�™���Ý�‚ �Ä�™���ä�¬�Ä�™�¤���¾�¬�»�™���é�Ö�õ�™�¾�¾�¬�Å�¤
�‚ �Å�•���õ�¬�Å�•���Ö�‚ �ä�ä�™�Ù�Å�Ý�£���) �Ë�õ�™�ô�™�Ù�¤���¬�ä�Ä�Ý���Ö�Ù�™�•�¬�•�ä�™�•���ä�©�‚ �ä���ä�©�™���f �Ñ�� ���õ�‚ �ä�™�Ù�Ý���•�Ë�é�¾�•���õ�‚ �Ù�Ä���Ž�û
���Ø�� ���Ž�û������ �� �� ���¹�A�¬�¾�¾�™�Ù���™�ä���‚ �¾�£�¤������ ���� �º�£����

�,�Ä�Ö�‚ �•�ä�Ý�¥���� ���õ�‚ �Ù�Ä�™�Ù���Ë�•�™�‚�Å���•�Ë�é�¾�•���•�‚ �é�Ý�™���õ�‚ �ä�™�Ù���•�¬�Ù�•�é�¾�‚�ä�¬�Ë�Å���‚ �Å�•���Ù�™�¤�¬�Ë�Å�‚ �¾���õ�™�‚�ä�©�™�Ù
�Ö�‚�ä�ä�™�Ù�Å�Ý���ä�Ë���•�©�‚ �Å�¤�™�£���,�ä���•�Ë�é�¾�•���Ý�¾�Ë�õ���ä�©�™���¤�Ù�Ë�õ�ä�©���Ë�£���Ý�Ë�Ä�™���Ö�©�û�ä�Ë�Ö�¾�‚�Å�»�ä�Ë�Å�¤���‚ �¾�¤�‚ �™���‚ �ä
�ä�©�™���Ž�‚ �Ý�™���Ë�£���ä�©�™���£�Ë�Ë�•���•�©�‚ �¬�Å�£���,�ä���õ�¬�¾�¾���¾�™�‚�•���Ë�ä�©�™�Ù���Ö�©�û�ä�Ë�Ö�¾�‚�Å�»�ä�Ë�Å���ä�Ë���¤�Ù�Ë�õ���Ù�‚ �Ö�¬�•�¾�û�¤
�•�‚ �é�Ý�¬�Å�¤���©�‚ �Ù�Ä�£�é�¾���‚ �¾�¤�‚ �¾���Ž�¾�Ë�Ë�Ä�Ý���‚ �Å�•���©�û�Ö�Ë�ú�¬�•���‚ �Ù�™�‚�Ý�£���a�©�™�Ý�™���•�‚ �Å���»�¬�¾�¾���Ä�‚ �Ù�¬�Å�™���¾�¬�£�™���‚ �Å�•
�Ä�‚ �»�™���Ý�©�™�¾�¾�£�¬�Ý�©���•�‚ �Å�¤�™�Ù�Ë�é�Ý���ä�Ë���™�‚�ä���¬�£���ä�©�™���Ž�¾�Ë�Ë�Ä���Ö�Ù�Ë�•�é�•�™���ä�Ë�ú�¬�Å�Ý�£��

�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥���Z�é�Ù�£�‚ �•�™���Ö�) �¤���Ë�Ù���ä�©�™���Ä�™�‚�Ý�é�Ù�™�Ä�™�Å�ä���Ë�£���‚ �•�¬�•�¬�ä�û���¬�Å���ä�©�™���Ë�•�™�‚�Å�¤
�Ý�©�Ë�õ�Ý���ä�©�‚ �ä���ä�©�™�Ù�™���©�‚ �Ý���Ž�™�™�Å���‚ ���� �� �� ���¬�Å�•�Ù�™�‚�Ý�™���¬�Å���‚ �•�¬�•�¬�ä�û���¹�A�¬�¾�¾�™�Ù���™�ä���‚ �¾�£�¤������ ���� �º�£��

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���� �û�������� �� �¤���‚ ������ �� � �́��� �� �� ���¬�Å�•�Ù�™�‚�Ý�™���¬�Å���‚ �•�¬�•�¬�ä�û���¬�Ý���Ö�Ù�™�•�¬�•�ä�™�•�£
�� �Ù�‚ �¤�Ë�Å�¬�ä�™���‚ �Å�•���•�‚ �¾�•�¬�ä�™���•�Ë�Å�•�™�Å�ä�Ù�‚ �ä�¬�Ë�Å�Ý�¤���ä�©�™���•�‚ �Ù�Ž�Ë�Å�‚ �ä�™���¬�Ë�Å�Ý���ä�©�‚ �ä���Ä�‚ �Å�û���‚ �Å�¬�Ä�‚ �¾�Ý
�é�Ý�™���ä�Ë���Ž�é�¬�¾�•���Ý�©�™�¾�¾�Ý�¤���‚ �Ù�™���Ö�Ù�™�•�¬�•�ä�™�•���ä�Ë���•�™�•�Ù�™�‚�Ý�™���¹�Z�¬�™�•�¾�™�•�»�¬���™�ä���‚ �¾�£�¤������ �����º�£��

�,�Ä�Ö�‚ �•�ä�Ý�¥���A�Ë�Ù�™���‚ �•�¬�•�¬�•���õ�‚ �ä�™�Ù�Ý���Ä�‚ �»�™���¬�ä���•�¬�£�£�¬�•�é�¾�ä���£�Ë�Ù���Ý�Ë�Ä�™���•�Ù�™�‚�ä�é�Ù�™�Ý�¤���¾�¬�»�™���Ë�û�Ý�ä�™�Ù�Ý
�‚ �Å�•���Ä�é�Ý�Ý�™�¾�Ý�¤���ä�Ë���¤�Ù�Ë�õ���ä�©�™�¬�Ù���Ý�©�™�¾�¾�Ý�£���r �©�™�Å���•�Ù�™�‚�ä�é�Ù�™�Ý���¾�Ë�õ�™�Ù���Ë�Å���ä�©�™���£�Ë�Ë�•���•�©�‚ �¬�Å
�Ý�ä�Ù�é�¤�¤�¾�™�¤���ä�©�™�Ý�™���¬�Ä�Ö�‚�•�ä�Ý���Ù�¬�Ö�Ö�¾�™���ä�©�Ù�Ë�é�¤�©�Ë�é�ä���ä�©�™���™�Å�ä�¬�Ù�™���Ë�•�™�‚�Å�£���a�©�™�Ù�™���õ�¬�¾�¾���Ž�™���Ë�ä�©�™�Ù
�¬�Ä�Ö�‚�•�ä�Ý���Ë�£���‚ �Å���‚ �•�¬�•�¬�•���Ë�•�™�‚�Å���ä�©�‚ �ä���õ�™���•�Ë�Å�Ä�ä���û�™�ä���»�Å�Ë�õ�¦���£�Ë�Ù���™�ú�‚ �Ä�Ö�¾�™�¤���Ý�•�¬�™�Å�ä�¬�Ý�ä�Ý
�Ù�™�•�™�Å�ä�¾�û���¾�™�‚�Ù�Å�™�•���ä�©�‚ �ä���Ý�‚ �¾�Ä�Ë�Å���•�Ë�Å�Ä�ä���Ý�Ä�™�¾�¾���‚ �Ý���õ�™�¾�¾���¬�Å���Ä�Ë�Ù�™���‚ �•�¬�•�¬�•���õ�‚ �ä�™�Ù�Ý
�¹�r �¬�¾�¾�¬�‚ �Ä�Ý���™�ä���‚ �¾�£�¤������ ���� �º�£���a�©�¬�Ý���‚ �£�£�™�•�ä�Ý���#�¬�Ù�Ý�ä���#�Ë�Ë�•�Ý���‚ �Å�•���ä�©�Ë�Ý�™���õ�©�Ë�Ý�™���¾�¬�ô�™�¾�¬�©�Ë�Ë�•�Ý
�•�™�Ö�™�Å�•���Ë�Å���ä�©�™���Ë�•�™�‚�Å�£��

����

�$���: �$�5�0�,�1�*
�2�&�(�$�1

�H�Ž�Ý�™�Ù�ô�™�•���•�©�‚ �Å�¤�™�Ý�¥���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™���Ý�™�™�Å���Ý�Ë�Ä�™���Å�™�õ���Ý�Ö�™�•�¬�™�Ý�¤���¬�Å�•�¾�é�•�¬�Å�¤
�ä�©�™���Ë�•�•�‚ �Ý�¬�Ë�Å�‚ �¾���� �‚ �¾�¬�£�Ë�Ù�Å�¬�‚ ���Ý�Ø�é�¬�•�£���A�‚ �Å�û���Ý�Ö�™�•�¬�™�Ý���©�‚ �ô�™���•�¬�Ý�‚ �Ö�Ö�™�‚�Ù�™�•�¤���¾�¬�»�™���£�¾�Ë�é�Å�•�™�Ù
�‚�Å�•���•�™�Ù�ä�‚ �¬�Å���ä�¬�•�‚ �¾���•�Ù�™�‚�ä�é�Ù�™�Ý�£��

�S�Ù�™�•�¬�•�ä�™�•���•�©�‚ �Å�¤�™�Ý�¥���a�©�™���Ö�Ù�™�ô�‚ �¬�¾�¬�Å�¤���¬�•�™�‚���¬�Ý���ä�©�‚ �ä���Ý�Ö�™�•�¬�™�Ý���õ�©�Ë���‚ �Ù�™���‚ �Ž�¾�™���ä�Ë���õ�¬�¾�¾
�¤�™�Å�™�Ù�‚�¾�¾�û���Ý�©�¬�£�ä���Å�Ë�Ù�ä�©�õ�‚ �Ù�•�¤���é�Ö���¬�Å���™�¾�™�ô�‚ �ä�¬�Ë�Å�¤���‚ �Å�•���ä�Ë���•�™�™�Ö�™�Ù���•�™�Ö�ä�©�Ý���¬�Å���ä�©�™���Ë�•�™�‚�Å
�ä�Ë���£�¬�Å�•���©�‚ �Ž�¬�ä�‚ �ä���Ý�¬�Ä�¬�¾�‚�Ù���¬�Å���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™���ä�Ë���ä�©�™�¬�Ù���Ë�Ù�¬�¤�¬�Å�‚ �¾���Ù�‚ �Å�¤�™�£���� �™�•�‚ �Ù���¬�Ý���Ë�Å�™
�Ý�Ö�™�•�¬�™�Ý���õ�©�Ë�Ý�™���Ý�©�¬�£�ä���¬�Ý���Ö�Ù�™�•�¬�•�ä�™�•���‚ �Å�•���¬�Ý���©�¬�¤�©�¾�û���•�Ë�Å�•�™�Ù�Å�¬�Å�¤�£

�,�Ä�Ö�‚ �•�ä�Ý�¥���a�©�¬�Ý���•�Ë�é�¾�•���¬�Ä�Ö�‚�•�ä���‚ �¾�¾���#�¬�Ù�Ý�ä���#�Ë�Ë�•�Ý���‚ �Å�•���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���ä�©�‚ �ä���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���‚ �Ù�™���•�Ë�Å�Å�™�•�ä�™�•���õ�¬�ä�©���‚ �Å�•���•�™�Ö�™�Å�•���Ë�Å�£��

�$���0�2�5�(���$�&�,�' �,�&��
�2�&�(�$�1

�6�+�,�)�7�,�1�*
�3�/�$�1�7�6���	
�$�1�,�0�$�/�6��



�&�2�8�/�' �������������3�5�2�9�,�' �(���&�/�8�(�6���$�%�2�8�7���7�+�(
�)�8�7�8�5�(�"
�� �¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���Ö�Ù�™�Ö�‚�Ù�‚ �ä�¬�Ë�Å���¬�Ý���‚ �¾�¾���‚ �Ž�Ë�é�ä���é�Å�•�™�Ù�Ý�ä�‚ �Å�•�¬�Å�¤���õ�©�‚ �ä���ä�©�™���£�é�ä�é�Ù�™���Ä�¬�¤�©�ä���¾�Ë�Ë�»���¾�¬�»�™���Ž�‚ �Ý�™�•���Ë�Å���ä�©�™
�¾�™�ô�™�¾���Ë�£���¤�Ù�™�™�Å�©�Ë�é�Ý�™���¤�‚ �Ý�™�Ý���¬�Å���ä�©�™���‚ �ä�Ä�Ë�Ý�Ö�©�™�Ù�™�£���Z�Ë�Ä�™�ä�¬�Ä�™�Ý���õ�™���•�‚ �Å���¾�Ë�Ë�»���ä�Ë���ä�©�™���Ö�‚ �Ý�ä���ä�Ë���é�Å�•�™�Ù�Ý�ä�‚ �Å�•���ä�©�™
�£�é�ä�é�Ù�™�£��

���� ���� ���õ�‚ �Ý���r �‚ �Ý�©�¬�Å�¤�ä�Ë�Å�Ä�Ý���õ�‚ �Ù�Ä�™�Ý�ä���û�™�‚�Ù���Ë�Å���Ù�™�•�Ë�Ù�•�¤���Ý�Ë���£�‚ �Ù�¤���õ�¬�ä�©���‚ �ô�™�Ù�‚�¤�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���Ž�™�¬�Å�¤���� �£�� �Ø�#���õ�‚ �Ù�Ä�™�Ù
�ä�©�‚ �Å���Ö�Ù�™� �́¬�Å�•�é�Ý�ä�Ù�¬�‚ �¾���ä�¬�Ä�™�Ý���¹�f �r ���� �¾�¬�Ä�‚ �ä�™���,�Ä�Ö�‚ �•�ä�Ý���$�Ù�Ë�é�Ö�¤���Å�£�•�£�º�£���a�©�™�Ý�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���‚ �Ù�™���Ý�¬�Ä�¬�¾�‚�Ù���ä�Ë���õ�©�‚ �ä���õ�™
�™�ú�Ö�™�•�ä���¬�Å���ä�©�™���£�é�ä�é�Ù�™�£���� �™�Ö�™�Å�•�¬�Å�¤���Ë�Å���ä�©�™���™�Ä�¬�Ý�Ý�¬�Ë�Å���Ý�•�™�Å�‚ �Ù�¬�Ë�¤���Ž�û������ �� �� �¤���‚ �ô�™�Ù�‚�¤�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���‚ �Ù�™
�Ö�Ù�™�•�¬�•�ä�™�•���ä�Ë���Ž�™������� �́����£�� �Ø�#���©�¬�¤�©�™�Ù���ä�©�‚ �Å���ä�©�™���©�¬�Ý�ä�Ë�Ù�¬�•�‚ �¾���Ù�™�•�Ë�Ù�•�£���� �û�������� �� �¤���‚ �ô�™�Ù�‚�¤�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���•�Ë�é�¾�•���Ž�™�������´
���� �£�� �Ø�#���©�¬�¤�©�™�Ù���¹�#�Ù�‚ �Å�»�Ý�Ë�Å���™�ä���‚ �¾�£�¤������ �����º�£���a�©�¬�Ý���õ�¬�¾�¾���©�‚ �ô�™���Ù�¬�Ö�Ö�¾�™���™�£�£�™�•�ä�Ý���Ë�Å���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä���¬�Å�•�¾�é�•�¬�Å�¤
�•�™�•�Ù�™�‚�Ý�¬�Å�¤���Ý�Å�Ë�õ�Ö�‚ �•�»�¤���¬�Å�•�Ù�™�‚�Ý�¬�Å�¤���õ�¬�¾�•�£�¬�Ù�™�Ý�¤���‚ �Å�•���õ�‚ �Ù�Ä�™�Ù���Ë�•�™�‚�Å���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý�¥��

�,�Å������ ���� �¤���Ý�Å�Ë�õ�Ö�‚ �•�»���‚ �•�Ù�Ë�Ý�Ý���r �� ���Ý�ä�‚ �ä�™���õ�‚ �Ý������ �� ���Ž�™�¾�Ë�õ���ä�©�™���Å�Ë�Ù�Ä�‚ �¾
�‚ �Ä�Ë�é�Å�ä���¹�Å�Ë�Ù�Ä�‚ �¾���¬�Ý���•�Ë�Å�Ý�¬�•�™�Ù�™�•���ä�©�™������ ���� � �́��� �� �� ���‚ �ô�™�Ù�‚�¤�™�º���¹�Z�Å�Ë�ô�™�Ù���™�ä���‚ �¾�£�¤
���� ���� �º�£���H�Å���ä�©�™���H�¾�û�Ä�Ö�¬�•���S�™�Å�¬�Å�Ý�é�¾�‚�¤���ä�©�™���Ä�‚ �ú�¬�Ä�é�Ä���Ý�Å�Ë�õ���•�™�Ö�ä�©���‚ �ä���ä�©�™
�B�S�Z���õ�™�‚�ä�©�™�Ù���Ý�ä�‚ �ä�¬�Ë�Å���Å�™�‚�Ù���) �é�Ù�Ù�¬�•�‚ �Å�™���V�¬�•�¤�™���õ�‚ �Ý������ ���¬�Å�£���a�©�™���‚ �ô�™�Ù�‚�¤�™
�Ä�‚ �ú�¬�Ä�é�Ä���•�™�Ö�ä�©���¬�Ý������ �� ���¬�Å���¹�� �‚ �•�•�é�Ý�¤������ ���� �º�£���Z�é�Ä�Ä�™�Ù���Ù�¬�ô�™�Ù���£�¾�Ë�õ�Ý���¬�Å���ä�©�™
�H�¾�û�Ä�Ö�¬�•���S�™�Å�¬�Å�Ý�é�¾�‚���õ�™�Ù�™���Ý�Ë�Ä�™���Ë�£���ä�©�™���¾�Ë�õ�™�Ý�ä���™�ô�™�Ù���Ù�™�•�Ë�Ù�•�™�•���¹�S�™�ä�™�Ù�Ý�™�Å
�™�ä���‚ �¾�£�¤������ ���� �º�£��

����

�S�©�Ë�ä�Ë�Ý���‚ �Ž�Ë�ô�™���‚ �Ù�™�¥���Á�H�¾�û�Ä�Ö�¬�•���A�Ë�é�Å�ä�‚ �¬�Å�Ý���£�Ù�Ë�Ä���) �é�Ù�Ù�¬�•�‚ �Å�™���V�¬�•�¤�™�Â���Ž�û���S�‚ �é�¾���� �Ë�Ë�Ö�™�Ù�¤���Á�r �‚ �Ý�©�¬�Å�¤�ä�Ë�Å���r �¬�¾�•�¾�‚�Å�•���#�¬�Ù�™�Ý�Â���Ž�û���r �� ���� �B�V�¤
�‚ �Å�•���Á���� �� � �̧Ù�‚ ���Ë�Ù� �̧•�¾�‚ �Ä� �̧Ë�•�£�õ�Â���Ž�û���H�V���� �#�r �£���� �¾�¾���‚ �Ù�™���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x�����£�� �£������

�� �•�Ù�Ë�Ý�Ý���r �� �¤������ ���� ���õ�‚ �Ý���ä�©�™���Ž�¬�¤�¤�™�Ý�ä���õ�¬�¾�•�£�¬�Ù�™���û�™�‚�Ù���Ë�Å���Ù�™�•�Ë�Ù�•���¬�Å���ä�™�Ù�Ä�Ý���Ë�£
�‚ �•�Ù�™�Ý���Ž�é�Ù�Å�™�•�¦���¬�Å���™�‚�Ý�ä�™�Ù�Å���r �� �¤���Ë�ô�™�Ù�������Ä�¬�¾�¾�¬�Ë�Å���‚ �•�Ù�™�Ý���¹�‚ �Ž�Ë�é�ä���ä�©�™���‚ �Ù�™�‚���Ë�£
�V�©�Ë�•�™���,�Ý�¾�‚�Å�•�º���Ž�é�Ù�Å�™�•���•�Ë�Ä�Ö�‚�Ù�™�•���ä�Ë���ä�©�™������ � �́û�™�‚�Ù���‚ �Å�Å�é�‚ �¾���‚ �ô�™�Ù�‚�¤�™���Ë�£
�� ���� �¤�� �� �� ���¹�r �� ���� �B�V�¤������ �����º�£���� ���¾�¬�¤�©�ä�Å�¬�Å�¤���Ý�ä�Ù�¬�»�™���¬�¤�Å�¬�ä�™�•���ä�©�™���S�‚ �Ù�‚ �•�¬�Ý�™���#�¬�Ù�™���¬�Å
�ä�©�™���U�é�™�™�ä�Ý���q�‚ �¾�¾�™�û���õ�¬�¾�•�™�Ù�Å�™�Ý�Ý���õ�©�¬�•�©���Ž�é�Ù�Å�™�•���£�Ù�Ë�Ä���A�‚ �û���é�Å�ä�¬�¾���B�Ë�ô�™�Ä�Ž�™�Ù
�Ë�Å���ä�©�™���H�¾�û�Ä�Ö�¬�•���S�™�Å�¬�Å�Ý�é�¾�‚���¹�B�S�Z�¤������ ���� �º�£������

�a�©�™�Ù�™���õ�‚ �Ý���‚ ���¾�‚ �Ù�¤�™���Ž�¾�Ë�Ë�Ä���Ë�£���S�Ý�™�é�•�Ë� �́Å�¬�ä���Ý�•�©�¬�‚ �¤���‚ �Å���‚ �¾�¤�‚ �™�¤���õ�©�¬�•�©���•�‚ �é�Ý�™�•
�ä�©�™���¾�‚ �Ù�¤�™�Ý�ä���Ù�™�•�Ë�Ù�•�™�•���Ë�é�ä�Ž�Ù�™�‚�»���Ë�£���•�Ë�Ä�Ë�¬�•���‚ �•�¬�•�¤���‚ ���Å�™�é�Ù�Ë�ä�Ë�ú�¬�Å�¤���‚ �¾�Ë�Å�¤���ä�©�™
�õ�™�Ý�ä���•�Ë�‚ �Ý�ä���Ë�£���B�Ë�Ù�ä�©���� �Ä�™�Ù�¬�•�‚ �£���a�©�¬�Ý���•�‚ �é�Ý�™�•���Ä�‚ �Å�û���£�¬�Ý�©�™�Ù�û���•�¾�Ë�Ý�é�Ù�™�Ý�¤
�¬�Å�•�¾�é�•�¬�Å�¤���a�Ù�¬�Ž�‚ �¾���Ù�‚ ���Ë�Ù���•�¾�‚ �Ä���‚ �Å�•���� �é�Å�¤�™�Å�™�Ý�Ý���•�Ù�‚ �Ž���©�‚ �Ù�ô�™�Ý�ä�Ý�£���a�©�™���©�‚ �Ù�Ä�£�é�¾
�‚�¾�¤�‚ �¾���Ž�¾�Ë�Ë�Ä���õ�‚ �Ý���•�‚ �é�Ý�™�•���Ž�û���Ý�™�‚���Ý�é�Ù�£�‚ �•�™���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���ä�©�‚ �ä���õ�™�Ù�™�����£�� �Ø��
�õ�‚ �Ù�Ä�™�Ù���ä�©�‚ �Å���ä�©�™���‚ �ô�™�Ù�‚�¤�™���¹�A�•�� �‚ �Ž�™���™�ä���‚ �¾�£�¤������ ���� �º�£���r �¬�ä�©���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�¤
�õ�‚ �ä�™�Ù�Ý���õ�¬�¾�¾���Ù�™�¤�é�¾�‚�Ù�¾�û���Ž�™�•�Ë�Ä�™���ä�©�¬�Ý���õ�‚ �Ù�Ä���Ž�û�������� �� �£��

https://www.flickr.com/photos/29261037@N02/5673326456/
https://www.flickr.com/photos/wastatednr/3291490752
https://www.flickr.com/photos/odfw/5178917571/in/album-72157623550285110


�q�™�Ù�¾�‚���$�Ë�Ä�™�����ä�™�‚�•�©�¬�Å�¤���û�Ë�é�ä�©���©�Ë�õ���ä�Ë���•�Ù�™�‚�ä�™���Ž�™�‚�•�©
�Ä�Ë�Ž�¬�¾�™�Ý���•�é�Ù�¬�Å�¤���ä�©�™������ ���� ���) �Ë�©���r �‚ �ä�™�Ù�Ý�©�™�•���� �•�ô�™�Å�ä�é�Ù�™

�� �‚ �Ä�Ö�£���S�©�Ë�ä�Ë���Ž�û���9�™�¾�¾�û���V�Ë�Ý�‚ �¾�™�Ý�£

�,�A�S�H�V�a�� �B�� �� ���H�#���� �f �;�a�f �V�� �;���S�V�� �� �a�,�� �� �Z

�Á�a�©�Ù�Ë�é�¤�©�Ë�é�ä���ä�©�™���•�¬�£�£�™�Ù�™�Å�ä���û�™�‚�Ù�Ý�¤���õ�™�Ä�ô�™���Ž�™�™�Å
�©�‚�ô�¬�Å�¤���•�¬�£�£�™�Ù�™�Å�ä���Ö�™�Ë�Ö�¾�™���¬�Å���Ë�é�Ù���•�‚�Å�Ë�™�Ý�¤

�•�¬�£�£�™�Ù�™�Å�ä���Å�‚�ä�¬�Ë�Å�‚�¾�¬�ä�¬�™�Ý�£���r�™�Ê�Ù�™���¾�™�‚�ô�¬�Å�¤���£�Ù�Ë�Ä���)�Ë�©
�V�¬�ô�™�Ù�¤���õ�™�Ê�Ù�™���¤�Ë�¬�Å�¤���ä�Ë���;�‚���S�é�Ý�©���Ë�Ù���õ�™�Ê�Ù�™���¤�Ë�¬�Å�¤���ä�Ë

�B�™�‚�©�����‚�û�£���,�Ä�Ä���¤�Ë�¬�Å�¤���ä�Ë���‚�Ý�»���™�‚�•�©���Ë�Å�™���Ë�£���û�Ë�é
�¤�é�û�Ý���Ã�r�©�‚�ä���•�Ë���û�Ë�é���Ý�™�™���õ�¬�ä�©���û�Ë�é�Ù���Ë�õ�Å���™�û�™�Ý���Ë�é�ä

�©�™�Ù�™�ª�Ä���r�™�Ê�Ù�™���Ý�¬�ä�ä�¬�Å�¤���¬�Å���ä�©�™���•�‚�Å�Ë�™���Ë�é�ä���¬�Å���ä�©�™
�Ë�•�™�‚�Å�¤���Ë�Å�™���ä�Ë���ä�õ�Ë���Ä�¬�¾�™�Ý���Ë�£�£�Ý�©�Ë�Ù�™�£���Ã�x�™�‚�©�¤���¾�Ë�ä�Ý���Ë�£
�õ�‚�ä�™�Ù�¤���õ�™�Ä�Ù�™���¬�Å���ä�©�™���S�‚�•�¬�£�¬�•���H�•�™�‚�Å�£�Ä���Z�Ë���™�‚�•�©���Ë�Å�™
�Ë�£���û�Ë�é���‚�Ù�™���Ý�™�™�¬�Å�¤���õ�©�‚�ä���Ë�é�Ù���£�Ë�Ù�™�£�‚�ä�©�™�Ù�Ý���Ý�‚�õ���Ë�é�ä
�©�™�Ù�™�£���,�ä�Ê�Ý���‚�¾�¾���õ�¬�¾�•�¾�¬�£�™�¤���A�Ë�ä�©�™�Ù���B�‚�ä�é�Ù�™�£���Z�Ë���û�Ë�é�Ê�Ù�™
�Ý�™�™�¬�Å�¤���õ�©�‚�ä���ä�©�™�û���Ý�‚�õ�¤���•�¬�£�£�™�Ù�™�Å�ä���•�‚�û�¤���•�¬�£�£�™�Ù�™�Å�ä
�û�™�‚�Ù�¤���Ý�™�™�¬�Å�¤���ä�©�™���Ý�‚�Ä�™���Ý�ä�é�£�£�£���r�©�™�ä�©�™�Ù���û�Ë�é�Ê�Ù�™���Ë�Å

�ä�©�™���¾�™�£�ä���Ý�¬�•�™���Ë�£���ä�©�™���•�‚�Å�Ë�™���Ë�Ù���ä�©�™���Ù�¬�¤�©�ä���Ý�¬�•�™���Ë�£
�ä�©�™���•�‚�Å�Ë�™���õ�©�™�Å���û�Ë�é�Ê�Ù�™���Ö�‚�•�•�¾�¬�Å�¤�¤���û�Ë�é�Ê�Ù�™���£�™�™�¾�¬�Å�¤
�õ�©�‚�ä���ä�©�™�û���•�¬�•���™�ô�™�Ù�û���•�‚�û���Ë�£���ä�©�™�¬�Ù���¾�¬�ô�™�Ý���Ž�™�•�‚�é�Ý�™
�ä�©�™�û���õ�™�Ù�™���£�¬�Ý�©�™�Ù�Ä�™�Å�¤���©�é�Å�ä�™�Ù�Ý���‚�Å�•���¤�‚�ä�©�™�Ù�™�Ù�Ý�¤

�‚�¾�¾���Ë�£���Ë�é�Ù���£�‚�Ä�¬�¾�¬�™�Ý���Ë�Å���ä�©�™���•�Ë�‚�Ý�ä�£�Â

�����©�¬�™�£���)�Ë�õ�™�™�Ý�©�‚�ä�‚�¤�����‚�ô�™���)�é�•�Ý�Ë�Å����

�: �(�/�/���%�(�,�1�*���$�1�'
�&�/�,�0�$�7�(���&�+�$�1�*�(

����

�� �ô�™�Ù�û�ä�©�¬�Å�¤���¬�Ý���¬�Å�ä�™�Ù�õ�Ë�ô�™�Å�¦���ä�©�™���Ö�¾�‚�Å�ä�Ý�¤���‚ �Å�¬�Ä�‚ �¾�Ý�¤���‚ �Å�•
�¾�‚ �Å�•�Ý�•�‚ �Ö�™�Ý���ä�©�‚ �ä���•�©�‚ �Ù�‚ �•�ä�™�Ù�¬���™���ä�©�™���) �Ë�©���f �Ñ�� ���•�‚ �Å�Å�Ë�ä���Ž�™
�Ý�™�Ö�‚�Ù�‚ �ä�™�•���£�Ù�Ë�Ä���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý�Ä���©�™�‚�¾�ä�©���‚ �Å�•���õ�™�¾�¾�´
�Ž�™�¬�Å�¤�£���� �™�•�‚ �é�Ý�™���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���©�‚ �Ý���Ö�Ë�ä�™�Å�ä�¬�‚ �¾���ä�Ë
�•�‚ �Ä�‚ �¤�™���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���‚ �Å�•���Ö�Ù�Ë�•�™�Ý�Ý�™�Ý�¤���¬�ä���©�‚ �Ý
�Ö�Ë�ä�™�Å�ä�¬�‚ �¾���ä�Ë���•�‚ �Ä�‚ �¤�™���ä�©�™���) �Ë�©���õ�‚ �û���Ë�£���¾�¬�£�™�£���) �Ë�õ�™�ô�™�Ù�¤
�Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý���‚ �•�•�Ë�Ä�Ö�‚�Å�û���ä�©�¬�Ý���•�©�‚ �¾�¾�™�Å�¤�™�£���� �™�•�¬�Ý�¬�Ë�Å�Ý
�ä�Ë���Ö�Ù�Ë�ä�™�•�ä���‚ �Å�•���™�Å�©�‚ �Å�•�™���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���•�Ë�é�¾�•
�¬�Ä�Ö�Ù�Ë�ô�™���õ�™�¾�¾� �́Ž�™�¬�Å�¤�£���a�©�™���) �Ë�©���a�Ù�¬�Ž�™���©�‚ �Ý���‚ �•�‚ �Ö�ä�™�•���ä�Ë
�•�©�‚ �Å�¤�™���ä�©�Ù�Ë�é�¤�©�Ë�é�ä���ä�©�™���¤�™�Å�™�Ù�‚�ä�¬�Ë�Å�Ý�£���a�©�™�û���õ�¬�¾�¾
�•�Ë�Å�ä�¬�Å�é�™���ä�Ë���‚ �•�‚ �Ö�ä�¤���¤�é�¬�•�™�•���Ž�û���ä�©�™�¬�Ù���•�é�¾�ä�é�Ù�‚ �¾���ô�‚ �¾�é�™�Ý�£

�a�©�¬�Ý���Ý�™�•�ä�¬�Ë�Å���Ý�©�‚ �Ù�™�Ý���Ý�Ë�Ä�™���Ö�™�Ù�Ý�Ö�™�•�ä�¬�ô�™�Ý���£�Ù�Ë�Ä���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���Ë�Å���ä�©�™���¬�Ä�Ö�‚�•�ä�Ý���Ë�£���™�Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä�‚ �¾���•�©�‚ �Å�¤�™�£
�#�Ë�Ù���Ä�Ë�Ù�™�¤���Ý�™�™���� �Ö�Ö�™�Å�•�¬�ú���� �£��

�Á���½�a�©�™���Ë�•�™�‚�Å���¬�Ý�¾���õ�©�™�Ù�™���,���Ž�™�¾�Ë�Å�¤�£�£�£�,�ä�Ê�Ý���¸�é�Ý�ä���Ä�™
�‚�Å�•���‚���•�Ù�™�õ���•�Ë�¬�Å�¤�£�£�£�õ�©�‚�ä���é�Ý���‚�Ý���Ö�™�Ë�Ö�¾�™���õ�™�Ù�™
�Ä�™�‚�Å�ä���ä�Ë���•�Ë���‚�Å�û�õ�‚�û�£���r�™���¾�¬�ô�™���Ë�Å���‚���•�Ë�‚�Ý�ä���£�Ë�Ù

�‚���Ù�™�‚�Ý�Ë�Å�£���Z�Ë���õ�™�Ê�Ù�™���•�Ë�‚�Ý�ä�‚�¾���£�¬�Ý�©�™�Ù�Ä�™�Å�£
�a�©�‚�ä�Ê�Ý���‚�¾�õ�‚�û�Ý���¸�é�Ý�ä���Ž�™�™�Å���‚���•�Ù�¬�ô�™���Ë�£���Ä�¬�Å�™�£�Â��

�7�Ë�™���)�é�•�Ý�Ë�Å�¢

�,�� �� �B�a�,�a�x��



�� �A�H�a�,�H�B�� �;���,�A�S�� �� �a���H�#���� �H�� �Z�a�� �;���� �V�H�Z�,�H�B

�Á�r�™���é�Ý�™�•���ä�Ë���Ž�™���‚�Ž�¾�™���ä�Ë���©�‚�ô�™���‚���Ù�Ë�‚�•���Ë�Å���ä�©�™���Ù�¬�¤�©�ä���Ý�¬�•�™���õ�©�™�Å���û�Ë�é���¤�™�ä���ä�Ë���ä�©�™
�Ž�™�‚�•�©���ä�Ë���¤�Ë���Ë�Å���ä�Ë���ä�©�™���Ù�¬�ô�™�Ù�£���r�©�™�Å���ä�©�™���Ù�¬�ô�™�Ù���‚�Å�•���ä�©�™���»�¬�Å�¤���ä�¬�•�™�Ý���•�‚�Ä�™�¤���‚�Å�•

�ä�©�™���Ý�ä�Ë�Ù�Ä�Ý�¤���ä�©�™�û���¸�é�Ý�ä���õ�¬�Ö�™�•���™�ô�™�Ù�û�ä�©�¬�Å�¤���‚�õ�‚�û�£���a�©�™�����Ù�Ä�û�����Ë�Ù�Ö�Ý���©�‚�•���ä�Ë���•�Ë�Ä�™
�¬�Å���‚�Å�•���•�¬�¤���Ž�¬�¤���©�Ë�¾�™�Ý���‚�Å�•���Ö�é�ä���Ž�¬�¤���Ù�Ë�•�»�Ý�£���r�©�™�Å���,���Ý�‚�õ���¬�ä�¤���,���•�Ù�¬�™�•�£�£�£�,�Ä�Ä���¾�¬�»�™���Ê�r�Ë�õ�£
�a�©�¬�Ý���¬�Ý���Ë�é�Ù���‚�Å�•�¬�™�Å�ä���ô�¬�¾�¾�‚�¤�™�£���a�©�¬�Ý���¬�Ý���Ë�é�Ù���©�Ë�Ä�™�£���r�™���•�‚�Å�Ä�ä���•�Ù�¬�ô�™���•�Ë�õ�Å���ä�©�™�Ù�™�£�Ê���,�ä
�õ�‚�Ý���Ù�™�‚�¾�¾�û���Ý�©�Ë�•�»�¬�Å�¤�¤���‚�Å�•���,���•�Ù�¬�™�•�£�����é�ä���Å�Ë�õ���õ�™���õ�¬�¾�¾���Ë�Ö�™�Å���ä�©�™���Ë�ä�©�™�Ù���Ý�¬�•�™�£�£�£�Ý�Ë
�õ�™���©�‚�ô�™���Ù�¬�ô�™�Ù���‚�•�•�™�Ý�Ý���Ž�™�•�‚�é�Ý�™���ä�©�‚�ä�Ê�Ý���Ë�é�Ù���™�¾�•�™�Ù�Ý�¤���Ë�é�Ù���£�¬�Ý�©�™�Ù�Ä�™�Å�¤���Ë�é�Ù���»�¬�•�Ý�£�£�£

�r�™���‚�¾�¾���¤�Ë���•�Ë�õ�Å���ä�©�™�Ù�™�£���a�©�‚�ä�Ê�Ý���‚���ô�™�Ù�û���Ý�‚�•�Ù�™�•���Ö�¾�‚�•�™���£�Ë�Ù���é�Ý�£�Â��

�)�Ë�©���a�Ù�¬�Ž�‚�¾���A�™�Ä�Ž�™�Ù����

�Á�;�¬�»�™���������û�™�‚�Ù�Ý���‚�¤�Ë�¤���,���Ž�Ù�Ë�é�¤�©�ä���ä�©�™�Ä���Ë�é�ä���ä�Ë
�ä�©�™���Ž�™�‚�•�©�¤�������»�¬�•�Ý�¤�������»�¬�•�Ý�£���,���Ž�Ù�Ë�é�¤�©�ä���¾�é�Å�•�©

�‚�Å�•���•�Ù�¬�Å�»�Ý���£�Ë�Ù���ä�©�™�Ä���‚�Å�•���•�©�¬�Ö�Ý�£���,�Ê�Ä���Ž�Ù�¬�Å�¤�¬�Å�¤
�ä�©�™�Ä���ä�Ë���ä�©�™���ä�¬�•�™���Ö�Ë�Ë�¾�Ý���‚�Å�•���ä�©�™�Ù�™�Ê�Ý���Å�Ë�ä�©�¬�Å�¤

�¬�Å���ä�©�™�Ù�™�£���,�Ê�Ä���Ý�©�Ë�õ�¬�Å�¤���ä�©�™�Ä���ä�©�‚�ä���ä�©�™�Ù�™�Ê�Ý
�Ý�é�Ö�Ö�Ë�Ý�™�•���ä�Ë���Ž�™���Ý�ä�é�£�£���¬�Å���ä�©�¬�Ý���ä�¬�•�™���Ö�Ë�Ë�¾�¤���Ž�é�ä
�ä�©�™�Ù�™�Ê�Ý���Å�Ë���Ý�ä�‚�Ù�£�¬�Ý�©�¤���Å�Ë���Ä�é�Ý�Ý�™�¾�Ý�¤���Å�Ë���Ž�Ë�Ë�ä�Ý�£
�r �™���•�Ë�Å�Ê�ä���¤�™�ä���ä�Ë���Ý�™�™���ä�©�Ë�Ý�™���¾�¬�ä�ä�¾�™���Ý�Å�‚�¬�¾�Ý�£���Â��

�q�¬�ô�¬�‚�Å���;�™�™

�Z�S�� �� �,�� �Z���Z�) �,�#�a�Z���� �B��
�9�B�H�r �;�� �� �$�� ���Z�) �� �V�,�B�$

�: �(�/�/���%�(�,�1�*���$�1�' ���&�/�,�0�$�7�(���&�+�$�1�*�(

����

�,�B�#�V�,�B�$�� �A�� �B�a���H�B���a�V�� �� �a�x���V�,�$�) �a�Z

�Á�a�©�™�û�Ê�Ù�™���™�ô�™�Å���ä�Ù�û�¬�Å�¤���ä�Ë���¤�™�ä���é�Ý���Ë�£�£���Ë�£���ä�©�™
�Ž�™�‚�•�©���£�Ù�Ë�Ä���•�¾�‚�Ä�Ä�¬�Å�¤���Ž�™�•�‚�é�Ý�™���ä�©�™�û���ä�©�¬�Å�»
�ä�©�‚�ä���õ�™�Ê�Ù�™���Ë�Å�¾�û���Ý�é�Ö�Ö�Ë�Ý�™�•���ä�Ë���©�‚�ô�™���‚���¾�¬�Ä�¬�ä

�õ�©�™�Å���ä�©�™�û���©�‚�ô�™���Å�Ë���•�¾�é�™���õ�©�‚�ä���»�¬�Å�•���Ë�£
�B�‚�ä�¬�ô�™���õ�™���‚�Ù�™�¤���)�Ë�©���V�¬�ô�™�Ù���Ë�Ù���U�é�¬�¾�™�é�ä�™���Ë�Ù
�U�é�¬�Å�‚�é�¾�ä�£���a�©�™�û���•�Ë�Å�Ê�ä���»�Å�Ë�õ�¤���Ž�é�ä���ä�©�™�û�Ê�Ù�™

�Ù�™�‚�•�û���ä�Ë���ä�‚�»�™���Ë�é�Ù���Ž�é�•�»�™�ä�Ý���‚�Å�•���õ�™���¾�¬�£�ä���Ë�é�Ù
�Ý�©�Ë�ô�™�¾�Ý���‚�Å�•���Ý�‚�û���Ã���Ë�Ä�™���‚�Å�•���ä�Ù�û���¬�ä�¤���A�¬�Ý�ä�™�Ù�£

�r �™�Ê�Ù�™���•�‚�¾�¾�¬�Å�¤���û�Ë�é�Ù���Ý�é�Ö�™�Ù�ô�¬�Ý�Ë�Ù���õ�©�™�Å���õ�™���¤�™�ä
�ä�Ë���ä�©�™���•�‚�Ù���‚�Å�•���û�Ë�é�Ê�Ù�™���¤�Ë�¬�Å�¤���ä�Ë���¤�™�ä

�ä�Ù�‚�Å�Ý�£�™�Ù�Ù�™�•���Ž�™�•�‚�é�Ý�™���Ë�£���õ�©�‚�ä���û�Ë�é���¸�é�Ý�ä���•�¬�•�£
�x�Ë�é�Ê�Ù�™���ä�Ù�û�¬�Å�¤���ä�Ë���Ö�Ù�™�ô�™�Å�ä���Ä�™���£�Ù�Ë�Ä���•�Ë�¬�Å�¤

�õ�©�‚�ä���,���•�Ë���ä�Ë���Ý�é�Ù�ô�¬�ô�™�£���a�©�¬�Ý���¬�Ý���Ë�é�Ù���•�é�¾�ä�é�Ù�™�¤���Å�Ë�ä
�û�Ë�é�Ù�Ý�£���,�ä�Ê�Ý���Å�Ë�ä���Ö�‚�Ù�ä���Ë�£���ä�©�™���Ö�‚�Ù�»�£���x�Ë�é�Ù���Ö�‚�Ù�»���¬�Ý

�Ù�¬�¤�©�ä���ä�©�™�Ù�™���‚�ä���ä�©�™���™�Å�•���Ë�£���ä�©�‚�ä���¾�¬�Å�™�£���a�©�¬�Ý
�Ë�•�™�‚�Å���•�Ë�™�Ý���Å�Ë�ä���Ž�™�¾�Ë�Å�¤���ä�Ë���ä�©�™���Ö�‚�Ù�»�£�����é�ä���¬�ä

�Ž�™�¾�Ë�Å�¤�Ý���ä�Ë���é�Ý�£�Ä�Â
��

�q�¬�ô�¬�‚�Å���;�™�™

�Á�a�©�™�Ù�™���õ�‚�Ý���¸�é�Ý�ä���Ý�Ë���Ä�é�•�©���£�¬�Ý�©���Ž�‚�•�»���¬�Å���ä�©�™
�•�‚�û���ä�©�™�Ù�™�£���B�Ë�õ�‚�•�‚�û�Ý�¤���Ä�‚�Å�¤���ä�©�™�Ù�™���‚�Ù�™�Å�Ä�ä

�‚�Å�û���Ý�™�‚�Ý�Ë�Å�Ý���ä�Ë���Ä�‚�»�™���‚���¾�¬�ô�¬�Å�¤���Ë�£�£���Ë�£�£�Â�¢�¢

�V�¬�•�©�‚�Ù�•���Z�©�™�Ù�¬�£�£�¢

�� �� �H�B�H�A�,�� ���,�A�S�� �� �a�Z

�S�©�Ë�ä�Ë���Ž�û���9�¬�Ä���� �Ù�‚ �û



�a�©�™���) �Ë�©���a�Ù�¬�Ž�™���•�é�Ù�Ù�™�Å�ä�¾�û���©�‚ �Ý���Ä�‚ �Å�û���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ý���é�Å�•�™�Ù�õ�‚ �û���ä�Ë���Ý�ä�Ù�™�Å�¤�ä�©�™�Å���õ�™�¾�¾� �́Ž�™�¬�Å�¤���‚ �Å�•���Ž�é�¬�¾�•���•�¾�¬�Ä�‚ �ä�™
�Ù�™�Ý�¬�¾�¬�™�Å�•�™�£���a�Ë���Ý�é�Ö�Ö�Ë�Ù�ä���ä�©�Ë�Ý�™���‚ �Å�•���Ë�£�£�™�Ù���‚ �•�•�¬�ä�¬�Ë�Å�‚ �¾���¬�•�™�‚ �Ý���‚ �Ž�Ë�é�ä���‚ �•�ä�¬�Ë�Å�Ý���ä�©�™���a�Ù�¬�Ž�™���•�Ë�é�¾�•���Ö�é�Ù�Ý�é�™�¤���©�™�Ù�™
�‚ �Ù�™���‚ ���£�™�õ���¬�•�™�‚ �Ý���£�Ë�Ù���a�Ù�¬�Ž�‚ �¾���Ý�ä�‚ �£�£�¤���¤�Ë�ô�™�Ù�Å�Ä�™�Å�ä�¤���‚ �Å�•���Ä�™�Ä�Ž�™�Ù�Ý���ä�Ë���™�ú�Ö�¾�Ë�Ù�™�£���a�©�™���Ý�ä�‚ �Ù�Ý���¹�®�º���¬�Å�•�¬�•�‚ �ä�™���¬�•�™�‚ �Ý
�Ë�£�£�™�Ù�™�•���Ž�û���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���¬�Å���ä�©�™���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���¬�Å�ä�™�Ù�ô�¬�™�õ�Ý�£��

�S�Ù�Ë�ä�™�•�ä�¤���•�Ë�Å�Ý�™�Ù�ô�™�¤���‚ �Å�•���Ù�™�Ý�ä�Ë�Ù�™���‚ �¾�¾���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���‚ �Å�•���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý���õ�¬�ä�©�¬�Å���ä�©�™���f �Ñ�� �¤
�¬�Å�•�¾�é�•�¬�Å�¤���ä�©�™���Ä�Ë�Ý�ä���ô�é�¾�Å�™�Ù�‚�Ž�¾�™���¾�¬�»�™���£�¬�Ý�©���©�‚ �Ž�¬�ä�‚ �ä�¤���õ�™�ä�¾�‚�Å�•�Ý�¤���Ù�¬�Ö�‚ �Ù�¬�‚ �Å���Ž�é�£�£�™�Ù�Ý�¤���‚ �Å�•���ä�¬�•�‚ �¾�����Ë�Å�™�Ý�®��
�,�Å�•�Ù�™�‚�Ý�™���a�Ù�¬�Ž�‚ �¾���•�Ë� �́Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���°���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���‚ �Å�•���™�Å�Ý�é�Ù�™���ä�©�‚ �ä���ä�©�™���a�Ù�¬�Ž�™���¬�Ý���‚ �Ö�Ö�Ù�Ë�Ö�Ù�¬�‚ �ä�™�¾�û
�•�Ë�Å�Ý�é�¾�ä�™�•���Ë�Å���‚ �¾�¾���•�™�•�¬�Ý�¬�Ë�Å�Ý���ä�©�‚ �ä���Ä�¬�¤�©�ä���‚ �£�£�™�•�ä���•�é�¾�ä�é�Ù�‚ �¾���‚ �Å�•���ä�Ù�™�‚�ä�û���Ù�™�Ý�Ë�é�Ù�•�™�Ý�®
�A�‚ �¬�Å�ä�‚ �¬�Å���‚ �Å�•���•�Ù�™�‚�ä�™���Ý�ä�Ù�¬�•�ä���Ë�Ù�•�¬�Å�‚ �Å�•�™�Ý���‚ �Å�•���Ö�Ù�Ë�ä�™�•�ä�¬�Ë�Å�Ý���‚ �¤�‚ �¬�Å�Ý�ä���Ö�Ë�¾�¾�é�ä�¬�Ë�Å���Ë�£���‚ �¾�¾���»�¬�Å�•�Ý�®
�) �Ë�Ý�ä���Ö�Ë�ä�¾�‚�ä�•�©�™�Ý�¤���•�Ù�é�Ä���•�¬�Ù�•�¾�™�Ý�¤���‚ �Å�•���•�é�¾�ä�é�Ù�‚ �¾���™�ô�™�Å�ä�Ý���õ�¬�ä�©���ä�©�™���õ�©�Ë�¾�™���•�Ë�Ä�Ä�é�Å�¬�ä�û�®
�V�™�ä�Ù�Ë�£�¬�ä���‚ �Å�•���Ž�é�¬�¾�•���Å�™�õ���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™���õ�¬�ä�©���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���¬�Å���Ä�¬�Å�•�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ù�Ë�‚ �•�Ý�¤
�©�Ë�é�Ý�¬�Å�¤�¤���‚ �Å�•���é�ä�¬�¾�¬�ä�¬�™�Ý
�V�™�Ý�™�‚�Ù�•�©���‚ �Å�•���™�Ä�Ö�¾�Ë�û���õ�‚ �ä�™�Ù���Ý�‚ �ô�¬�Å�¤���ä�™�•�©�Å�¬�Ø�é�™�Ý���ä�Ë���™�Å�Ý�é�Ù�™���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™���™�Å�Ë�é�¤�©
�õ�‚ �ä�™�Ù���¬�Å���ä�¬�Ä�™�Ý���Ë�£���•�Ù�Ë�é�¤�©�ä��
�#�é�Å�•���‚ �Å�•���Ý�é�Ö�Ö�Ë�Ù�ä���Ù�Ë�Ž�é�Ý�ä���™�Ä�™�Ù�¤�™�Å�•�û���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ý
�Z�é�Ö�Ö�Ë�Ù�ä���‚ �Å�•���¬�Å�•�Ù�™�‚�Ý�™���Ë�Å�¤�Ë�¬�Å�¤���•�é�¾�ä�é�Ù�‚ �¾���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ä�¬�Å�¤�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý���£�Ë�Ù���û�Ë�é�ä�©�®
�� �Ë�Å�ä�¬�Å�é�™���Ý�ä�Ù�Ë�Å�¤���Ö�‚ �Ù�ä�¬�•�¬�Ö�‚ �ä�¬�Ë�Å���¬�Å���ä�©�™���a�Ù�¬�Ž�‚ �¾���� �‚ �Å�Ë�™���7�Ë�é�Ù�Å�™�û�¤���‚ ���ä�Ù�‚ �•�¬�ä�¬�Ë�Å���Ý�ä�‚ �Ù�ä�™�•���Ž�û���� �©�¬�™�£
�) �Ë�õ�™�™�Ý�©�‚�ä�‚ �¤���� �‚ �ô�™���) �é�•�Ý�Ë�Å�¤���õ�¬�ä�©���Ë�ä�©�™�Ù�Ý
�� �ú�Ö�‚ �Å�•���™�•�Ë�Å�Ë�Ä�¬�•���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý���£�Ë�Ù���ä�©�™���a�Ù�¬�Ž�™
�� �Ë�Å�ä�¬�Å�é�™���ä�Ë���é�Ý�™���‚ �Å�•���ä�™�‚�•�©���Ý�é�Ý�ä�‚ �¬�Å�‚ �Ž�¾�™���©�‚ �Ù�ô�™�Ý�ä�¬�Å�¤���Ö�Ù�‚ �•�ä�¬�•�™�Ý�®
�� �•�ô�Ë�•�‚ �ä�™���£�Ë�Ù���¤�¾�Ë�Ž�‚ �¾���Ù�™�•�é�•�ä�¬�Ë�Å���Ë�£���•�‚ �Ù�Ž�Ë�Å���™�Ä�¬�Ý�Ý�¬�Ë�Å�Ý���¬�Å���•�Ë�‚ �¾�¬�ä�¬�Ë�Å���õ�¬�ä�©���Ë�ä�©�™�Ù���,�Å�•�¬�¤�™�Å�Ë�é�Ý
�¤�Ù�Ë�é�Ö�Ý��
�,�Å�•�Ù�™�‚�Ý�™���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���Ä�Ë�Å�¬�ä�Ë�Ù�¬�Å�¤���‚ �Å�•���Ö�Ù�Ë�ä�™�•�ä�¬�Ë�Å���™�£�£�Ë�Ù�ä�Ý�®
�S�é�Ù�Ý�é�™���™�Å�™�Ù�¤�û���Ý�Ë�ô�™�Ù�™�¬�¤�Å�ä�û���õ�©�¬�¾�™���Ö�Ù�Ë�ä�™�•�ä�¬�Å�¤���ä�©�™���) �Ë�©���õ�‚ �û���Ë�£���¾�¬�£�™���‚ �Å�•���Ù�™�Ý�Ë�é�Ù�•�™�Ý
�,�Å�•�Ù�™�‚�Ý�™���¾�‚ �Å�•���Ž�‚ �•�»�¤���™�ú�Ö�‚�Å�•�¬�Å�¤���ä�©�™���‚ �Ù�™�‚���ä�©�‚ �ä���ä�©�™���a�Ù�¬�Ž�™���•�‚ �Å���Ý�ä�™�õ�‚ �Ù�•�®

�$�&�7�,�2�1�6���7�2���6�7�5�(�1�*�7�+�(�1���: �(�/�/���%�(�,�1�*

����

�� �Ù�é�Ä�Ä�¬�Å�¤���‚ �Å�•���Ý�¬�Å�¤�¬�Å�¤���‚ �ä���ä�©�™���Ë�¾�•���ô�¬�¾�¾�‚�¤�™���Ý�¬�ä�™���•�é�Ù�¬�Å�¤���ä�©�™������ ���� ���) �Ë�©���r �‚ �ä�™�Ù�Ý�©�™�•���� �•�ô�™�Å�ä�é�Ù�™���� �‚ �Ä�Ö�£
�Z�ä�‚ �Ù�ä�¬�Å�¤���£�Ù�Ë�Ä���ä�©�™���¾�™�£�ä���Ý�¬�•�™���Ë�£���ä�©�™���•�¬�Ù�•�¾�™�¤���Ö�™�Ë�Ö�¾�™���Ö�¬�•�ä�é�Ù�™�•���‚ �Ù�™���� �Ù�™�Å�•�‚ ���;�™�™�¤���A�û�‚ ���#�¬�Ý�©�™�Ù�¤���Z�Ë�Å��̧‚ ���) �é�•�Ý�Ë�Å�¤���V�é�Ž�û���Z�©�™�Ù�¬�£�£�¤���q�¬�ô�¬�‚ �Å

�;�™�™�¤���� �©�¬�™�£���) �Ë�õ�™�™�Ý�©�‚�ä�‚ ���� �‚ �ô�™���) �é�•�Ý�Ë�Å�¤���$�™�Å�™���Z�‚ �Ä�Ö�Ý�Ë�Å�¤���‚ �Å�•���7�‚ �û���S�Ë�õ�™�¾�¾�£���S�©�Ë�ä�Ë���Ž�û���9�™�¾�¾�û���V�Ë�Ý�‚ �¾�™�Ý



�� �¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���Ä�¬�ä�¬�¤�‚ �ä�¬�Ë�Å���Ù�™�Ø�é�¬�Ù�™�Ý���Ý�ä�Ë�Ö�Ö�¬�Å�¤���£�Ë�Ý�Ý�¬�¾���£�é�™�¾���é�Ý�™�£���) �Ë�õ�™�ô�™�Ù�¤���™�Å�™�Ù�¤�û���¬�Ý���™�Ý�Ý�™�Å�ä�¬�‚ �¾���£�Ë�Ù���©�é�Ä�‚ �Å
�©�™�‚ �¾�ä�©���Ý�Ë���Ž�é�¬�¾�•�¬�Å�¤���Ù�™�Å�™�õ�‚ �Ž�¾�™���Ý�Ë�é�Ù�•�™�Ý���ä�©�‚ �ä���•�Ë�Å�Ä�ä���©�‚ �Ù�Ä���a�Ù�¬�Ž�‚ �¾���•�é�¾�ä�é�Ù�‚ �¾���‚ �Å�•���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý���¬�Ý���‚
�Å�™�•�™�Ý�Ý�¬�ä�û�£���� �™�•�‚ �é�Ý�™���™�Å�™�Ù�¤�û���¬�Ý���‚ ���•�™�Å�ä�Ù�‚ �¾���ä�Ë�Ö�¬�•���¬�Å���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���•�Ë�Å�ô�™�Ù�Ý�‚ �ä�¬�Ë�Å�Ý�¤���©�™�Ù�™���¬�Ý���‚ ���Ž�Ù�¬�™�£���¾�Ë�Ë�»
�¬�Å�ä�Ë���™�Å�™�Ù�¤�û���Ù�™�Ý�¬�¾�¬�™�Å�•�û���Ë�Å���ä�©�™���) �Ë�©���,�Å�•�¬�‚ �Å���V�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�£

�� �é�Ù�Ù�™�Å�ä�¾�û�¤���‚ �¾�¾���ä�©�™���™�Å�™�Ù�¤�û���é�Ý�™�•���Ë�Å���ä�©�™���) �Ë�©���,�Å�•�¬�‚ �Å���V�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å���‚ �Ù�Ù�¬�ô�™�Ý���£�Ù�Ë�Ä���‚ ���Ý�¬�Å�¤�¾�™���ä�Ù�‚ �Å�Ý�Ä�¬�Ý�Ý�¬�Ë�Å���¾�¬�Å�™
�Ë�õ�Å�™�•���Ž�û���ä�©�™���� �Ë�Å�Å�™�ô�¬�¾�¾�™���S�Ë�õ�™�Ù���� �•�Ä�¬�Å�¬�Ý�ä�Ù�‚ �ä�¬�Ë�Å���¹�� �S�� �¤���Å�£�•�£�º�£���a�©�¬�Ý���¾�¬�Å�™���•�é�Ù�ô�™�Ý���‚ �Ù�Ë�é�Å�•���ä�©�™���) �Ë�Ë�•���� �‚ �Å�‚ �¾
�‚ �Å�•���Ž�Ù�¬�Å�¤�Ý���™�Å�™�Ù�¤�û���Å�Ë�Ù�ä�©���‚ �¾�Ë�Å�¤���ä�©�™���™�‚�Ý�ä���Ý�¬�•�™���Ë�£���ä�©�™���H�¾�û�Ä�Ö�¬�•���S�™�Å�¬�Å�Ý�é�¾�‚�£���7�é�Ý�ä���™�‚�Ý�ä���Ë�£���� �™�‚�ô�™�Ù�¤���Ý�Ä�‚ �¾�¾�™�Ù
�ä�Ù�‚ �Å�Ý�Ä�¬�Ý�Ý�¬�Ë�Å���¾�¬�Å�™�Ý���Ž�™�Å�•���Ý�Ë�é�ä�©���ä�©�Ù�Ë�é�¤�©���#�Ë�Ù�»�Ý���‚ �Å�•���•�‚ �Ù�Ù�û���™�Å�™�Ù�¤�û���ä�Ë���ä�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�£���a�©�™���™�Å�™�Ù�¤�û���¾�¬�Å�™�Ý
�‚ �Ù�™���‚ �¾�ä�™�Ù�Å�‚ �ä�¬�ô�™�¾�û���Ë�õ�Å�™�•���Ž�û���� �S�� ���‚ �Å�•���� �¾�‚ �¾�¾�‚�Ä���S�é�Ž�¾�¬�•���f �ä�¬�¾�¬�ä�û���� �¬�Ý�ä�Ù�¬�•�ä���¹�S�f �� �º�£���� �™�•�‚ �é�Ý�™���ä�©�¬�Ý���™�¾�™�•�ä�Ù�¬�•�¬�ä�û
�•�Ë�Ä�™�Ý���£�Ù�Ë�Ä���‚ ���Ý�¬�Å�¤�é�¾�‚ �Ù���Ý�Ë�é�Ù�•�™�¤���¬�ä���©�‚ �Ý���Ä�é�¾�ä�¬�Ö�¾�™���ô�é�¾�Å�™�Ù�‚ �Ž�¬�¾�¬�ä�¬�™�Ý�¦���Ë�é�ä�‚ �¤�™�Ý���‚ �Å�û�õ�©�™�Ù�™���‚ �¾�Ë�Å�¤���ä�©�™���¾�¬�Å�™���•�‚ �Å
�‚ �£�£�™�•�ä���ä�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�£���r �¬�Å�ä�™�Ù���Ý�ä�Ë�Ù�Ä�Ý���‚ �Å�•���ä�Ù�™�™�Ý���Ë�£�ä�™�Å���ä�‚ �»�™���Ë�é�ä���¾�¬�Å�™�Ý���‚ �Å�•�¤���õ�©�™�Å���ä�©�™�û���•�Ë�¤���ä�©�™���‚ �Ä�Ë�é�Å�ä
�Ë�£���ä�¬�Ä�™���¬�ä���ä�‚ �»�™�Ý���ä�Ë���Ù�™�Ý�ä�Ë�Ù�™���Ö�Ë�õ�™�Ù���•�™�Ö�™�Å�•�Ý���Ë�Å���©�Ë�õ���£�‚ �Ý�ä���‚ ���•�Ù�™�õ���•�‚ �Å���¤�™�ä���ä�©�™�Ù�™�£���� �é�Ù�Ù�™�Å�ä�¾�û�¤���� �S�� ���•�Ë�™�Ý�Å�Ä�ä
�‚ �¾�¾�Ë�õ���Ë�ä�©�™�Ù���•�Ë�Ä�Ö�‚�Å�¬�™�Ý���ä�Ë���õ�Ë�Ù�»���Ë�Å���ä�©�™�¬�Ù���¾�¬�Å�™�Ý���‚ �Å�•���ä�©�™�û���•�Ë�Å�Ä�ä���Ý�ä�‚ �ä�¬�Ë�Å���™�Ä�Ö�¾�Ë�û�™�™�Ý���Ë�Å���ä�©�™���Ö�™�Å�¬�Å�Ý�é�¾�‚�£���,�£
�ä�©�™���Ý�ä�Ë�Ù�Ä�Ý���•�‚ �é�Ý�™���Ë�ä�©�™�Ù���Ö�Ù�Ë�Ž�¾�™�Ä�Ý�¤���¾�¬�»�™���¾�‚ �Å�•�Ý�¾�¬�•�™�Ý���Ë�Ù���‚ ���) �Ë�Ë�•���� �‚ �Å�‚ �¾���� �Ù�¬�•�¤�™���•�¾�Ë�Ý�é�Ù�™�¤���ä�©�™���Ù�™�Ý�Ö�Ë�Å�Ý�™���ä�¬�Ä�™
�¬�Ý���£�é�Ù�ä�©�™�Ù���•�™�¾�‚�û�™�•�¤���¾�™�Å�¤�ä�©�™�Å�¬�Å�¤���ä�©�™���Ö�Ë�õ�™�Ù���Ë�é�ä�‚ �¤�™�£���,�Å���ä�©�™���•�‚ �Ý�™���Ë�£���‚ ���Ä�‚ ��̧Ë�Ù���™�‚�Ù�ä�©�Ø�é�‚ �»�™�¤���ä�©�™���™�Å�ä�¬�Ù�™
�Ö�™�Å�¬�Å�Ý�é�¾�‚���•�Ë�é�¾�•���Ž�™���Ë�é�ä���Ë�£���Ö�Ë�õ�™�Ù���£�Ë�Ù���Å�™�‚�Ù�¾�û���‚ ���û�™�‚�Ù���¹�9�£���� �£�£�™�¾�•���Ñ���;�£���;�™�Ý�Ý�™�Ù�¤���Ö�™�Ù�Ý�Ë�Å�‚ �¾���•�Ë�Ä�Ä�é�Å�¬�•�‚ �ä�¬�Ë�Å�¤
�� �Ö�Ù�¬�¾������ �¤������ ���� �º�£��

����

�Z�Ë�é�Ù�•�™�¥���A�‚ �Ö���Ë�Ù�¬�¤�¬�Å�‚ �¾�¾�û���£�Ù�Ë�Ä���� �¾�‚ �¾�¾�‚�Ä���S�f �� ���Ž�é�ä���ä�‚ �»�™�Å���£�Ù�Ë�Ä���‚ ���B�H�� �� ���Ö�Ù�™�Ý�™�Å�ä�‚ �ä�¬�Ë�Å��

�a�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�¤���Ù�Ë�é�¤�©�¾�û���Ù�™�Ö�Ù�™�Ý�™�Å�ä�™�•���Ž�û���ä�©�™���Ž�¾�é�™���Ý�ä�‚ �Ù���Ë�Å���ä�©�™���Ä�‚ �Ö�¤���¬�Ý���¬�Å���‚ �Å���‚ �Ù�™�‚
�Ý�é�Ž��̧™�•�ä���ä�Ë���£�Ù�™�Ø�é�™�Å�ä���™�Å�™�Ù�¤�û���Ë�é�ä�‚ �¤�™�Ý�£��



����

�A�¬�•�Ù�Ë�¤�Ù�¬�•���Ý�é�•�•�™�Ý�Ý���Ý�ä�Ë�Ù�û

���,�Å������ �����¤���ä�©�™���� �¾�é�™���;�‚ �»�™���V�‚ �Å�•�©�™�Ù�¬�‚ ���a�Ù�¬�Ž�™���¬�Å���� �‚ �¾�¬�£�Ë�Ù�Å�¬�‚ ���¬�Å�Ý�ä�‚ �¾�¾�™�•���‚ ���ä�� �£�����Ä�¬�¾�¾�¬�Ë�Å���•�Ë�¾�¾�‚�Ù���Ä�¬�•�Ù�Ë�¤�Ù�¬�•���•�Ë�Å�Ý�¬�Ý�ä�¬�Å�¤���Ë�£���‚
�� �£�� �A�r ���Ý�Ë�¾�‚�Ù���Ý�û�Ý�ä�™�Ä���õ�¬�ä�©���‚ ���� �� �� �»�r ���Ž�‚ �ä�ä�™�Ù�û���Ý�ä�Ë�Ù�‚ �¤�™���Ý�û�Ý�ä�™�Ä�£���a�©�¬�Ý���Ý�û�Ý�ä�™�Ä���•�‚ �Å���Ö�Ù�Ë�ô�¬�•�™���™�Å�™�Ù�¤�û���£�Ë�Ù���Ý�¬�ú���Ž�é�¬�¾�•�¬�Å�¤�Ý�¤
�¬�Å�•�¾�é�•�¬�Å�¤���¤�Ë�ô�™�Ù�Å�Ä�™�Å�ä���Ë�£�£�¬�•�™�Ý���‚ �Å�•���‚ �Å���� �Ä�™�Ù�¬�•�‚ �Å���V�™�•���� �Ù�Ë�Ý�Ý���Ý�©�™�¾�ä�™�Ù�£���,�Å������ ���� �¤���õ�©�™�Å���ä�©�™���é�ä�¬�¾�¬�ä�û���•�Ë�Ä�Ö�‚�Å�û���S�‚ �•�¬�£�¬�•
�$�‚ �Ý���Ñ���� �¾�™�•�ä�Ù�¬�•���©�‚ �•���ä�Ë���Ý�©�é�ä���Ë�£�£���Ö�Ë�õ�™�Ù���ä�Ë�������Ä�¬�¾�¾�¬�Ë�Å���Ö�™�Ë�Ö�¾�™���¬�Å���Å�Ë�Ù�ä�©�™�Ù�Å���� �‚ �¾�¬�£�Ë�Ù�Å�¬�‚ �¤���ä�©�™���a�Ù�¬�Ž�™�Ä�Ý���Ä�¬�•�Ù�Ë�¤�Ù�¬�•���õ�‚ �Ý���‚ �Ž�¾�™
�ä�Ë���•�Ë�Å�ä�¬�Å�é�™���Ë�Ö�™�Ù�‚�ä�¬�Å�¤�£���a�©�™�û���Ž�™�•�‚ �Ä�™���‚ �Å���™�Ý�Ý�™�Å�ä�¬�‚ �¾���™�Ä�™�Ù�¤�™�Å�•�û���Ù�™�Ý�Ö�Ë�Å�•�™�Ù�¤���Ý�™�Ù�ô�¬�Å�¤���Ä�Ë�Ù�™���ä�©�‚ �Å������ �¤�� �� �� ���Ö�™�Ë�Ö�¾�™

�•�é�Ù�¬�Å�¤���ä�©�™���•�‚ �û� �́¾�Ë�Å�¤���Ë�é�ä�‚ �¤�™�£���a�©�™�û���©�Ë�Ý�ä�™�•���™�¬�¤�©�ä���•�Ù�¬�ä�¬�•�‚ �¾�¾�û���¬�¾�¾���Ö�‚ �ä�¬�™�Å�ä�Ý���¬�Å���ä�©�™�¬�Ù���£�é�Å�•�ä�¬�Ë�Å�¬�Å�¤���©�Ë�ä�™�¾���Ù�Ë�Ë�Ä�Ý�¤���Ö�Ù�Ë�ô�¬�•�™�•
�‚ ���Ý�Ö�‚ �•�™���£�Ë�Ù���ä�©�™���¾�Ë�•�‚ �¾���Å�™�õ�Ý�Ö�‚�Ö�™�Ù���ä�Ë���•�Ë�Å�ä�¬�Å�é�™���Ö�é�Ž�¾�¬�Ý�©�¬�Å�¤�¤���‚ �Å�•���©�‚ �•���ä�©�™���Ë�Å�¾�û���Ë�Ö�™�Å���¤�‚ �Ý���Ý�ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ä�¬�Å�¬���Ä�‚ �Ù�ä���¬�Å

�ä�©�™���Ù�™�¤�¬�Ë�Å���¹�r �¬�¾�Ý�Ë�Å�¤������ ���� �º�£��

�,�Å���ä�©�™���¾�Ë�Å�¤���ä�™�Ù�Ä�¤���ä�©�™�Ù�™���‚ �Ù�™���‚ �•�•�¬�ä�¬�Ë�Å�‚ �¾���Ù�¬�Ý�»�Ý���ä�Ë���™�Å�™�Ù�¤�û���Ý�™�•�é�Ù�¬�ä�û�£���� �Å�™�Ù�¤�û���•�™�Ä�‚ �Å�•���¬�Ý���Ö�Ù�™�•�¬�•�ä�™�•���ä�Ë���¬�Å�•�Ù�™�‚�Ý�™
�‚�Ý���Ö�Ë�Ö�é�¾�‚�ä�¬�Ë�Å�Ý���¤�Ù�Ë�õ�¤���™�ú�ä�Ù�™�Ä�™���õ�™�‚�ä�©�™�Ù���Ö�Ù�Ë�Ä�Ö�ä�Ý���©�¬�¤�©�™�Ù���é�Ý�‚ �¤�™�¤���‚ �Å�•���™�¾�™�•�ä�Ù�¬�•���ô�™�©�¬�•�¾�™���Ë�õ�Å�™�Ù�Ý�©�¬�Ö
�¬�Å�•�Ù�™�‚�Ý�™�Ý�£���a�©�™���™�ú�¬�Ý�ä�¬�Å�¤���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™���•�‚ �Å�Ä�ä���©�‚ �Å�•�¾�™���‚ ���¾�‚ �Ù�¤�™���¬�Å�•�Ù�™�‚�Ý�™���¬�Å���™�Å�™�Ù�¤�û���¾�Ë�‚ �•���Ý�Ë���é�Ö�•�‚ �ä�™�Ý���ä�Ë���ä�©�™
�¤�Ù�¬�•���‚ �Ù�™���Å�™�™�•�™�•�£���#�¬�Å�‚ �¾�¾�û�¤���� �� �� ���Ë�£���� �S�� �Ä�Ý���™�Å�™�Ù�¤�û���Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���¬�Ý���©�û�•�Ù�Ë�™�¾�™�•�ä�Ù�¬�•�¤���•�Ë�Ä�¬�Å�¤���£�Ù�Ë�Ä���� �����•�‚ �Ä�Ý���Ë�Å
�ä�©�™���� �Ë�¾�é�Ä�Ž�¬�‚ ���V�¬�ô�™�Ù���‚ �Å�•���¬�ä�Ý���ä�Ù�¬�Ž�é�ä�‚ �Ù�¬�™�Ý���¹�B�H�� �� �¤������ �����¤���f �Z���� �Ù�Ä�û���� �Ë�Ù�Ö�Ý���Ë�£���� �Å�¤�¬�Å�™�™�Ù�Ý���™�ä���‚ �¾�£�¤������ �� �� �º�£���� �Å�™�Ù�¤�û
�Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���õ�¬�¾�¾���Ž�™���•�©�‚ �¾�¾�™�Å�¤�™�•���Ž�û���•�™�•�¾�¬�Å�¬�Å�¤���Ý�Å�Ë�õ�Ö�‚ �•�»�Ý���‚ �Å�•���¾�Ë�õ�™�Ù���Ý�é�Ä�Ä�™�Ù���£�¾�Ë�õ�Ý�¤���‚ �Ý���õ�™�¾�¾���‚ �Ý���¬�Å�•�Ù�™�‚�Ý�¬�Å�¤
�Ý�é�Ä�Ä�™�Ù���•�™�Ä�‚ �Å�•�Ý���£�Ù�Ë�Ä���é�Ý�™�Ù�Ý���õ�©�Ë���õ�‚ �Å�ä���ä�Ë���Ý�ä�‚ �û���•�Ë�Ë�¾���¹�� �S�� �¤������ �����º�£��

�) �‚ �ô�¬�Å�¤���¬�Å�•�Ù�™�‚ �Ý�™�•���¾�Ë�•�‚ �¾���Ö�Ë�õ�™�Ù���Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���‚ �Å�•���Ä�Ë�Ù�™���™�Å�™�Ù�¤�û���Ý�Ë�ô�™�Ù�™�¬�¤�Å�ä�û���•�Ë�é�¾�•���Ž�™���‚ ���•�Ë�Ä�Ö�™�¾�¾�¬�Å�¤
�Ý�Ë�¾�é�ä�¬�Ë�Å���£�Ë�Ù���ä�©�™���) �Ë�©���a�Ù�¬�Ž�™�£���r �©�¬�¾�™���¬�ä���õ�Ë�é�¾�•���Ä�™�‚�Å���Ä�‚ �¬�Å�ä�‚ �¬�Å�¬�Å�¤���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™�¤���¬�ä���õ�Ë�é�¾�•���‚ �¾�¾�Ë�õ���ä�©�™���) �Ë�©���ä�Ë
�©�‚ �ô�™���Ö�Ë�õ�™�Ù���Ý�Ë�é�Ù�•�™�Ý���ä�©�™�û���Ý�é�Ö�Ö�Ë�Ù�ä���‚ �Å�•���™�Å�™�Ù�¤�û���Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���ä�©�™�û���©�‚ �ô�™���•�Ë�Å�ä�Ù�Ë�¾���Ë�ô�™�Ù�£���� �•�•�¬�ä�¬�Ë�Å�‚ �¾�¾�û�¤���¾�Ë�•�‚ �¾
�™�Å�™�Ù�¤�û���Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���•�Ë�é�¾�•���Ž�™���Ä�Ë�Ù�™���Ù�™�¾�¬�‚ �Ž�¾�™���•�é�Ù�¬�Å�¤���ä�¬�Ä�™�Ý���¬�ä�Ä�Ý���©�¬�¤�©�¾�û���Å�™�™�•�™�•�¤���¾�¬�»�™���Ý�ä�Ë�Ù�Ä�Ý�¤���•�Ë�¾�•���Ý�Å�‚ �Ö�Ý�¤
�‚ �Å�•���©�™�‚�ä���õ�‚ �ô�™�Ý�£���,�ä���•�Ë�é�¾�•���‚ �¾�Ý�Ë���¾�™�‚�•���ä�Ë���‚ �•�•�¬�ä�¬�Ë�Å�‚ �¾���™�•�Ë�Å�Ë�Ä�¬�•���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý�¤���¾�¬�»�™���Ý�™�¾�¾�¬�Å�¤���™�Å�™�Ù�¤�û���•�Ù�™�•�¬�ä�Ý�£
�� �¾�™�•�ä�Ù�¬�•�¬�ä�û���¬�Ý���Å�™�•�™�Ý�Ý�‚ �Ù�û���£�Ë�Ù���a�Ù�¬�Ž�‚ �¾���Ë�Ö�™�Ù�‚�ä�¬�Ë�Å�Ý���ä�©�‚ �ä���‚ �Ù�™���•�¬�Ù�™�•�ä�¾�û���•�Ë�Å�Å�™�•�ä�™�•���õ�¬�ä�©���©�™�‚�¾�ä�©���‚ �Å�•���õ�™�¾�¾� �́Ž�™�¬�Å�¤�¤
�¾�¬�»�™���Ù�é�Å�Å�¬�Å�¤���ä�©�™���� �©�‚ �¾�‚ �‚ �ä���•�Ù�™�™�»���©�‚ �ä�•�©�™�Ù�û���‚ �Å�•���Ë�Ö�™�Ù�‚�ä�¬�Å�¤���Ž�Ë�ä�©���ä�©�™���õ�‚ �ä�™�Ù���Ý�é�Ö�Ö�¾�û���Ý�û�Ý�ä�™�Ä���‚ �Å�•���õ�‚ �Ý�ä�™�õ�‚ �ä�™�Ù
�ä�Ù�™�‚�ä�Ä�™�Å�ä���Ö�¾�‚�Å�ä�£��

�;�Ë�•�‚ �¾���™�Å�™�Ù�¤�û���Ý�Ë�¾�é�ä�¬�Ë�Å�Ý���•�‚ �Å���¬�Å�•�¾�é�•�™���Ä�¬�•�Ù�Ë�¤�Ù�¬�•�Ý�¤���Ý�Ë�¾�‚�Ù���Ö�Ù�Ë�•�é�•�ä�¬�Ë�Å���õ�¬�ä�©���Ý�ä�Ë�Ù�‚ �¤�™�¤���•�¬�™�Ý�™�¾���¤�™�Å�™�Ù�‚�ä�Ë�Ù�Ý�¤
�Ž�¬�Ë�Ä�‚ �Ý�Ý���¤�™�Å�™�Ù�‚�ä�Ë�Ù�Ý�¤���Ä�¬�•�Ù�Ë�©�û�•�Ù�Ë�¤���Ë�Ù���Ý�Ä�‚ �¾�¾���Ý�•�‚ �¾�™���Ë�Å�Ý�©�Ë�Ù�™���õ�¬�Å�•���õ�¬�ä�©���Ý�Ä�‚ �¾�¾�™�Ù���ä�é�Ù�Ž�¬�Å�™���Ž�¾�‚�•�™�Ý���ä�©�‚ �ä���•�‚ �Å���Ž�™
�ä�Ù�‚ �Å�Ý�Ö�Ë�Ù�ä�™�•���‚ �¾�Ë�Å�¤���) �¬�¤�©�õ�‚ �û������ ���£���A�¬�•�Ù�Ë�¤�Ù�¬�•�Ý���‚ �Ù�™���‚ ���Ý�™�¾�£� �́•�Ë�Å�ä�‚ �¬�Å�™�•���™�¾�™�•�ä�Ù�¬�•�¬�ä�û���Ý�û�Ý�ä�™�Ä���ä�©�‚ �ä���•�‚ �Å���Ž�™
�•�Ë�Å�Å�™�•�ä�™�•���ä�Ë���ä�©�™���Ä�‚ �¬�Å���¤�Ù�¬�•���Ž�é�ä���•�‚ �Å���‚ �¾�Ý�Ë���¬�Ý�Ë�¾�‚�ä�™���£�Ù�Ë�Ä���¬�ä���õ�©�™�Å���Ë�é�ä�‚ �¤�™�Ý���Ë�•�•�é�Ù�¤���Ö�Ù�Ë�•�é�•�¬�Å�¤���™�Å�™�Ù�¤�û���Ë�Å���¬�ä�Ý
�Ë�õ�Å�£���� ���•�Ë�Ä�Ž�¬�Å�‚ �ä�¬�Ë�Å���Ë�£���ä�©�™�Ý�™���•�Ë�é�¾�•���Ž�™���é�ä�¬�¾�¬���™�•���ä�Ë���‚ �¾�¾�Ë�õ���ä�©�™���) �Ë�©���a�Ù�¬�Ž�™���ä�Ë���Ž�™���Ä�Ë�Ù�™���™�Å�™�Ù�¤�û���¬�Å�•�™�Ö�™�Å�•�™�Å�ä�£



�����x�Ë�é�ä�©���Ý�õ�¬�Ä�Ä�¬�Å�¤���¬�Å���ä�©�™���f �Ö�Ö�™�Ù���) �Ë�©���V�¬�ô�™�Ù���•�é�Ù�¬�Å�¤���‚
�Ý�é�Ä�Ä�™�Ù���©�™�‚�ä���õ�‚ �ô�™�£���S�©�Ë�ä�Ë���Ž�û���9�™�¾�¾�û���V�Ë�Ý�‚ �¾�™�Ý

�½�a�‚ �¾�»�¬�Å�¤���‚ �Ž�Ë�é�ä���Ý�•�©�Ë�Ë�¾���•�™�•�‚ �Ù���Ž�‚ �Ù�»���©�‚ �Ù�ô�™�Ý�ä�¬�Å�¤

�‚ �•�ä�¬�ô�¬�ä�¬�™�Ý�¾�¥���Á�½�a�©�™���•�©�‚ �Ö�™�Ù�Ë�Å�™�Ý�¾���Ý�©�Ë�õ�™�•���é�Ý

�õ�©�™�Ù�™�¤���Ž�é�ä���Å�Ë�õ���û�Ë�é���©�‚ �ô�™���ä�Ë���¤�™�ä���¬�ä���‚ �ä���ä�©�™

�Ù�¬�¤�©�ä���ä�¬�Ä�™���Ž�™�•�‚ �é�Ý�™���¬�ä���¤�™�ä�Ý���Ý�ä�¬�•�»�û���Ë�Ù���©�‚ �Ù�•

�‚ �Å�•���û�Ë�é���•�‚ �Å�Ê�ä���Ö�é�¾�¾���¬�ä���Ë�£�£���ä�©�™���ä�Ù�™�™���‚ �Ý���Ä�é�•�©���Ë�Ù

�¬�ä���Ý�Ö�¾�¬�ä�Ý���õ�©�™�Å���û�Ë�é���ä�Ù�û���ä�Ë���Ö�é�¾�¾���¬�ä�£�£�£���,�ä�Ê�Ý���¾�¬�»�™���ä�©�™

�Ù�¬�¤�©�ä���ä�¬�Ä�™�¤���Ù�¬�¤�©�ä���Ö�¾�‚ �•�™�£���,�ä�Ä�Ý���¾�¬�»�™���û�Ë�é���©�‚ �ô�™���ä�Ë

�¤�Ë���Ù�¬�¤�©�ä���‚ �£�ä�™�Ù���‚ ���©�Ë�ä���õ�™�™�»�™�Å�•�¤���ä�©�™���£�¬�Ù�Ý�ä���©�Ë�ä

�õ�™�™�»�™�Å�•�¤���‚ �Å�•���ä�©�™�Å���¤�Ù�‚ �Ž���¬�ä�¤���Ž�é�ä���¬�£���û�Ë�é���»�™�™�Ö

�õ�‚ �¬�ä�¬�Å�¤���‚ �Å�•���õ�‚ �¬�ä�¬�Å�¤�¤���¬�ä�Ê�Ý���¤�Ë�¬�Å�¤���ä�Ë���Ž�™���ä�Ë�Ë

�Ý�Ë�£�ä�¤���Å�Ë�ä���¤�Ë�Ë�•�£���,�£���û�Ë�é���¤�Ë���ä�Ë�Ë���™�‚ �Ù�¾�û�¤���¬�ä�Ä�Ý����̧é�Ý�ä

�¤�Ë�¬�Å�¤���ä�Ë���Ý�Ö�¾�¬�ä���¬�ä���¬�Å���©�‚ �¾�£�£�Â��

�V�é�Ž�û���Z�©�™�Ù�¬�£�£

�a�©�¬�Ý���Ý�™�•�ä�¬�Ë�Å���•�Ë�ô�™�Ù�Ý���©�Ë�õ���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���¬�Ý���™�ú�Ö�™�•�ä�™�•
�ä�Ë���¬�Ä�Ö�‚�•�ä���ä�©�™���) �Ë�©���a�Ù�¬�Ž�™�Ä�Ý���Å�‚ �ä�é�Ù�‚ �¾���Ù�™�Ý�Ë�é�Ù�•�™�Ý�£���#�Ë�Ù���ä�©�™
�Ö�é�Ù�Ö�Ë�Ý�™�Ý���Ë�£���ä�©�¬�Ý���‚ �Ý�Ý�™�Ý�Ý�Ä�™�Å�ä�¤���ä�©�™���f �Ñ�� ���¬�Ý���•�¬�ô�¬�•�™�•���¬�Å�ä�Ë
�£�Ë�é�Ù���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý���¹�A�‚ �Ù�¬�Å�™�¤���#�Ë�Ù�™�Ý�ä�¤���r �™�ä�¾�‚�Å�•�Ý�¤���‚ �Å�•
�V�¬�ô�™�Ù���‚ �Å�•���V�¬�Ö�‚ �Ù�¬�‚ �Å�º���Ž�é�ä���ä�©�‚ �ä���•�¬�ô�¬�Ý�¬�Ë�Å���Ë�Å�¾�û���™�ú�¬�Ý�ä�Ý���Ë�Å
�Ö�‚�Ö�™�Ù�£���a�©�™�Ý�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý���‚ �Å�•���ä�©�™�¬�Ù���Ö�Ù�Ë�•�™�Ý�Ý�™�Ý���‚ �Ù�™
�¬�Å�ä�™�Ù�•�Ë�Å�Å�™�•�ä�™�•���‚ �Å�•���•�‚ �Å�Å�Ë�ä���Ž�™���Ý�™�Ö�‚�Ù�‚ �ä�™�•���£�Ù�Ë�Ä���™�‚�•�©
�Ë�ä�©�™�Ù�£���a�©�™���Ý�‚ �Ä�™���¬�Ý���ä�Ù�é�™���‚ �Ž�Ë�é�ä���©�é�Ä�‚ �Å�Ý�¦���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���‚ �Å�•���ä�©�™�¬�Ù���õ�™�¾�¾� �́Ž�™�¬�Å�¤���•�‚ �Å�Å�Ë�ä���Ž�™���Ý�™�Ö�‚�Ù�‚ �ä�™�•
�£�Ù�Ë�Ä���ä�©�™�Ý�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý�£��

�� �‚ �•�©���Ý�™�•�ä�¬�Ë�Å���©�‚ �Ý���‚ ���Ý�é�Ä�Ä�‚ �Ù�û���Ë�£���ä�©�™���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�Ý
�Ä�Ë�Ý�ä���¾�¬�»�™�¾�û���ä�Ë���‚ �£�£�™�•�ä���¬�ä�£���a�©�¬�Ý���¬�Ý���£�Ë�¾�¾�Ë�õ�™�•���Ž�û���‚ ���•�¾�Ë�Ý�™�Ù
�¾�Ë�Ë�»���‚ �ä������� �́��� ���©�¬�¤�©�¾�¬�¤�©�ä�™�•���Ý�Ö�™�•�¬�™�Ý���‚ �Å�•���ä�©�™�¬�Ù
�•�©�‚ �Ù�‚ �•�ä�™�Ù�¬�Ý�ä�¬�•�Ý���ä�©�‚ �ä���Ä�‚ �»�™���ä�©�™�Ä���Ù�™�Ý�¬�¾�¬�™�Å�ä���Ë�Ù
�ô�é�¾�Å�™�Ù�‚�Ž�¾�™���ä�Ë���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�£���#�Ë�Ù���Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å
�Ë�Å���™�‚�•�©���™�•�Ë�Ý�û�Ý�ä�™�Ä���‚ �Å�•���ä�©�™���©�¬�¤�©�¾�¬�¤�©�ä�™�•���Ý�Ö�™�•�¬�™�Ý�¤���Ý�™�™
�� �Ö�Ö�™�Å�•�¬�ú���� �£���a�Ë���Ý�™�™���©�Ë�õ���Ý�Ö�™�•�¬�™�Ý���ô�é�¾�Å�™�Ù�‚�Ž�¬�¾�¬�ä�û���Ý�•�Ë�Ù�™�Ý
�õ�™�Ù�™���•�‚ �¾�•�é�¾�‚�ä�™�•�¤���Ý�™�™���� �Ö�Ö�™�Å�•�¬�ú���� �£��



�S�Ù�Ë��̧™�•�ä�™�•���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý���ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¥��

�H�•�™�‚ �Å���‚ �•�¬�•�¬�£�¬�•�‚ �ä�¬�Ë�Å�¥���� �•�¬�•�¬�•���õ�‚ �ä�™�Ù�Ý���õ�¬�ä�©���£�™�õ�™�Ù���•�‚ �Ù�Ž�Ë�Å�‚ �ä�™���¬�Ë�Å�Ý���õ�¬�¾�¾���Ä�‚ �»�™���¬�ä���©�‚ �Ù�•�™�Ù���£�Ë�Ù���Ý�Ë�Ä�™���•�Ù�™�‚�ä�é�Ù�™�Ý
�ä�Ë���Ý�é�Ù�ô�¬�ô�™�¤���¬�Ä�Ö�‚�•�ä�¬�Å�¤���ä�©�™���™�Å�ä�¬�Ù�™���£�Ë�Ë�•���•�©�‚ �¬�Å�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ý�‚ �¾�Ä�Ë�Å�£��
�r �‚ �Ù�Ä�¬�Å�¤���Ý�™�‚ ���Ý�é�Ù�£�‚ �•�™���ä�™�Ä�Ö�™�Ù�‚ �ä�é�Ù�™�Ý�¥���r �‚ �Ù�Ä�™�Ù���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���õ�¬�¾�¾���Ý�ä�Ù�™�Ý�Ý���Ý�Ö�™�•�¬�™�Ý���‚ �Å�•���Ä�‚ �»�™���¬�ä���©�‚ �Ù�•�™�Ù���£�Ë�Ù
�ä�©�™�Ä���ä�Ë���Ý�é�Ù�ô�¬�ô�™�¤���©�‚ �ô�¬�Å�¤���Ù�¬�Ö�Ö�¾�™���™�£�£�™�•�ä�Ý���Ë�Å���ä�©�™���£�Ë�Ë�•���•�©�‚ �¬�Å�£��
�V�¬�Ý�¬�Å�¤���Ý�™�‚ ���¾�™�ô�™�¾�Ý���‚ �Å�•���¬�Å�•�Ù�™�‚ �Ý�¬�Å�¤���ä�Ë�ä�‚ �¾���õ�‚ �ä�™�Ù���¾�™�ô�™�¾�Ý�¥���a�©�¬�Ý���•�‚ �Å���•�‚ �é�Ý�™���¤�Ù�™�‚�ä�™�Ù���•�Ë�‚ �Ý�ä�‚ �¾���™�Ù�Ë�Ý�¬�Ë�Å���‚ �Å�•
�£�¾�Ë�Ë�•�¬�Å�¤���™�ô�™�Å�ä�Ý�£���Z�Ö�™�•�¬�™�Ý���õ�©�Ë���•�™�Ö�™�Å�•���Ë�Å���Ý�‚ �Å�•�û���Ž�™�‚�•�©�™�Ý���Ë�Ù���©�‚ �ô�™���Å�‚ �Ù�Ù�Ë�õ���©�‚ �Ž�¬�ä�‚ �ä�Ý���‚ �¾�Ë�Å�¤���ä�©�™���Ž�™�‚�•�©
�•�Ë�é�¾�•���Ž�™���Å�™�¤�‚ �ä�¬�ô�™�¾�û���‚ �£�£�™�•�ä�™�•�£
�,�Å�•�Ù�™�‚ �Ý�™�•���Ä�‚ �Ù�¬�Å�™���©�™�‚ �ä�õ�‚ �ô�™�Ý�¤���©�û�Ö�Ë�ú�¬�•���™�ô�™�Å�ä�Ý�¤���‚ �Å�•���©�‚ �Ù�Ä�£�é�¾���‚ �¾�¤�‚ �¾���Ž�¾�Ë�Ë�Ä�Ý�¥���a�©�™�Ý�™���»�¬�¾�¾���Ý�™�‚���•�Ù�™�‚�ä�é�Ù�™�Ý
�‚ �Å�•���•�‚ �Å���•�Ù�™�‚�ä�™���Ž�¾�Ë�Ë�Ä�Ý���Ë�£���ä�Ë�ú�¬�Å�Ý���ä�©�‚ �ä���Ý�©�é�ä���•�Ë�õ�Å���£�¬�Ý�©�™�Ù�¬�™�Ý���‚ �Å�•���¤�‚ �ä�©�™�Ù�¬�Å�¤���•�é�™���ä�Ë���Ý�™�Ù�¬�Ë�é�Ý���Ù�¬�Ý�»�Ý���ä�Ë
�©�é�Ä�‚ �Å���©�™�‚�¾�ä�©�£��

����

�Á�r �™���õ�™�Ù�™���©�‚ �ô�¬�Å�¤���‚ ���ä�Ý�é�Å�‚ �Ä�¬���õ�‚ �Ù�Å�¬�Å�¤���ä�©�™�Ù�™�£���$�™�™�¤���Ý�Ä�™�¾�ä�Ý���©�¬�ä���ä�©�™���Ž�™�‚ �•�©�£���Z�Ë���õ�™�Ê�Ù�™���‚ �¾�¾���•�Ë�õ�Å

�ä�©�™�Ù�™���¤�™�ä�ä�¬�Å�¤���‚ �¾�¾���ä�©�™���Ý�Ä�™�¾�ä�Ý���ä�©�™�Ù�™�£���r �™���©�‚ �•���Ý�ä�‚ �ä�™���Ö�‚ �ä�Ù�Ë�¾�¤���� �Ë�‚ �Ý�ä���$�é�‚ �Ù�•�¤���Ö�‚ �Ù�»���Ù�‚ �Å�¤�™�Ù�Ý���‚ �¾�¾

�ä�Ù�û�¬�Å�¤���ä�Ë���¤�™�ä���é�Ý���Ë�£�£���ä�©�™���Ž�™�‚ �•�©�£���Ã�a�©�™�Ù�™�Ê�Ý���‚ ���ä�¬�•�‚ �¾���õ�‚ �ô�™���•�Ë�Ä�¬�Å�¤�£�Ä���r �™���•�Ë�Å�Ê�ä���•�‚ �Ù�™���‚ �Ž�Ë�é�ä���ä�©�™

�õ�‚ �ô�™�Ý���ä�©�™�Ù�™�¤���õ�™���õ�‚ �Å�ä���Ë�é�Ù���£�¬�Ý�©�£���a�©�™�Ù�™�Ê�Ý������ ���ä�Ù�é�•�»�Ý���ä�©�‚ �ä���õ�™�Å�ä���•�Ë�õ�Å���ä�©�™�Ù�™�£���r �™���õ�™�Ù�™���¾�Ë�‚ �•�¬�Å�¤

�ä�©�Ë�Ý�™������ ���ä�Ù�é�•�»�Ý���é�Ö���õ�¬�ä�©���£�¬�Ý�©�£���� �ô�™�Ù�û�Ë�Å�™���ä�©�™�Ù�™�¤���¤�™�ä�ä�¬�Å�¤���ä�©�™�Ä�¤���é�Ý�¬�Å�¤���ä�©�™�¬�Ù���•�Ë�‚ �ä�Ý�¤���õ�©�‚ �ä�™�ô�™�Ù

�ä�©�™�û���•�‚ �Å���£�¬�Å�•���ä�Ë���Ö�é�ä���ä�©�™���£�¬�Ý�©���¬�Å���ä�©�™�¬�Ù���ä�Ù�é�•�»�Ý���‚ �Å�•���ä�©�™�û�Ê�Ù�™���ä�Ù�û�¬�Å�¤���ä�Ë���©�é�Ù�Ù�û���é�Ö���‚ �Å�•���¤�™�ä���é�Ý���Ë�£�£

�ä�©�™���Ž�™�‚ �•�©�£���r �™�Ê�Ù�™����̧é�Ý�ä�§���õ�™�Ê�Ù�™���‚ �¾�¾���õ�Ë�Ù�Ù�¬�™�•���‚ �Ž�Ë�é�ä���ä�©�™���Ý�Ä�™�¾�ä�Ý�¤���¤�™�ä�ä�¬�Å�¤���ä�©�™���Ý�Ä�™�¾�ä�Ý�£���a�¬�•�‚ �¾���õ�‚ �ô�™

�õ�¬�¾�¾���•�Ë�Ä�™�¤���õ�¬�¾�¾���•�Ë�Ä�™�£���r �™�Ä�¾�¾���Ž�™���õ�¬�ä�©���¬�ä�¤���õ�™�Ä�¾�¾���Ž�™���õ�¬�ä�©���¬�ä�£���� �é�ä���õ�™�Ê�Ù�™���¤�™�ä�ä�¬�Å�¤���Ë�é�Ù���£�¬�Ý�©�£�Â��

�� �Ù�™�Å�•�‚ ���;�™�™

�S�©�Ë�ä�Ë���Ž�û���) �‚ �Å�Å�‚ �©���a�™�Å�Å�™�Å�ä



�Á�Z�Ä�™�¾�ä�S�Ù�™�û�� ��� �̧B�r �� � �̧a�$�Ë�Ë� �̧� �� ���� ���� �� �� �£��̧Ö�¤�Â���Ž�û���B�H�� �� ���¬�Ý
�¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x�����£�� ����

����

���6�X�U�I���6�P�H�O�W�������+�\�S�R�P�H�V�X�V���S�U�H�W�L�R�V�X�V

���V�P�H�O�W����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�Z�Ä�™�¾�ä���‚ �Ù�™���¬�Å�ä�™�¤�Ù�‚ �¾�£���9�Ä�õ�‚ �ä�¬
�¤�¬�£�ä�™�•���Ý�Ä�™�¾�ä���é�Å�¬�Ø�é�™�¾�û���ä�Ë���ä�©�™
�) �Ë�©���a�Ù�¬�Ž�™�£���a�©�™���Ý�Ä�™�¾�ä���‚ �Ù�™���Ý�Ë�¾�•�¤
�ä�Ù�‚ �•�™�•�¤���‚ �Å�•���™�‚�ä�™�Å���¬�Å���‚ ���ô�‚ �Ù�¬�™�ä�û
�Ë�£���£�Ë�Ù�Ä�Ý�£���Z�Ë�Ä�™���•�Ë�Å�Ý�¬�•�™�Ù���Ý�Ä�™�¾�ä
�‚ ���Ä�™�•�¬�•�¬�Å�™�£���#�¬�Ý�©�¬�Å�¤���£�Ë�Ù���Ý�Ä�™�¾�ä���¬�Ý
�‚ ���ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�£���Z�Ä�™�¾�ä���‚ �Ù�™���‚ ���£�Ë�Ë�•
�Ý�Ë�é�Ù�•�™���£�Ë�Ù���Ä�‚ �Ù�¬�Å�™���Ä�‚ �Ä�Ä�‚ �¾�Ý�¤
�Ý�™�‚���Ž�¬�Ù�•�Ý�¤���‚ �Å�•���Ë�ä�©�™�Ù���£�¬�Ý�©�¤
�¬�Å�•�¾�é�•�¬�Å�¤���Ý�‚ �¾�Ä�Ë�Å�£��

�� �Ë�‚ �Ý�ä�‚ �¾���Ž�™�‚�•�©�™�Ý���£�Ù�Ë�Ä���ä�©�™
�U�é�¬�Å�‚ �é�¾�ä���V�¬�ô�™�Ù���ä�Ë���ä�©�™
�U�é�¬�¾�¾�‚�û�é�ä�™���V�¬�ô�™�Ù���©�‚ �ô�™���¾�Ë�Å�¤
�Ž�™�™�Å���Ý�Ö�‚ �õ�Å�¬�Å�¤���¤�Ù�Ë�é�Å�•�Ý���£�Ë�Ù
�‚ �Ž�é�Å�•�‚ �Å�ä���Ý�Ä�™�¾�ä�£���S�™�Ë�Ö�¾�™
�Ù�™�Ä�™�Ä�Ž�™�Ù���•�‚ �ä�•�©�¬�Å�¤������ �� ���¾�Ž�Ý���Ë�£
�Ý�Ä�™�¾�ä���¬�Å���Ë�Å�™���ä�©�Ù�é�Ý�ä�¤���•�¬�Ö�Å�™�ä�Ý
�ä�Ë�Ë���©�™�‚�ô�û���ä�Ë���¾�¬�£�ä�£���r �©�™�Å���ä�©�™
�Ý�Ä�™�¾�ä���õ�Ë�é�¾�•���©�¬�ä�¤���Ö�™�Ë�Ö�¾�™���é�Ý�™�•
�ä�Ë���•�‚ �¾�¾���Å�Ë�Ù�ä�©���‚ �Å�•���Ý�Ë�é�ä�©�¤���¾�™�ä�ä�¬�Å�¤
�™�ô�™�Ù�û�Ë�Å�™���»�Å�Ë�õ���ä�©�™���Ý�Ä�™�¾�ä���©�‚ �•
�‚ �Ù�Ù�¬�ô�™�•�£

�Z�Ä�™�¾�ä���Ý�ä�¬�¾�¾���Ý�Ö�‚ �õ�Å���¬�Å���ä�©�™���‚ �Ù�™�‚
�Ž�é�ä���Ý�Ë�Ä�™���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý
�Ù�™�Ö�Ë�Ù�ä���¬�ä�Ä�Ý���Ä�é�•�©���¾�™�Ý�Ý���ä�©�‚ �Å���¬�ä
�é�Ý�™�•���ä�Ë���Ž�™�¤���ä�©�‚ �ä���ä�©�™���£�¬�Ý�©���‚ �Ù�™
�Ý�Ä�‚ �¾�¾�™�Ù�¤���‚ �Å�•���ä�©�‚ �ä���ä�©�™�û���•�Ë�Å�Ä�ä
�‚ �Ù�Ù�¬�ô�™���¬�Å���Ý�•�©�Ë�Ë�¾�Ý�£���Z�Ë�Ä�™���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���Ý�‚ �û���ä�©�‚ �ä���£�¬�Ý�©���¬�Å
�Ù�™�•�™�Å�ä���û�™�‚�Ù�Ý���©�‚ �ô�™���Ž�™�™�Å���‚
�•�™�•�™�Å�ä���Ý�¬���™�£���,�ä�Ä�Ý���•�Ë�Ä�Ä�Ë�Å���Å�Ë�õ
�ä�Ë���Ë�Å�¾�û���Ž�™���‚ �Ž�¾�™���ä�Ë���£�¬�¾�¾���‚ ���£�™�õ
�•�Ë�Ë�¾�™�Ù�Ý�¤���‚ �Ý���Ë�Ö�Ö�Ë�Ý�™�•���ä�Ë���Ž�™�¬�Å�¤
�‚ �Ž�¾�™���ä�Ë���£�¬�¾�¾���‚ ���ä�Ù�é�•�»���õ�¬�ä�©���ä�Ë�ä�™�Ý���Ë�£
�Ý�Ä�™�¾�ä�£���Z�Ä�™�¾�ä���‚ �Ä�Ë�é�Å�ä�Ý
�£�¾�é�•�ä�é�‚ �ä�™���û�™�‚�Ù�¾�û�£��

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý �&�R�P�S�R�X�Q�G�L�Q�J���F�K�D�O�O�H�Q�J�H�V�������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��
����

�B�‚ �Ù�Ù�Ë�õ�¬�Å�¤���Ë�£���Ž�™�‚�•�©
�Ý�Ö�‚�õ�Å�¬�Å�¤���©�‚ �Ž�¬�ä�‚ �ä���•�é�™���ä�Ë
�•�Ë�‚ �Ý�ä�‚ �¾���Ý�Ø�é�™�™���™
�;�‚ �•�»���Ë�£���Ö�Ù�™�û���•�é�™���ä�Ë���Ë�•�™�‚�Å
�‚ �•�¬�•�¬�£�¬�•�‚ �ä�¬�Ë�Å���‚ �Å�•���Ý�©�¬�£�ä�¬�Å�¤
�é�Ö�õ�™�¾�¾�¬�Å�¤
�r �‚ �Ù�Ä�™�Ù���Ë�•�™�‚�Å���õ�‚ �ä�™�Ù�Ý

�B�‚ �ä�é�Ù�‚ �¾���£�¾�é�•�ä�é�‚ �ä�¬�Ë�Å�Ý���¬�Å
�Ö�Ë�Ö�é�¾�‚�ä�¬�Ë�Å���Ý�¬���™��

�� �Ë�Å�•�é�•�ä���Ù�™�Ý�™�‚�Ù�•�©���Ë�Å
�•�Ë�‚ �Ý�ä�‚ �¾���Ý�Ä�™�¾�ä
�) �‚ �ô�™���•�Ë�Ä�Ä�é�Å�‚ �¾���¤�‚ �ä�©�™�Ù�¬�Å�¤�Ý
�£�Ë�•�é�Ý�™�•���Ë�Å���Ý�Ä�™�¾�ä��
�� �Ý�Ý�™�Ý�Ý���Ž�™�‚�•�©���©�‚ �Ž�¬�ä�‚ �ä���‚ �Å�•
�Ö�Ù�Ë�ä�™�•�ä���Ý�Ö�‚ �õ�Å�¬�Å�¤���¤�Ù�Ë�é�Å�•�Ý��

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

https://www.flickr.com/photos/nmfs_northwest/9501978375/in/photolist-qX846E-oakD-bpW2cU-ftE88n-cuKPVm-CmTB1-2kH2Z2P-2kGXNFT-2kGXMsR-6QzFUi-6QDLo5-6HqXAr
https://www.flickr.com/photos/nmfs_northwest/9501978375/in/photolist-qX846E-oakD-bpW2cU-ftE88n-cuKPVm-CmTB1-2kH2Z2P-2kGXNFT-2kGXMsR-6QzFUi-6QDLo5-6HqXAr
https://www.flickr.com/photos/nmfs_northwest/9501978375/in/photolist-qX846E-oakD-bpW2cU-ftE88n-cuKPVm-CmTB1-2kH2Z2P-2kGXNFT-2kGXMsR-6QzFUi-6QDLo5-6HqXAr


�Á�V�‚ ���Ë�Ù���� �¾�‚ �Ä�Ý� �́S�‚ �•�¬�£�¬�•���� �™�‚�•�©� �̧��� �� ���Â���Ž�û���� �Ë�Å�õ�‚ �û�Z�é�����¬�Ý���¾�¬�•�™�Å�Ý�™�•
�é�Å�•�™�Ù���� �� ���� �x�����£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�V�‚ ���Ë�Ù���•�¾�‚ �Ä�Ý���‚ �Ù�™���‚ �Å���¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä
�ä�Ù�‚ �•�¬�ä�¬�Ë�Å�‚ �¾���£�Ë�Ë�•�£���a�©�™�û���‚ �¾�Ý�Ë
�©�‚ �ô�™���•�Ë�Ä�Ä�™�Ù�•�¬�‚ �¾���ô�‚ �¾�é�™���‚ �Å�•
�•�‚ �Å���Ž�™���é�Ý�™�•���¬�Å���Ù�™�¤�‚ �¾�¬�‚ ���‚ �Å�•
�•�é�¾�ä�é�Ù�‚ �¾���¬�ä�™�Ä�Ý�£���� �¾�‚ �Ä�Ä�¬�Å�¤���¬�Ý���‚
�ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�£���a�©�™�û���‚ �Ù�™���‚ �¾�Ý�Ë
�¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä���£�Ë�Ë�•���£�Ë�Ù���� �é�Å�¤�™�Å�™�Ý�Ý
�•�Ù�‚ �Ž�¤���Ä�‚ �Ù�¬�Å�™���£�¬�Ý�©�¤���‚ �Å�•���Ý�™�‚
�Ë�ä�ä�™�Ù�Ý�£��

�V�‚ ���Ë�Ù���•�¾�‚ �Ä�Ý���©�‚ �ô�™���‚ �¾�õ�‚ �û�Ý���Ž�™�™�Å
�©�‚�Ù�ô�™�Ý�ä�™�•���Ž�û���) �Ë�©���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý�£��

�a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���Ý�©�‚ �Ù�™���ä�©�‚ �ä���ä�©�™
�•�¾�‚�Ä�Ý���‚ �ä���9�‚ �¾�‚ �¾�Ë�•�©���‚ �Ù�™���Ý�Ä�‚ �¾�¾�™�Ù
�‚�Å�•���¾�™�Ý�Ý���‚ �Ž�é�Å�•�‚ �Å�ä���ä�©�‚ �ä���ä�©�™�û
�é�Ý�™�•���ä�Ë���Ž�™�£���a�©�™���Ý�©�™�¾�¾�Ý���‚ �Ù�™���‚ �¾�Ý�Ë
�Ý�Ë�£�ä���‚ �Å�•���Ž�Ù�™�‚�»���™�‚�Ý�¬�¾�û�£

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý �&�R�P�S�R�X�Q�G�L�Q�J���F�K�D�O�O�H�Q�J�H�V�������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��
����

�H�•�™�‚�Å���‚ �•�¬�•�¬�£�¬�•�‚ �ä�¬�Ë�Å
�r �‚ �Ù�Ä�¬�Å�¤���õ�‚ �ä�™�Ù�Ý
�� �™�‚�•�©���™�Ù�Ë�Ý�¬�Ë�Å���•�é�™���ä�Ë���Ù�¬�Ý�¬�Å�¤
�ä�Ë�ä�‚ �¾���õ�‚ �ä�™�Ù���¾�™�ô�™�¾�Ý

�B�é�•�¾�™�‚�Ù���,�Å�•�¾�é�Ý�¬�Ë�Å���w���¹�B�,�w�º
�A�¬�•�Ù�Ë�Ö�¾�‚�Ý�ä�¬�•�Ý���¬�Å���•�¾�‚ �Ä�Ý
�Ö�Ù�™�Ý�™�Å�ä�¬�Å�¤���‚ ���•�‚ �Å�¤�™�Ù���ä�Ë
�©�é�Ä�‚ �Å���©�™�‚�¾�ä�©
�) �‚ �Ù�Ä�£�é�¾���‚ �¾�¤�‚ �¾���Ž�¾�Ë�Ë�Ä�Ý���‚ �Å�•
�Ä�‚ �Ù�¬�Å�™���ä�Ë�ú�¬�Å�Ý
�H�ä�ä�™�Ù���Ö�Ù�™�•�‚ �ä�¬�Ë�Å

�� �Ë�Å�ä�¬�Å�é�™���) �� �� ���Ä�Ë�Å�¬�ä�Ë�Ù�¬�Å�¤��
�A�Ë�Å�¬�ä�Ë�Ù���‚ �Å�•���Ý�ä�é�•�û���Ù�‚ ���Ë�Ù
�•�¾�‚ �Ä�Ý�¤���‚ �Ý���õ�™�¾�¾���‚ �Ý���Ž�™�‚�•�©
�™�Ù�Ë�Ý�¬�Ë�Å��
�) �‚ �ô�™���•�Ë�Ä�Ä�é�Å�‚ �¾���¤�‚ �ä�©�™�Ù�¬�Å�¤�Ý
�£�Ë�•�é�Ý�™�•���Ë�Å���Ù�‚ ���Ë�Ù���•�¾�‚ �Ä�Ý��
�V�™�Ý�™�‚�Ù�•�©���Ž�™�‚�•�©���™�Ù�Ë�Ý�¬�Ë�Å
�Ý�Ë�¾�é�ä�¬�Ë�Å���Ë�Ö�ä�¬�Ë�Å�Ý��

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

����

�3�D�F�L�I�L�F���U�D�]�R�U���F�O�D�P�V�������6�L�O�L�T�X�D���S�D�W�X�O�D

�Á�a�©�™���•�¾�‚ �Ä�Ý���¤�Ë�ä���Ù�™�‚ �¾���Ý�Ä�‚ �¾�¾���‚ �ä���9�‚ �¾�‚ �¾�Ë�•�©���‚ �Å�•���Ý�Ë�é�ä�©���Ë�£���ä�©�™�Ù�™���‚ �¾�¾���ä�©�™���õ�‚ �û���ä�Ë���ä�©�™���Ö�Ù�¬�Ä�¬�ä�¬�ô�™���Ö�‚ �Ù�ä�£
�A�û���Ý�¬�Ý�ä�™�Ù���‚ �Å�•���,���¤�Ë���•�Ë�õ�Å���ä�©�‚ �ä���õ�‚ �û�£�£�£�õ�™���•�‚ �Å���™�‚ �ä���ä�©�™�Ä�¤���Ž�é�ä���¬�ä�Ê�Ý����̧é�Ý�ä���¾�¬�»�™���û�Ë�é���©�‚ �ô�™���ä�Ë���Ö�¬�•�»���Ë�é�ä

�ä�©�™���Ž�¬�¤���Ë�Å�™�Ý���ä�©�‚ �ä���û�Ë�é���•�Ë���£�¬�Å�•���‚ �Å�•���û�Ë�é���Ö�é�ä���ä�©�™���¾�¬�ä�ä�¾�™���Ë�Å�™�Ý���Ž�‚ �•�»���Ý�Ë���ä�©�™�û���•�‚ �Å���¤�Ù�Ë�õ�£�Â

�q�¬�ô�¬�‚ �Å���;�™�™

https://www.flickr.com/photos/15606681@N03/15920337059/in/photolist-4Mju41-5R68P7-cN2UEj-G61Mtv-mNijCV-nzK5Lz-ceEkUW-82bV2P-j1AF6s-cnVyrj-6DZ7SS-6eTcEW-qfPTxZ-9opgTD-auoMzv-hkNVS8-9xCfJd-akWqNS-j855xE-cKqxDS-G9enn1-5JMH3v-9DGpBA-bxiNYr-xDAXGs-h8F1G-aga6wR-4MjtYS-976RUf-MuGTF-8yf6MX-65YmcF-7mxQ49-2btwENQ-qyfaNL-2oSRcj6-4wx4T7-7RZiPY-6hc9wF-pU27Qt-GJyzjB-2htiDDW-2jLGjGU-ehUg1N-5TWUTr-2o4byNZ-5U2fzW-2mm7sGt-7mtVHX-7mxQ6N
https://www.flickr.com/photos/15606681@N03/15920337059/in/photolist-4Mju41-5R68P7-cN2UEj-G61Mtv-mNijCV-nzK5Lz-ceEkUW-82bV2P-j1AF6s-cnVyrj-6DZ7SS-6eTcEW-qfPTxZ-9opgTD-auoMzv-hkNVS8-9xCfJd-akWqNS-j855xE-cKqxDS-G9enn1-5JMH3v-9DGpBA-bxiNYr-xDAXGs-h8F1G-aga6wR-4MjtYS-976RUf-MuGTF-8yf6MX-65YmcF-7mxQ49-2btwENQ-qyfaNL-2oSRcj6-4wx4T7-7RZiPY-6hc9wF-pU27Qt-GJyzjB-2htiDDW-2jLGjGU-ehUg1N-5TWUTr-2o4byNZ-5U2fzW-2mm7sGt-7mtVHX-7mxQ6N
https://www.flickr.com/photos/15606681@N03/15920337059/in/photolist-4Mju41-5R68P7-cN2UEj-G61Mtv-mNijCV-nzK5Lz-ceEkUW-82bV2P-j1AF6s-cnVyrj-6DZ7SS-6eTcEW-qfPTxZ-9opgTD-auoMzv-hkNVS8-9xCfJd-akWqNS-j855xE-cKqxDS-G9enn1-5JMH3v-9DGpBA-bxiNYr-xDAXGs-h8F1G-aga6wR-4MjtYS-976RUf-MuGTF-8yf6MX-65YmcF-7mxQ49-2btwENQ-qyfaNL-2oSRcj6-4wx4T7-7RZiPY-6hc9wF-pU27Qt-GJyzjB-2htiDDW-2jLGjGU-ehUg1N-5TWUTr-2o4byNZ-5U2fzW-2mm7sGt-7mtVHX-7mxQ6N


�S�Ù�Ë��̧™�•�ä�™�•���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý���ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¥��

�r �‚ �Ù�Ä�™�Ù���‚ �¬�Ù���ä�™�Ä�Ö�™�Ù�‚ �ä�é�Ù�™�Ý�¥���� �Ë�ä�©���Ö�¾�‚�Å�ä�Ý���‚ �Å�•���‚ �Å�¬�Ä�‚ �¾�Ý���‚ �Ù�™���‚ �•�‚ �Ö�ä�™�•���ä�Ë���ä�©�™���•�é�Ù�Ù�™�Å�ä���•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý���¬�Å
�ä�©�™���£�Ë�Ù�™�Ý�ä�Ý�£���,�£���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���¬�Å�•�Ù�™�‚�Ý�™���Ä�Ë�Ù�™���Ù�‚ �Ö�¬�•�¾�û���ä�©�‚ �Å���Ý�Ö�™�•�¬�™�Ý���•�‚ �Å���‚ �•��̧é�Ý�ä�¤���¬�ä���•�Ë�é�¾�•���Ý�ä�Ù�™�Ý�Ý
�ä�©�™�Ä���Ë�Ù���™�ô�™�Å���Ä�‚ �»�™���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä���é�Å�¬�Å�©�‚ �Ž�¬�ä�‚ �Ž�¾�™�£��
�� �©�‚ �Å�¤�¬�Å�¤���õ�‚ �ä�™�Ù���‚ �ô�‚ �¬�¾�‚ �Ž�¬�¾�¬�ä�û���ä�©�Ù�Ë�é�¤�©���Ý�©�¬�£�ä�¬�Å�¤���Ö�Ù�™�•�¬�Ö�¬�ä�‚ �ä�¬�Ë�Å���Ö�‚ �ä�ä�™�Ù�Å�Ý���‚ �Å�•���•�™�•�¾�¬�Å�¬�Å�¤���Ý�Å�Ë�õ�Ö�‚ �•�»�¥
�;�Ë�Å�¤�™�Ù���Ý�é�Ä�Ä�™�Ù���•�Ù�û���Ý�™�‚�Ý�Ë�Å�Ý���õ�¬�¾�¾���•�©�‚ �¾�¾�™�Å�¤�™���Ý�Ö�™�•�¬�™�Ý���‚ �•��̧é�Ý�ä�™�•���ä�Ë���‚ �Ž�é�Å�•�‚ �Å�ä���Ä�Ë�¬�Ý�ä�é�Ù�™�£��
�S�Ë�ä�™�Å�ä�¬�‚ �¾���£�Ë�Ù���¬�Å�•�Ù�™�‚ �Ý�™�•���õ�¬�¾�•�£�¬�Ù�™�¥���;�‚ �Ù�¤�™���õ�¬�¾�•�£�¬�Ù�™�Ý���‚ �Ù�™���Ù�‚ �Ù�™���Ë�Å���ä�©�™���H�¾�û�Ä�Ö�¬�•���S�™�Å�¬�Å�Ý�é�¾�‚���•�Ë�Ä�Ö�‚�Ù�™�•
�ä�Ë���™�‚�Ý�ä�™�Ù�Å���r �� �£���) �Ë�õ�™�ô�™�Ù�¤���Ù�¬�Ý�»���£�‚ �•�ä�Ë�Ù�Ý���£�Ë�Ù���£�¬�Ù�™�¤���¾�¬�»�™���¾�Ë�Å�¤�™�Ù���•�Ù�û���Ý�™�‚�Ý�Ë�Å�Ý�¤���‚ �Ù�™���¬�Å�•�Ù�™�‚�Ý�¬�Å�¤�£���;�‚ �Ù�¤�™
�õ�¬�¾�•�£�¬�Ù�™�Ý���•�Ë�é�¾�•���‚ �¾�ä�™�Ù���£�Ë�Ù�™�Ý�ä���•�Ë�Ä�Ö�Ë�Ý�¬�ä�¬�Ë�Å���‚ �Ý���Å�™�õ���Ý�Ö�™�•�¬�™�Ý���Ä�Ë�ô�™���¬�Å���‚ �£�ä�™�Ù���Ž�é�Ù�Å�Ý�£����
�,�Å�Ý�™�•�ä�Ý���‚ �Å�•���ä�Ù�™�™���•�¬�Ý�™�‚ �Ý�™�Ý���Ä�‚ �û���ä�©�Ù�¬�ô�™���¬�Å���õ�‚ �Ù�Ä�™�Ù���ä�™�Ä�Ö�™�Ù�‚ �ä�é�Ù�™�Ý���õ�¬�ä�©���¾�Ë�Å�¤�™�Ù���¤�Ù�Ë�õ�¬�Å�¤���Ý�™�‚ �Ý�Ë�Å�Ý�¥
�#�Ë�Ù���™�ú�‚ �Ä�Ö�¾�™�¤���ä�©�™���Ý�Ö�Ù�é�•�™���õ�™�™�ô�¬�¾�¤���õ�©�¬�•�©���Ö�Ù�™�ô�™�Å�ä�Ý���Z�¬�ä�»�‚ ���Ý�Ö�Ù�é�•�™���£�Ù�Ë�Ä���¤�Ù�Ë�õ�¬�Å�¤���ä�‚ �¾�¾�¤���Ž�™�•�Ë�Ä�™�Ý
�‚ �•�ä�¬�ô�™���‚ �£�ä�™�Ù���õ�¬�Å�ä�™�Ù���õ�©�™�Å���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���Ž�™�•�Ë�Ä�™���õ�‚ �Ù�Ä���™�Å�Ë�é�¤�©���£�Ë�Ù���ä�©�™�Ä���¹�a�©�™���H�Ù�™�¤�Ë�Å���� �¾�¬�Ä�‚ �ä�™
�� �©�‚ �Å�¤�™���V�™�Ý�™�‚�Ù�•�©���,�Å�Ý�ä�¬�ä�é�ä�™�¤������ ���� �º�£��
�� �ú�Ö�‚ �Å�•�¬�Å�¤���¬�Å�ô�‚ �Ý�¬�ô�™���Ý�Ö�™�•�¬�™�Ý���Ù�‚ �Å�¤�™�¥���,�Å�ô�‚ �Ý�¬�ô�™���Ý�Ö�™�•�¬�™�Ý���Ä�‚ �û���Ž�™���‚ �Ž�¾�™���ä�Ë���Ä�Ë�ô�™���¬�Å�ä�Ë���Å�™�õ���‚ �Ù�™�‚�Ý���Ë�Ù
�™�ú�Ö�‚�Å�•���ä�©�™�¬�Ù���Ù�™�‚�•�©���‚ �Ý���Å�‚ �ä�¬�ô�™���Ý�Ö�™�•�¬�™�Ý���Ý�ä�Ù�é�¤�¤�¾�™���õ�¬�ä�©���•�©�‚ �Å�¤�¬�Å�¤���•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý�£

����

�S�©�Ë�ä�Ë���Ž�û���) �‚ �Å�Å�‚ �©���a�™�Å�Å�™�Å�ä



�Á�� �™�‚�Å� �̧� �Ù�™�™�»� �̧� �¾�»� �̧� �Â���Ž�û���� �;�A���H�V���Ñ���r �� ���¬�Ý���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x
���£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�� �¾�»���‚ �Ù�™���‚ ���£�Ë�Ë�•���Ý�Ë�é�Ù�•�™�£���) �é�Å�ä�¬�Å�¤
�¬�Ý���‚ ���ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�£���a�©�™�û���‚ �Ù�™
�¬�Å�ä�™�¤�Ù�‚ �¾���ä�Ë���•�é�¾�ä�é�Ù�‚ �¾���Ö�Ù�‚ �•�ä�¬�•�™�Ý�¤
�£�Ù�Ë�Ä���•�¬�£�£�™�Ù�™�Å�ä���Ý�Ë�•�¬�™�ä�¬�™�Ý���ä�Ë
�Ù�™�¤�‚ �¾�¬�‚ �£���� �¾�»���‚ �Ù�™���‚ �¾�Ý�Ë���™�Ý�Ý�™�Å�ä�¬�‚ �¾
�ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¦���ä�©�™�û���‚ �Ù�™
�£�Ë�Ë�•���£�Ë�Ù���Ä�Ë�é�Å�ä�‚ �¬�Å���¾�¬�Ë�Å�Ý�£���r �©�™�Å
�™�¾�»���•�¬�™���Ë�£���Å�‚ �ä�é�Ù�‚ �¾���•�‚ �é�Ý�™�Ý�¤���ä�©�™�¬�Ù
�•�‚ �Ù�•�‚ �Ý�Ý�™�Ý���Ö�Ù�Ë�ô�¬�•�™���£�Ë�Ë�•���£�Ë�Ù
�©�é�Å�•�Ù�™�•�Ý���Ë�£���Ë�Ù�¤�‚ �Å�¬�Ý�Ä�Ý�£����

�� �Ž�é�Å�•�‚ �Å�ä���Ž�™�£�Ë�Ù�™���Ý�™�ä�ä�¾�™�Ù�Ý
�‚ �Ù�Ù�¬�ô�™�•�£���Z�¬�Å�•�™���Ý�™�ä�ä�¾�¬�Å�¤�¤
�Ö�Ë�Ö�é�¾�‚�ä�¬�Ë�Å�Ý���©�‚ �ô�™���£�¾�é�•�ä�é�‚ �ä�™�•
�•�™�Ö�™�Å�•�¬�Å�¤���Ë�Å���©�é�Å�ä�¬�Å�¤
�Ö�Ù�™�Ý�Ý�é�Ù�™�¤���¾�Ë�¤�¤�¬�Å�¤�¤
�•�™�ô�™�¾�Ë�Ö�Ä�™�Å�ä�¤���‚ �Å�•���Ö�Ù�Ë�ä�™�•�ä�¬�Ë�Å�£��

�A�‚ �Å�û���¬�Å�ä�™�Ù�ô�¬�™�õ�™�™�Ý���Ý�‚ �¬�•���™�¾�»���‚ �Ù�™
�©�™�‚�¾�ä�©�û���‚ �Å�•���‚ �Ž�é�Å�•�‚ �Å�ä�£���Z�Ë�Ä�™
�Ý�‚ �¬�•���ä�©�™�û�Ä�ô�™���Å�Ë�ä�¬�•�™�•���Ý�Ä�‚ �¾�¾�™�Ù
�©�™�Ù�•�Ý���‚ �Å�•���™�¾�»���õ�¬�ä�©���Ý�Ä�‚ �¾�¾�™�Ù
�‚�Å�ä�¾�™�Ù�Ý�£���� �¾�»���©�Ë�Ë�£���•�¬�Ý�™�‚�Ý�™���¬�Ý���Å�Ë�ä
�û�™�ä���Ö�Ù�™�ô�‚ �¾�™�Å�ä���¾�¬�»�™���¬�Å���Ë�ä�©�™�Ù
�Ö�‚�Ù�ä�Ý���Ë�£���r �� �£��

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý �&�R�P�S�R�X�Q�G�L�Q�J���F�K�D�O�O�H�Q�J�H�V�������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��
����

�Z�Ö�Ù�™�‚�•���Ë�£���¾�™�Ý�Ý���Å�é�ä�Ù�¬�ä�¬�Ë�é�Ý
�¬�Å�ô�‚ �Ý�¬�ô�™���Ö�¾�‚�Å�ä���Ý�Ö�™�•�¬�™�Ý
�� �Ù�Ë�é�¤�©�ä

�� �¾�»���©�Ë�Ë�£���•�¬�Ý�™�‚�Ý�™
�� �©�Ù�Ë�Å�¬�•���õ�‚ �Ý�ä�¬�Å�¤���•�¬�Ý�™�‚�Ý�™
�� �™�ô�™�¾�Ë�Ö�Ä�™�Å�ä���¾�™�‚�•�¬�Å�¤���ä�Ë
�©�‚ �Ž�¬�ä�‚ �ä���¾�Ë�Ý�Ý��

�S�Ù�™�Ý�™�Ù�ô�™���‚ �Å�•���Ù�™�Ý�ä�Ë�Ù�™
�©�‚�Ž�¬�ä�‚ �ä
�A�Ë�Å�¬�ä�Ë�Ù���‚ �Å�•���Ù�™�Ä�Ë�ô�™
�¬�Å�ô�‚ �Ý�¬�ô�™���Ý�Ö�™�•�¬�™�Ý��
�A�Ë�Å�¬�ä�Ë�Ù���£�Ë�Ù���•�¬�Ý�™�‚�Ý�™�Ý
�� �Å�¤�‚ �¤�™���û�Ë�é�ä�©���‚ �Å�•���Ë�ä�©�™�Ù�Ý
�¬�Å���©�é�Å�ä�¬�Å�¤��

����

�5�R�R�V�H�Y�H�O�W���H�O�N������
�&�H�U�Y�X�V���F�D�Q�D�G�H�Q�V�L�V���U�R�R�V�H�Y�H�O�W�L

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

�/�(�6�6���9�8�/�1�(�5�$�%�/�(

�Á�,���õ�™�Å�ä���¬�Å�ä�Ë���ä�©�™���©�é�Å�ä�¬�Å�¤���Ý�•�™�Å�™���‚ �Å�•�¤���Ë�©���Ä�‚ �Å�¤���õ�©�‚ �ä���‚ ���¾�¬�£�™���¬�ä���¬�Ý���ä�©�‚ �ä�Ä�Ý���Ë�é�ä���ä�©�™�Ù�™�£�Â��

�� �Ë�™���) �Ë�Ù�™��̧Ý�¬

https://www.flickr.com/photos/blmoregon/10858308283/in/album-72157625747659478
https://www.flickr.com/photos/blmoregon/10858308283/in/album-72157625747659478
https://www.flickr.com/photos/blmoregon/10858308283/in/album-72157625747659478


�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�� �Å���¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä���£�Ë�Ë�•���Ý�Ë�é�Ù�•�™���£�Ë�Ù
�Ö�™�Ë�Ö�¾�™���‚ �Å�•���‚ �Å�¬�Ä�‚ �¾�Ý�£���� �™�Ù�Ù�¬�™�Ý
�‚ �Å�•����̧‚ �Ä���‚ �Ù�™���Ý�Ë�Ä�™�ä�¬�Ä�™�Ý���Ý�Ë�¾�•���Ë�Ù
�ä�Ù�‚ �•�™�•�£���$�‚ �ä�©�™�Ù�¬�Å�¤���¬�Ý���‚ ���ä�Ù�™�‚�ä�û
�Ù�¬�¤�©�ä�£��

�a�©�™�Ù�™���‚ �Ù�™���Ä�‚ �Å�û���ô�‚ �Ù�¬�™�ä�¬�™�Ý���Ë�£
�Ž�™�Ù�Ù�¬�™�Ý���‚ �Ù�Ë�é�Å�•���ä�©�™���f �Ñ�� �£���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™���©�‚ �Ù�ô�™�Ý�ä�™�•
�‚ �•�Ù�Ë�Ý�Ý���ä�©�™���S�™�Å�¬�Å�Ý�é�¾�‚���‚ �Å�•���‚ �Ý
�£�‚ �Ù���‚ �Ý���A�ä�£���� �•�‚ �Ä�Ý���£�Ë�Ù
�¤�™�Å�™�Ù�‚�ä�¬�Ë�Å�Ý�£���S�™�Ë�Ö�¾�™���©�‚ �•
�‚ �Ž�é�Å�•�‚ �Å�ä���•�‚ �Å�Å�™�•���Ž�™�Ù�Ù�¬�™�Ý���ä�Ë
�™�‚�ä���ä�©�Ù�Ë�é�¤�©�Ë�é�ä���ä�©�™���û�™�‚�Ù�£��

�a�©�™�Ù�™���‚ �Ù�™���Ä�¬�ú�™�•���™�ú�Ö�™�Ù�¬�™�Å�•�™�Ý
�õ�¬�ä�©���Ž�™�Ù�Ù�û���ä�¬�Ä�¬�Å�¤�£���Z�Ë�Ä�™
�Ö�™�Ë�Ö�¾�™���Ù�™�Ö�Ë�Ù�ä���ä�©�‚ �ä���ä�©�™���Ý�™�‚�Ý�Ë�Å
�©�‚ �Ý���Ý�©�¬�£�ä�™�•���™�‚�Ù�¾�¬�™�Ù�¤���õ�¬�ä�©���Ý�Ë�Ä�™
�Ž�™�Ù�Ù�¬�™�Ý���£�Ù�™�™���¬�Å�¤���‚ �£�ä�™�Ù���Ž�é�•�•�¬�Å�¤
�Ë�é�ä���‚ �Å�•���©�é�•�»�¾�™�Ž�™�Ù�Ù�¬�™�Ý���Ù�¬�Ö�™�Å�¬�Å�¤
�¬�Å���¾�‚ �ä�™���7�é�¾�û���‚ �Å�•���™�‚�Ù�¾�û���� �é�¤�é�Ý�ä
�Å�Ë�õ���‚ �Ý���Ë�Ö�Ö�Ë�Ý�™�•���ä�Ë���� �é�¤�é�Ý�ä���‚ �Å�•
�Z�™�Ö�ä�™�Ä�Ž�™�Ù�£���H�ä�©�™�Ù�Ý���©�‚ �ô�™
�Å�Ë�ä�¬�•�™�•���ä�©�‚ �ä���Ž�™�Ù�Ù�û���Ý�™�‚�Ý�Ë�Å�Ý���‚ �Ù�™
�¾�‚�ä�™�Ù���ä�©�‚ �Å���ä�©�™�û���é�Ý�™�•���ä�Ë���Ž�™���‚ �Å�•
�ä�©�‚ �ä���ä�©�™�Ù�™���‚ �Ù�™���£�™�õ�™�Ù���Ž�¾�é�™
�©�é�•�»�¾�™�Ž�™�Ù�Ù�¬�™�Ý�£��

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý
�&�R�P�S�R�X�Q�G�L�Q�J
�F�K�D�O�O�H�Q�J�H�V �������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��

����

�) �‚ �Ž�¬�ä�‚ �ä���Ý�©�¬�£�ä���•�é�™���ä�Ë���Ù�‚ �¬�Å
�‚ �Å�•���ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™
�•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý��
�r �¬�¾�•�£�¬�Ù�™

�A�Ë�Å�¬�ä�Ë�Ù���‚ �Å�•���Ý�ä�é�•�û���©�é�•�»�¾�™�Ž�™�Ù�Ù�û�£���B�Ë�ä
�Ä�é�•�©���¬�Ý���»�Å�Ë�õ�Å���‚ �Ž�Ë�é�ä���ä�©�™�¬�Ù���Ù�‚ �Å�¤�™���Ë�Ù
�Ù�™�Ý�Ö�Ë�Å�Ý�™���ä�Ë���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�£��
�A�‚ �¬�Å�ä�‚ �¬�Å���‚ �Å�•���Ù�™�Ý�ä�Ë�Ù�™���Ž�Ë�¤���‚ �Å�•���õ�™�ä�¾�‚�Å�•
�©�‚ �Ž�¬�ä�‚ �ä�Ý��
�� �™�ä�™�Ù�Ä�¬�Å�™���¬�£���‚ ���Ö�Ù�Ë�¤�Ù�‚ �Ä���Ý�é�Ö�Ö�Ë�Ù�ä�¬�Å�¤
�©�é�•�»�¾�™�Ž�™�Ù�Ù�û���ä�©�Ù�Ë�é�¤�©���Ý�™�™�•�¬�Å�¤���™�£�£�Ë�Ù�ä�Ý
�Ë�Ù���‚ �Ý�Ý�¬�Ý�ä�™�•���Ä�¬�¤�Ù�‚ �ä�¬�Ë�Å���õ�Ë�é�¾�•���Ž�™
�‚�Ö�Ö�Ù�Ë�Ö�Ù�¬�‚ �ä�™
�) �Ë�Ý�ä���•�Ë�Ä�Ä�é�Å�‚ �¾���¤�‚ �ä�©�™�Ù�¬�Å�¤�Ý���‚ �Ù�Ë�é�Å�•
�©�é�•�»�¾�™�Ž�™�Ù�Ù�û

����

�2�Y�D�O���O�H�D�I�H�G���K�X�F�N�O�H�E�H�U�U�\����
�R�Y�D�O���O�H�D�I�H�G���E�O�X�H�E�H�U�U�\������
�9�D�F�F�L�Q�L�X�P���R�Y�D�O�L�I�R�O�L�X�P

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

�0�2�' �(�5�$�7�(�/�<���9�8�/�1�(�5�$�%�/�(

https://www.fws.gov/media/oval-leaf-huckleberry
https://www.fws.gov/media/oval-leaf-huckleberry
https://www.fws.gov/media/oval-leaf-huckleberry


�Á�Z�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û�Â���Ž�û���V�é�ä�©���) �‚ �Ù�ä�Å�é�Ö���¬�Ý���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x�����£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�� �Ë�ä�©���ä�©�™���Ž�™�Ù�Ù�¬�™�Ý���‚ �Å�•���ä�©�™
�Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û���Ý�Ö�Ù�Ë�é�ä�Ý���‚ �Ù�™���‚ �Å
�¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä���£�Ë�Ë�•���Ý�Ë�é�Ù�•�™�£
�� �™�Ù�Ù�¬�™�Ý���‚ �Å�•����̧‚ �Ä���‚ �Ù�™���Ý�Ë�Ä�™�ä�¬�Ä�™�Ý
�Ý�Ë�¾�•���Ë�Ù���ä�Ù�‚ �•�™�•�£���$�‚ �ä�©�™�Ù�¬�Å�¤���¬�Ý���‚
�ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�£��

�Z�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�¬�™�Ý���©�‚ �ô�™���Ž�™�™�Å
�‚�Ž�é�Å�•�‚ �Å�ä���‚ �Å�•���Ý�Ë�Ä�™�ä�©�¬�Å�¤
�Ö�™�Ë�Ö�¾�™���©�‚ �ô�™���‚ �¾�õ�‚ �û�Ý���™�‚�ä�™�Å�£
�Z�Ë�Ä�™���Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û���‚ �Ù�™�‚�Ý���õ�™�Ù�™
�Ä�‚ �Å�‚ �¤�™�•���õ�¬�ä�©���£�¬�Ù�™���Ž�™�•�‚ �é�Ý�™���ä�©�™
�£�Ù�é�¬�ä���û�¬�™�¾�•���õ�Ë�é�¾�•���¬�Å�•�Ù�™�‚�Ý�™���ä�õ�Ë
�û�™�‚�Ù�Ý���‚ �£�ä�™�Ù���Ž�™�¬�Å�¤���Ž�é�Ù�Å�™�•
�¹�}�Ë�é�©�‚ �Ù�¤������ ���� �º�£��

�A�‚ �Å�û���¬�Å�ä�™�Ù�ô�¬�™�õ�™�™�Ý���Ý�‚ �¬�•���ä�©�™�û
�Å�Ë�ä�¬�•�™���£�™�õ�™�Ù���Ž�™�Ù�Ù�û���Ž�é�Ý�©�™�Ý���‚ �Å�•
�Ý�Ä�‚ �¾�¾�™�Ù���©�‚ �Ù�ô�™�Ý�ä�Ý�£���� �Å���™�ú�•�™�Ö�ä�¬�Ë�Å
�ä�Ë���ä�©�¬�Ý���¬�Ý���‚ �Ž�é�Å�•�‚ �Å�ä
�Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�¬�™�Ý���¬�Å���¾�Ë�¤�¤�™�•���‚ �Ù�™�‚�Ý�£
�H�Å�™���¬�Å�ä�™�Ù�ô�¬�™�õ�™�™���Ý�‚ �¬�•���ä�©�‚ �ä���ä�©�™
�Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û���Ý�Ö�Ù�Ë�é�ä�Ý���‚ �Ù�™
�Ž�¬�ä�ä�™�Ù���ä�‚ �Ý�ä�¬�Å�¤���Å�Ë�õ�£����

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý
�&�R�P�S�R�X�Q�G�L�Q�J
�F�K�D�O�O�H�Q�J�H�V �������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��

����

�) �‚ �Ž�¬�ä�‚ �ä���Ý�©�¬�£�ä���•�é�™���ä�Ë���Ù�‚ �¬�Å���‚ �Å�•
�ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™���•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý
�� �Ë�Ä�Ö�™�ä�¬�ä�¬�Ë�Å���õ�¬�ä�©���Å�Ë�Å� �́Å�‚ �ä�¬�ô�™
�Ö�¾�‚�Å�ä�Ý��

�A�Ë�Å�¬�ä�Ë�Ù���‚ �Å�•���Ý�ä�é�•�û���Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û�£���B�Ë�ä
�Ä�é�•�©���¬�Ý���»�Å�Ë�õ�Å���‚ �Ž�Ë�é�ä���ä�©�™�¬�Ù���Ù�‚ �Å�¤�™���Ë�Ù
�Ù�™�Ý�Ö�Ë�Å�Ý�™���ä�Ë���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�£��
�A�‚ �¬�Å�ä�‚ �¬�Å���‚ �Å�•���Ù�™�Ý�ä�Ë�Ù�™���Ù�¬�Ö�‚ �Ù�¬�‚ �Å
�Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�û���©�‚ �Ž�¬�ä�‚ �ä
�� �Ë�Å�Ý�¬�•�™�Ù���‚ ���Ù�™�ä�é�Ù�Å���ä�Ë���£�¬�Ù�™���‚ �Ý���‚
�Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���Ö�Ù�‚ �•�ä�¬�•�™��
�A�‚ �¬�Å�ä�‚ �¬�Å���‚ �Å�•���Ù�™�ô�¬�ä�‚ �¾�¬���™���ô�¬�¤�Ë�Ù�Ë�é�Ý
�¬�Å�ô�‚ �Ý�¬�ô�™���Ý�Ö�™�•�¬�™�Ý���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä

����

�6�D�O�P�R�Q�E�H�U�U�\�������5�X�E�X�V���V�S�H�F�W�D�E�L�O�L�V

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

�/�(�6�6���9�8�/�1�(�5�$�%�/�(

https://www.flickr.com/photos/ruthanddave/518256966
https://www.flickr.com/photos/ruthanddave/518256966


�S�Ù�Ë��̧™�•�ä�™�•���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý���ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¥��

�� �™�•�Ù�™�‚ �Ý�™�•���Ý�Å�Ë�õ���Ä�™�¾�ä�¤���•�™�•�Ù�™�‚ �Ý�™�•���Ý�é�Ä�Ä�™�Ù���Ù�‚ �¬�Å�¤���‚ �Å�•���¬�Å�•�Ù�™�‚ �Ý�™�•���ä�™�Ä�Ö�™�Ù�‚ �ä�é�Ù�™�¥���A�‚ �Å�û���Ë�£���ä�©�™
�Ž�Ë�¤�Ý���‚ �¾�Ë�Å�¤���ä�©�™���S�‚ �•�¬�£�¬�•���� �Ë�‚ �Ý�ä���•�™�Ö�™�Å�•���Ë�Å���Ù�‚ �¬�Å���‚ �Ý���ä�©�™�¬�Ù���õ�‚ �ä�™�Ù���Ý�Ë�é�Ù�•�™�¤���‚ �Ý���Ë�Ö�Ö�Ë�Ý�™�•���ä�Ë
�¤�Ù�Ë�é�Å�•�õ�‚ �ä�™�Ù���¹�V�Ë�•�•�©�¬�Ë���™�ä���‚ �¾�£�¤������ ���� �º�£���� �™�•�‚ �é�Ý�™���Ë�£���•�™�•�Ù�™�‚�Ý�¬�Å�¤���Ù�‚ �¬�Å���Ö�Ù�™�•�¬�•�ä�™�•���¬�Å���Ý�é�Ä�Ä�™�Ù�Ý�¤���‚ �Ý���õ�™�¾�¾
�‚�Ý���¤�™�Å�™�Ù�‚�¾���õ�‚ �Ù�Ä�¬�Å�¤�¤���õ�™�ä�¾�‚�Å�•�Ý���õ�¬�¾�¾���¾�¬�»�™�¾�û���Ž�™�•�Ë�Ä�™���•�Ù�¬�™�Ù�£���A�Ë�•�™�¾�Ý���Ö�Ù�™�•�¬�•�ä���ä�©�‚ �ä���õ�™�ä�¾�‚�Å�•�Ý���¬�Å
�õ�™�Ý�ä�™�Ù�Å���r �� ���õ�¬�¾�¾���•�Ù�û���Ë�é�ä���™�‚�Ù�¾�¬�™�Ù���¬�Å���ä�©�™���Ý�é�Ä�Ä�™�Ù���ä�©�‚ �Å���ä�©�™�û���•�é�Ù�Ù�™�Å�ä�¾�û���•�Ë���‚ �Å�•���õ�™�ä�¾�‚�Å�•�Ý���ä�©�‚ �ä
�‚ �¾�Ù�™�‚�•�û���•�Ù�û���Ë�é�ä���•�Ë�é�¾�•���Ž�™���¾�Ë�Ý�ä���¹�;�™�™���™�ä���‚ �¾�£�¤������ ���� �º�£���a�©�™�Ý�™���•�©�‚ �Å�¤�™�Ý���õ�¬�¾�¾���•�‚ �é�Ý�™���Ö�¾�‚�Å�ä���Ý�Ö�™�•�¬�™�Ý���¬�Å
�õ�™�ä�¾�‚�Å�•�Ý���ä�Ë���•�©�‚ �Å�¤�™�¤���¬�Å�•�¾�é�•�¬�Å�¤���ä�©�Ë�Ý�™���ä�©�‚ �ä���‚ �Ù�™���•�é�¾�ä�é�Ù�‚ �¾�¾�û���¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä���¾�¬�»�™���•�‚ �Ä�‚ �Ý���‚ �Å�•���Ž�™�‚�Ù�¤�Ù�‚ �Ý�Ý�£
�� �Ù�û�¬�Å�¤���õ�™�ä�¾�‚�Å�•�Ý���õ�¬�¾�¾���‚ �¾�Ý�Ë���Ù�™�¾�™�‚�Ý�™���ä�©�™�¬�Ù���Ý�ä�Ë�Ù�™�•���•�‚ �Ù�Ž�Ë�Å���¬�Å�ä�Ë���ä�©�™���‚ �ä�Ä�Ë�Ý�Ö�©�™�Ù�™�¤���•�Ë�Å�ä�Ù�¬�Ž�é�ä�¬�Å�¤���ä�Ë
�•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�£��

����

�Á�Z�õ�‚ �Ä�Ö�û���Ž�Ë�¤���Ë�Å���) �¬�¤�©�õ�‚ �û������ ���Â�����Ž�û���A�¬�•�©�‚ �™�¾���� ���¬�Ý���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x�����£�� ����

�%�$�&�.�*�5�2�8�1�'
�r �™�ä�¾�‚�Å�•�Ý���‚ �Ù�™���•�Ë�Å�Ý�¬�•�™�Ù�™�•���™�Ý�Ý�™�Å�ä�¬�‚ �¾���ä�Ë���) �Ë�©���Ö�™�Ë�Ö�¾�™���‚ �Ý���™�ú�•�™�¾�¾�™�Å�ä���‚ �Ù�™�‚�Ý���ä�Ë���©�é�Å�ä���‚ �Å�•���£�¬�Å�•���Ä�™�•�¬�•�¬�Å�‚ �¾���Ö�¾�‚�Å�ä�Ý
�¹�S�Ë�õ�™�¾�¾�¤������ �� ���º�£���r �™�ä�¾�‚�Å�•�Ý���Ý�é�Ö�Ö�Ë�Ù�ä���‚ �Å���¬�Ä�Ä�™�Å�Ý�™���‚ �Ä�Ë�é�Å�ä���Ë�£���¾�¬�£�™�£���� �û���‚ �Ù�™�‚�¤���ä�©�™�û���‚ �Ù�™���Ë�Å�¾�û������ ���Ë�£
�r �‚ �Ý�©�¬�Å�¤�ä�Ë�Å�Ä�Ý���¾�‚ �Å�•�Ý�•�‚ �Ö�™���Ž�é�ä���Ë�ô�™�Ù���� �� �� ���Ë�£���ô�™�Ù�ä�™�Ž�Ù�‚ �ä�™���‚ �Å�¬�Ä�‚ �¾�Ý���é�Ý�™���ä�©�™�Ä�£���#�Ë�Ù�ä�û� �́£�¬�ô�™���Ö�™�Ù�•�™�Å�ä���Ë�£
�™�Å�•�‚ �Å�¤�™�Ù�™�•�¤���ä�©�Ù�™�‚�ä�™�Å�™�•�¤���Ë�Ù���Ý�™�Å�Ý�¬�ä�¬�ô�™���Ö�¾�‚�Å�ä�Ý���¾�¬�ô�™���¬�Å���õ�™�ä�¾�‚�Å�•�Ý���¹�V�Ë�•�•�©�¬�Ë���™�ä���‚ �¾�£�¤������ ���� �º�£���� �™�Ù�ä�‚ �¬�Å���õ�™�ä�¾�‚�Å�•�Ý
�ä�©�™�Ä�Ý�™�¾�ô�™�Ý���•�‚ �Å���‚ �¾�Ý�Ë���Ž�™���Ù�‚ �Ù�™�¤���¾�¬�»�™���ä�©�™���� �Ù�Ë�õ�Ž�™�Ù�Ù�û���� �Ë�¤���¬�Å���ä�©�™���) �Ë�©���õ�‚ �ä�™�Ù�Ý�©�™�•�£���,�ä���¬�Ý���ä�©�™���Ë�Å�¾�û���•�Ë�•�é�Ä�™�Å�ä�™�•
�Ù�‚ �¬�Ý�™�•���Ž�Ë�¤���¬�Å���ä�©�™���õ�™�Ý�ä�™�Ù�Å���•�Ë�Å�ä�¬�¤�é�Ë�é�Ý���f �Å�¬�ä�™�•���Z�ä�‚ �ä�™�Ý���‚ �Å�•���©�‚ �Ý���Ž�™�™�Å���Ý�ä�Ë�Ù�¬�Å�¤���Ö�™�‚�ä�¤���Ë�Ù���•�™�•�Ë�Ä�Ö�Ë�Ý�¬�Å�¤���Ö�¾�‚�Å�ä
�Ä�‚ �ä�™�Ù�¬�‚ �¾�¤���£�Ë�Ù���Ë�ô�™�Ù������ �¤�� �� �� ���û�™�‚�Ù�Ý���¹�V�Ë�•�•�©�¬�Ë�¤������ ���� �¤���A�é�Å�¤�é�®�‚ �¤������ �����º�£���a�©�¬�Ý���‚ �Ž�¬�¾�¬�ä�û���ä�Ë���Ý�ä�Ë�Ù�™���Ö�™�‚�ä�¤���‚ ���ä�û�Ö�™���Ë�£
�•�‚ �Ù�Ž�Ë�Å�¤���Ä�‚ �»�™�Ý���Ö�Ù�™�Ý�™�Ù�ô�¬�Å�¤���õ�™�ä�¾�‚�Å�•�Ý���™�Ý�Ý�™�Å�ä�¬�‚ �¾���ä�Ë���Ý�¾�Ë�õ�¬�Å�¤���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™�£���,�£���õ�™�ä�¾�‚�Å�•�Ý���‚ �Ù�™���•�‚ �Ä�‚ �¤�™�•�¤
�ä�©�™�¬�Ù���•�‚ �Ù�Ž�Ë�Å���¬�Ý���Ù�™�¾�™�‚�Ý�™�•�¤���‚ �•�•�¬�Å�¤���ä�Ë���¤�Ù�™�™�Å�©�Ë�é�Ý�™���¤�‚ �Ý���•�Ë�Å�•�™�Å�ä�Ù�‚ �ä�¬�Ë�Å�Ý�£���f �Å�£�Ë�Ù�ä�é�Å�‚ �ä�™�¾�û�¤���õ�™�ä�¾�‚�Å�•�Ý���•�‚ �Å���Ž�™
�™�‚�Ý�¬�¾�û���•�™�Ý�ä�Ù�Ë�û�™�•���Ž�û���¾�Ë�¤�¤�¬�Å�¤���‚ �Å�•���•�™�ô�™�¾�Ë�Ö�Ä�™�Å�ä�£���� ���Ù�™�•�™�Å�ä���f �£�Z�£���Z�é�Ö�Ù�™�Ä�™���� �Ë�é�Ù�ä���•�™�•�¬�Ý�¬�Ë�Å���¬�Å���Z�‚ �•�»�™�ä�ä���ô�£
�� �Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä�‚ �¾���S�Ù�Ë�ä�™�•�ä�¬�Ë�Å���� �¤�™�Å�•�û���¾�Ë�Ë�Ý�™�Å�™�•���Ù�™�¤�é�¾�‚�ä�¬�Ë�Å�Ý���‚ �Ù�Ë�é�Å�•���õ�™�ä�¾�‚�Å�•�Ý�¤���Ä�‚ �»�¬�Å�¤���ä�©�™�Ä���Ä�Ë�Ù�™
�ô�é�¾�Å�™�Ù�‚�Ž�¾�™�£���a�©�™���) �Ë�©���õ�‚ �ä�™�Ù�Ý�©�™�•���‚ �¾�Ý�Ë���©�‚ �Ý���Ä�‚ �Å�û���•�Ù�û�Ö�ä�¬�•���õ�™�ä�¾�‚�Å�•�Ý�¤���Ë�Ù���£�Ë�Ù�™�Ý�ä�™�•���õ�™�ä�¾�‚�Å�•�Ý���ä�©�‚ �ä���‚ �Ù�™
�¬�Å�ô�¬�Ý�¬�Ž�¾�™���ä�Ë���Ý�‚ �ä�™�¾�¾�¬�ä�™���¬�Ä�‚ �¤�¬�Å�¤�¤���ä�©�‚ �ä���‚ �Ù�™���™�ú�•�™�¾�¾�™�Å�ä���•�‚ �Ù�Ž�Ë�Å���Ý�ä�Ë�Ù�‚ �¤�™���‚ �Å�•���ô�‚ �¾�é�‚ �Ž�¾�™���©�‚ �Ž�¬�ä�‚ �ä���¹�A�™�Ý�‚ �¤������ ���� �º�£��

https://www.flickr.com/photos/aboyandhisbike/5589743842/in/photolist-aBPMuR-9vTSwx-9vWU6Q-9C65kK-2oTovF9-2oTr24v


�É�;�‚ �Ž�Ù�‚ �•�Ë�Ù���a�™�‚�É���Ž�û���7�Ë�Ý�©�é�‚ ���A�‚ �û�™�Ù���¬�Ý���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� �����£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�a�©�¬�Ý���¬�Ý���‚ ���ä�Ù�‚ �•�¬�ä�¬�Ë�Å�‚ �¾���£�Ë�Ë�•���õ�¬�ä�©
�©�¬�¤�©���•�é�¾�ä�é�Ù�‚ �¾���¬�Ä�Ö�Ë�Ù�ä�‚ �Å�•�™���‚ �Å�•
�Ä�™�•�¬�•�¬�Å�‚ �¾���Ö�Ù�Ë�Ö�™�Ù�ä�¬�™�Ý�£���,�ä
�Ö�Ù�Ë�ô�¬�•�™�Ý���©�‚ �Ž�¬�ä�‚ �ä���£�Ë�Ù���Ž�¬�Ù�•�Ý�¤���‚ �Ý
�õ�™�¾�¾���‚ �Ý���£�Ë�Ë�•���£�Ë�Ù���¬�Å�Ý�™�•�ä�Ý�¤���Ž�™�™�Ý�¤
�‚ �Å�•���™�¾�»�£���$�‚ �ä�©�™�Ù�¬�Å�¤���¬�Ý���‚ ���ä�Ù�™�‚�ä�û
�Ù�¬�¤�©�ä�£��

�,�Å�•�¬�‚ �Å���ä�™�‚���©�‚ �Ý���Ž�™�™�Å���¤�‚ �ä�©�™�Ù�™�•
�Ý�¬�Å�•�™���ä�¬�Ä�™���¬�Ä�Ä�™�Ä�Ë�Ù�¬�‚ �¾���¬�Å���Ž�Ë�¤�Ý
�Ë�Å���ä�©�™���) �Ë�©���f �Ñ�� �£���U�é�¬�¾�™�é�ä�™���‚ �Å�•
�) �Ë�©���Ö�™�Ë�Ö�¾�™���Ö�Ù�‚ �•�ä�¬�•�™�•���Ž�é�Ù�Å�¬�Å�¤
�ä�Ë���Ä�‚ �¬�Å�ä�‚ �¬�Å���ä�©�™���Ö�Ù�‚ �¬�Ù�¬�™�Ý�£��

�S�™�Ë�Ö�¾�™���©�‚ �ô�™���Å�Ë�ä���Ë�Ž�Ý�™�Ù�ô�™�•���‚ �Å�û
�¬�Å�•�Ù�™�‚�Ý�™���Ë�Ù���•�™�•�Ù�™�‚�Ý�™���¬�Å���ä�©�™
�‚�Ä�Ë�é�Å�ä���Ë�£���ä�™�‚�£���a�©�™���Ž�™�Ý�ä���ä�¬�Ä�™
�ä�Ë���©�‚ �Ù�ô�™�Ý�ä���¬�Ý���ä�©�™���£�‚ �¾�¾�¤���Ý�ä�‚ �Ù�ä�¬�Å�¤
�¬�Å���Z�™�Ö�ä�™�Ä�Ž�™�Ù�£���Z�Ë�Ä�™���Ä�™�Ä�Ž�™�Ù�Ý
�Ý�©�‚ �Ù�™���ä�©�‚ �ä���ä�©�¬�Ý���ä�¬�Ä�¬�Å�¤���©�‚ �Ý
�Ý�©�¬�£�ä�™�•���¾�‚ �ä�™�Ù���¬�Å���ä�©�™���û�™�‚�Ù�£

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý �&�R�P�S�R�X�Q�G�L�Q�J���F�K�D�O�O�H�Q�J�H�V�������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��
����

�� �Ù�û�¬�Å�¤���‚ �Å�•���õ�‚ �Ù�Ä�¬�Å�¤
�õ�™�ä�¾�‚�Å�•���©�‚ �Ž�¬�ä�‚ �ä

�� �‚ �Ä�‚ �¤�¬�Å�¤���©�‚ �Ù�ô�™�Ý�ä
�Ä�™�ä�©�Ë�•�Ý
�� �™�•�Ù�™�‚�Ý�¬�Å�¤���©�‚ �Ž�¬�ä�‚ �ä���•�é�™���ä�Ë
�£�Ë�Ù�™�Ý�ä���™�Å�•�Ù�Ë�‚ �•�©�Ä�™�Å�ä���Ë�Ù
�•�™�ô�™�¾�Ë�Ö�Ä�™�Å�ä

�S�Ù�™�Ý�™�Ù�ô�™���‚ �Å�•���Ä�‚ �¬�Å�ä�‚ �¬�Å
�õ�™�ä�¾�‚�Å�•���‚ �Å�•���Ö�Ù�‚ �¬�Ù�¬�™
�©�‚�Ž�¬�ä�‚ �ä�Ý
�) �Ë�Ý�ä���•�Ë�Ä�Ä�é�Å�‚ �¾���©�‚ �Ù�ô�™�Ý�ä�¬�Å�¤
�™�ô�™�Å�ä�Ý
�A�Ë�Å�¬�ä�Ë�Ù���,�Å�•�¬�‚ �Å���ä�™�‚���‚ �Ý���¾�¬�ä�ä�¾�™
�¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���¬�Ý���»�Å�Ë�õ�Å
�‚ �Ž�Ë�é�ä���©�Ë�õ���¬�ä���Ä�¬�¤�©�ä
�Ù�™�Ý�Ö�Ë�Å�•���ä�Ë���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™
�A�‚ �Ö���õ�™�ä�¾�‚�Å�•�Ý���¬�Å���ä�©�™���) �Ë�©
�f �Ñ�� ���£�Ë�Ù���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���‚ �Å�•
�Ö�Ù�Ë�ä�™�•�ä�¬�Ë�Å
�� �Ë�Å�Ý�¬�•�™�Ù���Ù�™�ä�é�Ù�Å�¬�Å�¤���ä�Ë
�•�Ë�Å�ä�Ù�Ë�¾�¾�™�•���Ž�é�Ù�Å�¬�Å�¤���‚ �Ý���‚
�Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���Ä�™�ä�©�Ë�•

����

�,�Q�G�L�D�Q���7�H�D������
�/�D�E�U�D�G�R�U���7�H�D
�5�K�R�G�R�G�H�Q�G�U�R�Q���J�U�R�H�Q�O�D�Q�G�L�F�X�P

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

�0�2�' �(�5�$�7�(�/�<���9�8�/�1�(�5�$�%�/�(

https://www.flickr.com/photos/wackybadger/14778117351
https://www.flickr.com/photos/wackybadger/14778117351


�S�Ù�Ë��̧™�•�ä�™�•���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý���ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¥��

�;�Ë�õ�™�Ù���Ý�é�Ä�Ä�™�Ù���£�¾�Ë�õ�Ý�¥���a�©�™���) �Ë�©���V�¬�ô�™�Ù���õ�¬�¾�¾���Ý�™�™���¾�Ë�õ�™�Ù���£�¾�Ë�õ�Ý���¬�Å���Ý�é�Ä�Ä�™�Ù���•�é�™���ä�Ë���¾�™�Ý�Ý���Ý�é�Ä�Ä�™�Ù���Ù�‚ �¬�Å
�‚ �Å�•���•�™�•�¾�¬�Å�¬�Å�¤���¤�¾�‚�•�¬�‚ �¾���‚ �Å�•���Ý�Å�Ë�õ�Ö�‚ �•�»���Ä�™�¾�ä�£���;�Ë�õ���£�¾�Ë�õ�Ý���•�‚ �Å���Ž�¾�Ë�•�»���£�¬�Ý�©���Ä�¬�¤�Ù�‚ �ä�¬�Ë�Å�£��
�r �‚ �Ù�Ä�¬�Å�¤���ä�™�Ä�Ö�™�Ù�‚ �ä�é�Ù�™�Ý�¥���� ���•�Ë�Å�Ý�™�Ø�é�™�Å�•�™���Ë�£���¾�Ë�õ�™�Ù���£�¾�Ë�õ�Ý���¬�Ý���õ�‚ �Ù�Ä�™�Ù���Ù�¬�ô�™�Ù�Ý�£���a�©�¬�Ý���•�Ù�™�‚�ä�™�Ý
�•�©�‚ �¾�¾�™�Å�¤�¬�Å�¤���™�Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä�Ý���õ�¬�ä�©���¾�Ë�õ�™�Ù���•�¬�Ý�Ý�Ë�¾�ô�™�•���Ë�ú�û�¤�™�Å���•�Ë�Å�•�™�Å�ä�Ù�‚ �ä�¬�Ë�Å�Ý���£�Ë�Ù���£�¬�Ý�©���‚ �Å�•���Ë�ä�©�™�Ù���¾�¬�£�™�£��
�) �¬�¤�©�™�Ù���õ�¬�Å�ä�™�Ù���£�¾�Ë�õ�Ý�¥���,�Å�•�Ù�™�‚�Ý�™�•���õ�¬�Å�ä�™�Ù���Ù�‚ �¬�Å���õ�¬�¾�¾���•�‚ �é�Ý�™���©�¬�¤�©�™�Ù���£�¾�Ë�õ�Ý���õ�©�¬�•�©���•�‚ �Å���•�‚ �é�Ý�™���£�¾�Ë�Ë�•�Ý�¤
�Ý�•�Ë�é�Ù���©�‚ �Ž�¬�ä�‚ �ä�Ý�¤���‚ �Å�•���•�©�‚ �Å�¤�™���ä�©�™���•�Ë�é�Ù�Ý�™���Ë�£���ä�©�™���Ù�¬�ô�™�Ù�£����

����

�Á�x�Ë�é���©�‚ �ô�™���Ý�™�™���¬�ä���ä�Ë���Ž�™�¾�¬�™�ô�™���¬�ä�£���,���•�Ë�é�¾�•���ä�™�¾�¾���û�Ë�é���õ�©�™�Ù�™���ä�©�™���Ù�¬�ô�™�Ù���õ�‚ �Ý���•�Ë�Ä�Ö�‚ �Ù�™�•���ä�Ë
�õ�©�™�Ù�™���¬�ä�Ê�Ý���‚ �ä���Å�Ë�õ���‚ �Å�•���¬�ä�Ê�Ý���é�Å�Ù�™�•�Ë�¤�Å�¬���‚ �Ž�¾�™�£���,�ä���é�Ý�™�•���ä�Ë���Ù�é�Ž���Ù�¬�¤�©�ä���é�Ö���‚ �¤�‚ �¬�Å�Ý�ä���‚

�Ý�•�©�Ë�Ë�¾�©�Ë�é�Ý�™���ä�©�‚ �ä���õ�‚ �Ý���‚ �•�Ù�Ë�Ý�Ý���ä�©�™���Ù�¬�ô�™�Ù���‚ �Ž�Ë�é�ä���Ù�¬�¤�©�ä���ä�©�™�Ù�™���Ë�Å���ä�©�™���Ë�ä�©�™�Ù���Ý�¬�•�™�£���B�Ë�õ���¬�ä�Ê�Ý
�� �� �� ���û�‚ �Ù�•�Ý���‚ �õ�‚ �û���£�Ù�Ë�Ä���ä�©�™�Ù�™�¤���£�Ù�Ë�Ä���õ�©�™�Ù�™���ä�©�‚ �ä���Ý�•�©�Ë�Ë�¾�©�Ë�é�Ý�™���¬�Ý�£���7�é�Ý�ä���Ý�¬�Å�•�™���ä�©�™���Ã�� �� �Ý�£���,�ä

�õ�‚ �Ý���‚ ���Ä�‚ ��̧Ë�Ù���•�©�‚ �Å�Å�™�¾���Ë�ô�™�Ù���ä�©�™�Ù�™���‚ �ä���Ë�Å�™���ä�¬�Ä�™�£���B�Ë�õ���¬�ä�Ä�Ý����̧é�Ý�ä���£�¬�¾�¾�™�•���¬�Å���õ�¬�ä�©���Ý�‚ �Å�•�£���� �Å�•���¬�ä�Ê�¾�¾
�Ö�Ù�Ë�Ž�‚ �Ž�¾�û���Ž�™���Ž�‚ �•�»���Ë�ô�™�Ù���ä�©�™�Ù�™���¬�Å���� �� ���Ä�Ë�Ù�™���û�™�‚ �Ù�Ý�£���7�é�Ý�ä���ä�©�™���õ�‚ �û���ä�©�™���Ù�¬�ô�™�Ù���£�¾�Ë�õ�Ý�£���r �©�Ë

�»�Å�Ë�õ�Ý�ª�Â

�7�Ë�™���) �é�•�Ý�Ë�Å

�S�©�Ë�ä�Ë���Ž�û���9�¬�Ä���� �Ù�‚ �û



�É�� �©�¬�Å�Ë�Ë�»���Ý�‚ �¾�Ä�Ë�Å���A�•�� �¾�¾�¬�Ý�ä�™�Ù���Z�Ö�Ù�¬�Å�¤�Ý�É���Ž�û���V�Ë�¤�™�Ù���a�‚ �Ž�Ë�Ù���¬�Ý���¾�¬�•�™�Å�Ý�™�•
�é�Å�•�™�Ù���� �� �����£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�Z�‚ �¾�Ä�Ë�Å�¬�•�Ý���‚ �Ù�™���‚ ���»�™�û�Ý�ä�Ë�Å�™
�Ý�Ö�™�•�¬�™�Ý���™�•�Ë�¾�Ë�¤�¬�•�‚ �¾�¾�û�¤
�™�•�Ë�Å�Ë�Ä�¬�•�‚ �¾�¾�û�¤���‚ �Å�•
�•�é�¾�ä�é�Ù�‚ �¾�¾�û�£���#�¬�Ý�©�¬�Å�¤���¬�Ý���‚
�ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�£��

�a�©�™���Ý�‚ �û�¬�Å�¤���¤�Ë�™�Ý���ä�©�‚ �ä���Ý�‚ �¾�Ä�Ë�Å���õ�™�Ù�™
�Ý�Ë���ä�©�¬�•�»�¤���û�Ë�é���•�Ë�é�¾�•���õ�‚ �¾�»���‚ �•�Ù�Ë�Ý�Ý���ä�©�™
�Ù�¬�ô�™�Ù���Ë�Å���ä�©�™�¬�Ù���Ž�‚ �•�»�Ý�£���,�Å�ä�™�Ù�ô�¬�™�õ�™�™�Ý
�Ù�™�•�‚ �¾�¾�™�•���£�¬�Ý�©�¬�Å�¤���Ý�™�ô�™�Å���•�‚ �û�Ý���‚ ���õ�™�™�»
�õ�©�™�Å���ä�©�™�û���õ�™�Ù�™���û�Ë�é�Å�¤�™�Ù�£���a�©�™�û
�Ù�™�¤�é�¾�‚�Ù�¾�û���•�‚ �é�¤�©�ä������ ���¶���� �� �¾�Ž���Ý�Ö�Ù�¬�Å�¤
�Ý�‚ �¾�Ä�Ë�Å�£���� �‚ �Å�Ë�™�Ý���õ�Ë�é�¾�•���Ž�™���Ý�Ë���£�é�¾�¾���Ë�£
�£�¬�Ý�©���ä�©�‚ �ä���ä�©�™�û���õ�™�Ù�™���•�¬�£�£�¬�•�é�¾�ä���ä�Ë
�Ö�‚�•�•�¾�™���Ž�‚ �•�»���ä�Ë���Ý�©�Ë�Ù�™���õ�¬�ä�©�Ë�é�ä
�ä�¬�Ö�Ö�¬�Å�¤���Ë�ô�™�Ù�£����

�� �Ë�Ä�Ö�‚�Ù�™�•���ä�Ë���Ë�ä�©�™�Ù���Ù�¬�ô�™�Ù�Ý���¬�Å
�ä�©�™���f �Z�¤���ä�©�™���) �Ë�©���©�‚ �Ý���‚ ���©�™�‚�¾�ä�©�û
�õ�¬�¾�•���Ý�‚ �¾�Ä�Ë�Å���Ù�é�Å�£���) �Ë�õ�™�ô�™�Ù�¤
�a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý���©�‚ �ô�™
�õ�¬�ä�Å�™�Ý�Ý�™�•���•�™�•�¾�¬�Å�™�Ý���Ë�ô�™�Ù���ä�©�™
�¤�™�Å�™�Ù�‚�ä�¬�Ë�Å�Ý�£��

�Z�Ë�Ä�™���Ö�™�Ë�Ö�¾�™���Ý�‚ �û���£�¬�Ý�©���‚ �Ù�™
�Ý�Ä�‚ �¾�¾�™�Ù���‚ �Å�•���‚ �Ù�™���Ä�Ë�ô�¬�Å�¤���ä�Ë
�Å�™�õ���‚ �Ù�™�‚�Ý���ä�Ë���£�¬�Å�•���Ø�é�‚ �¾�¬�ä�û
�©�‚ �Ž�¬�ä�‚ �ä���•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý�£�����#�‚ �¾�¾
�£�¬�Ý�©�™�Ù�¬�™�Ý���©�‚ �ô�™���Ë�•�•�‚ �Ý�¬�Ë�Å�‚ �¾�¾�û
�Ë�Ö�™�Å�™�•���¾�‚ �ä�™���•�é�™���ä�Ë���¾�Ë�õ���õ�‚ �ä�™�Ù
�¾�™�ô�™�¾�Ý�£���H�ä�©�™�Ù���Ý�™�‚�Ý�Ë�Å�Ý���©�‚ �ô�™
�•�¾�Ë�Ý�™�•���™�‚�Ù�¾�û���Ž�™�•�‚ �é�Ý�™���Ë�£���¾�Ë�õ
�•�‚ �ä�•�©���Å�é�Ä�Ž�™�Ù�Ý���Ë�Ù���Ž�™�¾�Ë�õ
�‚ �ô�™�Ù�‚�¤�™���Å�é�Ä�Ž�™�Ù�Ý���Ë�£���Ù�™�•�•�Ý�£

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý

�� �Ë�ä�©���Ù�¬�ô�™�Ù���‚ �Å�•���Ë�•�™�‚�Å
�ä�™�Ä�Ö�™�Ù�‚�ä�é�Ù�™�Ý���Ž�™�•�Ë�Ä�¬�Å�¤
�ä�Ë�Ë���õ�‚ �Ù�Ä
�V�¬�ô�™�Ù���¾�™�ô�™�¾�Ý���Ž�™�•�Ë�Ä�¬�Å�¤
�ä�Ë�Ë���¾�Ë�õ���¬�Å���ä�©�™���Ý�é�Ä�Ä�™�Ù��
�r �¬�Å�ä�™�Ù���Ý�ä�Ë�Ù�Ä�Ý���Ý�•�Ë�é�Ù�¬�Å�¤
�Ù�™�•�•�Ý��
�;�‚ �•�»���Ë�£���Ö�Ù�™�û���¬�Å���ä�©�™
�Ë�•�™�‚�Å���•�é�™���ä�Ë
�‚ �•�¬�•�¬�£�¬�•�‚ �ä�¬�Ë�Å

�� �Ë�Ä�Ö�Ë�é�Å�•�¬�Å�¤���•�©�‚ �¾�¾�™�Å�¤�™�Ý

�S�Ë�¾�¾�é�ä�‚ �Å�ä�Ý�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ë�¬�¾���Ý�Ö�¬�¾�¾�Ý
�‚ �Å�•���™�Ä�™�Ù�¤�¬�Å�¤���•�Ë�Å�ä�‚ �Ä�¬�Å�‚ �Å�ä�Ý���Ë�£
�•�Ë�Å�•�™�Ù�Å�¤���¾�¬�»�™���� �S�S�� � �́U
�a�Ù�‚ �Å�Ý�Ö�Ë�Ù�ä�‚ �ä�¬�Ë�Å���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™
�ä�©�‚ �ä���Ž�¾�Ë�•�»�Ý���£�¬�Ý�©���Ö�‚ �Ý�Ý�‚ �¤�™�¤���¾�¬�»�™
�é�Å�•�™�Ù� �́Ý�¬���™�•���•�é�¾�ô�™�Ù�ä�Ý��
�� �™�¤�Ù�‚ �•�™�•���Ý�ä�Ù�™�‚�Ä�Ý���•�é�™���ä�Ë
�Ý�™�•�¬�Ä�™�Å�ä���‚ �Å�•���¬�Å�ô�‚ �Ý�¬�ô�™���Ý�Ö�™�•�¬�™�Ý
�) �‚ �Ž�¬�ä�‚ �ä���•�™�¤�Ù�‚ �•�‚ �ä�¬�Ë�Å���•�é�™���ä�Ë
�¾�™�¤�‚ �•�û���¾�Ë�¤�¤�¬�Å�¤���¬�Ä�Ö�‚�•�ä�Ý
�H�ô�™�Ù�£�¬�Ý�©�¬�Å�¤

���™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��

�S�Ù�™�Ý�™�Ù�ô�™���™�ú�¬�Ý�ä�¬�Å�¤���©�‚ �Ž�¬�ä�‚ �ä���‚ �Å�•���¬�Ä�Ö�¾�™�Ä�™�Å�ä
�Ù�™�Ý�ä�Ë�Ù�‚ �ä�¬�Ë�Å���Ö�Ù�Ë��̧™�•�ä�Ý���ä�©�‚ �ä���™�ú�Ö�‚�Å�•���©�‚ �Ž�¬�ä�‚ �ä
�,�Å�•�Ù�™�‚�Ý�™���¤�Ù�Ë�é�Å�•�õ�‚ �ä�™�Ù���•�Ë�Å�Å�™�•�ä�¬�Ë�Å���ä�©�Ù�Ë�é�¤�©
�õ�Ë�Ë�•�û���•�™�Ž�Ù�¬�Ý���¬�Å�Ý�ä�‚ �¾�¾�‚�ä�¬�Ë�Å
�� �Ë�Å�ä�¬�Å�é�™���ä�Ë���Ž�é�û���¾�‚ �Å�•���‚ �¾�Ë�Å�¤���ä�©�™���Ù�¬�ô�™�Ù���ä�Ë
�Ö�Ù�™�Ý�™�Ù�ô�™���¾�‚ �Ù�¤�™���Ž�é�£�£�™�Ù�Ý���‚ �Å�•���¬�Å�•�Ù�™�‚�Ý�™���a�Ù�¬�Ž�‚ �¾
�‚ �•�•�™�Ý�Ý

�V�™�•�é�•�™���Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý���¾�¬�»�™���é�Ù�Ž�‚ �Å�¬���‚ �ä�¬�Ë�Å�¤
�Ö�Ë�¾�¾�é�ä�¬�Ë�Å�¤���‚ �Å�•���™�Ù�Ë�Ý�¬�Ë�Å
�� �Ë�Å�ä�¬�Å�é�™���Ä�Ë�Å�¬�ä�Ë�Ù�¬�Å�¤
�V�™�Ä�Ë�ô�™���£�¬�Ý�©���Ö�‚ �Ý�Ý�‚ �¤�™���Ž�‚ �Ù�Ù�¬�™�Ù�Ý
�� �‚ �Ù�™�£�é�¾�¾�û���Ä�‚ �Å�‚ �¤�™���©�‚ �ä�•�©�™�Ù�¬�™�Ý���ä�Ë���Ù�™�•�é�•�™���Ù�¬�Ý�»
�ä�Ë���õ�¬�¾�•���Ý�‚ �¾�Ä�Ë�Å
�� �Ë�Å�Å�™�•�ä���û�Ë�é�ä�©���õ�¬�ä�©���£�¬�Ý�©�¬�Å�¤���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý

�(�;�7�5�(�0�(�/�<���9�8�/�1�(�5�$�%�/�(

���V�D�O�P�R�Q�����J�H�Q�H�U�D�O��

���V�D�O�P�R�Q�����I�L�V�K�����J�H�Q�H�U�D�O��

�3�D�F�L�I�L�F���6�D�O�P�R�Q�L�G�V

�a�Ë���»�™�™�Ö���ä�©�™���Ù�™�Ö�Ë�Ù�ä���Ý�©�Ë�Ù�ä�¤���‚ �¾�¾���S�‚ �•�¬�£�¬�•���Ý�‚ �¾�Ä�Ë�Å���‚ �Ù�™���•�Ë�Ä�Ž�¬�Å�™�•�£���,�Ä�Ö�‚ �•�ä�Ý���ä�Ë���•�¬�£�£�™�Ù�™�Å�ä���Ý�Ö�™�•�¬�™�Ý���õ�¬�¾�¾���•�™�Ö�™�Å�•���Ë�Å���ä�©�™�¬�Ù
�Ž�¬�Ë�¾�Ë�¤�¬�•�‚ �¾���Å�™�™�•�Ý���‚ �Å�•���Ý�™�‚ �Ý�Ë�Å�‚ �¾���ä�¬�Ä�¬�Å�¤���Ë�£���ä�©�™�¬�Ù���¾�¬�£�™���•�û�•�¾�™�Ý�¤���‚ �Ä�Ë�Å�¤���Ë�ä�©�™�Ù���¬�Ý�Ý�é�™�Ý�£��

https://www.flickr.com/photos/usfwspacific/50973700486/in/photolist-2kEnxfW-6TZFnN-ahrWhJ-2mRU5E8-8TrCc5-8tHbh9-27SwcZj-2hzkfzg-6xjRDt-2kGqbnJ-2hyY1MC-LMMMpt-eRLrVW-cuDRh3-32NQ9D-P3L3ji-2oQV21b-CPNPLd-ahrYZS-2gnRrc2-2mcTyJ6-bMaLcT-PD4MW1-2jFiFmH-8GTcUk-ahrXeU-ahp6yX-m5ZPS-2evdXeT-yn2Rdu-jWSD9e-NrCTfu-fJPtxM-9jdtxo-2iVJb7P-9jdst3-W6iZ7y-bMbbfF-cuDTuu-2pTpUvV-cuDSoy-CPVdAD-2mwFbt3-W6iZkQ-9jdtky-8tHbh5-W8HoA8-cuDRcf-6QVXDr-7jUXJh
https://www.flickr.com/photos/usfwspacific/50973700486/in/photolist-2kEnxfW-6TZFnN-ahrWhJ-2mRU5E8-8TrCc5-8tHbh9-27SwcZj-2hzkfzg-6xjRDt-2kGqbnJ-2hyY1MC-LMMMpt-eRLrVW-cuDRh3-32NQ9D-P3L3ji-2oQV21b-CPNPLd-ahrYZS-2gnRrc2-2mcTyJ6-bMaLcT-PD4MW1-2jFiFmH-8GTcUk-ahrXeU-ahp6yX-m5ZPS-2evdXeT-yn2Rdu-jWSD9e-NrCTfu-fJPtxM-9jdtxo-2iVJb7P-9jdst3-W6iZ7y-bMbbfF-cuDTuu-2pTpUvV-cuDSoy-CPVdAD-2mwFbt3-W6iZkQ-9jdtky-8tHbh5-W8HoA8-cuDRcf-6QVXDr-7jUXJh
https://www.flickr.com/photos/usfwspacific/50973700486/in/photolist-2kEnxfW-6TZFnN-ahrWhJ-2mRU5E8-8TrCc5-8tHbh9-27SwcZj-2hzkfzg-6xjRDt-2kGqbnJ-2hyY1MC-LMMMpt-eRLrVW-cuDRh3-32NQ9D-P3L3ji-2oQV21b-CPNPLd-ahrYZS-2gnRrc2-2mcTyJ6-bMaLcT-PD4MW1-2jFiFmH-8GTcUk-ahrXeU-ahp6yX-m5ZPS-2evdXeT-yn2Rdu-jWSD9e-NrCTfu-fJPtxM-9jdtxo-2iVJb7P-9jdst3-W6iZ7y-bMbbfF-cuDTuu-2pTpUvV-cuDSoy-CPVdAD-2mwFbt3-W6iZkQ-9jdtky-8tHbh5-W8HoA8-cuDRcf-6QVXDr-7jUXJh


�Á�a�©�é��̧‚ ���Ö�¾�¬�•�‚ �ä�‚ �Â���Ž�û���� �ú�™�¾���9�Ù�¬�Ý�ä�¬�Å�Ý�Ý�Ë�Å���¬�Ý���¾�¬�•�™�Å�Ý�™�•���é�Å�•�™�Ù���� �� ���� �x�����£�� ����

�f�Ý�™�Ý �S�‚�Ý�ä�����Ë�Å�•�¬�ä�¬�Ë�Å�Ý�� �� �é�Ù�Ù�™�Å�ä���� �Ë�Å�•�¬�ä�¬�Ë�Å�Ý

�V�™�•�•�™�•�‚ �Ù���¬�Ý���‚ ���•�é�¾�ä�é�Ù�‚ �¾
�»�™�û�Ý�ä�Ë�Å�™���Ý�Ö�™�•�¬�™�Ý�£���,�ä���¬�Ý���é�Ý�™�•���ä�Ë
�Ä�‚ �»�™���Ä�‚ �Å�û���•�¬�£�£�™�Ù�™�Å�ä���¬�ä�™�Ä�Ý�¤
�¬�Å�•�¾�é�•�¬�Å�¤���•�‚ �Å�Ë�™�Ý�¤���•�Ù�é�Ä�Ý�¤
�•�‚ �Ù�ô�¬�Å�¤�Ý�¤���Ù�™�¤�‚ �¾�¬�‚ �¤���¤�¬�£�ä�Ý�¤���‚ �Å�•
�Ž�‚ �Ý�»�™�ä�Ý�£���� �¬�£�£�™�Ù�™�Å�ä���Ý�¬���™���•�™�•�‚ �Ù���¬�Ý
�é�Ý�™�£�é�¾�¦���£�Ë�Ù���™�ú�‚ �Ä�Ö�¾�™�¤���•�™�•�‚ �Ù�Ý
�õ�¬�ä�©���¾�‚ �Ù�¤�™���•�¬�‚ �Ä�™�ä�™�Ù�Ý���‚ �Ù�™
�Å�™�™�•�™�•���£�Ë�Ù���•�é�¤���Ë�é�ä���•�‚ �Å�Ë�™�Ý�£
�� �™�•�‚ �Ù���¬�ä�™�Ä�Ý���‚ �Ù�™���Ë�£�ä�™�Å���ä�Ù�‚ �•�™�•
�Ë�Ù���Ý�Ë�¾�•���‚ �Ý���‚ �Å���¬�Å�•�Ë�Ä�™���Ý�Ë�é�Ù�•�™�£
�$�‚ �ä�©�™�Ù�¬�Å�¤���•�™�•�‚ �Ù���¬�Ý���‚ ���ä�Ù�™�‚�ä�û
�Ù�¬�¤�©�ä�£���� �™�•�‚ �Ù�Ý���‚ �Ù�™���Ä�‚ �Ý�Ý�¬�ô�™���ä�Ù�™�™�Ý
�•�™�Å�ä�Ù�‚ �¾���ä�Ë���ä�©�™���™�•�Ë�Ý�û�Ý�ä�™�Ä�¤
�Ö�Ù�Ë�ô�¬�•�¬�Å�¤���¬�Ä�Ö�Ë�Ù�ä�‚ �Å�ä���©�‚ �Ž�¬�ä�‚ �ä
�‚ �Å�•���Ý�©�‚ �•�™���£�Ë�Ù���Ù�¬�ô�™�Ù�Ý�£����

�V�™�•�•�™�•�‚ �Ù���©�‚ �Ý���Ž�™�™�Å���‚ �Ž�é�Å�•�‚ �Å�ä
�¬�Å���ä�©�™���) �Ë�©���f �Ñ�� �£���;�Ë�¤�¤�¬�Å�¤���Ë�£���‚ �¾�¾
�Ý�Ö�™�•�¬�™�Ý���©�‚ �Ý���Ž�™�™�Å���™�ú�ä�™�Å�Ý�¬�ô�™���¬�Å
�ä�©�™���f �Ñ�� ���‚ �Å�•���ä�©�™���H�¾�û�Ä�Ö�¬�•
�S�™�Å�¬�Å�Ý�é�¾�‚�����¹�q�‚ �Å���S�™�¾�ä�¤���7�£�¤������ �� ���º�£��������

�,�Å�ä�™�Ù�ô�¬�™�õ�™�™�Ý���Å�Ë�ä�™�•���ä�©�‚ �ä
�£�Ë�Ù�™�Ý�ä�Ý���Ý�™�™�Ä���ä�Ë���Ž�™���©�™�‚�¾�ä�©�û�¤
�‚ �¾�ä�©�Ë�é�¤�©���ä�©�™�Ù�™���¬�Ý�Å�Ä�ä���Ä�é�•�©���Ë�¾�•
�¤�Ù�Ë�õ�ä�©���‚ �Ù�Ë�é�Å�•���‚ �Ý���ä�©�™�Ù�™���é�Ý�™�•
�ä�Ë���Ž�™�¦���™�ô�™�Å���ä�©�™���ä�Ù�™�™�Ý���ä�©�‚ �ä
�õ�‚ �Ý�©���é�Ö���Ë�Å���ä�©�™���Ž�™�‚�•�©���‚ �Ù�™
�Ý�Ä�‚ �¾�¾�™�Ù���ä�©�‚ �Å���õ�©�‚ �ä���Ö�™�Ë�Ö�¾�™
�Ù�™�Ä�™�Ä�Ž�™�Ù���õ�©�™�Å���ä�©�™�û���õ�™�Ù�™
�û�Ë�é�Å�¤�£���� �™�•�‚ �Ù���¬�Ý���Ý�ä�¬�¾�¾���‚ �•�•�™�Ý�Ý�¬�Ž�¾�™
�£�Ë�Ù���¤�‚ �ä�©�™�Ù�¬�Å�¤���Ž�é�ä���Ý�Ë�Ä�™���Ö�™�Ë�Ö�¾�™
�‚�Ù�™���Ý�™�™�¬�Å�¤���‚ ���Ý�©�¬�£�ä���¬�Å���ä�©�™���Ž�™�Ý�ä
�ä�¬�Ä�™���ä�Ë���¤�‚ �ä�©�™�Ù���¬�ä�£��

�a�©�™�Ù�™���©�‚ �ô�™���Ž�™�™�Å���£�™�õ�™�Ù
�Ë�Ž�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å�Ý���Ë�£���Ù�™�•�•�™�•�‚ �Ù
�•�¬�™�Ž�‚ �•�»���‚ �¾�Ë�Å�¤���ä�©�™���•�Ë�‚ �Ý�ä���ä�©�‚ �Å
�¬�Å���S�é�¤�™�ä���Z�Ë�é�Å�•���‚ �Å�•���•�™�Å�ä�Ù�‚ �¾
�r �� ���¹�$�Ë�Ë�•�Ù�¬�•�©���™�ä���‚ �¾�£�¤������ ���� �º�£��

�S�Ë�ä�™�Å�ä�¬�‚ �¾���•�¾�¬�Ä�‚ �ä�™
�Ý�ä�Ù�™�Ý�Ý�Ë�Ù�Ý

�� �Ë�Ä�Ö�Ë�é�Å�•�¬�Å�¤
�•�©�‚ �¾�¾�™�Å�¤�™�Ý

�������™�Å�™�£�¬�•�¬�‚�¾���‚�•�ä�¬�Ë�Å�Ý��
����

�� �Ù�Ë�é�¤�©�ä
�r �¬�¾�•�£�¬�Ù�™

�,�¾�¾�™�¤�‚ �¾���•�™�•�‚ �Ù���©�‚ �Ù�ô�™�Ý�ä
�‚ �Å�•���Ý�‚ �¾�™�¤���¬�Å�•�¾�é�•�¬�Å�¤
�Ž�Ë�é�¤�©�Ý�¤���õ�Ë�Ë�•�¤���‚ �Å�•
�Ž�‚ �Ù�»

�� �Ë�Å�ä�¬�Å�é�™���•�Ë�Ä�Ä�é�Å�‚ �¾���•�™�•�‚ �Ù���¤�‚ �ä�©�™�Ù�¬�Å�¤
�A�Ë�Å�¬�ä�Ë�Ù���Ù�™�•�•�™�•�‚ �Ù���ä�Ë���é�Å�•�™�Ù�Ý�ä�‚ �Å�•���‚ �Å�û
�•�©�‚ �Å�¤�™�Ý���¬�Å���Ö�Ë�Ö�é�¾�‚�ä�¬�Ë�Å��
�S�Ù�Ë�ä�™�•�ä���™�ú�¬�Ý�ä�¬�Å�¤���•�™�•�‚ �Ù���ä�Ù�™�™�Ý�¤
�Ö�‚ �Ù�ä�¬�•�é�¾�‚�Ù�¾�û���¬�Å���©�¬�¤�©���Ý�Ë�¬�¾���Ä�Ë�¬�Ý�ä�é�Ù�™���‚ �Ù�™�‚�Ý�¤
�‚ �Å�•���‚ �¾�¾�Ë�õ���Ý�ä�‚ �Å�•�Ý���ä�Ë���¤�Ù�Ë�õ���¾�‚ �Ù�¤�™
�� �Ë�Å�Ý�¬�•�™�Ù���Ö�¾�‚�Å�ä�¬�Å�¤���•�™�•�‚ �Ù���¬�Å���‚ �Ù�™�‚�Ý���õ�¬�ä�©
�©�¬�¤�©���Ý�Ë�¬�¾���Ä�Ë�¬�Ý�ä�é�Ù�™���•�Ë�Å�ä�™�Å�ä��

����

�: �H�V�W�H�U�Q���U�H�G�F�H�G�D�U�������7�K�X�M�D���S�O�L�F�D�W�D

�¹�Ä�Ë�Ù�™���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ø�é�Ë�ä�™�Ý���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º

�+�,�*�+�/�<���9�8�/�1�(�5�$�%�/�(

https://commons.wikimedia.org/wiki/File:Western_Redcedar_(5690319165)_(2).jpg
https://commons.wikimedia.org/wiki/File:Western_Redcedar_(5690319165)_(2).jpg


�a�©�™���•�™�•�¾�¬�Å�™���Ë�£���£�¬�Ý�©�¥��

�Á�r �™���Å�™�™�•���Ý�Ë�Ä�™�ä�©�¬�Å�¤���Ž�¬�¤���ä�Ë���•�©�‚ �Å�¤�™���Ž�™�•�‚ �é�Ý�™���ä�©�™�û���‚ �Ù�™���¤�Ë�Å�™���½�Ù�™�£�™�Ù�Ù�¬�Å�¤���ä�Ë���‚ ���£�‚ �¾�¾���»�¬�Å�¤
�Ý�‚ �¾�Ä�Ë�Å���Ù�™�Ö�¾�¬�•�‚ ���¬�Å���ä�©�™���B�‚ �ä�é�Ù�‚ �¾���V�™�Ý�Ë�é�Ù�•�™�Ý���Ë�£�£�¬�•�™���ä�©�‚ �ä���¾�¬�»�™�¾�û���õ�™�¬�¤�©�™�•���� �� ���¶���� �� �¾�Ž�Ý���‚ �Å�•���¬�Ý

�¾�Ë�Å�¤�™�Ù���ä�©�‚ �Å���� ���£�ä�¾�£���,���©�‚ �ô�™�Å�Ê�ä���Ý�™�™�Å���Ë�Å�™���Ë�£���ä�©�™�Ä���Ý�¬�Å�•�™���ä�©�™���Ã�� �� �Ý�£���a�©�‚ �ä�Ê�Ý���‚ ���Ž�¬�¤���Ë�¾�•���ä�Ë�‚ �•
�ä�©�™�Ù�™�£���a�©�™�û���õ�™�Ù�™���Ù�™�¤�é�¾�‚ �Ù�¾�û���¾�¬�»�™���ä�©�‚ �ä���¬�Å���Ë�é�Ù���Å�™�ä�Ý�£�Â��

�7�Ë�™���) �é�•�Ý�Ë�Å

�#�¾�é�•�ä�é�‚ �ä�¬�Å�¤���Ù�‚ ���Ë�Ù���•�¾�‚ �Ä�Ý�¥��

�Á�,���õ�¬�Ý�©���õ�™�Ä�•���¤�™�ä���ä�©�™���Ä�Ë�Å�Ý�ä�™�Ù���Ë�Å�™�Ý���•�Ë�õ�Å���ä�©�™�Ù�™���¾�¬�»�™���¬�Å���a�‚ �©�Ë�¾�‚ �©�£�£�£�H�Å�™���û�™�‚ �Ù�¤���,���õ�‚ �Ý���õ�¬�ä�©
�Ä�û���é�Å�•�¾�™�£�£�£�r �™�Ê�Ù�™���‚ �¾�¾���¬�Å���‚ ���•�¬�Ù�•�¾�™���ä�‚ �¾�»�¬�Å�¤���‚ �Å�•���Ë�Å�™���¤�é�û���õ�‚ �Ý���ä�‚ �Ö�Ö�¬�Å�¤���©�¬�Ý���£�Ë�Ë�ä���‚ �Å�•���ä�©�™���•�¾�‚ �Ä
�©�Ë�¾�™���•�©�¬�Ù�Ö�™�•���é�Ö�£�£�£���Z�Ë���õ�™���‚ �¾�¾���Ä�Ë�ô�™�•���‚ �õ�‚ �û���£�Ù�Ë�Ä���©�¬�Ä���ä�©�™�Ù�™���‚ �Å�•���ä�©�‚ �ä���•�¾�‚ �Ä���©�™���•�é�¤���Ë�é�ä�¤���¬�ä

�•�‚ �Ä�™���Ë�é�ä���¾�¬�»�™���ä�©�‚ �ä���½�Ý�©�Ë�õ�Ý���ä�©�™���Ý�¬���™���Ë�£���‚ �Ž�Ë�é�ä���‚ ������� �́¬�Å�•�©���•�¾�‚ �Ä�¾�£

�) �™���¤�Ë�ä���£�é�¾�¾���Ë�£�£���Ë�£���ä�©�‚ �ä���Ë�Å�™���•�¾�‚ �Ä���‚ �Å�•���©�™���Ý�‚ �¬�•���ä�©�‚ �ä���õ�™���é�Ý�™�•���ä�Ë���©�‚ �ô�™���ä�©�Ë�Ý�™���•�Ë�õ�Å���©�™�Ù�™�£
�r �™���•�Ë�Å�Ê�ä���‚ �Å�û���Ä�Ë�Ù�™�£���H�Å�¾�û���©�‚ �ô�™���ä�©�™���Ä�™�•�¬�é�Ä���Ý�¬���™���Ë�Ù���ä�©�™���¾�¬�ä�ä�¾�™���Ë�Å�™�Ý�£�Â

�� �Ù�™�Å�•�‚ ���;�™�™

�Z�©�¬�£�ä�¬�Å�¤���Ý�™�‚ �Ý�Ë�Å�Ý�¥

�Á�,���•�Ë���»�Å�Ë�õ���¬�ä�Ê�Ý���‚ ���•�¬�£�£�™�Ù�™�Å�ä���ä�¬�Ä�™���õ�¬�ä�©���¤�‚ �ä�©�™�Ù�¬�Å�¤���ä�©�™���•�™�•�‚ �Ù���Ž�™�•�‚ �é�Ý�™���õ�™���é�Ý�™�•���ä�Ë���¤�Ë
�ä�Ë�õ�‚ �Ù�•�Ý���ä�©�™���™�Å�•���Ë�£���� �Ö�Ù�¬�¾�¤���Ž�™�¤�¬�Å�Å�¬�Å�¤���Ë�£���A�‚ �û���‚ �Å�•���Å�Ë�õ���¬�ä�Ê�Ý���ä�Ë�õ�‚ �Ù�•�Ý���ä�©�™���™�Å�•���Ë�£���A�‚ �û�¤

�Ž�™�¤�¬�Å�Å�¬�Å�¤���Ë�£���7�é�Å�™�£���r �™���©�‚ �ô�™���ä�Ë���õ�‚ �¬�ä���£�Ë�Ù���ä�©�™���Ý�‚ �Ö���ä�Ë���Ø�é�¬�ä���Ù�é�Å�Å�¬�Å�¤���Ë�Ù���™�¾�Ý�™���Ë�é�Ù���Ž�‚ �Ù�»�¤���õ�©�™�Å
�õ�™���Ö�™�™�¾���¬�ä�¤���¬�Ý���Ö�¬�ä�•�©�û�£���B�Ë�Ž�Ë�•�û���õ�‚ �Å�ä�Ý���Ö�¬�ä�•�©�û���Ž�‚ �Ù�»�¤���™�Ý�Ö�™�•�¬�‚ �¾�¾�û���Ä�™�£�Â

�A�‚ �Ù�¬�™���V�¬�™�Ž�™

�Á�r �™�¾�¾���Å�Ë�õ�¤���Ž�™�•�‚ �é�Ý�™���™�ô�™�Ù�û�ä�©�¬�Å�¤�Ê�Ý���•�©�‚ �Å�¤�¬�Å�¤�¤���¬�ä�Ê�Ý���Ý�Ë���õ�™�¬�Ù�•�£���f �Ý�é�‚ �¾�¾�û���ä�©�™���©�é�•�»�¾�™�Ž�™�Ù�Ù�¬�™�Ý
�‚ �Å�•���Ý�ä�é�£�£���•�‚ �Ä�™���¬�Å���� �é�¤�é�Ý�ä�¤���Z�™�Ö�ä�™�Ä�Ž�™�Ù���‚ �Å�•���Å�Ë�õ���ä�©�™�û�Ê�Ù�™���™�‚ �Ù�¾�û�¤���ä�©�™�û�Ê�Ù�™���£�‚ �Ý�ä�£���a�©�™�û���•�Ë�Ä�™

�£�‚ �Ý�ä���Å�Ë�õ���¾�¬�»�™���™�‚ �Ù�¾�û���� �é�¤�é�Ý�ä�¤���¾�‚ �ä�™���7�é�¾�û�£�£�£���,�ä�Ä�Ý����̧é�Ý�ä���Ý�Ë���õ�™�¬�Ù�•���Ž�™�•�‚ �é�Ý�™���,���Å�™�ô�™�Ù���Ý�‚ �õ
�Ž�¾�‚ �•�»�Ž�™�Ù�Ù�¬�™�Ý���¤�Ù�Ë�õ���õ�¬�ä�©���Ý�‚ �¾�Ä�Ë�Å�Ž�™�Ù�Ù�¬�™�Ý�£�Â

�V�é�Ž�û���Z�©�™�Ù�¬�£�£

�� ��



�a�©�¬�Ý���¾�¬�Ý�ä���Ý�é�Ä�Ä�‚ �Ù�¬���™�Ý���ä�©�™���•�Ë�Å�•�™�Ù�Å�Ý���ä�©�‚ �ä���Ý�é�Ù�£�‚ �•�™�•���¬�Å���¬�Å�ä�™�Ù�ô�¬�™�õ�Ý�£���Z�Ë�Ä�™���‚ �Ù�™���•�¬�Ù�™�•�ä�¾�û���Ù�™�¾�‚ �ä�™�•���ä�Ë���•�¾�¬�Ä�‚ �ä�™
�•�©�‚ �Å�¤�™���õ�©�¬�¾�™���Ë�ä�©�™�Ù�Ý���‚ �Ù�™���Ä�Ë�Ù�™���¤�™�Å�™�Ù�‚ �¾���™�Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä�‚ �¾���•�Ë�Å�•�™�Ù�Å�Ý���Ž�é�ä���¬�ä�Ä�Ý���‚ �¾�¾���¾�¬�Ý�ä�™�•���Ž�™�•�‚ �é�Ý�™���™�ô�™�Ù�û�ä�©�¬�Å�¤
�¬�Ý���•�Ë�Å�Å�™�•�ä�™�•�£���A�‚ �Å�û���Ë�ô�™�Ù�¾�‚ �Ö�¤���™�ô�™�Å���ä�©�Ë�é�¤�©���ä�©�™�û���‚ �Ù�™���•�‚ �ä�™�¤�Ë�Ù�¬���™�•�£���a�©�™�Ý�™���‚ �Ù�™���Å�Ë�ä���Ù�‚ �Å�»�™�•���¬�Å���‚ �Å�û���Ä�‚ �Å�Å�™�Ù
�‚ �Å�•���Ý�Ë�Ä�™���Ù�™�Ö�Ù�™�Ý�™�Å�ä���Ä�é�¾�ä�¬�Ö�¾�™���Ö�™�Ë�Ö�¾�™�Ä�Ý���•�Ë�Å�•�™�Ù�Å�Ý���õ�©�¬�¾�™���Ë�ä�©�™�Ù�Ý���Ä�¬�¤�©�ä���Ë�Å�¾�û���Ù�™�Ö�Ù�™�Ý�™�Å�ä���Ë�Å�™���Ö�™�Ù�Ý�Ë�Å�Ä�Ý�£��

�) �‚ �Ù�Ä���ä�Ë���Ý�Ö�™�•�¬�™�Ý���‚ �Å�•���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý��
�� �™�•�¾�¬�Å�¬�Å�¤���Ý�Ö�™�•�¬�™�Ý�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ý�Ä�‚ �¾�¾�™�Ù���•�¾�‚ �Ä�Ý���‚ �ä���9�‚ �¾�‚ �¾�Ë�•�©�¤���•�™�•�¾�¬�Å�¬�Å�¤���£�¬�Ý�©�¤���‚ �Å�•���ä�©�™���Ý�Ö�Ù�™�‚�•���Ë�£���™�¾�»���©�Ë�Ë�£
�•�¬�Ý�™�‚�Ý�™�£���S�™�Ë�Ö�¾�™���™�ú�Ö�Ù�™�Ý�Ý�™�•���•�Ë�Å�•�™�Ù�Å�Ý���£�Ù�Ë�Ä���™�•�Ë�Å�Ë�Ä�¬�•�¤���•�é�¾�ä�é�Ù�‚ �¾�¤���™�•�Ë�¾�Ë�¤�¬�•�‚ �¾�¤���‚ �Å�•���Ý�é�Ž�Ý�¬�Ý�ä�™�Å�•�™
�ô�¬�™�õ�Ö�Ë�¬�Å�ä�Ý�£��
�� �Å���é�Å�©�™�‚�¾�ä�©�û���Ë�•�™�‚�Å�¤���¬�Å�•�¾�é�•�¬�Å�¤���õ�‚ �Ù�Ä�¬�Å�¤���õ�‚ �ä�™�Ù�Ý�¤���©�û�Ö�Ë�ú�¬�‚ ���™�ô�™�Å�ä�Ý�¤���Ë�•�™�‚�Å���‚ �•�¬�•�¬�£�¬�•�‚ �ä�¬�Ë�Å�¤���‚ �Å�•���Ö�Ë�¾�¾�é�ä�¬�Ë�Å
�H�ô�™�Ù�£�¬�Ý�©�¬�Å�¤���•�é�™���ä�Ë���Ý�Ö�Ë�Ù�ä���£�¬�Ý�©�™�Ù�Ý�¤���Ý�ä�‚ �ä�™���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���Ë�£���£�¬�Ý�©�¤���‚ �Å�•���¬�Å�ä�™�Ù�Å�‚ �ä�¬�Ë�Å�‚ �¾���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä
�H�ô�™�Ù�©�é�Å�ä�¬�Å�¤���Ë�£���™�¾�»���•�é�™���ä�Ë���‚ �Å���‚ �Ž�é�Å�•�‚ �Å�•�™���Ë�£���Ý�™�‚�Ý�Ë�Å�Ý���Ö�Ù�Ë�ô�¬�•�™�•���Ž�û���Ý�ä�‚ �ä�™���Ä�‚ �Å�‚ �¤�™�Ù�Ý
�B�™�õ���•�™�ô�™�¾�Ë�Ö�Ä�™�Å�ä���•�‚ �é�Ý�¬�Å�¤���©�‚ �Ù�Ä�£���Z�Ö�™�•�¬�£�¬�•���¬�Ä�Ö�‚�•�ä�Ý���Ä�™�Å�ä�¬�Ë�Å�™�•���¬�Å�•�¾�é�•�™�•�¥

�� �™�•�Ù�™�‚�Ý�¬�Å�¤���©�‚ �Ž�¬�ä�‚ �ä���£�Ë�Ù���™�¾�»��
�r �‚ �Ù�Ä�¬�Å�¤���Ù�¬�ô�™�Ù���õ�‚ �ä�™�Ù�Ý���•�‚ �é�Ý�™�•���Ž�û���Ù�™�Ä�Ë�ô�¬�Å�¤���ä�Ù�™�™�Ý���‚ �Å�•���Ä�‚ �»�¬�Å�¤���Ž�é�£�£�™�Ù�����Ë�Å�™�Ý���ä�Ë�Ë���Ý�Ä�‚ �¾�¾
�V�™�•�•�Ý���Ž�™�•�Ë�Ä�¬�Å�¤���•�‚ �Ä�‚ �¤�™�•���Ž�û���õ�¬�Å�ä�™�Ù���£�¾�Ë�Ë�•�Ý�¤���Ý�™�•�¬�Ä�™�Å�ä�‚ �ä�¬�Ë�Å�¤���‚ �Å�•���‚ �Å���‚ �•�•�™�¾�™�Ù�‚�ä�™�•���Ù�¬�ô�™�Ù���•�‚ �é�Ý�™�•���Ž�û
�Ù�¬�ô�™�Ù�Ž�‚ �Å�»���‚ �Ù�Ä�Ë�Ù�¬�Å�¤���‚ �Å�•���Ù�Ë�‚ �•���•�Ë�Å�Ý�ä�Ù�é�•�ä�¬�Ë�Å
�B�™�õ���•�™�ô�™�¾�Ë�Ö�Ä�™�Å�ä���õ�¬�ä�©�Ë�é�ä���Ý�é�£�£�¬�•�¬�™�Å�ä���Ý�•�¬�™�Å�•�™���ä�Ë���Ý�©�Ë�õ���ä�©�™�Ù�™���õ�Ë�Å�Ä�ä���Ž�™���•�‚ �Ä�‚ �¤�™�¤���¾�¬�»�™���Ä�Ë�ô�¬�Å�¤���ä�Ë�Ë
�£�‚ �Ý�ä���Ë�Å���Ë�£�£�Ý�©�Ë�Ù�™���õ�¬�Å�•��

�S�Ë�¾�¾�é�ä�¬�Ë�Å���Å�™�¤�‚ �ä�¬�ô�™�¾�û���‚ �£�£�™�•�ä�¬�Å�¤���Ý�Ö�™�•�¬�™�Ý���‚ �Å�•���•�Ù�¬�Å�»�¬�Å�¤���õ�‚ �ä�™�Ù�¤���¬�Å�•�¾�é�•�¬�Å�¤���•�‚ �Ä�‚ �¤�™���ä�Ë���Å�‚ �ä�é�Ù�‚ �¾���Ý�Ö�Ù�¬�Å�¤�Ý
�;�Ë�¤�¤�¬�Å�¤���•�û�•�¾�™�Ý���ä�©�‚ �ä���‚ �Ù�™���ä�Ë�Ë���Ý�©�Ë�Ù�ä���‚ �Å�•���ä�Ù�™�™�Ý���Å�Ë�ä���¤�™�ä�ä�¬�Å�¤���Ž�¬�¤���™�Å�Ë�é�¤�©���ä�Ë���Ö�Ù�Ë�ô�¬�•�™���©�™�‚�¾�ä�©�û���©�‚ �Ž�¬�ä�‚ �ä���£�Ë�Ù
�Ž�¬�Ù�•�Ý���‚ �Å�•���Ë�ä�©�™�Ù���‚ �Å�¬�Ä�‚ �¾�Ý��
�,�Å�•�Ë�Ù�Ù�™�•�ä���•�Ë�Ä�Ä�™�Ù�•�¬�‚ �¾���©�‚ �Ù�ô�™�Ý�ä�¬�Å�¤���ä�©�‚ �ä���•�‚ �Ä�‚ �¤�™�Ý���™�•�Ë�Ý�û�Ý�ä�™�Ä�Ý�£���� �ú�‚ �Ä�Ö�¾�™�Ý���¬�Å�•�¾�é�•�™�¥

�Z�‚ �¾�‚ �¾���‚ �Å�•���Ž�™�‚�Ù�¤�Ù�‚ �Ý�Ý���Ž�™�¬�Å�¤���Ë�ô�™�Ù�©�‚�Ù�ô�™�Ý�ä�™�•���‚ �Å�•���¬�Å���‚ ���õ�‚ �û���ä�©�‚ �ä���•�Ë�™�Ý�Å�Ä�ä���™�Å�Ý�é�Ù�™���•�Ë�Å�ä�¬�Å�é�™�•
�Ö�Ù�Ë�•�é�•�ä�¬�ô�¬�ä�û
�;�™�¤�‚ �•�û���¬�Ä�Ö�‚�•�ä�Ý���Ë�£���Ž�Ë�ä�ä�Ë�Ä���ä�Ù�‚ �õ�¾�¬�Å�¤���¬�Å���ä�©�™���Ë�•�™�‚�Å

�) �é�Ä�‚ �Å���Ö�Ù�Ë�•�é�•�™�•���Ý�Ë�é�Å�•���¬�Å���ä�©�™���Ë�•�™�‚�Å���©�‚ �Ù�Ä�¬�Å�¤���õ�©�‚ �¾�™�Ý

�V�¬�Ý�»���ä�Ë���©�é�Ä�‚ �Å���©�™�‚ �¾�ä�©���‚ �Å�•���a�Ù�¬�Ž�‚ �¾���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™��
�,�Å�Ý�é�£�£�¬�•�¬�™�Å�ä���õ�‚ �ä�™�Ù���Ý�é�Ö�Ö�¾�û���£�Ë�Ù���Ö�™�Ë�Ö�¾�™���‚ �Å�•���ä�©�™���©�‚ �ä�•�©�™�Ù�û���•�é�Ù�¬�Å�¤���ä�©�™���Ý�é�Ä�Ä�™�Ù
�� �Ù�Ë�Ý�¬�Ë�Å���Ë�£���ä�©�™���Ù�™�Ý�™�Ù�ô�‚ �ä�¬�Ë�Å���‚ �Ù�™�‚�¤���¬�Å�•�¾�é�•�¬�Å�¤���ä�©�™���Ž�™�‚�•�©�¤���ä�©�™���Ù�Ë�‚ �•�¤���‚ �Å�•���©�¬�Ý�ä�Ë�Ù�¬�•�‚ �¾���©�Ë�Ä�™�Ý
�a�Ý�é�Å�‚ �Ä�¬�Ý��
�#�¾�Ë�Ë�•�¬�Å�¤���Ù�¬�Ý�»�Ý�¤���Ž�Ë�ä�©���£�Ù�Ë�Ä���ä�©�™���Ù�¬�ô�™�Ù���‚ �Å�•���ä�©�™���Ë�•�™�‚�Å
�S�Ë�Ë�Ù���‚ �¬�Ù���Ø�é�‚ �¾�¬�ä�û���•�é�™���ä�Ë���Ž�Ë�ä�©���õ�¬�¾�•�£�¬�Ù�™���Ý�Ä�Ë�»�™���‚ �Å�•���Ö�Ë�¾�¾�é�ä�¬�Ë�Å

�,�Å�£�Ù�¬�Å�¤�™�Ä�™�Å�ä���Ë�Å���ä�Ù�™�‚ �ä�û���Ù�¬�¤�©�ä�Ý���‚ �Å�•���•�é�¾�ä�é�Ù�‚ �¾���ä�Ù�‚ �•�¬�ä�¬�Ë�Å�Ý��
�;�Ë�•�»�™�•���¤�‚ �ä�™�Ý���Ö�Ù�™�ô�™�Å�ä�¬�Å�¤���‚ �•�•�™�Ý�Ý���ä�Ë���ä�©�™���f �Ñ�� ���¹�•�Ë�ô�™�Ù�™�•���¬�Å���� �Ö�Ö�™�Å�•�¬�ú���� �º
�,�Å�£�Ù�¬�Å�¤�™�Ä�™�Å�ä���Ë�Å���™�ú�™�Ù�•�¬�Ý�¬�Å�¤���ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�Ý�¤���¾�¬�»�™���Ö�™�Ë�Ö�¾�™���ä�Ù�û�¬�Å�¤���ä�Ë���™�Å�£�Ë�Ù�•�™���¾�¬�Ä�¬�ä�Ý���Ë�Ù���Ö�Ù�™�ô�™�Å�ä���) �Ë�©���a�Ù�¬�Ž�‚ �¾
�Ä�™�Ä�Ž�™�Ù�Ý���£�Ù�Ë�Ä���Ž�™�¬�Å�¤���¬�Å���•�™�Ù�ä�‚ �¬�Å���‚ �Ù�™�‚�Ý
�� ���¾�‚ �•�»���Ë�£���¤�‚ �ä�©�™�Ù�¬�Å�¤���Ý�Ö�‚ �•�™�Ý�¤���¾�¬�»�™���‚ ���¾�Ë�Å�¤�©�Ë�é�Ý�™�¤���¾�™�‚�•�¬�Å�¤���ä�Ë���•�é�¾�ä�é�Ù�‚ �¾���¾�Ë�Ý�Ý���‚ �Å�•���Ö�™�Ë�Ö�¾�™���Ý�Ö�™�Å�•�¬�Å�¤���¾�™�Ý�Ý���ä�¬�Ä�™
�ä�Ë�¤�™�ä�©�™�Ù

�� ��



�a�©�¬�Ý���¾�¬�Ý�ä���Ý�é�Ä�Ä�‚ �Ù�¬���™�Ý���ä�©�™���•�™�Ý�¬�Ù�™�Ý���ä�©�‚ �ä���Ý�é�Ù�£�‚ �•�™�•���¬�Å���¬�Å�ä�™�Ù�ô�¬�™�õ�Ý�£���Z�Ë�Ä�™���‚ �Ù�™���•�¬�Ù�™�•�ä�¾�û���Ù�™�¾�‚ �ä�™�•���ä�Ë���•�¾�¬�Ä�‚ �ä�™
�•�©�‚ �Å�¤�™���õ�©�¬�¾�™���Ë�ä�©�™�Ù�Ý���‚ �Ù�™���Ä�Ë�Ù�™���¤�™�Å�™�Ù�‚ �¾���Ž�é�ä���¬�ä�Ä�Ý���‚ �¾�¾���¾�¬�Ý�ä�™�•���Ž�™�•�‚ �é�Ý�™���™�ô�™�Ù�û�ä�©�¬�Å�¤���¬�Ý���•�Ë�Å�Å�™�•�ä�™�•�£���A�‚ �Å�û
�Ë�ô�™�Ù�¾�‚ �Ö�¤���™�ô�™�Å���ä�©�Ë�é�¤�©���ä�©�™�û���‚ �Ù�™���•�‚ �ä�™�¤�Ë�Ù�¬���™�•�£���a�©�™�Ý�™���‚ �Ù�™���Å�Ë�ä���Ù�‚ �Å�»�™�•���¬�Å���‚ �Å�û���Ä�‚ �Å�Å�™�Ù���‚ �Å�•���Ý�Ë�Ä�™���Ù�™�Ö�Ù�™�Ý�™�Å�ä
�Ä�é�¾�ä�¬�Ö�¾�™���Ö�™�Ë�Ö�¾�™�Ä�Ý���©�Ë�Ö�™�Ý���õ�©�¬�¾�™���Ë�ä�©�™�Ù�Ý���Ä�¬�¤�©�ä���Ë�Å�¾�û���Ù�™�Ö�Ù�™�Ý�™�Å�ä���Ë�Å�™���Ö�™�Ù�Ý�Ë�Å�Ä�Ý�£��

�� ���©�™�‚ �¾�ä�©�û���™�Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä���õ�¬�ä�©���‚ �Ž�é�Å�•�‚ �Å�ä���õ�¬�¾�•�¾�¬�£�™���Ö�Ë�Ö�é�¾�‚ �ä�¬�Ë�Å�Ý�¤���¬�Å�•�¾�é�•�¬�Å�¤���ä�¬�•�‚ �¾���¾�¬�£�™�¤���£�¬�Ý�©�¤���‚ �Å�•
�Ö�¾�‚ �Å�ä�Ý�£���a�©�™�Ù�™���õ�™�Ù�™���‚ ���ô�‚ �Ù�¬�™�ä�û���Ë�£���Ý�Ë�¾�é�ä�¬�Ë�Å�Ý���‚ �Å�•���‚ �•�ä�¬�Ë�Å�Ý���Ö�Ù�Ë�Ö�Ë�Ý�™�•���¬�Å�•�¾�é�•�¬�Å�¤�¥��

�) �‚ �Ž�¬�ä�‚ �ä���Ù�™�Ý�ä�Ë�Ù�‚ �ä�¬�Ë�Å���‚ �¾�Ë�Å�¤���ä�©�™���Ù�¬�ô�™�Ù���ä�Ë���¬�Å�•�Ù�™�‚�Ý�™���Ý�©�‚ �•�™�•���‚ �Ù�™�‚�Ý
�,�Ä�Ö�Ù�Ë�ô�™�Ä�™�Å�ä�Ý���ä�Ë���ä�©�™���� �©�‚ �¾�‚ �‚ �ä���©�‚ �ä�•�©�™�Ù�û�¤���õ�©�¬�•�©���¬�Ý���¤�™�Å�™�Ù�‚�¾�¾�û���ô�¬�™�õ�™�•���Ö�Ë�Ý�¬�ä�¬�ô�™�¾�û�¥��

�A�Ë�Ù�™���©�‚ �ä�•�©�™�Ù�¬�™�Ý���Ë�Å���•�Ù�™�™�»�Ý���‚ �Å�•���Ù�¬�ô�™�Ù�Ý���õ�¬�ä�©���û�™�‚�Ù� �́Ù�Ë�é�Å�•���£�¾�Ë�õ�¤���¾�¬�»�™���ä�©�™���Z�Ë�é�ä�©���#�Ë�Ù�»
�Z�ä�Ë�•�»�¬�Å�¤���õ�¬�ä�©���‚ �•�•�¬�ä�¬�Ë�Å�‚ �¾���£�¬�Ý�©���£�Ù�Ë�Ä���ä�©�™���� �Ë�Ë�»���� �Ù�™�™�»���©�‚ �ä�•�©�™�Ù�û��
�� �Å���™�ú�Ö�‚�Å�Ý�¬�Ë�Å���Ë�£���ä�©�™���� �©�‚ �¾�‚ �‚ �ä���©�‚ �ä�•�©�™�Ù�û���¬�Å�•�¾�é�•�¬�Å�¤���¬�Å�•�Ù�™�‚�Ý�™�•���Ž�Ù�Ë�Ë�•�Ý�ä�Ë�•�»�¬�Å�¤���‚ �Å�•���Ö�Ù�Ë�•�é�•�¬�Å�¤���•�Ë�©�Ë
�V�™�¾�™�‚�Ý�¬�Å�¤���£�¬�Ý�©���£�é�Ù�ä�©�™�Ù���é�Ö�Ù�¬�ô�™�Ù���õ�©�™�Ù�™���ä�©�™���õ�‚ �ä�™�Ù���¬�Ý���•�Ë�¾�•�™�Ù��

�A�Ë�Ù�™���Ý�•�¬�™�Å�ä�¬�£�¬�•���¬�Å�£�Ë�Ù�Ä�‚ �ä�¬�Ë�Å���‚ �Å�•���Ä�Ë�Å�¬�ä�Ë�Ù�¬�Å�¤�¤���‚ �Ý���õ�™�¾�¾���‚ �Ý���Ý�ä�‚ �£�£���Ä�™�Ä�Ž�™�Ù�Ý�£���a�©�™�Ù�™���õ�‚ �Ý���‚ ���Ù�™�Ø�é�™�Ý�ä���£�Ë�Ù
�Ä�Ë�Ù�™���•�Ë�Ä�Ä�é�Å�¬�•�‚ �ä�¬�Ë�Å���ä�©�‚ �ä���¬�Ý�Å�Ä�ä���Ë�Å�¾�¬�Å�™���Ž�™�ä�õ�™�™�Å���Ý�ä�‚ �£�£���‚ �Å�•���ä�©�™���•�Ë�Ä�Ä�é�Å�¬�ä�û�£���� ���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù���Ý�©�‚ �Ù�™�•
�©�Ë�õ���ä�©�™�û���£�™�¾�ä���ô�‚ �¾�é�™�•���õ�©�™�Å���ä�©�™���B�‚ �ä�é�Ù�‚ �¾���V�™�Ý�Ë�é�Ù�•�™�Ý���� �™�Ö�‚�Ù�ä�Ä�™�Å�ä���‚ �Ý�»�™�•���£�Ë�Ù���©�™�¾�Ö���¬�Å���•�™�•�¬�Ý�¬�Ë�Å���Ä�‚ �»�¬�Å�¤�£
�� �Ë�Å�ä�¬�Å�é�™�•���£�Ë�•�é�Ý���Ë�Å���Ù�™�Ä�Ë�ô�¬�Å�¤���Å�Ë�ú�¬�Ë�é�Ý���õ�™�™�•�Ý��
�A�Ë�Ù�™���¤�Ù�™�™�Å���™�Å�™�Ù�¤�û���é�Ý�™���¬�Å�Ý�ä�™�‚�•���Ë�£���£�Ë�Ý�Ý�¬�¾���£�é�™�¾�Ý

�S�Ù�Ë�ä�™�•�ä�¬�Å�¤���©�é�Ä�‚ �Å���©�™�‚ �¾�ä�©���‚ �Å�•���¬�Å�£�Ù�‚ �Ý�ä�Ù�é�•�ä�é�Ù�™��
�S�Ù�Ë�ä�™�•�ä�¬�Ë�Å���Ë�£���ä�©�™���•�é�Ù�Ù�™�Å�ä���¾�‚ �Å�•���Ž�‚ �Ý�™���‚ �Å�•���Ö�Ù�™�ô�™�Å�ä�¬�Å�¤���™�Ù�Ë�Ý�¬�Ë�Å���Ë�£���ä�©�™���Ž�™�‚�•�©
�� �Å���¬�Å�•�Ù�™�‚�Ý�™���¬�Å���#�¬�Ù�Ý�ä���#�Ë�Ë�•�Ý�¤���¬�Å�•�¾�é�•�¬�Å�¤���Ý�‚ �¾�Ä�Ë�Å�¤���•�¾�‚ �Ä�Ý���‚ �Å�•���Ž�™�Ù�Ù�¬�™�Ý�¤���Ý�Ë���ä�©�‚ �ä���Ö�‚ �Å�ä�Ù�¬�™�Ý���‚ �Ù�™���£�é�¾�¾
�) �‚ �ô�¬�Å�¤���‚ �Ž�é�Å�•�‚ �Å�ä���™�•�é�•�‚ �ä�¬�Ë�Å�‚ �¾���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý���£�Ë�Ù���û�Ë�é�ä�©�¤���‚ �Ý���õ�™�¾�¾���‚ �Ý���•�‚ �Ù�™�™�Ù���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý�¤���¾�¬�»�™
�¬�Å�ä�™�Ù�Å�Ý�©�¬�Ö�Ý�£���) �‚ �ô�¬�Å�¤���B�‚ �ä�¬�ô�™���Ù�Ë�¾�™���Ä�Ë�•�™�¾�Ý���‚ �Å�•���B�‚ �ä�¬�ô�™���Ù�™�Ö�Ù�™�Ý�™�Å�ä�‚ �ä�¬�Ë�Å���‚ �ä���Ý�•�©�Ë�Ë�¾�Ý���‚ �Å�•���¬�Å���ä�©�™���õ�Ë�Ù�»�Ö�¾�‚�•�™�£

�S�Ù�Ë�ä�™�•�ä�¬�Å�¤���a�Ù�™�‚ �ä�û���Ù�¬�¤�©�ä�Ý���‚ �Å�•���™�Å�Ý�é�Ù�¬�Å�¤���•�é�¾�ä�é�Ù�‚ �¾���•�Ë�Å�ä�¬�Å�é�‚ �Å�•�™
�,�Å�•�Ù�™�‚�Ý�¬�Å�¤���‚ �•�•�™�Ý�Ý���ä�Ë���ä�©�™���f �Ñ��
�;�‚ �Å�•���Ž�‚ �•�»���õ�¬�ä�©�¬�Å���ä�©�™���f �Ñ�� ��
�� �Å�Ý�é�Ù�¬�Å�¤���Ö�Ù�Ë�ä�™�•�ä�¬�Ë�Å���Ë�£���ä�Ù�™�‚�ä�û���Ù�¬�¤�©�ä�Ý���‚ �Å�•���Ä�‚ �ú�¬�Ä�é�Ä���©�‚ �Ù�ô�™�Ý�ä���‚ �¾�¾�Ë�õ�‚ �Å�•�™�Ý���£�Ë�Ù���a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù�Ý�£���H�Å�™
�a�Ù�¬�Ž�‚ �¾���Ä�™�Ä�Ž�™�Ù���õ�‚ �Å�ä�™�•���Ä�Ë�Ù�™���£�¬�Ý�©�¬�Å�¤���•�‚ �û�Ý�£���� �Å�Ë�ä�©�™�Ù���™�ú�Ö�Ù�™�Ý�Ý�™�•���Ý�é�Ö�Ö�Ë�Ù�ä���£�Ë�Ù���•�¾�Ë�Ý�¬�Å�¤���ä�©�™���Ù�¬�ô�™�Ù���ä�Ë
�£�¬�Ý�©�¬�Å�¤���£�Ë�Ù���‚ �õ�©�¬�¾�™���ä�Ë���¾�™�ä���ä�©�™���Ù�™�Ý�Ë�é�Ù�•�™�Ý���Ù�™�Ž�Ë�é�Å�•�£��
�) �‚ �ô�¬�Å�¤���Ý�ä�‚ �Ž�¾�™���•�é�¾�ä�é�Ù�‚ �¾���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ý���‚ �Å�•���Ö�Ù�Ë�ô�¬�•�¬�Å�¤���Ù�™�Ý�Ë�é�Ù�•�™�Ý���ä�Ë���™�¾�•�™�Ù�Ý��
�r �¬�•�™�Ý�Ö�Ù�™�‚�•���ä�™�‚�•�©�¬�Å�¤���‚ �Å�•���Ý�©�‚ �Ù�¬�Å�¤���Ë�£���•�é�¾�ä�é�Ù�‚ �¾���ä�Ù�‚ �•�¬�ä�¬�Ë�Å�Ý���‚ �Å�•���»�Å�Ë�õ�¾�™�•�¤�™�¤���Ž�Ë�ä�©���õ�¬�ä�©�¬�Å���£�‚ �Ä�¬�¾�¬�™�Ý���‚ �Å�•
�ä�©�Ù�Ë�é�¤�©���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ý���£�Ë�Ù���ä�©�™���õ�¬�•�™�Ù���a�Ù�¬�Ž�‚ �¾���•�Ë�Ä�Ä�é�Å�¬�ä�û��
�� �Ë�Å�ä�¬�Å�é�™�•���Ö�‚ �Ù�ä�¬�•�¬�Ö�‚ �ä�¬�Ë�Å���‚ �Å�•���¬�Å�ô�Ë�¾�ô�™�Ä�™�Å�ä���õ�¬�ä�©���ä�©�™���a�Ù�¬�Ž�‚ �¾���� �‚ �Å�Ë�™���7�Ë�é�Ù�Å�™�û��
�S�Ù�Ë�ä�™�•�ä�¬�Ë�Å���Ë�£���) �Ë�©���a�Ù�¬�Ž�‚ �¾���•�é�¾�ä�é�Ù�‚ �¾���‚ �Ù�ä�¬�£�‚ �•�ä�Ý���‚ �Å�•���Ù�™�Ý�ä�Ë�Ù�‚ �ä�¬�Ë�Å���Ë�£���Ë�ä�©�™�Ù�Ý�¤���¾�¬�»�™���ä�©�™���Ž�™�‚�•�©���©�Ë�é�Ý�™

�a�©�¬�Å�¤�Ý���Ö�™�Ë�Ö�¾�™���‚ �Ù�™���©�Ë�Ö�™�£�é�¾���‚ �Ž�Ë�é�ä
�x�Ë�é�Å�¤���Ö�™�Ë�Ö�¾�™���¬�Å���¾�™�‚�•�™�Ù�Ý�©�¬�Ö���‚ �Å�•���Ý�ä�™�Ö�Ö�¬�Å�¤���é�Ö���‚ �Ý���•�é�¾�ä�é�Ù�‚ �¾���Ù�Ë�¾�™���Ä�Ë�•�™�¾�Ý
�H�Å�¤�Ë�¬�Å�¤���•�é�¾�ä�é�Ù�‚ �¾���Ö�Ù�Ë�¤�Ù�‚ �Ä�Ý���‚ �Å�•���Ù�™�•�Ë�Å�Å�™�•�ä�¬�Å�¤���õ�¬�ä�©���ä�©�™���¾�‚ �Å�¤�é�‚ �¤�™
�� �ú�Ö�‚ �Å�Ý�¬�Ë�Å���Ë�£���™�•�Ë�Å�Ë�Ä�¬�•���Ë�Ö�Ö�Ë�Ù�ä�é�Å�¬�ä�¬�™�Ý���¬�Å���ä�©�™���Ä�‚ �Ù�¬�Å�™���f �Ñ��
�� �‚ �Ù�™�£�é�¾���Ä�‚ �Å�‚ �¤�™�Ä�™�Å�ä���Ë�£���£�¬�Ý�©��

�� ��



�$�Ù�‚ �ä�¬�ä�é�•�™

�� ��

�a�©�¬�Ý���Ö�Ù�Ë�¸�™�•�ä���Ž�™�Å�™�£�¬�ä�™�•���£�Ù�Ë�Ä���£�Ë�¾�¾�Ë�õ�¬�Å�¤���¬�Å���ä�©�™���£�Ë�Ë�ä�Ý�ä�™�Ö�Ý���Ë�£���Ë�ä�©�™�Ù�Ý�£�����™�¬�Å�¤���‚�Ž�¾�™���ä�Ë
�£�Ë�¾�¾�Ë�õ���ä�©�™�¬�Ù���Ä�™�ä�©�Ë�•�Ý���‚�Å�•���Ù�™�•�™�¬�ô�™���¬�Å�Ý�Ö�¬�Ù�‚�ä�¬�Ë�Å���£�Ù�Ë�Ä���ä�©�™�¬�Ù���õ�Ë�Ù�»���õ�‚�Ý���¬�Å�ô�‚�¾�é�‚�Ž�¾�™�£
�)�™�Ù�™���‚�Ù�™���Ý�Ë�Ä�™���Ë�£���ä�©�™���Ù�™�Ö�Ë�Ù�ä�Ý���‚�Å�•���Ö�¾�‚�Å�Ý���ä�©�‚�ä���¤�Ù�™�‚�ä�¾�û���¬�Å�£�¾�é�™�Å�•�™�•���ä�©�¬�Ý
�‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä�£�������£�é�¾�¾���¾�¬�Ý�ä���Ë�£���Ù�™�£�™�Ù�™�Å�•�™�•���Ö�é�Ž�¾�¬�•�‚�ä�¬�Ë�Å�Ý���£�Ë�¾�¾�Ë�õ�Ý�£��

���‚�Å�¸�¬�´�Ž�¬�Ä�‚�‚�•�¬���¬�¬�Ä�‚�¤�‚�»���Ë�Ä�Ë�õ���‚�»�¬�¤���‚�������������‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���õ�Ù�¬�ä�ä�™�Å���Ž�û���ä�©�™���$�;�,�#�r��
���¾�¬�Ä�‚�ä�™�����©�‚�Å�¤�™���a�™�‚�Ä�£���¹�a�©�™���Ý�Ö�™�•�¬�™�Ý���•�©�‚�Ù�ä�Ý���‚�Å�•���Ý�Ë�Ä�™���¬�Å�ä�™�Ù�ô�¬�™�õ���Ø�é�™�Ý�ä�¬�Ë�Å�Ý���‚�Ù�™
�•�¬�Ù�™�•�ä�¾�û���£�Ù�Ë�Ä���ä�©�™�¬�Ù���õ�Ë�Ù�»�£�º��

���¾�¬�Ä�‚�ä�™�����•�‚�Ö�ä�‚�ä�¬�Ë�Å���S�¾�‚�Å���£�Ë�Ù���ä�©�™���a�™�Ù�Ù�¬�ä�Ë�Ù�¬�™�Ý���Ë�£���ä�©�™���x�‚�»�‚�Ä�‚���B�‚�ä�¬�Ë�Å���q�™�Ù�Ý�¬�Ë�Å�����¤���‚
�����������‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���õ�Ù�¬�ä�ä�™�Å���Ž�û���ä�©�™���x�‚�»�‚�Ä�‚���B�‚�ä�¬�Ë�Å�¤�����‚�Ý�•�‚�•�¬�‚�����Ë�Å�Ý�é�¾�ä�¬�Å�¤���$�Ù�Ë�é�Ö�¤
�Z���)�����•�Ë�¾�Ë�¤�¬�‚���;�;���¤���‚�Å�•���f�Å�¬�ô�™�Ù�Ý�¬�ä�û���Ë�£���r�‚�Ý�©�¬�Å�¤�ä�Ë�Å�����¾�¬�Ä�‚�ä�™���,�Ä�Ö�‚�•�ä�Ý���$�Ù�Ë�é�Ö�£��

���¾�¬�Ä�‚�ä�™�����©�‚�Å�¤�™���q�é�¾�Å�™�Ù�‚�Ž�¬�¾�¬�ä�û�����Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���£�Ë�Ù���ä�©�™���a�Ù�™�‚�ä�û���Ë�£���H�¾�û�Ä�Ö�¬�‚���a�Ù�¬�Ž�™�Ý�¤���‚
�����������‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���õ�Ù�¬�ä�ä�™�Å���£�Ë�Ù���ä�©�™���U�é�¬�Å�‚�é�¾�ä���,�Å�•�¬�‚�Å���B�‚�ä�¬�Ë�Å�¤���)�Ë�©���,�Å�•�¬�‚�Å���a�Ù�¬�Ž�™�¤
�‚�Å�•���U�é�¬�¾�™�é�ä�™���a�Ù�¬�Ž�™���Ž�û���a�©�™���H�Ù�™�¤�Ë�Å�����¾�¬�Ä�‚�ä�™�����©�‚�Å�¤�™���V�™�Ý�™�‚�Ù�•�©���,�Å�Ý�ä�¬�ä�é�ä�™�£

���¾�¬�Ä�‚�ä�™���q�é�¾�Å�™�Ù�‚�Ž�¬�¾�¬�ä�û�����Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���‚�Å�•�����•�‚�Ö�ä�‚�ä�¬�Ë�Å���S�¾�‚�Å�¤���‚�������������‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä
�õ�Ù�¬�ä�ä�™�Å���Ž�û���ä�©�™���7�‚�Ä�™�Ý�ä�Ë�õ�Å���Z�Ä�»�‚�¾�¾�‚�Ä���a�Ù�¬�Ž�™�£��

�� �é�ä�©�Ë�Ù���Ö�Ë�Ý�¬�ä�¬�Ë�Å�‚ �¾�¬�ä�û���Ý�ä�‚ �ä�™�Ä�™�Å�ä

�A�û���Å�‚ �Ä�™���¬�Ý���) �‚ �Å�Å�‚ �©���a�™�Å�Å�™�Å�ä�£���,���‚ �Ä���‚ ���õ�©�¬�ä�™���� �Ä�™�Ù�¬�•�‚ �Å���õ�©�Ë���õ�‚ �Ý���Ù�‚ �¬�Ý�™�•���¬�Å���B�™�õ

�A�™�ú�¬�•�Ë���‚ �Å�•���©�‚ �Ý���¾�¬�ô�™�•���¬�Å���Z�™�‚�ä�ä�¾�™�¤���r �‚ �Ý�©�¬�Å�¤�ä�Ë�Å���Ë�Å���ä�©�™���¾�‚ �Å�•���Ë�£���ä�©�™���� �Ë�‚ �Ý�ä���Z�‚ �¾�¬�Ý�©

�Ö�™�Ë�Ö�¾�™���£�Ë�Ù���ä�©�™���Ö�‚ �Ý�ä���ä�™�Å���û�™�‚�Ù�Ý�£���,���¤�Ù�‚ �•�é�‚ �ä�™�•���£�Ù�Ë�Ä���f �Å�¬�ô�™�Ù�Ý�¬�ä�û���Ë�£���r �‚ �Ý�©�¬�Å�¤�ä�Ë�Å�Ä�Ý

�Z�•�©�Ë�Ë�¾���Ë�£���A�‚ �Ù�¬�Å�™���‚ �Å�•���� �Å�ô�¬�Ù�Ë�Å�Ä�™�Å�ä�‚ �¾���� �£�£�‚ �¬�Ù�Ý���¬�Å���7�é�Å�™������ ���� �£���a�©�¬�Ý���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™

�‚�Ý�Ý�™�Ý�Ý�Ä�™�Å�ä���õ�‚ �Ý���ä�©�™���£�Ë�•�é�Ý���Ë�£���Ä�û������ ���� ��� �́����� ���� ���) �™�Ù�Ý�©�Ä�‚ �Å���#�™�¾�¾�Ë�õ�Ý�©�¬�Ö�¤���‚ ���Ö�Ù�Ë�¤�Ù�‚ �Ä

�Ù�é�Å���Ž�û���r �� ���Z�™�‚���$�Ù�‚ �Å�ä�£���� �™�•�‚ �é�Ý�™���Ä�û���Ö�Ë�Ý�¬�ä�¬�Ë�Å���‚ �Ý���‚ ���Å�Ë�Å� �́B�‚ �ä�¬�ô�™���£�™�¾�¾�Ë�õ���õ�Ë�Ù�»�¬�Å�¤���£�Ë�Ù���ä�©�™

�B�‚ �ä�é�Ù�‚ �¾���V�™�Ý�Ë�é�Ù�•�™�Ý���� �™�Ö�‚�Ù�ä�Ä�™�Å�ä���•�Ë�é�¾�•���¬�Å�£�¾�é�™�Å�•�™���ä�©�¬�Ý���õ�Ë�Ù�»�¤���,���ä�Ù�¬�™�•���ä�Ë���¤�Ù�Ë�é�Å�•���¬�•�™�‚�Ý

�¬�Å���¬�Å�ä�™�Ù�ô�¬�™�õ���•�Ë�Ä�Ä�™�Å�ä�Ý���‚ �Å�•���ä�Ë�Ö�¬�•�Ý���‚ �•�•�Ù�™�Ý�Ý�™�•���¬�Å���a�Ù�¬�Ž�‚ �¾���•�¾�¬�Ä�‚ �ä�™���Ù�™�Ý�Ë�é�Ù�•�™�Ý�£��



   
 

 
34 

 

FULL WORKS CITED  

10,000 Years Institute. (n.d.). Hoh River Riparian Restoration: Focus on Invasive Plant Species Prevention 
& Control. Projects. https://www.10000yearsinstitute.org/hrr  
 
Abdul-Aziz, O. I., Mantua, N. J., & Myers, K. W. (2011). Potential climate change impacts on thermal 
habitats of Pacific salmon (Oncorhynchus spp.) in the North Pacific Ocean and adjacent seas. Canadian 
Journal of Fisheries and Aquatic Sciences, 68(9), 1660 - 1680. 
https://doi.org/https://doi.org/10.1139/f2011 -079  
 
Adams, G., & Zimmerman, M. S. (2023). Salmon Restoration and Resilience in a Changing Climate: A 
�@�j���î�ô�ß�e�:�ß���>�j�e�j�X�ô�ß�„�X�:�:�����2�����ß�‹�Í�+�1�:�2�ß�F�Í�æ���e�Í�e�ß���2�ß�e���ô�ß�®�Í�\�����2���e�:�2�ß���:�Í�\�e�ß�‡�ô�����:�2 (Coast Salmon Partnership 
Special Publication 2023-01). Coast Salmon Partnership. 
https://coastsalmonpartnership.egnyte.com/dl/4jmdlzyEqe  
 
Affeld, K., & Lesser, L. (2024, April 26). Personal communication [In-person meeting]. 
 
Alcantar, M. W., Hetrick, J., Ramsay, J., & Kelley, A. L. (2023). Embryonic and Early Larval Development of 
�e���ô�Ù�„�Í�è���±�è�Ù�‡�Í�•�:�X�Ù���+�Í�1�Ù�ü�‹���+���W�j�Í�Ù�U�Í�e�j�+�Í�ý�ß�ÙThe Biological Bulletin, 245(2), 57�ó67. 
https://doi.org/https://doi.org/10.1086/730784  
 
Anderson, D. M., Fensin, E., Gobler, C. J., Hoeglund, A. E., Hubbard, K. A., Kulis, D. M., Landsberg, J. H., 
Lefebvre, K. A., Provoost, P., Richlen, M. L., Smith, J. L., Solow, A. R., & Trainer, V. L. (2021). Marine 
harmful algal blooms (HABs) in the United States: History, current status and future trends. Harmful 
Algae, 102. https://doi.org/https://doi.org/10.1016/j.hal.2021.101975  
 
Anderson, M. K. (2009). The Ozette Prairies of Olympic National Park: Their Former Indigenous Uses and 
Management. National Plant Data Center, University of California. 
https://www.nps.gov/olym/learn/management/upload/MKAnderson_Ozette_ONP_2009-df.pdf 
  
Anderson, M. (2011). Plant Guide for bog Labrador tea (Ledum groenlandicum). USDA-Natural Resources 
Conservation Service, National Plant Data Team. 
https://plants.usda.gov/DocumentLibrary/plantguide/pdf/cs_legr.pdf  
  
Antos, J. A., Filipescu, C. N., & Negrave, R. W. (2016). Ecology of western redcedar (Thuja plicata): 
Implications for management of a high-value multiple-use resource. Forest Ecology and Management, 
375, 211�ó222. https://doi.org/10.1016/j.foreco.2016.05.043 

https://www.10000yearsinstitute.org/hrr
https://doi.org/https:/doi.org/10.1139/f2011-079
https://coastsalmonpartnership.egnyte.com/dl/4jmdlzyEqe
https://doi.org/https:/doi.org/10.1086/730784
https://doi.org/https:/doi.org/10.1016/j.hal.2021.101975
https://www.nps.gov/olym/learn/management/upload/MKAnderson_Ozette_ONP_2009-df.pdf
https://plants.usda.gov/DocumentLibrary/plantguide/pdf/cs_legr.pdf
https://doi.org/10.1016/j.foreco.2016.05.043


   
 

 
35 

 

  
Baccus, W. (2018). ���ß�„�Í�X�'�ß�I�2�e�ô�X�U�X�ô�e�ô�X���\�ß�@�j���î�ô�ß�e�:�ß�e���ô�ß���+���1�Í�e�ô�ß�:���ß�F�j�X�X���è�Í�2�ô�ß�ß�‡���î���ô�æ�ß�i�+�…�1�U���è�ß�b�Í�e���:�2�Í�+�ß�„�Í�X�'�ß
Climate Summary for Water Years 2000 to 2017. https://npshistory.com/publications/olym/nrr -2018-
1714.pdf.  
  
Baccus, W. (2023, January 22). Personal communication [Email]. 
  
Baccus, W. (2023, March 9). Personal communication [Zoom meeting]. 
  
Baechler, B. R., Granek, E. F., Mazzone, S. J., Nielsen-Pincus, M., & Brander, S. M. (2020). Microplastic 
Exposure by Razor Clam Recreational Harvester-Consumers Along a Sparsely Populated Coastline. 
Frontiers in Marine Science, 7(29). https://doi.org/https://doi.org/10.3389/fmars.2020.588481  
 
Bass, A. L., Bateman, A. W., Kaukinen, K. H., Li, S., Ming, T., Patterson, D. A., Hinch, S. G., & Miller, K. M. 
(2023). The spatial distribution of infectious agents in wild Pacific salmon along the British Columbia 
coast. Scientific Reports, 13(1), 5473. https://doi.org/10.1038/s41598-023-32583-8 
 
Bjornn, T. C., & Reiser, D. W. (1991). Habitat Requirements of Salmonids in Streams. In Influences of 
Forest and Rangeland Management on Salmonid Fishes and Their Habitats. American Fisheries Society 
Publication. https://www.noaa.gov/sites/default/files/legacy/document/2020/Oct/07354626600.pdf  
 
Blumenthal, B. (2024, August 9). Personal communication [Phone call]. 
  
BPA. (n.d.). Transmission Assets [GIS Map]. Bonneville Power Administration. 
https://bpagis.maps.arcgis.com/apps/webappviewer/index.html?id=275cd78c003349719b28f7130d4b
933e 
 
BPA. (2021). Fact Sheet: Preparing for a resilient Columbia River hydropower system (No. DOE/BP-5115). 
https://www.bpa.gov/ -/media/Aep/power/hydropower-data-studies/fs-202102-preparing-for-a-resilient-
columbia-river-hydropower-system.pdf 
 
Bridgeview Consulting. (2022). Hoh Indian Tribe Hazard Mitigation Plan Update. https://hohtribe -
nsn.org/wp-content/uploads/2022/10/Hoh_Tribe_HMP_Public_Review_10172022.pdf 
 
Brodeur, R. D., Hunsicker, M. E., Hann, A., & Miller, T. W. (2019). Effects of Warming Ocean Conditions 
on Feeding Ecology of Small Pelagic Fishes in a Coastal Upwelling Ecosystem: A Shift to Gelatinous Food 
Sources. Marine Ecology Progress Series, 617/618, 149�ó163. 
https://doi.org/https://www.jstor.org/stable/26789790  

https://npshistory.com/publications/olym/nrr-2018-1714.pdf
https://npshistory.com/publications/olym/nrr-2018-1714.pdf
https://doi.org/https:/doi.org/10.3389/fmars.2020.588481
https://doi.org/10.1038/s41598-023-32583-8
https://www.noaa.gov/sites/default/files/legacy/document/2020/Oct/07354626600.pdf
https://bpagis.maps.arcgis.com/apps/webappviewer/index.html?id=275cd78c003349719b28f7130d4b933e
https://bpagis.maps.arcgis.com/apps/webappviewer/index.html?id=275cd78c003349719b28f7130d4b933e
https://www.bpa.gov/-/media/Aep/power/hydropower-data-studies/fs-202102-preparing-for-a-resilient-columbia-river-hydropower-system.pdf
https://www.bpa.gov/-/media/Aep/power/hydropower-data-studies/fs-202102-preparing-for-a-resilient-columbia-river-hydropower-system.pdf
https://hohtribe-nsn.org/wp-content/uploads/2022/10/Hoh_Tribe_HMP_Public_Review_10172022.pdf
https://hohtribe-nsn.org/wp-content/uploads/2022/10/Hoh_Tribe_HMP_Public_Review_10172022.pdf
https://doi.org/https:/www.jstor.org/stable/26789790


   
 

 
36 

 

 
California Coastal Commission. (2024). Sea Level Rise Policy Guidance: Interpretive Guidelines for 
Addressing Sea Level Rise in Local Coastal Programs and Coastal Development Permits. Public Review 
Draft 2024 Update. 
https://documents.coastal.ca.gov/assets/slr/CCCSLRPolicyGuidance_2024Update_PublicReviewDraft.
pdf.  
  
Campbell, D., Rochefort, L., & Lavoie, C. (2003). Determining the Immigration Potential of Plants 
Colonizing Disturbed Environments: The Case of Milled Peatlands in Quebec. Journal of Applied Ecology, 
40(1), 78�ó91. https://doi.org/http://www.jstor.org/stable/827261  
 
CGC. (2019). Hoh River Watershed Traditional Cultural Property (TCP)/  Traditional Cultural Landscape 
(TCL) Study - DRAFT. Cultural Geographics Consulting. 
  
Clements, D. R., & Jones, V. L. (2021). Rapid Evolution of Invasive Weeds Under Climate Change: Present 
Evidence and Future Research Needs. Frontiers in Agronomy, 3. 
https://www.frontiersin.org/journals/agronomy/articles/10.3389/fagro.2021.664034 
 
Climate Reanalyzer. (n.d.). Daily Sea Surface Temperature. Climate Change Institute, University of 
Maine. Retrieved 11/18/24 from https://climatereanalyzer.org/.   
  
Coast Salmon Partnership. (2024, March 26). Western OP Fish Barrier Decision Support Tool Scores 
[Web map viewer]. 
https://coastsalmon.maps.arcgis.com/apps/webappviewer/index.html?id=07f560d3820f43fca1970e54
46e76be3 
  
Crookston, N. L. (2009). Species-Climate Profile for Western redcedar (Thuja plicata). Plant Species and 
Climate Profile Predictions. https://charcoal2.cnre.vt.edu/climate/species/speciesDist/Western -
redcedar/ 
  
Crozier, L. G., Burke, B. J., Chasco, B. E., Widener, D. L., & Zabel, R. W. (2021). Climate change threatens 
Chinook salmon throughout their life cycle. Communications Biology, 4(222). 
https://doi.org/https://doi.org/10.1038/s42003 -021-01734-w 
  
Devine, W., Aubry, C., Bower, A., Miller, J., & Maggiulli Ahr, N. (2012). Climate change and forest trees in 
the Pacific Northwest: a vulnerability assessment and recommended actions for national forests. U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Region. 
  

https://documents.coastal.ca.gov/assets/slr/CCCSLRPolicyGuidance_2024Update_PublicReviewDraft.pdf
https://documents.coastal.ca.gov/assets/slr/CCCSLRPolicyGuidance_2024Update_PublicReviewDraft.pdf
https://doi.org/http:/www.jstor.org/stable/827261
https://www.frontiersin.org/journals/agronomy/articles/10.3389/fagro.2021.664034
https://climatereanalyzer.org/
https://coastsalmon.maps.arcgis.com/apps/webappviewer/index.html?id=07f560d3820f43fca1970e5446e76be3
https://coastsalmon.maps.arcgis.com/apps/webappviewer/index.html?id=07f560d3820f43fca1970e5446e76be3
https://charcoal2.cnre.vt.edu/climate/species/speciesDist/Western-redcedar/
https://charcoal2.cnre.vt.edu/climate/species/speciesDist/Western-redcedar/
https://doi.org/https:/doi.org/10.1038/s42003-021-01734-w


   
 

 
37 

 

Diabat, M., & Miwa, C. (2023). Quillayute and Hoh Rivers, WA Technical Data Report- Airborne Thermal 
Infrared and True Color Imagery. NV5 Geospatial. 
 
DOE. (2012). Initial Investigation Field Report: Pettit Oil Spill. Washington Department of Ecology. 
  
DOE. (2024, September 6). Water Quality Monitoring Station: 20B070 - HOH RIVER AT DNR 
CAMPGROUND. Freshwater Information Network. 
https://apps.ecology.wa.gov/eim/search/SMP/RiverStreamSingleStationOverview.aspx?FocusTab=True
&ResultType=RiverStreamFQIList&RiverStreamSearchResults&LocationUserIds=20B070&LocationUserI
dSearchType=Equals&LocationUserIDAliasSearchFlag=True 
  
Dorsay, C. (2024, January 5). Boldt Decision Work Session. [Presentation for Hoh Tribal Business 
Committee and staff.] 
 
Dutkiewicz, S., Morris, J. J., Follows, M. J., Scott, J., Levitan, O., Dyhrman, S. T., & Berman-Frank, I. (2015). 
Impact of ocean acidification on the structure of future phytoplankton communities. Nature Climate 
Change, 5, 1002�ó1006. https://doi.org/10.1038/NCLIMATE2722 
  
Environmental Assessment Program and Water Quality Program. (2022). 6PPD in Road Runoff: 
Assessment and Mitigation Strategies (Nos. 22-03�ó020). Washington State Department of Ecology. 
https://apps.ecology.wa.gov/publications/documents/2203020.pdf  
  
EPA. (2024, May 15). Climate Change Impacts on Ecosystems. Climate Change Impacts. 
https://www.epa.gov/climateimpacts/climate -change-impacts-
ecosystems#:~:text=Changes%20in%20Species%20and%20Populations&text=As%20the%20climate%
20changes%2C%20some,or%20extinctions%20of%20some%20populations. 
  
Fountain, A. G., Gray, C., Glenn, B., Menounos, B., Pflug, J., & Riedel, J. (2022). Glaciers of the Olympic 
Mountains, Washington�ôThe past and future 100 years. Journal of Geophysical Research: Earth Surface, 
127. https://doi.org/https://doi.org/10.1029/2022JF006670 
 
Frankson, R., Kunkel, K. E., Champion, S. M., Easterling, D. R., Stevens, L. E., Bumbaco, K., Bond, N. A., 
Casola, J., & Sweet, W. (2022). Washington State Climate Summary 2022 (No. NOAA Technical Report 
NESDIS 150-WA). NOAA. https://statesummaries.ncics.org/chapter/wa/  
  
Gilles, N. (2023, February 23). New study sounds alarm, provides hope for western redcedars [News]. 
Columbia INSIGHT: Environmental News for the Pacific Northwest. https://columbiainsight.org/new -
study-sounds-alarm-povides-hope-for-western-redcedars/ 

https://apps.ecology.wa.gov/eim/search/SMP/RiverStreamSingleStationOverview.aspx?FocusTab=True&ResultType=RiverStreamFQIList&RiverStreamSearchResults&LocationUserIds=20B070&LocationUserIdSearchType=Equals&LocationUserIDAliasSearchFlag=True
https://apps.ecology.wa.gov/eim/search/SMP/RiverStreamSingleStationOverview.aspx?FocusTab=True&ResultType=RiverStreamFQIList&RiverStreamSearchResults&LocationUserIds=20B070&LocationUserIdSearchType=Equals&LocationUserIDAliasSearchFlag=True
https://apps.ecology.wa.gov/eim/search/SMP/RiverStreamSingleStationOverview.aspx?FocusTab=True&ResultType=RiverStreamFQIList&RiverStreamSearchResults&LocationUserIds=20B070&LocationUserIdSearchType=Equals&LocationUserIDAliasSearchFlag=True
https://doi.org/10.1038/NCLIMATE2722
https://apps.ecology.wa.gov/publications/documents/2203020.pdf
https://www.epa.gov/climateimpacts/climate-change-impacts-ecosystems#:~:text=Changes%20in%20Species%20and%20Populations&text=As%20the%20climate%20changes%2C%20some,or%20extinctions%20of%20some%20populations
https://www.epa.gov/climateimpacts/climate-change-impacts-ecosystems#:~:text=Changes%20in%20Species%20and%20Populations&text=As%20the%20climate%20changes%2C%20some,or%20extinctions%20of%20some%20populations
https://www.epa.gov/climateimpacts/climate-change-impacts-ecosystems#:~:text=Changes%20in%20Species%20and%20Populations&text=As%20the%20climate%20changes%2C%20some,or%20extinctions%20of%20some%20populations
https://doi.org/https:/doi.org/10.1029/2022JF006670
https://statesummaries.ncics.org/chapter/wa/
https://columbiainsight.org/new-study-sounds-alarm-povides-hope-for-western-redcedars/
https://columbiainsight.org/new-study-sounds-alarm-povides-hope-for-western-redcedars/


   
 

 
38 

 

GLIFWC Climate Change Team. (2023). Aanji-�æ���1�Í�Í�î���•�����1�Í���Í�'�Ù�:�
�:�•�Ù�Í�'���ß�Ù�@�X�ô�Í�e�Ù�[�Í�'�ô�\�Ù�I�2�î���Í�2�Ù�>���\���Ù�Í�2�î�Ù
Wildlife Commission, Odanah, Wisconsin. 332 p. 

Gobler, C. J., Dohery, O. M., Hattenrath-Lehmann, T. K., & Litaker, R. W. (2017). Ocean warming since 
1982 has expanded the niche of toxic algal blooms in the North Atlantic and North Pacific oceans. PNAS, 
114(19), 4975�ó4980. https://doi.org/https://doi.org/10.1073/pnas.1619575114  
 
Golder Associates Inc. (2005). Multi-Purpose Storage Assessment Water Resources Inventory Area 20. 
Clallam County and WRIA 20 Watershed Planning Unit. 
 
Goldfarb, B. (2023). A Clam Conundrum. National Parks. https://www.npca.org/articles/3582 -a-clam-
conundrum 
  
Goodrich, B., Fischer, M., & Buhl, C. (2023, April 10). Western redcedar dieback. 
https://storymaps.arcgis.com/stories/1405dab5f59246aa83849ec43f72b15a 
  
�@�:�}�ô�X�2�:�X�
�\�Ù�‹�Í�+�1�:�2�Ù�‡�ô�è�:�}�ô�X�…�Ù�i�������è�ô�ß�Ù�ü�Q�O�Q�Q�ý�ß�ÙSalmon Abundance. 
https://stateofsalmon.wa.gov/statewide -data/salmon/  
  
Griffin, K. A., Hebblewhite, M., Robinson, H. S., Zager, P., Barber-Meyer, S. M., Christianson, D., Creel, S., 
Harris, N. C., Hurley, M. A., Jackson, D. H., Johnson, B. K., Myers, W. L., Raithel, J. D., Schlegel, M., Smith, 
B. L., White, C., & White, P. J. (2011). Neonatal mortality of elk driven by climate, predator phenology and 
predator community composition. Journal of Animal Ecology, 80(6), 1246�ó1257. 
https://doi.org/https://doi.org/10.1111/j.1365 -2656.2011.01856.x 
  
Gucker, C. (2006). Ledum groenlandicum. Fire Effects Information System. 
https://www.fs.usda.gov/database/feis/plants/shrub/ledgro/all.html  
 
Harbo, R. M. (2022). Whelks to Whales: Coastal Marine Life of the Pacific Northwest, Newly Revised and 
Expanded Third Edition (3rd ed.). Harbour Publishing Company. 
  
Hart-Fredeluces, G., & Ticktin, T. (2019). Fire, leaf harvest, and abiotic factors drive demography of an 
ecologically and culturally important understory plant. Ecosphere, 10(7). 
https://doi.org/https://doi.org/10.1002/ecs2.2813  
 
Hatten, J. (1991). The Effects of Debris Torrents on Spawning Gravel Quality in Tributary Basins and Side-
channels of the Hoh River, Washington. Hoh Indian Tribe. 
  

https://doi.org/https:/doi.org/10.1073/pnas.1619575114
https://www.npca.org/articles/3582-a-clam-conundrum
https://www.npca.org/articles/3582-a-clam-conundrum
https://storymaps.arcgis.com/stories/1405dab5f59246aa83849ec43f72b15a
https://stateofsalmon.wa.gov/statewide-data/salmon/
https://doi.org/https:/doi.org/10.1111/j.1365-2656.2011.01856.x
https://www.fs.usda.gov/database/feis/plants/shrub/ledgro/all.html
https://doi.org/https:/doi.org/10.1002/ecs2.2813


   
 

 
39 

 

Hayden, M.H., P.J. Schramm, C.B. Beard, J.E. Bell, A.S. Bernstein, A. Bieniek-Tobasco, N. Cooley, M. 
Diuk-Wasser, Michael K. Dorsey, K.L. Ebi, K.C. Ernst, M.E. Gorris, P.D. Howe, A.S. Khan, C. Lefthand-
Begay, J. Maldonado, S. Saha, F. Shafiei, A. Vaidyanathan, and O.V. Wilhelmi. (2023). Ch. 15. Human 
health. In: Fifth National Climate Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, 
B.C. Stewart, and T.K. Maycock, Eds. U.S. Global Change Research Program, Washington, DC, USA. 
https://doi.org/10.7930/NCA5.2023.CH15 
  
Hennon, P. E. (2001). Spruce Needle Rust. USDA Forest Service Alaska Region. 
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd572038.pdf 
 
Hiebert, T. C. (2015). Siliqua patula. In �i�X�ô���:�2�ß�(�\�e�j�Í�X���2�ô�ß�I�2�}�ô�X�e�ô�æ�X�Í�e�ô�\�ç�ß�‡�j�î�…�\���ß�I�+�+�j�\�e�X�Í�e�ô�î�ß�@�j���î�ô�ß�e�:�ß
Common Species, 3rd ed. University of Oregon Libraries and Oregon Institute of Marine  Biology. 
https://oimb.uoregon.edu/wp -content/uploads/2019/03/S_patula_2019.pdf 
 
Ho, J. J., Norheim, R. A., Halofsky, J. E., Peterson, D. L., & Harvey, B. J. (2023). Changing Wildfire, 
Changing Forests: How climate change is affecting fire regimes and vegetation in the Pacific Northwest 
[Story Map]. Northwest Climate Adaptation Science Center. 
https://uw.maps.arcgis.com/apps/Cascade/index.html?appid=9c0f8668f47c4773b56c9b9ae6c301e3 
 
Hoffman, B. (2024, September 4). Personal Communication [Email]. 
  
Hoh Tribe. (n.d.). Natural Resources. https://hohtribe -nsn.org/culture/natural -resources/ 
  
Hoh Tribe. (2024). Origin of the Hoh Tribe. Hoh Tribe Culture. https://hohtribe -nsn.org/culture/  
  
IPCC. (n.d.). Carbon Dioxide: Projected emissions and concentrations. IPCC Data Distribution Centre. 
Retrieved June 24, 2024, from https://www.ipcc -data.org/observ/ddc_co2.html 
  
IPCC. (1992). Climate Change: The 1990 and 1992 IPCC Assessments. World Meteorological 
Organization / United National Environment Programme. 
https://www.ipcc.ch/site/assets/uploads/2018/05/ipcc_90_92_assessments_far_full_report.pdf 
  
IPCC. (2000). IPCC Special Report Emissions Scenarios: Summary for Policymakers. Intergovernmental 
Panel on Climate Change. https://www.ipcc.ch/site/assets/uploads/2018/03/sres -en.pdf 
  
IPCC. (2014). Climate Change 2014 Synthesis Report: Fifth Assessment Report. https://ar5 -
syr.ipcc.ch/topic_futurechanges.php 
  

https://doi.org/10.7930/NCA5.2023.CH15
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd572038.pdf
https://oimb.uoregon.edu/wp-content/uploads/2019/03/S_patula_2019.pdf
https://uw.maps.arcgis.com/apps/Cascade/index.html?appid=9c0f8668f47c4773b56c9b9ae6c301e3
https://hohtribe-nsn.org/culture/natural-resources/
https://hohtribe-nsn.org/culture/
https://www.ipcc-data.org/observ/ddc_co2.html
https://www.ipcc.ch/site/assets/uploads/2018/05/ipcc_90_92_assessments_far_full_report.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf
https://ar5-syr.ipcc.ch/topic_futurechanges.php
https://ar5-syr.ipcc.ch/topic_futurechanges.php


   
 

 
40 

 

IPCC Working Group III. (2000). IPCC Special Report Emissions Scenarios: Summary for Policymakers. 
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/site/assets/uploads/2018/03/sres -
en.pdf 
 
Jacobsen, N. S., & Essington, T. E. (2018). Natural mortality augments population fluctuations of forage 
fish. Fish and Fisheries, 19(5), 791�ó797. https://doi.org/https://doi.org/10.1111/faf.12290  

Jay, A.K., A.R. Crimmins, C.W. Avery, T.A. Dahl, R.S. Dodder, B.D. Hamlington, A. Lustig, K. Marvel, P.A. 
Méndez-Lazaro, M.S. Osler, A. Terando, E.S. Weeks, and A. Zycherman. (2023). Ch. 1. Overview: 
Understanding risks, impacts, and responses. In: Fifth National Climate Assessment. Crimmins, A.R., 
C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, Eds. U.S. Global Change 
Research Program, Washington, DC, USA. https://doi.org/10.7930/NCA5.2023.CH1 

Jenkins, K., & Starkey, E. (1984). Habitat Use by Roosevelt Elk in Unmanaged Forests of the Hoh Valley, 
Washington. The Journal of Wildlife Management, 48(2), 642�ó646. http://www.jstor.org/stable/3801209  
 
Jenkins, K., & Happe, P. (2018). Roosevelt Elk. In Natural Resource Condition Assessment: Olympic 
National Park (pp. 47�ó67). National Park Service. https://irma.nps.gov/DataStore/DownloadFile/703165 
  
Jones, J. M., Passow, U., & Fradkin, S. C. (2018). Characterizing the vulnerability of intertidal organisms in 
Olympic National Park to ocean acidification. Elementa: Science of the Anthropocene, 6(54). 
https://doi.org/https://doi.org/10.1525/elementa.312  
  
Krosby, M., Hegewisch, K. C., Norheim, R., Mauger, G., Yazzie, K., & Morgan, H. (2018). ���“�X���æ�Í�+�ß���+���1�Í�e�ô�ß
�“�:�:�+���ß�•�ô�æ�ß�e�:�:�+. Climate Impacts Group. https://cig.uw.edu/resources/tribal -vulnerability-assessment-
resources/ 
 
Langness, M., Dionne, P., Masello, D., & Lowry, D. (2015). Summary of Coastal Intertidal  Forage Fish 
Spawning Surveys: October 2012 �ù October 2014 (Fish Program Report Number FPA Nos. 15�ó01). 
Washington Department of Fish and Wildlife. 
https://wdfw.wa.gov/sites/default/files/publications/01701/wdfw01701.pdf  
 
Lavin, P., Roop, H.A., Neff, P.D., Morgan, H., Cory, D., Correll, M., Kosara, R., and Norheim, R. (2019). 
Interactive Washington State Sea Level Rise Data Visualizations. Prepared by the Climate Impacts 
Group, University of Washington, Seattle. Updated 7/20. https://cig.uw.edu/projects/interactive -sea-
level-rise-data-visualizations/.   
 

https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf
https://doi.org/https:/doi.org/10.1111/faf.12290
https://doi.org/10.7930/NCA5.2023.CH1
http://www.jstor.org/stable/3801209
https://irma.nps.gov/DataStore/DownloadFile/703165
https://doi.org/https:/doi.org/10.1525/elementa.312
https://cig.uw.edu/resources/tribal-vulnerability-assessment-resources/
https://cig.uw.edu/resources/tribal-vulnerability-assessment-resources/
https://wdfw.wa.gov/sites/default/files/publications/01701/wdfw01701.pdf
https://cig.uw.edu/projects/interactive-sea-level-rise-data-visualizations/
https://cig.uw.edu/projects/interactive-sea-level-rise-data-visualizations/


   
 

 
41 

 

Le, P. (2009, January 2). A river runs, and a tribe flees: Hoh tribe plans to relocate village to escape 
growing flood danger. The Spokesman-Review. https://www.spokesman.com/stories/2009/jan/02/a -
river-runs-and-a-tribe-flees/ 
 
Lee, S.-Y., Ryan, M. E., Hamlet, A. F., Palen, W. J., Lawler, J. J., & Halabisky, M. (2015). Projecting the 
Hydrologic Impacts of Climate Change on Montane Wetlands. PLOS ONE, 10(11). 
https://doi.org/https://doi.org/10.1371/journal.pone.0136385   
 
Lindsey, R. (2024, April 9). Climate Change: Atmospheric Carbon Dioxide. Climate.Gov: Science & 
Information for a Climate Smart Nation. https://www.climate.gov/news -features/understanding-
climate/climate -change-atmospheric-carbon-dioxide 
 
Logan, R. L., Kaler, K. L., & Bigelow, P. K. (1991). Prediction of Sediment yield from Tributary Basins along 
Huelsdonk Ridge, Hoh River, Washington (No. Open File Report 91-7). Washington Division of Geology 
and Earth Resources, Washington State Department of Natural Resources. 
 
Martens, K. D., Donato, D. C., Halofsky, J. S., Devine, W. D., & Minkova, T. V. (2020). Linking instream 
wood recruitment to adjacent forest development in landscapes driven by stand replacing disturbances: 
a conceptual model to inform riparian and stream management. Environmental Reviews, 28(4). 
https://doi.org/https://doi.org/10.1139/er -2020-0035 
 
Marvel, K., W. Su, R. Delgado, S. Aarons, A. Chatterjee, M.E. Garcia, Z. Hausfather, K. Hayhoe, D.A. 
Hence, E.B. Jewett, A. Robel, D. Singh, A. Tripati, and R.S. Vose. (2023). Ch. 2. Climate trends. In: Fifth 
National Climate Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, 
and T.K. Maycock, Eds. U.S. Global Change Research Program, Washington, DC, USA. 
https://doi.org/10.7930/NCA5.2023.CH2 
  
Mathys, A., Coops, N.C. and Waring, R.H. (2014). Soil water availability effects on the distribution of 20 
tree species in western North America. Forest Ecology and Management 313: 144-152. 
https://databasin.org/datasets/bb40172fc44745a59039f136e3e83710/ 
  
Mauger, G. (2019). Technical Memo: Changes in Extreme Precipitation. UW Climate Impacts Group. 
https://cig.uw.edu/wp -content/uploads/sites/2/2021/09/PrecipMemo_UW-
CIG_SC2_20190315.Final_.pdf 

May, C.L., M.S. Osler, H.F. Stockdon, P.L. Barnard, J.A. Callahan, R.C. Collini, C.M. Ferreira, J. Finzi Hart, 
E.E. Lentz, T.B. Mahoney, W. Sweet, D. Walker, and C.P. Weaver (2023). Ch. 9. Coastal effects. In: Fifth 
National Climate Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, 

https://www.spokesman.com/stories/2009/jan/02/a-river-runs-and-a-tribe-flees/
https://www.spokesman.com/stories/2009/jan/02/a-river-runs-and-a-tribe-flees/
https://doi.org/https:/doi.org/10.1371/journal.pone.0136385
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://doi.org/https:/doi.org/10.1139/er-2020-0035
https://databasin.org/datasets/bb40172fc44745a59039f136e3e83710/
https://cig.uw.edu/wp-content/uploads/sites/2/2021/09/PrecipMemo_UW-CIG_SC2_20190315.Final_.pdf
https://cig.uw.edu/wp-content/uploads/sites/2/2021/09/PrecipMemo_UW-CIG_SC2_20190315.Final_.pdf


   
 

 
42 

 

and T.K. Maycock, Eds. U.S. Global Change Research Program, Washington, DC, USA. 
https://doi.org/10.7930/NCA5.2023.CH9 

McCabe, R. M., B. M. Hickey, R. M. Kudela,K. A. Lefebvre, N. G. Adams, B. D. Bill,F. M. D. Gulland, R. E. 
Thomson,W. P. Cochlan, and V. L. Trainer. (2016). An unprecedented coastwide toxic algal bloom linked 
to anomalous ocean conditions. Geophys. Res. Lett., 43,10,366�ó10,376. 
https://doi.org/10.1002/2016GL070023 

McCaffery, R., Woodward, A., Jenkins, K., & Haggerty, P. (2018). Natural resource condition assessment: 
Olympic National Park [Natural Resource Report NPS/OLYM/NRR�ô2018/1826]. National Park Service. 
 
�a�ô�\�Í�à�Ù�b�ß�Ù�ü�Q�O�Q�S�à�Ù�a�Í�…�Ù�Q�Q�ý�ß�Ù�“���ô�Ù�®�ô�\�e�
�\�Ù�•�ô�e�+�Í�2�î�\�Ù�Í�X�ô�Ù�\�e�X�j�����+���2���ß�Ù�‹�:�1�ô�Ù���Í�}�ô�Ù�æ�ô�ô�2�Ù�:�}�ô�X�+�:�:�'�ô�î�Ù�Í�+�e�:���ô�e���ô�X�ß�Ù
High Country News. https://www.hcn.org/articles/the -wests-wetlands-are-struggling-some-have-been-
overlooked-altogether/ 
  
Miller, I. M., Shishido, C., Antrim, L., & Bowlby, C. E. (2013). Climate Change and the Olympic Coast 
National Marine Sanctuary:  Interpreting Potential Futures (No. ONMS-13-01; Marine Sanctuaries 
Conservation Series, p. 283). U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration, Office of National Marine Sanctuaries. 
https://nmssanctuaries.blob.core.windows.net/sanctuaries -
prod/media/archive/science/conservation/pdfs/ocnms_cca.pdf  
  
Minore, D. (1983). Western redcedar: A literature review (General Technical Report No. PNW-150). USDA. 
https://www.fs.usda.gov/pnw/pubs/pnw_gtr150.pdf  

Morgan, H.A., Bagley, A., McGill, L., Raymond, C.L. (2019). Managing Washington Wildfire Risk in a 
Changing Climate. Workshop summary report prepared by the Northwest Climate Adaptation Science 
Center and the Climate Impacts Group, University of Washington, Seattle. https://nwcasc.uw.edu/wp -
content/uploads/sites/23/2019/04/Managing-Western-Washington-Wildfire-Risk-in-a-Changing-
Climate-1.pdf.  

Morrison, W.E., M. W. Nelson, J. F. Howard, E. J. Teeters, J. A. Hare, R. B. Griffis, J.D. Scott, and M.A. 
Alexander. (2015). Methodology for Assessing the Vulnerability of Marine Fish and Shellfish Species to a 
Changing Climate. U.S. Dept. of Commer., NOAA. NOAA Technical Memorandum NMFS-OSF-3, 48 p. 
https://www.st.nmfs.noaa.gov/Assets/ecosystems/climate/documents/TM%20OSF3.pdf.  

Munguía, Steffanie. (2021). Crowberry Bog (Olympic Peninsula, USA). Wetland Science & Practice. 38. 
259-261. https://doi.org/10.1672/ucrt083 -197.  

https://doi.org/10.7930/NCA5.2023.CH9
https://doi.org/10.1002/2016GL070023
https://www.hcn.org/articles/the-wests-wetlands-are-struggling-some-have-been-overlooked-altogether/
https://www.hcn.org/articles/the-wests-wetlands-are-struggling-some-have-been-overlooked-altogether/
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/conservation/pdfs/ocnms_cca.pdf
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/conservation/pdfs/ocnms_cca.pdf
https://www.fs.usda.gov/pnw/pubs/pnw_gtr150.pdf
https://nwcasc.uw.edu/wp-content/uploads/sites/23/2019/04/Managing-Western-Washington-Wildfire-Risk-in-a-Changing-Climate-1.pdf
https://nwcasc.uw.edu/wp-content/uploads/sites/23/2019/04/Managing-Western-Washington-Wildfire-Risk-in-a-Changing-Climate-1.pdf
https://nwcasc.uw.edu/wp-content/uploads/sites/23/2019/04/Managing-Western-Washington-Wildfire-Risk-in-a-Changing-Climate-1.pdf
https://www.st.nmfs.noaa.gov/Assets/ecosystems/climate/documents/TM%20OSF3.pdf
https://doi.org/10.1672/ucrt083-197


   
 

 
43 

 

Newton, J., & Poe, M. (2022). FINAL REPORT FOR NOAA AWARD: RVA-OA2017: The Olympic Coast as a 
Sentinel: An Integrated Social-Ecological Regional Vulnerability Assessment to Ocean Acidification (pp. 
1�ó53) [PPR]. OAR Ocean Acidification Program, NOAA. 
 
NODC. (2022, November 2). Energy Futures Conference Overview. https://www.noprcd.org/energy-
futures-conference 
 
North Pacific Coast Lead Entity. (2023). North Pacific Coast (WRIA 20) Salmon Restoration Strategy. 
https://www.coastsalmonpartnership.org/wp -
content/uploads/2023/05/2023_NPCLE_SalmonRestorationStrategy_Final_ApprovedMay2023.pdf 
 
NPS. (2024). Olympic Fires 2015-2019. Olympic National Park. 
https://www.nps.gov/olym/learn/management/olympic -fires-2015-
2019.htm#:~:text=The%20Paradise%20Fire%20was%20located,smoldered%20undetected%20until%2
0June%2014. 
 
NWIFC. (2016). Climate Change and Our Natural Resources: A Report from the Treaty Tribes in Western 
Washington (p. 114). Northwest Indian Fisheries Commission. https://nwifc.org/w/wp -
content/uploads/downloads/2017/01/CC_and_Our_NR_Report_2016-1.pdf 
  
NWIFC. (2020). Hoh River Basin. In 2020 State of the Watershed: A Report by the Treaty Tribes in Western 
Washington. Northwest Indian Fisheries Commission. https://nwifc.org/publications/state -of-our-
watersheds/ 
 
OCNMS. (n.d.). Sanctuary Environment. Olympic Coast National Marine Sanctuary. 
https://olympiccoast.noaa.gov/explore/environment/  
 
Ostoja, S.M., A.R. Crimmins, R.G. Byron, A.E. East, M. Méndez, S.M. O'Neill, D.L. Peterson, J.R. Pierce, C. 
Raymond, A. Tripati, and A. Vaidyanathan. (2023). Focus on western wildfires In: Fifth National Climate 
Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, 
Eds. U.S. Global Change Research Program, Washington, DC, USA. 
https://doi.org/10.7930/NCA5.2023.F2.  
  
Petersen, S., Bell, J., Miller, I., Jayne, C., Dean, K., & Fougerat, M. (2015). Climate Change Preparedness 
Plan for the North Olympic Peninsula. North Olympic Peninsula Resource Conservation and 
Development Council. https://irp.cdn -
website.com/6c85e905/files/uploaded/The+NOPRCD+Climate+Change+Preparedness+Plan+for+the+N
orth+Olympic+Peninsula.pdf 

https://www.noprcd.org/energy-futures-conference
https://www.noprcd.org/energy-futures-conference
https://www.coastsalmonpartnership.org/wp-content/uploads/2023/05/2023_NPCLE_SalmonRestorationStrategy_Final_ApprovedMay2023.pdf
https://www.coastsalmonpartnership.org/wp-content/uploads/2023/05/2023_NPCLE_SalmonRestorationStrategy_Final_ApprovedMay2023.pdf
https://www.nps.gov/olym/learn/management/olympic-fires-2015-2019.htm#:~:text=The%20Paradise%20Fire%20was%20located,smoldered%20undetected%20until%20June%2014
https://www.nps.gov/olym/learn/management/olympic-fires-2015-2019.htm#:~:text=The%20Paradise%20Fire%20was%20located,smoldered%20undetected%20until%20June%2014
https://www.nps.gov/olym/learn/management/olympic-fires-2015-2019.htm#:~:text=The%20Paradise%20Fire%20was%20located,smoldered%20undetected%20until%20June%2014
https://nwifc.org/w/wp-content/uploads/downloads/2017/01/CC_and_Our_NR_Report_2016-1.pdf
https://nwifc.org/w/wp-content/uploads/downloads/2017/01/CC_and_Our_NR_Report_2016-1.pdf
https://nwifc.org/publications/state-of-our-watersheds/
https://nwifc.org/publications/state-of-our-watersheds/
https://olympiccoast.noaa.gov/explore/environment/
https://doi.org/10.7930/NCA5.2023.F2.
https://irp.cdn-website.com/6c85e905/files/uploaded/The+NOPRCD+Climate+Change+Preparedness+Plan+for+the+North+Olympic+Peninsula.pdf
https://irp.cdn-website.com/6c85e905/files/uploaded/The+NOPRCD+Climate+Change+Preparedness+Plan+for+the+North+Olympic+Peninsula.pdf
https://irp.cdn-website.com/6c85e905/files/uploaded/The+NOPRCD+Climate+Change+Preparedness+Plan+for+the+North+Olympic+Peninsula.pdf


   
 

 
44 

 

 
Pitman, K., Moore, J., Sloat, M., Beaudreau, A., Bidlack, A., Brenner, R., Hood, E., Pess, G., Mantua, N., 
�a���+�2�ô�X�à�Ù���ß�à�Ù�‡�Í�î���é�à�Ù�«�ß�à�Ù�‡�ô�ô�}�ô�\�à�Ù�@�ß�à�Ù�‹�è�����2�î�+�ô�X�à�Ù�"�ß�à�Ù�-�Ù�®�����e�ô�î�à�Ù�"�ß�Ù�ü�Q�O�Q�O�ý�ß�Ù�@�+�Í�è���ô�X�Ù�‡�ô�e�X�ô�Í�e�Ù�Í�2�î�Ù�„�Í�è�������è�Ù�‹�Í�+�1�:�2�ß�Ù
Bioscience, 70(3), 220�ó236. https://doi.org/10.1093/biosci/biaa015  
  
Powell, J. (n.d.). Cultural Resources in the Hoh Watershed. https://hohtribe -nsn.org/culture/cultural -
resources/ 
  
Powell, J. (2002). Appendix 6 Quileute Exploitation and Maintenance of Prairies in Traditional Times. In 
The Ozette Prairies of Olympic National Park: Their Former Indigenous Uses and Management. National 
Plant Data Center. 
https://www.nps.gov/olym/learn/management/upload/MKAnderson_Ozette_ONP_2009-df.pdf 
  
Prevéy, J. S., Parker, L. E., Harrington, C. A., Lamb, C. T., & Proctor, M. F. (2020). Climate change shifts in 
habitat suitability and phenology of huckleberry (Vaccinium membranaceum). Agricultural and Forest 
Meteorology, 280, 107803. https://doi.org/10.1016/j.agrformet.2019.107803 
  
Raymond, C., & Rogers, M. (2022). Climate Mapping for a Resilient Washington. Prepared by the Climate 
Impacts Group, University of Washington, Seattle and Research Data & Computing Services, University 
of Idaho, Moscow. https://data.cig.uw.edu/climatemapping/  
  
Rhea, D. (2024, December 11). Benefits of Large Woody Debris in Streams. Penn State Extension. 
https://extension.psu.edu/benefits -of-large-woody-debris-in-streams 
  
Richter, A., & Kolmes, S. (2005). Maximum Temperature Limits for Chinook, Coho, and Chum Salmon, 
and Steelhead Trout in the Pacific Northwest. Reviews in Fisheries Science, 13(1), 23�ó49. 
https://doi.org/https://doi.org/10.1080/10641260590885861 
  
Riebe, V., & Lee, H. (2015). Hoh. In Native Peoples of the Olympic Peninsula: Who We Are (pp. 120�ó133). 
University of Oklahoma Press. 
  
Riedel, J., Wilson, S., Baccus, W., Larrabee, M., Fudge, T., & Foundation, A. (2015). Glacier status and 
contribution to streamflow in the Olympic Mountains, Washington, USA. Journal of Glaciology, 61(225). 
https://doi.org/doi:10.3189/2015JoG14 
  
Rocchio, J. (2019, December 5). Discovering an ecological anomaly: Crowberry Bog. Ear to the Ground 
with DNR & Commissioner Franz. https://washingtondnr.wordpress.com/2019/12/05/discovering-an-
ecological-anomaly-crowberry-bog/ 

https://doi.org/10.1093/biosci/biaa015
https://hohtribe-nsn.org/culture/cultural-resources/
https://hohtribe-nsn.org/culture/cultural-resources/
https://www.nps.gov/olym/learn/management/upload/MKAnderson_Ozette_ONP_2009-df.pdf
https://doi.org/10.1016/j.agrformet.2019.107803
https://data.cig.uw.edu/climatemapping/
https://extension.psu.edu/benefits-of-large-woody-debris-in-streams
https://doi.org/https:/doi.org/10.1080/10641260590885861
https://doi.org/doi:10.3189/2015JoG14
https://washingtondnr.wordpress.com/2019/12/05/discovering-an-ecological-anomaly-crowberry-bog/
https://washingtondnr.wordpress.com/2019/12/05/discovering-an-ecological-anomaly-crowberry-bog/


   
 

 
45 

 

 
Rubenstein, M.A., Weiskopf, S.R., Bertrand, R., Carter, S.L., Comte, L., Eaton, M.J., Johnson, C.G., 
Lenoir, J., Lynch, A.J., Miller, B.W., Morelli, T.L., Rodriguez, M.A., Terando, A, & Thompson, L. M.(2023). 
Climate change and the global redistribution of biodiversity: substantial variation in empirical support for 
expected range shifts. Environ Evid 12, 7. https://doi.org/10.1186/s13750-023-00296-0 
 
Russell, M., Olson, M. B., & Love, B. A. (2022). Surf smelt accelerate usage of endogenous energy 
reserves under climate change. PLOS ONE, 17(6). https://doi.org/10.1371/journal.pone.0270491 
 
Schroer, G., Jenkins, K., & Moorhead, B. (1993). Roosevelt elk selection of temperate rain forest seral 

stages in western Washington. Northwest Science, 67(1). https://hdl.handle.net/2376/1571 .  
  
Shore Friendly Kitsap. (n.d.). Surf Smelt (Hypomesus pretiosus). https://shorefriendlykitsap.com/wp -
content/uploads/2023/01/Surf -Smelt-Fact-Sheet.pdf 
  
Siedlecki, S., Pilcher, D., Howard, E., Deutsch, C., MacCready, P., Norton, E., Frenzel, H., Newton, J., 
Feely, R., Alin, S., & Klinger, T. (2021). Coastal processes modify projections of some climate-driven 
stressors in the California Current System. Biogeosciences, 18(9), 2871�ó2890. 
https://doi.org/10.5194/bg-18-2871-2021 
  
�‹�2�:�}�ô�X�à�Ù���ß�X�ß�à�Ù�‡�Í�…�1�:�2�î�à�Ù���ß�[�ß�à�Ù�‡�:�:�U�à�Ù�F�ß���ß�à�Ù�-�Ù�a�:�X���Í�2�à�Ù�F�ß�Ù�ü�Q�O�P�X�ß�ý�Ù�
�b�:�Ù�“���1�ô�Ù�e�:�Ù�®�Í�\�e�ô�ß�Ù�“���ô�Ù�I�2�e�ô�X���:�}�ô�X�2�1�ô�2�e�Í�+�Ù
�„�Í�2�ô�+�Ù�:�2�Ù���+���1�Í�e�ô�Ù�����Í�2���ô�
�\�Ù�‹�U�ô�è���Í�+�Ù�‡�ô�U�:�X�e�Ù�:�2�Ù�@�+�:�æ�Í�+�Ù�®�Í�X�1���2���Ù�:���Ù�P�ß�T�5���Ù�Í�2�î�Ù�I�1�U�+���è�Í�e���:�2�\�Ù���:�X�Ù�®�Í�\�����2���e�:�2�Ù
�‹�e�Í�e�ô�ß���Ù���X���ô�����2���Ù�U�Í�U�ô�X�Ù�U�X�ô�U�Í�X�ô�î�Ù�æ�…�Ù�e���ô�Ù���+���1�Í�e�ô�Ù�I�1�U�Í�è�es Group, University of Washington, Seattle. 
Updated 02/2019. https://cig.uw.edu/wp -
content/uploads/sites/2/2019/02/NoTimeToWaste_CIG_Feb2019.pdf 
 
Spies, T. A., Stine, P. A., Gravenmier, R., Long, J. W., & Reilly, M. J. (2018). Synthesis of science to inform 
land management within the Northwest Forest Plan area (Gen. Tech. Rep. No. PNW-GTR-966.). 
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 
https://permanent.fdlp.gov/gpo109002/pnw_gtr966_vol1.pdf 
  
Starkey, E. E., deCalesta, D. S., & Witmer, G. W. (1982). Management of Roosevelt Elk Habitat and 
Harvest Management of Roosevelt Elk Habitat and Harvest. U.S. National Park Service Publications and 
Papers, 7. https://digitalcommons.unl.edu/natlpark/7  
  
Status of Tribes and Climate Change Working Group (STACCWG). (2021). Status of Tribes and Climate 
Change Report, Institute for Tribal Environmental Professionals, Northern Arizona University, Flagstaff, 
AZ. [Marks-Marino, D. (ed.)] http://nau.edu/stacc2021  

https://doi.org/10.1186/s13750-023-00296-0
https://doi.org/10.1371/journal.pone.0270491
https://hdl.handle.net/2376/1571
https://shorefriendlykitsap.com/wp-content/uploads/2023/01/Surf-Smelt-Fact-Sheet.pdf
https://shorefriendlykitsap.com/wp-content/uploads/2023/01/Surf-Smelt-Fact-Sheet.pdf
https://doi.org/10.5194/bg-18-2871-2021
https://cig.uw.edu/wp-content/uploads/sites/2/2019/02/NoTimeToWaste_CIG_Feb2019.pdf
https://cig.uw.edu/wp-content/uploads/sites/2/2019/02/NoTimeToWaste_CIG_Feb2019.pdf
https://permanent.fdlp.gov/gpo109002/pnw_gtr966_vol1.pdf
https://digitalcommons.unl.edu/natlpark/7
http://nau.edu/stacc2021


   
 

 
46 

 

  
SWCA Environmental Consultants. (2024). Jefferson County Community Wildfire Protection Plan. 
https://jefferson -county-cwpp-jeffcowa.hub.arcgis.com/ 
  
Sydeman, W. J., Bradley, R. W., Warzybok, P., Abraham, C. L., Jahnck, J., Hyrenbach, K. D., Kousky, V., 
Hipfner, J. M., & Ohman, M. D. (2006). Planktivorous auklet Ptychoramphus aleuticus responses to 
ocean climate, 2005: Unusual atmospheric blocking? Geophysical Research Letters, 33(22). 
https://doi.org/https://doi.org/10.1029/2006GL026736 
  
Testimony of Chairman Walter Ward on the Hoh Indian Tribe Safe Homelands Act. (2009). 
https://hohtribe -nsn.org/culture/hoh-indian-tribe-safe-homelands-act/  
  
The Oregon Climate Change Research Institute. (2016). Climate Change Vulnerability Assessment for the 
Treaty of Olympia Tribes: A Report to the Quinault  Indian Nation, Hoh Tribe, and Quileute Tribe. OCCRI.  
  
Tian, Z., Zhao, H., Peter, K. T., Gonzalez, M., Wetzel, J., Wu, C., Hu, X., Prat, J., Mudrock, E., Hettinger, R., 
���:�X�e���2�Í�à�Ù���ß�Ù�(�ß�à�Ù�����\�•�Í�\�à�Ù�‡�ß�Ù�@�ß�à�Ù�X�:�è�'�à�Ù�>�ß�Ù�«�ß�Ù���ß�à�Ù�‹�:�:�2���à�Ù�‡�ß�à�Ù�V�ô�2�2�ô�à�Ù���ß�à�Ù�"�j�à�Ù���ß�à�Ù�F�:�j�à�Ù�>�ß�à�Ù�F�ô�à�Ù�F�ß�à�Ù�[�j�2�î�ô�ô�2�à�Ù�‡�ß�à�Ù�ã�Ù
Kolodziej, E. P. (2021). A ubiquitous tire rubber�óderived chemical induces acute mortality in coho 
salmon. Science. https://doi.org/10.1126/science.abd6951 
  
Tirmenstein, D. (1990). Vaccinium ovalifolium. Fire Effects Information System. 
https://www.fs.usda.gov/database/feis/plants/shrub/vacovl/all.html  
  
Totenberg, N. (2023, May 25). The Supreme Court has narrowed the scope of the Clean Water Act. In All 
Things Considered. https://www.npr.org/2023/05/25/1178150234/supreme-court-epa-clean-water-act 
 
Treaty with the Quinaielt, Etc., 1855 (Treaty of Olympia) (1855), 
https://digitalcommons.law.uw.edu/watreaties/3  
  
United States of America, Plaintiff, Quinault Tribe of Indians on its own behalf and on behalf of the 
Queets Band of Indians, et al., Intervenor-Plaintiffs, v. State of Washington, Defendant, Thor C. Tellefson, 
Director, Washington State Department of Fisheries, et al., Intervenor-Defendants, 384 F. Supp. 312 
(1974). https://law.justia.com/cases/federal/district -courts/FSupp/384/312/1370661/ 
 
US Army Corps of Engineers, BPA, & Bureau of Reclamation. (2003). Federal Columbia River Power 
System. https://www.bpa.gov/ -/media/Aep/power/hydropower-data-studies/fcrps_brochure_17x11.pdf 
  

https://jefferson-county-cwpp-jeffcowa.hub.arcgis.com/
https://doi.org/https:/doi.org/10.1029/2006GL026736
https://hohtribe-nsn.org/culture/hoh-indian-tribe-safe-homelands-act/
https://doi.org/10.1126/science.abd6951
https://www.fs.usda.gov/database/feis/plants/shrub/vacovl/all.html
https://www.npr.org/2023/05/25/1178150234/supreme-court-epa-clean-water-act
https://law.justia.com/cases/federal/district-courts/FSupp/384/312/1370661/
https://www.bpa.gov/-/media/Aep/power/hydropower-data-studies/fcrps_brochure_17x11.pdf


   
 

 
47 

 

USDA. (n.d.-a). Riparian Forest Buffers. Agroforestry Practices. 
https://www.fs.usda.gov/nac/practices/riparian -forest-buffers.php 
  
USDA. (n.d.-b). Western Redcedar. 
https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/thuja/plicata.htm  
  
USGS. (n.d.). Ecology of Olympic National Park [USGS]. Geology and Ecology of National Parks. 
https://www.usgs.gov/geology-and-ecology-of-national-parks/ecology-olympic-national-
park#:~:text=Olympic%20National%20Park%20is%20comprised,forests%2C%20subalpine%2C%20and
%20alpine 
  
UW Climate Impacts Group. (n.d.). How will climate change affect Northwest forests? Part Two of Five in 
the Series: Climate Impacts in the Northwest. https://express.adobe.com/page/udaAw5GCBxYBe/ 
  
UW Climate Impacts Group. (2013). Making Sense of the New Climate Change Scenarios. University of 
Washington. https://cig.uw.edu/wp -content/uploads/sites/2/2020/12/snoveretalsok2013sec3.pdf  
  
UW Gallagher Law Library. (2024, July 31). Introduction to United States v. Washington. Indian & Tribal 
Law. https://lib.law.uw.edu/indian -tribal/boldt  
  
Van Pelt, J. (2007, December 10). Forks - Thumbnail History. HistoryLink.Org. 
https://www.historylink.org/file/8397  
  
Van Pelt, R. (2007). Identifying  Mature and Old Forests In Western Washington (p. 104). Washington 
State Department of Natural Resources. 
https://www.dnr.wa.gov/publications/lm_hcp_west_oldgrowth_guide_full_lowres.pdf 
 
WA DNR. (1999). Middle Hoh and rainforest watershed analysis units, level 2.  
 
WA DNR. (2019). �®���ß�‹�e�Í�e�ô���\�ß�®���+�î�+�Í�2�î�ß�˜�X�æ�Í�2�ß�I�2�e�ô�X���Í�è�ô�ß���®�˜�I�� [Map Viewer]. 
https://www.arcgis.com/apps/View/index.html?appid=21683af70ece4bd495c319915f7a9232 
  
WA DNR. (2022). Wildfire Season 2021 - Work of Wildfire Assessment. Washington State Department of 
Natural Resources. https://www.dnr.wa.gov/publications/rp_workofwildfire2021_march2022.pdf.  
  
WCSSP. (2013). Washington Coast Sustainable Salmon Plan. Washington Coast Sustainable Salmon 
Partnership. https://www.coastsalmonpartnership.org/wp -content/uploads/2019/02/PLAN-5-7-13.pdf 
  

https://www.fs.usda.gov/nac/practices/riparian-forest-buffers.php
https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/thuja/plicata.htm
https://www.usgs.gov/geology-and-ecology-of-national-parks/ecology-olympic-national-park#:~:text=Olympic%20National%20Park%20is%20comprised,forests%2C%20subalpine%2C%20and%20alpine
https://www.usgs.gov/geology-and-ecology-of-national-parks/ecology-olympic-national-park#:~:text=Olympic%20National%20Park%20is%20comprised,forests%2C%20subalpine%2C%20and%20alpine
https://www.usgs.gov/geology-and-ecology-of-national-parks/ecology-olympic-national-park#:~:text=Olympic%20National%20Park%20is%20comprised,forests%2C%20subalpine%2C%20and%20alpine
https://express.adobe.com/page/udaAw5GCBxYBe/
https://cig.uw.edu/wp-content/uploads/sites/2/2020/12/snoveretalsok2013sec3.pdf
https://lib.law.uw.edu/indian-tribal/boldt
https://www.historylink.org/file/8397
https://www.dnr.wa.gov/publications/lm_hcp_west_oldgrowth_guide_full_lowres.pdf
https://www.arcgis.com/apps/View/index.html?appid=21683af70ece4bd495c319915f7a9232
https://www.dnr.wa.gov/publications/rp_workofwildfire2021_march2022.pdf
https://www.coastsalmonpartnership.org/wp-content/uploads/2019/02/PLAN-5-7-13.pdf


   
 

 
48 

 

WDFW. (n.d.). Washington State Surf Smelt Fact Sheet. WDFW. 
https://wdfw.wa.gov/sites/default/files/publications/01219/wdfw01219.pdf  
  
WDFW. (2015). �®�Í�\�����2���e�:�2���\�ß�‹�e�Í�e�ô�ß�®���+�î�+�����ô�ß���è�e���:�2�ß�„�+�Í�2�ç�ß�W�U�V�Z�ß�˜�U�î�Í�e�ô. Washington Department of Fish 
and Wildlife. https://wdfw.wa.gov/sites/default/files/publications/01742/wdfw01742.pdf  
  
WDFW. (2023). Washington Razor Clam  Management Update: Region 6 Coastal Shellfish. Montesano, 
WA. https://wdfw.wa.gov/sites/default/files/publications/02450/wdfw02350.pdf  
  
WDFW. (2024). Publicly-Reported Limping Elk or Dead Elk with Hoof Deformities (2012-present). Elk Hoof 
Disease in Washington State. https://wdfw.wa.gov/species -habitats/diseases/elk-
hoof#:~:text=TAHD%20in%20Washington,western%20half%20of%20Lewis%20counties. 
  
Whyte, K., Novak, R., Laramie, M. B., Bruscato, N. G., David-Chavez, D. M., Dockry, M. J., Johnson, M. K., 
Jones Jr., C. E., & Leonard, K. (2023). Ch. 16. Tribes and Indigenous Peoples. In A. R. Crimmins, C. W. 
Avery, D. R. Easterling, K. E. Kunkel, B. C. Stewart, & T. K. Maycock, Fifth National Climate Assessment. 
U.S. Global Change Research Program. https://doi.org/10.7930/NCA5.2023.CH16 
  
Williams, C. R., Dittman, A. H., McElhany, P., Shallin Busch, D., Maher, M., Bammler, T., MacDonald, J., & 
Gallagher, E. P. (2018). Elevated CO2 impairs olfactory-mediated neural and behavioral responses and 
gene expression in ocean-phase coho salmon (Oncorhynchus kisutch). Global Change Biology, 25(3), 
963�ó977. https://doi.org/https://doi.org/10.1111/gcb.14532  
  
Wilson, S. (2020, January 1). Amid shut-off woes, a beacon of energy. The Washington Post. 
https://www.washingtonpost.com/climate -solutions/2020/01/01/amid -shut-off-woes-beacon-energy/ 
  
Wise, M. (2024). Climate Care Handbook: Communicating Climate Change With Care & Impact. 
https://drive.google.com/file/d/1krCpURo_dX8b_VC5W0wHMDVzG0qHiA1n/view 
  
WRCC. (n.d.). Climate of Washington. Western Regional Climate Center. 
https://wrcc.dri.edu/Climate/narrative_wa.php  

Wrubel, K.R., Cannizzo, Z.J., Waddell, J., Hutto, S. 2025. Climate Vulnerability Assessment for Olympic 
���:�Í�\�e�Ù�b�Í�e���:�2�Í�+�Ù�a�Í�X���2�ô�Ù�‹�Í�2�è�e�j�Í�X�…�ß�Ù�b�i�����
�\�Ù�i�+�…�1�U���è�Ù���:�Í�\�e�Ù�b�Í�e���:�2�Í�+�Ù�a�Í�X���2�ô�Ù�‹�Í�2�è�e�j�Í�X�…�ß�Ù�T�V�T�U�ß�Ù�"�i�I�á�Ù
10.25923/w46d-1062.  

WSDOT. (2011). Climate Impacts Vulnerability Assessment. Washington State Department of 
Transportation. https://wsdot.wa.gov/sites/default/files/2021 -10/Climate-Impact-AssessmentforFHWA-
12-2011.pdf 

https://wdfw.wa.gov/sites/default/files/publications/01219/wdfw01219.pdf
https://wdfw.wa.gov/sites/default/files/publications/01742/wdfw01742.pdf
https://wdfw.wa.gov/sites/default/files/publications/02450/wdfw02350.pdf
https://wdfw.wa.gov/species-habitats/diseases/elk-hoof#:~:text=TAHD%20in%20Washington,western%20half%20of%20Lewis%20counties
https://wdfw.wa.gov/species-habitats/diseases/elk-hoof#:~:text=TAHD%20in%20Washington,western%20half%20of%20Lewis%20counties
https://doi.org/10.7930/NCA5.2023.CH16
https://doi.org/https:/doi.org/10.1111/gcb.14532
https://www.washingtonpost.com/climate-solutions/2020/01/01/amid-shut-off-woes-beacon-energy/
https://drive.google.com/file/d/1krCpURo_dX8b_VC5W0wHMDVzG0qHiA1n/view
https://wrcc.dri.edu/Climate/narrative_wa.php
https://wsdot.wa.gov/sites/default/files/2021-10/Climate-Impact-AssessmentforFHWA-12-2011.pdf
https://wsdot.wa.gov/sites/default/files/2021-10/Climate-Impact-AssessmentforFHWA-12-2011.pdf


   
 

 
49 

 

  
WSG. (2014). Ocean Acidification in the Pacific Northwest. WA Sea Grant. 
https://wsg.washington.edu/wordpress/wp-content/uploads/OA18PNWFacts14V5.pdf 
  
Young, B. E., Byers, E., Hammerson, G., Frances, A., Oliver, L., & Treher, A. (2016). Guidelines for Using 
the NatureServe Climate Change Vulnerability Index (No. Release 3.02). NatureServe. 
  
Zouhar, K. (2019). Rubus spectabilis, salmonberry. Fire Effects Information System. 
http://www.fs.usda.gov/database/feis/plants/plants/shrub/rubspe/all.html  

https://wsg.washington.edu/wordpress/wp-content/uploads/OA18PNWFacts14V5.pdf
http://www.fs.usda.gov/database/feis/plants/plants/shrub/rubspe/all.html


�� �¾�¬�Ä�‚ �ä�™���Ä�Ë�•�™�¾�Ý���é�Ý�™���Ý�™�ä�Ý���Ë�£���™�Ø�é�‚ �ä�¬�Ë�Å�Ý���ä�Ë���Ù�™�Ö�Ù�™�Ý�™�Å�ä���ä�©�™���Ö�Ù�Ë�•�™�Ý�Ý�™�Ý���ä�©�‚ �ä���Ä�‚ �»�™���é�Ö���ä�©�™���� �‚ �Ù�ä�©�Ä�Ý���•�¾�¬�Ä�‚ �ä�™�£
�A�Ë�•�™�¾�Ý���‚ �Ù�™���ä�™�Ý�ä�™�•���ä�©�Ù�Ë�é�¤�©���Á�©�¬�Å�•�•�‚ �Ý�ä�¬�Å�¤�Â���Ë�Ù���Ö�é�ä�ä�¬�Å�¤���¬�Å���ô�‚ �Ù�¬�‚ �Ž�¾�™�Ý���£�Ù�Ë�Ä���ä�©�™���Ö�‚ �Ý�ä�¤���¾�¬�»�™���¤�Ù�™�™�Å�©�Ë�é�Ý�™���¤�‚ �Ý
�¾�™�ô�™�¾�Ý�¤���‚ �Å�•���Ý�™�™�¬�Å�¤���¬�£���ä�©�™���Ë�é�ä�•�Ë�Ä�™���Ä�‚ �ä�•�©�™�Ý���©�¬�Ý�ä�Ë�Ù�¬�•�‚ �¾���Ù�™�•�Ë�Ù�•�™�•���•�Ë�Å�•�¬�ä�¬�Ë�Å�Ý�£���Z�•�¬�™�Å�ä�¬�Ý�ä�Ý���‚ �Ù�™���•�Ë�Å�£�¬�•�™�Å�ä
�ä�©�‚ �ä���Ä�Ë�•�™�¾�Ý���‚ �•�•�é�Ù�‚ �ä�™�¾�û���Ù�™�Ö�Ù�™�Ý�™�Å�ä���™�‚�Ù�ä�©���Ý�û�Ý�ä�™�Ä�Ý�¤���Ž�é�ä���™�‚�•�©���Ä�Ë�•�™�¾���•�¬�£�£�™�Ù�Ý���‚ �Å�•���ä�©�™�û���‚ �¾�¾���•�Ë�Å�ä�‚ �¬�Å���Ý�Ë�Ä�™
�¾�™�ô�™�¾���Ë�£���é�Å�•�™�Ù�ä�‚ �¬�Å�ä�û���Ž�™�•�‚ �é�Ý�™���� �‚ �Ù�ä�©�Ä�Ý���•�Ë�Ä�Ö�¾�™�ú�¬�ä�û���¬�Ý���¬�Å�©�™�Ù�™�Å�ä�¾�û���•�¬�£�£�¬�•�é�¾�ä���ä�Ë���Ù�™�Ö�¾�¬�•�‚ �ä�™�£������ �™�•�‚ �é�Ý�™���Ë�£���ä�©�¬�Ý�¤
�Ù�‚ �Å�¤�™�Ý���Ë�£���Ö�Ù�™�•�¬�•�ä�¬�Ë�Å�Ý���‚ �Ù�™���Ý�©�‚ �Ù�™�•���¬�Å���ä�©�¬�Ý���Ù�™�Ö�Ë�Ù�ä���õ�©�™�Å�™�ô�™�Ù���Ö�Ë�Ý�Ý�¬�Ž�¾�™�£���r �©�™�Å���Ë�Å�™���Ý�•�™�Å�‚ �Ù�¬�Ë���¬�Ý���é�Ý�™�•�¤���¬�ä�Ä�Ý
�Ë�£�ä�™�Å���V�� �S���� �£�� �¤���ä�©�™���Ý�•�™�Å�‚ �Ù�¬�Ë���¬�Å���õ�©�¬�•�©���Å�Ë���•�¾�¬�Ä�‚ �ä�™���Ä�¬�ä�¬�¤�‚ �ä�¬�Ë�Å���¬�Ý���•�Ë�Å�™���¹�Ý�™�™���Ž�™�¾�Ë�õ�º�£���a�©�¬�Ý���õ�‚ �Ý���•�©�Ë�Ý�™�Å���Ý�Ë���‚ �Ý
�Å�Ë�ä���ä�Ë���é�Å�•�™�Ù�™�Ý�ä�¬�Ä�‚ �ä�™���ä�©�™���Ù�¬�Ý�»�Ý�£��

�� �¬�£�£�™�Ù�™�Å�ä���•�¾�¬�Ä�‚ �ä�™���Ý�•�™�Å�‚ �Ù�¬�Ë�Ý���‚ �¾�¾�Ë�õ���é�Ý���ä�Ë���Ö�Ù�™�Ö�‚�Ù�™���£�Ë�Ù���ô�‚ �Ù�û�¬�Å�¤���£�é�ä�é�Ù�™�Ý���Ž�‚ �Ý�™�•���Ë�Å���ä�©�™���¾�™�ô�™�¾���Ë�£���¤�Ù�™�™�Å�©�Ë�é�Ý�™
�¤�‚ �Ý�™�Ý���¬�Å���ä�©�™���‚ �ä�Ä�Ë�Ý�Ö�©�™�Ù�™�£���a�©�™���,�Å�ä�™�Ù�¤�Ë�ô�™�Ù�Å�Ä�™�Å�ä�‚ �¾���S�‚ �Å�™�¾���Ë�Å���� �¾�¬�Ä�‚ �ä�™���� �©�‚ �Å�¤�™���¹�,�S�� �� �º���¬�Ý���Ù�™�•�Ë�¤�Å�¬���™�•���‚ �Ý���‚ �Å
�‚ �é�ä�©�Ë�Ù�¬�ä�û���Ë�Å���•�¾�¬�Ä�‚ �ä�™���•�©�‚ �Å�¤�™���‚ �Å�•���ä�©�™�û�Ä�ô�™���¬�Ý�Ý�é�™�•���Ý�™�ô�™�Ù�‚�¾���Ý�•�™�Å�‚ �Ù�¬�Ë���ä�û�Ö�™�Ý���ä�©�Ù�Ë�é�¤�©�Ë�é�ä���ä�©�™���û�™�‚�Ù�Ý�£�����a�©�™
�£�¬�Ù�Ý�ä���õ�™�Ù�™���Ö�é�Ž�¾�¬�Ý�©�™�•���¬�Å������ �� �����‚ �Å�•���ä�©�™�Å���Ù�™�£�¬�Å�™�•���¬�Å������ �� �� �£���H�Å�™���Ë�£���ä�©�Ë�Ý�™���Ý�•�™�Å�‚ �Ù�¬�Ë�Ý���¬�Ý���Ù�™�£�™�Ù�™�Å�•�™�•���¬�Å���ä�©�¬�Ý
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Warmer air temperatures 

The increasing greenhouse gases that cause climate change are like a warm blanket in the atmosphere; they keep 
heat in. As humans keep producing greenhouse gases, this blanket gets thicker, and the Earth gets warmer. 
Average air temperatures have risen and are predicted to keep rising. This is the underlying cause of most of 
the changing climate conditions covered in this appendix.  

�x Observed changes: Tribal members say that winters feel warmer than they used to and that summers 

are getting hotter. Some noted that the air temperature difference between the reservation and Forks is 
noticeable, with Forks being warmer, and they are grateful to live near the ocean where the air is cooler. 
One Tribal member shared that they recently bought their first air conditioner.  

�x Predicted changes:  Temperatures will continue to change seasonally, but, overall, the trend will be 

towards warmer temperatures.  From 1971-2000, the average annual temperature in the Hoh watershed 
was 46.3°F (7.9°C)�ß�Ù�I�e�
s predicted to rise to 50.8°F (10.4°C) under the RCP 4.5 scenario or to 54.1°F (12.2°C) 
under RCP 8.5 by the end of the 21st century. At the end of the 20th century, there were 0.2 days per year 
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with temperatures over 86°F (30°C). By the end of the 21st century, that could rise to 1 - 23 days depending 
on the location in the U&A and on the level of carbon emissions. In the Olympic Mountains that feed the 
Hoh River, freeze-free days, or days with a minimum temperature above 32°F (0°C), will increase, reducing 
snowfall (Krosby et al., 2018).  
 

 
Figure 1. Projected Change in Annual Average Daily Temperature 2070-2099 vs. 1971-2000 under a Higher 
Emissions Scenario, RCP 8.5. This image shows the Olympic Peninsula with the Hoh watershed, a portion of the 
Hoh U&A, outlined in black. Under a high emissions scenario, average annual temperatures along the western side 
will rise by 7-8°F while the eastern side will rise >8°F (Krosby et al., 2018). 

Changing rain 
Abundant rain is a part �:���Ù�•���Í�e�Ù�î�ô�����2�ô�\�Ù�e���ô�Ù�F�:���Ù�“�X���æ�ô�
�\�Ù�ô�è�:�\�…�\�e�ô�1�\�Ù�Í�2�î�Ù�è�X�ô�Í�e�ô�\�Ù�e���ô familiar landscape. The Lower 
Hoh River sees an average of 102 to 142 inches of precipitation per year (WA DNR, 1999). In the future, the pattern 
of when and how much rain arrives will change. Summer rain levels will decrease, while winter rain will 
increase.    

�x Observed changes: Some Tribal members �Í�X�ô�2�
�e�Ù�ô�„�U�ô�X���ô�2�è���2���Ùa shift in rain patterns, noting that the 
alternating wet and dry seasons that have always existed are continuing. Others have observed drier 
summers. Historically, summer fog levels have been relatively high, and this helps offset some of the 
moisture stress (Spies et al., 2018).  
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���>�:�X�ß�ô�„�Í�1�U�+�ô�æ�ß�•�ô�ß�j�\�ô�î�ß�e�:�ß�Í�+�•�Í�…�\�ß���Í�}�ô�ß�e�:�ß�1�:�•�ß�:�j�X�ß�+�Í�•�2�ß�ô�}�ô�X�…�ß�•�ô�ô�'�æ�ß�:�e���ô�X�•���\�ô�ß���e�ß
would get too long. Every week we had to mow the lawn. And now this last year, I 

think we mowed it maybe three times. I'm pretty sure it was just three times instead 
of every week. Even Philip [Riebe] goes ��Man, I can't believe we're not mowing the 

lawn. �� I said ��I know. It doesn't need it. ���� 
 

Marie Riebe 
  

�x Predicted changes:  
Winter  Summer  

 
More rain is predicted to fall during the 
winter.  From 1971-2000, the Hoh watershed 
received an average of 115 in of rain in the 
winter. From 2070-2099 under RCP 8.5, the 
watershed could expect anywhere from 125-
129 in during the winter (Krosby et al., 2018). 
  
Increased intensity: Heavy rainfall events, 
often called atmospheric rivers, are expected 
to become more intense across western 
Washington after 2050 because warmer air can 
hold more water (Mauger, 2019).   

  

 
Less rain will fall in summer.  Right now, the 
watershed sees 34 in from April to September. 
Models estimate that the watershed will have a 
few inches less fall in the summer, around 32 
in by 2070 under RCP 8.5 (Krosby et al., 2018). 
Late summer precipitation from mid-July to 
mid-September could decline by 1 �ó 12% 
(Raymond & Rogers, 2022).  
  
Drought: Drought is legally defined in WA as 
summer precipitation below 75% of normal 
summer precipitation. Under RCP 8.5, the 
chance of summer drought happening 
increases as time goes on, up to a 32 �ó 47% 
chance by 2070 (Raymond & Rogers, 2022).   

  

Snow 
Increasing temperatures have changed winter on the reservation.  Many Tribal members have 
observed less snow during winters in their lifetime:  
  
���“���Í�e�ß�����ô�+�î�ß�î�:�•�2�ß�e���ô�X�ô�æ�ß�•���ô�2�ß�e���ô�…�ß�����X�\�e�ß�:�U�ô�2�ô�î�ß���e�æ�ß�e���ô�ß�\�2�:�•�ß�j�\�ô�î�ß�e�:�ß���ô�e�ß�j�U�ß�e���ô�X�ô�æ�ß���:�j�X�ß�:�X�ß�����}�ô�ß
���ô�ô�e�ß���������å�ß�®�ô�ß�j�\�ô�î�ß�e�:�ß�Í�+�+�ß���:�ß�:�}�ô�X�æ�ß�1�Í�'�ô�ß�Í�ß�1�Í�•�ô�ß���2�ß�e���Í�e�ß�����ô�+�î�å�ß�®�ô���î�ß�U�+�Í�…�ß�e�Í���ß�Í�2�î�ß�ô�}�ô�X�…�e�����2���ß�:�2�ß
that field when we were all younger. Now you can't even get two inc hes of snow...You can 

���ô�e�ß���e�ß�j�U�ß�e���ô�ß�X�:�Í�î�ß�æ�j�e�ß�2�:�e�ß���ô�X�ô�å�ß�‹�:�ß�e���Í�e���\�ß���:�•�ß�1�j�è���ß���e�ß�X�ô�Í�+�+�…�ß�è���Í�2���ô�î�å��  
 

Walter Ward 
----------------------------------------------------------------------------  
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Ruby: ���®�ô�ß���Í�}�ô�2���e�ß�æ�ô�ô�2�ß���Í�}���2���ß�Í�ß�+�:�e�ß�:���ß�\�2�:�•�æ�ß�+���'�ô�ß���e�ß�•���+�+�ß�æ�ô�ß�\�2�:�•���2���ß�Í�2�î�ß�e���ô�2�ß���e���+�+�ß�æ�ô�ß���ô�X�ô�ß���:�X�ß
�Í�ß�è�:�j�U�+�ô�ß�:���ß�î�Í�…�\�æ�ß�+���'�ô�ß�Í�ß�î�Í�…�æ�ß�e���X�ô�ô�ß�î�Í�…�\�ß�Í�2�î�ß�e���ô�2�ß���e���\�ß�1�ô�+�e�ô�î�ß�Í�2�î�ß���:�2�ô�å�ß�I�e���\�ß�$�j�\�e�ß�æ�:���j�\�ß

�æ�ô�è�Í�j�\�ô�ß�I�ß�+�:�}�ô�ß�e���ô�ß�\�2�:�•�å�� 
  

Interviewer:  ���"�:�ß�…�:�j�ß���ô�ô�+�ß�+���'�ô�ß���e�ß�\�2�:�•�ô�î�ß�1�:�X�ô�ß�•���ô�2�ß�…�:�j�ß�•�ô�X�ô�ß�…�:�j�2���ô�X�ì�� 
  

Ruby: ���i���ß�…�ô�Í���æ�ß�æ�ô�è�Í�j�\�ô�ß�1�…�ß�\���\�e�ô�X�ß�j�\�ô�î�ß�e�:�ß�æ�X���2���ß�j�\�ß�e�:�ß�e���ô�ßbeach,  �Í�2�î�ß�•�ô���î�ß���:�ß�î�:�•�2�ß�e���Í�e�ß�æ�����ß
hill down there... We had to go early in the morning when nobody drove in it because we 

�:�2�+�…�ß���ô�e�ß�Í�ß�è�:�j�U�+�ô�ß���2�è���ô�\�ß�:���ß�\�2�:�•�ß�Í�2�î�ß�2�:�e�ß�Í�ß�è�:�j�U�+�ô�ß���ô�ô�e�ß�:���ß�\�2�:�•�å���ß 
  

Ruby Sheriff  
----------------------------------------------------------------------------  

���I�ß�î�:�2���e�ß�'�2�:�•�ß�����ß���e�ß�•�Í�\�ß�$�j�\�e�ß�Í�ß�\���:�X�e�ô�X�ß�e���1�ô�ß�U�ô�X���:�î�æ�ß�æ�j�e�ß���e�ß�\�ô�ô�1�ô�î�ß�+���'�ô�ß�•�ô�ß���Í�î�ß�1�:�X�ô�ß�\�2�:�•�ß
days... throughout the whole school year. It wasn't just one week straight. It might have 
been different times of the year I thought but it was too crazy. We had more s now when I 

was younger, but maybe it was just that I couldn't keep track of time or something like that. 
�®���ô�e���ô�X�ß���e�ß�•�Í�\�ß�:�2�ô�ß�Í�ß�•�ô�ô�'�æ�ß�æ�j�e�ß���e�ß�\�ô�ô�1�ô�î�ß�+���'�ô�ß���e�ß�•�Í�\�ß�î�������ô�X�ô�2�e�ß�e���1�ô�\�ß�:���ß�e���ô�ß�…�ô�Í�X�å���ß 

 
Richard Sheriff 

  
  

Melting and disappearing glaciers 
The thin glaciers on the Olympic Mountains are particularly susceptible to temperature shifts. They exist at a 
relatively low elevation where a slight air temperature change can transform snow to rain. At Hurricane Ridge 
(5,242 ft) on the northeastern side of the National Park, the average winter temperature is 29°F (Baccus, personal 
communication, 2024). Because of warming temperatures, glaciers  are a fraction of what they once were, 
and they are predicted to disappear by 2070 if carbon emissions are not curbed.  

 
���“���ô�ß�…�ô�Í�X�\�ß�e���Í�e�ß�I�ß�•�ô�2�e�ß�j�U�X���}�ô�X�ß�•���e���ß�1�…�ß���X�Í�2�î���Í�e���ô�X�ß�������Í�X�+�ô�\�ß�‹�Í���+�e�:�ß�‹�X���æ�ß�•�ô�ß�•�ô�2�e�ß�Í�+�+�ß�e���ô�ß�•�Í�…�ß

up to the top where the snow and glacier was. He took pictures of that. When I first went up, 
it was pretty much this way. I went up with our biologist and I go ��Where are the glaciers? �� 
They moved up, melted about 10, 15 miles or more. We've been observing them. They're 
�1�:�}���2���ß�1�Í�…�æ�ô�ß�Í�æ�:�j�e�ß�W�ß�e�:�ß�X�ß���ô�ô�e�ß�Í�ß�…�ô�Í�X�æ�ß�1�ô�+�e���2���ß�e���Í�e�ß�1�j�è���å�ß�“���Í�e�ß���Í�\�ß�è���Í�2���ô�î�ß�W�j���e�ô�ß�Í�ß�æ���e�å���ß 

 
Walter Ward 

  

�x Observed changes: Historically, snow fell on the Olympic Mountains in winter where it contributed to 
glacier growth and formed snowfields. With temperature shifts, much of that snow is now falling as rain. 
Then, as warmer summers arrive, melting of the dwindling snowpack and shrinking glaciers starts earlier 
�Í�2�î�Ù�è�:�2�e���2�j�ô�\�Ù�\�e�ô�Í�î���+�…�Ù�e���X�:�j�����Ù�e���ô�Ù�\�j�1�1�ô�X�ß�Ù�i�2�ô�Ù�F�:���Ù�“�X���æ�Í�+�Ù�1�ô�1�æ�ô�X�Ù�\���Í�X�ô�î�Ù�e���Í�e�Ù�e���ô�…�
�}�ô�Ù�\�ô�ô�2�Ù�e���ô�Ù�\�2�:�•�Ù
line shift upward throughout their life. This observation matches the monitoring record; there has been a 
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downward trend in snowpack levels in the Olympics since 1949 (Baccus, personal communication, 2023). 
In 2015, the area of glacial ice and snowfields in the Olympic Peninsula was only half of what it was in 1900 
(Fountain et al., 2022). From 1980 �ó 2009, te�1�U�ô�X�Í�e�j�X�ô�Ù�X���\�ô�Ù�X�ô�î�j�è�ô�î�Ù�e���ô�Ù�F�:���Ù�@�+�Í�è���ô�X�
�\�Ù�e�����è�'�2�ô�\�\�Ù�æ�…�Ù�P�T�‡�Ù
(Riedel et al., 2015). 

  

Blue Glacier Loss 1899 - 2008 

 

 

Figure 2: Blue Glacier Loss. The red arrows are in the same spot on each photo, showing the dramatic loss of Blue 
Glacier, one of the glaciers feeding into the Hoh River (Photos provided by Mike Larrabee, Physical Science 
Technician with the National Park Service NCCN Inventory and Monitoring Program).  
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Figure 3. Cumulative Balance by Stake �ó Blue Glacier. This graph shows the cumulative balance of the glacier, 
or how much ice it has and whether it is gaining mass, remaining the same, or losing mass. By taking accurate 
measurements of the stakes, scientists can calculate how much mass the glacier has gained or lost in any given 
year. The stakes are at different elevations along the glacier. In more recent years, the lower elevation stakes in 
areas with warmer temperatures have increasingly lost more mass. The change is more pronounced in the lower 
elevation stakes, but most of the higher elevation locations are losing mass too, except Stake 1. (Graph provided 
by Mike Larrabee, Physical Science Technician with the National Park Service NCCN Inventory and Monitoring 
Program) 

�x Predicted changes:    
o Glacial disappearance:  Glaciers are predicted to fully disappear from the Olympic Mountains by 

2070 if carbon emissions continue unabated, the future represented by RCP 8.5. If emissions are 
quickly mitigated, under the RCP 4.5 future, glaciers will be around a few square km and exist only 
on Mt. Olympus (Fountain et al., 2022).   

Rivers and streams with warmer temperatures and shifting flows 
The streams and rivers in the U&A are predicted to be warmer, with higher winter flows and lower summer 
flows. The mainstem of the Hoh River is predicted to have an average August temperature of 16 �ó 20°C, the 
upper end of the temperature range in which salmon can survive  (Adams & Zimmerman, 2023).   

�x Observed changes:  
o Water temperatures: The Hoh River is known for having cold water, but temperatures in streams 

are rising; currently 14 waterbodies have high water temperatures unsuitable for their designated 
salmonid habitat (NWIFC, 2020).  
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o Flows: Since 1960, the 7-day minimum recorded flow on the Hoh River has been highly variable but 
the overall trend is decreasing. The minimum flows range from 260 cubic feet per second (cfs) �ó 
1000 cfs. In years where it was below 300 cfs, Tribal staff members observed Chinook salmon 
unable to move upstream (Golder Associates Inc., 2005).  

o Changing shape of the river: Tribal members shared how the river is wider and shallower now than 
it used to be when they were younger. The river and its tributaries are likely widening, in part, due to 
effects of historical logging. Before riparian buffer zones were established as the best practice, the 
old growth trees were removed right up the edge of the streams. The alder stands and other trees 
that grew up in their absence �Í�X�ô�2�
�e�Ù�+�Í�X���ô�Ù�ô�2�:�j�����Ù�e�:�Ù�U�X�ô�}�ô�2�e�Ù�e���ô�Ù�æ�Í�2�'�\�Ù���X�:�1�Ù�ô�X�:�î���2�� during high 
flows, allowing the channels to widen. Additionally, when the small trees now along the river fall in, 
�e���ô�…�Ù�Í�X�ô�Ù�•�Í�\���ô�î�Ù�î�:�•�2�\�e�X�ô�Í�1�ß�Ù�˜�2�+���'�ô�Ù�:�+�î�Ù���X�:�•�e���Ù�e�X�ô�ô�\�à�Ù�e���ô�…�Ù�î�:�2�
�e�Ù�è�X�ô�Í�e�ô�Ù���Í�X�î�Ù�U�:���2�e�\�Ù���2�Ù�e���ô�Ù�X���}�ô�X�Ù�Í�2�î�Ù
build islands that add structure. The wider channels, along with a lack of large woody debris to 
create deep pools and less canopy cover, contribute to the rising stream temperatures.  
 

Interviewer: ���´�:�j�ß�•�ô�X�ô�ß�\�Í�…���2���ß�e���ô�ß�è�X�ô�ô�'�\�ß�è���Í�2���ô�å�ß�I�e�ß�\�:�j�2�î�\�ß�+���'�ô�ß�•���e���ß���������ß�•�Í�e�ô�X�ß�e���ô�…�ß�è�:�j�+�î�ß
�\�U�+���e�ß�:�X�ß�è���Í�2���ô�ß�\�U�:�e�\�å�ß�®�ô�X�ô�ß�e���ô�X�ô�ß�Í�2�…�ß�:�e���ô�X�ß�•�Í�…�\�ß�e���Í�e�ß�e���ô�ß�è�X�ô�ô�'�\�ß�•�ô�X�ô�ß�è���Í�2�����2���ì�� 

 
Daki: ���(�\�U�ô�è���Í�+�+�…�ß���ô�e�e���2���ß�e�:�•�Í�X�î�\�ß�\�j�1�1�ô�X�e���1�ô�æ�ß�e���ô�…���X�ô�ß�X�ô�Í�+�+�…�ß�2�:�e�ß�Í�ß�è�X�ô�ô�'�å�ß�“���ô�…���X�ô�ß�+���'�ô�ß�Í�ß

trickle...There were times that we did do surveys on that creek,  but we couldn't because it 
�•�Í�\�ß�\�:�ß�+�:�•�å�ß�®�ô�ß�•�ô�X�ô�2���e�ß���:���2���ß�e�:�ß�\�ô�ô�ß�Í�2�…�e�����2���ß�Í�2�…�•�Í�…�å�� 

 
Chief Daki Fisher 

 

�x Projected changes:  
o Lower summer flows:  The receding glaciers are one of the primary culprits behind lower summer 

flows. Between 9 - 15.4% of the total summer flow in the Hoh River currently comes from glacial ice 
and snow melt. However, the glacial contribution can increase to as much as 18-  30% of the flow 
in August, with 1/3 of that coming from melting glacial ice alone (Riedel et al., 2015). Summer flows 
are in for severe reductions due to this disappearing glacial contribution and less rain. By 2040, the 
Hoh River mainstem could see flows that are reduced by 20 �ó 30% in the summer, while smaller 
tributaries will see reductions of less than 10% (The Oregon Climate Change Research Institute, 
2016). By 2080, under a high emissions scenario, the average summer flow in the mainstem could 
be 41 - 58% lower and the duration of low streamflow will get longer (Adams & Zimmerman, 2023; 
Raymond & Rogers, 2022).   

o Higher winter flows: Winter flows will grow with increased rain, as will spring flows with earlier 
snowmelt. Mean winter increases of 0 �ó 10% are predicted in streams and tributaries. These small 
changes accumulate in the Hoh River which could see the winter average flow increase by 45% 
(Adams & Zimmerman, 2023). More 100-year magnitude floods are expected (Miller et al., 2013).  

o Warmer temperatures:  �®�����+�ô�Ù�•�Í�e�ô�X�Ù�e�ô�1�U�ô�X�Í�e�j�X�ô�\�Ù�Í�X�ô�2�
�e�Ù�U�X�ô�î���è�e�ô�î�Ù�e�:�Ù�X���\�ô�Ù�Í�\�Ù�1�j�è���Ù�Í�\�Ù���2�Ù�:�e���ô�X�Ù
watersheds along the coast due to glacial melt and snow input, the Hoh U&A will see warming 
waters that are harmful to fish. Under RCP 8.5, the headwaters are anticipated to stay below 12°C 
(53°F) in the summer but the mainstem of the Hoh is predicted to have August average 
temperatures between 16-20°C (60-68°F), at the upper end of the salmonids�
 range (Adams & 
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�¾���1�1�ô�X�1�Í�2�à�Ù�Q�O�Q�R�ý�ß�Ù���ô�è�Í�j�\�ô�Ù�e���Í�e�
�\�Ù�Í�Ù�U�X�ô�î���è�e���:�2�Ù�:���Ù�e���ô�Ù�Í�}�ô�X�Í���ô�à�Ù�e���ô�X�ô�Ù�•���+�+�Ù�æ�ô�Ù�î�Í�…�\�Ù�•���ô�X�ô�Ù�U�:�X�e���:�2�\�Ù�:���Ù
the river have temperatures above what salmonids can tolerate.  
 

 
Figure 4. Glacier contributions to Hoh River, May �ó September. This graph shows how much water in the Hoh 
River has come from glacial melt or runoff from the watershed in various years from 2014. In warmer years, like 
2015, glacial melt has increased and is a higher percentage of the overall flow. (Graph provided by Mike Larrabee, 
Physical Science Technician with the National Park Service NCCN Inventory and Monitoring Program).  
 
 
 

Flooding risks 
 
Floods have long been a part of life on the Hoh Indian Reservation. People moved from their homes at the beach 
to homes further inland due, in part, to the ocean flooding. When a braid of the Hoh River was further south than it 
currently is, flooding of the baseball field and Tribal offices was common. Some of the housing close to creeks 
sees �X�ô���j�+�Í�X�Ù���+�:�:�î�\�Ù�•���:�\�ô�Ù���1�U�Í�è�e�\�Ù�X�Í�2���ô�Ù���2�Ù�\�ô�}�ô�X���e�…�à�Ù���X�:�1�Ù�+�����e���2���Ù�e���ô�Ù�æ�:�Í�e�\�Ù���2�Ù�U�ô�:�U�+�ô�
�\�Ù�…�Í�X�î�\�Ù�e�:�Ù�è�Í�j�\���2���Ù�e�:���+�ô�e�\�Ù�e�:�Ù
back up and turn into mini geysers. Floods have forced the Tribe to replace water wells and sewer systems, and 
�e���ô�…�
�}�ô�Ù���Í�î�Ù�e�:�Ù�î�ô�è�+�Í�X�ô�Ù�î���\�Í�\�e�ô�X�\�Ù�:�}�ô�X�Ù�Q�O�Ù�e���1�ô�\�Ù�ü���X���î���ô�}���ô�•�Ù���:�2�\�j�+�e���2���à�Ù�Q�O�Q�Q�ý�ß�Ù�i�j�e�\���î�ô�Ù�:���Ù�e���ô�Ù�X�ô�\�ô�X�}�Í�e���:�2�à�Ù���+�:�:�î���2���Ù
can affect critical infrastructure, like when high waters washed out the Bogachiel Bridge in 1979 making Highway 
101 impassable to the north.  WSDOT has ranked the section of highway from the reservation north to milepost 
185, south of Forks, as having high vulnerability to climate change due to extreme weather events, sedimentation 
from glaciers, and rising rivers and creeks (WSDOT, 2011).   
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Flooding in the Hoh U&A, from both the rivers and the ocean, will increase due to increasing winter precipitation, 
sea level rise, and higher extreme total water level events.  Frequency and severity are likely to increase with 
water entering new areas than previous flood patterns.  Floods are a wide-reaching and expensive climate 
change impact. They can cause unsafe housing conditions, deaths, property and infrastructure damage, harm to 
salmon habitat, and road closures that can cut off emergency response routes. The Hoh Highlands development 
is the primary mitigation strategy as it will place infrastructure out of both the tsunami zone and the �X���}�ô�X�
�\ 100-
year floodplain (Bridgeview Consulting, 2022). However, important cultural resources and locations will remain in 
the floodplain even after infrastructure is moved. Because of the risks posed to cultural resources and 
surrounding infrastructure, like Highway 101, flood preparation and response should be considered an 
essential part of climate change adaptation.    
 

Figure 5. Flood risk along the Hoh River. This map shows areas that are at risk from flooding. The coast is a 
FEMA 1% V zone or a coastal area that has a 1% chance of flooding each year. These are also referred to as 100-
year floods and are large floods. The orange area along the river is a FEMA A Zone, or a river area with a 1% change 
of being inundated by a large flood every year. A flood of this size would cover Lower Hoh Road and infrastructure 
on the western side of the reservation. It also gets quite close to the middle of Lower Hoh Road and Highway 101. 
The Highlands area, roughly located by the star on the map, is out of the flood zone. (Map from NOAA Coastal 
Flood Exposure Mapper,  https://coast.noaa.gov/floodexposure/#-10575352,4439107,5z ).  
 

 

Sea level rise 
Sea level has been rising around the globe at an average of 0.17 in per year for the last decade (2013-2022) (May et 
al., 2023). This is due to warmer temperatures causing large ice sheets on land to melt and expansion of the 
seawater itself as it warms. Sea level will continue to rise along the U&A coastline but predicting an exact 
amount is complicated because the land  is rising due to plate tectonic activity (Miller et al., 2013).  

https://coast.noaa.gov/floodexposure/#-10575352,4439107,5z
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�x Observed changes: Tribal members have seen the ocean dramatically change their beach and 

reservation area; this is covered in the coastal erosion section below. One Tribal member shared how 
�e���ô�…�
�}�ô�Ù�\�ô�ô�2�Ù�e���ô�Ù�:�è�ô�Í�2�Ù�î�X�:�U�Ù�Í�2�î�Ù���:�•�Ù�e���ô�Ù�•�Í�}�ô�\�Ù�è�:�1���2���Ù���2�e�:�Ù�e���ô�Ù�1�:�j�e���Ù�:���Ù�è�ô�X�e�Í���2�Ù�X���}�ô�Xs are much larger 
than they used to be.  

�x Predicted changes:  In the shorter term (2040-2059), under both RCP 4.5 and 8.5, some sea level rise in 

the U&A is predicted �ó around .6 -.8 ft higher than sea level from 1991-2009. As time goes on, there is a 
greater rise. From 2090-2109, under RCP 4.5, the rise along the reservation is around 1.6 ft, with areas 
north of the reservation, around La Push, seeing less, around 1.4 ft. With RCP 8.5, this increases with the 
beach near the reservation seeing 2.1 - 2.2 ft (Krosby et al., 2018). Over time and with greater amounts of 
greenhouse gas emissions, the level of sea rise increases. This rise is buffered a bit, compared to other 
places around the world, because the northwest coast of the peninsula is also rising.  

 
One risk of sea level rise is groundwater rise or the lifting of the water table due to seawater pushing further inland. 
Rising groundwater can damage underground infrastructure and increase flooding (California Coastal 
Commission, 2024). Whether or not groundwater rise is a threat for the Hoh Tribe has not yet been studied.  
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Figure 6. Range of Relative Sea Level Rise (RSLR) Projections along the Hoh Reservation beachfront and a 
portion of the U&A . This visualization shows the full range of sea level rise projections for the portion of the coast 
along and south of the Hoh Indian Reservation, shown in the map on the left. The 1%, 50%, and 99% percentages 
represent the likelihood that sea level rise will meet or exceed a certain measurement. It is very likely, 99% 
likelihood, that sea level rise will be 0.5 ft by the end of the 21st century under a high RCP scenario. There is a 50% 
likelihood the rise will be around 1.8-2.1 ft at the end of the century under RCP 8.5. Regardless of the scenario, sea 
levels rise with time (Lavin et al., 2019).   

Increased coastal erosion 
Higher total water levels could increase coastal erosion as sea levels rise.  

�x Observed changes: Coastal erosion has severely changed the shape of the Hoh Indian Reservation. The 

original 640 acres of the reservation land base was reduced to 443 acres by 2009 due to erosion both from 
the ocean and the Hoh River (Testimony of Chairman Walter Ward on the Hoh Indian Tribe Safe Homelands 
Act, 2009). Because of this, some families have lost fishing grounds along the river and a canoe landing 
was washed away. Tribal members shared that they used to have a long beach they could drive on but now 
���e�
�\�Ù�1�j�è���Ù�\�1�Í�+ler. In addition, coastal erosion and high waters were part of what forced the Tribal 
members living in the homes right on the beach to move in the early 1970s.  

�x Predicted changes: A risk that accompanies rising sea levels is extreme total water levels, or times 

when different processes occur simultaneously, producing unusually high levels of water. These 
processes can be storm surges, high tides, seasonal water levels, and wave run-up (The Oregon Climate 
Change Research Institute, 2016). Specific estimates of where extreme total water level events might 
reach are unknown because there are few observations of historical events and the coast is a complex 
area, making modeling expensive (Miller et al., 2019). Sea level rise will increase the reach of these 
extreme total water level events, causing greater erosion of the beach and coastal bluffs.   

A warming ocean 
Sea surface temperature is steadily rising and will continue  as the ocean absorbs most of the greenhouse 
gases. Marine heatwaves will become more frequent and more intense.  

�x Observed changes: Much of the heat emitted by humans has sunk into the ocean. This has caused 

ocean waters to warm (The Oregon Climate Change Research Institute, 2016). One Tribal member 
reported noticing this and many �\���Í�X�ô�î�Ù�e���Í�e�Ù���e�
�\�Ùa large concern. Global sea surface temperatures have 
been steadily rising since the mid 1900s. However, temperature patterns in the Hoh marine U&A are 
difficult to track. There are many drivers that affect water temperature, including El Niño-Southern 
Oscillations, wind patterns, and upwelling. Studies done in the Olympic National Marine Sanctuary, which 
overlaps with the Hoh marine U&A, reflect this variability; some have found increasing temperatures while 
others didn't come to any conclusion because they found the data lacking or too irregular (Miller et al., 
2013).  
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Hoh Tribal Member: ���I�ß�2�:�e���è�ô�î�ß�e���Í�e�ß�e���ô�ß�•�Í�e�ô�X�ß���\�ß�X�ô�Í�+�+�…�ß�•�Í�X�1 when the smelts are coming in. 
The last couple of summers...the water has been really warm. You can definitely feel the 

�•�Í�e�ô�X�ß�æ�ô���2���ß�•�Í�X�1�å�� 
 

Interviewer:  �
�I�\�ß���e�ß�e���ô�ß�:�è�ô�Í�2�ß�•�Í�e�ô�X�ì�� 
 

Hoh Tribal Member: ���a�1 -���1�1�ß���Í�������X�1�Í�e���}�ô���å�ß�I���1�ß�+���'�ô�ß���®�:�•�æ�ß�e���Í�e���\�ß�X�ô�Í�+�+�…�ß�•�Í�X�1�å���ß���ô�è�Í�j�\�ô�ß
�j�\�j�Í�+�+�…�ß�:�j�X�ß���Í�2�î�\�ß�•���+�+�ß���ô�e�ß�è�:�+�î�ß�•���ô�2�ß�•�ô���X�ô�ß�è�+�ô�Í�2���2���ß�Í�2�î�ß�U�Í�è�'���2���ß�e���ô�1�å���ß 

  
  

 

Figure 7. Global Daily Sea Surface Temperature Measurements . The ocean temperatures shown here come 
from the NOAA Optimum Interpolation SST (OISST) version 2.1 dataset. This dataset splits the world into small 
grids, takes sea surface temperatures from satellites, ships, and buoys, and then estimates what the 
temper�Í�e�j�X�ô�\�Ù�Í�X�ô�Ù���:�X�Ù�e���ô�Ù���X���î�Ù�\�W�j�Í�X�ô�\�Ù�e���Í�e�Ù�î�:�2�
�e�Ù���Í�}�ô�Ù�1�ô�Í�\�j�X�ô�1�ô�2�e�\�ß�Ù�I�2�Ù�e�����\�Ù���X�Í�U���à�Ù�e���ô�Ù�î�Í���+�…�Ù�\�ô�Í�Ù�\�j�X���Í�è�ô�Ù
temperature of all the grids is averaged together. From 1981 �ó 2025, the ocean has been getting warmer, on 
average, and 2024 and 2025 have been incredibly warm years (Climate Reanalyzer, n.d.).  

�x Predicted changes:  
o Increasing temperatures: Globally, oceans are certain to warm but the amount depends on the 

level of greenhouse gas emissions. Models using different emissions scenarios predict a range 
between 1.5°C - 2.6°C by 2100.  Overall, downscaled climate models predict that the coastal 
Olympic waters could warm up by 1°C by 2050. This could have a variety of effects including 
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changing water circulation patterns, altered regional weather patterns, and shifts in the amount of 
phytoplankton algae at the base of the food chain (Miller et al., 2013).   

o More frequent and intense marine heatwaves: Marine heatwaves are periods where the water 
temperatures are higher than the standard seasonal variation for at least five days, although they 
can last for over a year. They fuel algal blooms and harm marine life, with repercussions 
reverberating around the food web. The infamous 2014-2016 �
�æ�+�:�æ���Ù�•�Í�\�Ù�Í�Ù�1�Í�X���2�ô�Ù���ô�Í�e�•�Í�}�ô�Ù�e���Í�e�Ù
caused species to travel north for hundreds of miles, aided in the growth of large harmful algal 
blooms, stranded sea lions, and killed many seabirds and whales. Marine heatwaves have 
intensified in recent decades due to increasing greenhouse gases and they are projected to 
increase in frequency, intensity, and size as greenhouse gas levels rise (Wrubel et al., 2025).  

o Increasing hypoxia: Hoh Tribal crabbers have found limp, dead crabs in their pots and wondered if 
it was caused by hypoxia, or low concentrations of dissolved oxygen that can stress or even kill 
marine organisms. Ocean circulation is one factor that controls hypoxic events because currents 
from around the globe contain different levels of dissolved oxygen. Additionally, high levels of 
bacteria associated with large phytoplankton blooms can further deplete waters of oxygen as the 
bacteria breathe (Miller et al., 2013). Because warm water holds less oxygen than cold water and 
because ocean mixing is predicted to decline, the Hoh marine U&A is likely to see more hypoxic 
events that will harm marine life.   

o Harmful algal blooms: While harmful algal blooms (HABs) are a natural phenomenon, they have 
increased in recent decades. This has been linked to rising temperatures because the 
phytoplankton species that cause the blooms can grow more quickly and for longer periods of time 
in warmer water (Gobler et al., 2017). More HABs are predicted which will prevent Tribal members 
from eating and harvesting shellfish.  

A more acidic ocean 
The ocean takes up most of the carbon dioxide (CO2)  ���2�Ù�e���ô�Ù�Í�e�1�:�\�U���ô�X�ô�ß�Ù�i�2�è�ô�Ù���e�
�\�Ù���2�Ù�e���ô�Ù�\�ô�Í�Ù�•�Í�e�ô�X�à�Ù�Í�Ù�è���ô�1���è�Í�+�Ù
reaction called ocean acidification occurs which decreases pH levels and lowers the amount of carbonate ions in 
the water. Ocean acidification is predicted to increase in the Hoh marine U&A.  

�x Observed changes: Global surface ocean pH has fallen from 8.2 to 8.1, which, because the pH scale is 

logarithmic, is a 30% increase in acidity (Miller et al., 2013). The Olympic Coast is considered particularly 
vulnerable to acidification because so much upwelling is occurring. The deep ocean waters that rise to the 
surface are already low in pH and high in CO2 due to biological activity. When these mix with surface 
waters that are absorbing atmospheric CO2, it can worsen acidification (WSG, 2014).  

�x Predicted changes:  Global surface ocean pH is expected to continue falling to around 7.8-7.9 by 2100 

which would be a 150-200% increase in acidity from pre-industrial levels (Miller et al., 2013). pH levels in 
the Hoh marine U&A are also predicted to fall, although the level depends on the model. Aragonite and 
calcite concentrations, the carbonate ions that many animals use to build shells, are predicted to 
decrease from the surface to the bottom waters (Siedlecki et al., 2021).  
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Wildfires and worsening air quality 
Wildfire is a natural and necessary part of ecosystems, but climate change is causing the number of fires and their 
intensity to increase. Annual instances of wildfires are predicted to rise around the Western United States due to 
decreasing summer rain and drier plants. Risk factors for wildfire on the Olympic Peninsula, like less summer 
�X�Í���2�Ù�Í�2�î�Ù�\�1�Í�+�+�ô�X�Ù�\�2�:�•�U�Í�è�'�\�à�Ù�•���+�+�Ù���2�è�X�ô�Í�\�ô�Ù�æ�j�e�Ù���e�
�\�Ù�î���������è�j�+�e�Ù�e�:�Ù�U�X�ô�î���è�e�Ù���:�•�Ù�1�j�è���Ù�1�:�X�ô�Ù�•���+�î�����X�ô�Ù�“�X���æ�Í�+�Ù
members might experience in the U&A.  Smoke from wildfires near and f ar will continue to be a health 
hazard. 

�x Observed changes: The air on the reservation and in the surrounding area has gotten smoky from 

�•���+�î�����X�ô�\�à�Ù�æ�j�e�Ù�“�X���æ�Í�+�Ù�1�ô�1�æ�ô�X�\�Ù�\���Í�X�ô�Ù�e���Í�e�Ù���e�
�\�Ù�U�X���1�Í�X���+�…�Ù���X�:�1�Ù���Í�2�Í�î���Í�2�Ù�:�X�Ù���Í�+�����:�X�2���Í�2�Ù�•���+�î�����X�ô�\�ß�Ù�>�:�X�Ù�\�:�1�ô�Ù
people with asthma, this has limited the amount of time they can spend outdoors. Tribal members also 
report that fires in the area are increasing.    

�x Predicted changes: Historically, Hoh and Quileute peoples used fire as a tool to manage certain 

landscapes. These would have been smaller burns than naturally occurring wildfires. Natural wildfires on 
the Olympic Peninsula were rare but had high severity. Climate records like tree rings, charcoal in lake 
sediments, and modern recorded fire history show that wildfire increases with higher temperatures, low 
precipitation, low snowpack, and drought. Because these are conditions we expect to see in the future, 
wildfires are likely to increase in both frequency and size (Ho et al., 2023). Because there is so little 
information on historical wildfires, it is difficult to make specific predictions about the future based on data 
aside from the risk factors (Morgan et al., 2019). Wetter conditions on the Olympic Peninsula do make the 
Hoh U&A less vulnerable than drier parts of the state.  

 
One factor that increases wildfire risk is the infrastructure needed to respond. While the chance of wildfire might 
be low, the current lack of a Hoh fire department and the long response time of outside agencies increase the risk 
posed by fires on the reservation and surrounding lands. The Tribe has fought structure fires with hoses and 
watched buildings burn down due to a lack of structural fire response (Bridgeview Consulting, 2022). Additionally, 
infrastructure on the reservation and in nearby towns where Tribal members live, work, and visit, like Forks, is in 
�e���ô�Ù�•���+�î�+�Í�2�î�Ù�j�X�æ�Í�2�Ù���2�e�ô�X���Í�è�ô�ß�Ù�I�e�
�\�Ù�è�:�1���2���+�ô�î�Ù�Í�2�î�Ù�Í�î�$�Í�è�ô�2�e�Ù�e�:�Ù���:�X�ô�\�e�\�à�Ù�1�Í�'���2���Ù�e���Í�e�Ù���2���X�Í�\�e�X�j�è�e�j�X�ô�Ù�\�j�\�è�ô�U�e���æ�+�ô�Ù�e�:�Ù
burning if a fire came through (see Figure 8 below). Finally, as wildfire will continue to increase across the western 
US and Canada, smoke remains a health hazard, particularly for youth, elders, and those with chronic health 
conditions. 
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Figure 8. Wildland Urban Interface  on the west side of the Olympic Peninsula. This map shows the high levels 
of wildland urban interface (WUI) in areas where Tribal members live and work, including the Hoh Indian 
Reservation, Forks, La Push, and Port Angeles. �I�e�
�\�Ù�2�:�e�Ù�U�:�\�\���æ�+�ô�Ù�e�:�Ù���j�+�+�…�Ù�U�X�ô�î���è�e�Ù�•���+�î�����X�ô�Ù�X���\�'�Ù�$�j�\�e�Ù�æ�…�Ù�+�:�è�Í�e���:�2�Ù�æ�j�e�Ù
infrastructure located in the interface is vulnerable (WA Department of Natural Resources, 2019).  

Shifting plant and animal ranges 
Many species are adapting to climate change by moving their range and finding new habitats that can better serve 
their needs. Animals and plants native to the Hoh U&A may move out of it  and new species  could arrive.  

�x Observed changes: Hoh and other Tribal fishermen in the area have seen new fish species off the coast, 

including the occasional California squid. Many Tribal members report that they haven't seen any new 
species. However, many have noticed species loss. T���ô�…�Ù�î�:�2�
�e�Ù�\�ô�ô�Ù���+�:�j�2�î�ô�X�Ù�Í�e�Ù�e���ô�Ù�1�:�j�e���Ù�:���Ù�e���ô�Ù�X���}�ô�X�Ù
anymore and tidal life, like urchin, starfish, and slippers (or chitons), have disappeared from some areas. 
While the cause isn't currently known, documenting what changes have happened could lead to greater 
understanding of the future.  

�x Predicted changes:  The general understanding has been that species will shift northward, up in 

elevation, and to deeper depths in the ocean to find habitat similar in temperature to their original range. 
Some species are shifting counterintuitively, towards warmer temperatures. Many factors, including 
precipitation patterns and available habitat, could be complicating how species are moving (Rubenstein et 
al., 2023). We can expect species in the U&A to shift but specific predictions will be unique to each 
species, their habitat, and their needs.  
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APPENDIX 5: ASSESSMENT METHODOLOGY  
This assessment is based on thirteen interviews of Hoh Tribal members (youth, adults, and elders) 
�Í�2�î�Ù�Í�Ù�\�…�2�e���ô�\���\�Ù�:���Ù�è�j�X�X�ô�2�e�Ù�è�+���1�Í�e�ô�Ù�X�ô�\�ô�Í�X�è���ß�Ù�“���ô�X�ô���:�X�ô�à�Ù���e�Ù�î�:�ô�\�Ù�2�:�e�Ù���2�è�+�j�î�ô�Ù�Í�+�+�Ù�“�X���æ�Í�+�Ù�1�ô�1�æ�ô�X�\�
�Ù
knowledge and opinions, nor can it predict both how science and climate conditions will evolve in 
the future. It is a foundation for climate adaptation work that will change as new experiences, 
understandings, and priorities emerge. 

Interviews  

Interviews were conducted in person from November 2023 to March 2024 either in Tribal offices or 
���2�Ù�U�Í�X�e���è���U�Í�2�e�\�
�Ù���:�1�ô�\�ß�Ù�“���ô�…�Ù�+�Í�\�e�ô�î�Ù�:�2�ô�Ù�e�:�Ù�e���X�ô�ô�Ù���:�j�X�\�ß�Ù�X�ô�+�+�…�Ù�‡�:�\�Í�+�ô�\�à�Ù�“�X���æ�Í�+�Ù�F���\�e�:�X���è�Ù�„�X�ô�\�ô�X�}�Í�e���:�2�Ù
Officer, and Hannah Tennent, WA Sea Grant Hershman Fellow, led each interview. Interviews were 
semi-structured, and each one was recorded. While each interview took its own path, the outline of 
the questions used is available in Appendix 7. All interviews followed the principle of free, prior, and 
informed consent. Interviewees are welcome to retract their consent at any point and have quotes 
removed from this assessment if they see fit. Interview participants received an honorarium to 
thank them for their time and honor the expertise they shared.  

The interview transcripts were returned to all interviewees for review and all requested revisions 
and edits were made.  After edits were finalized, the interviews were qualitatively analyzed using 
Atlas.TI.  

Well -being and climate change  

The Hoh well-being indicators are from �
The Olympic Coast as a Sentinel: An Integrated Social-
Ecological Vulnerability Assessment to Ocean Acidification.�� The Hoh Tribal interviews were led by 
Dr. Melissa Poe and Bernard Afterbuffalo Jr. The effects that climate change could have on the 
indicators were synthesized from interviews and literature solely by me, Hannah Tennent.  

Climate Change Vulnerability Assessment  

The climate change predictions were compiled from climate tools and scientific literature. 
Interviewees discussed many important species, all of which are included in the species change 
�è���Í�X�e�\�ß�Ù�“���ô�X�ô�Ù�•�Í�\�2�
�e�Ù�ô�2�:�j�����Ù�e���1�ô�Ù�e�:�Ù�î�:�Ùin-depth research into each species so eight that were 
spoken about frequently and hold significance were chosen for vulnerability assessments. Six of 
�e���ô�Ù�\�U�ô�è���ô�\�Ù�•�ô�X�ô�Ù�Í�\�\�ô�\�\�ô�î�Ù�•���e���Ù�b�Í�e�j�X�ô�‹�ô�X�}�ô�
�\�Ù���+���1�Í�e�ô�Ù�����Í�2���ô�Ù�«�j�+�2�ô�X�Í�æ���+���e�…�Ù�I�2�î�ô�„ (CCVI) tool, 
version 3.02. This is an Excel based tool that determines vulnerability scores based on species�
 
attributes and climate models. Information from both interviews and literature was used to create 
these scores.  

However, the NatureServe CCVI tool is currently designed to only address terrestrial species. For 
the highlighted marine species in this assessment, razor clams and smelt, I used the sensitivity 
characteristics defined by NOAA in their 2015 �
�a�ô�e���:�î�:�+�:���…�Ù���:�X�Ù���\�\�ô�\�\���2���Ù�e���ô�Ù�«�j�+�2�ô�X�Í�æ���+���e�…�Ù�:���Ù
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Marine Fish and Shellfish Species to a Changing Climate.���ÙThis methodology requires having a 
���X�:�j�U�Ù�:���Ù�ô�„�U�ô�X�e�\�Ù�X�Í�e�ô�Ù�ô�Í�è���Ù�è�Í�e�ô���:�X�…�Ù�e�:�Ù�î�ô�e�ô�X�1���2�ô�Ù�Í�Ù�}�j�+�2�ô�X�Í�æ���+���e�…�Ù�\�è�:�X�ô�ß�Ù���ô�è�Í�j�\�ô�Ù�I�Ù�î���î�2�
�e�Ù���Í�}�ô�Ù�Í�Ù
group of experts and because there are still many data gaps with these species, I did not generate a 
score. However, the qualitative assessment provides information about how each important 
species might be vulnerable to changing ocean conditions.  

Because the assessment was done without a team, I discussed many of the topics with experts in 
the field, both in the Hoh Natural Resources department and outside. Thank you again to everyone 
who talked about this work with me. 
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APPENDIX 6:  NATURESERVE CCVI AND MARINE SPECIES 
VULNERABILITY SCORES  

These charts �\���:�•�Ù�e���ô�Ù�X�Í�e���:�2�Í�+�ô�Ù���:�X�Ù�ô�Í�è���Ù�\�U�ô�è���ô�\�
�Ù�\�è�:�X�ô�ß�Ù 

 
Marine species using NOAA methodology ................................ ................................ . 70 

6r95piks (smelt) / Surf smelt or day smelt / Hypomesus pretiosus ........................  70 

yz/l85mala / Razor clams / Siliqua patula ................................ ...........................  72 

River and terrestrial species using NatureServe CCVI methodology ............................  74 

n85ki7 / Roosevelt Elk / Cervus canadensis roosevelti ................................ ........ 75 

Oval-leafed Huckleberry / Vaccinium ovalifolium ................................ ............  77 

cha/q57owa / Salmonberry / Rubus spectabilis ................................ ..................  79 

Indian Tea or Labrador Tea / Rhododendron groenlandicum .............................  81 

hz5d85m2a (salmon �ó general) / /q5;ita (salmon, fish �ó general) / Pacific Salmonids 
(Winter and Summer Steelhead, Spring and Fall Chinook, Fall Coho, and Chum 
Salmon) ................................ ................................ ................................ ........ 83 

rsq5pis / rsarq5pis / Western Redcedar / Thuja plicata ................................ ..........  86 

  

Marine species using NOAA methodology 

Species  6r95piks (smelt) / Surf smelt or day smelt / Hypomesus 
pretiosus 

Factors that affect sensitivity:  
Species range within the 
U&A: 

Smelt have always been in the Hoh U&A. Day smelt have arrived 
on the Hoh beaches for generations, although the specific 
location varies.   

Stock size/status:  To 
determine if the stock's 
resilience is compromised 
due to low abundance 

Unknown - Hoh Tribal members have experienced large 
decreases in the numbers of smelt throughout the decades. 
There are no current stock assessments for surf smelt. However, 
���e�
�\�Ù�è�:�1�1�:�2�Ù���:�X�Ùforage fish to have large fluctuations in 
population and these a�X�ô�2�
�e�Ù�•�ô�+�+�Ù�j�2�î�ô�X�\�e�:�:�î�Ù�ü�V�Í�è�:�æ�\�ô�2�Ù�-�Ù
Essington, 2018).  

Other stressors:  Examples 
include habitat degradation, 
pollution levels, parasites, 
harmful algal bloom 

Unknown �ó Other stressors for smelt have not been identified.  
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exposure, and invasive 
species.  
Population growth rate:   
Estimate the productivity of a 
stock 

Unknown �ó I did not find information on smelt population growth 
rate.  

Complexity in reproductive 
strategy:  Identify 
reproductive strategies that 
may be disrupted by climate 
change 

Low - Smelt spawning requires that large populations be in the 
same place together. The species is generally considered a large 
aggregate species, although not much is known about their 
�æ�ô���Í�}���:�X�Ù�:�j�e�\���î�ô�Ù�:���Ù�\�U�Í�•�2���2���ß�Ù�“���ô�X�ô�Ù�Í�X�ô�2�
�e�Ù�:�e���ô�X�Ù�'�2�:�•�2�Ù
complexities.  

Spawning cycle:  Identify 
spawning strategies that are 
sensitive to changes 

Moderate  - There are spawning events throughout the year. 
Forage fish spawning has been found along the Hoh U&A coast 
from February �ó September (Langness et al., 2015). Both day and 
night smelt have been observed arriving at the beach from April �ó 
October, with most arriving in the summer.  

Early life history survival 
and settlement 
requirements : Determine 
the relative importance of 
early life history 
requirements for a stock 

High sensitivity due to beach requirements and sensitivity to 
climate change  - Surf smelt spawn on beaches where their eggs 
adhere to the gravel. Some sea level rise is predicted in the Hoh 
U&A and this could erode the beach, narrowing surf smelt 
spawning habitat. In addition to sea level rise, beach 
development can reduce available habitat and vegetation that 
keeps the beach shaded. Even if habitat is available, air 
temperatures can harm eggs. Warmer and drier beach 
conditions have been shown to lead to higher levels of smelt egg 
mortality (WDFW, 2015).   

Sensitivity to ocean 
acidification :  Determine the 
stock's relationship to 
"sensitive taxa" 

Moderate  - Ocean acidification will negatively affect some types 
of phytoplankton while others will do well. The balance and 
�è�:�1�U�:�\���e���:�2�Ù�:���Ù�\�U�ô�è���ô�\�Ù�•���+�+�Ù�è���Í�2���ô�Ù�ü�"�j�e�'���ô�•���è�•�Ù�ô�e�Ù�Í�+�ß�à�Ù�Q�O�P�T�ý�ß�Ù�I�e�
�\�Ù
unknown how smelt will respond to this shift.  

Habitat specificity : 
Determine the relative 
dependence a stock has on 
habitat and the abundance 
of the habitat 

Low sensitivity  - When not spawning, not much is known about 
smelt habitat except that they school and live in the open ocean. 
They can range from California to Alaska but it�
s unknown how 
far each population might travel (Harbo, 2022). Unlike coral reefs 
or salt marshes, pelagic habitats are considered to have low 
sensitivity.  

Prey specificity : Determine 
if the stock is a prey 
generalist or a prey specialist 

Moderate  - Surf smelt eat plankton, a classification that covers 
many different organisms. Because there are many types, smelt 
can shift what they eat �æ�Í�\�ô�î�Ù�:�2�Ù�•���Í�e�
�\�Ù�Í�}�Í���+�Í�æ�+�ô�ß�Ù�i�2�ô�Ù�\�e�j�î�…�Ù
found that coastal Washington smelt ate different prey in years 
when sea surface temperatures were warm and cool. In 2000, an 
average temperature year, the smelt stomachs they surveyed 
primarily had decapods. In 2011, a cool year, their prey was 
primarily copepods, phytoplankton, amphipods, and pteropods. 
In 2016, a warm year, they primarily ate gelatinous zooplankton, 
a food with lower energy content compared to the types eaten in 
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2000 and 2011 (Brodeur et al., 2019).  Many of the species that 
smelt eat are negatively impacted by ocean acidification.  

Sensitivity to temperature :  
Known temperature of 
occurrence or distribution as 
a proxy for sensitivity to 
temperature 

High�óVery High Sensitivity  - �®�����+�ô�Ù�I�Ù�è�:�j�+�î�2�
�e�Ù�����2�î�Ù���2���:�X�1�Í�e���:�2�Ù�:�2�Ù
smelt temperature tolerances, they are only found in one ocean 
province, as defined by the NOAA methodology. This makes 
them have high �ó very high sensitivity to temperature changes.  

Adult mobility:  Determine 
the ability of the stock to 
move if their current location 
becomes unsuitable 

Unknown �ó There are many populations of smelt in Washington 
�•�Í�e�ô�X�\�Ù�æ�j�e�Ù�2�:�e�Ù�Í�Ù�+�:�e�Ù���\�Ù�'�2�:�•�2�Ù�Í�æ�:�j�e�Ù�e���ô���X�Ù�1�:�}�ô�1�ô�2�e�\�ß�Ù�“���ô�X�ô�Ù���\�2�
�e�Ù
evidence that they travel long distances (WDFW, 2015).   

Dispersal of early life 
stages:  Estimate the ability 
of the stock to colonize new 
habitats 

Low - moderate  �óAfter hatching, smelt larvae drift around for a 
few weeks. However, the amount of time they can drift will likely 
shorten in warmer waters. During this larval stage, the fish 
depend on energy reserves before they can forage for food. 
Under lab conditions, these reserves get smaller as the water 
gets warmer (Russell et al., 2022).  

Predicted impact of land 
use changes resulting from 
human responses:  

In urban areas, like the Puget Sound, shoreline armoring has 
diminished smelt habitat, but that threat is less likely along the 
coast of the Hoh U&A because there is less infrastructure 
immediately adjacent to the coast (WDFW, n.d.). Other 
adjustments to the beach, like removing vegetation or dumping 
dredge material, could negatively harm the spawning grounds. 
���î�î���e���:�2�Í�+�+�…�à�Ù�:�è�ô�Í�2�Ù�U�X�:�î�j�è�e���:�2�Ù�:���Ù�ô�2�ô�X���…�à�Ù�•���ô�e���ô�X�Ù���e�
�\�Ù�•���2�î�à�Ù�e���î�Í�+�à�Ù
or wave, has the potential to affect smelt but there is not enough 
research yet to know what the effect is. 

 

Species  yz/l85mala / Razor clams / Siliqua patula 
Factors that affect sensitivity :  
Species range within the 
U&A: 

Razor clams live in sandy beaches along the Hoh U&A. Kalaloch 
Beach is one traditional gathering spot.  

Stock size/status:  To 
determine if the stock's 
resilience is compromised 
due to low abundance 

Unknown - Stocks around WA state fluctuate. I was not able to 
find a BMSY number, which this assessment wants.  

Other stressors:  Examples 
include habitat degradation, 
pollution levels, parasites, 
harmful algal bloom 
exposure, and invasive 
species.  

Nuclear Inclusion X (NIX): NIX is a bacteria that is associated 
with razor clam die-�:�����ß�Ù�“���ô�Ù�æ�Í�è�e�ô�X���Í�Ù���ô�e�\�Ù���2�e�:�Ù�e���ô�Ù�è�+�Í�1�
�\�Ù�è�ô�+�+�\�Ù
and prevent their gills from working normally. While the cause of 
�e���ô�Ù�+�:�•�Ù�U�:�U�j�+�Í�e���:�2�Ù�:���Ù�\�1�Í�+�+�Ù�X�Í�•�:�X�Ù�è�+�Í�1�\�Ù�Í�e�Ù�X�Í�+�Í�+�:�è���Ù���\�2�
�e�Ù�ô�2�e���X�ô�+�…�Ù
known, NIX is one hypothesized culprit. NIX concentrations at 
Kalaloch are 10 �ó 1,000 times higher than clams from other 
sample locations (Goldfarb, 2023).  
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Microplastics: A study examining microplastics in razor clams 
found that Kalaloch beach had the highest microplastic content 
out of the clams they sampled along the Olympic Coast. These 
�è�Í�2�Ù���Í�}�ô�Ù�U�:�e�ô�2�e���Í�+�Ù�2�ô���Í�e���}�ô�Ù�ô�����ô�è�e�\�Ù�:�2�Ù�e���ô�Ù�è�+�Í�1�
�\�Ù�æ�:�î���+�…�Ù
processes, like respiration, reproduction and feeding. People 
who eat clams can reduce the amount of microplastic they eat 
by thoroughly cleaning the clams; cleaned clams in the study 
had 50% fewer microplastics (Baechler et al., 2020).  
 
Harmful algal blooms  - Harmful algal blooms (HABs) produce 
high levels of biotoxins. When razor clams eat phytoplankton 
from a HAB, those toxins can accumulate in their bodies. While 
this appears not to harm the clams themselves, if humans eat 
the clams, they can experience a variety of negative symptoms 
like memory loss, stroke-like symptoms, and even death 
(WDFW, 2023).  
 
Otters - People have observed rafts of otters coming over from 
Destruction Island to eat the clams at Kalaloch. They 
hypothesize that heavy otter predation is the reason for 
suppressed clam populations at Kalaloch.   
 

Population growth rate :  
Estimate the productivity of a 
stock 

Unknown �ó �I�Ù�è�:�j�+�î�2�
�e�Ù�����2�î�Ù���2���:�X�1�Í�e���:�2�Ù�:�2�Ù�X�Í�•�:�X�Ù�è�+�Í�1�Ù�U�:�U�j�+�Í�e���:�2�Ù
growth rate.  

Complexity in reproductive 
strategy:  Identify 
reproductive strategies that 
may be disrupted by climate 
change 

Low �ó Spawning initiation does depend on a specific 
temperature threshold, around 13°C (Hiebert, 2015). The timing 
of spawning has potential to shift as sea surface temperatures 
rise. However, the rest of the razor clam reproductive strategy is 
relatively simple, making it less vulnerable.  

Spawning cycle:  Identify 
spawning strategies that are 
sensitive to changes 

Moderate  �ó In Washington, spawning only takes place in the late 
spring or early summer when water temperature reaches a 
certain threshold (Hiebert, 2015). Less frequent spawning events 
make the species more vulnerable to climate change. However, 
they are broadcast spawners which is a prolific strategy.  

Early life history survival 
and settlement 
requirements : Determine 
the relative importance of 
early life history 
requirements for a stock 

Moderate �ó Larval requirements are not well studied. It is 
assumed that razor clams have similar development to other 
bivalves. The embryonic phase of many bivalves, before they 
become larvae, does depend on temperature (Alcantar et al., 
2023). If the same is true for razor clams, warming waters could 
cause changes in development.  

Sensitivity to ocean 
acidification :  Determine the 

Very High �ó Razor clams are a bivalve mollusk. The NOAA 
methodology uses a scientific paper (Kroeker et al., 2013) that 
ranks the impacts of ocean acidification on different types of 
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stock's relationship to 
"sensitive taxa" 

marine species. Mollusks are highly vulnerable. Additionally, 
razor clams were ranked as some of most vulnerable species in a 
2018 assessment done by Olympic National Park (Jones et al., 
2018). Tribal members are noticing that the clam shells are 
thinner which could be due to ocean acidification.  

Habitat specificity : 
Determine the relative 
dependence a stock has on 
habitat and the abundance 
of the habitat 

Low �ó Razor clams depend on flat, sandy beaches (Hiebert, 
2015). While not all beaches in the Hoh U&A meet these criteria, 
it is a common abiotic habitat.  

Prey specificity : Determine 
if the stock is a prey 
generalist or a prey specialist 

Moderate  �ó Razor clams are filter feeders, sucking in diatoms, 
other algae, and phytoplankton. This is a large variety of food 
sources, but these species are vulnerable to ocean acidification.  

Sensitivity to temperature :  
Known temperature of 
occurrence or distribution as 
a proxy for sensitivity to 
temperature 

Very High - �®�����+�ô�Ù�I�Ù�è�:�j�+�î�2�
�e�Ù�����2�î�Ù���2���:�X�1�Í�e���:�2�Ù�:�2�Ù�X�Í�•�:�X�Ù�è�+�Í�1�Ù
temperature tolerances, they are only found in one ocean 
�U�X�:�}���2�è�ô�à�Ù�Í�\�Ù�î�ô�����2�ô�î�Ù�æ�…�Ù�e���ô�Ù�b�i�����Ù�1�ô�e���:�î�:�+�:���…�à�Ù�Í�2�î�Ù�e���ô�…�Ù�î�:�2�
�e�Ù
go to deep depths, as they live in the sand.  

Adult mobility:  Determine 
the ability of the stock to 
move if their current location 
becomes unsuitable 

High �ó Adults have little mobility. They can move vertically, 
digging into the sand. This is beneficial for changing surf 
conditions. However, they cannot move laterally and cannot shift 
into new habitat if theirs becomes degraded (The Oregon Climate 
Change Research Institute, 2016).  

Dispersal of early life 
stages:  Estimate the ability 
of the stock to colonize new 
habitats 

Moderate �ó The larvae are free swimming for up to 8 weeks, 
which is a decent amount of time for wide dispersal per the 
NOAA methodology. They can disperse tens of kilometers 
(McCaffery et al., 2018).  

Predicted impact of land 
use changes resulting from 
human responses:  

Low risk - Some of the razor clam habitat that is within the Hoh 
U&A is also within Olympic National Park, protecting it from 
development. 

 

River and terrestrial species using NatureServe CCVI methodology 

Universal Assessment Criteria for NatureServe species  
Geographic Area Assessed: Approximation of Hoh usual and accustomed area (U&A)  
Time period:  Near term: 2040 �ó 2069. This is the time period NatureServe 

suggests using and what their resources use.  
Emissions scenario:  A1B. This is what the tool was built with. A1B represents a 

world with rapid growth, the global population peaking 
around 2050, and a balance between fossil fuel intensive 
technologies and non-fossil fuel energy sources (IPCC, 
2000). It has carbon emissions at 600 ppmv by 2100 (IPCC, 
n.d.). RCP 6.0 is a similar representative pathway used today 
(UW Climate Impacts Group, 2013). Both are middle-of-the-
road estimates.  
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Temperature Severity:  Annual temperature within the Hoh U&A is predicted to rise 
between 3.4 - 3.7°F from 2040-2069 under emissions A1B 
(Young et al., 2016).    

Hamon AET:PET Moisture 
Metric:  

The moisture metric for the Hoh U&A is all between �ó0.096 - 
-0.074 (Young et al., 2016). NatureServe uses this metric, as 
opposed to estimates of precipitation, because moisture 
availability is more relevant to a �U�+�Í�2�e�Ù�:�X�Ù�Í�2���1�Í�+�
�\�Ù�Í�æ���+���e�…�Ù�e�:�Ù
survive (GLIFWC Climate Change Team, 2023).   

Rankings: These are the options 
to rank how each aspect 
increases vulnerability  

�x GI = Greatly increase 
�x I = Increase  
�x SI = Somewhat increase  
�x N = Neutral  
�x U = Unknown 

 

Species  n85ki7 / Roosevelt Elk / Cervus canadensis roosevelti        
Score  Less Vulnerable  
Species range within  the 
U&A: 

Throughout the entire U&A  

Migratory exposure:  Not applicable �ó �‡�:�:�\�ô�}�ô�+�e�Ù�ô�+�'�Ù�Í�X�ô�2�
�e�Ù�2�ô�:�e�X�:�U���è�Í�+�à�Ù�1�����X�Í�e�:�X�…�Ù�\�U�ô�è���ô�\�Ù 
Exposure to sea level 
rise: 

Neutral  �ó Although sea level rise is expected along the Hoh U&A 
�è�:�Í�\�e�+���2�ô�à�Ù���e�Ù���\�Ù�Í�Ù�e���2�…�Ù�U�Í�X�e�Ù�:���Ù�e���ô�Ù�ô�+�'�
�\�Ù�X�Í�2���ô�Ù�Í�2�î�Ù�2�:�e�Ù�•���ô�X�ô�Ù�e���ô�…�Ù
spend most of their time.   

Natural barriers:  Neutral �ó Somewhat increase  - Elk may be slightly impaired by 
natural barriers if they attempt to shift their habitat range. Elk are 
highly mobile, with some already moving around the Olympic 
Peninsula from lowland areas to over the Olympic Mountains as 
they see fit (McCaffery et al., 2018). Moving off the peninsula may 
be difficult due to the Strait of Juan de Fuca in the north and 
significant urban development to the east. �F�:�•�ô�}�ô�X�à�Ù���e�
�\�Ù�Í�+�\�:�Ù�Í�Ù
possibility that elk living in northern CA and OR could move 
northward into the Hoh U&A. The NatureServe index allows for 
multiple values, so this was ranked both N & SI to account for the 
range of possibilities. 

Anthropogenic barriers:  Neutral  - There are currently no large anthropogenic barriers to this 
species. Examples are dams for fish, impenetrable fencing, and 
large urban areas. The urban area east of the peninsula is 
mentioned in the ranking above.  

Predicted impact of land 
use changes resulting 
from human responses:  

Neutral  - This category is about land actions taken to mitigate 
climate change, like wind farms and solar arrays. A fair amount of 
elk habitat is already protected by being in Olympic National Park 
and the remaining land is not currently desirable for other 
technologies, like solar farms.  
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Dispersal and 
movements:  

Neutral  - Elk are highly mobile.  

Historical thermal niche:  Increase �ó Nearly half of their range sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37-47°F. Compared to 
much of the rest of the United States, this a mild climate with a 
small thermal niche which makes these elk more vulnerable.  

Physiological thermal 
niche:  

Neutral  - Elk are not restricted to any cool or cold environments, 
like frost pockets, north-facing slopes, or the highest elevation 
zones. Additionally, they can move to find cool areas that meet 
their needs.  

Historical hydrological 
niche:  

Neutral  - Elk experience high levels of rain variation. As calculated 
by the NatureServe data, elk can experience precipitation variation 
of >20 in in different parts of the Hoh U&A.  

Physiological 
hydrological niche:  

Neutral  - Because they are so mobile, elk can move to find the wet 
areas they need. �®�����+�ô�Ù�e���ô�…�Ù�2�ô�ô�î�Ù�•�Í�e�ô�X�à�Ù�e���ô�…�Ù�î�:�2�
�e�Ù�î�ô�U�ô�2�î�Ù�:�2�Ù�Í�Ù
specific wetland habitat that is highly vulnerable to loss.  

Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Neutral  - Fire could have a mixed effect on elk populations. They 
like to stay near areas with trees and cover so if an extreme fire 
eliminated trees, elk would be negatively impacted. However, if the 
fire cleared out underbrush and forage plants increased 
afterwards, elk could be positively affected (McCaffery et al., 2018, 
Jenkins & Starkey, 1984). It would also depend on how much of 
their range was burned. Because they are so mobile, they could 
travel to an unaffected area.  

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral  - While some elk in the Hoh U&A follow snow melt to find 
spring plants, many remain in snow free habitat throughout the 
year.   

Restriction to 
uncommon geological 
features or derivatives:  

Neutral  - Elk are not restricted to a particular geological or 
landscape feature.   
 

Dependence on other 
species to generate 
habitat:  

Neutral  - Elk habitat requirements do not have species-specific 
processes, like relying on a burrow created by another animal.   

Dietary versatility 
(animals only):  

Neutral  - Elk eat a variety of grasses, sedges, ferns, trees, and other 
plants depending on the season. Their diet is not highly specific.   

Dependence on other 
species for propagule 
dispersal:  

Neutral  - Elk do not depend on any other species for reproduction 
or offspring movement.   
 

Sensitivity to pathogens 
or natural enemies:  

Unknown  �ó One of the current pathogens most destructive to elk is 
Treponema-Associated Hoof Disease, also known as hoof disease. 
Highly infectious, it causes elk to have deformed hooves, which 
then affects their ability to walk, and they die at higher rates than 
���ô�Í�+�e���…�Ù�ô�+�'�ß�Ù�I�2�e�ô�X�}���ô�•�ô�ô�\�Ù�\�Í���î�Ù�e���ô�…�Ù���Í�î�2�
�e�Ù�\�ô�ô�2�Ù�Í�2�…�Ù���:�:���Ù�î���\�ô�Í�\�ô�Ù���2�Ù
the U&A and WDFW reports only 3 sightings in the U&A since 2012 
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(WDFW, 2024). Chronic wasting disease is also a threat to elk. 
Tribal members have also not seen this affecting elk in the U&A yet.  
 
Additionally, wolves are one of the main predators of elk, aside 
from humans. Wolves have been extirpated from the Olympic 
Peninsula.  

Sensitivity to 
competition from native 
or non-native species:  

Neutral  - Elk are not highly sensitive to competitors. They do share 
habitats with other herbivores, like deer, but it is unlikely that deer 
will be so positively affected by climate change that they then harm 
elk.   

Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral  - Elk do not require any specific interspecies interactions.   

Measured genetic 
variation:  

Unknown - Elk genetic variation on the Olympic Peninsula is 
unknown.   

Occurrence of 
bottlenecks in recent 
evolutionary history:  

Neutral  - While the amount of habitat loss in the last 500 years for 
Roosevelt elk on the peninsula is unknown, it is estimated that elk 
populations were around 1800-2000 individuals at their lowest 
(Jenkins & Happe, 2018). �“�����\�Ù�î�:�ô�\�2�
�e�Ù�W�j�Í�+�����…�Ù�Í�\�Ù�Í�Ù�æ�:�e�e�+�ô�2�ô�è�'�Ù�j�2�î�ô�X�Ù
NatureServe CCVI guidelines.   

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Unknown - There does not seem to be any evidence, from either 
interviews or research, that elk have failed to shift the timing of their 
practices with the seasons. Interviewees talked about the rut 
occurring �•���e���Ù�è�:�:�+���2���Ù�e�ô�1�U�ô�X�Í�e�j�X�ô�\�Ù���2�Ù�e���ô�Ù���Í�+�+�Ù�æ�j�e�Ù�î���î�2�
�e�Ù�2�:�e�ô�Ù�e���Í�e�Ù
this was significantly changing or that elk were failing to go into rut.  

Documented response to 
recent climate change:  

Unknown - Herds have shifted locations in response to drought but 
not outside of their range (Jenkins & Happe, 2018). From interviews 
�Í�2�î�Ù�U�j�æ�+���\���ô�î�Ù�X�ô�\�ô�Í�X�è���à�Ù�e���ô�X�ô�Ù�Í�X�ô�2�
�e�Ù�:�e���ô�X�Ù�î�:�è�j�1�ô�2�eed responses 
to climate change.   

Modeled future (2050) 
change in range or 
population size:   

Unknown - No models found in the literature.  
 

Overlap of modeled 
future (2050) range with 
current range:  

Unknown - No models found in the literature. 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown - No models found in the literature. 
 

 

Species  Oval-leafed Huckleberry / Vaccinium ovalifolium 
Score  Moderately Vulnerable  
Species range within the 
U&A:  

Huckleberry is common in forested areas around the U&A.  

Migratory exposure:  N/A  
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Exposure to sea level 
rise:  

Neutral �ó Berry habitat area is not susceptible to sea level rise.  

Natural barriers:  Neutral  - There are not significant natural barriers.  
Anthropogenic barriers:  Neutral �ó There are not significant anthropogenic barriers.  
Predicted impact of land 
use changes resulting 
from human responses:  

Neutral  - It is unlikely that there would be climate-change inspired 
land use development that would affect huckleberries.  
 

Dispersal and 
movements:  

Neutral  - Berries are eaten by birds and mammals who can then 
distribute them more than 1km away from the original plant 
(Tirmenstein, 1990).  

Historical thermal niche:  Increase - Nearly half of the Hoh U&A sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37-47°F. Compared to 
much of the rest of the United States, this a mild climate with a 
narrow thermal niche. 

Physiological thermal 
niche:  

Neutral  - Huckleberry is not restricted to relatively cool or cold 
environments.  

Historical hydrological 
niche:  

Neutral  - As calculated by the NatureServe data, the Hoh U&A 
experiences large precipitation variation,  >20in in different parts of 
the Hoh U&A. 
 

Physiological 
hydrological niche:  

Somewhat Increase - Huckleberry can grow in a variety of sites but 
it is primarily found in moist areas (Tirmenstein, 1990).   

Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Somewhat Increase - Depending on the type of fire and how wet 
�e���ô�Ù�\�:���+�Ù���\�à�Ù���j�è�'�+�ô�æ�ô�X�X�…�Ù�î�:�ô�\�2�
�e�Ù�X�ô�\�U�:�2�î�Ù�•�ô�+�+�Ù�e�:�Ù�����X�ô�ß�Ù���ô�X�X�…�Ù
production can be halted anywhere from 5 �ó 20 years after fires 
(Tirmenstein, 1990).  

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral - Huckleberry is not dependent on ice or snow cover 
habitats.  

Restriction to 
uncommon geological 
features or derivatives:  

Somewhat Increase - Huckleberries require acidic soils with a pH 
of 4.0 -5.0. They also thrive in soil that is low in nitrogen. This is a 
specific preference that slightly increases their vulnerability.  

Dependence on other 
species to generate 
habitat:  

Neutral - Huckleberry does not depend on another species to 
create its habitat.  

Pollinator versatility 
(plants only):  

Somewhat Increase - Huckleberries depend on long tongued 
native bees for pollination, a relatively narrow range of pollinators 
(Tirmenstein, 1990). 

Dependence on other 
species for propagule 
dispersal:  

Neutral - See dispersal information.  

Sensitivity to pathogens 
or natural enemies:  

Unknown - Huckleberry is sensitive to a wide variety of pathogens. 
I did not find detailed observations or research about how certain 
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pathogens that affect huckleberry might change with climate 
change.  

Sensitivity to 
competition from native 
or non-native species:  

Unknown  �ó Competitors are unknown.  

Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral  - Does not require any interspecific interactions.  

Measured genetic 
variation:  

Unknown  - No information available about genetic variation.  

Occurrence of 
bottlenecks in recent 
evolutionary history:  

Unknown  - No information available about bottlenecks.  

Reproductive system:  Neutral   - Huckleberry can both vegetatively reproduce and 
reproduce via pollination. 

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Neutral  �ó Interviewees have noticed phenological shifts in timing 
so the huckleberry is adapting in response.  

Documented response to 
recent climate change:  

Unknown  - No information available  

Modeled future (2050) 
change in range or 
population size:   

Unknown  - No information available. There are models for similar 
species (Vaccinium membranaceum or thin leaf huckleberry) but 
no models for this specific species.  

Overlap of modeled 
future (2050) range with 
current range:  

Unknown  - No information available 
 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown  - No information available 
 
 

 

Species  cha/q57owa / Salmonberry / Rubus spectabilis 
Score  Less Vulnerable  
Species range within the 
U&A:  

Salmonberry is found throughout the entire U&A.  

Migratory exposure:  N/A  
Exposure to sea level 
rise:  

Neutral  �ó Berry habitat area is not susceptible to sea level rise. 

Natural barriers:  Neutral  �ó There are not significant natural barriers. 
Anthropogenic barriers:  Neutral  �ó There are not significant anthropogenic barriers. 
Predicted impact of land 
use changes resulting 
from human responses:  

Neutral  �ó It is unlikely that there would be climate-change inspired 
land use development that would affect salmonberries.  
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Dispersal and 
movements:  

Neutral  �ó Berries are eaten by birds and mammals who can then 
distribute them more than 1km away from the original plant 
(Zouhar, 2019).  

Historical thermal niche:  Increase - Nearly half of the Hoh U&A sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37 - 47°F. Compared to 
much of the rest of the United States, this a mild climate with a 
narrow thermal niche. 

Physiological thermal 
niche:  

Neutral  �ó Salmonberry is not restricted to relatively cool or cold 
environments.  

Historical hydrological 
niche:  

Neutral  �ó As calculated by the NatureServe data, the Hoh U&A 
experiences large precipitation variation,  >20in in different parts of 
the Hoh U&A. 

Physiological 
hydrological niche:  

Somewhat Increase - Salmonberry prefers to grow in moist soil. It 
is a facultative wetland plant that can often be found on 
streambanks (Zouhar, 2019). 

Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Neutral  �ó Although frequent fires would be damaging overall to the 
ecosystem, salmonberries are fairly resistant to fire (Zouhar, 2019). 

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral  �ó Salmonberry is not dependent on ice or snow cover 
habitats.  

Restriction to 
uncommon geological 
features or derivatives:  

Neutral  �ó Salmonberry prefers nitrogen rich soil but can survive in 
many different types.  

Dependence on other 
species to generate 
habitat:  

Neutral  �ó Salmonberry does not depend on another species to 
create its habitat.  

Pollinator versatility 
(plants only):  

Neutral  �ó Salmonberry is pollinated by multiple species, including 
insects, beetles, and hummingbirds (Zouhar, 2019).  

Dependence on other 
species for propagule 
dispersal:  

Neutral  �ó See dispersal information.  

Sensitivity to pathogens 
or natural enemies:  

Unknown  - Salmonberry is sensitive to a wide variety of pathogens, 
including powdery mildew. I did not find detailed observations or 
research about how certain pathogens that affect salmonberry 
might change with climate change.  

Sensitivity to 
competition from native 
or non-native species:  

Somewhat Increase - Knotweed, a known problem along the Hoh 
River, likes to grow in the same moist riparian areas as 
salmonberry. Knotweed is predicted to do well under climate 
change conditions so it could pose a threat to salmonberry.  

Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral  �ó Does not require any interspecific interactions.  
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Measured genetic 
variation:  

Unknown - No information available about genetic variation.  

Occurrence of 
bottlenecks in recent 
evolutionary history:  

Unknown - No information available about bottlenecks.  

Reproductive system:  Neutral  �ó Salmonberry can both vegetatively reproduce and 
reproduce via pollination. 

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Unknown - �I�2�e�ô�X�}���ô�•�ô�ô�\�Ù���Í�}�ô�Ù�2�:�e���è�ô�î�Ù�Í�Ù�è���Í�2���ô�Ù���2�Ù���Í�X�}�ô�\�e�\�Ù�æ�j�e�Ù���e�
�\�Ù
difficult to attribute these shifts to a phenological change.  

Documented response to 
recent climate change:  

Unknown  - No information available 
 
 

Modeled future (2050) 
change in range or 
population size:   

Unknown  - No information available 
 
 

Overlap of modeled 
future (2050) range with 
current range:  

Unknown  - No information available 
 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown  - No information available 
 
 

 

Species Indian Tea or Labrador Tea / Rhododendron groenlandicum 
Score Moderately Vulnerable  
Species range within the 
U&A:  

Found in bogs and wet areas in the Hoh U&A.  

Migratory exposure:  N/A  
Exposure to sea level 
rise:  

Neutral  �ó Indian tea grows in wet areas in low to middle elevations. 
Few of these environments are in the area where sea level rise is 
expected (Gucker, 2006).  

Natural barriers:  Somewhat Increase - Indian tea is found in unique environments, 
open bogs, and prairies. These are surrounded by forest, a less 
ideal habitat. Having their seeds distributed in the correct 
environment could be difficult for this species.  

Anthropogenic barriers:  Neutral  �ó There are not major anthropogenic barriers for this 
species.  

Predicted impact of land 
use changes resulting 
from human responses:  

Neutral  �ó It is unlikely that there would be climate-change inspired 
land use development in the areas where Indian tea grows, 
although regular development is a risk.  
 

Dispersal and 
movements:  

Neutral  �ó Seeds are dispersed by wind and are generally effective. 
It may be difficult for the seeds to disperse through forests, but this 
is addressed in the natural barriers section (Campbell et al., 2003).   
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Historical thermal niche:  Increase - Nearly half of the Hoh U&A sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37-47°F. Compared to 
much of the rest of the United States, this a mild climate with a 
narrow thermal niche. 

Physiological thermal 
niche:  

Somewhat Increase - Indian tea prefers to grow in cool climates; 
much of the plant�
�\ range is much further north than WA (Gucker, 
2006).  

Historical hydrological 
niche:  

Neutral  �ó As calculated by the NatureServe data, the Hoh U&A 
experiences large precipitation variation,  >20in in different parts of 
the Hoh U&A. 

Physiological 
hydrological niche:  

Increase  - Indian tea depends on wet, boggy areas to grow. Most 
coastal bogs are fed by rain, as opposed to groundwater (Rocchio 
et al., 2014). Soil moisture is predicted to decrease slightly by 2050 
under a moderate emissions scenario, as is summer rain and 
snowmelt (Krosby et al., 2018). This will contribute to the drying of 
bogs which is predicted in climate models (Lee et al., 2015). 
�
�@�X�ô�Í�e�+�…�Ù�I�2�è�X�ô�Í�\�ô���Ùwas not chosen because the full extent of where 
Indian tea ���X�:�•�\�Ù���2�Ù�e���ô�Ù�F�:���Ù�˜�-���Ù���\�2�
�e�Ù�'�2�:�•�2�ß�Ù 

Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Neutral  �ó Indian tea is fairly fire resistant and was even managed 
with fire by tribes to increase leaf growth (Anderson, 2011). It has 
been found on disturbed sites and in sites after floods, although it 
is not one of the first plants to return (Gucker, 2006).  

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral  �ó Indian tea does not depend on ice or snow cover 
habitats.  

Restriction to 
uncommon geological 
features or derivatives:  

Unknown  - While Indian tea is restricted to wetland habitats, there 
���\�2�
�e�Ù�1�j�è���Ù�X�ô�\�ô�Í�X�è���Ù�Í�æ�:�j�e�Ù���:�•�Ù�e���ô�Ù�U�+�Í�2�e�\�Ù���:�j�2�î�Ù���2�Ù�®�ô�\�e�ô�X�2�Ù�®���Ù�Í�X�ô�Ù
�:�X�Ù�Í�X�ô�2�
�e�Ù�X�ô�\�e�X���è�e�ô�î�Ù�e�:�Ù�è�ô�X�e�Í���2�Ù�\�:���+�\�ß�ÙIndian tea grows in a variety of 
soil conditions throughout its entire range.  

Dependence on other 
species to generate 
habitat:  

Neutral  �ó While Indian tea �X�ô�W�j���X�ô�\�Ù�Í�Ù�\�U�ô�è�������è�Ù�ô�2�}���X�:�2�1�ô�2�e�à�Ù���e�
�\�Ù�2�:�e�Ù
an environment created by only a few species. Browsing by 
ungulates is hypothesized to be helpful in maintaining these open 
�æ�:���\�à�Ù�æ�j�e�Ù���e�
�\�Ù�j�2�'�2�:�•�2�Ù�ô�„�Í�è�e�+�…�Ù���:�•�Ù�+�Í�X���ô�Ù�:���Ù�Í�Ù�X�:�+�ô�Ù�e���ô�…�Ù�U�+�Í�…�Ù
(Anderson, 2009).  

Pollinator versatility 
(plants only)  

Neutral  �ó Indian tea has a large variety of pollinators (Gucker, 
2006).  

Dependence on other 
species for propagule 
dispersal:  

Neutral  �ó Seeds are dispersed by wind (Gucker, 2006).  

Sensitivity to pathogens 
or natural enemies:  

Unknown  - Spruce needle rust can negatively affect Indian tea in 
���Í�2�Í�î�Í�ß�Ù�F�:�•�ô�}�ô�X�à�Ù�I�Ù�è�:�j�+�î�2�
�e�Ù�����2�î�Ù�ô�}���î�ô�2�è�ô�Ù�:���Ù�e�����\�Ù�Í�����ô�è�e���2���Ù�e���ô�Ù�e�ô�Í�Ù
in the Hoh U&A. Also, spruce needle rust needs cool weather to 
form spores on the tea so it might not expand with climate change 
(Hennon, 2001).  
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Sensitivity to 
competition from native 
or non-native species:  

Unknown  - �I�Ù�è�:�j�+�î�2�
�e�Ù�����2�î�Ù�ô�}���î�ô�2�è�ô�Ù�:���Ù�Í�2�…�Ù�U�+�Í�2�e�\�Ù�e���Í�e�Ù�è�:�1�U�ô�e�ô�Ù�•���e���Ù
Labrador tea.  

Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral  �ó It does not have any interspecific interactions not already 
covered.  

Measured genetic 
variation:  

Unknown  - Genetic variation has not been measured.  

Occurrence of 
bottlenecks in recent 
evolutionary history:  

Unknown - �“���ô�X�ô�Ù���\�2�
�e�Ù���2���:�X�1�Í�e���:�2�Ù�Í�æ�:�j�e�Ù���ô�2�ô�e���è�Ù�æ�:�e�e�+�ô�2�ô�è�'�\�ß�Ù 

Reproductive system 
(plants only; use only if 
C5a and C5b are 
�
�j�2�'�2�:�•�2���ý�Ù�Ù 

Neutral  �ó Indian tea can reproduce both asexually and sexually 
with cross-pollination occurring.  

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Neutral  �ó Interviewees have not observed any shift in phenological 
timing.  
 

Documented response to 
recent climate change:  

Unknown - No information available 
 

Modeled future (2050) 
change in range or 
population size:   

Unknown - No information available on the Washington range. 
Studies have been done looking at the Canadian extent of Indian 
tea but not yet in Washington.  
 

Overlap of modeled 
future (2050) range with 
current range:  

Unknown - No information available 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown - No information available 
 

 

Species  hz5d85m2a (salmon �ó general) / /q5;ita (salmon, fish �ó general) 
/ Pacific Salmonids (Winter and Summer Steelhead, Spring 
and Fall Chinook, Fall Coho, and Chum Salmon) 

Score   Extremely Vulnerable  
Species range within the 
U&A:  

Both in freshwater rivers and streams in the U&A, as well as 
migrating into and through the ocean U&A.  

Migratory exposure:  N/A - These fish do migrate to the ocean but the NatureServe CCVI 
has this section to address animals who migrate to Central and 
South America.  

Exposure to sea level 
rise:  

Neutral  - <10% of their range occurs in the coastal zone that will be 
subject to sea level rise. Sea level rise in the open ocean will not 
affect salmonids while the effects on coastal habitats are not yet 
predicted with high confidence. Sea level rise has the potential to 
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inundate and degrade coastal habitat, like eelgrass beds (Adams & 
Zimmerman, 2023).  

Natural barriers:  Greatly Increase  �ó If the mainstems of rivers are too warm for fish, 
they will be blocked from reaching all the habitat behind it. The Hoh 
River mainstem is projected to have August mean temperatures of 
16-20°C (60-68°F) by 2080 in a moderate emission model (Adams & 
Zimmerman, 2023). We are already seeing these temperatures on 
occasional days �ó interviewees have remarked on the warmth of the 
water and a thermal flight observed temperatures up to 17.4°C in 
the mainstem of the Hoh in 2023 (Diabat & Miwa, 2023).    

Anthropogenic barriers:  Somewhat Increase - There are many culverts in the Hoh U&A that 
�Í�X�ô�2�
�e�Ù�\�j���e�Í�æ�+�ô�Ù���:�X�Ù�����\���Ù�U�Í�\�\�Í���ô (Coast Salmon Partnership, 2024).  

Predicted impact of land 
use changes resulting 
from human responses:  

Neutral  �ó There are different types of marine renewable energy and 
carbon dioxide removal technologies that could be installed in the 
river or ocean U&A. It is currently unknown how those might affect 
salmonid species or where development would be likely to occur 
given Tribal management and land protection by Olympic National 
Park and the Olympic Coast National Marine Sanctuary.  

Dispersal and 
movements:  

Somewhat Increase - Fish are highly mobile but, if water levels are 
too low, they cannot move through them. Interviewees talked about 
seeing fish piled up in deep holes when they couldn't move 
upstream.   

Historical thermal niche:  Increase  - Nearly half the Hoh U&A sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37-47°F. This factor 
measures broad regional patterns, as opposed to water 
temperatures, but NatureServe recommends addressing it the 
same way for aquatic and terrestrial species.  

Physiological thermal 
niche:  

Greatly Increase  - >90% of their range is restricted to cool or cold 
environments that could be lost or reduced. The optimal range for 
salmon and steelhead is 12-16°C (53°F -61°F) but the suitable 
range extends to 20°C (68°F) (Adams & Zimmerman, 2023). 
Springers or spring chinook have the lowest tolerance for warm 
temperatures; their range is 3-13°C (37 °F - 55°F) (Bjornn & Reiser, 
1991) Models also predict that salmonids will continue to decline 
as sea surface temperature rises (Crozier et al., 2021).  

Historical hydrological 
niche:  

Neutral - As calculated by the NatureServe data, the Hoh U&A 
experiences large precipitation variation,  >20in in different parts of 
the Hoh U&A. 

Physiological 
hydrological niche:  

Somewhat Increase - The hydrologic regime in the Hoh U&A will 
change as less snow falls in winter and melt occurs earlier. 
Particularly for spring chinook, the timing of the spring snow melt is 
important.  Under the NatureServe guidelines, salmonids live in an 
�Í�W�j�Í�e���è�Ù���Í�æ���e�Í�e�Ù�e���Í�e�Ù���\�Ù�
���������+�…�Ù�}�j�+�2�ô�X�Í�æ�+�ô�Ù�e�:�Ù�+�:�\�\�Ù�:�X�Ù�X�ô�î�j�è�e���:�2�Ù�•���e���Ù
climate change�ß���Ù  
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Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Somewhat Increase - More rain in winter will mean higher peak 
flows that could scour eggs.  

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral - Little dependence on ice or snow-cover habitats. The cold 
water melting from the glacier is crucial to fish but that has already 
been addressed in the thermal niche section.  

Restriction to 
uncommon geological 
features or derivatives:  

Neutral - Salmonids are not restricted to one geological type or 
area.  

Dependence on other 
species to generate 
habitat:  

Neutral - Salmonids do not depend on other species to create their 
habitat. They are central in creating habitat, as their carcasses 
provide essential nutrients when they return from the ocean, but 
they do not depend on others for creating their own habitat. 

Dietary versatility 
(animals only):  

Somewhat Increase - Salmonids do have dietary versatility, eating 
other fish, insects, amphipods, and zooplankton, among other 
items. However, a lot of their diet in the ocean is likely to be 
negatively affected by ocean acidification. Even if prey exists, 
salmonids might have a more difficult time finding it; coho salmon 
lose their sense of smell in more acidic waters (Williams et al., 
2018).  

Dependence on other 
species for propagule 
dispersal:  

Neutral - �‹�Í�+�1�:�2���î�\�Ù�î�:�2�
�e�Ù�î�ô�U�ô�2�î�Ù�:�2�Ù�:�e���ô�X�Ù�\�U�ô�è���ô�\�Ùto move 
between any of their life stages.  

Sensitivity to pathogens 
or natural enemies:  

Unknown - Warmer waters have been ideal environments for 
outbreak of fish disease in many parts of the world but not much is 
known yet about disease and Pacific salmonids (Bass et al., 2023).  

Sensitivity to 
competition from native 
or non-native species:  

Unknown - I did not find specific information about salmon 
competitors and climate change.  

Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral - Salmonids do not require an interspecies interaction.  

Measured genetic 
variation:  

Unknown - I did not find specific information about genetic 
variation in salmon in the Hoh U&A, aside from comparisons 
between wild salmon and hatchery-origin salmon.  

Occurrence of 
bottlenecks in recent 
evolutionary history:  

Neutral - I did not find evidence of bottlenecks.  

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Neutral - It is uncertain whether it is in response to climate change 
or other variables, but interviewees have shared that seasons are 
shifting or that they see fish waiting for the right conditions. Fish do 
not arrive at the same time every year.  

Documented response to 
recent climate change:  

Unknown �ó Tribal members report changes since they were young 
�Í�2�î�Ù���X�:�1�Ù�•���Í�e�Ù�e���ô�…�
�}�ô�Ù���ô�Í�X�î�Ù���X�:�1�Ù�e���ô���X�Ù�U�Í�X�ô�2�e�\�Ù�Í�2�î�Ù�Urevious 
���ô�2�ô�X�Í�e���:�2�Ù�æ�j�e�Ù���e�
�\�Ù�î���������è�j�+�e�Ù�e�:�Ù�Í�e�e�X���æ�j�e�ô�Ù�è�Í�j�\�ô�\�Ù�e�:�Ù�e���ô�\�ô�Ù�è���Í�2���ô�\�ß�Ù
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There are �1�Í�2�…�Ù���Í�è�e�:�X�\�Ù���2�}�:�+�}�ô�î�ß�Ù�I�e�
�\�Ùunknown how much might be 
climate change vs how much is habitat loss, fishing, historical 
logging practices, etc.  

Modeled future (2050) 
change in range or 
population size:   

Unknown - No models found in the literature. 
 

Overlap of modeled 
future (2050) range with 
current range:  

Unknown - No models found in the literature. 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown - No models found in the literature. 
 

  

Species  rsq5pis / rsarq5pis / Western Redcedar / Thuja plicata   

Score  Highly vulnerable  
Species range within the 
U&A:  

Throughout the entire U&A. The U&A is in the latitudinal center of 
the full Western redcedar range from northern CA to Southeast 
Alaska (USDA, n.d.).   

Migratory exposure:  N/A  
Exposure to sea level 
rise:  

Neutral - <10% of range occurs in the area subject to sea level rise 

Natural barriers:  Neutral - There are not major natural barriers that prevent redcedar 
from shifting its range northwards. If the range of redcedar shifted 
out of the Hoh U&A, that would be locally devastating, but, for the 
sake of this assessment, the species could exist somewhere else. 
Additionally, western redcedar is limited by cold so with warming 
temperatures, the range may be able to shift up in elevation.  

Anthropogenic barriers:  Neutral - There are no anthropogenic barriers for the whole 
�•�ô�\�e�ô�X�2�Ù�X�ô�î�è�ô�î�Í�X�
�\�Ù�X�Í�2���ô�ß  

Predicted impact of land 
use changes resulting 
from human responses:  

Neutral - It is unlikely that there would be significant land use 
changes due to climate mitigation infrastructure. Restoration and 
planting new trees for carbon sequestration could be beneficial for 
redcedar trees.  

Dispersal and 
movements:  

Increase - Redcedar seeds are moved by the wind. Dissemination 
is really only adequate within 100 m and the maximum dispersal 
distance is less than 1 km (The Oregon Climate Change Research 
Institute, 2016; USDA, n.d.). Because of this limited dispersal 
distance, large mountains, rivers, and urban areas can be barriers. 

Historical thermal niche:  Increase - Nearly half of the Hoh U&A sees annual temperature 
variations between 18 - 37°F, while the other half, which includes 
more of the river valleys, sees swings of 37-47°F. Compared to 
much of the rest of the United States, this a mild climate with a 
narrow thermal niche.  
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Physiological thermal 
niche:  

Neutral - While the western redcedars on the Peninsula are 
accustomed to a maritime climate, their range covers a variety of 
temperatures, making them a generalist with fairly high 
temperature tolerance (USDA, n.d.).  

Historical hydrological 
niche:  

Neutral - As calculated by the NatureServe data, the Hoh U&A 
experiences large precipitation variation,  >20in in different parts of 
the Hoh U&A. 
 

Physiological 
hydrological niche:  

Increase - Although western redcedar can grow in a variety of 
moisture conditions, it is most productive in wet areas (Antos et al., 
2016). Estimates of drought tolerance range from very low to 
moderate (Devine et al., 2012; Goodrich et al., 2023). Western 
redcedar has a shallow root system in wet soils and no tap root 
which make it ill-equipped to access deeper water sources in times 
of drought.     

Dependence on a 
specific disturbance 
regime likely to be 
impacted by climate 
change: 

Somewhat Increase - Western redcedar is more severely damaged 
by fire than other coastal trees (USDA, n.d.). Fires have been rare 
historically on the Olympic Peninsula but are predicted to increase. 
Redc�ô�î�Í�X�Ù���\�Ù�\�+�:�•�Ù���X�:�•���2���Ù�Í�2�î�Ù���e�Ù���\�2�
�e�Ù�Í�æ�+�ô�Ù�e�:�Ù�ô�\�e�Í�æ�+���\���Ù���e�\�ô�+���Ù�Í�\�Ù
quickly as other successional species after a fire.  

Dependence on ice, ice -
edge, or snow cover 
habitats:  

Neutral - Redcedar is not dependent on ice or snow cover habitats.  

Restriction to 
uncommon geological 
features or derivatives:  

Neutral - Redcedar can grow in a wide variety of soil types, 
including those with poor nutrients (USDA, n.d.).  

Dependence on other 
species to generate 
habitat:  

Neutral - Redcedar does not depend on any other species to create 
its habitat.  

Pollinator v ersatility 
(plants  only): 

Neutral - Pollen is carried to the seed cones via wind, so the trees 
are not dependent on other species for pollination.  

Dependence on other 
species for propagule 
dispersal:  

Neutral - Seeds are wind-dispersed.  

Sensitivity to pathogens 
or natural enemies:  

Neutral - Redcedar is relatively resistant to insects and diseases 
(Goodrich et al., 2023). Some insects that damage redcedar, like 
the western cedar bark beetle (Phloeosinus punctatus) and the 
redcedar wood borer (Trachykele blondeli) attack weakened trees. 
As more trees weaken due to climate change, insect damage could 
be more widespread �æ�j�e�Ù�e���ô�X�ô�Ù���\�2�
�e�Ù�ô�}���î�ô�2�è�ô�Ù�:���Ù�e�����\�Ù�…�ô�e (Minore, 
1983). 

Sensitivity to 
competition from native 
or non-native species:  

Neutral - Western redcedar is often in forests with Douglas-fir and 
western hemlock. These trees are also predicted to struggle under 
future climate conditions.  
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Forms part of an 
interspecific interaction 
not covered by C4a-f: 

Neutral - Cedar does not require an interspecific interaction for 
habitat or reproduction.  

Measured genetic 
variation:  

Somewhat Increase - Genetic variation among Western redcedar 
is low compared to other tree species. Scientists believe the last 
glaciation confined the trees to the southern end of their range and 
limited the gene pool (Antos et al., 2016).  

Occurrence of 
bottlenecks in recent 
evolutionary history:  

N/A because we know about genetic variation  

Reproductive system 
(plants only; use only if 
C5a and C5b are 
�
�j�2�'�2�:�•�2���ý 

N/A because we know about genetic variation 

Phenological response to 
changing seasonal 
temperature or 
precipitation dynamics:  

Unknown - Interviewees talked about cedar bark harvesting timing 
changing to be later in the year and after the first hot weather. This 
could be attributed to climate change or it could be due to other 
���Í�è�e�:�X�\�à�Ù�Í�2�î�Ù�e���ô�X�ô�Ù���\�2�
�e�Ù�ô�}���î�ô�2�è�ô�Ù�:���Ù�:�e���ô�X�Ù�U���ô�2�:�+�:�����è�Í�+�Ù�\�������e�\�ß�Ù  

Documented response to 
recent climate change:  

Unknown - Western redcedar has been dying back in OR, WA, and 
Canada with no clear cause, like insect damage or disease. 
Scientists believe this is due to drought and heat, �æ�j�e�Ù���e�Ù���Í�\�2�
�e�Ù�æ�ô�ô�2�Ù
observed to kill 10 �ó 30% of the distribution that NatureServe wants 
to document it for this category. Additionally, most of the dieback 
in WA has so far been observed in the urban corridor near Puget 
Sound and in eastern WA.   

Modeled future (2050) 
change in range or 
population size:   

Increase - Models show western redcedar moving to the northeast 
by 2060 under emissions scenario A1B. It shows cedar entirely 
disappearing from the Hoh U&A, except for the most eastern edges 
in the Olympic Mountains (Crookston, 2009). 
 

Overlap of modeled 
future (2050) range with 
current range:  

Unknown - Skipping this category to avoid overcounting. 
 

Occurrence of protected 
areas in modeled future 
(2050) distribution:  

Unknown - Leaving this as unknown since, in 2060, nearly all 
redcedar moves out of the U&A. 
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APPENDIX 7: INTERVIEW QUESTIONS AND CONSENT FORM 

Semi-structured Interview Guide  

(inspired by the interview guide used in the Olympic Coast as Sentinel Project and the GLIFWC 
Assessment) 

Interview goals:  

�x Learn about the ways you use and value natural resources & relatives (elk, fish, 
plants, clams, etc) and your memories of what those natural resources were like 
when you were young across the whole U&A and what they are like today.  

Interview process:  

�x Go over interview procedure, length, and honorarium.  
�x Go over how transcripts, quotes, and the assessment will be used.  
�x If no questions or concerns, and people still want to participate, sign consent form.  

Interview Questions  (These are only a few examples �ù you can answer as few or as many 
�…�:�j���î�ß�+���'�ô�ß�e�:���å   

1. Personal History  
a. Have long have you lived here?  

i. Where were you born? Did you grow up here?  
b. Can you tell me a little bit about your family? 

2. Hunting, fishing, and harvesting 
a. What do you hunt/fish/harvest for?  

i. What seasons does that take place in?  
b. How long have you been hunting/fishing/harvesting?  

i. How did you learn?  
c. What was the hunting/fishing/harvesting like when you were younger?  

i. Health/abundance?  
d. What is it like today?  

i. Can you do the same seasons? Same health/abundance?  
e. What cues do you look for to understand if the harvest will be good or not 

(such as environmental or other)? 
f. Are there any indicators, meaning other things you look for to know when it is 

time to harvest or stop harvesting certain things/beings (such as when 
certain plants bloom)?  

3. Changes  
a. Have you noticed any changes in the environment in the areas you are most 

familiar with? (plants, animals, land, water air �ó abundance, health) over 
time?  
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i. Do any of these changes concern you?  
ii. If there is not a concern, is there something to be learned from these 

differences?  
b. Is there anything in particular happening (such as human activity) that is 

having either a positive or negative impact on the items you harvest? 
c. When you think back about stories your elders told you, have you noticed 

any changes in when things were harvested vs. now? Any other changes?  
d. Are there new species? Ones that have disappeared?  
e. Have you experienced any environmental hazards, like flooding, wildfires, 

coastal erosion, etc?  
4. Future 

a. What are your priorities for resource protection or conservation for the next 
generation?  

b. What would a future healthy ecosystem look like?  
5. ���2�…�e�����2���Ù�ô�+�\�ô�Ù�I�Ù�î���î�2�
�e�Ù�Í�\�'�Ù�Í�æ�:�j�e that we should talk about ? 

THANK YOU!  

____________________________________________________________________________________ 

Consent Form: Climate Change Interviews for Hoh Tribal Natural 
Resources Department  

 

I, _____________________________________________________, voluntarily agree to 
participate in this interview.  

I understand:  

�x That my interview will be used to inform a Climate Change Assessment for 
the Hoh Tribe Natural Resources Department (NRD).  

�x That this interview will be recorded and I will be provided with a transcript at 
a later date.  

�x That I can withdraw or refuse to answer any question at any time.  
�x That the transcript and audio recording will be stored in the Hoh Natural 

Resources Department office. Current and future NRD staff will have access 
to the transcripts. 

�x The transcripts will also be part of an archive curated by the Hoh Tribe 
Historic Preservation Officer who will allow access as they see fit.  

�x The Climate Change Assessment will be shared with the Hoh Business 
Committee.  
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�x �(�2�e���X�ô�Ù���2�e�ô�X�}���ô�•�Ù�e�X�Í�2�\�è�X���U�e�\�Ù�•�:�2�
�e�Ù�æ�ô�Ù�\���Í�X�ô�î�Ù�•���e���Ù�Í�2�…�:�2�ô�Ù�:�j�e�\���î�ô�Ù�:���Ù�e���ô�Ù�b�‡�"�Ù
or outside of the archive project unless the Hoh Business Committee 
approves it.  

�x If I have concerns, questions, or want to edit my interview later, I can 
contact Kelly Rosales, the Hoh Tribe Historic Preservation Officer, and 
Hannah Tennent, WA Sea Grant Hershman Fellow.  

Quote preferences  

Direct quotes from interviewees might be used in the assessment and in outward 
facing materials, like presentations and written statements. These quotes can be 
attributed to you or they can be anonymous.  

�¢�Ù�I�Ù�Í�1�Ù�:�'�Í�…�Ù�•���e���Ù�î���X�ô�è�e�Ù�W�j�:�e�ô�\�Ù�æ�ô���2���Ù�j�\�ô�î�Ù�Í�2�î�Ù�I�Ù�•�:�j�+�î�Ù�+���'�ô�Ù�e�:�Ù���Í�}�ô�Ù�1�…�Ù�2�Í�1�ô�Ù
attached.  

�¢�Ù�I�Ù�Í�1�Ù�:�'�Í�…�Ù�•���e���Ù�î���X�ô�è�e�Ù�W�j�:�e�ô�\�Ù�æ�ô���2���Ù�j�\�ô�î�Ù�æ�j�e�Ù�I�Ù�î�:�2�
�e�Ù�•�Í�2�e�Ù�1�…�Ù�2�Í�1�ô�Ù�Í�e�e�Í�è���ô�î�ß�Ù�X�ô�ô�U�Ù
it anonymous.  

�¢�Ù�"�:�2�
�e�Ù�j�\�ô�Ù�Í�2�…�Ù�î���X�ô�è�e�Ù�W�j�:�e�ô�\�Ù���X�:�1�Ù�1�…�Ù���2�e�ô�X�}���ô�•�ß�Ù 

Signature of interviewee: 
_______________________________________________________________ 

Date: __________________________________________________________ 

 

�I�à�Ù�F�Í�2�2�Í���Ù�“�ô�2�2�ô�2�e�à�Ù�®���Ù�‹�ô�Í�Ù�@�X�Í�2�e�Ù�F�ô�X�\���1�Í�2�Ù�>�ô�+�+�:�•�à�Ù�•���+�+�Ù�Í�æ���î�ô�Ù�æ�…�Ù�e���ô�Ù���2�e�ô�X�}���ô�•�ô�ô�
�\�Ù
�U�X�ô���ô�X�ô�2�è�ô�\�ß�Ù�I�Ù�•�:�2�
�e�Ù�\���Í�X�ô�Ù�e���ô�Ù���2�e�ô�X�}���ô�•�Ù�e�X�Í�2�\�è�X���U�e�\�Ù�•���e���Ù�Í�2�…�:�2�ô�Ù�:�j�e�\���î�ô�Ù�:���Ù�e���ô�Ù
Natural Resource Staff unless approved by the Business Committee.    

Signature of Hershman Fellow: _________________________________________ 

Date: _________________________________________________________________ 

 

 


