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Abstract:
Little is known about the erosional impacts of hikers, horses, motorcycles and off-road bicycles on
mountain trails. The purpose of this investigation was to determine the relative impacts of different trail
uses with respect to water runoff and sediment yield. A total of 108 sample plots were examined on
existing trails in or near the Gallatin National Forest of southwestern Montana. A modified Meeuwig
drip-type rainfall simulator was used to reproduce natural rainstorm events. Treatments of 100 passes
were applied to each of the sample plots. This approach meant that 24 sample plots were established
for each treatment type (hiking, horseback riding, motorcycling, bicycling) in addition to 12 sample
plots for the control or null hypothesis case to represent two soil texture groupings (clay and sandy clay
or loam and sandy loam), two antecedent soil moisture classes (dry and prewetted), and two slope
gradients (0-6 percent and 8-21 percent), and three replications.

The results of this study demonstrate the interaction of topographic, soil, and geomorphic variables and
the difficulty of understanding natural processes on existing trails. None of the hypothesized
relationships between water runoff and slope, soil texture, antecedent soil moisture, trail roughness, and
soil resistance were statistically significant. However, the multiple regression results for sediment yield
were statistically significant. Five independent variables or cross-products explained 42% of the
variability in sediment yield when soil texture was used as a series of indicator variables. The addition
of a trail user as a second series of indicator variables explained an additional 28% of the variability in
sediment yield. Ten variables combined to explain 70% of the variability in sediment yield with simple
or combined variables incorporating soil texture (37%), slope (35%), user treatment (35%), and
accounting for the largest contributions. The use of multiple comparison tests clarify the roles of the
different trail users and in particular showed that horses and hikers (hooves and feet) made more
sediment available than wheels (motorcycles and off-road bicycles). This effect was most pronounced
on prewetted trails. 
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�!�#��BD� (&��#!���% �� ��(&'�$%��&�#(���2!#"��� !��8�##�!�� % ��#�!�%�

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

�"��%!$%&!#� % !$� % �� 8!%�)� )"$�**� )��"#%�� ��-!"��� % �)�� !)�� ��'��

�%!%&�%&-!##�� �&,$&*&-!$%� (&**�)�$-��� !%� % �� E.EF� #�2�#� �*�

�&,$&*&-!$-�.� � �� )��"#%�� *)�'��!)%��.��",,��%� % !%� % ��%)!&#��"��(� *�)�

% ��*&2��%)�!%'�$%� %����� 8�)��$�%� �&'&#!)�&$� %�)'�� �*� % �&)���(&'�$%�

�&�#(��� !2&�)� �)&�)�%�� % ��%)�!%'�$%�.� �)!&#� �#�%�� "��(�*�)� &7�)��

8�)�� �%!%&�%&-!##��(&**�)�$%�*)�'� �$�� �*� % �� �% �)� ,)�"��� 4�**�)�!(�

�&-�-#��;� !%� % ��E.EF�#�2�#��*� �&,$&*&-!$-��� !$(�!##�,)�"���&*� �$��"����

% ��E.BF�#�2�#� �*� �&,$&*&-!$-�.� � "��� % ���!'�#��(��&,$�(&(�&$-�)��)!%��

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

�!�#��� BB� !$(� BD� &$(&-!%�� % !%� #���� ��(&'�$%� 8!�� !2!&#!�#�� *�)�

(�%!- '�$%� !$(� �$%)!&$'�$%� �$� % ��  &7�)� �#�%�� �&$-�� 8!%�)�)"$�**�

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

"��)�%)�!%'�$%��% �'��#2���8�)��$�%� �&,$&*&-!$%#��(&**�)�$%.

� ����(&'�$%� �&�#(�� )���)%�(� &$��!)%� ���*� �!�#��BD�&$(&-!%��% !%�

 �)����#�%�� �)�("-�(� �&,$&*&-!$%#�� '�)�� ��(&'�$%� % !$� % ���&-�-#���

-�$%)�#�� !$(�  &7�)� %)!&#� �#�%�� !%� % �� E.EF�#�2�#� �*� �&,$&*&-!$-���

�)��"'!�#��("�� %��!$� &$-)�!���&$� ��(&'�$%�!2!&#!�&#&%�.� �)!&#��#�%��

"��(���� '�%�)-�-#��8�)���%!%&�%&-!##���&,$&*&-!$%� *)�'��$���*� % ���% �)�

,)�"��� 4 &7�);� !%� % ��E.EF� #�2�#� �*� �&,$&*&-!$-�� !$(��&-�-#�� !$(�-�$%)�#�

%)!&#��#�%��&*� �$��"����% ��E.BF�#�2�#� �*� �&,$&*&-!$-�.

� ��)��"#%�� &$��!)%� ���*� �!�#��BD� &$(&-!%��% ��$��(�%���9�)-&���

-!"%&�$� 8 �$�#��7&$,�!%�% ��)��"#%�.� � &���!)%��*� % ��%!�#���"''!)&0���

% �� '�!$� (&**�)�$-��� ��%8��$� % �� ��(&'�$%� �&�#(���)�("-�(�*)�'�% ��

�)�8�%%�(�!$(����%�%)�!%'�$%�)!&$�%�)'�����"��).� � ����-�'�!)&��$�� !)�
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���)� %)�!%'�$% ��!$� �&-�-#�
��(&'�$%�
�&�#(� 4,;

��$%)�# �&7�)� ��)��

��2!#"��

��%�)-�-#�

�.� �)&�)� %�����)� �)�!%'�$%�� 4$�Q F?;

�&-�-#� A> �N�B
��$%)�# F> E.?A �N�
�&7�) @= E.E? E.B? �N�
��)�� AE E.F@ E.>@ E.BB �N�
��%�)-�-#� AF E.=B E.AG E.EA E.GE �N�

�.� �*%�)� ���) �)�!%'�$%��� �)�8�%%�(� �#�%� 4$�Q� F?;

�&-�-#� A@ �N�
��$%)�# AF E.=B �N�
�&7�) A@ E.>= E.=E �N�
��)�� >A E.EB E.EB E.EB �N�
��%�)-�-#� =@ E.EA E.E= E.E? E.B= �N�

�.� �)&�)� '&$"�� �*%�)� ���)��)�!%'�$%�� 4$�Q F?;

�&-�-#� �D �N�
��$%)�# G E.FG �N�
�&7�) DB E.B> E.@= �N�
��)�� @? E.E@ E.E> E.?E �N�
��%�)-�-#� BF E.@@ E.A? E.GE E.D? �N�

�.� ���)� �)�!%'�$%�� �$ �)���#�%� 4$�Q� F?;

�&-�-#� F= �N�
��$%)�# AB E.A= �N�
�&7�) FF E.GA E.?> �N�
��)�� GF E.ED E.BA E.EB �N�
��%�)-�-#� F> E.=> E.GA E.AF E.E@ �N�

�� �N�� )��)���$%�� $�� )��"#%

&'��)%!$%� ��-!"��� % ��  &7�)� �#�%��8�)�� �&,$&*&-!$%#��(&**�)�$%� *)�'� % ��

�"%��%.� � ���� (!%!� � �8� % !%�  �)��� �#�%�� !)�� (&**�)�$%� *)�'� % ��

�&-�-#�� !$(� &7�)� �#�%�� !%� % �� E.EF� !$(� E.BE� #�2�#�� �*� �&,$&*&-!$-���

)����-%&2�#�.� � &�� )��"#%� *�-"���� !%%�$%&�$� �$� % �� (&**�)�$-��� ("�� %�
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% ��%)�!%'�$%�<� '��%� &'��)%!$%#��� &%�)�("-��� % ��$"'��)� �*� �&,$&*&-!$%�

)��"#%�� *)�'� �!)%���� �)��"'!�#����-!"���&%� )�'�2��� ��'�� �)� ����&�#��!##�

�*� % ���&!��&$ �)�$%�&$�% ���)&,&$!#�(!%!.� �&7�)��� % �)�*�)��� �)�("-�(�

% �� ��-�$(� #!),��%� &$-)�!��� &$� ��(&'�$%� �&�#(� *�##�8&$,�  �)���

%)�!%'�$%��� !$(��2�)!##� % ��  �)��� !$(�  &7�)�(&**�)�$-��� &$(&-!%��% !%�

 ��2��� !$(� *��%� '!7��'�)�� ��(&'�$%� !2!&#!�#�� *�)�)�'�2!#� % !$�8 ��#�� �$�

�)�8�%%�(���&#�.

� ��)��"#%��&$��!)%� ���*� �!�#��BD� &$(&-!%�� �)��� �#�%���)�("-�(�

�&,$&*&-!$%#�� '�)�� ��(&'�$%� % !$� (&(� �&-�-#���  &7�)�� !$(�'�%�)-�-#��

�#�%�� !%�% ��E.EF�#�2�#��*� �&,$&*&-!$-���$�% ��()�� �#�%�� !�� 8�##.�]�� ��

*&$!#�%��%�8&##����%��#��7�!%�- !$,��� % )�", �%&'��%�� ����8 �% �)��)�$�%�

- !$,��� &$� ��&#� )��&�%!$-�� !$(� %)!&#� )�", $���� �"��%!$%&!%�� % ��

&$%�)�)�%!%&�$� % !%�  �)��� �#�%�� �)�("-�� % �� ,)�!%��%�$�%�- !$,�� �$�

�!'�#���#�%��"��(�&$�% �� �%"(�.

� !$,��� &$� ��&#� ���&�%!$-�� !$(��)!&#���", $����� )�", ��&'�

�&,")��G� � �8�� - !$,���&$���&#�)��&�%!$-��% )�", �%&'�����%)�!%'�$%�

%���� &$� 8 &- � ��#�� ��D�� ��@�� ��?�� !$(���F�)��)���$%� ��&#� )��&�%!$-��

'�!�")�'�$%�� %!7�$�8 �$� % �� �#�%� 8!�� *&)�%� ��#�-%�(�� *�##�8&$,�% ��

�)�8�%%&$,� )!&$�%�)'� 4�$#�� *�)� �)�8�%%�(�%)�!%'�$%�;� �� *�##�8&$,�% ��

*&)�%� FE��!������ !$�% �)� FE��!������ !$(�!*%�)�% �� ��-�$(�)!&$�%�)'.� � ��

- !$,��� % )�", � %&'�� *�)�()��%)�!%'�$%��&$(&-!%��% !%� FE��&-�-#���!�����

&$-)�!��(���&#�)��&�%!$-��� 8 �)�!��% ���% �)�% )���"��)�� (�-)�!��(���&#�

)��&�%!$-�.� � ��!��#&-!%&�$��*� % �� ��-�$(�FE��&-�-#���  &7�)�� !$(� �)���

�!�����&$-)�!��(���&#�)��&�%!$-��� !#% �", ���&#�)��&�%!$-�� �$�'�%�)-�-#��

�#�%��(�-)�!��(.� � �� '��%�()!'!%&-�- !$,���--"))�(� !�� !�)��"#%��*
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 !$,��� &$� ��&#� )��&�%!$-�� �$�()��%)!&#� �#�%�.
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����� ��������%�� �� ���$��� ���� �>���� 

�.� � !$,���&$� ��&#� )��&�%!$-���$� �)�8�%%�(�%)!&#� �#�%�.�

�&,")��G.� � !$,���&$� ��&#� )��&�%!$-�� % )�", �%&'�.



��

)!&$*!##.� ��&#� )��&�%!$-�� (�-)�!��(�$�%&-�!�#�� *�)�()��!$(��)�8�%%�(�

�#�%�� *�##�8&$,��!- �)!&$�%�)'� 4��D�� ��F� !$(���F� *�)��)�8�%%�(� !$(�()��

�#�%��� )����-%&2�#�;.� �2�)!##�� % ���� )��"#%�� �)�2&(�� *�8�-#"��� !��"%�

8 ��(&**�)�$%�"��)�� �)�("-�(� �%!%&�%&-!##�� �&,$&*&-!$%� !$(�(&**�)�$%�

��(&'�$%��&�#(�.

�&,")��=� � �8�� - !$,���&$�%)!&#� )�", $����% )�", �%&'�����%)�!%'�$%�

%����&$�8 &- ���#�� ��D�� ��@�� ��?�� !$(� ��F� )��)���$%� %)!&#� )�", $����

'�!�")�'�$%��%!7�$�8 �$�% ���#�%�8!�� *&)�%� ��#�-%�(�� *�##�8&$,�% �� *&)�%�

)!&$�%�)'� 4�$#��*�)� �)�8�%%�(� %)!&#� �#�%�;�� *�##�8&$,� % �� *&)�%� FE�

�!������ !$�% �)� FE� �!������ !$(� !*%�)� % �� ��-�$(�)!&$�%�)'.� �)!&#�

)�", $���� �$�()��%)!&#� �#�%�� � �8�(� #&%%#�� $�%� - !$,�� !$(� &$� ��'��

)����-%�� �)�("-�(� -�$%)!(&-%�)�� )��"#%�.� ��)� �9!'�#��� % ��*&)�%� FE�

 &7�)� �!����� (�-)�!��(� %)!&#� )�", $���� !$(� % �� ��-�$(� FE� �!�����

&$-)�!��(�)�", $���.� �&'&#!)#��� % �� *&)�%� FE��&-�-#�� !$(� �)����!�����

&$-)�!��(�!$(�% �� ��-�$(� FE� �!����� (�-)�!��(� %)!&#� )�", $���.� �)!&#�

)�", $���� - !$,��� �$� �)�8�%%�(� �#�%�� 8�)�� '�)�� �)�$�"$-�(.� �&*%��

�&-�-#�� !$(� �)����!�����(�-)�!��(� %)!&#� )�", $����� 8 �)�!�� FE� &7�)�

�!����� &$-)�!��(� %)!&#� )�", $���.� � ��!��#&-!%&�$��*� % �� ��-�$(�FE�

�&-�-#���  �)���� !$(� &7�)��!����� (�-)�!��(�%)!&#� )�", $����8&% �% ��'��%�

()!'!%&-�(�-)�!���� �--"))&$,��$� �)��� !$(� &7�)��#�%�.� �)!&#�)�", $����

&$-)�!��(�*�##�8&$,� % �� !��#&-!%&�$� �*� % �� *&$!#� )!&$�%�)'� �$�% ��

�&-�-#���  �)����  &7�)�� !$(� '�%�)-�-#���#�%��� 8&% � �)����#�%�� � �8&$,�

% ��,)�!%��%�$�%� - !$,�.� � �� %)!&#� )�", $���� )��"#%�� 4#&7�� % �� ��&#�

)��&�%!$-�� )��"#%�;� �)�2&(�� *�8� &$�&, %�� !��"%� 8 ��(&**�)�$%�"��)��

�)�("-�(��%!%&�%&-!##���&,$&*&-!$%� !$(�(&**�)�$%� ��(&'�$%��&�#(�.
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�$�"$(�)�%!$(&$,��*� % ��$!%")!#� �)�-������ !$(�-�$%)�#�� ���)!%&$,��$�

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

&��#!%�(� *)�'� % ���� �*� % ��� ��&-!#� �&%��- !)!-%�)&�%&-�� 4:�!2�)� !$(�

�!#��� B>G?<� ��#,!% �� B>GF<� �)!%%�$��%� !#.�� B>G><� C"&$$��%� !#.�� B>=E<�

�"''�)�� B>=E� !$(� B>=A<� �"��$2&##��!$(��6�"##&2!$�� B>=G<� �"���� B>=G;.

� &�� �%"(�� (�'�$�%)!%��� % �� -�'�#�9&%�� �*� %���,)!� &-�� ��&#�� !$(�

,��'�)� &-� 2!)&!�#��� !$(� % �� (&**&-"#%���*�+"!$%&*�&$,�% �����**�-%��

!$(�)�#!%&�$� &��.� � ��)��"#%��(�� -�$*&)'�!$(N�)� -#!)&*����'�� �*� % ��

&'��)%!$%� )�#!%&�$� &��� ��%8��$� %)!&#� "��)�� !$(� 8!%�)� )"$�**� !$(�

��(&'�$%��&�#(�&(�$%&*&�(�&$��% �)� �%"(&���� !$(�% �� *�##�8&$,�(&�-"��&�$�

*�-"���� �$�% ���)�!(�)� �&,$&*&-!$-���*� % ����)��"#%�.

�&2!)&!%�� !$(� '"#%&�#�� )�,)���&�$� )�2�!#� $�� �&,$&*&-!$%

)�#!%&�$� &��� ��%8��$�8!%�)�)"$�**� !$(� % �� 2!)&!�#��� �*� �#����� ��&#�

%�9%")��� !$%�-�(�$%� ��&#�'�&�%")��� %)!&#� )�", $����� !$(���&#� )��&�%!$-�.�

� �)�� !)��%8������&�#�� �9�#!$!%&�$�O� 4�;� % �� �%"(�� (&(�$�%� '�!�")��% ��

2!)&!�#���&$�8!���% !%� % ��$!%")!#�2!)&!�&#&%���*� % �� �!'�#���#�%�� -�"#(�

��� �9�)����(�� !$(N�)� 4D;� % �� �%"(�� (&(� $�%� '�!�")�� !##� % ��)�#�2!$%

2!)&!�#��.
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� �� *&)�%� �9�#!$!%&�$�'!�� !��#��%�� % �� !$%�-�(�$%� ��&#�'�&�%")���

%)!&#� )�", $����� !$(� ��&#� )��&�%!$-��'�!�")�'�$%�.� �)!&#� )�", $����� *�)�

�9!'�#��� '!�� $�%�  !2�� ���$� �!'�#�(�*)�+"�$%#���$�", � 4�!- �%&'�;� %��

!--")!%�#��+"!$%&*��% ��)�", $�����*�% ���#�%��")*!-��.� �)!&#�)�", $����

�$-�")!,��� ��$(&$,� !$(� % �)�*�)�� '!�� &$-)�!��� )��&(�$-�� %&'�� !$(�

&$*&#%)!%&�$�� !$(� % �)���� )�("-�� )"$�**.� � �� (�$�&%�� 4$"'��);� �*�

'�!�")�'�$%�� 4�!- � %&'�;� '!��  !2�� ���$�%���*�8�%��-!�%")��% &�� �**�-%.�

�&'&#!)��)��#�'��'!�� !2�� !**�-%�(� % �� !$%�-�(�$%� ��&#� '�&�%")�� !$(�

��&#�)��&�%!$-�� '�!�")�'�$%�.� ��$-��� % ����2!)&!�#��� '!��$�%� !2�� ���$�

'�!�")�(�!%� �$�", ��&%���%����%&'!%��% �&)� ��!%&!#�2!)&!�&#&%��!$(�% �&)�

&'�!-%��$�&$*&#%)!%&�$�)!%��� !$(�% �)�*�)�� )"$�**�2�#"'��.

�8�� ��%�$%&!##�� &'��)%!$%� 2!)&!�#��� 4�#!���(� %&'�� �*� 8!%�)�

!��#&-!%&�$�� !$(�% �� �8�##&$,��)���)%&��� �*� -#!��� *�"$(�!%� % ����8�:�)#(�

1"#- ��&%�;� 8�)��$�%� '�!�")�(.� �#% �", �?B.GF�''��*�8!%�)�8!�� !��#&�(�
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��$%!$!.

� �� *�")�'!3�)� *&$(&$,���*� % ���%"(��!)�O� 4�;� % ��$!%")!#� �)�-������

�--"))&$,� �$� % �� %8�� �9&�%&$,� %)!&#�� &$�% &�� �%"(��(�'�$�%)!%��% ��

-�'�#�9&%���*� %���,)!� &-�� ��&#��  "'!$�� !$(� ,��'�)� &-�2!)&!�#��O� 4D;�

��(&'�$%��&�#(�*)�'��9&�%&$,�%)!&#�� &��(�%!- '�$%� )!% �)� % !$�%)!$���)%��

#&'&%�(<� 4@;a �)���� �)�("-���&,$&*&-!$%#��#!),�)� +"!$%&%&��� �*� ��(&'�$%�

-�'�!)�(� %��  &7�)��� �**�)�!(� �&-�-#���� !$(�'�%�)-�-#��<� !$(� 4?;� % ��

#!),��%�!$(�'��%� *)�+"�$%�- !$,���%�$(�%���--")��$��)�8�%%�(�%)!&#�.

�"%")�� )���!)- �$��(��%���9!'&$�� &, �)�&$%�$�&%&��� �*� "��� 4FEE�%��

BEEE� �!����;� !$(� &$-)�!��(�� )!&$*!##� &$%�$�&%&��� !$(���&#� �!%")!%&�$�

-�$(&%&�$�� 4#�$,�)� )!&$�%�)'�;.� �&, �)� #�2�#�� �*� "��� !$(� )!&$*!##�8�"#(�

&$-)�!��� % �� ����&�&#&%�� �*� % )�� �#(� 2!#"��� ��&$,� !%%!&$�(.� � ��

(�2�#��'�$%� �*� '�(�#�� 8 &- � �&'"#!%�� % �� !%%!&$'�$%� �*� �)��&�$�

% )�� �#(�� �$� �9&�%&$,�%)!&#�� -�"#(� �#�� #!$(�'!$!,�)�� %��!������% ��

-!))�&$,�-!�!-&%&��� �*� % �&)�%)!&#� ���%�'�.� ��8�2�)�� &%�&�� �%&##�$�%�

-#�!)� �8� % ��)��"#%�� *)�'��'!##� �!'�#���#�%��#&7��% ����&$�% &�� �%"(��

-!$���� �9%)!��#!%�(�%���% �)�#�-!%&�$�� !$(N�)�%�� #!),�)� !)�!�.� �#�!)#���

% �)��&�� !�$��(� *�)� % &�� %�����*� !$!#��&���)&�)� %���#!$��% !%�)�("-��

"��)� -�$*#&-%�� !$(� �$2&)�$'�$%!#� &'�!-%�� &$� $!%&�$!#� *�)��%��� �%!%��

�!)7��� !$(� '"$&-&�!#� )�-)�!%&�$� -�$%�)�.� � �� (�2�#��'�$%� !$(�

&'�#�'�$%!%&�$��*� ,��,)!� &-�&$*�)'!%&�$����%�'��� '�(�#��� !$(�(!%!�!����

'!�� �#�� "��%�� �)&(,��% &�� ,!��!$(� % �)�*�)�� �#�� &$��)���)2&$,�% ��
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�!%���� 1.�.�� B>@F.� � ��2�,�%!%&�$��*� *��%�!% ��� �&(�8!#7��� -!)%%)!-7��
!$(�,!%�8!��.� ��")$!#� �*� �-�#�,��� D@O� ?GE�?=G.

�!2�)�� 	.�.�� B>@@.� ��'����&#� *!-%�)�� !**�-%&$,� �)��&�$.� �,)&-"#%")!#�
�$,&$��)&$,�� B?4D;O� FB�FD.

�!�*&�#(�� �.1.�� B>G@.� ���� !$(�(�%�)&�)!%&�$��*� ��'�� �-�%%&� � &##��!% �.�
��")$!#��*� ���#&�(��-�#�,��� BEO� A@F�A??.

�)!%%�$�� �.�.�� �.1.� �&-7#�)�� !$(��.�.� 1)!2���� B>G>.� �)!&#� �)��&�$�
�!%%�)$��&$�% ��1)�!%� �'�7����"$%!&$���!%&�$!#� �!)7.� �$2&)�$'�$%!#�
�!$!,�'�$%�� @O� ?@B�??F.

�)�!$�� �.�.�� B>GG.� � ��&$*#"�$-���*� ��&#� �)���)%&��� �$� (�,)!(!%&�$� �*�
'�"$%!&$� &7&$,�%)!&#�� !%�1)�2�#�3�$.� 1��,)!*&�7!��$$!#�)�� F>�� 4B��
D;O� ?>�AF.

�")(��� �.�.� !$(��.�.� ��$*)��� B>=A.� ����&'�!-%�� �$�% �����!#!- &!$��)!&#.�
�$O� 	"-!��� �.�.�� 4�(;.� �)�-��(&$,�� �*� % �� �!%&�$!#� :&#(�)$���
����!)- ���$*�)�$-�O� ���"���� �%!%�� �*� �$�8#�(,��� �"%")���&)�-%&�$�.�
�,(�$� O� �.�.� ���!)%'�$%� �*� �,)&-"#%")��� ��)��%� ��)2&-��
�$%�)'�"$%!&$�����!)- � �%!%&�$�� ����!)- ���%�� ����DBD�� ��.� B@=�B?@.

�")(�$�� �.�.� !$(��.�.� �!$(�)��$�� B>GD.� C"!$%&%!%&2�� �%"(&��� �$�% ��
�**�-%�� �*�  "'!$� %)!'�#&$,� �$� 2�,�%!%&�$� !�� !$� !&(� %�� % ��
'!$!,�'�$%� �*� ��'&��$!%")!#� !)�!�.� ��")$!#� �*� ���#&�(��-�#�,��� >O�
?@>�?FG.� N

� !���##�� �.1.�� �&$�8�)% �� �.�.�� �!'�)�$�� �.�.�.� !$(��.� ��(*�)$�� B>GB.�
� �� �**�-%� �*� %)!'�#&$,��$� !� - !#7� ,)!��#!$(� �-����%�'.� ��")$!#�
�*� ���#&�(��-�#�,��� =O� =A>�==D.

��#��� �.�.�� B>G=.� ��%&'!%&$,�% �� �"�-��%&�&#%&���*� 8&#(#!$(�2�,�%!%&�$�
%��%)!&#�&(�� !#%�)!%&�$.� ��")$!#� �*� ���#&�(��-�#�,��� BFO� D=B�D=A.

��#��� �.�.�� B>=G.� �)�-��(&$,�� �*� % �� �!%&�$!#� :&#(�)$���� ����!)- �
��$*�)�$-�O� ���"���� �%!%�� �*� �$�8#�(,��� �"%")���&)�-%&�$�.� �,(�$��
�%O� �.�.� ���!)%'�$%��*��,)&-"#%")��� ��)��%� ��)2&-��� �$%�)'�"$%!&$�
����!)- ��%!%&�$�� ����!)- ���%�� ����DDE�� ��.� B@G�BGG.

��#��� �.�.�� B>=>.� ��-)�!%&�$��-�#�,�O� : !%�8��7$�8�� 8 !%� ,��,)!� �)�
-!$�-�$%)&�"%�.� � ���)�*���&�$!#�1��,)!� �)�� ?B4D;O� B?@�B?=.

��#�'!$�� �.�� B>=B.� ���%�!% � �)��&�$� &$�% �� �$,#&� �	!7���&�%)&-%.
���#&�(�1��,)!� ��� �O� BDB�B@B.

�!#��� �.� !$(��.� :�!2�)�� B>G?.� �)!'�#&$,� �**�-%�� �$� 2�,�%!%&�$��*� % ��
%)!&#� -�))&(�)�� �*� ��)% � ��-7�� ��"$%!&$� *�)��%�.� ��")$!#��*�
���#&�(��-�#�,��� BBO� GAG�GGD.
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�!2&��� �.�.� !$(��.�.� � �2&-�� B>=?.� ��&#� �")2����*� % �� 1!##!%&$� ��)��%�
!)�!�� ��$%!$!.� ��0�'!$O� �.�.� ���!)%'�$%��*� �,)&-"#%")��� ��)��%
��)2&-��� ��&#� ��$��)2!%&�$� ��)2&-��� @@G��.

�!8��$�� �.�.�� �.�.� �&$0�� !$(��.�.� 1�)(�$�� B>G?.� �&7&$,� %)!&#�&'�!-%� �$�
��8!� �%)�!'� 2!##��� *�)��%� �)���)2��.� ��8!� �%!%�� ��")$!#� �*�
����!)- �� ?=O� @D>�@@G.

��%0�$7��� �.�.�� �.�.� �!�!'&- ���� !$(��.�� ��'&$��� B>AG.� �**�-%�� �*
)�-)�!%&�$!#�"��� �$���&#�!$(�'�&�%")��-�$(&%&�$�� &$���-7����"$%!&$�
�!%&�$!#� �!)7.� ��")$!#��*� ��&#�!$(�:!%�)���$��)2!%&�$.� DDO� B>A��
B>G.

��",#!��� �.�� B>=>.� ��)��$!#� -�''"$&-!%&�$.� �&)�-%�)�� �$%�)$!%&�$!#
��"$%!&$��&7������-&!%&�$�� �&� ���� ��.

�!)'�)�� �.��� !$(��.�.� /!$��!2�)�$�� B>GB.� ��&#� �)��&�$� ����2�)#!$(�*#�8�
!$(� )!&$()��� ��#!� � �$� % )��� '�"$%!&$� ��&#�.� �,(�$O� �.�.
���!)%'�$%��*� �,)&-"#%")��� ��)��%� ��)2&-��� �$%�)'�"$%!&$�����!)- �
�%!%&�$�����!)- ��!��)� �$%������ B@�.

�&� �� �.�.�� 1.	.� �)�% �)��� !$(��.�.� 	�8&��� B>=B.� �)��&�$� &'�!-%�� �*�
%)!&#�� &$� 1"!(!#"��� ��"$%!&$� �!%&�$!#� �!)7�� ��9!�.� 	!$(�-!���
�#!$$&$,�� =O� @=G�@>=.

�)�"$(�� �.�.� !$(��.�.� 	&%%�##�� B>=A.� ���� ���%�'�*�)� ��,)���&�$���B>=A�
�(&%&�$.� �!)��� � �O� ���� �$�%&%"%��� �$-.�� BA?�.

�)�"$(�� �.�.�� �.�.� 	&%%�##� !$(��.�.� ���-%�)�� B>=A.� ���� ���%�'�*�)�
	&$�!)���(�#�� ��B>=A��(&%&�$.� �!)��� � �O� ���� �$�%&%"%��� �$-.�� DBE�.

1�(&$�� /.�.� !$(��.�.� 	��$!)(�� B>G>.� �!$!,�'�$%��)��#�'��&$� (��&,$!%�(�
8&#(�)$���� !)�!�.� ��")$!#� �*� ��&#� !$(�:!%�)���$��)2!%&�$�� @?O� B?B��
B?@.

1"$$�� �.� !$(�1.�.� �&$0�)�� B>?>.� ��)'&$!#� 2�#�-&%�� �*�8!%�)� ()��#�%��
&$��%!,$!$%� !&).� ��")$!#� �*� ��%��)�#�,��� AO� D?@�D?=.

��#,!% �� �.�.�� B>GF.� �)!&#� (�%�)&�)!%&�$� &$� % �� ��#8!����&%%�))��%�
:&#(�)$���.� �,(�$O� �.�.� ���!)%'�$%��*� �,)&-"#%")��� ��)��%� ��)2&-���
�$%�)'�"$%!&$���)��%� !$(� �!$,���9��)&'�$%� �%!%&�$� ����!)- ��!��)�
����B>@�� BF�.

�"��$2&##��� �.� !$(��.� �6�"##&2!$�� B>=G.� ��#!%&�$� &���*�2�,�%!%&�$�%����
!$(� �#����,)!(&�$%� %��%)!&#� �)��&�$�&$�&$%�)&�)� �#!�7!.� ��")$!#� �*�
��&#� !$(�:!%�)���$��)2!%&�$�� F>O� ?FE�?FD.

��%- #�(,��� �.�.� !$(��.�.� 	��$!)(�� B>GE.� � ��&'�!-%� �*� '!$� �$� % ��
�(&)�$(!-7� &, � -�"$%)�.� � ����$��)2!%&�$&�%�� DF4D;O� B?�B=.
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�#�-7�� A.E.� !$(��.�.� �-��##��� B>G=.� ��&#� *!-%�)�� &$*#"�$-&$,� % �
+"!#&%�� �*� 8&#(�)$���� )�-)�!%&�$�&'�!-%.� �$O� �%%$�)�� �.<� ��%%�)��
�.<� �,���� � .� !$(� �.� �$�- �##�� 4�(�;.� �)�-��(&$,��H � ��-)�!%&�$
&'�!-%��$�8&#(#!$(�-�$*�)�$-�<� ��!%%#��� :�.� ��)%#!$(�� ��O� �.�.
���!)%'�$%� �*� �,)&-"#%")��� ��)��%� ��)2&-��� �!-&*&-� ��)% 8��%�
��,&�$�� �.�.� ���!)%'�$%��*� �$%�)&�)�� �!%&�$!#� �!)7� ��)2&-��� ��.�
AA�GE.

�"!��� �.�.�B>=@.� �&7&$,����%�&'�!-%�� �$�8��(#!$(�%)!&#�.� ��")$!#��*� ��&#�
!$(�:!%�)���$��)2!%&�$�� @=O� BB>�BDB.

�"���� �.�.� !$(��.�.� ��),!$�� B>=E.� ��%&'!%&$,� % �� � ��&-!#� -!))�&$,�
-!�!-&%���*� )�-)�!%&�$�!)�!�O� ��)!%&�$!#��*�)� !��#&-!%&�$� �*� % ��
�$&2�)�!#� ��&#� 	���� �+"!%&�$.� ��")$!#� �*� ��&#� !$(� :!%�)�
��$��)2!%&�$�� @FO� =G�=>.

�"���� �.�.� !$(��.�.� ��),!$�� B>=?.� ��&$,� % �� ��	�� %�� ��%&'!%�� % �
� ��&-!#� -!))�&$,�-!�!-&%���*�$!%")!#�!)�!�� *�)� �"%(��)�)�-)�!%&�$�
�#!$$&$,.� ��")$!#��*� ��&#� !$(�:!%�)���$��)2!%&�$�� @>O� @=@�@=G.

�"���� �.�.�� B>=G.� � �� �**�-%��*� %8�� &7&$,�&$%�$�&%&��� �$�8&#(#!$(�%)!&#�
8�!).� �$O� 	"-!��� �.�.�� 4�(.;.� �)�-��(&$,�� �*� % �� �!%&�$!#
:&#(�)$���� ����!)- ���$*�)�$-�O� ���"���� �%!%���*� �$�8#�(,��� �"%")��
�&)�-%&�$�.� �,(�$O� �.�.� ���!)%'�$%��*��,)&-"#%")��� ��)��%� ��)2&-���
�$%�)'�"$%!&$�����!)- � �%!%&�$�����!)- ���%�� ����DBD�� ��.� BF=�BAF.

	!8�� �.�.�� B>?B.� ��!�")�'�$%���*� % ��*!##� 2�#�-&%�� �*� 8!%�)()���� !$(�
)!&$()���.� �)!$�!-%&�$�� �*��'�)&-!$�1��� ��&-!#��$&�$�� D?O� ?FD�?AE.

	!8�� �.�.� !$(��.�.� �!)��$��� B>?@.� � �� )�#!%&�$� �*� )!&$()��� �&0�� %��
&$%�$�&%�.� �)!$�!-%&�$�� �*��'�)&-!$�1��� ��&-!#��$&�$�� D?O� ?FD�?AE.

	��$!)(�� �.� !$(��.�.� �#"'#���� B>G=.� � ��"����*� ��&#�� &$*�)'!%&�$� *�)
(&���)��(�)�-)�!%&�$!#��#!$$&$,.� �$O� �%%$�)�� �.<� ��%%�)�� �.<� �,����
�.� !$(� �.� �$�- �##�� 4�(�;.� �)�-��(&$,��H ���-)�!%&�$� &'�!-%� �$�
8&#(#!$(� -�$*�)�$-�<� ��!%%#��� :�.� ��)%#!$(�� ��O� �.�.� ���!)%'�$%�
�*� �,)&-"#%")��� ��)��%� ��)2&-��� �!-&*&-� ��)% 8��%���,&�$�� �.�.�
���!)%'�$%��*� �$%�)&�)�� �!%&�$!#� �!)7� ��)2&-��� ���FE�A@.

	&((#��� �.�.�� B>GF.� ����#�-%&2�� )�2&�8��*� % �� �-�#�,&-!#� �**�-%���*
 "'!$�%)!'�#&$,��$�$!%")!#� �-����%�'�.� �&�#�,&-!#� ��$��)2!%&�$�� GO�
BG�@A.

	&((#��� �.�.� !$(��.� 1)�&,��'&% �� B>GF.� ���")2����*� %)!-7�� !$(��!% ��&$�!�
�!$(�("$���-����%�'.� ��")$!#� �*� ���#&�(��-�#�,��� BDO� =>@�>@E.

	&((#��� �.�.� !$(��.1.� ���)��� B>G@.� � �� '&-)�-#&'!%���*� �!$(�("$��%)!-7�O�
� �� )�#!%&2�� -�$%)&�"%&�$� �*� 2�,�%!%&�$� )�'�2!#� !$(� ��&#
-�'�)���&�$.� ��")$!#��*����#&�(��-�#�,��� =O� BEFG�BEA=.
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	"##�� �.�.�� B>F>.� ��&#�-�'�!-%&�$��$�*�)��%�!$(�)!$,��#!$(�.� :!� &$,%�$�
�.�.�� �.�.� ���!)%'�$%��*� �,)&-"#%")��� ��)��%� ��)2&-��� �&�-�##!$��"��
�"�#&-!%&�$�GA=�� @@�.

�-C"!&(����7�� �.�� B>G=.� �**�-%�� �*� &7�)�� !$(� �)���� �$�'�"$%!&$�%)!&#�.�
��")$!#��*� �$2&)�$'�$%!#��!$!,�'�$%�� AO� DE>�DBD.

���"8&,�� �.�.�� B>GB!.� ��&#� �%!�&#&%���$� &, ��#�2!%&�$�)!$,�#!$(�&$� % ��
&$%�)'�"$%!&$� !)�!.� �,(�$O� �.�.� ���!)%'�$%��*��,)&-"#%")��� ��)��%�
��)2&-��� �$%�)'�"$%!&$���)��%� !$(��!$,���9��)&'�$%� �%!%&�$�����!)- �
��%�� ����>?�� ���.

���"8&,�� �.�.�� B>GB�.� �$*&#%)!%&�$� !$(�8!%�)� )���#�$-��&$� ,)!$&%&-
��&#�.� �,(�$O� �.�.� ���!)%'�$%� �*��,)&-"#%")��� ��)��%� ��)2&-��
�$%�)'�"$%!&$���)��%� !$(� �!$,�� �9��)&'�$%� �%!%&�$�����!)- ��!��)�
�����##�� BF�.

�!%&�$!#��!)7���)2&-��� B>GF.� �$2&)�$'�$%!#� ������'�$%�� �&$�� ��)&$,��
(�2�#��'�$%�-�$-��%��#!$�� 1"!(!#"�����"$%!&$���!%&�$!#� �!)7�� ��9!�.�
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