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NPO?QIRMO?S T<U�V?OXW�YZQ4S [\V?] W�[^R<W6RMS _`[\ab_�TMQcYdRZTZe!S [0fg_`] fgQcYhRMO?Q4OXW6TMfgQcYdRMS [?i#_�ajRMO?QkRMS l4mCQnTGW�[XU�RMO?QYZS RMQ�VoTMQcVXW6T<W6RMS _`[pab_�T#RMO?Q�[?Qnq0R�TM_�R<W6RMS _`[srut;voTMS [?iwRMO?S Y#V?OXW�YZQ�] W�[XUoS [?i`YcxA] W�[XUoS [?i)W�ycycQcYZYTM_gW`UoYhW�[XU'YZz0S U#RZT<W�y<z0YhW6TMQkyc_`[?YdRZTMv?ynRMQ{UEx?RMO?Q;ab_�TMQcYdR;S Y�abQc] ] Q{U!W�[XU'l�QnTMy<OXW�[^R<W�m?] Q;RMS l4mCQnT�S YQnq0RZT<W�ynRMQ{UExg_�a RMQc[�|�S RMO�RMO?Q%O?Qc] V�_�asO?Q{W{f^e4l}W�y<O?S [?QnTZe^r~NPO?S Y9S Yjv?YZvXW�] ] e4ab_`] ] _{|PQ{U�m^e4m?voTM[?S [?i_�aEYZ] W�YZOsx^v?[XUoQnTMi�TM_{|%RMO�fgQci`QnR<W6RMS _`[}W�[XU4] S RZRMQnT9RM_GVoTMQcVXW6TMQPRMO?Q%YZS RMQ%ab_�TjTMQcV?] W�[^RMS [?ior.�A] ]oRMO?QcYZQVoT<W�ynRMS ycQcY%y<OXW�[?i`QhRMO?Qh|%W6RMQnTAW�[XU}[0voRZTMS Qc[^R%yneoyc] QcYcxXW�[XU}S ['V?] W�ycQcY�] Q{W{fgQhRMO?QhYZ_`S ]sf0v?] [?QnT<W�m?] QRM_4V?O^eoYZS y{W�]KW�[XU'y<O?Qcl�S y{W�]sUoQnRMQnTMS _�T<W6RMS _`[�m^e#yc_`l�VXW�ynRMS _`[sx?QnTM_`YZS _`[�W�[XU'Qc[?OXW�[?ycQ{U#] Q{W�y<O?S [?i_�a~[0voRZTMS Qc[^RMYG���9TMv?S �d[?�cQcQc]�xK�{�`�`�0�E�A[XUoQnTMYZ_`[�W�[XU��0VCQc[?ycQnT{xE�{�`�0�6�<r�h_�S [oab_�TMl}W6RMS _`['|%W�YAW{f`W�S ] W�m?] QkS [#RMO?S Y%TMQcYZVCQcynR�ab_�T�RMO?QGV?] W�[^R<W6RMS _`[#ab_�TMQcYdRMYAS [���S �dS�xCW�[XU_`[?] e�fgQnTZe�] S RZRM] Q�ab_�T}V?S [?Q�fgQci`QnR<W6RMS _`[p_`[�i�T<W�YZYZ] W�[XUoY#Qc] YZQn|�O?QnTMQ�S [�RMO?Q'RZTM_`V?S ycY!���hvXUoYZ_`[
�<�;�`� � xj�{�`�`�`W0x mC�<r��hQc[?ycQ4RMO?Q}�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^RGQnqoVCQnTMS l�Qc[^R;|%W�YIyc_`[XUov?ynRMQ{U!|�S RMOwRMO?Qab_`] ] _{|�S [?i}_`m0�dQcynRMS fgQcYc�
� RM_'�^vXW�[^RMS a e�y<OXW�[?i`QcY;S [!RMO?Qk|%W6RMQnTkyneoyc] Q�W�YGW�TMQcYZv?] RG_�ajab_�TMQcYdRGabQc] ] S [?i�W�[XU�m?voTM[?S [?i_�a.YZ] W�YZO
� RM_;�^vXW�[^RMS a e;RMO?QjS l�VXW�ynRMY�_�a?RMS l4mCQnT�OXW6TMfgQcYdRMS [?ihW�[XUkYZv?m?YZQ{�^v?Qc[^R�m?voTM[?S [?iA_�a?RMO?QjYZ] W�YZO_`['RMO?Q;[0voRZTMS Qc[^R�yc_`[^RMQc[^R�_�a�RMO?Q;fgQci`QnR<W6RMS _`['�}] S RZRMQnTA] Wce^QnTAyc_`l�V?] Qnq
� RM_GYdRMvXU0eIRMO?Q%S l�VXW�ynR9l�Qcy<OXW�[?S �cQ{UIRMS l4mCQnT.OXW6TMfgQcYdRMS [?iG_`[�YZ_`S ]XV?O^eoYZS y{W�]XW�[XU4y<O?Qcl�S y{W�]VoTM_`VCQnTZRMS QcY
� RM_�VoTM_6f0S UoQ\S [oab_�TMl}W6RMS _`[�_`[ y<OXW�[?i`QcY'S [ YZ_`S ]IW�[XU¡YdRZTMQ{W�l¢|%W6RMQnT!�^vXW�] S R£e^x;W�[XUpRM_�^vXW�[^RMS a eG] _`YZYZQcY._�aX[0voRZTMS Qc[^RMYKS [IYdRZTMQ{W�l�¤X_{|�W�YZYZ_^ycS W6RMQ{UI|�S RMOIOXW6TMfgQcYdRMS [?ihW�[XUGm?voTM[?S [?i

NPO?S YAS [oab_�TMl}W6RMS _`[�_�a9yc_`voTMYZQkS Yhf0S R<W�]sab_�TAab_�TMQcYdR;l}W�[XW�i`QnTMYhW�YhS RhQc[XW�m?] QcY�RMO?QkS UoQc[^RMS ¥Xy{W6RMS _`[_�a�ynTMS RMS y{W�]Kl}W�[XW�i`Qcl�Qc[^R%VoT<W�ynRMS ycQcYAW�[XU#W�YZYZ_^ycS W6RMQ{U�[0voRZTMS Qc[^R%] _`YZYZQcYcxEW�[XU}O?Qc] V?YPRM_�Qcf`W�] vXW6RMQRMO?Q;YZv?YdR<W�S [XW�m?S ] S R£e'_�a~RMO?Q;V?] W�[^R<W6RMS _`['ab_�TMQcYdRMY�a TM_`l¦RMO?Q;[0voRZTMS Qc[^R�VC_`S [^R�_�a.f0S Qn|Gr�^RMvXUoS QcY._`[4RMO?Q%S l�VXW�ynRMY._�aEOXW6TMfgQcYdRMS [?iGW�[XU4m?voTM[?S [?i;_�aC¥?TMYdR.TM_�R<W6RMS _`[�ab_�TMQcYdRjV?] W�[^RMQ{U4_`[¥?TMQn§¨yc] S l}W6qhRZTM_`V?S y{W�]^i�T<W�YZYZ] W�[XUI_`[GRMO?Q9W{f`W�S ] W�m?S ] S R£ek_�a?[0voRZTMS Qc[^RMYsab_�T.W%YZQcyc_`[XU;TM_�R<W6RMS _`[4W6TMQPW�Y
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e^QnR�[?_`[o§¨QnqoS YdRMQc[^R{rK�h_{|PQcfgQnT{x`W%[0v?l4mCQnTK_�a?YdRMvXUoS QcYKOXW{fgQ9mCQcQc[kV?v?m?] S YZO?Q{UkUoQcYZynTMS m?S [?iAy<OXW�[?i`QcYS [IYZ_`S ]oVoTM_`VCQnTZRMS QcY�ab_`] ] _{|�S [?ihRMO?Qjyc_`[0fgQnTMYZS _`[4_�aX[XW6RMvoT<W�]gT<W�S [oab_�TMQcYdR.RM_hV?] W�[^R<W6RMS _`[kab_�TMQcYdRA� �{� $^�
% _�TM[oab_�TZRMOsx;�{�'&��0��(sv?[XUoi�TMQc[sxA�{�'&��0� % O?S �dS _`zgQ`x;�{�`�`�0�;�;W�YZQ�W�[XU���)_`] YdRMQnT{xG�{�`�`�0�+*Av?YZYZQc] ]�x�{�`�`�0�;�9TMv?S �d[?�cQcQc]�x;�{�`�',6mC�<r �?voTZRMO?QnTMl�_�TMQ`xjyc_`l�VoTMQcO?Qc[?YZS fgQ}TMQcf0S Qn|�Y}_�ahRMO?Q�] S RMQnT<W6RMvoTMQ�_`[Q.-EQcynRMY%_�a~UoS YdRMvoTMmXW�[?ycQh_�a�RZTM_`V?S y{W�]CT<W�S [#ab_�TMQcYdRAQcyc_`YdeoYdRMQcl�Y%_`[#y{W6TMmC_`[sx?[0voRZTMS Qc[^R%W�[XU�|%W6RMQnTyneoyc] QcYIOXW{fgQ�mCQcQc[+V?v?m?] S YZO?Q{Uwm^e+�9TMv?S �d[?�cQcQc]h�d�{�`�`�g�IW�[XU+�A[XUoQnTMYZ_`[)W�[XU)�0VCQc[?ycQnT'�d�{�`�0�6�<r�A] RMO?_`v?i`O�RMO?QcYZQ4YdRMvXUoS QcYhVCQnTZR<W�S [�RM_}[XW6RMvoT<W�]�ab_�TMQcYdRMYcxs_�a9|�O?S y<O�RMO?QIm?S _`l}W�YZY;W�[XU�[0voRZTMS Qc[^Ryc_`[^RMQc[^RPW6TMQAl4v?y<O4O?S i`O?QnTjRMOXW�[4RMO?_`YZQA_�asV?S [?Q�V?] W�[^R<W6RMS _`[�ab_�TMQcYdRMYcxoYZ_`l�Q�yc] v?QcYPW6TMQAVoTM_6f0S UoQ{UW�YPRM_4|�OXW6R�y<OXW�[?i`QcY%S ['YZ_`S ]Ky<O?Qcl�S YdRZTZe^x0W�Y%|PQc] ]KW�Y%|%W6RMQnTAW�[XU#[0voRZTMS Qc[^R%yneoyc] QcY�W6TMQG] S zgQc] e}RM__^ycycvoThW�YAWITMQcYZv?] RA_�a~RMS l4mCQnTPTMQcl�_6f`W�]sW�[XU'm?voTM[?S [?i4_�a~YZ] W�YZO�_�a�RMO?Q;¥?TMYdR%TM_�R<W6RMS _`[sr�?_�TMQcYdR�yc] Q{W6T<W�[?ycQGW�[XU�YZv?m?YZQ{�^v?Qc[^RPm?voTM[?S [?ikv?YZvXW�] ] e�TMQcYZv?] RMY%S [#W�[#S [?ynTMQ{W�YZQ;S [#YZ_`S ]Em?v?] zUoQc[?YZS R£e^x?W�[XU'W�UoQcynTMQ{W�YZQkS [#RM_`V?YZ_`S ]KVC_�TM_`YZS R£e�W�[XU#S [o¥X] RZT<W6RMS _`[�y{W�VXW�ycS R£e^r9NPO?S Y�S Y�RMO?QhTMQcYZv?] R_�a.YZ_`S ]�UoS YdRMvoTMmXW�[?ycQkW�[XU'yc_`l�VXW�ynRMS _`[sxXQcS RMO?QnTAm^e#fgQcO?S yc] QcYI�0/jW�[�UoQnT!1+QcQnTZRhW�[XU2(sQc[?YZQc] S [?zCx�{�'&3,^�4(sv?[XUoi�TMQc[sx~�{�'&��0�65kW�l}W6TMv?�{W�l}W�[87`v?YZ_9-~x9�{�`�0�`�4:�W�] l�QnT{x9�{�`�`�0�6/jW�[\UoQnT�;.] W�YkW�[XU�9TMv?S �d[?�cQcQc]�x4�{�`�`�0��7`QnRZRMQc[sxI�{�`�9<^�}_�T�m^e�T<W�S [XU0TM_`V S l�VXW�ynR'W�[XUpS [?ynTMQ{W�YZQ{U ] _`YZYZQcY�_�aIYZ_`S ]_�TMigW�[?S y#l}W6RZRMQnT#��W�Y4W�yc_`[?YZQ{�^v?Qc[?ycQ}_�a�O?S i`O?QnT4YZ_`S ]jRMQcl�VCQnT<W6RMvoTMQcYIW�[XUwQnqoVC_`YZvoTMQ�RM_�YZ_`] W6TT<W`UoS W6RMS _`[C�G] Q{W`UoS [?i�RM_�YdRZTMv?ynRMvoT<W�]PUoQci�T<W`U?W6RMS _`[�W�[XUwQnTM_`YZS _`[¡���Ae^Q�W�[XU>=ATMQcQc[?] W�[XUExP�{�3?`�0�
(sv?[XUoi�TMQc[sx^�{�'&��0��(KW�]�xo�{�`�'&^�^�A[XUoQnTMYZ_`[IW�[XUk�0VCQc[?ycQnT{x0�{�`�0�6�<r.NPO?QjQnq0RMQc[^RsRM_%|�O?S y<OkV?O^eoYZS y{W�]YZ_`S ].VoTM_`VCQnTZRMS QcYkW6TMQ�W�] RMQnTMQ{U\UoQcVCQc[XUoYhl}W�S [?] e�_`[!RMO?QIR£eoVCQI_�ajQ{�^v?S V?l�Qc[^Rhv?YZQ{U�ab_�TGRMS l4mCQnTQnq0RZT<W�ynRMS _`[)W�[XU!RMO?Q�fg_`] v?l�Q4_�aPRMS l4mCQnTGRMOXW6RkS YkQnq0RZT<W�ynRMQ{UEr@:�W�[0vXW�]9Qnq0RZT<W�ynRMS _`[+i`Qc[?QnT<W�] ] e] Q{W`UoY�RM_�] _{|uUoS YdRMvoTMmXW�[?ycQ`x?|�O?QnTMQ{W�YhU?W�l}W�i`QkS [?ynTMQ{W�YZQcYhi�TMQ{W6RM] e'|�O?Qc[�O?Q{W{f^e#l}W�y<O?S [?QnTZe'S Yv?YZQ{Uw�A(KW�]�xK�{�`�'&^�B:�W�] l�QnT;W�[XU2=ATMS VsxK�{�`�`�0�E�9TMv?S �d[?�cQcQc]�x��{�`�',�Wg�<xEVXW6TZRMS ycv?] W6TM] e'S a~RMO?QGYZ_`S ]�S Y|PQnRI��t;S W�YAW�[XU#�h_�TZRMO?yc] S -~xs�{�`�'C�W0x ms�D5kW�l}W6TMv?�{W�l}W�[27`v?YZ_9-~xs�{�`�0�6�

*AQcl�_6f`W�]?_�asRMO?Q�ab_�TMQcYdR%yc_6fgQnTPi`Qc[?QnT<W�] ] e�TMQ{Uov?ycQcYjRMO?QAW�l�_`v?[^RMY9_�as|%W6RMQnT%] _`YdR%m^e4T<W�S [oa�W�] ]S [^RMQnTMycQcVoRMS _`[!W�[XU'RZT<W�[?YZV?S T<W6RMS _`[sxCRMO?QnTMQcm^e'S [?ynTMQ{W�YZS [?i�RMO?QIW�[?[0vXW�]s|%W6RMQnTheoS Qc] U+���j_`YZy<O!W�[XU�hQn|�] QnRZR{xj�{�`�',`�<x~l�_`YdRM] e�RMOoTM_`v?i`OwS [?ynTMQ{W�YZQ{U\mXW�YZQn¤X_{| ] QcfgQc] Y}���9TMv?S �d[?�cQcQc]�xj�{�`�`�0��:�W�] l�QnT{x�{�`�`�g�<r9�h_{|PQcfgQnT{xoS [#YZ_`l�Q;S [?YdR<W�[?ycQcY%YZO?S a RMY%S [}RMO?QhYdRZTMQ{W�l�¤X_{|¡TMQci`S l�Q;W6a RMQnTAUoQnab_�TMQcYdR<W6RMS _`[sx|PQnTMQ�YZv?y<O\RMOXW6RGTMQ{Uov?ynRMS _`[?YkS [\RMO?Q�U0TZe\YZQ{W�YZ_`[+¤X_{| |PQnTMQ�_`m?YZQnTMfgQ{U����9TMv?S �d[?�cQcQc]�xP�{�`�`��mC�<r
1¡O?QnRMO?QnT9YZv?y<O�W;YZO?S a Rj_^ycycvoTMY9YZQcQcl�Y~RM_GUoQcVCQc[XUIl}W�S [?] e4_`[4RMO?Q%S [^RMQc[?YZS R£eI_�aCRMO?Q%YZ_`S ]CUoS YdRMvoTZ§mXW�[?ycQ`r�E£[o¥X] RZT<W6RMS _`[�y{W�VXW�ycS RMS QcYh_�a.v?[XUoS YdRMvoTMmCQ{U�ab_�TMQcYdR;YZ_`S ] YhW6TMQkv?YZvXW�] ] e'O?S i`Osx?] S l�S RMS [?i4RMO?Q_^ycycvoTZTMQc[?ycQ;_�a~_6fgQnTM] W�[XU�¤X_{|�W�[XU'W�YZYZ_^ycS W6RMQ{U�QnTM_`YZS _`[sxXW�[XU'W�] ] _{|�S [?i4RMO?QhTMQcV?] Qc[?S YZO?l�Qc[^RP_�ai�TM_`v?[XU0|%W6RMQnT�TMQcYZQnTMfg_`S TMY9UovoTMS [?i�VCQnTMS _0UoY�|�S RMOIO?S i`OkT<W�S [oa�W�] ]�r4*AQcl�_6f`W�]g_�a?RMO?Q9ab_�TMQcYdR9W�[XU;RMO?QW�YZYZ_^ycS W6RMQ{U�yc_`[?YdRZTMv?ynRMS _`[�_�aCS l�VCQnTMf0S _`v?Y�TM_gW`UoY9W�[XUI] W�[XUoS [?i`Y.] Q{W`UoY~RM_;WATMQ{Uov?ynRMS _`[4S [�y{W6RMy<Oo§l�Qc[^RGS [o¥X] RZT<W6RMS _`[+y{W�VXW�ycS R£e^xs|�S RMOwRMO?Q�] W6TMi`QcYdRITMQ{Uov?ynRMS _`[?YG_`[\RZT<W�y<z0YcxKTM_gW`UoYIW�[XU\] W�[XUoS [?i`Y���9TMv?S �d[?�cQcQc]�xs�{�`�',�Wg�<rFE¨aKmXW�YZS ['S [o¥X] RZT<W6RMS _`['y{W�VXW�ycS R£e#S YPTMQ{Uov?ycQ{U}mCQne^_`[XU}WIycQnTZR<W�S [#RZTMQcYZO?_`] Uf`W�] v?Q`xg_6fgQnTM] W�[XUk¤X_{|�l}WceImCQcyc_`l�Qj|�S UoQcYZVoTMQ{W`UExgRMO?QnTMQcm^eIWG-EQcynRMS [?ihRMO?Q%YZOXW�VCQ%_�aXRMO?QPO^e?U0TM_�§i�T<W�V?O\� �{� $^� RMS l�Q�RM_4VCQ{W�zCx0l}W�i`[?S RMvXUoQA_�a�VCQ{W�z�UoS YZy<OXW6TMi`Q6�PW�[XU�RMO0v?YjS [?ynTMQ{W�YZS [?i4YdRM_�TMl�¤X_{|fg_`] v?l�Q�W�[XUw] S l�S RMS [?i�RMO?Q�VCQnTMyc_`] W6RMS _`[)_�a�|%W6RMQnTIRM_�i�TM_`v?[XU0|%W6RMQnTITMQcYZQnTMfg_`S TMYcrIH~TM_`YZS _`[�W�YW�TMQcYZv?] R�_�ah_6fgQnTM] W�[XU+¤X_{|¦l}Wce+y{W�v?YZQ#abvoTZRMO?QnT�UoQci�T<W`U?W6RMS _`[�_�aARMO?Q#YZ_`S ]�r�NPO?Q#yc_`l4m?S [?Q{UQ.-EQcynRG_�aPy<OXW�[?i`QcYGS [!RMO?QIO^e?U0TM_`i�T<W�V?OwW�[XU!O?S i`O\QnTM_`YZS _`[\T<W6RMQcYGl}Wce�] Q{W`U�RM_#¤X_^_0UoS [?i'W�[XUYZQ{UoS l�Qc[^R<W6RMS _`[�VoTM_`m?] Qcl�Y%S [!Uo_{|�[?YdRZTMQ{W�l	W6TMQ{W�YhUovoTMS [?i�VCQnTMS _0UoYA_�a.O?S i`O'T<W�S [oa�W�] ]�xC|�O?QnTMQ{W�YRMO?Q�TMQ{Uov?ynRMS _`[}S [#i�TM_`v?[XU0|%W6RMQnTPTMQcV?] Qc[?S YZO?l�Qc[^Rjl}Wce�] Q{W`U�RM_kTMQ{Uov?ycQ{U�¤X_{|�Y%UovoTMS [?iGRMO?QhU0TZeYZQ{W�YZ_`[����9TMv?S �d[?�cQcQc]�x~�{�`�`�g�<r
E¨R�ab_`] ] _{|�Y;RMOXW6RhS RhS Yh_�a.voRMl�_`YdRAS l�VC_�TZR<W�[?ycQGRM_�l�S [?S l�S �cQkUoS Yd§RMvoTMmXW�[?ycQ�RM_�RMO?Q}YZ_`S ]%UovoTMS [?i�OXW6TMfgQcYdRMS [?iox.VXW6TZRMS ycv?] W6TM] e)S [�W6TMQ{W�Y4|�S RMO)YdRMQcQcV+RM_`VC_`i�T<W�V?O^e^xO?S i`O'T<W�S [oa�W�] ]KS [^RMQc[?YZS RMS QcYhW�[XU'W4YZQ{W�YZ_`[XW�]sT<W�S [oa�W�] ]KTMQci`S l�Q��A;�Q{W6TMycQkW�[XU#�;W�l�S ] RM_`[sxs�{�`�3?g�<r
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Jh[XUoS YdRMvoTMmCQ{U'YZ_`S ]�yc_�TMQcYA|PQnTMQkyc_`] ] QcynRMQ{U�_`[�mC_�RMO�_^ycy{W�YZS _`[!ab_�T;UoQnRMQnTMl�S [XW6RMS _`[�_�a.YMW6RMvo§T<W6RMQ{U�O^e?U0T<W�v?] S yIyc_`[XUov?ynRMS f0S R£e^xCYZ_`S ].l�_`S YdRMvoTMQkTMQnRMQc[^RMS _`[\y<OXW6T<W�ynRMQnTMS YdRMS ycYkW�[XU�m?v?] z�UoQc[?YZS R£e� ���{� �0QcynRMS _`[�<or ,`�%W6Rk�`�;_�a�RMO?Q�,3CIYZQc] QcynRMQ{U'i�TMS U#VC_`S [^RMYG��YZQcQk�AV?VCQc[XUoS q@,3C`�<rP�oW�l�V?] QcYj|PQnTMQyc_`] ] QcynRMQ{U!W6RARMO?QkYZvoTZa�W�ycQ#�d�<� ?�ycl#�PmCQnab_�TMQ4OXW6TMfgQcYdRMS [?i}W�YA|PQc] ]~W�YhW6a RMQnT;m?voTM[?S [?iorh�oW�l�V?] QcY|PQnTMQIW�] YZ_}yc_`] ] QcynRMQ{U!W6R;W�UoQcVoRMO�mCQnR£|PQcQc[8,���W�[XU��`��ycl mCQnab_�TMQIOXW6TMfgQcYdRMS [?ioxCW�[XU�[?Q{W6T�RMO?QmCQ{U0TM_^y<z)���`�{� C3C'ycl#�AW6a RMQnTIm?voTM[?S [?ior�1¡O?Qc[wW}TM_gW`UExsRZT<W�y<z!_�Tk] W�[XUoS [?i'mCQcQc[\yc_`[?YdRZTMv?ynRMQ{U_`[)W'YMW�l�V?] Q�VC_`S [^RIUovoTMS [?i�OXW6TMfgQcYdRMS [?iox�YMW�l�V?] QcYG|PQnTMQ}yc_`] ] QcynRMQ{U)W6RkRMO?Q�YMW�l�V?] Q�VC_`S [^RIW�Y|PQc] ]�W�Y%a TM_`l W�[�W`U6�ZW�ycQc[^RAv?[XUoS YdRMvoTMmCQ{U#YZ_`S ]�rNK_I_`moR<W�S [#S [oab_�TMl}W6RMS _`[#_`[�RMO?QhS l�VXW�ynRj_�a�OXW6TMfgQcYdRMS [?ik_`[}RMO?QAy<O?Qcl�S y{W�]Xyc_`l�VC_`YZS RMS _`[#_�aYZ_`S ]�l�_`S YdRMvoTMQkW�[XU�_`[�f`W6TMS W6RMS _`[?YAS [!U0TZe'YZQ{W�YZ_`[!YZ_`S ]�l�_`S YdRMvoTMQGyc_`[^RMQc[^RMYcxCW�ab_�TMQcYdRMQ{U�W�[XU�WOXW6TMfgQcYdRMQ{U�V?] _�R;��mC_�RMO@,3C 	9C��Il#��|PQnTMQhQcYdR<W�m?] S YZO?Q{U}_`[�RMO?QAYMW�l�QAYZ] _`VCQh[?Q{W6TjRMO?QAy{W6RMy<O?l�Qc[^R_`voRM] QnR�W6RIRMO?Q#mCQci`S [?[?S [?i!_�a;�hynRM_`mCQnT{x��{�`�`����YZQcQ'��S i`voTMQ!�GC^r �g�<r+NPOoTMQcQ#VXW�S TMY�_�aAf`W�ycv?v?lRMv?mCQ�] eoYZS l�QnRMQnTMY;|PQnTMQ�S [?YdR<W�] ] Q{U+W�] _`[?i'RMO?Q�YZ] _`VCQ�S [+Q{W�y<OwV?] _�RkRM_'Qnq0RZT<W�ynRkl�_`S YdRMvoTMQ4a TM_`lRMO?QkRM_`V?YZ_`S ]A��W6R;§£�`�}ycl#�AW�[XU�a TM_`l RMO?Q4YZv?m?YZ_`S ]%��W6R;§ ?`�#ycl#�<rI�oW�l�V?] S [?i}VoTM_^ycQ{UovoTMQcYh|PQnTMQYZS l�S ] W6TIRM_�RMO?_`YZQ}v?YZQ{UwS [+RMO?Q�ab_�TMQcYdR�V?] _�RMY4W�Y4UoQcYZynTMS mCQ{U+S [��0QcynRMS _`[��{�0r ,^rw�0_`S ]jl�_`S YdRMvoTMQQnq0RZT<W�ynRMS _`[+|%W�Y4VC_`YZYZS m?] Q'v?[^RMS ]P�AVoTMS ]�x%�{�`�0�`xjW6a RMQnT4|�O?S y<O)YZ_`S ]%l�_`S YdRMvoTMQ}] QcfgQc] Y4VoTMQcfgQc[^RMQ{UabvoTZRMO?QnTIQnq0RZT<W�ynRMS _`[sr��h[?Q�W�ycycQcYZYkRMv?mCQ�ab_�TIRMO?Q�y{W�VXW�ycS R<W�[?ycQ#YZ_`S ]jl�_`S YdRMvoTMQ�VoTM_`mCQ�|%W�YIS [o§YdR<W�] ] Q{U+W6Rkl�S UoYZ] _`VCQ�VC_`YZS RMS _`[+S [wQ{W�y<OwV?] _�RIW�[XU!RMO?QIRMv?mCQcY;|PQnTMQ�YZ_`l�Q�<g�'l W�VXW6TZR{r}NPO?QW�ycycQcYZYhRMv?mCQGS [�RMO?QGab_�TMQcYdRMQ{U!V?] _�RA|%W�YhS [?YdR<W�] ] Q{U�_`[ :�W6TMy<O8,��0x~�{�`�0�`xKUo_{|�[�RM_}W}UoQcVoRMO�_�a�`�{�;ycl�x`|�O?QnTMQ{W�Y.RMOXW6RjS [4RMO?Q%] _`i`i`Q{U�V?] _�R.|%W�Y9S [?YdR<W�] ] Q{U�_`[ :�Wce ,^x?�{�`�0�`x?Uo_{|�[4RM_GWGUoQcVoRMO_�a�CG<�ycl�r4;~TM_�¥X] QcYA_�a��k|PQnTMQkl�Q{W�YZvoTMQ{U�R£|�S ycQIWI|PQcQczCr
% OXW�[?i`QcYGS [!RMO?QIl}W�YZYGW�[XU�[0voRZTMS Qc[^R;yc_`[^RMQc[^R;_�a9RMO?Q4] S RZRMQnTG] Wce^QnT;ab_`] ] _{|�S [?i�OXW6TMfgQcYdRMS [?iW�[XUwm?voTM[?S [?i'|PQnTMQ�Qnq?W�l�S [?Q{Uwm^e\yc_`l�VXW6TMS YZ_`[)_�a�YMW�l�V?] QcYkyc_`] ] QcynRMQ{U+mCQnab_�TMQ#] _`i`i`S [?i���t;Qn§ycQcl4mCQnT4�{�{�X�G&^xP�{�`�`�g�<x�YZO?_�TZRM] ewW6a RMQnTkyc_`l�V?] QnRMS _`[w_�aP] _`i`i`S [?i+���Av?i`v?YdR�,^x9�{�`�0�6�GW�[XU\W6a RMQnTm?voTM[?S [?iI_�aKRMO?QhYZ] W�YZOw���Av?i`v?YdR!,��0xs�{�`�0�6�%W6R;� ?I_�aKRMO?Q�,3CkYMW�l�V?] S [?i4VC_`S [^RMYP_�a~��S i`voTMQ4�GC^r �0r�oW�l�V?] S [?i�VoTM_^ycQ{UovoTMQcYk|PQnTMQ#W�YIS [��0QcynRMS _`[p�`�`r ,^r!�hU?UoS RMS _`[XW�]jYMW�l�V?] QcYG|PQnTMQ#yc_`] ] QcynRMQ{U+_`[YZz0S U?UoQnT}RZT<W�y<z0Y'W�[XUp] W�[XUoS [?i`Y#yc] _`YZQ!RM_)YZQcfgQnT<W�];_�aGRMO?Q!YMW�l�V?] Q�VC_`S [^RMYcr �^RMQclI|P_^_0UpW�[XU] W6TMi`Q�moT<W�[?y<O?QcY�yc_`v?] U�[?_�R}mCQ'S [?yc] vXUoQ{U�S [�RMO?Q'YMW�l�V?] S [?ior¡�h[�Q{W�y<O�_^ycy{W�YZS _`[�¥XQc] U�W�[XUU0TZe�|PQcS i`O^RMY�� &���� % ��_�ajRMO?QIYMW�l�V?] QcYh|PQnTMQ�UoQnRMQnTMl�S [?Q{UErkNPO?QIYMW�l�V?] QcY;yc_`] ] QcynRMQ{UwW6RGYMW�l�§V?] Q#VC_`S [^RMY�<ox C^x �`�`x �{�0��,3&^x �9<ox �3?0x <�,^�
<�C^x <�&^x CG<ox ?9<�W�[XU>?`�0x ?0�`x ?'&^x &��w|PQnTMQ#m?v?] zgQ{U\RM_!_`moR<W�S [W�YZQnR�_�aAab_`voT�YMW�l�V?] QcYITMQcVoTMQcYZQc[^RMS [?i!RMO?Q}|�O?_`] Q'y{W6RMy<O?l�Qc[^R�W6TMQ{W0r�NPO?QcYZQ#|PQnTMQ�W�[XW�] eoYZQ{UW6R�RMO?Q��?_�TMQcYdR *AQcYZQ{W6TMy<O E£[?YdRMS RMvoRMQ'S [ *A_�RM_�TMvXW0xP�hQn|	�CQ{W�] W�[XUExjab_�T#l}W�ynTM_`[0voRZTMS Qc[^RMY�W�[XUl�S ynTM_`[0voRZTMS Qc[^RMYG�b|�S RMO#RMO?QGQnqoycQcVoRMS _`['_�a~RMO?Qh¥?TMYdR�mXW6RMy<OC�PW�YhUoQcYZynTMS mCQ{U'VoTMQcf0S _`v?YZ] e^r
:'_`[?S RM_�TMS [?i;_�aCYdRZTMQ{W�l�¤X_{|�W�l�_`v?[^RMY~W�[XUkyc_`l�VC_`YZS RMS _`['��YZQcQPW�] YZ_k�0QcynRMS _`[?Y.�0r ,hW�[XU��{�0r ,`�yc_`[^RMS [0v?Q{U�W6a RMQnThRMO?QkYdR<W6TZRh_�a9OXW6TMfgQcYdRMS [?i�ab_�ThRMO?Qk�^vXW�[^RMS ¥Xy{W6RMS _`[�_�a9S [?ynTMQ{W�YZQ{U�[0voRZTMS Qc[^R�TMQn§l�_6f`W�]�W6a RMQnThRMO?Qkyneoyc] _`[?QIQcfgQc[^R{x?RMS l4mCQnThOXW6TMfgQcYdRMS [?i#W�[XU�m?voTM[?S [?i�_�a9YZ] W�YZOsr;NPO?QIy<O?Qcl�S y{W�]yc_`l�VC_`YZS RMS _`[\_�ajYdRZTMQ{W�l�¤X_{| |%W�Y;YdRMvXUoS Q{U�a TM_`l	|%W6RMQnTGYMW�l�V?] QcYhyc_`] ] QcynRMQ{U\UovoTMS [?i}mXW�YZQn¤X_{|W�[XU�YdRM_�TMl�¤X_{|¡QcfgQc[^RMYPW6a RMQnT�OXW6TMfgQcYdRMS [?iIYdR<W6TZRMQ{UEr4*AS YZS [?i�W�[XU�a�W�] ] S [?i�YdR<W�i`Q;yc_`] ] QcynRM_�TMYP|PQnTMQS [?YdR<W�] ] Q{U}S [�t;QcycQcl4mCQnTA�{�`�`�}�¨�0y<O?Qc] ] QczgQc[?YcxC�{�`�',`�.RM_Ga�W�ycS ] S R<W6RMQhRMO?Q�yc_`] ] QcynRMS _`['_�aKYZv?y<O�YMW�l�§V?] QcYcr\NPO?Q}] W6TMi`Q'YZQ{UoS l�Qc[^RI] _gW`U)_�a%RMO?Q}YdRZTMQ{W�l�¤X_{| UovoTMS [?i�YdRM_�TMl�¤X_{| QcfgQc[^RMYIVoTMQcfgQc[^RMQ{URMO?Q�¥X] RMQnTMS [?iI_�as|%W6RMQnT%YMW�l�V?] Q{U�ab_�T�y{W6RMS _`['W�[XW�] eoYZS Ycr9�hQc[?ycQA[?_IW�ycS UoS ¥XQ{U}YMW�l�V?] QcYPyc_`v?] U�mCQyc_`] ] QcynRMQ{U�S [�RMO?Q%¥XQc] U�v?[XUoQnT.RMO?QcYZQAyc_`[XUoS RMS _`[?YcxoW�[XU�S [?YdRMQ{W`U�YMW�l�V?] QcY.|PQnTMQAyc_`] ] QcynRMQ{U}S [@,��`�l�]^mC_�RZRM] QcY9W�[XUk¥X] RMQnTMQ{U4W�[XU4W�ycS UoS ¥XQ{UIS [4RMO?Qj] W�mC_�T<W6RM_�TZe�W6R~RMO?Q%�6Hj�^§ /+J;�)mCQnab_�TMQAW�[XW�] eoYZS YcrNPO?QPQ.-EQcynR._�aXRMO?S Y.VoTM_^ycQ{UovoTMQP_`[IRMO?QPy<O?Qcl�S y{W�]0yc_`l�VC_`YZS RMS _`[�_�aXRMO?QjYMW�l�V?] Qj|%W�Y9UoQnRMQnTMl�S [?Q{Um^e#yc_`l�VXW6TMS [?i�W�[XW�] eoYZS YA_�a9W�ycS UoS ¥XQ{U�W�[XU'[?_`[o§£W�ycS UoS ¥XQ{U#YMW�l�V?] QcY�yc_`] ] QcynRMQ{U�YZS l4v?] R<W�[?Qc_`v?YZ] eUovoTMS [?i�VCQnTMS _0UoY�|�S RMO�Qc] Qcf`W6RMQ{U'YZQ{UoS l�Qc[^R�] _gW`UoY4��m?voR�[?_�RAYZv?y<O'RMOXW6RAYMW�l�V?] QcY�yc_`v?] U'[?_�RAmCQ¥X] RMQnTMQ{U4S [�RMO?QP¥XQc] UX�<x`|�O?S y<O}W6TMQ�YZO?_{|�[�S [�N�W�m?] QG�GC^r �`r9�h_;YZS i`[?S ¥Xy{W�[^RPUoS -EQnTMQc[?ycQcY.|PQnTMQ�_`mo§YZQnTMfgQ{U#mCQnR£|PQcQc[�mXW6RMy<O?QcYPab_�Th�;W0x 5�x�:'iox % W�W�[XU2:'[sr.�h_{|PQcfgQnT{x?yc_`[?ycQc[^RZT<W6RMS _`[?YA_�a4;j��
`x�0S�x%�A]�x%W�[XU��?Q#|PQnTMQ�YZS i`[?S ¥Xy{W�[^RM] e�O?S i`O?QnT}S [�RMO?Q�[?_`[o§£W�ycS UoS ¥XQ{U�YMW�l�V?] QcYcxj|�O?QnTMQ{W�Y��h��
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 «��� «����J��.K/� �(41 !;��� �$# .>&) ��	!%�$#�!; �.K/2� &4!��J� ��&+(�&),@,���(413��6=!; �.K/2� &'*)���3� &)*+�81 ��� �
 ��2,U!; �.K/2� &4!��J� ��&+(�&),�13� ���	&=�  ��)��(� �����(4�<13� ���	& ��&+���	&+(4�  ��2,!;F��2�	&U*)��.K/� �(41 !;��� 1 !
�) !;&),'������=,�� /2� 1 *) ���&-!; �.K/2� &4!	� *)���2*)&+���8(� ��81 ���	!- �(�&-13��. 6"� � ��F

MnFeAlSiPO4NH4CaMgKNa

Filtered during collection (A)
0.010.230.348.10.030.141.402.641.918.79Average
0.050.170.622.70.060.050.650.730.661.44SD

Filtered in the laboratory (B)
0.012.023.4413.50.120.031.342.882.178.82Average
0.041.272.352.10.130.030.730.720.731.65SD

ns<***<***<***<***>***nsnsnsnsA<>B

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance 

|%W�Y%YZS i`[?S ¥Xy{W�[^RM] e#] _{|PQnTAS [}RMO?QcYZQ;YMW�l�V?] QcYcxoYZv?i`i`QcYdRMS [?i4RMOXW6R�YZQ{UoS l�Qc[^R%W�[XU#_�TMigW�[?S yGl}W6RZRMQnTVoTMQcYZQc[^R�S ['RMO?Q;v?[o¥X] RMQnTMQ{U#YMW�l�V?] QkW�m?YZ_�TMmCQ{U'�h��
�xXW�[XU}TMQc] Q{W�YZQ{U�yc_`[?YZS UoQnT<W�m?] QIW�l�_`v?[^RMY%_�aRMO?Qk_�RMO?QnT;S _`[?YcrI�0QcfgQnT<W�]�YdRM_�TMl�¤X_{|uYMW�l�V?] QcYhYZO?_{|�S [?i#YZv?y<O!v?[oTMQ{W�] S YdRMS y4yc_`[?ycQc[^RZT<W6RMS _`[?Y;_�a�h��
6xB;j��
IW�[XU!�0Ss|PQnTMQ4UoS YZy{W6T<UoQ{U�YZS [?ycQkRMO?QkVoTMQcYZQc[?ycQI_�a9YZQ{UoS l�Qc[^RA_`m0f0S _`v?YZ] e�S [o¤Xv?Qc[?ycQ{URMO?QGW�[XW�] e0RMS y{W�]sTMQcYZv?] R{r
�����"! #%$+�}(+ '&)(25�( 3*$+&-,�&k '&;3P�43%56$'(/./0�5c3931&k"20 ��34&k"

#�$'125768&:9

NPO?QkS l�VXW�ynRh_�a9yneoyc] _`[?Q4�0S [XW0xXRMO?QGTMQcl�_6f`W�]K_�a9l�QnTMy<OXW�[^R<W�m?] Q;RMS l4mCQnT{xCW�[XU'RMO?Qkm?voTM[?S [?i�_�aYZ] W�YZO+_`[wRMO?Q�fgQci`QnR<W6RMS _`[w�!] S RZRMQnTI] Wce^QnTIyc_`l�V?] Qnq!|�S ] ]jmCQ}UoS YZycv?YZYZQ{UwS [wRMO?S YGYZQcynRMS _`[sx~|�S RMORMO?QG_`m0�dQcynRMS fgQk_�aj�^vXW�[^RMS a eoS [?i4RMO?QGQnqoVC_�TZRA_�a9[0voRZTMS Qc[^RMY�S ['RMS l4mCQnT�a TM_`l¦RMO?QGy{W6RMy<O?l�Qc[^R{xXW�Y|PQc] ]KW�Y�RMO?Q;y<OXW�[?i`QcY�S [�] S RZRMQnTA] Wce^QnTA[0voRZTMS Qc[^R%yc_`[^RMQc[^RAW6a RMQnTARMO?Q;f`W6TMS _`v?Y%RZTMQ{W6RMl�Qc[^RMYcr
798;:8G;:<7 ;�L �=< N.B S%>IF?> HG@CBsL$N9>A@A@CB X�D�BC@	O
NPO?Q�m?S _`l}W�YZY9_�aEl�QnTMy<OXW�[^R<W�m?] QPRMS l4mCQnTA��YdRMQclI|P_^_0U�W�[XU�mXW6TMz?�KTMQcl�_6fgQ{Uka TM_`l RMO?QA�h] Qc_`] QcigWy{W6RMy<O?l�Qc[^RKUovoTMS [?i�OXW6TMfgQcYdRMS [?iAmCQnR£|PQcQc[kt;QcycQcl4mCQnT9�{�`�`�hW�[XUk�Av?i`v?YdR9�{�`�0�j|%W�Y~UoQnRMQnTMl�S [?Q{Um^ewN�*A��;4E 5 1+_^_0U E£[XUov?YdRZTMS QcY�(ER<UEr'NPO?Q�a TMQcYZOw|PQcS i`O^R4_�a�] _`i`YkTMQcyc_6fgQnTMQ{U\a TM_`l ;4J	�{�6§���b|�O?S y<OpS [?yc] vXUoQcY�mC_�RMO�RMO?Q!�h] Qc_`] QcigW)W�[XU��;W6TMv?z0v�y{W6RMy<O?l�Qc[^RMY<�<xPW�l�_`v?[^RMQ{U)RM_��{�9<o�`�RM_`[?[?QcYhW�[XU�yc_`[?YZS YdRMQ{U�ab_�T�,��0r C�	 _�ajYMWc| ] _`i`YGW�[XUI&��0r C�	 _�ajV?v?] V�] _`i`Y���VCQnTMYcrCyc_`l�l�r :#T{r
7orK�PW�] Q`x~��S �dSF;.S [?Q (ER<UEr �<r�NPO?Q�U0TZe�|PQcS i`O^RG|%W�Yky{W�] ycv?] W6RMQ{Uwv?YZS [?i�W#yc_`[0fgQnTMYZS _`[\a�W�ynRM_�TI_�a�0r C3,+�¨�0QcynRMS _`[p�`�`r �0r ,`�<r+NPO?Q'W�l�_`v?[^RI_�a�|P_^_0U)Qnq0RZT<W�ynRMQ{Uwa TM_`l RMO?Q'�h] Qc_`] QcigW!y{W6RMy<O?l�Qc[^Ryc_`v?] U\mCQ�y{W�] ycv?] W6RMQ{U+v?YZS [?i'RMO?Q4T<W6RMS _�_�aPRMO?Q4ab_�TMQcYdRMQ{U)W6TMQ{W'S [)�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R�� C^�`r ?OXWg��RM_kRMO?Q%RM_�R<W�]Xab_�TMQcYdRMQ{U#W6TMQ{WkS [@;4Ju�{�6§£�}���0�`r �kOXWg�<r.�hQc[?ycQA�9<g�3?kRM_`[?[?QcYh��U0TZe4|PQcS i`O^Rn�._�a|P_^_0U#|PQnTMQhTMQcyc_6fgQnTMQ{U#a TM_`l RMO?Qhy{W6RMy<O?l�Qc[^R{x0_�T�CG<or ?4R�OXW��! cr9NPO?S Y�S [?yc] vXUoQ{U'W�['QcYdRMS l}W6RMQ{U
?0r ?;RPOXW �! _�asmXW6TMzCxg|�O?S y<O�|%W�Yjv?YZQ{U}W�Y9abv?Qc]?ab_�TPVC_{|PQnTPi`Qc[?QnT<W6RMS _`['W6RjRMO?QAN�*A��;4E 5 1+_^_0U
E£[XUov?YdRZTMS QcY!(ER<UEroYMWc|�l�S ] ]�r�AYkRMO?Q#UoS l�Qc[?YZS _`[?Yk_�a�RMO?Q�RZTMQcQcY4S [+RMO?Q#�h] Qc_`] QcigW!y{W6RMy<O?l�Qc[^Rk|PQnTMQ}[?_�R4YZS i`[?S ¥Xy{W�[^RM] eUoS -EQnTMQc[^R�a TM_`l RMO?_`YZQPS [�5G_�TM_`l}W�[?Sgab_�TMQcYdRA�ED F��0r �0�6�~W�[IQcYdRMS l}W6RMQP_�a?RMO?Q9RM_�R<W�]0V?S [?Qjm?S _`l}W�YZYS [ RMO?Q)�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R�yc_`v?] U�mCQw_`moR<W�S [?Q{U m^e l4v?] RMS V?] eoS [?i)RMO?QwV?S [?Qwm?S _`l}W�YZY�S [
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hDbhobnBMnZnMgCaKPNSite

Northern part (on dacite)
18.80.26591.160100.0200.0410.0510.0080.081Average

1.00.0290.23040.0030.0120.0110.0020.011St. deviation

Southern part (on andesite/diabase)
19.40.27651.447130.0210.0460.0560.0130.084Average

0.70.0380.510110.0020.0090.0090.0030.015St. deviation

Whole catchment
19.00.269141.257110.0210.0430.0530.0100.082Average

0.90.0330.32770.0020.0110.0100.0040.012St. deviation

5G_�TM_`l}W�[?Sjab_�TMQcYdR���N�W�m?] Q!�`�`r &`�k|�S RMO)RMO?Q}T<W6RMS _!_�aARMO?Q}YdRM_^y<z0S [?i\_�a;�h] Qc_`] QcigW!ab_�TMQcYdR��0<�C��RZTMQcQcY�OXW��! <�9RM_4RMOXW6R�_�a65G_�TM_`l}W�[?SCab_�TMQcYdRI�A?',^�GRZTMQcQcY%OXW��! n�<r9NPO?S Y%TMQcYZv?] RMQ{U'S [�W�['QcYdRMS l}W6RMQ_�ah�{�3?#RkOXW��! ;ab_�TkRMO?QIRM_�R<W�].V?S [?Q�m?S _`l}W�YZYkW�[XU!_�a��3?}RkOXW��! ;ab_�TGRMO?Q�YdRMQcl�m?S _`l}W�YZY���S [o§yc] vXUoS [?i4mXW6TMz?�<r.NPO?Q;] W6RZRMQnTAf`W�] v?QhS YG�`r ?kRMS l�QcY%O?S i`O?QnT%RMOXW�[}RMOXW6RAW�ynRMvXW�] ] e#_`moR<W�S [?Q{U#Q{W6TM] S QnTab_�TAOXW6TMfgQcYdRMQ{U}l�QnTMy<OXW�[^R<W�m?] QhRMS l4mCQnTG� CG<or ?IR�OXW��! n�<x0|�O?S y<O'l}Wce}mCQ;QnqoV?] W�S [?Q{U#m^e�RMO?QAa�W�ynRRMOXW6RkW#] W6TMi`Q}[0v?l4mCQnTh_�a%yneoyc] _`[?Q�U?W�l}W�i`Q{U�RZTMQcQcYG|�S RMOw] S RZRM] Q�_�Tk[?_'Qcyc_`[?_`l�S y�f`W�] v?QI|PQnTMQ] Qna R�RM_4TM_�RAS ['RMO?Qh¥XQc] UEr�h_�U?W6R<W#|PQnTMQ�_`moR<W�S [?Q{U\ab_�T4v?[XUoQnTMi�TM_{|%RMOwm?S _`l}W�YZYcx~[?_�TGab_�T4m?S _`l}W�YZYk_�aPRMO?Q�[XW6RMvoT<W�]ab_�TMQcYdR}S [)RMO?Q}TMS VXW6TMS W�[��c_`[?Q`r��h_{|PQcfgQnT{x9f0S YZvXW�]%_`m?YZQnTMf`W6RMS _`[�S [XUoS y{W6RMQ{U)RMOXW6R�RMO?Q'UoQc[?YZS R£eW�[XU�yc_`l�VC_`YZS RMS _`[#_�asRMO?QAv?[XUoQnTMi�TM_{|%RMO}fgQci`QnR<W6RMS _`[#S [�RMO?QhWG-E_�TMQcYdRMQ{U#W6TMQ{W�YP_�asRMO?Q;�h] Qc_`] QcigWy{W6RMy<O?l�Qc[^R4|PQnTMQ#TM_`v?i`O?] e�yc_`l�VXW6T<W�m?] Q#RM_!RMO?_`YZQ�S [�RMO?Q@5G_�TM_`l}W�[?S%ab_�TMQcYdR}V?] _�R{x%W�[XU+RMO?Qv?[XUoQnTMi�TM_{|%RMO)m?S _`l}W�YZYI|%W�YIRMO?QnTMQnab_�TMQ�W�YZYZv?l�Q{U+Q{�^vXW�]9RM_\�`�`�`�!z0i�OXW��! {r\�h_{|PQcfgQnT{x~RMO?S Yl}Wce�|PQc] ]KmCQkW�['v?[XUoQnTMQcYdRMS l}W6RMQ;S [�f0S Qn|�_�a�RMO?QG] _{|PQnTAYdRM_^y<z0S [?i�_�a~RMO?Qhab_�TMQcYdR;W6R;�h] Qc_`] QcigW0r�AfgQnT<W�i`Q�[0voRZTMS Qc[^R�yc_`[?ycQc[^RZT<W6RMS _`[?Y�S [�RZTMQcQ'YdRMQcl�Y��b|P_^_0U�W�[XU�mXW6TMz?�IYMW�l�V?] Q{U�S [�RMO?Q�h] Qc_`] QcigW!y{W6RMy<O?l�Qc[^R�W6TMQ#i`S fgQc[�S [�N�W�m?] Q\�GC^r ,^r)�AfgQnT<W�i`QcYIab_�T�RMO?Q}[?_�TZRMO?QnTM[)VXW6TZR�_�a�RMO?Qy{W6RMy<O?l�Qc[^R{xP|�O?QnTMQ!YZ_`S ] Y'|PQnTMQ\UoQnTMS fgQ{U�a TM_`l U?W�ycS RMS y�TM_^y<z � % OXW�VoRMQnT�<^�<x�|PQnTMQ!_`moR<W�S [?Q{Ua TM_`l RZTMQcQ!YMW�l�V?] QcY}yc_`] ] QcynRMQ{U W6R#] _^y{W6RMS _`[?Y��Ax % W�[XUpt ����S i`voTMQ+�GC^r �g�<xA|�O?QnTMQ{W�Y#RMO?_`YZQab_�TkRMO?Q�YZ_`voRMO?QnTM[wVXW6TZR{xK|�O?QnTMQ�YZ_`S ] Yk|PQnTMQ}UoQnTMS fgQ{U�a TM_`l W�[XUoQcYZS RMS y�RM_�UoS W�mXW�YZQ�TM_^y<zCxs|PQnTMQYMW�l�V?] Q{U�W6R9] _^y{W6RMS _`[?YP�pW�[XU H%r';.O?_`YZV?O?_�TMv?Y9] QcfgQc] Y9S [4RZTMQcQ%YdRMQcl�Y.i�TM_{|�S [?iGS [�RMO?QPYZ_`voRMO?QnTM[VXW6TZR;_�a9RMO?QIy{W6RMy<O?l�Qc[^R�|PQnTMQ4YZS i`[?S ¥Xy{W�[^RM] e�O?S i`O?QnT��ED F �0r �0�6��RMOXW�[!S [�RMO?Qk[?_�TZRMO?QnTM[!VXW6TZR{xVC_`YZYZS m?] e�TMQn¤XQcynRMS [?i#UoS -EQnTMQc[?ycQcYhS [�YZ_`S ]~_�ThTM_^y<zCrAt;S -EQnTMQc[?ycQcYAab_�ThRMO?Qk_�RMO?QnT;[0voRZTMS Qc[^RMY%|PQnTMQ[?_�R�YZS i`[?S ¥Xy{W�[^R{r�Al�_`v?[^RMY�_�a}l}W�ynTM_�§�W�[XU l�S ynTM_`[0voRZTMS Qc[^RMY�QnqoVC_�TZRMQ{U�a TM_`l RMO?Q)y{W6RMy<O?l�Qc[^R!S [ul�QnTZ§y<OXW�[^R<W�m?] Q�RMS l4mCQnTImCQnR£|PQcQc[)t;QcycQcl4mCQnT}�{�`�`�!W�[XU)�Av?i`v?YdR}�{�`�0��W6TMQ}i`S fgQc[)S [�N�W�m?] Q!�GC^r �RM_`i`QnRMO?QnTI|�S RMO+QcYdRMS l}W6RMQcYkab_�TIRMO?Q�l}W�ynTM_`[0voRZTMS Qc[^RkQnqoVC_�TZRIS [+mXW6TMz\_`[?] e^r'NPO?Q}] W6RZRMQnTk|PQnTMQ_`moR<W�S [?Q{U)a TM_`l RMO?Q'QcYdRMS l}W6RMQ{U)RM_�R<W�]%[0voRZTMS Qc[^R�QnqoVC_�TZR�v?YZS [?i\RMO?Q'W{fgQnT<W�i`Q'T<W6RMS _`Y}_�a;mXW6TMz[0voRZTMS Qc[^R�yc_`[^RMQc[^R%RM_4RMO?Q;RM_�R<W�]s_�a.YdRMQclI|P_^_0U�W�[XU'mXW6TMz#W�YA_`m?YZQnTMfgQ{U#S ['RMO?QkNKv?] W�YZQn|%W0x�5G_�§TM_`z0v?] W4W�[XU 5G_�TM_`l}W�[?SCab_�TMQcYdRAV?] _�RMYG��N�W�m?] Q4�`�`r �G&`�<rPNPO?QGW{fgQnT<W�i`QhT<W6RMS _`Y%ab_�T % W'���0r �{�g�PW�[XU
5����0r �{�g�A|PQnTMQ�] _{|PQnTkRMOXW�[!ab_�Tk�	���0r ,3C`�<x6; ���0r ,3C`�GW�[XU :'iw���0r ,3,`�<r4t;S -EQnTMQc[?ycQcYGmCQnR£|PQcQc[
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BMnZnMgCaKPNComponent

0.13.10.611.223.428.75.344.8Stemwood & Bark
2.54.25.41.311.0Bark

RMO?QGV?] _�RMY�|PQnTMQkYZl}W�] ]�xX|�S RMO�RMO?QGQnqoycQcVoRMS _`[�_�a.RMO?Q;T<W6RMS _�ab_�T�;�|�O?S y<O'T<W�[?i`Q{U'a TM_`l �0r � ?�S [
5G_�TM_`l}W�[?SXab_�TMQcYdR�RM_��0r <g�4S [�5G_�TM_`z0v?] Wkab_�TMQcYdR{r9�h_�U?W6R<Wk|PQnTMQGW{f`W�S ] W�m?] QGS [#RMO?S YPTMQcYZVCQcynR%ab_�T�AxD:'[�W�[XU��C[sr�A] RMO?_`v?i`O\RMO?Q�W�l�_`v?[^RMYG_�a%[0voRZTMS Qc[^RMY;S [wRMS l4mCQnTGQnqoVC_�TZRMQ{U!a TM_`l�RMO?Q�y{W6RMy<O?l�Qc[^R;|PQnTMQYZl}W�] ]?yc_`l�VXW6TMQ{UIRM_GRMO?QPRM_�R<W�]X[0voRZTMS Qc[^R9yc_`[^RMQc[^Rj_�aERMO?QPab_�TMQcYdR%m?S _`l}W�YZYA�¨�0QcynRMS _`[��`�`r ?g�<x0RMO?Qne|PQnTMQjl4v?y<OG] W6TMi`QnT~RMOXW�[kRMO?QjW�[?[0vXW�]^QnqoVC_�TZR~_�a?[0voRZTMS Qc[^RMYKS [IYdRZTMQ{W�l�¤X_{|+a TM_`l RMO?Q9y{W6RMy<O?l�Qc[^RS [#RMO?Qhab_�TMQcYdRMQ{U�YdR<W6RMQ���N�W�m?] Q��{�0r � <^�<r
798;:8G;:8G H#LZ@X@�N.BBH-S�� N.B � STO�O S%>IF?> HG@CBsL$N9>A@���DA>A@�N9>A@
% eoyc] _`[?QI�0S [XWIS [o¤XS ynRMQ{U'YZQcfgQnTMQkU?W�l}W�i`QhRM_4RMO?Qhab_�TMQcYdRhS ['RMO?Qk�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R�W�[XU}RMO?QW�l�_`v?[^Rj_�a�] S RZRMQnT%_`[}RMO?Q�ab_�TMQcYdR%¤X_^_�T�W6RPRMO?QhQc[XU�_�aK�h_6fgQcl4mCQnT9|%W�YPRMO?QnTMQnab_�TMQ;l4v?y<O�O?S i`O?QnTRMOXW�[}v?YZvXW�]CQcfgQc[}mCQnab_�TMQ;] _`i`i`S [?i4yc_`l�l�Qc[?ycQ{U�S [#t;QcycQcl4mCQnTh�{�`�`�0rF(sS RZRMQnT%YdR<W�[XUoS [?iIynTM_`V#S [t;QcycQcl4mCQnT%W{fgQnT<W�i`Q{U�,��0x �{�`�4z0iIOXW��! G�bT<W�[?i`QI�{�0x �',��{� C9?0x CG<g�#z0ikOXW��! {xo[ F � ?0�XN�W�m?] QI�GC^r C`�|�O?S y<O4|%W�Yj[?_�R9YZS i`[?S ¥Xy{W�[^RM] e�UoS -EQnTMQc[^RA�ED F¡�0r �'C`�~a TM_`l RMOXW6R9l�Q{W�YZvoTMQ{U4S [ 5G_�TM_`l}W�[?Soab_�TMQcYdRS [ 7gW�[0vXW6TZe¡�{�`�0�)� ,3,^x ?`�`�o���+<g�`�',`�}z0iwOXW��! cxP[ F��G,`�<r¡�AY4RMO?Q�U?W�l}W�i`Q�W���S ynRMQ{U�RM_\RMO?Q�h] Qc_`] QcigW#ab_�TMQcYdRk|%W�YGyc_`l�VXW6T<W�m?] Q4RM_}RMOXW6RGRM_@5G_�TM_`l}W�[?S~ab_�TMQcYdR}��f0S YZvXW�]._`m?YZQnTMf`W6RMS _`[C�<xsRMO?QVoTMQn§¨yneoyc] _`[?QG] S RZRMQnT;] Wce^QnThl}W�YZYA_`m?YZQnTMfgQ{U�S [�RMO?Qk] W6RZRMQnT4�d�{�0x C��`�}z0i�OXW��! {�EN�W�m?] Q}�G,^r &`��l}WcemCQ;v?YZQ{U�W�YAW�[�W�V?VoTM_{qoS l}W6RMS _`['ab_�T�RMO?Q;VoTMQn§¨yneoyc] _`[?QG] S RZRMQnTA] Wce^QnTAl}W�YZY%S ['RMO?Qhab_�TMl�QnT{rNPO?Q}RMS l4mCQnT4Qnq0RZT<W�ynRMS _`[�VoTM_^ycQ{UovoTMQ�|%W�Y�YZv?y<O+RMOXW6R4RMO?Q}YZVXW6RMS W�]%O?QnRMQnTM_`i`Qc[?QcS R£e)_�a�RMO?Q] S RZRMQnT~] Wce^QnTK|%W�Y~S [?ynTMQ{W�YZQ{Ukyc_`l�VXW6TMQ{U;RM_�RMO?Q9VoTMQn§¨] _`i`i`S [?ihO?QnRMQnTM_`i`Qc[?QcS R£e^r.�0QcfgQnT<W�]^S [^RMQc[?YZS RMS QcY_�aAUoS YdRMvoTMmXW�[?ycQ�|PQnTMQ#UoS YdRMS [?i`v?S YZO?Q{Uw|�O?S y<Ow|PQnTMQ#W�YZYZ_^ycS W6RMQ{U)|�S RMO)UoS YdRMS [?ynR4V?OXW�YZQcYIS [wRMO?QRMS l4mCQnThQnq0RZT<W�ynRMS _`[!VoTM_^ycQcYZYcr�E£[�RMO?Qk¥?TMYdR;Qnq0RZT<W�ynRMS _`[\YdR<W�i`Q4moT<W�[?y<O?QcY;W�[XU�ab_`] S W�i`Q�OXW`U�[?_�Re^QnR�mCQcQc[�YdRZTMS V?VCQ{U)a TM_`l RMO?Q�YdRMQcl W6a RMQnT#] _`i`i`S [?i)m^e�y<OXW�S [?YMWc|GxAW�[XU)RMO?Q�] S RZRMQnT#] Wce^QnT}S [W�[\W6TMQ{W#YZQcfgQnT<W�]~l�QnRZTMQcYA|�S UoQI|%W�YGV?v?YZO?Q{U!W�YZS UoQ�W�[XU!W�ycycv?l4v?] W6RMQ{U�S [\VXW6RMy<O?QcY;W�] _`[?i#RMO?QVXW6RMO?Yjl}W`UoQAm^e4RMO?QARZTMQcQcYj|�O?Qc[}OXW�v?] Q{U!�b|�S RMO'WG|�S [?y<OC�~RM_kRMO?QAYZz0S U?UoQnT{r9NPO?S Y%UoS YdRMvoTMmXW�[?ycQ|%W�Y}yc_`[?YZS UoQnTMQ{U�RM_+mCQ�_�aG] _{| S [^RMQc[?YZS R£e^x�W�[XU�RMO?Q�l}W�YZY}_�aGRMO?Q�] S RZRMQnT#] Wce^QnT'YMW�l�V?] Q{U�S [RMO?QcYZQ�W6TMQ{W�YkT<W�[?i`Q{U\a TM_`l ,^x �3?`��z0i�OXW��! GRM_2?`�0x � ?`��z0i'OXW��! }��[ F	� ?g�<x�|�S RMO)W�[+W{fgQnT<W�i`Q_�aG�`�0x &9?',0����,��0�{�'&`�#z0i\OXW �! xj|�O?S y<O�S Y�YZ_`l�Qn|�OXW6R}] W6TMi`QnT}RMOXW�[�RMO?Q'VC_`YdRZ§¨yneoyc] _`[?Q'T<W�[?i`Q�d�{�0x �',��{� C9?0x CG<g�}z0iIOXW��! n�jW�[XU#W{fgQnT<W�i`Q`r�E£[�RMO?QhYZQcyc_`[XU#YdR<W�i`QhRZTMQcQcYG��S [?yc] vXUoS [?ikRMO?QhynTM_{|�[C�|PQnTMQkRM_{|PQ{U�mCQcO?S [XU�RMO?QkYZz0S U?UoQnThRM_#W�] W�[XUoS [?i'W�ycycQcYZYhTM_gW`U�_�TG] W�[XUoS [?iorGNPO?Q4UoS YdRMvoTMmXW�[?ycQ_�a�RMO?QG] S RZRMQnTA] Wce^QnTA_`['RMO?QcYZQGYZz0S U}RZT<W�y<z0Y%|%W�YAl�_�TMQ;YZQcfgQnTMQ`x?QcYZVCQcycS W�] ] e!W6a RMQnTAYZQcfgQnT<W�]KVXW�YZYZQcYOXW`U+mCQcQc[)l}W`UoQ�_6fgQnT4RMO?Q}YMW�l�Q�RZT<W�y<z�� ���{� 5kW�l}W6TMv?�{W�l}W�[>7`v?YZ_9-~x��{�`�0�6�<r (sS RZRMQnT�v?[XUoQnTRMO?Q�RMS TMQcYk_�a�RMO?Q�YZz0S U?UoQnTk|%W�Y4V?v?YZO?Q{U!RM_'RMO?Q�YZS UoQcY4W�Yk|PQc] ]%W�YIS [^RM_'RMO?Q�YZ_`S ]�x.] Q{W{f0S [?i�RMO?Q|�O?QcQc]CRZT<W�y<z0Y%] W6TMi`Qc] e'mXW6TMQ;W�[XU#y{W�v?YZS [?i�W�[�W�ycycv?l4v?] W6RMS _`[#_�a~] S RZRMQnTAW�] _`[?i4RMO?QhQ{Uoi`QcY�_�aKRMO?QRZT<W�y<zp� ���{� =hS ] ] l}W�[ �<�I�`� � x��{�`�'C`�<r�1¡O?QnTMQ#Q{W6TZRMO�l�_6f0S [?i!l}W�y<O?S [?QnTZe+OXW`U)mCQcQc[�v?YZQ{U)RM_yc_`[?YdRZTMv?ynRAW�ycycQcYZY�TM_gW`UoY�RM_4RMO?Q;] W�[XUoS [?i`YcxCW4l�S q0RMvoTMQh_�a~YZ_`S ]�W�[XU'] S RZRMQnThW�ycycv?l4v?] W6RMQ{U'W�] _`[?iRMO?QITM_gW`UoYZS UoQ�] Q{W{f0S [?i#RMO?Q4TM_gW`U\YZvoTZa�W�ycQ�a TMQcQ�_�a%] S RZRMQnT{r 1¡O?Qc[\] S RZRMQnTkYMW�l�V?] QcYGyc_`] ] QcynRMQ{UwS [RMO?QcYZQhW6TMQ{W�Yj|PQnTMQhS [?yc] vXUoQ{UEx^_`m?YZQnTMfgQ{U}W�l�_`v?[^RMY9_�aK] S RZRMQnT%l}W�YZY9T<W�[?i`Q{U�a TM_`l	�`x �`�`�{�X�GC��0x �`�`�
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 «��� ��� �Z7�&+(� ;6?&4!' ��2,=!4�� ��2,� �(�,U,�&+7 1  ��81 ���	! �����	���$#%� ���8(41 &+���Z*)���2*)&+���8(� ��81 ���	!
�E13� �0 ��2, /�/2.W#+��(-.> �*+(���
5 ��2,>. 1 *+(���� ���8(41 &+��� !	�J(�&4!8/�&)*+�8137�&+� � � �������>13� ���	&-� 13�8��&+(
�  ���&+(@13� ���	&<CD� &)��� &E6? M*) ���*)��.>&+���'�)& #+��(�&=�	 �(47�&4!4�813��6 �% $#)��&+("�	 �(47�&4!4�813��6 �% ��2,9 $#)��&+(
�8��(4��13��6 �5 ! � &+�3�  !%� &+7�&+� !'�$#�!41 6���1 � *) ��2*)&Z#+��(%���	&',�1 �Z&+(�&+�2*)&4! �)&+��� &)&+�9���	&>.>&) ��	!
�$#>���	&@,�1 �Z&+(�&+���5�8(�&) ��8.>&+��� !;F�� �!4��
 *+��*+� ���2&�*)���2*)&+���8(� ��81 ���	!>13�B���	&"� 13�8��&+("�  ���&+()!"13�
� ���  !;& �  ���%��(�� �����  = ��2,	�%��(���.> ���1	#+��(�&4!4� !  �(�& !��	� �T� #+��( *)��.K/� �(41 !;���2F

BMnZnMgCaKPN

0.1890.5580.1380.0490.725TULASEWA FOREST
0.2210.5010.0840.0290.608KOROKULA FOREST
0.1810.5590.0910.0400.685KOROMANI FOREST

OLEOLEGA CATCHMENT
0.1420.3790.2460.0380.745Before logging (1)
0.0240.0610.0660.0070.168SD

9.3654300.1660.3440.2400.0540.779After logging (2)
0.917120.0250.0620.0690.0140.109SD

11.9821440.3640.4970.2830.1750.747After burning (3)
2.540180.1280.1160.1020.0230.136SD

Difference in means of litter after treatments
nsnsns<*ns1 <> 2

<*ns<***<**<**ns<***ns2 <> 3

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

z0i�OXW��! cxo|�S RMO!W�[�W{fgQnT<W�i`QG_�a9�'&^x �{�'C�z0i�OXW��! k��N�W�m?] Q��GC^r C`�<x?|�O?S y<O�S YhWIa�W�ynRM_�TI�`r ��O?S i`O?QnTRMOXW�[�RMO?Qk] S RZRMQnTG] Wce^QnT;l}W�YZYhmCQnab_�TMQ4OXW6TMfgQcYdRMS [?i#YdR<W6TZRMQ{UEr;�h_{|PQcfgQnT{xsW�Y;YZ_`S ].W�[XU�] S RZRMQnTh|PQnTMQ_�a RMQc[+|PQc] ]Pl�S qoQ{UEx�YMW�l�V?] S [?i�_�aA] S RZRMQnT4_`[+RMO?Q�RZT<W�y<z0Yk|%W�Y4fgQnTZe+UoS 
�ycv?] R{x.W�[XUwRMO?Q}W�ynRMvXW�]T<W�[?i`Qkl}Wce#OXW{fgQ;mCQcQc[�l4v?y<O'] W6TMi`QnT{r�NPO?QkUoS YdRMvoTMmXW�[?ycQG_�a~RMO?QG] S RZRMQnTh] Wce^QnT�|%W�Yhyc_`[?YZS UoQnTMQ{URM_GmCQ�_�asl�Q{UoS v?l S [^RMQc[?YZS R£e4_`[�S [oa TMQ{�^v?Qc[^RM] e�v?YZQ{U�YZz0S U?UoQnT.RZT<W�y<z0YA��_`[?Q�_�TjR£|P_GVXW�YZYZQcY<�<xoW�[XU_�aCO?S i`O�S [^RMQc[?YZS R£ek_`[4a TMQ{�^v?Qc[^RM] eIv?YZQ{UkRZT<W�y<z0Y.W�[XU4W�ycycQcYZY.TM_gW`UoY���l�_�TMQjRMOXW�[IR£|P_;VXW�YZYZQcY<�<r4E£[RMO?Q9RMO?S T<UkQnq0RZT<W�ynRMS _`[4YdR<W�i`QPRZTMQcQcY�|PQnTMQPVoTMQcVXW6TMQ{UGab_�T~RZT<W�[?YZVC_�TZR~RM_ARMO?QjYMWc|�l�S ] ]oW6a RMQnT9W6TZTMS f`W�]_`[4RMO?QP] W�[XUoS [?i`Ycr9NPO?S Y9S [0fg_`] fgQ{UkRMO?QPYdRZTMS V?V?S [?i;_�aCRMO?QPmoT<W�[?y<O?QcY9W�[XUIab_`] S W�i`Q�a TM_`l RMO?QjRZTMQcQcYcrNK_'zgQcQcV\RMO?Q4] W�[XUoS [?i�W6TMQ{W'yc] Q{W6TkRMO?Q�YZ] W�YZOw|%W�YGTMQci`v?] W6TM] e\V?v?YZO?Q{U�RM_#RMO?Q�Q{Uoi`QcYG|�O?QnTMQ�S Rab_�TMl�Q{U#] W6TMi`QkV?S ] QcYAyc_`[?YZS YdRMS [?i�_�a9W4l�S q0RMvoTMQh_�a.YZ_`S ]�W�[XU#YZ] W�YZOsrPNPO?QGYZVXW6RMS W�]KO?QnRMQnTM_`i`Qc[?QcS R£eTMQ{W�y<O?Q{U)W�l}W6qoS l4v?l�_`[+RMO?QcYZQ#] W�[XUoS [?i`YcxjW�[XU)Uov?Q�RM_�RMO?Q}YZS �cQ'W�[XU+yc_`l�VC_`YZS RMS _`[�_�a�RMO?QV?S ] QcY�[?_�QcYdRMS l}W6RMQcY�yc_`v?] U'mCQ;_`moR<W�S [?Q{U'S ['RMO?QcYZQGW6TMQ{W�Ycr�AYPW;TMQcYZv?] Rj_�asRMO?S Y9S [?ynTMQ{W�YZQ{U}YZVXW6RMS W�]XO?QnRMQnTM_`i`Qc[?QcS R£e�_�aERMO?Q�] S RZRMQnTP] Wce^QnT{x0S Rj|%W�YPUoS 
�ycv?] RRM_kUoQnRMQnTMl�S [?QP|�O?QnRMO?QnT9RMO?Q�W{fgQnT<W�i`QAf`W�] v?Q�_`moR<W�S [?Q{U4a TM_`l RMO?Q�] S l�S RMQ{U4[0v?l4mCQnT._�asYMW�l�V?] S [?iVC_`S [^RMY#|%W�Y'TMQcVoTMQcYZQc[^R<W6RMS fgQ!ab_�T�RMO?Q\W�l�_`v?[^R'_�a4] S RZRMQnT�VoTMQcYZQc[^R�W6a RMQnT�RMO?Q!yc_`l�V?] QnRMS _`[ _�aOXW6TMfgQcYdRMS [?ior9�h_{|PQcfgQnT{xXW�Y�RMO?QkUoS l�Qc[?YZS _`[?Y%_�a~RMO?QhRZTMQcQcYhW6R;�h] Qc_`] QcigW�|PQnTMQGYZS l�S ] W6TARM_4RMO?_`YZQS [ 5G_�TM_`l}W�[?S.ab_�TMQcYdR4W�[+S [XUoQcVCQc[XUoQc[^RGQcYdRMS l}W6RMQ�_�aPRMO?Q�VC_�RMQc[^RMS W�]9YZ] W�YZO)VoTM_0Uov?ynRMS _`[wyc_`v?] UmCQ�_`moR<W�S [?Q{U+m^e\v?YZS [?i�RMO?Q�VoTMQn§¨yneoyc] _`[?Q�m?S _`l}W�YZY4U?W6R<W�_�a!5G_�TM_`l}W�[?S.ab_�TMQcYdR���N�W�m?] Q��`�`r &`�yc_�TZTMQcynRMQ{U�ab_�TGUoS -EQnTMQc[?ycQcY;S [!YdRM_^y<z0S [?iorGNPO?S YhTMQcYZv?] RMQ{U�S [\W}VC_�RMQc[^RMS W�]�YZ] W�YZO\VoTM_0Uov?ynRMS _`[!_�a
,3,^x ?`�`�Iz0ikOXW��! %W�[XU�|�S RMO#W�[}QcYdRMS l}W6RMQ{U�VoTMQn§¨yneoyc] _`[?QA] S RZRMQnT%] Wce^QnTPl}W�YZYj_�a9�{�0x C��`�Iz0ikOXW��! {xRMO?Q�RM_�R<W�]9l}W�YZYk_�a%RMO?Q�] S RZRMQnTI] Wce^QnT4W6a RMQnT4OXW6TMfgQcYdRMS [?i'|P_`v?] U+mCQ}�3?0x �{�`��z0i�OXW��! cr�NPO?S YIS Yyc] _`YZQ#RM_�RMO?Q#l�Q{W�YZvoTMQ{U+VC_`YdRZ§¨] _`i`i`S [?iwf`W�] v?Q`xjW�[XUwRMO?Q#QnTZTM_�T�S [+RMO?Q'W6TMQ{W�]%QcYdRMS l}W6RMQ#i`S fgQc[Q{W6TM] S QnTA|%W�Y�RMO?QnTMQnab_�TMQGyc_`[?YZS UoQnTMQ{U'YZl}W�] ]�rNPO?Q'VoTMQcYZynTMS mCQ{U�m?voTM[�S [��Av?i`v?YdR�yc_`[?YZv?l�Q{UwRMO?Q'YZ] W�YZO�W�Y4|PQc] ]AW�Y4RMO?Q#v?[XUoQnTMi�TM_{|%RMO
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� ���8(41 &+���5*)������&+��� ! � �;6=�	 � � ��13�M���	&�CD� &)��� &E6? *) ���*)��.>&+�����)& #+��(�&%�	 �(47�&4!4�813��6 �  $#)��&+(
�	 �(47�&4!4�813��6 �J ��2,% $#)��&+(��8��(4��13��6 �T ! � &+�3�  !Z� &+7�&+� ! �$# !41 6���1 � *) ��2*)& #+��(5���	& ,�1 �Z&+(�&+�2*)&4!
�)&+��� &)&+�U���	&-.>&) ��	!-�$# ���	& ,�1 �Z&+(�&+��� �8(�&) ��8.>&+��� !;F

nBMnZnMgCaKPNMass

600.095.30.1326.585.111.62.971.213511Pre-cyclone+

1640.7108.271.710.8206.929130Before logging (1)
17.544.838.14.879.612491SD

220.3425.21.0961.9121.891.220.2292.337185After logging (2)
0.3026.60.9656.8100.092.620.3278.433632SD

190.076.10.2825.427.118.99.746.75787After burning (3)
0.1010.50.4343.836.729.812.473.47992SD

<*nsns<**nsns1 <> 2
>***>***>***>**>***>***>**>***>***2 <> 3

+:Data from Koromani forest
ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

fgQci`QnR<W6RMS _`[#S [�RMO?QAVoTMQcf0S _`v?YZ] e�ab_�TMQcYdRMQ{U'W6TMQ{W�Y%m?voRPUoS U�[?_�R%OXW{fgQAWk] W6TMi`Q;Q.-EQcynR%_`[�RMO?QAfgQci`Qn§R<W6RMS _`[�S [�RMO?Q%TMS VXW6TMS W�[}�c_`[?Q`r4;�_`YdRZ§¨m?voTM[�l�Q{W�YZvoTMQcl�Qc[^RMY._�aERMO?QAW�YZO�] Wce^QnTPS [�RMO?Q�VoTMQcf0S _`v?YZ] eab_�TMQcYdRMQ{UwW6TMQ{W�YkYZO?_{|PQ{UwW#YZS i`[?S ¥Xy{W�[^RIUoQcynTMQ{W�YZQ�_�aPRMO?Q4] S RZRMQnTk] Wce^QnTIW�[XU!v?[XUoQnTMi�TM_{|%RMO\fgQci�§QnR<W6RMS _`[\l}W�YZYcxsa TM_`l W}VoTMQn§¨m?voTM[�RM_�R<W�]._�a%W�mC_`voR�<g�0x �`�`�'z0i#OXW��! ;RM_'W#VC_`YdRZ§¨m?voTM[�RM_�R<W�]._�a
C^x �`�`�Iz0iIOXW��! ;�bT<W�[?i`Q;�',��{�0�`�0x C9?`��z0iIOXW��! cx?N�W�m?] QI�GC^r C`�<rj�AY%WGTMQcYZv?] R{xoW6a RMQnT%RMO?QAm?voTM[�RMO?QYZ_`S ]KYZvoTZa�W�ycQ;|%W�YAQnqoVC_`YZQ{U#S [�l�_`YdR�VXW6TZRMY�_�a~RMO?Q;y{W6RMy<O?l�Qc[^R{r
NPO?QhW{fgQnT<W�i`Qh[0voRZTMS Qc[^Rjyc_`[?ycQc[^RZT<W6RMS _`[?YPS [�RMO?QA] S RZRMQnTP] Wce^QnTP_`[�RMO?Q�RMOoTMQcQAYMW�l�V?] S [?ik_^ycy{W6§YZS _`[?YjW6TMQ�YZO?_{|�[�S [}N�W�m?] QG�GC^r <GRM_`i`QnRMO?QnTj|�S RMO�RMO?Q%] QcfgQc] Y9_�asYZS i`[?S ¥Xy{W�[?ycQ�ab_�T9RMO?Q�UoS -EQnTMQc[?ycQcYmCQnR£|PQcQc[wl�Q{W�[?Y���� � ��� � � ��� � � RMQcYdRn�<r��h_'YZS i`[?S ¥Xy{W�[^R4UoS -EQnTMQc[?ycQcY;|PQnTMQ�ab_`v?[XU!ab_�TkRMO?Q�yc_`[o§ycQc[^RZT<W6RMS _`[?YG_�a%�IxB5�x % W�W�[XU :'i�S [\RMO?Q�] S RZRMQnTk] Wce^QnTImCQnab_�TMQ}W�[XU\W6a RMQnTI] _`i`i`S [?iox.m?voR;RMO?Qyc_`[?ycQc[^RZT<W6RMS _`[#_�a ;+|%W�Y%YZS i`[?S ¥Xy{W�[^RM] e}O?S i`O?QnT�W6a RMQnT�] _`i`i`S [?iorj�h_{|PQcfgQnT{x0S R%l4v?YdRjmCQATMQcl�Qcl�§mCQnTMQ{U)RMOXW6R�RMO?Q'] W6TMi`Q�S [?V?voR�_�aha TMQcYZO�] S RZRMQnT}m^e)yneoyc] _`[?Q!�0S [XW\OXW`U�W�] TMQ{W`U0e�y<OXW�[?i`Q{U)RMO?Qyc_`[?ycQc[^RZT<W6RMS _`[?YA_�a9�IxD;�xD5�xCW�[XU % W�S [�RMO?Qk] S RZRMQnT;] Wce^QnThYZS i`[?S ¥Xy{W�[^RM] e!W�YAyc_`l�VXW6TMQ{U'RM_�RMO?QVoTMQn§¨yneoyc] _`[?QIyc_`l�VC_`YZS RMS _`[���YZQcQ��0QcynRMS _`[)�G,^r C^r ,`�<rI�h_#U?W6R<W�|PQnTMQ�W{f`W�S ] W�m?] Q4ab_�T;RMO?QIyc_`[?ycQc[o§RZT<W6RMS _`[?YA_�a �C[sx :'[�W�[XU��¡S ['RMO?QGYMW�l�V?] QcYAyc_`] ] QcynRMQ{U�S [�t;QcycQcl4mCQnTG�{�`�`�0r��jvoTM[?S [?i�_�a~RMO?Q] S RZRMQnTP] Wce^QnTjOXW`U�[?_GYZS i`[?S ¥Xy{W�[^R%Q.-EQcynRMY9_`[�RMO?Q�yc_`[?ycQc[^RZT<W6RMS _`[?YP_�as�Ix�5 W�[XU :'[}m?voRjy{W�v?YZQ{UYZS i`[?S ¥Xy{W�[^R4S [?ynTMQ{W�YZQcY�S [+RMO?Q}yc_`[?ycQc[^RZT<W6RMS _`[?Y�_�a+;�x % W0x�:'iox �C[�W�[XU)�Ax~YZv?i`i`QcYdRMS [?i!RMOXW6RRMO?QcYZQ;Qc] Qcl�Qc[^RMYP|PQnTMQGTMQnR<W�S [?Q{U'S [#RMO?QGW�YZOsr
(sS RZRMQnTh] Wce^QnT;[0voRZTMS Qc[^RAyc_`[^RMQc[^RMY�ab_�T;Q{W�y<O�RZTMQ{W6RMl�Qc[^R�|PQnTMQIy{W�] ycv?] W6RMQ{U�a TM_`l	] S RZRMQnT;] Wce^QnTl}W�YZY�W�[XU'yc_�TZTMQcYZVC_`[XUoS [?i�yc_`[?ycQc[^RZT<W6RMS _`[?Y�_�a.[0voRZTMS Qc[^RMYcrjNPO?Q;TMQcYZv?] RMYAW6TMQkVoTMQcYZQc[^RMQ{U#S [�N�W6§m?] Q��GC^r C^rwNPO?Q}yc_`[^RMQc[^RMYI_�ahW�] ]P[0voRZTMS Qc[^RMYkS [?ynTMQ{W�YZQ{U�W6a RMQnT�OXW6TMfgQcYdRMS [?iox.m?voRIRMO?Q�S [?ynTMQ{W�YZQcY|PQnTMQI_`[?] e�YZS i`[?S ¥Xy{W�[^Rhab_�T�;pW�[XUI:'i�|�O?S y<O!S [?ynTMQ{W�YZQ{U�m^e#a�W�ynRM_�TMY;_�a��`r �#W�[XUw�`r C^xCTMQcYZVCQcyn§RMS fgQc] e^r.�AigW�S [#S R�l4v?YdRjmCQhYdRZTMQcYZYZQ{U}RMOXW6R%yneoyc] _`[?Qk�0S [XWkOXW`U}S [?ynTMQ{W�YZQ{U�RMO?Qh[0voRZTMS Qc[^RPyc_`[^RMQc[^R_�ahRMO?Q'] S RZRMQnT}] Wce^QnT�yc_`[?YZS UoQnT<W�m?] e�yc_`l�VXW6TMQ{U)RM_!RMO?Q'VoTMQn§¨yneoyc] _`[?Q'YZS RMvXW6RMS _`[ ��N�W�m?] Qw�G,^r &`�<xW�[XU#RMO?QGQ.-EQcynRA_�a.OXW6TMfgQcYdRMS [?i�|%W�Y�RMO?QnTMQnab_�TMQkab_�T;W�] W6TMi`QkVXW6TZR;U0TM_{|�[?Q{U'm^e}RMOXW6RA_�a.RMO?QGyne0§yc] _`[?Q`r4(sS RZRMQnT.[0voRZTMS Qc[^R~yc_`[^RMQc[^R�|%W�Y~TMQ{Uov?ycQ{UIYZS i`[?S ¥Xy{W�[^RM] eIm^eGRMO?QPm?voTM[?S [?iox�|�S RMO4VC_`YdRZ§¨m?voTM[W�l�_`v?[^RMY~mCQcS [?i�� ?
	¦���G�KRM_�<g�
	 �A;j�~_�aCRMO?Q�VoTMQn§¨m?voTM[4yc_`[^RMQc[^RMYcr.NPO?QnTMQnab_�TMQA] W6TMi`QhW�l�_`v?[^RMY_�aj[0voRZTMS Qc[^RMY�|PQnTMQITMQc] Q{W�YZQ{U�a TM_`l	RMO?QIYZ] W�YZOwUovoTMS [?i�RMO?Qk¥?TMQ`xC|�O?S y<O!i�TMQ{W6RM] e!S [?ynTMQ{W�YZQ{U�RMO?Q
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Oleolega Catchment

+: Forested
*: Logged/burned
o: Tracks, landings

S.P. 73A

S.P. 73B

��� ���	��
 «��� ��������� ��,�&+�	!413�8��,� ��� #+��(%���	&�!;��13�  ��K7� �(41 ����! � � *) ��81 ���	!%13�<���	&@CD� &)��� &E6? 
*) ���*)��.>&+����F

VC_`YZYZS m?S ] S R£e)_�a�YZv?m?YZQ{�^v?Qc[^RI] _`YZYZQcY4m^ew] Q{W�y<O?S [?iox9_�T4S [)_6fgQnTM] W�[XUw¤X_{| UovoTMS [?i�] W6TMi`Q#YdRM_�TMl�Y�¨��� (s_`v?i`O?] S [ �<�%�`� xs�{�`�`�0�X�hvXUoYZ_`[ �<�%�`� � xs�{�`�`��ms��JhO?]sW�[XU�7`_�T<U?W�[sxK�{�`�9<^�<r
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	"%$45 &k"j3%58&)(
�PW�YZQc] S [?Q�U?W6R<W!_`[�YZ_`S ]�V?O^eoYZS y{W�]%VoTM_`VCQnTZRMS QcY�OXW{fgQ#mCQcQc[�VoTM_6f0S UoQ{U)S [ % OXW�VoRMQnT <wW�[XU+RMO?QQ.-EQcynRMY�_�a~OXW6TMfgQcYdRMS [?i�W�[XU#m?voTM[?S [?i�_`[#RMO?QcYZQGVoTM_`VCQnTZRMS QcYAW6TMQGQnq?W�l�S [?Q{U#S ['RMO?S Y%YZQcynRMS _`[sr
798;:��;:<7 �¡H����� N9>ZOXLZ@ �
��S i`voTMQA�GC^r <AYZO?_{|�Y�m?v?] z;UoQc[?YZS R£ekU?W6R<WPab_�T�RMO?QP�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^RKyc_`] ] QcynRMQ{UkmCQnab_�TMQj] _`i`i`S [?iW�[XU4W6a RMQnTj] _`i`i`S [?iIW�[XUIm?voTM[?S [?ih_�aCRMO?QPYZ] W�YZOsr9Nj|P_kW�ycycQcYZY.RMv?mCQcY�ab_�T9RMO?QPy{W�VXW�ycS R<W�[?ycQ�VoTM_`mCQ|PQnTMQ�S [?YdR<W�] ] Q{Uwyc] _`YZQ4RM_'YMW�l�V?] Q4VC_`S [^R�&��\��YZQcQ���S i`voTMQ'�GC^r �g�<r}�AycycQcYZY;RMv?mCQ��Cr ;�r &��`� |%W�YS [?YdR<W�] ] Q{U'S ['W4YZl}W�] ]Cab_�TMQcYdRAV?] _�R�_`[}TMQc] W6RMS fgQc] e�UoQcQcV#YZ_`S ]9�bTM_^y<z#W6R �I�`r Ckl#�.|�O?QnTMQ{W�YAW�ycycQcYZYRMv?mCQj�Cr ;�r3&��`�!|%W�Y�S [?YdR<W�] ] Q{Uk_`[GRMO?Q9YMW�l�Q9YZ] _`VCQPW6R~W�UoS YdR<W�[?ycQj_�aXW�mC_`voR <g��l a TM_`l �Cr ;�r9&��`�S [4W�YZOXW�] ] _{|�YZ_`S ]E�bTM_^y<zkW6R � &��Aycl#�ES [4WAUoQnab_�TMQcYdRMQ{U4W6TMQ{WI��YZQcQPW�] YZ_;�AV?VCQc[XUoS q�,G<^�<r.NPO?Q9R£|P_VoTM_�¥X] QcY�yc_`l�VXW6TMQ{U}|PQc] ]E|�S RMO�m?v?] z#UoQc[?YZS RMS QcY�_`moR<W�S [?Q{U#a TM_`l¦yc_�TMQGYMW�l�V?] QcYk���AV?VCQc[XUoS q@,3C`�yc_`] ] QcynRMQ{U�W6RA_�RMO?QnT�YMW�l�V?] QGVC_`S [^RMY%S ['RMO?Q;y{W6RMy<O?l�Qc[^Rk����S i`voTMQ��GC^r <^�<rNK_�W�YZYZQcYZY#RMO?Q!S l�VXW�ynR#_�aIOXW6TMfgQcYdRMS [?i)_`[¡YZ_`S ];m?v?] z�UoQc[?YZS R£e^xAU?W6R<W+yc_`] ] QcynRMQ{Upab_�T#RMO?Qv?V?VCQnT;�{�4ycl _�a~YZ_`S ]sS [#RMO?Qhab_�TMQcYdRMQ{U'YdR<W6RMQGS ['t;QcycQcl4mCQnT;�{�`�`�I|PQnTMQGyc_`l�VXW6TMQ{U�|�S RMO'RMO?_`YZQyc_`] ] QcynRMQ{U\S [wW6TMQ{W�YGRMOXW6RGOXW`U!mCQcQc[\] _`i`i`Q{UwW�[XU!YZv?m?YZQ{�^v?Qc[^RM] e�m?voTM[?Q{UExEm?voRG[?_�RkUoS YdRMvoTMmCQ{U_�RMO?QnTZ|�S YZQ`xXW�[XU�|�S RMO'U?W6R<Wkyc_`] ] QcynRMQ{U#_`[}[?Qn|pTM_gW`UoYcxoRZT<W�y<z0YPW�[XU}] W�[XUoS [?i`YPmCQnR£|PQcQc['�Av?i`v?YdRW�[XU)�hynRM_`mCQnT}�{�`�0�`r't;v?Q�RM_'RMO?Q�l}W�YZYZS fgQ�YdRZTMv?ynRMvoTMQ�_�a%RMO?Q�YZv?m?YZ_`S ]jS Rk|%W�YIv?[?] S zgQc] e!RMOXW6ROXW6TMfgQcYdRMS [?i#W�[XU�m?voTM[?S [?i�|P_`v?] U!OXW{fgQIOXW`U!W}l}W{�d_�T;Q.-EQcynRGmCQc] _{| W#UoQcVoRMO�_�aP�`�#ycl �0/jW�[UoQnT ;.] W�Y�W�[XU �9TMv?S �d[?�cQcQc]�x��{�`�`�g�'W�[XUpRMO?Q�TMQcYZv?] RMY�_`moR<W�S [?Q{Upab_�T�RMO?Q\YMW�l�V?] QcY'yc_`] ] QcynRMQ{UmCQc] _{|pRMO?S Y%UoQcVoRMO#W6a RMQnT%] _`i`i`S [?i�W�[XU}m?voTM[?S [?iG|PQnTMQARMO?QnTMQnab_�TMQhv?YZQ{U�RM_4UoQnTMS fgQAQcYdRMS l}W6RMQcYjab_�TRMO?Q4m?v?] z\UoQc[?YZS RMS QcYkW6RkS [^RMQnTMl�Q{UoS W6RMQ�UoQcVoRMO?Yhab_�TkRMO?Q4VoTMQn§¨] _`i`i`S [?i�YZS RMvXW6RMS _`[)W�YG|PQc] ]jW�Y;ab_�TRMO?Q�YZ_`S ]jv?[XUoQnTGRZT<W�y<z0Ycx�TM_gW`UoY4W�[XU\] W�[XUoS [?i`Ycr H.YdRMS l}W6RMQcYGab_�T�UoQcVoRMO?YGv?V\RM_I?`�'ycl�S [\RMO?Qab_�TMQcYdRMQ{U}W�[XU4S [�RMO?Q%] _`i`i`Q{U}W�[XU�m?voTM[?Q{UIy{W6RMy<O?l�Qc[^RjW6TMQ�VoTMQcYZQc[^RMQ{U4S [}N�W�m?] QG�GC^r ?0x0RM_`i`QnRMO?QnT|�S RMO#RMO?_`YZQ;ab_�TAYZ_`S ] YAv?[XUoQnTPTM_gW`UoYcxoRZT<W�y<z0YAW�[XU#] W�[XUoS [?i`Ycr9�;W6TMfgQcYdRMS [?i�W�[XU#m?voTM[?S [?iIi�TMQ{W6RM] eS [?ynTMQ{W�YZQ{U�RMO?Q�YZVXW6RMS W�]Cf`W6TMS W6RMS _`[}S [}m?v?] z�UoQc[?YZS R£e�W�YPS [XUoS y{W6RMQ{U�m^e4RMO?Q�S [?ynTMQ{W�YZQhS [�YdR<W�[XU?W6T<U
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!; �.K/2� &4!U*)���3� &)*+��&),<13� ���	&<CD� &)��� &E6? *) ���*)��.>&+���-13� � &)*)&+.��)&+(7������� � #+��(�&4!4��&), �M ��2,
� &E/2��&+.��)&+( ����� � �E� ��6 6?&),= ��2, �8��(4�2&),	�J�8(� �*	�! � �  ��2,�13��6�! ��F

30-5520-3010-200-10Location                      Depth [cm]:

1.41+1.210.5351.07Forested
0.090.07Standard deviation
1212Number of samples

1.411.21+1.171.13Logged & burned
0.170.11Standard deviation
1213Number of samples

1.41+1.331.251.17Tracks & landings
0.11Standard deviation
10Number of samples

Differences in means between treatments
<*Forested <> Logged & Burned
<**Forested <> Tracks & Landings
nsLogged & burned <> Tracks & landings

ns: not significant; *: significance level 0.10; **: significance level 0.05;
***: significance level 0.001; +: Assumed value; Underlined values 
have been obtained by linear interpolation

UoQcf0S W6RMS _`[?Ycr#�A] RMO?_`v?i`O!RMO?Q�YMW�l�V?] Q�YZS �cQcYk|PQnTMQ�YZl}W�] ]�xKRMO?Q�U?W6R<W'YZv?i`i`QcYdRMQ{U\RMOXW6RGRMO?Q�m?v?] zUoQc[?YZS R£e}_�a~RMO?QhRM_`V\�{��ycl _�a.YZ_`S ]sS [?ynTMQ{W�YZQ{U�YZS i`[?S ¥Xy{W�[^RM] ew�ED Fu�0r �{�g��W6a RMQnTAOXW6TMfgQcYdRMS [?i�W�[XUm?voTM[?S [?iIS ['RMO?QGW�m?YZQc[?ycQG_�a�abvoTZRMO?QnTAUoS YdRMvoTMmXW�[?ycQ;_�a�RMO?QhRM_`V?YZ_`S ]�rPNPO?S Y�l}Wce}OXW{fgQ;mCQcQc[�Uov?QRM_wUoQci�T<W`U?W6RMS _`[�_�a;YZ_`S ]AW�i`i�TMQcigW6RMQcY\�A(KW�]�xh�{�`�'&`�<rp�h_{|PQcfgQnT{x9RMO?Q'S [?ynTMQ{W�YZQ'|%W�Y�[?_�R}] W6TMi`QQc[?_`v?i`O)ab_�T�RMO?Q'W{fgQnT<W�i`Q'f`W�] v?Q}RM_!a�W�] ]�_`voRMYZS UoQ#RMO?Q}T<W�[?i`Q'_`m?YZQnTMfgQ{U+ab_�T�RMO?Q#YZ_`S ] Y�S [)RMO?Qab_�TMQcYdRIV?] _�RMY#���0r �'&c�X�`r � ?�i�ycl.��
{�GW�[XU!RMO?S YkS [?ynTMQ{W�YZQ�YZO?_`v?] U\RMO?QnTMQnab_�TMQ}[?_�RkOXW{fgQ�W'l}W{�d_�TS l�VXW�ynR~_`[IRMO?QPVoTM_0Uov?ynRMS f0S R£ek_�aEWhYZQcyc_`[XUkTM_�R<W6RMS _`[4ab_�TMQcYdR{r.�;W6RMvoT<W�] ] e^x`O?S i`O?QnT9m?v?] zkUoQc[?YZS RMS QcY|PQnTMQ�_`m?YZQnTMfgQ{U!_`[!RZT<W�y<z0YGW�[XU!] W�[XUoS [?i`YG|�O?QnTMQIRMO?QIRM_`V?YZ_`S ]9OXW`U!mCQcQc[wUoS YdRMvoTMmCQ{U!YZQcfgQnTMQc] eW�[XU�RMO?QcYZQ�|PQnTMQ;YZS i`[?S ¥Xy{W�[^RM] e}UoS -EQnTMQc[^RG�ED F��0r �'C`�9a TM_`l RMO?_`YZQh_�asRMO?QAYZ_`S ]Ev?[XUoQnTjab_�TMQcYdR�m?voR[?_�RIa TM_`l RMO?_`YZQ'_�aAv?[XUoS YdRMvoTMmCQ{U+YZ_`S ]�W6a RMQnT�] _`i`i`S [?i+W�[XU)m?voTM[?S [?ior)�h[+RMO?Q}] W�[XUoS [?i`Y4RMO?Qi�TM_{|%RMO�_�a.RMO?QG[?Qn|�] e�V?] W�[^RMQ{U�YZQcyc_`[XU'TM_�R<W6RMS _`[�ab_�TMQcYdR;l}Wce'mCQkVC_^_�T;Uov?QGRM_�RMO?QGyc_`l�V?] QnRMQTMQcl�_6f`W�]K_�ajRMO?QkRM_`V?YZ_`S ]�xE|�O?S y<O\QnqoVC_`YZQ{U�RMO?QIYMW�VoTM_`] S RMQ`xK_�TkUov?QkRM_�RMO?QIYZQcfgQnTMQ4yc_`l�VXW�ynRMS _`[_�a�YZ_`S ]KW�[XU}YZv?m?YZQ{�^v?Qc[^RPQnTM_`YZS _`[w���AYZYZQc[0mCQnTMioxE�{�`�`�g�<rPNPO?Q;O?S i`O#m?v?] z}UoQc[?YZS RMS QcY%_`m?YZQnTMfgQ{U}S [RMO?QcYZQIW6TMQ{W�Y;l}Wce�W�] YZ_}S l�VCQ{UoQGTM_^_�RGUoQcfgQc] _`V?l�Qc[^Rk�0/jW�[!UoQnT
1+QcQnTZR{x��{�'&G<^�%|�O?S y<O!S Yh] S zgQc] eRM_�] Q{W`U+RM_�] _{|PQnT�VoTM_0Uov?ynRMS f0S R£e\T<W6RMQcY4S [+RMO?Q}[?Qnq0RkTM_�R<W6RMS _`[sr8E¨R4YZQcQcl�YIv?[?] S zgQc] e\RMOXW6RIRMO?QV?] W�[^RMS [?i�_�a9V?S [?QcYh_`[�RMO?QGTM_gW`UoY;W�[XU�] W�[XUoS [?i`YA|�S ] ]~S l�VoTM_6fgQ;RMO?QkYZ_`S ]~YdRZTMv?ynRMvoTMQGRM_#W�] W6TMi`QQnq0RMQc[^R{r
798;:��;:8G VDSj@EHkB	Sj@�N9F� �kFkB	S%H�<L<J ��DA>IFIHIJK@EL��kLZ@EL$NPO
H.YdRMS l}W6RMQcYK_�aoRMO?Q9O^e?U0T<W�v?] S y.yc_`[XUov?ynRMS f0S R£e��05������£�E_`moR<W�S [?Q{U;a TM_`l v?[XUoS YdRMvoTMmCQ{U;yc_�TMQjYMW�l�V?] QcYyc_`] ] QcynRMQ{UImCQnab_�TMQ%W�[XUIW6a RMQnT.] _`i`i`S [?iGW�[XUkm?voTM[?S [?ioxgW�YK|PQc] ]?W�Y~_`[kTM_gW`UoYcx`RZT<W�y<z0Y~W�[XUk] W�[XUoS [?i`Ycx
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��� ��� #+��( ����/ 
T ��2,Z! � �4!;��13� !��)& #+��(�&Z ��2,  $#)��&+(J�	 �(47�&4!4�813��6- ��2, �8��(4��13��6513�%���	& CD� &)��� &E6? *) ���*)��.>&+���  ��2,K#+��( ���	&-����/A���=*+.  $#)��&+(�*)���	!4�8( ��*+�81 ��� �$# �8(� �*	�!� ��2,>�  ��2,�13��6�!;F

nMaximumMinimumModeMedianSDAverageDepthTreatment
[m day-1][m day-1][m day-1][m day-1][m day-1][cm]

122250.1275273731-6Forested
141530.011.061.541151-6Logged & burned
110.690.00010.0430.0490.230.171-6Tracks & landings

12190.060.581.225.33.125-35Forested
130.240.00040.00820.00880.080.0540-70Logged & burned

W6TMQ4YZO?_{|�[wS [wN�W�m?] Q#�GC^r &^r4tGW6R<W}ab_�TGRMO?QIS [XUoS f0S UovXW�]~YMW�l�V?] QcYGW6TMQ�i`S fgQc[\S [w�AV?VCQc[XUoS qI,3C^r�A] RMO?_`v?i`OIRMO?Q%YMW�l�V?] QPYZS �cQcY.|PQnTMQ%YZl}W�] ]oYZS i`[?S ¥Xy{W�[^RPUoS -EQnTMQc[?ycQcY~|PQnTMQ%_`m?YZQnTMfgQ{U4mCQnR£|PQcQc[IRMO?Qf`W6TMS _`v?Y%S [^RMQc[?YZS RMS QcY�_�a.UoS YdRMvoTMmXW�[?ycQ`r9NPO?Q�5������._�a�RMO?QhRM_`V?YZ_`S ]KUoQcynTMQ{W�YZQ{U'YZS i`[?S ¥Xy{W�[^RM] e\�ED F�0r �0�6��W�YhW4TMQcYZv?] RA_�a~RMO?Q;ab_�TMQcYdRhyc] Q{W6T<W�[?ycQ4W�[XU'YZv?m?YZQ{�^v?Qc[^R�m?voTM[?S [?i4_�a~RMO?QGYZ] W�YZOsxCVC_`YZYZS m?] eUov?Q;RM_#W�yc_`] ] W�V?YZQ4_�a.RMO?QkYZ_`S ]�YdRZTMv?ynRMvoTMQIW�Y;W4TMQcYZv?] Rh_�a.T<W�S [XU0TM_`V!S l�VXW�ynRhW�[XU�QnqoVC_`YZvoTMQGRM_YZ_`] W6TAT<W`UoS W6RMS _`[)�A(KW�]�xs�{�`�'&`�<rNPO?Q 5������K_�aCyc_`l�VXW�ynRMQ{UkRM_`V?YZ_`S ]X_�aXRZT<W�y<z0Ycx`TM_gW`UoYjW�[XUI] W�[XUoS [?i`Y.|%W�Y9YZS i`[?S ¥Xy{W�[^RM] e4] _{|PQnT�ED F �0r �0�6�ARMOXW�[\l�Q{W�YZvoTMQ{U!S [wW`U6�ZW�ycQc[^RGTMQc] W6RMS fgQc] e!v?[XUoS YdRMvoTMmCQ{U�YZ_`S ] Ycr�1¡S UoQcYZVoTMQ{W`U\_6fgQnTZ§] W�[XU#¤X_{| W�[XU'QnTM_`YZS _`[�|%W�YAS [XUoQcQ{U'_`m?YZQnTMfgQ{U#_`['RMO?QcYZQGyc_`l�VXW�ynRMQ{U'YZvoTZa�W�ycQcYhUovoTMS [?i�] W6TMi`QnTYdRM_�TMl�Ykm?voRI[?_�RIS [wRMO?Q#W`U6�ZW�ycQc[^R4] QcYZY4UoS YdRMvoTMmCQ{U+W6TMQ{W�Y'���AYZYZQc[0mCQnTMioxP�{�`�`�g�<r!NPO?Q}S l�VXW�ynR_�a�RMO?QcYZQ;y<OXW�[?i`QcY�_`[#RMO?Q;YdRZTMQ{W�l�¤X_{| O^e?U0TM_`i�T<W�V?O�W�[XU�|%W6RMQnTh�^vXW�] S R£e}|�S ] ]smCQkUoS YZycv?YZYZQ{U#S [�0QcynRMS _`[w�GC^r ?0r
798;:��;:�� L+D�BED OXLZ@ � S%>IF � DAL Oo@EHkB	N�� N~@�N9>A@ELMDA>
NPO?Q9l�_0UoQc] ] Q{U��0/jW�[�=hQc[0v?y<O^RMQc[sx^�{�`�`�0�gYZQcQP�AV?VCQc[XUoS q�,3C`�KW{fgQnT<W�i`QjVoTMQn§¨OXW6TMfgQcYdRMS [?i�VC_�TM_`YZS R£e_�a.yc_�TMQIYMW�l�V?] QcYAyc_`] ] QcynRMQ{U�S ['RMO?QGRM_`V ?�ycl¦_�a9YZ_`S ]P�A?`� ��?
	}�sN�W�m?] Q�,3C^r �{�g�AW6Rh[?S [?QkVC_`S [^RMYS [�RMO?Q'y{W6RMy<O?l�Qc[^R�_`[�|�O?S y<O�TM_gW`UoYcxPRZT<W�y<z0Y�_�T}] W�[XUoS [?i`Y�|PQnTMQ'] W6RMQnT}yc_`[?YdRZTMv?ynRMQ{U�UovoTMS [?iOXW6TMfgQcYdRMS [?i�|%W�Y�[?_�R4YZS i`[?S ¥Xy{W�[^RM] e�UoS -EQnTMQc[^RIa TM_`l RMOXW6R�UoQnTMS fgQ{U)W6a RMQnT�RMO?Q}m?voTM[)_`[)RMO?QcYZQRZT<W�y<z0Ycx0TM_gW`UoYAW�[XU}] W�[XUoS [?i`Yk� C3& �+< 	}x?[ F �0�?N�W�m?] Q�,3C^r � <^�<xX[?_�T%a TM_`l RMOXW6RAUoQnTMS fgQ{U�ab_�T%RMO?QW`U6�ZW�ycQc[^R�TMQc] W6RMS fgQc] e'v?[XUoS YdRMvoTMmCQ{U#] _^y{W6RMS _`[?YI�A?', ��C�	}xX[ Fu�0�XN�W�m?] Q�,3C^r �G,`�<r�h_{|PQcfgQnT{xCRMO?QIVC_�TM_`YZS R£e!_�a9RMO?QIYZ_`S ]~_�a9RZT<W�y<z0YGW�[XU�] W�[XUoS [?i`Y���N�W�m?] Q ,3C^r � <^�A|%W�Y;YZS i`[?S a §S y{W�[^RM] e)] _{|PQnT��ED F �0r �'C`�kRMOXW�[�_�a�RMO?Q#YZ_`S ]%S [�W`U6�ZW�ycQc[^R}W6TMQ{W�Y�YZv?m0�dQcynRMQ{U+RM_!] _`i`i`S [?iwW�[XUm?voTM[?S [?i'm?voRG|�S RMO?_`voR�UoS YdRMvoTMmXW�[?ycQ�m^e\O?Q{W{f^ewQ{�^v?S V?l�Qc[^R���N�W�m?] Q�,3C^r �G,`�<r�NPO?S Yk|%W�YIYZv?Vo§VC_�TZRMQ{U+m^e\RMO?Q�a�W�ynR4RMOXW6R4l}W�ynTM_`VC_�TMQcYcx~|�O?S y<O+|PQnTMQ'W�m?v?[XU?W�[^RIS [+RMO?Q�v?[XUoS YdRMvoTMmCQ{UwYZ_`S ] Ycx|PQnTMQ#[?_�R�_`m?YZQnTMfgQ{U)S [)RMO?Q}yc_`l�VXW�ynRMQ{U)YZ_`S ] Y�_`[)TM_gW`UoY�W�[XU+] W�[XUoS [?i`Y�� ���{� 7`QnRZRMQc[sx��{�`�9<^�<r�h_{|PQcfgQnT{xoW�Y9RMO?QhUoS -EQnTMQc[?ycQ�|%W�YjT<W6RMO?QnTPYZl}W�] ]XRMO?QAUoQcynTMQ{W�YZQhS [}VC_�TMQhYZS �cQAl}Wce�S [}YZ_`l�Q�|%WceOXW{fgQ�mCQcQc[)mXW�] W�[?ycQ{U+m^e+W�[)S [?ynTMQ{W�YZQ#S [+RMO?Q}[0v?l4mCQnTk_�a�YZl}W�] ] QnTZ§¨YZS �cQ{U)VC_�TMQcYcrw�0S [?ycQ}YZ_`S ]l�_`S YdRMvoTMQ9TMQnRMQc[^RMS _`[4y<OXW6T<W�ynRMQnTMS YdRMS ycY9W6TMQP] S zgQc] eGRM_hy<OXW�[?i`Q%W�Y.W�TMQcYZv?] R._�aXy<OXW�[?i`QcY~S [IVC_�TMQPYZS �cQ��S [?ynTMQ{W�YZS [?i`] e�O?S i`O?QnThYZv?ynRMS _`[?YhW6TMQk[?QcQ{UoQ{U#RM_4TMQcl�_6fgQ;l�_`S YdRMvoTMQGa TM_`l VC_�TMQcYA_�a9UoQcynTMQ{W�YZS [?iYZS �cQ6�<xKW�YdRMvXU0e�_�a9RMO?QIyc_�TZTMQcYZVC_`[XUoS [?i#l�_`S YdRMvoTMQkTMQnRMQc[^RMS _`[!y<OXW6T<W�ynRMQnTMS YdRMS ycYGYZO?_`v?] U�S [XUoS y{W6RMQ|�O?QnRMO?QnT4YZv?y<O�W�y<OXW�[?i`Q#_^ycycvoTZTMQ{UEr\��S i`voTMQ!�GC^r C�YZO?_{|�Y4RMO?Q}W{fgQnT<W�i`Q#l�_`S YdRMvoTMQ�TMQnRMQc[^RMS _`[ycvoTMfgQcY%ab_�T�RMO?QGVoTMQn§jW�[XU'VC_`YdRZ§¨OXW6TMfgQcYdRMS [?i��6m?voTM[?S [?i�VCQnTMS _0UoYhW�Y%|PQc] ]~W�Y%ab_�ThYZ_`S ] Yh_`['RZT<W�y<z0YcxTM_gW`UoYGW�[XU�] W�[XUoS [?i`Ycr�:'_`S YdRMvoTMQITMQnRMQc[^RMS _`[\U?W6R<W�ab_�T;S [XUoS f0S UovXW�]�yc_�TMQ4YMW�l�V?] QcY;W6TMQIi`S fgQc[!S [
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�AV?VCQc[XUoS q�,3C^r¡�A] RMO?_`v?i`O�RMO?Q�W{fgQnT<W�i`Q�VC_`YdRZ§¨OXW6TMfgQcYdRMS [?i��6m?voTM[?S [?iwVC_�TM_`YZS R£e�_�ahRM_`V?YZ_`S ]AS [W6TMQ{W�Y;[?_�RkUoS YdRMvoTMmCQ{U�m^e�O?Q{W{f^e�l}W�y<O?S [?QnTZe'|%W�YGO?S i`O?QnThRMOXW�[�RMOXW6RG_�a9RM_`V?YZ_`S ]._`[\W`U6�ZW�ycQc[^RTM_gW`UoYcx0RZT<W�y<z0YPW�[XU}] W�[XUoS [?i`Ycx0RMO?QhW{fgQnT<W�i`QhmCQc] _{|¡¥XQc] U�y{W�VXW�ycS R£e!��VX� F ,`�9l�_`S YdRMvoTMQAyc_`[^RMQc[^R|%W�Y}YZS i`[?S ¥Xy{W�[^RM] e�] _{|PQnTw�ED F��0r �'C!ab_�T'�0r <���VX���G�`r <�W�[XU��0r �{�wab_�T#VX� F��`r &c� ,^r �g�<ruNPO?S YS [XUoS y{W6RMQ{U�RMOXW6R�WGTMQ{Uov?ynRMS _`[#S [\��l}W�ynTM_^�£VC_�TMQhYZS �cQ;OXW`U}S [XUoQcQ{U}_^ycycvoTZTMQ{U#W�Y%O?S i`O?QnT%YZv?ynRMS _`[?Y|PQnTMQ#[?_{| [?QcQ{UoQ{UwRM_�TMQcl�_6fgQ�|%W6RMQnT4a TM_`l�RM_`V?YZ_`S ]%_`[+TM_gW`UoYcx.RZT<W�y<z0Y�W�[XU+] W�[XUoS [?i`Ycr\t;S a §abQnTMQc[?ycQcYAmCQnR£|PQcQc[�RMO?Qkl�_`S YdRMvoTMQ;TMQnRMQc[^RMS _`[�_�a9YZ_`S ]�v?[XUoQnT�ab_�TMQcYdRGW�[XU�_`[�RZT<W�y<z0Ycx?TM_gW`UoY;W�[XU] W�[XUoS [?i`Y~|PQnTMQ%[?_�R.YZS i`[?S ¥Xy{W�[^R9mCQc] _{|pWhVX��_�a��`r �;m?voR.W�mC_6fgQPRMO?S Y~f`W�] v?Q%YZS i`[?S ¥Xy{W�[^RM] e4O?S i`O?QnTl�_`S YdRMvoTMQAyc_`[^RMQc[^RMYh�ED F �0r �{�kab_�T�VX� F �`r <�W�[XU}�0r �'CGab_�T�VX���G�`r <^�.|PQnTMQGW�igW�S [#_`m?YZQnTMfgQ{U�ab_�TRMO?Q�] W6RZRMQnT;����S i`voTMQI�GC^r C`�<rjNPO?QAl�_`S YdRMvoTMQ�yc_`[^RMQc[^R%W�mC_6fgQ�VX� F ,^r �k_�aERMO?QAYMW�l�V?] QcYjyc_`] ] QcynRMQ{Uv?[XUoQnT�ab_�TMQcYdR;|%W�Y;l�_0UoQc] ] Q{U+�0/jW�[8=hQc[0v?y<O^RMQc[sxK�{�`�`�g�hUov?QGRM_}] W�y<z�_�a9] W�mC_�T<W6RM_�TZe�a�W�ycS ] S RMS QcYS [\��S �dS�xs|�O?QnTMQ{W�YhRMO?_`YZQIab_�TGRMO?QIYMW�l�V?] QcYhyc_`] ] QcynRMQ{UwW6a RMQnTk] _`i`i`S [?i�W�[XU�m?voTM[?S [?i�|PQnTMQ�W�ynRMvo§W�] ] e'l�Q{W�YZvoTMQ{UErjNPO?QnTMQnab_�TMQ`xCS R�|%W�YA[?_�RAVC_`YZYZS m?] QkRM_�UoQnRMQnTMl�S [?Q;S a~RMO?Q;_`m?YZQnTMfgQ{U'y<OXW�[?i`QcYAS [RMO?QIYZ_`S ]9l�_`S YdRMvoTMQITMQnRMQc[^RMS _`[\y<OXW6T<W�ynRMQnTMS YdRMS ycYIWG-EQcynRMQ{U\YZ_`S ]~|%W6RMQnTkO?_`] UoS [?i'y{W�VXW�ycS R£e^rI�h_{|%§QcfgQnT{x^RMO?QAVoTMQcYZQc[^R%U?W6R<WIUo_I[?_�RPYZv?i`i`QcYdRAW�[^e�l}W{�d_�T%y<OXW�[?i`QhS [�RMO?Q�|%W6RMQnT�O?_`] UoS [?iIy{W�VXW�ycS R£e^r�h_{|PQcfgQnT{x.W�YkRMO?Q�TMQcl�_6f`W�]._�aAYZ_`S ]h� �{� $^� _`[wTM_gW`UoY4W�[XUw] W�[XUoS [?i`Y<�;TMQ{Uov?ycQ{U\RMO?Q�YZ_`S ]%UoQcVoRMO��W�] TMQ{W`U0e\] _{| _`[\RMO?QITMS Uoi`QcY<�<x�RMO?Q�W�l�_`v?[^RG_�aP|%W6RMQnTIW{f`W�S ] W�m?] Q�ab_�TIV?] W�[^RMY;|�S ] ]jOXW{fgQ4mCQcQc[TMQ{Uov?ycQ{U}W�ycyc_�T<UoS [?i`] e^r9�hQc[?ycQAYZQcyc_`[XU}TM_�R<W6RMS _`[#ab_�TMQcYdR�V?] W�[^RMQ{U}_`[#] W�[XUoS [?i`Y%W�[XU�TM_gW`UoY%l}WceQnqoVCQnTMS Qc[?ycQkVCQnTMS _0UoS yk|%W6RMQnT;YdRZTMQcYZYGUovoTMS [?i�RMO?QIU0TZe'YZQ{W�YZ_`[wW�[XU'RMO?S YcxCS [�yc_`l4m?S [XW6RMS _`[�|�S RMORMO?Q�VC_^_�TPYdRZTMv?ynRMvoTMQA_�asRMO?Q�yc_`l�VXW�ynRjYZ_`S ]X|�S ] ]sW�] l�_`YdRPycQnTZR<W�S [?] e�] Q{W`U�RM_k] _{|PQnT%VoTM_0Uov?ynRMS f0S R£e^rt;v?QPRM_;RMO?Q%YZl}W�] ]oRMQnq0RMvoT<W�]?UoS -EQnTMQc[?ycQcY9mCQnR£|PQcQc[�RM_`V?YZ_`S ]CW�[XU4YZv?m?YZ_`S ]?RMO?Q%S l�VXW�ynR9_�as] _`i`i`S [?iW�[XU'm?voTM[?S [?i�_`[�YZ_`S ]KRMQnq0RMvoTMQGyc_`v?] U�YMW6abQc] e!mCQG[?Qci`] QcynRMQ{U!W�[XU'RMO?QnTMQnab_�TMQI[?_�i�T<W�[0v?] _`l�QnRZTMS yW�[XW�] eoYZQcY%|PQnTMQIUo_`[?Q;_`[�YMW�l�V?] QcY%yc_`] ] QcynRMQ{U�W6a RMQnTh] _`i`i`S [?i}W�[XU'm?voTM[?S [?ior
NPO?Qh_`m?YZQnTMfgQ{U�y<OXW�[?i`QcYjS [#VC_�TM_`YZS R£e}W�[XU�l�_`S YdRMvoTMQ�TMQnRMQc[^RMS _`[�|PQnTMQhYZS l�S ] W6TPRM_kRMO?_`YZQA_`mo§YZQnTMfgQ{U�m^e 5kW�l}W6TMv?�{W�l}W�[@7`v?YZ_9-��d�{�`�0�6�<xo|�O?_IYdRMvXUoS Q{U}y<OXW�[?i`QcYPS [#VC_�TM_`YZS R£e'W�[XU#W{f`W�S ] W�m?] Q|%W6RMQnT4O?_`] UoS [?i!y{W�VXW�ycS R£e)W6a RMQnT�v?VwRM_8C���VXW�YZYZQcYI|PQnTMQ}l}W`UoQ�|�S RMO�W�ynT<Wc|�] QnT4RZT<W�ynRM_�T�W�[XUW'TMv?m?mCQnTkR£e0TMQ{U+] _gW`UoQnT�_`[)v?[XUoS YdRMvoTMmCQ{Uwyc] Wce+] _gW�l YZ_`S ]�UovoTMS [?i�|PQnR�W�[XU)U0TZewl�_`[^RMO?YkS [

% Qc[^RZT<W�] ;~W�OXW�[?iox�:�W�] WceoYZS W0r 5kW�l}W6TMv?�{W�l}W�[>7`v?YZ_9-u�d�{�`�0�6�I_`m?YZQnTMfgQ{UwRMOXW6RIRMO?Q}VC_�TM_`YZS R£eUoQcynTMQ{W�YZQ{U�a TM_`l�<'?{��<�&�		RM_'�'&c��<o��	}r��0O?S a RMY;S [!RMO?QIYZ_`S ].l�_`S YdRMvoTMQITMQnRMQc[^RMS _`[\ycvoTMfgQcYA|PQnTMQ



©E« � �����������
	�����������������������������������������
�����! ��
�
	�"#���
���

W�] YZ_�_`m?YZQnTMfgQ{U\W�[XU�RMO?S Y;TMQcYZv?] RMQ{U!S [+W#UoQcynTMQ{W�YZQ�_�ajRMO?Q�W{f`W�S ] W�m?] Q�|%W6RMQnTkO?_`] UoS [?i'y{W�VXW�ycS R£ea TM_`l �{�`�{�X�`�{�'l�l l.�! �RM_#�`�{�0�9<'l�l l.�! ;W6a RMQnT�C���VXW�YZYZQcYcrkNPO?QI] W6TMi`QcYdRky<OXW�[?i`QcYA|PQnTMQ_`m?YZQnTMfgQ{U'UovoTMS [?iIRMO?Qh¥?TMYdR+,c��<�VXW�YZYZQcYA_�a�RMO?Q;fgQcO?S yc] QcY�W�[XU#y<OXW�[?i`QcY�y{W�v?YZQ{U'm^e�RMO?QhTMv?m?mCQnTR£e0TMQ{U+] _gW`UoQnT4|PQnTMQ'] W6TMi`QnT�RMOXW�[+RMO?_`YZQ#m^ewRMO?Q#ynT<Wc|�] QnT�RZT<W�ynRM_�T4|�O?S y<O)|%W�Y�W6RZRZTMS m?voRMQ{UwRM_UoS -EQnTMQc[?ycQcYAS [�yc_`[^R<W�ynRhVoTMQcYZYZvoTMQ`rPt;S W�Y;W�[XU'�h_�TZRMO?yc] S -��d�{�`�'C�W0x mC�AW�] YZ_}_`m?YZQnTMfgQ{U�UoQcynTMQ{W�YZQcYS [�RMO?Q�[0v?l4mCQnT�_�aGl}W�ynTM_`VC_�TMQcY!�ba TM_`l ,��
	 S [�v?[XUoS YdRMvoTMmCQ{U)RM_`V?YZ_`S ]ARM_+W�mC_`voR2&�	 W6a RMQnTYZQcfgQnT<W�]ERZT<W�ynRM_�ThVXW�YZYZQcY<��W�[XU}RMO?Q;RM_`V?YZ_`S ]s|%W6RMQnTAO?_`] UoS [?i�y{W�VXW�ycS R£e'_�a9W4yc] Wce^Qne��AqoS YZ_`]KW6a RMQnTyc] Q{W6TMS [?i�_�a�T<W�S [oab_�TMQcYdRhS [��Al}W��c_`[?S W0xo|�S RMO#RMO?QG] W6TMi`QcYdRhy<OXW�[?i`QcYAW6a RMQnTAl�Qcy<OXW�[?S y{W�]syc] Q{W6TMS [?im^e#m?v?] ] Uo_`�cQnTMYcr
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NPO?QkQ.-EQcynR;_�a9] _`i`i`S [?i'W�[XU�YZv?m?YZQ{�^v?Qc[^RAm?voTM[?S [?i�_�a.RMO?QkYZ] W�YZO\_`[�YZ_`S ]~y<O?Qcl�S y{W�]Ky<OXW6T<W�ynRMQnTZ§S YdRMS ycYIS [wRMO?Q#�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^RG|%W�YIYdRMvXUoS Q{U\m^ewyc_`l�VXW6TMS [?i�YMW�l�V?] QcYkyc_`] ] QcynRMQ{U+mCQnab_�TMQ] _`i`i`S [?i�YdR<W6TZRMQ{U�|�S RMO�RMO?_`YZQ!yc_`] ] QcynRMQ{U¡W6a RMQnT#RMO?Q�m?voTM[sr NPO?Q�YMW�l�V?] QcY�TMQcVoTMQcYZQc[^RMS [?iwRMO?Qab_�TMQcYdRMQ{U�YZS RMvXW6RMS _`[sx^|PQnTMQAyc_`] ] QcynRMQ{U�S [�t;QcycQcl4mCQnT��{�`�`�0xoYZO?_�TZRM] e�W6a RMQnTPyneoyc] _`[?Q;�0S [XW;OXW`U�UoQn§VC_`YZS RMQ{U�YMW�] RMY4��YZQ{W�YZVoT<Wce^xXN�W�m?] Q��{�0r <^�AW�[XU'] W6TMi`Q4W�l�_`v?[^RMY�_�a~a TMQcYZO�] S RZRMQnT4��N�W�m?] Q��G,^r &`��_`[RMO?Q;YZ_`S ]KYZvoTZa�W�ycQ`r9�h_{|PQcfgQnT{xoRMO?QGW�l�_`v?[^RMYP_�a~[0voRZTMS Qc[^RMY�UoQcVC_`YZS RMQ{U�W�Y�YZQ{W4YZVoT<Wce}|PQnTMQGYZl}W�] ]yc_`l�VXW6TMQ{U#RM_�RMO?QGyc_�TZTMQcYZVC_`[XUoS [?i}[0voRZTMS Qc[^R�TMQcYZQnTMfgQcYAS [�RMO?QGYZ_`S ]P��N�W�m?] Q�<or �{�g�AW�[XU�mCQcy{W�v?YZQT<W�S [oa�W�] ]ES [}RMO?QAVCQnTMS _0U}mCQnR£|PQcQc[}RMO?QAVXW�YZYMW�i`Q;_�aKRMO?QAyneoyc] _`[?Q;W�[XU�RMO?QAyc_`] ] QcynRMS _`[�_�aKYMW�l�V?] QcYOXW`U�mCQcQc[�] _{| �d�G&;l�l#�sRMO?Q%RZT<W�[?YdabQnTP_�as[0voRZTMS Qc[^RMY.a TM_`l RMO?Q%a TMQcYZO?] e}UoQcVC_`YZS RMQ{U�] S RZRMQnTjRM_;RMO?QYZ_`S ]9m^e\] Q{W�y<O?S [?i+� �{� $^� 5I��|%W�YI[?Qci`] QcynRMQ{UEr}�AYGYZv?y<O\RMO?Q�S [o¤Xv?Qc[?ycQ�_�aPRMO?Q�yneoyc] _`[?Q�_`[\RMO?QYZ_`S ]Ky<O?Qcl�S YdRZTZe#W6R�RMO?QhRMS l�Q;_�a.YMW�l�V?] S [?i4|%W�Y�yc_`[?YZS UoQnTMQ{U'YZl}W�] ]�rNPO?QIVC_`YdRZ§¨m?voTM[�YMW�l�V?] QcYA|PQnTMQ4yc_`] ] QcynRMQ{U!mCQnR£|PQcQc[8C#�0QcVoRMQcl4mCQnThW�[XUw���hynRM_`mCQnT4�{�`�0�`r�h[+RMO?Q}_�RMO?QnT4OXW�[XUEx.YZ_`l�Q�?3?�l�l �¨�0QcVoRMQcl4mCQnT C`�GRM_ ,3,G<!l�l¢�¨�hynRM_`mCQnT#�6�k_�a�T<W�S [oa�W�] ]|%W�Y9TMQcyc_�T<UoQ{U�W6a RMQnTjRMO?Q�m?voTM[sx`|�O?S y<O�|%W�Yjyc_`[?YZS UoQnTMQ{U�YZv 
�ycS Qc[^R9RM_;RZT<W�[?YdabQnTjTMQ{W`UoS ] e�YZ_`] v?m?] Q[0voRZTMS Qc[^RMYPVoTMQcYZQc[^R�S [}RMO?QGW�YZO#RM_IRMO?Q;YZ_`S ]�rjNPO?QG] _`YZY�_�a�[0voRZTMS Qc[^RMYPa TM_`l RMO?Q;] S RZRMQnT�] Wce^QnTAW�[XUYZ] W�YZO�ab_`] ] _{|�S [?i}RMO?QGm?voTM['|%W�YhUoS YZycv?YZYZQ{U�S [!�0QcynRMS _`[+�GC^r ,^r ,���N�W�m?] Q��GC^r C`�<rA�AfgQnT<W�i`QGf`W�] v?QcYab_�T�f`W6TMS _`v?Y4y<O?Qcl�S y{W�]jVoTM_`VCQnTZRMS QcY4_�aARMO?Q}YZ_`S ]%mCQnab_�TMQ'W�[XU)W6a RMQnT�] _`i`i`S [?i+W�[XU+m?voTM[?S [?i!W6TMQVoTMQcYZQc[^RMQ{U}S ['N�W�m?] Q4�GC^r �0x?|�O?QnTMQ{W�YPRMO?QAT<Wc| U?W6R<WIW6TMQ;] S YdRMQ{U#S [��AV?VCQc[XUoS q ,9?0r NPO?Q;Q.-EQcynRMY_�aP] _`i`i`S [?i!W�[XU!m?voTM[?S [?i}|PQnTMQ�l�_`YdRGQcf0S UoQc[^R;S [\RM_`V?YZ_`S ]9W�[XU!RMO?Q4] W6TMi`QcYdR4UoS -EQnTMQc[?ycQcYh|PQnTMQ_`m?YZQnTMfgQ{UImCQnR£|PQcQc[4YZ_`S ]?v?[XUoQnT�ab_�TMQcYdRPW�[XUkRMOXW6R._�aXRZT<W�y<z0Y.W�[XUI] W�[XUoS [?i`Ycr�H~qoy<OXW�[?i`Q{W�m?] QP�h��
UoQcynTMQ{W�YZQ{U4YZS i`[?S ¥Xy{W�[^RM] eI|�O?QnTMQ{W�Y~RMO?QPV?�����	�!W�[XUkRMO?QPV?��
���?YZO?_{|PQ{U4YZS i`[?S ¥Xy{W�[^R9S [?ynTMQ{W�YZQcYRMOoTM_`v?i`O?_`voRjRMO?QhYZ_`S ]EVoTM_�¥X] Q;W6a RMQnT�] _`i`i`S [?i�W�[XU}m?voTM[?S [?ior.NPO?QhS [?ynTMQ{W�YZQ;S [#V?�����	�\|%W�Y%YZvoa §¥XycS Qc[^RIRM_�moTMS [?i�RMO?Q}YZ_`S ]ja TM_`l�RMO?Q}y{W6RMS _`[�Qnqoy<OXW�[?i`Q#m?v -EQnTkT<W�[?i`Q}RM_�RMO?Q}YZS ] S y{W6RMQ'm?v -EQnTT<W�[?i`Q!�0Jh] TMS y<O+W�[XU 5GOXW�[?[XW0xj�{�`�9<^�<r % W6§¨] W�ynR<W6RMQ#Qnq0RZT<W�ynR<W�m?] Q ;j��
}UoS U\[?_�RIYZO?_{| YZS i`[?S ¥?§y{W�[^RAy<OXW�[?i`QcYhS ['RM_`V?YZ_`S ]~W6a RMQnT;m?voTM[?S [?i�m?voRAS [?ynTMQ{W�YZQ{U�S [�YZv?m?YZ_`S ]�r��h_�YZS i`[?S ¥Xy{W�[^R;y<OXW�[?i`QcYab_�T9_�RMO?QnT.YZ_`S ]oy<O?Qcl�S y{W�]0y<OXW6T<W�ynRMQnTMS YdRMS ycY.|PQnTMQ%_`m?YZQnTMfgQ{UIS [IRMO?QPYZv?m?YZ_`S ]�r4H~qoy<OXW�[?i`Q{W�m?] Q 5¡S [o§ynTMQ{W�YZQ{U}|�O?QnTMQ{W�Y�Qnqoy<OXW�[?i`Q{W�m?] Q;�G� 
 UoQcynTMQ{W�YZQ{U#S [#RMO?QARM_`V?YZ_`S ] Y�_�aKTMQc] W6RMS fgQc] e#v?[XUoS YdRMvoTMmCQ{UW6TMQ{W�Y;W�[XU'RZT<W�y<z0YhW�[XU�] W�[XUoS [?i`YhW6a RMQnT;] _`i`i`S [?i'W�[XU�m?voTM[?S [?ior!H~qoy<OXW�[?i`Q{W�m?] Qk�;W�YZO?_{|PQ{U!WYZS i`[?S ¥Xy{W�[^R�UoQcynTMQ{W�YZQ;W�[XU�Qnqoy<OXW�[?i`Q{W�m?] Q % WIWGYZS i`[?S ¥Xy{W�[^R%S [?ynTMQ{W�YZQ;S [�RMO?Qh�{�X�{�Iycl ] Wce^QnTP_�aRMO?Q;YZ_`S ]sS ['TMQc] W6RMS fgQc] e#v?[XUoS YdRMvoTMmCQ{U#W6TMQ{W�YAm?voR%[?QcS RMO?QnT�|%W�Y%RMO?Q;y{W�YZQ;ab_�T�RMO?Q;YZ_`S ] YA_�a�RZT<W�y<z0YW�[XU#] W�[XUoS [?i`YcrNPO?Q��	yc_`[^RMQc[^R�UoS U�[?_�R}y<OXW�[?i`Q'YZS i`[?S ¥Xy{W�[^RM] e�W6a RMQnT}OXW6TMfgQcYdRMS [?iwW�[XU�m?voTM[?S [?i\S [�W6TZ§Q{W�YA|�O?QnTMQGRMO?Q;RM_`V?YZ_`S ]K|%W�Yh[?_�R;UoS YdRMvoTMmCQ{U'm^e'O?Q{W{f^e'Q{�^v?S V?l�Qc[^R{xom?voRAS RA|%W�YhYZS i`[?S ¥Xy{W�[^RM] e] _{|PQnTAS [#RMO?QhYZvoTZa�W�ycQG] Wce^QnT�_`[#RZT<W�y<z0Y�W�[XU}] W�[XUoS [?i`YAUov?QARM_IRMO?QhTMQcl�_6f`W�]C_�a~�A§�TMS y<O}RM_`V?YZ_`S ]�r�h_{|PQcfgQnT{x?[?_4YZS i`[?S ¥Xy{W�[^Rhy<OXW�[?i`QcY%|PQnTMQG_`m?YZQnTMfgQ{U'S [#ab_�TARMO?Q;y{W6TMmC_`[�yc_`[^RMQc[^R{r9�AY�WITMQcYZv?] R{x
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� C���1 ! 13� � ���	&+(�&) !>&�:�*)�	 ���6?&) ��+� &=*) ��81 ���	!	�Z �7� �13�  ��+� & �5C��� ��2,'!;��� � �+� & �>C �  �(�&13�U.>&��4����� 6�� � !;��13� F

PO4NO3NH4MgCaKNaLOIC/N%C%NpH*pHnDepthLocation

0.0130.1290.1701.931.280.1140.1708.318.02.220.1363.974.60250-10Oleolega
0.0040.0680.1331.670.750.0810.1187.115.71.250.0843.874.562510-20Forested
0.0010.0250.0702.060.290.0620.1276.211.40.370.0333.834.722530-60

0.0120.0420.1032.431.730.1790.1118.720.92.170.1304.265.25250-10Oleolega
0.0030.0250.0652.201.160.1200.1017.621.91.250.0774.125.162510-20Logged &
0.0020.0240.0112.460.320.0520.1056.515.00.430.0344.015.012530-60Burned

0.0080.0390.0972.651.320.1580.1479.627.82.160.0794.195.14140-10Oleolega
0.0070.0300.0671.990.860.1190.1119.125.31.570.0654.105.171410-20Tracks &

7.313.20.290.0234.035.361430-60Landings

Significance levels of differences between means by Student’s t-test
Depth interval 0-10 cm

ns>**>***ns<*<***>***nsnsnsns<***<***Forested <> Logged
ns>**>**nsns<***ns<*<***ns>**<**<***Forested <> Tracks
nsnsnsnsnsns<**nsnsns>**ns>*Logged <> Tracks

Depth interval 10-20 cm
ns>***>***ns<**<***nsnsnsnsns<***<***Forested <> Logged
nsns>***nsns<*ns<**<***nsns<**<***Forested <> Tracks
<*<*nsns>*nsns<**nsnsnsnsnsLogged <> Tracks

Depth interval 30-60 cm
<*ns>***nsnsnsnsnsnsnsns<***<***Forested <> Logged

nsnsnsns<*<***Forested <> Tracks
nsns>*>*<*<***Logged <> Tracks

pH*: pH of soil in KCl solution
ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

RMO?Q % �6� T<W6RMS _�_�ajRMO?QIRM_`V?YZ_`S ]9_`[\RZT<W�y<z0YGW�[XU\] W�[XUoS [?i`YGS [?ynTMQ{W�YZQ{UwYZS i`[?S ¥Xy{W�[^RM] ewW6a RMQnTk] _`i�§i`S [?i!W�[XUwm?voTM[?S [?i�m?voRkRMO?Q}_`m?YZQnTMfgQ{UwS [?ynTMQ{W�YZQ#S [+TMQc] W6RMS fgQc] e+v?[XUoS YdRMvoTMmCQ{UwW6TMQ{W�YI|%W�Y4[?_�RYZS i`[?S ¥Xy{W�[^R�Uov?Q�RM_kRMO?QA] W6TMi`Q;YdR<W�[XU?W6T<U}UoQcf0S W6RMS _`[#y{W�] ycv?] W6RMQ{U}ab_�TPRMO?QAVC_`YdRZ§¨] _`i`i`S [?i�YMW�l�V?] QcY�d� ?0r �{� ,^�`r &`�<rPNPO?QAYdR<W�[XU?W6T<U}UoQcf0S W6RMS _`[}_�aERMO?Q % �6�¡T<W6RMS _kS [�RMO?Q�YZ_`S ]CmCQnab_�TMQh] _`i`i`S [?iIT<W�[?i`Q{Ua TM_`l <or �GS [�RMO?QPRM_`V?YZ_`S ]?RM_�C^r C;S [�RMO?Q�YZv?m?YZ_`S ]XW�[XU4RMO?Q%S [?ynTMQ{W�YZQA_`m?YZQnTMfgQ{U�W6a RMQnTj] _`i`i`S [?i4W�[XUm?voTM[?S [?i�YZv?i`i`QcYdRMQ{U�W�l4v?y<O+O?S i`O?QnT�YZVXW6RMS W�]Pf`W6TMS W6RMS _`[�RMOoTM_`v?i`O?_`voRIRMO?Q}YZ_`S ]%VoTM_�¥X] Q`r+NPO?QYdR<W�[XU?W6T<U\UoQcf0S W6RMS _`[w_`[\RZT<W�y<z0YkW�[XU\] W�[XUoS [?i`Y;T<W�[?i`Q{U!a TM_`l C^r �#RM_2?0r ?�W�[XU�|%W�YGRMO?QnTMQnab_�TMQyc_`l�VXW6T<W�m?] QPRM_;RMOXW6Rj_�aERMO?Q%YZv?m?YZ_`S ]XmCQnab_�TMQ�] _`i`i`S [?ior%�0voTMVoTMS YZS [?i`] e^x`RMO?Q 	�(��+E~_�aCRMO?Q%RM_`V?YZ_`S ]_`[#RZT<W�y<z0YAW�[XU#] W�[XUoS [?i`Y�|%W�Y�YZS i`[?S ¥Xy{W�[^RM] e'O?S i`O?QnT�RMOXW�[#RMOXW6RA_�a�RMO?Q;YZ_`S ]Kv?[XUoQnT%ab_�TMQcYdR{r
NK_�R<W�]sW�l�_`v?[^RMYP_�a~W{f`W�S ] W�m?] Q;[0voRZTMS Qc[^RMYjS [#RMO?QAYZ_`S ]smCQnab_�TMQGW�[XU#W6a RMQnT�] _`i`i`S [?i�W�[XU}m?voTM[o§S [?i�W6TMQ�i`S fgQc[wS [+N�W�m?] Q'�GC^r �'RM_`i`QnRMO?QnTG|�S RMO\RMO?Q�QcYdRMS l}W6RMQ{U!Qc[oTMS y<O?l�Qc[^RG_�ajRMO?Q�YZ_`S ]�r#NPO?Q_6fgQnT<W�] ]?RM_�R<W�] Y9ab_�TjRMO?Q�VC_`YdRZ§¨] _`i`i`S [?i�W�[XU�m?voTM[?S [?i;VCQnTMS _0U�|PQnTMQAy{W�] ycv?] W6RMQ{U�a TM_`l RMO?Q%TMQcYZVCQcyn§RMS fgQ4f`W�] v?QcY;_`m?YZQnTMfgQ{U�ab_�TGTMQc] W6RMS fgQc] e\v?[XUoS YdRMvoTMmCQ{U�YZ_`S ] YIW�[XU!YZ_`S ] Yk_`[!RZT<W�y<z0YGW�[XU!] W�[XUoS [?i`Y|PQcS i`O^RMQ{U'm^e�RMO?QkW6TMQ{W4yc_6fgQnTMQ{U'm^e}Q{W�y<O�YZ_`S ]sR£eoVCQ`r
NK_�R<W�]0W�l�_`v?[^RMYK_�a?W{f`W�S ] W�m?] Q�5�x % W0x�:'ihW�[XUhRM_�R<W�] % S [?ynTMQ{W�YZQ{UIW�Y~WPTMQcYZv?] R~_�a?OXW6TMfgQcYdRMS [?i
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 «��� 0	� ������ ��A �.>������� !K�$#Z �7� �13�  ��+� &5� ���8(41 &+��� !	� �  ��2,�� � �;6 �	 � � � 13�'���	& �������
*+.0!;��13� �  ���&+(-�$#5���	&%CD� &)��� &E6? "*) ���*)��.>&+�����)& #+��(�&� ��2," $#)��&+(Z�	 �(47�&4!4�813��6' ��2,��8��(4��13��6
 ��2,>���	& &+��(41 *)��.>&+��� ,���&-���>� ��6 6�13��6= ��2,C�8��(4��13��6?F

C-TotN-TotNO3-NNH4-NP*P+MgCaKNa

635634513531052.71837816220230Oleolega Forest

73090479830802.420061084280211Logged & burned areas
69183331332822.92063923280231Tracks & landings
72711465430802.420111069280213Oleolega Logged & Burned

9148141-23-25-0.317425259-17Nutrient enrichment

P+: Ca-Lactate extraction method; P*: Bray II extraction method, estimates for soil pits

W�[XU�m?voTM[?S [?ioxPVXW6TZRM] e�mCQcy{W�v?YZQ�_�aGS [?ynTMQ{W�YZQcY#S [�RMO?Q�yc_`[?ycQc[^RZT<W6RMS _`[?Y!�05�x % Wg��W�[XU�VXW6TZRM] emCQcy{W�v?YZQ!_�aIS [?ynTMQ{W�YZQcY'S [¡m?v?] z�UoQc[?YZS R£e � :'iox % �<r%NPO?Q�RM_�R<W�] % W6§ (KW�ynR<W6RMQ\Qnq0RZT<W�ynR<W�m?] Q8;yc_`[^RMQc[^RAUoS U'[?_�RAy<OXW�[?i`Q`rP�h_�U?W6R<WI|%W�YhW{f`W�S ] W�m?] QGab_�T;W�l�_`v?[^RMY�_�a�� W{f`W�S ] W�m?] Q�� ;�W�ycyc_�T<UoS [?iRM_�RMO?Q�;~§£�9T<Wce2E E%l�QnRMO?_0UErANPO?QkRM_�R<W�]�� yc_`[^RMQc[^RhS [?ynTMQ{W�YZQ{U�m?voRhyc_�TZTMQcYZVC_`[XUoS [?i#W{f`W�S ] W�m?] QRM_�R<W�] Yh_�a.�h��
M�^� W�[XU'�G� 
 �^� UoQcynTMQ{W�YZQ{U�YZv?i`i`QcYdRMS [?i�RMOXW6RARMO?QGS [?ynTMQ{W�YZQI_�a9� |%W�Yhl}W�S [?] eS ['RMO?Q;ab_�TMl _�a._�TMigW�[?S ykyc_`l�VC_`v?[XUoY%_�T;W�YZOsrj�h_`[o§£UoQcyc_`l�VC_`YZQ{U'W�YZO�VXW6TZRMS yc] QcYA|PQnTMQkS [XUoQcQ{U_`m?YZQnTMfgQ{U#S [#RMO?QARM_`V?YZ_`S ]sYMW�l�V?] QcY%yc_`] ] QcynRMQ{U�W6a RMQnTA] _`i`i`S [?i}W�[XU#m?voTM[?S [?ior.NPO?QGQnTZTM_�TMY�S [}RMO?Qi`S fgQc[+RM_�R<W�] Y4l}Wce\mCQ}yc_`[?YZS UoQnT<W�m?] Q'Uov?Q�RM_�RMO?Q�] S l�S RMQ{U+[0v?l4mCQnTk_�a�YMW�l�V?] QcYIv?YZQ{U+S [wRMO?Qy{W�] ycv?] W6RMS _`[?YAm?voR%RMO?Q;f`W�] v?QcY�YZQcQcl TMQ{W�] S YdRMS ykS ['f0S Qn|�_�a~RMO?QhRM_�R<W�] Y%TMQc] Q{W�YZQ{U'a TM_`l RMO?QG] S RZRMQnT] Wce^QnThW6a RMQnT�RMO?Q;m?voTM[�W�Y�i`S fgQc[�S [�N�W�m?] Q��GC^r C^r�h_�S [oab_�TMl}W6RMS _`[�|%W�YhW{f`W�S ] W�m?] Qk_`['RMO?QGQ.-EQcynRMY�_�a.OXW6TMfgQcYdRMS [?i�W�[XU'YZv?m?YZQ{�^v?Qc[^R�m?voTM[?S [?i_�aPYZ] W�YZO\_�aPV?S [?Q4V?] W�[^R<W6RMS _`[?Y;i�TM_{|�S [?i�_`[!ab_�TMl�QnTGi�T<W�YZYZ] W�[XU\YZ_`S ] YGS [!RMO?QIRZTM_`V?S ycYcr�*Av?YZYZQc] ]�d�{�`�`�g�P_`m?YZQnTMfgQ{U'W�['S [?ynTMQ{W�YZQkS ['YZ_`S ]sV?� �ba TM_`l �0r �IRM_ <or �4S [#RMO?QhRM_`V Ckycl#�jW�[XU'W{f`W�S ] W�m?] Q
;�x'5�x % WkW�[XU :'iox0m?voRj[?_�RjS [�RM_�R<W�]X�IxgS [#W;YMW�[XU0e Jh] RMS YZ_`]EW6a RMQnTPyc] Q{W6TMS [?iI_�aET<W�S [oab_�TMQcYdR�W�[XUm?voTM[?S [?iI_�a~YZ] W�YZOsrP�0_`S ]s[0voRZTMS Qc[^RPyc_`[^RMQc[^RMY�UoQcyc] S [?Q{U#mCQc] _{| RMO?_`YZQ;_`m?YZQnTMfgQ{U#v?[XUoQnT�W`U6�ZW�ycQc[^RT<W�S [oab_�TMQcYdR4UovoTMS [?i#RMO?Q4i�TM_{|%RMOw_�a ��������� �M��� ��� �^�Z� W�[XU )�+ �n� ��� ����� �(, �M�Z� ��QnqoycQcVoR;RM_�R<W�]9�W�[XU % Wg��ab_�TMQcYdRMY;V?] W�[^RMQ{U�_`[�RMO?QcYZQ4YZ_`S ] Ycrk�Af`W�S ] W�m?] Q�5�xB:'i'W�[XU�RM_�R<W�]~� S [?ynTMQ{W�YZQ{U\W�igW�S [W6a RMQnT�OXW6TMfgQcYdRMS [?i�_�a;W�[��0r C{§�e^Q{W6TZ§¨_`] U&)�+ �n� ��� �w��� �(, �M�Z� V?] W�[^R<W6RMS _`[sx.|�O?QnTMQ{W�Y�W{f`W�S ] W�m?] Q2;W�[XU % W�UoQcynTMQ{W�YZQ{UEr

JhO?]oW�[XU�7`_�T<U?W�['�d�{�`�9<^��_`m?YZQnTMfgQ{UIS [?ynTMQ{W�YZQcY.S [4V?� �ba TM_`l �0r ,�RM_;�0r C`��W�[XUIQnqoy<OXW�[?i`Q{W�m?] Q
% W0x4:'i�W�[XU85�xEm?voRG[?_�RkS [!RM_�R<W�]F;�W�[XU�RM_�R<W�]9�IxES [\RM_`V?YZ_`S ]A���{�X�{�'ycl#�%¥XfgQIe^Q{W6TMYkW6a RMQnTycvoRZRMS [?i�W�[XU'm?voTM[?S [?i4_�a�T<W�S [oab_�TMQcYdRh_`[�W4YMW�[XU0e��AqoS YZ_`]�r

E£[�W4VoTMQcYZynTMS mCQ{U'm?voTM[?S [?i4QnqoVCQnTMS l�Qc[^RG��] _{| S [^RMQc[?YZS R£e#m?voTM[C�9_�a ���������$,�, �M��� # � V?] W�[^RMQ{U_`[kYMW�[XU0eGYZ_`S ] Y~S [I�h_`[XUovoT<W�Ycx��hvXUoYZ_`[ �<���`� � �d�{�`�`��mC�s_`m?YZQnTMfgQ{UGS [?ynTMQ{W�YZQcY~S [4W{f`W�S ] W�m?] QF5pW�[XU�;W0x?m?voR�[?_�R�S [�W{f`W�S ] W�m?] Q�:'i}W�[XU�;�xo|�O?QnTMQ{W�YhW�UoQcynTMQ{W�YZQGS [�W{f`W�S ] W�m?] Q % WI|%W�YA_`m?YZQnTMfgQ{UEr
E£[wRMO?Q�yc_gW�YdR<W�]P] _{|�] W�[XUoY4_�aA��] _�TMS U?W0xj��S YZO?QnT'�d�{�`�0�6�k_`m?YZQnTMfgQ{U+W�UoQcynTMQ{W�YZQ}S [wRM_�R<W�]P�S [�RMO?QIv?V?VCQnT�,3C�ycl _�aPW4|PQnR;YMW�[XU0e2Jh] RMS YZ_`]~_`[?Qke^Q{W6T;W6a RMQnTGOXW6TMfgQcYdRMS [?i�_�a3��������� �n�b� ��, ��� ���ab_�TMQcYdR{x�YZS RMQ!VoTMQcVXW6T<W6RMS _`[u��y<O?_`V?V?S [?i+W�[XU�mCQ{U?UoS [?iox%[?_+m?voTM[C�4W�[XU�TMQcV?] W�[^RMS [?ioxAW�] RMO?_`v?i`OabQnTZRMS ] S �cQnT#��� W�[XU8;j��|%W�YkW�V?V?] S Q{U\UovoTMS [?i}V?] W�[^RMS [?ior�E£[!yc_`[^RZT<W�YdRGRM_}RM_�R<W�].�IxEQnq0RZT<W�ynR<W�m?] Q

;uW�[XU % W�|PQnTMQ#O?S i`O?QnT�_`[?Q�e^Q{W6T�W6a RMQnT4RMO?Q�RZTMQ{W6RMl�Qc[^R{r *AQc] W6RMS fgQc] e+YZl}W�] ]Py<OXW�[?i`QcYk|PQnTMQ_`m?YZQnTMfgQ{U}ab_�T+5 W�[XU2:'ior�^RZTM_`l�igW`W6T<U#�d�{�`�9<^��_`m?YZQnTMfgQ{Uky<OXW�[?i`QcY~S [kRMO?QjYZ_`S ]oYdRM_�TMQcY._�aX�Ix9;�x95�x % W0x :'iGW�[XUk�;W�S [W ��� � � ��+ � � � YZO?S a RMS [?i�ycv?] RMS f`W6RMS _`[�QnqoVCQnTMS l�Qc[^R%_`[�W4YMW�[XU0e'YZ_`S ]j��V?����<or &`�%S [���H �EW�l4m?S W0x



���� �� � ��������� �� ����	������4�F"#�@� ���=�4�+"#� ���+" �4� �F	�� © /C«
|�O?QnTMQGm?S _`l}W�YZY�_�a.YZvoTZTM_`v?[XUoS [?i�W6TMQ{W�Y�|%W�YAyc_`] ] QcynRMQ{U�S [�V?S ] QcYAW�[XU'm?voTM[?Q{U}RM_�S l�VoTM_6fgQhYZ_`S ]abQnTZRMS ] S R£e^r4E£[?ynTMQ{W�YZQcY%S [�W{f`W�S ] W�m?] Q�5�x?W�[XU�RM_4WIl4v?y<O}] QcYZYZQnT�Qnq0RMQc[^R%S [#� W�[XU@;�YdRM_�TMQcYcxo|PQnTMQ_`m?YZQnTMfgQ{U#|�S RMO?S [8,G<}O?_`voTMYhW6a RMQnThRMO?QGm?voTM[sr%NPO?QkS [?ynTMQ{W�YZQI_�aF;�|%W�Y;UoQc] Wce^Q{U�W�[XU�W�l}W{�d_�TS [?ynTMQ{W�YZQ�S [�RMO?Q'YdRM_�TMQ�_�ahRMO?S Y�Qc] Qcl�Qc[^R4|%W�Y�_`[?] e�_`m?YZQnTMfgQ{U�<g�wU?WceoY�W6a RMQnT�RMO?Q'm?voTM[sr��UoQcynTMQ{W�YZQ#S [�W{f`W�S ] W�m?] Q % W�|%W�Y�_`m?YZQnTMfgQ{U+S l�l�Q{UoS W6RMQc] e+W6a RMQnT4RMO?Q}m?voTM[)m?voRIO?S i`O?QnT�] QcfgQc] Y|PQnTMQG_`m?YZQnTMfgQ{U'W6a RMQnT+<g��U?WceoYcr9�Af`W�S ] W�m?] Q�:'i}W�[XU#�;W�UoQcynTMQ{W�YZQ{U�W6a RMQnT�RMO?QGm?voTM[sr

E£[�:�W�] WceoYZS W0x =hO0v?] W�luW�[XUG�h_�TMOXWce0W6RMSX�d�{�`�`�g�K_`m?YZQnTMfgQ{U;TMQc] W6RMS fgQc] ekYZl}W�] ]^y<OXW�[?i`QcY�S [kYZ_`S ]y<O?Qcl�S y{W�]EVoTM_`VCQnTZRMS QcY�YZS q#l�_`[^RMO?Y�W6a RMQnT�abQc] ] S [?i�_�a�T<W�S [oab_�TMQcYdRh_`[�W4YMW�[XU0e#yc] Wce'] _gW�l RM_�yc] Wce] _gW�l YZ_`S ]�rF:'v?y<O�] W6TMi`QnT9y<OXW�[?i`QcY~|PQnTMQ�_`m?YZQnTMfgQ{UIS [IRMO?Q%YZ_`S ]o[?S [?Q%l�_`[^RMO?Y~W6a RMQnT.RMO?Q%YZS RMQP|%W�YVoTMQcVXW6TMQ{U���YZ] W�YZO)m?voTM[?Q{UX�Aab_�TITMv?m?mCQnTkycv?] RMS f`W6RMS _`[sr��jvoTM[?S [?i'TMQcYZv?] RMQ{UwS [)W ,3C�	 UoQcynTMQ{W�YZQS ['RMO?Qk_�TMigW�[?S yIy{W6TMmC_`[�yc_`[^RMQc[^RhW�[XU�W�YZ] S i`O^RGUoQcynTMQ{W�YZQIS ['RM_�R<W�]��Ixo|�O?QnTMQ{W�YhQnqoy<OXW�[?i`Q{W�m?] Q
5�x % W'W�[XU8:'i�W�[XU!W{f`W�S ] W�m?] Q ;¡S [?ynTMQ{W�YZQ{U\m^e��`�
	}x6,^�{�
	}x ?`�
	 W�[XU!�`�
	}xsTMQcYZVCQcynRMS fgQc] e^x_�aKRMO?QcS T�f`W�] v?QcYPv?[XUoQnTPab_�TMQcYdR{rj��S a R£e#l�_`[^RMO?Y%W6a RMQnT%RMO?QhV?] W�[^RMS [?i4_�a�TMv?m?mCQnTjRZTMQcQcYAW�[XU}yc_6fgQnTynTM_`V?YcxKQnqoy<OXW�[?i`Q{W�m?] Q�5¦W�[XU :'i'|PQnTMQ�Uo_{|�[!RM_}RMO?QcS Tk] QcfgQc] YGl�Q{W�YZvoTMQ{U�v?[XUoQnT;T<W�S [oab_�TMQcYdR{x|�O?QnTMQ{W�YAQnqoy<OXW�[?i`Q{W�m?] Q % W�OXW`U�UoQcyc] S [?Q{U�W�Y�|PQc] ]�m?voR�|%W�YhYdRMS ] ]6&^��	¦O?S i`O?QnTARMOXW�[�S RMYA] QcfgQc]v?[XUoQnTjT<W�S [oab_�TMQcYdR{r%�0_`S ]EV?��S [?ynTMQ{W�YZQ{U#a TM_`l <or �Gv?[XUoQnTPT<W�S [oab_�TMQcYdR�RM_�<or C4W6a RMQnT�m?voTM[?S [?i4W�[XUUoQcynTMQ{W�YZQ{U�W�igW�S [�RM_k�0r ��C��;l�_`[^RMO?Y9W6a RMQnTPV?] W�[^RMS [?iG_�aCTMv?m?mCQnT.RZTMQcQcYPW�[XU4ynTM_`V?Ycr4E£[�yc_`[^RZT<W�YdR{x�Al�S T;�d�{�`�`�g�j_`m?YZQnTMfgQ{U#WkYZS i`[?S ¥Xy{W�[^RAUoQcyc] S [?QhS [#YZ_`S ]sV?��W�[XU}yc_`[^RMQc[^RMYj_�a��Ix ;�x % x�:'i�W�[XU�;W4W�[XU % H % W6a RMQnTA] _`i`i`S [?i}_�a~T<W�S ['ab_�TMQcYdRh_`['YMW�[XU0e'yc] Wce#RM_�yc] Wce'] _gW�l¦YZ_`S ] YhS [I:�W�] WceoYZS W0rNPO?Q�yc_`[^RMQc[^Rk_�a 5�xsO?_{|PQcfgQnT{x�S [?ynTMQ{W�YZQ{UwS l�l�Q{UoS W6RMQc] e!W6a RMQnT4] _`i`i`S [?iox~m?voRGTMQnRMvoTM[?Q{U�RM_'S RMYS [?S RMS W�]sf`W�] v?QG_`[?Q;e^Q{W6TAW6a RMQnTh] _`i`i`S [?ior�A] ]�RMO?QcYZQ4QnqoVCQnTMS l�Qc[^RMY�|PQnTMQ4_`[wW�ycS UExs[0voRZTMS Qc[^RZ§¨VC_^_�T{xEl�_`YdRM] e�YMW�[XU0e�YZ_`S ] Y;|�S RMO\l4v?y<O] _{|PQnT % H % f`W�] v?QcYKRMOXW�[IRMO?_`YZQP_`m?YZQnTMfgQ{Ukab_�T~RMO?QPVoTMQcYZQc[^R.YdRMvXU0eGYZS RMQcYcr9�AY~YZv?y<OkRMO?QPy{W�VXW�ycS R£e_�akRMO?QcYZQ\YZ_`S ] Y�RM_)TMQnR<W�S [�[0voRZTMS Qc[^RMY}TMQc] Q{W�YZQ{U�W6a RMQnT�RMO?Q\yc_`[0fgQnTMYZS _`[ l4v?YdR#mCQ\yc_`[?YZS UoQnTMQ{U] _{|	W�[XU�RMO?S Y�TMQcYZv?] RMQ{U�S [�Qc[?OXW�[?ycQ{U�] Q{W�y<O?S [?i+_�aGYZ_`S ]A[0voRZTMS Qc[^RMY�S [�TMv?[?_9-pab_`] ] _{|�S [?i+RMO?Qyc_`[0fgQnTMYZS _`[+����S YZO?QnT{x��{�`�0�`�C�hvXUoYZ_`[ �<���`� xK�{�`�`��ms�s�^RZTM_`l�igW`W6T<UExK�{�`�9<^�<xCQcYZVCQcycS W�] ] e�S [!W6TMQ{W�Y|�S RMO�O?S i`O�T<W�S [oa�W�] ]~�0*Av?YZYZQc] ]�xX�{�`�`�0� JhO?]XW�[XU 7`_�T<U?W�[sxX�{�`�9<^�<rj�?voTZRMO?QnTMl�_�TMQ`x�RMO?Q�W�l�_`v?[^RMY._�a[0voRZTMS Qc[^RMY9TMQc] Q{W�YZQ{U'UovoTMS [?ikRMO?Qhm?voTM[#S [}RMO?QcYZQhYdRMvXUoS QcYP|PQnTMQ;O?S i`O?QnTPRMOXW�[}RMO?_`YZQATMQc] Q{W�YZQ{U'm^eRMO?QGm?voTM[�S [�RMO?QI�h] Qc_`] QcigW}y{W6RMy<O?l�Qc[^R{r%�AYAYZv?y<O'RMO?QkYZ_`S ] Y;S ['RMO?Q4�h] Qc_`] QcigW}y{W6RMy<O?l�Qc[^RAW6TMQl�_�TMQ�] S zgQc] ewRM_'TMQnR<W�S [+RMO?QcYZQ�[0voRZTMS Qc[^RMYcxKRMO?QnTMQcm^e\] S l�S RMS [?i�] Q{W�y<O?S [?i�] _`YZYZQcY�W6a RMQnTIRMO?Q�m?voTM[� ���{� �0QcynRMS _`[w�GC^r ?0r �g�<r
�����c� ����&k�h3 $#/�� ��"��4&)(.3%5�(+ $'( �\$'5 6�� $'58(.3%&+"*&
798;:£8;:<7 V;DAL  � DAL Oo@EHkB	N ��DA>A@�N9>A@
NPO?Q�Q.-EQcynRj_�asOXW6TMfgQcYdRMS [?ik_`[�YZ_`S ]Cl�_`S YdRMvoTMQ�VoTM_�¥X] QcY.|�S RMO#UoQcVoRMO4|%W�YjQcf`W�] vXW6RMQ{U�m^e�yc_`l�VXW6TZ§S [?i}RMO?Q�U0TZe�YZQ{W�YZ_`[+f`W6TMS W6RMS _`[\_�aPYZ_`S ]9l�_`S YdRMvoTMQ4S [wW�ab_�TMQcYdRMQ{U\V?] _�R}��V?] _�Rk�;��|�S RMO!RMOXW6RGS [W�[�W`U6�ZW�ycQc[^RhW6TMQ{WIRMOXW6RAOXW`U#mCQcQc['] _`i`i`Q{U+��V?] _�RA�%�PS ['t;QcycQcl4mCQnTG�{�`�`������S i`voTMQ��GC^r �g�<rPNPO?Ql�Q{W�YZvoTMQ{UwU0TZe\YZQ{W�YZ_`[)f`W6TMS W6RMS _`[?Y4W6RIf`W6TMS _`v?YIUoQcVoRMO?YkW6RkRMO?Q4R£|P_�] _^y{W6RMS _`[?Y4W6TMQ}YZO?_{|�[+S [��S i`voTMQ��GC^r ?0rANPO?QGTMQ{Uov?ynRMS _`[�S [�l�_`S YdRMvoTMQGQnq0RZT<W�ynRMS _`[�ab_�ThRZT<W�[?YZV?S T<W6RMS _`[\W6RARMO?QkUoQnab_�TMQcYdRMQ{UYZS RMQkTMQcYZv?] RMQ{U!S [\W}l4v?y<O�YZ] _{|PQnTkUoQcynTMQ{W�YZQ�_�a ��yc_`l�VXW6TMQ{U�RM_�RMOXW6R;_`m?YZQnTMfgQ{U�v?[XUoQnTAab_�TMQcYdR{r�AYARMO?QnTMQk|%W�Y;] S RZRM] Q�fgQci`QnR<W6RMS _`[!] Qna RIW6TM_`v?[XU�RMO?Q4W�ycycQcYZY;RMv?mCQkS [!RMO?Q4UoQnab_�TMQcYdRMQ{U\W6TMQ{W0xERMO?QUoQcynTMQ{W�YZQ{U�f`W6TMS W6RMS _`[�S [�RM_`V?YZ_`S ] �hl}Wce4mCQ�W6RZRZTMS m?voRMQ{U4] W6TMi`Qc] e�RM_GQcf`W�VC_�T<W6RMS _`[�a TM_`l RMO?Q%YZ_`S ]�r� i�T<W`UovXW�]jUoQcynTMQ{W�YZQ�S [ �}|%W�Yk_`m?YZQnTMfgQ{U\S [wRMO?Q4YZv?m?YZ_`S ]jv?[XUoQnT;ab_�TMQcYdR�UovoTMS [?i#RMO?Q�U0TZeYZQ{W�YZ_`[\v?[^RMS ]~l�S U!�0QcVoRMQcl4mCQnTA|�O?Qc[!RMO?QIYZ_`S ].l�_`S YdRMvoTMQk|%W�YhTMQcV?] Qc[?S YZO?Q{U!m^e�] W6TMi`Q�YdRM_�TMl�YcrthT<W�S [XW�i`Q�RM_�i�TM_`v?[XU0|%W6RMQnTIa TM_`l RMO?Q�TM_^_�R4�c_`[?Q#UovoTMS [?i'RMO?S YkVCQnTMS _0U+yc_`v?] U+mCQ�[?Qci`] QcynRMQ{UEr
E£[�yc_`[^RZT<W�YdR{xXRMO?QkYZv?m?YZ_`S ]�S [�RMO?QkOXW6TMfgQcYdRMQ{U�W6TMQ{W}UoS U'[?_�RhYZO?_{| W�[^e�YZS i`[?Yh_�a9YZ_`S ]�l�_`S YdRMvoTMQUoQcV?] QnRMS _`[�W�[XU}TMQcl}W�S [?Q{U#l�_`S YdR�RMOoTM_`v?i`O?_`voR%RMO?QGU0TZe#YZQ{W�YZ_`[)����S i`voTMQ��GC^r ?g�<rPNPO?QcYZQ;RZTMQc[XUoY



© /2/ �����������
	�����������������������������������������
�����! ��
�
	�"#���
���

12-Apr 02-May 22-May 11-Jun 01-Jul 21-Jul 10-Aug 30-Aug 19-Sep 09-Oct
1991

0.14

0.18

0.22

0.26

0.30

0.34

T
he

ta
 [

m
3 

m
-3

]

Forested
-10 cm

Logged/Burned, -10 cm A

12-Apr 02-May 22-May 11-Jun 01-Jul 21-Jul 10-Aug 30-Aug 19-Sep 09-Oct
1991

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

T
he

ta
 [

m
3 

m
-3

]

Forested
-50 cm

Logged/burned
-50 cm

BForested
-100 cm

��� ���	��
 «��� �	� �-(4�@!;&) !;���B7� �(41  ��81 ���	!@�$#�� 13� ����/A!;��13� � � �� ��2,�! � �4!;��13� � � � �)& #+��(�&
 ��2,' $#)��&+( ,�& #+��(�&4!4�� ��81 ���2F

W6TMQhS ['W�i�TMQcQcl�Qc[^RP|�S RMO}RMO?Q�TMQcYZv?] RMY%_`moR<W�S [?Q{U�ab_�TPRMO?QATMQcYZVCQcynRMS fgQAab_�TMQcYdR�V?] _�RMY;�¨�0QcynRMS _`[�?0r C`�W�[XU}RMO?QG�;W�mC_`v'i�T<W�YZYZ] W�[XU+�¨�0QcynRMS _`[IC^r �g�<r
798;:£8;:8G V;DAL  � DAL Oo@EHkB	N � �KN ��L Oo@CB �
�A['W6RZRMQcl�VoRP|%W�Y�l}W`UoQhRM_�UoQnRMQnTMl�S [?QARMO?Q;S l�VXW�ynR%_�a~OXW6TMfgQcYdRMS [?i�_`[#RMO?Q;y<O?Qcl�S y{W�]Eyc_`l�VC_�§YZS RMS _`[w_�a%YZ_`S ]9l�_`S YdRMvoTMQ4m^e!yc_`l�VXW6TMS [?i'YMW�l�V?] QcYGyc_`] ] QcynRMQ{U\S [\RMO?QIab_�TMQcYdRMQ{U+W�[XU\OXW6TMfgQcYdRMQ{UV?] _�RMY~W6R9�h] Qc_`] QcigW0xgTMQnabQnTZTMQ{UkRM_AS [kRMO?Q9VoTMQcf0S _`v?Y�YZQcynRMS _`[sr % _`] ] QcynRMS _`[�_�aXYZ_`S ]0l�_`S YdRMvoTMQjYdR<W6TZRMQ{US [w�hynRM_`mCQnT{x.�{�`�`�0xs|�O?Qc[\mC_�RMO!V?] _�RMYh|PQnTMQ4v?[XUoQnThab_�TMQcYdRIW�[XU�RMO?QIVCQnTMS _0U!YZQnTMfgQ{U\W�YGW}y{W�] §S moT<W6RMS _`[!VCQnTMS _0U�v?[^RMS ]sRMO?Qk_^ycycvoTZTMQc[?ycQ4_�a9yneoyc] _`[?Q��0S [XW�_`[ ,3&c� ,��}�h_6fgQcl4mCQnTI� ���{� �hQn|�] QnRZRW�[XU��?_�TZRMYZ_`[sxK�{�`�`�g�<rANPO?Qkyneoyc] _`[?QGYZQcfgQnTMQc] e�UoQnab_`] S W6RMQ{U�RMO?Q;ab_�TMQcYdRGW�[XU�W�] YZ_#UoQcVC_`YZS RMQ{U'YZQ{WYZVoT<WceI_`[4RMO?QPQcyc_`YdeoYdRMQcl�r9�h[?QP_�aXRMO?Q%V?] _�RMY��A;.] _�Rj�%�K|%W�Y.YZv?m?YZQ{�^v?Qc[^RM] eI] _`i`i`Q{U�_`[ 7gW�[0vXW6TZe�G&^xs�{�`�0�`r9�h_4YZ_`S ]sl�_`S YdRMvoTMQhyc_`v?] U#mCQhQnq0RZT<W�ynRMQ{U#W�[^eol�_�TMQhm^e�RMO?QhQc[XU}_�a~�AVoTMS ]�xE�{�`�0�`xCUov?QRM_}U0TZeoS [?i�_`voRh_�a.RMO?QGYZ_`S ] Ycrh�AYAYZv?y<O'RMO?QkU?W6R<W�VCQnTZR<W�S [?Y�RM_�RMO?Q;|PQnR;YZQ{W�YZ_`[!_�a%�{�`�`�{�X�{�`�0�`r
1+QcS i`O^RMQ{U}W{fgQnT<W�i`QcY%_�asRMO?QAS _`[#yc_`[?ycQc[^RZT<W6RMS _`[?YPS [#YZ_`S ]Cl�_`S YdRMvoTMQAab_�TPRMO?QAVoTMQn§¨yneoyc] _`[?Q`x0VC_`YdRZ§yneoyc] _`[?Q�W�[XU�VC_`YdRZ§¨OXW6TMfgQcYdRMS [?i#VCQnTMS _0UoYGW6TMQ�YZO?_{|�[!S [wN�W�m?] Q#�GC^r �{�0r�NPO?Q4YZVXW6RMS W�]~f`W6TMS W6RMS _`[S [�VoTMQn§¨yneoyc] _`[?Q'y<O?Qcl�S y{W�]�yc_`l�VC_`YZS RMS _`[�_�a;YZ_`S ]Al�_`S YdRMvoTMQ#|%W�Y�O?S i`Osx%W�Y�S [XUoS y{W6RMQ{U�m^e+RMO?QUoS -EQnTMQc[?ycQcY;mCQnR£|PQcQc[wYZS RMQcYcr�� O?S i`O\�G� 
 yc_`[?ycQc[^RZT<W6RMS _`[\|%W�YGl�Q{W�YZvoTMQ{U�m^e�RMO?QI] eoYZS l�QnRMQnTVXW�S T%S [}RMO?Qhl�S U�YZ] _`VCQ;VC_`YZS RMS _`['S [}RMO?QAab_�TMQcYdRMQ{U#V?] _�RG��V?] _�R��;�<x0m?voR%[?_�RPm^e�RMO?QA_�RMO?QnT%VXW�S TMYS [}RMO?QAYMW�l�QhV?] _�R{r9NPO?Q;UoQcVC_`YZS RMS _`['_�aKYZQ{WIYZVoT<Wce^xoW�[XU�] W6TMi`QGW�l�_`v?[^RMYj_�aKa TMQcYZO#] S RZRMQnT�_`[�RMO?Qab_�TMQcYdRP¤X_^_�TPm^e4RMO?Q�yneoyc] _`[?QAy{W�v?YZQ{U�] W6TMi`Qhy<OXW�[?i`QcYjS [�YZ_`S ]Cl�_`S YdRMvoTMQAy<O?Qcl�S y{W�]?yc_`l�VC_`YZS RMS _`[sxYZS l�S ] W6ThRM_�RMO?QI_`[?QcY;UoS YZycv?YZYZQ{U�ab_�T;RMO?Qk_�RMO?QnT;YZS RMQcYhS [w�0QcynRMS _`[)�{�0r ?0rGNPO?QIO?S i`O?QcYdR;yc_`[?ycQc[o§RZT<W6RMS _`[?YG|PQnTMQ�_`m?YZQnTMfgQ{UwYZO?_�TZRM] ewW6a RMQnTIRMO?Q�yneoyc] _`[?Q�VXW�YZYZQ{UExK|�O?QnTMQ{W�YIyc_`[?ycQc[^RZT<W6RMS _`[?YkOXW`UUoQcynTMQ{W�YZQ{U'YZ_`l�Qn|�OXW6R�mCQnab_�TMQG_`[?Q;_�a�RMO?Q;V?] _�RMYP|%W�YA] _`i`i`Q{UEx � �b�{� YZS q}|PQcQcz0YAW6a RMQnT�RMO?Q;QcfgQc[^R{r
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

TOPSOIL (-30 cm)
Pre-cyclone

0.020.530.030.020.026.30.0624.82.98.513.20.301.736.91.566.46.21105Forested A
0.020.760.020.020.025.60.015.54.215.713.90.240.915.30.527.26.2786Forested B

Post-cyclone
0.020.490.060.020.106.00.0118.85.66.141.60.182.408.52.1313.36.40162Forested A
0.020.410.020.020.085.30.026.03.310.233.60.230.999.70.7210.16.58138Forested B

Post-harvesting
0.030.560.020.020.056.10.0319.94.36.730.60.171.799.11.6712.06.06155Forested A
0.030.420.020.020.055.10.021.23.711.723.20.160.747.40.488.56.47110Logged B

SUBSOIL (-60 cm)
Pre-cyclone

0.020.290.020.020.027.80.018.44.622.59.10.210.525.30.849.66.3489Forested A
0.020.310.020.020.037.70.012.34.844.514.70.060.7810.40.239.56.70120Forested B

Post-cyclone
0.020.350.020.060.087.70.0210.44.816.519.50.200.568.50.3111.96.39119Forested A
0.020.340.020.020.107.70.025.84.338.026.50.280.6112.40.2211.07.02155Forested B

Post-harvesting
0.030.430.020.020.056.60.0211.42.812.319.50.220.296.60.4811.66.40112Forested A
0.030.320.020.020.057.40.023.33.537.621.90.250.5313.00.2410.26.75145Logged B
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 Sj@�N.B�� O?N
1)W6RMQnT~eoS Qc] Uka TM_`luRMO?Q��h] Qc_`] QcigWhy{W6RMy<O?l�Qc[^R�|%W�Y.QnqoVCQcynRMQ{UkRM_ATMS YZQPab_`] ] _{|�S [?iGOXW6TMfgQcYdRMS [?iGUov?QRM_}RMO?Q4W�YZYZ_^ycS W6RMQ{U+UoQcynTMQ{W�YZQ4S [\Qcf`W�VC_�RZT<W�[?YZV?S T<W6RMS _`[sxKW�YGOXW�Y;mCQcQc[!_`m?YZQnTMfgQ{U!W6a RMQnTkyc] Q{W6TMS [?iy{W6RMy<O?l�Qc[^RMY%V?] W�[^RMQ{U#RM_�V?S [?QcYAS ['RMO?QG|%W6TMl¦RMQcl�VCQnT<W6RMQG�c_`[?Q}��t;_`v?i`] W�YhW�[XU!�^|%W�[?zCxs�{�'&3C^�
;�Q{W6TMycQIW�[XU =ATMS 
�RMO?Ycxs�{�`�`�0�s�^|�S [XUoQc] �<�%�`� � xs�{�`�`�`W0x msx y`�E�hQn|�] QnRZR �<���`� � xE�{�`�9<o�C�hYZS W0xK�{�`�'&^�
*AS �dYMUoS �dz\W�[XU\�9TMv?S �d[?�cQcQc]�xj�{�`�0�`�9�0l�S RMO\W�[XUw�0yc_�RZR{x9�{�`�',`�<r��?voTZRMO?QnTMl�_�TMQ`xERMO?Q4S [?ynTMQ{W�YZQ�S [W6TMQ{WI|�S RMO�WIyc_`l�VXW�ynRMQ{U#YZvoTZa�W�ycQ�� �{� $^� ] W�[XUoS [?i`YcxoTM_gW`UoY<�ja TM_`l ,^r <4RM_ ?IOXW0x?S [#yc_`l4m?S [XW6RMS _`[|�S RMOwRMO?Q�O?S i`O?QnTIYZ_`S ]jl�_`S YdRMvoTMQ�] QcfgQc] YIW6a RMQnT4OXW6TMfgQcYdRMS [?iox�l�S i`O^RIWG-EQcynRkRMO?Q4T<W�S [oa�W�] ] �gTMv?[?_9-TMQcYZVC_`[?YZQG_�a~RMO?Q;y{W6RMy<O?l�Qc[^R�W�Y�|PQc] ]�rjNPO?S Y�YZQcynRMS _`[!UoS YZycv?YZYZQcY�RMO?QhTMQcYZv?] RMYcr

E£[XUoQcVCQc[XUoQc[^RFH9N)T<W6RMQcY9|PQnTMQhUoQnRMQnTMl�S [?Q{UIa TM_`l YZ_`S ]Xl�_`S YdRMvoTMQAUoQcV?] QnRMS _`[#U?W6R<W;yc_`] ] QcynRMQ{US [\RMO?Q4ab_�TMQcYdRMQ{U+W�[XU\yc] Q{W6TZabQc] ] Q{U+V?] _�RMYG|�S RMO?S [\RMO?Q�y{W6RMy<O?l�Qc[^RkW�] TMQ{W`U0e!TMQnabQnTZTMQ{U\RM_�Q{W6TM] S QnT����S i`voTMQ'�GC^r �g�;v?YZS [?i#RMO?Q4l�QnRMO?_0U!UoQcYZynTMS mCQ{U\S [)�0QcynRMS _`[ ?0r C^r}�h[?] e\W#YZS [?i`] Q�W�ycycQcYZYGRMv?mCQcYOXW`U#mCQcQc[�S [?YdR<W�] ] Q{U�S [�Q{W�y<O�V?] _�RhW�[XU#YZVXW6RMS W�]Kf`W6TMS W6RMS _`[?YAS [ H9N ��uyc_`v?] U#RMO?QnTMQnab_�TMQk[?_�R�mCQQcf`W�] vXW6RMQ{UErA�0VXW6RMS W�]�f`W6TMS W6RMS _`[�|%W�YhVoTMQcYZv?l}W�m?] e'O?S i`OsxX|�S RMO�] W6TMi`Q4UoS -EQnTMQc[?ycQcYhmCQnR£|PQcQc['RMO?QYZ_`S ]9l�_`S YdRMvoTMQ4YdR<W6RMv?YkW�[XU!RMO0v?Y�H9NuS [\RMO?QITMS VXW6TMS W�[+�c_`[?Q�W�[XU!_`[\RMO?QITMS Uoi`QcYcr��hQc[?ycQIRMO?Qf`W�] v?QcY�VoTMQcYZQc[^RMQ{U'O?QnTMQkYZQnTMfgQG_`[?] e#RM_�S ] ] v?YdRZT<W6RMQkRMO?QkUoS -EQnTMQc[?ycQGS [ H9N �� mCQnR£|PQcQc[�RMO?Q;R£|P_V?] _�RMYcx0T<W6RMO?QnTPRMOXW�[}VoTM_6f0S UoS [?i4W�ycycvoT<W6RMQ;QcYdRMS l}W6RMQcYjab_�TPRMO?QA|�O?_`] Q;y{W6RMy<O?l�Qc[^R{r~NPO?Q;W{fgQnT<W�i`QU?W�S ] e H9N ���y{W�] ycv?] W6RMQ{U�ab_�TPRMO?Q�ab_�TMQcYdRMQ{U#V?] _�R%UovoTMS [?iGRMO?QAVCQnTMS _0U�:�Wce@,��kv?[^RMS ]E�hynRM_`mCQnT�<ox�{�`�0�`x.W{fgQnT<W�i`Q{U ,^r �`�g���I�`r �G&`�Gl�l�U?Wce �! ���[ F �9<^�<xK|�O?QnTMQ{W�YGRMOXW6Rk_�ajRMO?Q�UoQnab_�TMQcYdRMQ{UwW6TMQ{W|%W�Y�,��
	�] _{|PQnT9W6R%�`r C3,0���;�0r &��g�~l�l U?Wce �! ��[ F��9<^�<r.NPO?Q9ab_�TMQcYdR.|%W�Y~y{W�VXW�m?] QP_�aXQnq0RZT<W�ynRMS [?il�_`S YdRMvoTMQAa TM_`l UoQcVoRMO?YPmCQc] _{| RMOXW6R�_�aKRMO?QGW�ycycQcYZY%RMv?mCQ;W�[XU}RMO?Q�H9N �� |�S ] ]ERMO?QnTMQnab_�TMQGOXW{fgQmCQcQc[�v?[XUoQnTMQcYdRMS l}W6RMQ{U\� ���{� �0QcynRMS _`[I?0r C`�<r%�jQcy{W�v?YZQ�H9N ��uab_�TARMO?QkUoQnab_�TMQcYdRMQ{U�W6TMQ{W�l}Wce#mCQyc_`[?YZS UoQnTMQ{U)W�ycycvoT<W6RMQ`x.RMO?Q}W�ynRMvXW�]jTMQ{Uov?ynRMS _`[)W6a RMQnT�yc] Q{W6T<W�[?ycQ#yc_`v?] U+mCQ}YZ_`l�Qn|�OXW6R4O?S i`O?QnTRMOXW�[ ,��
	}rNPO?Q�YZS l�V?] QcYdR}l�QnRMO?_0U)RM_+UoQnRMQnTMl�S [?Q}RMO?Q�S l�VXW�ynR�_�ahRMS l4mCQnT�OXW6TMfgQcYdRMS [?i+W�[XU�YZv?m?YZQn§�^v?Qc[^RAm?voTM[?S [?i�_`[�RMO?Qky{W6RMy<O?l�Qc[^R�|%W6RMQnTGv?YZQG|P_`v?] U�mCQIW}UoS TMQcynR;yc_`l�VXW6TMS YZ_`[�_�ajVoTMQn§PW�[XUVC_`YdRZ§¨] _`i`i`S [?i H9Nuf`W�] v?QcY;_`moR<W�S [?Q{U!a TM_`l |%W6RMQnTkmXW�] W�[?ycQ�y{W�] ycv?] W6RMS _`[?Yk_6fgQnT;RMO?QITMQcYZVCQcynRMS fgQVCQnTMS _0UoYcr;�h_{|PQcfgQnT{xCRMO?QkTMQcYZv?] RMY;_�a.RMO?S YGW�V?VoTM_gW�y<O�|P_`v?] U�_`[?] e�mCQkTMQc] S W�m?] Q�S a.RMO?Q4W�l�_`v?[^RMYW�[XU�UoS YdRZTMS m?voRMS _`[}_�asT<W�S [oa�W�] ]ES [�RMO?Q�R£|P_kVCQnTMS _0UoYj|P_`v?] U�mCQ�yc_`l�VXW6T<W�m?] QhW�[XU�|�O?Qc[}y<OXW�[?i`QcYS [#YZ_`S ]sl�_`S YdRMvoTMQ;W�[XU�i�TM_`v?[XU0|%W6RMQnT�YdRM_�T<W�i`QcY�y{W�['mCQhQcf`W�] vXW6RMQ{U}VoTM_`VCQnTM] e^r 1¡O?S ] YdR�S R%S YPTMQcyn§_`i`[?S �cQ{U\RMOXW6RkW#VXW�S TMQ{Uwy{W6RMy<O?l�Qc[^R;YdRMvXU0e!l�S i`O^R;eoS Qc] U\l�_�TMQITMQc] S W�m?] Q�TMQcYZv?] RMY}���j_`YZy<O+W�[XU�hQn|�] QnRZR{xK�{�`�',^�C�hQn|�] QnRZRhW�[XU��?_�TZRMYZ_`[sxK�{�`�`�g�<xCYZv?y<O�W�[�W�V?VoTM_gW�y<O'|%W�YA[?_�RAVC_`YZYZS m?] QkS ['RMO?QVoTMQcYZQc[^Rhyc_`[^RMQnq0R{rhNPO?QnTMQnab_�TMQ4S [�RMO?QGab_`] ] _{|�S [?i�W;�dvXUoS ycS _`v?Yhyc_`l�VXW6TMS YZ_`[!_�a9|%W6RMQnT;mXW�] W�[?ycQcYab_�T4RMO?Q�TMQcYZVCQcynRMS fgQ}VCQnTMS _0UoY4S Y4_9-EQnTMQ{UErwNPO?S YI|�S ] ]PmCQ�ab_`] ] _{|PQ{U�m^e+W�[�W�V?V?] S y{W6RMS _`[�_�a�RMO?QYZS [?i`] Qn§¨y{W6RMy<O?l�Qc[^RGW�V?VoTM_gW�y<O\_�a�E£moT<W�O?S l�W�[XU % OXW�[?i\�d�{�`�`�g�<r�NPO?Q4Q.-EQcynRG_�aPyneoyc] _`[?Q��0S [XWW�[XU}VXW6TZRMS W�]s] _`i`i`S [?i�_�a�RMO?Qhy{W6RMy<O?l�Qc[^RG��v?V}RM_ C��
	 yc] Q{W6TZabQc] ] Q{U�v?[^RMS ]B:�Wce^xs�{�`�0�6�P_`['mXW�YZS [|%W6RMQnT;v?YZQG|%W�YhYdRMvXUoS Q{U'm^e��AYZYZQc[0mCQnTMi��d�{�`�`�g�<rA�h_{|PQcfgQnT{xXmCQcy{W�v?YZQIO?Qkv?YZQ{U�W�VoTMQc] S l�S [XW6TZeYdR<W�i`Q��\UoS YZy<OXW6TMi`Q�TMQc] W6RMS _`[+|�O?S y<O+_6fgQnTMQcYdRMS l}W6RMQ{U\VCQ{W�z�¤X_{|�Y}� ���{� �0QcynRMS _`[)�0r ,`�<x~O?S YkQcYdRMS §l}W6RMQG_�a9�0r C4l�l¦U?Wce �! ab_�TARMO?QGS [?S RMS W�]�VC_`YdRZ§¨] _`i`i`S [?i}VCQnTMS _0U�t;QcycQcl4mCQnTG�{�`�`�4��:�Wcew�{�`�0�
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CDK2K1Q2Q1Recession Curve

0.990.4200.9580.1240.044Wet Season 1992
0.960.1800.9700.1300.030Dry Season 1991

|�S ] ]XOXW{fgQ%mCQcQc[�RM_^_G] _{|Gr9�p[?Qn|�QcYdRMS l}W6RMQ%|%W�Y9y{W�] ycv?] W6RMQ{U�|�S RMO�RMO?Q%|%W6RMQnTjmXW�] W�[?ycQAl�QnRMO?_0Uab_�TGRMO?Q#�GC^�}U?WceoY;VCQnTMS _0U\mCQnR£|PQcQc[ 7gW�[0vXW6TZe���W�[XU :�Wce\�0�`xj�{�`�0�`r�NK_�UoQnRMQnTMl�S [?Q	��
IxKW[?Qn| l}W�YdRMQnTkmXW�YZQn¤X_{| TMQcycQcYZYZS _`[+ycvoTMfgQ4|%W�Ykyc_`[?YdRZTMv?ynRMQ{Uwi�T<W�V?O?S y{W�] ] e^x~W�[XU\[?_`[o§¨] S [?Q{W6TkTMQn§i�TMQcYZYZS _`[�W�[XW�] eoYZS YI� :�W6T<�^vXW6T<U0R{xE�{�3?`�g�PeoS Qc] UoQ{U#f`W�] v?QcYPab_�T�  ���0r �',3&4l�l O �! <�<x�� �I���0r �G&3,l�l O �! <�<x��  ���0r �',��g�%W�[XU 5 �k���0r <g�`�g�PS [�H9�^vXW6RMS _`['�0r <orj�AV?V?] eoS [?iGRMO?Qh] W6RZRMQnT�yc_^Q 
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:�W6TMy<OsxX�0�`xs�{�`�','� ,G<g��U?WceoY<�.|�S RMO#RMO?Q;VoTMQ{UoS ynRMQ{U}RM_�R<W�]Cab_�T�RMO?Q;y{W6RMy<O?l�Qc[^R%S [}RMO?Qhab_�TMQcYdRMQ{UYdR<W6RMQ��d�`�GC4l�l#�9v?YZS [?i4RMO?Q;yc_�TZTMQcYZVC_`[XUoS [?i�T<W�S [oa�W�] ]~U?W6R<W'���',3,4l�l#�<xoW�[XU'_`moR<W�S [?Q{U�W�[2H9N_�a6,^r &Gl�l U?Wce �! PW�YP_`V?VC_`YZQ{U�RM_4WGl�_0UoQc] ] Q{U H9N�_�a6,^r �Il�l U?Wce �! cr.�h_{|PQcfgQnT{x^RMO?QAVCQnTMS _0U|%W�Yj[?_�RPy<O?_`YZQc[�S [}YZv?y<O}W;|%Wce�W�Y9RM_kl�S [?S l�S �cQ%QnTZTM_�TMYPS [ ���wW�[XU�� ��x0W�[XU4RMO?Q�y{W�] ycv?] W6RMQ{U
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H9N�l}Wce�RMO?QnTMQnab_�TMQ;[?_�R%mCQ;W�ycycvoT<W6RMQ`rjNK_4l�S [?S l�S �cQ�RMO?QcYZQhQnTZTM_�TMYcxoRMO?QAl�_0UoQc]X|%W�YPTMQnTMv?[}ab_�TRMO?QhVCQnTMS _0U�7`v?[?Q�,G<oxs�{�`�0�;�}�AVoTMS ] ,^xE�{�`�','� ,��`�4U?WceoY<�<r % OXW�[?i`QcY�S ['i�TM_`v?[XU0|%W6RMQnT�YdRM_�T<W�i`QUovoTMS [?i;RMO?S YPVCQnTMS _0U�yc_`v?] U}mCQA[?Qci`] QcynRMQ{U�YZS [?ycQ;UoS YZy<OXW6TMi`QcY%W6RPRMO?Q�mCQci`S [?[?S [?i4W�[XU�Qc[XU�_�asRMO?QVCQnTMS _0U#|PQnTMQkQ{�^vXW�]�rj�AY%T<W�S [oa�W�] ]KRM_�R<W�] Y�ab_�TARMO?QGl�_`[^RMO?YPVoTMQcycQ{UoS [?i�RMO?Q;mCQci`S [?[?S [?i}W�[XU#Qc[XU_�a9RMO?QIVCQnTMS _0UwUoS -EQnTMQ{U�] S RZRM] Q����3?�� � � �(����,3C}l�l#� ����yc_`v?] U!mCQ4[?Qci`] QcynRMQ{U\W�Yh|PQc] ]�r4NK_�R<W�]T<W�S [oa�W�] ]hUovoTMS [?i\RMO?S Y�VCQnTMS _0U�W�l�_`v?[^RMQ{U+RM_+�`�3?wl�l�x9|�O?QnTMQ{W�Y�RMO?Q'_`m?YZQnTMfgQ{U�YdRZTMQ{W�l�¤X_{|_`voRMV?voR4W�l�_`v?[^RMQ{UwRM_)�{�0�'l�l�x~S l�V?] eoS [?i�W�[ H9N _�a�&��'C�l�l�x~_�T ,^r C�l�l U?Wce �! r+NPO?Ql�_0UoQc]gVoTMQ{UoS ynRMQ{UIW�YdRZTMQ{W�l�¤X_{|)_`voRMV?voR�_�aK�G,��Al�l�x{yc_�TZTMQcYZVC_`[XUoS [?iA|�S RMO4W�[�H9N+_�aD&9?3?hl�l�x_�T
,^r &kl�l U?Wce �! cx0|�O?S y<O}|%W�Y%_`[?] e��{�
	 ] _{|PQnT%RMOXW�[}RMO?Qhf`W�] v?QA_`moR<W�S [?Q{U}ab_�T%RMO?QAYZS l�S ] W6TM] eW�i`Q{U�5G_�TM_`l}W�[?SCab_�TMQcYdR;UovoTMS [?i4RMO?QGU0TZe#YZQ{W�YZ_`[�_�a%�{�`�0�}� ,^r �3?�l�l¦U?Wce �! c�C�0QcynRMS _`[ &^r &`�<rt;v?QGRM_�RMO?QGT<W6RMO?QnTh] _{|uT<W�S [oa�W�] ]~S [?V?voRhUovoTMS [?i�RMO?QkVC_`YdRZ§¨m?voTM[�VCQnTMS _0UExCl�_0UoQc] ] Q{U�S [^RMQnTZ§ycQcVoRMS _`[\] _`YZYZQcY;a TM_`l RMO?Qkab_�TMQcYdRky{W�[?_`V^e)� =;W�YZOsx9�{�'&��g�;W�[XU�] S RZRMQnTk] Wce^QnT��bRMO?S Y;YdRMvXU0eX�P|PQnTMQTMQc] W6RMS fgQc] e+] _{|¦W6R#�G&���l�l W�[XU)�`��l�l�x~W�YIyc_`l�VXW6TMQ{U\RM_�RMO?_`YZQ}l�_0UoQc] ] Q{Uwab_�T4RMO?Q�YMW�l�QVCQnTMS _0U�W�e^Q{W6T�Q{W6TM] S QnT!� ,��9<wW�[XU��{�`�\l�l�x�TMQcYZVCQcynRMS fgQc] eX�G|�O?Qc[)T<W�S [oa�W�] ]k�d�GC��3?!l�l#�h|%W�Yyc] _`YZQnTARM_IRMO?QG] _`[?i�§�RMQnTMl W{fgQnT<W�i`Q��¨�0QcynRMS _`[ ?0r �g�<r

E£[�RMO?S YGU0TZe�e^Q{W6T{xEOXW6TMfgQcYdRMS [?i#_�ajRMO?Qkab_�TMQcYdRGTMQ{Uov?ycQ{U�y{W6RMy<O?l�Qc[^R�H9N m^e�YZ_`l�Q4�0r ,c�0�0r <l�l U?Wce �! x?_�T+&c�X� < 	}rP�A] RMO?_`v?i`O#RMO?QGUoS -EQnTMQc[?ycQ;S ['|%W6RMQnTAv?YZQ;YZQcQcl�Q{U#YZl}W�] ]�xoRMO?Q;igW�S [�S [|%W6RMQnT~eoS Qc] UG|%W�Y~yc_`[?YZS UoQnT<W�m?] Q`x`|�S RMOkRMO?Qj_`m?YZQnTMfgQ{UkYdRZTMQ{W�l�¤X_{|)mCQcS [?i�C^��	�O?S i`O?QnT�RMOXW�[kRMOXW6RVoTMQ{UoS ynRMQ{U�ab_�T;RMO?Qkab_�TMQcYdRMQ{U\y{W6RMy<O?l�Qc[^R{r�E£[�e^Q{W6TMYA|�S RMO!T<W�S [oa�W�] ]9mCQcS [?i#yc] _`YZQnT;RM_}RMO?QI] _`[?i�§RMQnTMl W{fgQnT<W�i`Q`x`RMO?QjUoS -EQnTMQc[?ycQjmCQnR£|PQcQc[kRMO?Q9ab_�TMQcYdRMQ{U4W�[XUGyc] Q{W6TMQ{UIYZS RMvXW6RMS _`[4y{W�[ImCQ9QnqoVCQcynRMQ{URM_ImCQ;QcfgQc[#] W6TMi`QnThUov?QARM_IO?S i`O?QnT�Qcf`W�VC_�RZT<W�[?YZV?S T<W6RMS _`[�] _`YZYZQcY%a TM_`l RMO?Qhab_�TMQcYdRMQ{U#y{W6RMy<O?l�Qc[^R��YZQcQ4N�W�m?] Q4�0r ,`�<xsW�YA|PQc] ].W�YhO?S i`O?QnT;YdRM_�TMl�¤X_{|uW�l�_`v?[^RMY�a TM_`l RMO?Qkyc] Q{W6TMQ{U!y{W6RMy<O?l�Qc[^RI� ���{�
:�W�] l�QnT{xs�{�`�`�g�<r
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% OXW�[?i`QcY�S [�l�S [?S l4v?l W�[XU#VCQ{W�z}¤X_{|�YAW6TMQk_�a~VXW6TZRMS ycv?] W6ThS [^RMQnTMQcYdR{x?YZS [?ycQGS RAS YAv?[XUoQnT%RMO?QcYZQyc_`[XUoS RMS _`[?YIRMOXW6R4y<OXW�[?i`QcY4S [)RMO?Q}O^e?U0TM_`] _`i`S y}TMQci`S l�Q#OXW{fgQ�RMO?Q}i�TMQ{W6RMQcYdR�Qcyc_`[?_`l�S y#S l�V?] S §y{W6RMS _`[?YcxEQcS RMO?QnTARMOoTM_`v?i`O�|%W6RMQnT;YZO?_�TZR<W�i`QcYcxE_�ThRMOoTM_`v?i`O!U?W�l}W�i`QkRM_�S [oa T<W�YdRZTMv?ynRMvoT<W�]�|P_�TMz0YcxVoTM_`VCQnTZR£e'W�[XU#ynTM_`V?Y�m^e}¤X_^_0UoS [?i�W�[XU#YZQ{UoS l�Qc[^R<W6RMS _`[sr

E¨aGl�S [?S l4v?l�¤X_{|�Y#W6R��h] Qc_`] QcigWw|P_`v?] U�[?_�R}mCQ�S [o¤Xv?Qc[?ycQ{U�m^e)RMO?Q�y<OXW�[?i`Q�S [�ab_�TMQcYdRyc_6fgQnT{xgRMO?Q�mCQc] _{|¡W{fgQnT<W�i`Q�T<W�S [oa�W�] ]CS [�RMO?Q�VC_`YdRZ§¨OXW6TMfgQcYdRMS [?iGVCQnTMS _0U�|P_`v?] U�OXW{fgQPTMQ{Uov?ycQ{U4RMO?Ql�S [?S l4v?l ¤X_{|�Yja TM_`l RMO?Qhy{W6RMy<O?l�Qc[^RPyc_`l�VXW6TMQ{U�RM_IRMO?_`YZQh_`m?YZQnTMfgQ{U}S [}RMO?QhVoTMQn§¨OXW6TMfgQcYdRMS [?iVCQnTMS _0Up|�O?Qc[¡T<W�S [oa�W�] ]GRM_�R<W�] Y�|PQnTMQwO?S i`O?QnT{r¦� yc_`l�VXW6TMS YZ_`[ _�aIRMO?Q\_`m?YZQnTMfgQ{U¡l�S [?S l4v?lYdRZTMQ{W�l�¤X_{| RM_�R<W�] Y;ab_�TkVCQnTMS _0UoYhT<W�[?i`S [?i#a TM_`l �IRM_2,��}yc_`[?YZQcycvoRMS fgQ�U?WceoY;mCQnab_�TMQ�W�[XU\W6a RMQnTyc] Q{W6TZabQc] ] S [?i�W�[XU}m?voTM[?S [?ikS Y%YZO?_{|�[#S ['N�W�m?] QI�GC^r �G,^rjt;QcYZV?S RMQARMO?Qh] _{|PQnT%T<W�S [oa�W�] ]KUovoTMS [?iGRMO?QVC_`YdRZ§¨OXW6TMfgQcYdRMS [?i4VCQnTMS _0UEx?l�S [?S l4v?l ¤X_{|�Y%|PQnTMQGmCQnR£|PQcQc[��`�
	 �d�GU?WceX�jW�[XU2,��
	 � ,��4U?WceoY<�O?S i`O?QnTPRMOXW�[#_`m?YZQnTMfgQ{U#UovoTMS [?ikRMO?QAab_�TMQcYdRMQ{U#VCQnTMS _0UErFH.fgQc[}] W6TMi`QnTAigW�S [?Y�W6a RMQnT�yc] Q{W6TMS [?i�l}WcemCQGQnqoVCQcynRMQ{U#S ['e^Q{W6TMY�|�S RMO'T<W�S [oa�W�] ]KRM_�R<W�] YAyc] _`YZQnThRM_4RMO?QG] _`[?i�§�RMQnTMl W{fgQnT<W�i`Q`r%NPO?QnTMQnab_�TMQIS RS Y9mCQne^_`[XU�Uo_`v?moR.RMOXW6R9ab_�TMQcYdRPyc] Q{W6TMS [?iIW�[XU�YZv?m?YZQ{�^v?Qc[^R.m?voTM[?S [?iG_�asYZ] W�YZO}W�[XU�v?[XUoQnTMi�TM_{|%RMOUoS U�OXW{fgQ!W+l}W6TMzgQ{U�Q.-EQcynR'_`[ U0TZe�YZQ{W�YZ_`[¡¤X_{|Gx�|�O?S y<O¡S Y#S [ W�i�TMQcQcl�Qc[^R}|�S RMOp¥X[XUoS [?i`YQc] YZQn|�O?QnTMQkS [#RMO?QhRZTM_`V?S ycYI���9TMv?S �d[?�cQcQc]�xK�{�`�`�0� :�W�] l�QnT{xK�{�`�`�g�<rNPO?QhS l�VXW�ynRP_�a�OXW6TMfgQcYdRMS [?iI_`[}VCQ{W�z�¤X_{|�Yj|%W�Y%YdRMvXUoS Q{U}m^e�Wkyc_`l�VXW6TMS YZ_`[#_�aKTMQci�TMQcYZYZS _`[Q{�^vXW6RMS _`[?Yj_`moR<W�S [?Q{U�ab_�TPRMO?QAVoTMQn§.W�[XU�VC_`YdRZ§¨OXW6TMfgQcYdRMS [?iIVCQnTMS _0UoYcr9NPO?QAVCQ{W�z�UoS YZy<OXW6TMi`Q4� �	�^�yc_`v?] U!mCQITMQc] W6RMQ{U!RM_#yc_�TZTMQcYZVC_`[XUoS [?i#T<W�S [oa�W�] ]jW�l�_`v?[^RMYGW�[XU)�GC{§£U?Wce\�+;4E�f`W�] v?QcYGv?YZS [?i}RMO?Qab_`] ] _{|�S [?i}Q{�^vXW6RMS _`[s�
�	�)FpQnqoV ��
 ������
 � ������ ��" �d�GC^r �g�

|�O?S y<O+S YIYZS l�S ] W6T4RM_�RMO?Q�Q{�^vXW6RMS _`[)v?YZQ{U\ab_�T4YdRM_�TMl�¤X_{| fg_`] v?l�Q�VoTMQ{UoS ynRMS _`[)S [+RMO?Q�l�_0UoQc]UoQcfgQc] _`VCQ{U)m^e��0y<O?Qc] ] QczgQc[?Y'�d�{�`�',`�<r�NPO?Q#TMQci�TMQcYZYZS _`[pyc_^Q 
�ycS Qc[^RMY4ab_�T�RMO?Q#VoTMQn§kW�[XU�VC_`YdRZ§OXW6TMfgQcYdRMS [?i�VCQnTMS _0UoY�W6TMQ#YZO?_{|�[)S [�N�W�m?] Q!�GC^r �{��|�O?QnTMQ{W�Y�_`m?YZQnTMfgQ{U+VCQ{W�z^¤X_{|�YIOXW{fgQ}mCQcQc[
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.>&+���Y#+��(K/�&+(41 � ,!%(� ���6�13��6 #)(���. �=��� � �U,� ��!	�5 ��2,�*)��(4(�&4!8/����2,�13��6@������ �� !>���4!;&+(47�&),
 $#)��&+(%�	 �(47�&4!4�813��6< ��2, �8��(4��13��6?F �Z ��81 �!"13�3� ��!4�8(� ���&"���	&"(�&+�  ��8137�&=13�2*+(�&) !;&@ $#)��&+(%�	 �( 

7�&4!4�813��6?F

        Period Length [days]Treatment
2821141075321

           Cummulative streamflow totals [mm]
6.554.452.511.761.120.690.420.250.11Forested (A)
7.965.833.702.311.551.060.630.420.21Harvested/burned (B)
1.211.311.471.321.391.541.521.661.82Ratio B/A

	�
��� 
 «��� «`©	� �Z&E6�(�&4!)!41 ���@*)���	!4�� ���� !Z ��2, !4�� ��81 !4�81 *4!P#+��( /2(�&),�1 *+�8137�&-&��8�� ��81 ���	!K(�&+�  ��813��6
/�&) ��� � � !@13� ���	&<CD� &)��� &E6? M*) ���*)��.>&+���-��� (� �13� #+ ��3�Z ��2,M ����
 ,� ���� � �7�)& #+��(�&� ��2,
 $#)��&+(5�	 �(47�&4!4�813��6@ ��2, �8��(4��13��6?F

nCDSDcSDbSDaPeriod

420.880.503-4.0230.0020.0080.0040.058Pre-harvesting
250.750.764-4.0490.0050.0170.0130.085Post-harvesting

V?] _�RZRMQ{U¡W�igW�S [?YdR�T<W�S [oa�W�] ]kS [ ��S i`voTMQ��GC^r &^r NPO?Q\VoTMQn§�W�[XUpVC_`YdRZ§¨OXW6TMfgQcYdRMS [?i+TMQci�TMQcYZYZS _`[] S [?QcY�ab_�ThW�[�W{fgQnT<W�i`QI�+;4E  �� _�a4<�CIl�l¦W6TMQkYZO?_{|�['ab_�Thyc_`l�VXW6TMS YZ_`[srPNPO?QkUov?l�lIe�f`W6TMS W�m?] QRMQcy<O?[?S �^v?QIW�[XU\�K§�RMQcYdRMY��05G] QcS [0mXW�v?l W�[XU 5Gv?V?VCQnT{x~�{�'&��g�A|PQnTMQ4v?YZQ{U�RM_}RMQcYdR;|�O?QnRMO?QnThRMO?QYZ] _`VCQcY9W�[XUIS [^RMQnTMycQcVoRMY�_�aXRMO?QjR£|P_ATMQci�TMQcYZYZS _`[�] S [?QcY~|PQnTMQPYZS i`[?S ¥Xy{W�[^RM] e�UoS -EQnTMQc[^R{r�t;S -EQnTMQc[?ycQcYmCQnR£|PQcQc[}RMO?QhS [^RMQnTMycQcVoRMYG�'{�.|PQnTMQ;[?_�R%YZS i`[?S ¥Xy{W�[^R{r9�h_{|PQcfgQnT{x0RMO?Qhyc_`[?YdR<W�[^RMY #}W�[XU %A_�aKRMO?QVC_`YdRZ§¨OXW6TMfgQcYdRMS [?i+Q{�^vXW6RMS _`[�|PQnTMQ�YZS i`[?S ¥Xy{W�[^RM] epO?S i`O?QnT}RMOXW�[�RMO?_`YZQ�_�aGRMO?Q�VoTMQn§¨OXW6TMfgQcYdRMS [?iQ{�^vXW6RMS _`[#S [XUoS y{W6RMS [?ikRMOXW6R%VCQ{W�z^¤X_{|�Y%OXW`U�S [XUoQcQ{U}S [?ynTMQ{W�YZQ{U'W6a RMQnT%yc] Q{W6TZabQc] ] S [?ior%�AigW�S [sx0RMO?S Y¥X[XUoS [?i}yc_�TZTMQcYZVC_`[XUoYh|�S RMO�TMQcVC_�TZRMYha TM_`l _�RMO?QnTGQnqoVCQnTMS l�Qc[^RMYAS [�RMO?QIO0v?l�S U'RZTM_`V?S ycYh|�O?QnTMQVoTMQn§¨OXW6TMfgQcYdRMS [?iGYdRM_�TMl�¤X_{|�|%W�YPUo_`l�S [XW6RMQ{U�m^e4YZv?m?YZvoTZa�W�ycQ�¤X_{|u���9TMv?S �d[?�cQcQc]�xE�{�`�`�0�?�oTMS RMYZy<Osx�{�`�',^� :�W�] l�QnT{xK�{�`�`�g�
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�^RZTMQ{W�l�¤X_{|u�^vXW�] S R£e�S Y;WG-EQcynRMQ{U�m^e'y<OXW�[?i`QcY;S [!W�l�_`v?[^RMYA_�ajUoS YZYZ_`] fgQ{U�YZ_`] S UoYGW�YA|PQc] ].W�Yh_�aVXW6TZRMS ycv?] W6RMQkl}W6RZRMQnTI��YZQ{UoS l�Qc[^R{x?_�TMigW�[?S ykl}W6RZRMQnTn�%W�[XU'y<OXW�[?i`QcYAS [�m?S _`] _`i`S y{W�].W�ynRMS f0S R£e+� �{� $^�mXW�ynRMQnTMS W0xCW�] igW�Q6�<r % OXW�[?i`QcY�S ['RMO?Q;YZQ{UoS l�Qc[^R�] _gW`U�W�[XU'm?S _`] _`i`S y{W�]~W�ynRMS f0S R£e}|PQnTMQk[?_�RA�^vXW�[o§RMS ¥XQ{U�S [#UoQnR<W�S ]CUovoTMS [?i;RMO?QAVoTMQcYZQc[^RjYdRMvXU0e^r 1¡OXW6R9ab_`] ] _{|�Y�mCQc] _{|pS Yj] W6TMi`Qc] e}mXW�YZQ{U�_`[}f0S YZvXW�]_`m?YZQnTMf`W6RMS _`[?Y;W�[XU�] S l�S RMQ{U�l�Q{W�YZvoTMQcl�Qc[^RMYA_�a9RMO?QkYZv?YZVCQc[XUoQ{U�] _gW`U\UovoTMS [?i�YZQcfgQnT<W�]~YdRM_�TMl�Ycr
(s_`i`i`S [?i�W�ynRMS f0S R£e!S [!RMO?Q4y{W6RMy<O?l�Qc[^R{xsW�[XU�RMO?Q�W�YZYZ_^ycS W6RMQ{U+UoS YdRMvoTMmXW�[?ycQ4_�ajRMO?Q4YZ_`S ].m^e�RMO?Qyc_`[?YdRZTMv?ynRMS _`[}_�asTM_gW`UoYcx0RZT<W�y<z0YPW�[XU�] W�[XUoS [?i`Ycx^TMQcYZv?] RMQ{U}S [#WG] W6TMi`QhS [?ynTMQ{W�YZQhS [�RMO?QAYZQ{UoS l�Qc[^R] _gW`U#UovoTMS [?ikYdRM_�TMl�¤X_{|pQcfgQc[^RMYjyc_`l�VXW6TMQ{U�RM_GRMOXW6R%_`m?YZQnTMfgQ{U�S [�RMO?QAv?[XUoS YdRMvoTMmCQ{U�YZS RMvXW6RMS _`[sr�h[?Q%] W�[XUoS [?i��A( &hS [}��S i`voTMQG�GC^r ,`�.OXW`U4mCQcQc[�ycvoR9S [^RM_kW;YZ] _`VCQAyc] _`YZQ%RM_kWh¥?TMYdRj_�T<UoQnTjYdRZTMQ{W�l�§O?Q{W`UExX|�S RMO�RMO?QI] W�[XUoS [?i�|%W�] ] Y;YdRMQcQcV?] e�YZ] _`V?S [?i}RM_{|%W6T<UoYARMO?QIYdRZTMQ{W�l	y<OXW�[?[?Qc]�r;NPO?Q4W�ycycQcYZYTM_gW`U�RM_\RMO?S Y}] W�[XUoS [?i\|%W�Y#YdRMQcQcVsx�W�[XU�[?_wYZQ{UoS l�Qc[^R�RZT<W�V?Y�|PQnTMQ�yc_`[?YdRZTMv?ynRMQ{U�W�] _`[?iwRMO?Q



���� � � "#���6� ��� �� ����	������4�F"#�@� �����������
	 �1�D� ���������F���4"9�)� © /10

0 10 20 30 40 50 60 70 80 90 100 110
Rainfall total [mm]

0.01

0.1

1

10

100

1000
Pe

ak
fl

ow
 [

m
m

 h
-1

]

*
*

*
*

*

*

* ****

*

* **
*

*

*

** *
*

*

*

*

*
**

**

*

*

*

* *
**

*
**

*

**
++

+

+
+

+++ +
+ +

+

+

+ +

+
+ ++

+
+

++ +

+

*: Forested (A)
+: Logged/burned (B)

A

B

API= 45

��� ���	��
 «��� ���>��&) ! ��(�&),  ��2,%/2(�&),�1 *+��&),>/�&) � � � � ! � #+��(@ ��  �7�&+(� ;6?& � � � � �
�$# � � �

#+��( 7� �(41 ����! !4����(4. !41 � &4!K13� /2(�& 
  ��2, /��!4��
8�	 �(47�&4!4�813��6 /�&+(41 � ,!K13�'���	&�CD� &)��� &E6? *) ���*)� 

.>&+����F

YZS UoQcYcrk�hfgQnTM] W�[XU'¤X_{| a TM_`l	RMO?QI] W�[XUoS [?i#W�ycycQcYZY;TM_gW`U!W�[XU�RMO?Qk] W�[XUoS [?i}TMQ{W�y<O?Q{U�RMO?Qkl}W�S [YdRZTMQ{W�l	y<OXW�[?[?Qc]s|�S RMO?S [\W�fgQnTZe�YZO?_�TZRARMS l�Q`xXRMO?QnTMQcm^e'VoTM_0Uov?ycS [?i#W�YZOXW6TMVsxCYZO?_�TZRM] S fgQ{U�VCQ{W�zS [!RMO?QIO^e?U0TM_`i�T<W�V?O!mCQnab_�TMQ4RMO?Q4VCQ{W�z^¤X_{| W�YkW�TMQcYZv?] RG_�ajRMO?Q4[?_�TMl}W�]~y{W6RMy<O?l�Qc[^RATMQcYZVC_`[?YZQ_^ycycvoTZTMQ{UEr�=hv?] ] S QcYjab_�TMl�Q{U�_`[�RMO?S YPW�ycycQcYZYjTM_gW`U4|�S RMO?S [#W;abQn|�|PQcQcz0YcxoW�[XU�] W6TMi`Q;W�l�_`v?[^RMY._�aYZQ{UoS l�Qc[^RP|PQnTMQ;|%W�YZO?Q{U'S [^RM_IRMO?Q;YdRZTMQ{W�l�rj�AY%YZv?y<O#RMO?Q;VCQ{W�z}YZQ{UoS l�Qc[^R�] _gW`U#|%W�Y�_`m?YZQnTMfgQ{UUovoTMS [?i�RMO?Q#¥?TMYdR4TMv?[?_9-pVCQ{W�zCx9T<W6RMO?QnT�RMOXW�[�UovoTMS [?i�RMO?Q'l}W�S [�VCQ{W�zw¤X_{| TMQcYZv?] RMS [?i\a TM_`lRMO?Q�_6fgQnT<W�] ];y{W6RMy<O?l�Qc[^R�TMQcYZVC_`[?YZQ�RM_+T<W�S [oa�W�] ]����AYZYZQc[0mCQnTMioxG�{�`�`�g�<r NPO?S Y#YZv?i`i`QcYdRMQ{U�RMOXW6Rl�_`YdR�_�aARMO?Q'YZQ{UoS l�Qc[^R4S [�RMO?Q#YdRZTMQ{W�l�¤X_{|¦l}Wce)OXW{fgQ#_�TMS i`S [XW6RMQ{U�a TM_`l RMO?S Y�VXW6TZRMS ycv?] W6TM] eS ] ] §¨yc_`[?YdRZTMv?ynRMQ{U)] W�[XUoS [?ior��AYZYZQc[0mCQnTMi��d�{�`�`�g�4Qnq?W�l�S [?Q{U+YZv?YZVCQc[XUoQ{U)YZQ{UoS l�Qc[^R4yc_`[?ycQc[^RZT<W6§RMS _`[?YPS [�|%W6RMQnT�YMW�l�V?] QcYjyc_`] ] QcynRMQ{U'UovoTMS [?ikYZQcfgQnT<W�]EYdRM_�TMl�YjS [�7gW�[0vXW6TZe}W�[XU#�?QcmoTMvXW6TZe^xX�{�`�0�`xYZO?_�TZRM] e#W6a RMQnThWI[0v?l4mCQnTP_�a�] W�[XUoS [?i`YAW�[XU�TM_gW`UoY�OXW`U}mCQcQc[#yc_`[?YdRZTMv?ynRMQ{UExoS [?yc] vXUoS [?iIRMO?Q;_`[?QUoQcYZynTMS mCQ{U}W�mC_6fgQ`r~�hQA_`moR<W�S [?Q{U}W�[}QnTM_`YZS _`[#T<W6RMQA_�a6,hRM_`[?[?QcYjOXW��! {x^|�O?S y<O}l}Wce4YZQcQcl l�_0U0§QcYdRGS [wyc_`l�VXW6TMS YZ_`[\RM_'QnTM_`YZS _`[\T<W6RMQcYGab_`v?[XU!Qc] YZQn|�O?QnTMQ}W6a RMQnTk] _`i`i`S [?i)� �{� $^� t;_`v?i`] W�Y �<�;�`� x�{�`�',^�
:�W�] l�QnT{x��{�`�`�g�4m?voR4S R�YZO?_`v?] U)mCQ�TMQcl�Qcl4mCQnTMQ{U\RMOXW6R�l�_`YdR4_�aARMO?Q#l}W6RMQnTMS W�]Py{W�l�Qa TM_`l W#] S l�S RMQ{U![0v?l4mCQnTh_�a%] W�[XUoS [?i`YkW�[XU�TM_gW`UoYcxK|�O?QnTMQ�_`[o§¨YZS RMQ4QnTM_`YZS _`[wT<W6RMQcYGl4v?YdR;OXW{fgQmCQcQc['O?S i`O?QnT{r
� ] W6TMi`Q�VXW6TZRG_�ajRMO?Q4QnTM_0UoQ{U\l}W6RMQnTMS W�]~|PQc[^RGS [^RM_}RMQcl�VC_�T<W6TZe!YdRM_�T<W�i`Q`xK¥X] ] S [?i'VC_^_`] YkS [RMO?Q�ynTMQcQcz�W�[XU�y<OXW�[?i`S [?i+S RMY}mCQ{U?UoS [?ior���] v?YZO?S [?i)_�a;RMO?S Y}YdRM_�TMQ{U�l}W6RMQnTMS W�]hUovoTMS [?i+] W6TMi`QYdRM_�TMl�Y�l}Wce�WG-EQcynR}RMO?Q�|%W6RMQnT'�^vXW�] S R£e�ab_�T#YZQcfgQnT<W�]Ae^Q{W6TMY�RM_+yc_`l�Q)� ���{� :�W�] l�QnT{xG�{�`�`�g�<r

E£[��AVoTMS ];�{�`�',\i`v?] ] S QcY�|�S RMO�UoQcVoRMO?Y�v?V)RM_ <g�\ycl OXW`U)ab_�TMl�Q{U�_`[�YZ_`l�Q'_�ahRMO?Q'YdRMQcQcVCQnTRZT<W�y<z0Y�W�[XU+TM_gW`UoY�S [)RMO?Q#y{W6RMy<O?l�Qc[^R'��VCQnTMYcr.yc_`l�l�r�thT{r47or *kr �Ir.�hQcv?y<Osxj��S �dS!;.S [?Q2(ER<UEr �W�[XU!mCQcy{W�v?YZQ�QnTM_`YZS _`[+YZQcQcl�Q{U�RM_#TMQcl}W�S [+W�ynRMS fgQ�S [!RMO?QcYZQ�i`v?] ] S QcYIW6Rk] Q{W�YdRkab_�TIYZ_`l�QIRMS l�Q`xW4YZQcl�S §¨VCQnTMl}W�[?Qc[^R%UoQcynTMQ{W�YZQkS ['YdRM_�TMl�¤X_{| |%W6RMQnTh�^vXW�] S R£e'l}Wce}mCQGQnqoVCQcynRMQ{U'W�YAWITMQcYZv?] RA_�aRMO?QG] _`i`i`S [?i#W�ynRMS f0S RMS QcYcrANPO?QGYZQ{UoS l�Qc[^RA] _gW`U�v?[XUoQnTAmXW�YZQn¤X_{| yc_`[XUoS RMS _`[?Y�|%W�Yh[?_�RhUoS -EQnTMQc[^Ra TM_`l RMOXW6R�mCQnab_�TMQkyc] Q{W6TZabQc] ] S [?i}YdR<W6TZRMQ{Uw���AYZYZQc[0mCQnTMioxs�{�`�`�g�<r
��] _�R�_�a�RMO?QcYZQ;YZQ{UoS l�Qc[^R<W6RMS _`[#VoTM_`m?] Qcl�YPl�S i`O^R%OXW{fgQ;mCQcQc['W{fg_`S UoQ{U#m^e#WIl�_�TMQ;y{W6TMQnabv?]YZQc] QcynRMS _`[)_�a�] W�[XUoS [?i�] _^y{W6RMS _`[?YcxjW�Yk|PQc] ]PW�YI_�a�RMO?QcS T4W�ycycQcYZYITM_gW`UoYcr!�0Q{UoS l�Qc[^RGRZT<W�V?YG|PQnTMQyc_`[?YdRZTMv?ynRMQ{UIW�] _`[?i;RMO?Qjl}W�S [kTM_gW`UoY.S [ 7gW�[0vXW6TZeG�k�?QcmoTMvXW6TZe^xo�{�`�0�`xg|�O?S y<O4S l�VoTM_6fgQ{U;RMO?QPYZS RZ§vXW6RMS _`[sr��h_{|PQcfgQnT{x`YZ_`l�QP_�a?RMO?QcYZQjRZT<W�V?YK|PQnTMQ%YZVXW�ycQ{UGRM_^_ha�W6T9W�VXW6TZR{xgVXW6TZRMS ycv?] W6TM] eI_`[IYdRMQcQcVCQnT
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YZQcynRMS _`[?Y;RM_#VoTMQcfgQc[^R;_6fgQnTM] W�[XU�¤X_{| W6RZR<W�S [?S [?i'O?S i`O\fgQc] _^ycS RMS QcYcr��AY;YZv?y<O�RMO?QcYZQIRZT<W�V?Yh|PQnTMQ¥X] ] Q{U!|�S RMO+YZQ{UoS l�Qc[^RkW6a RMQnT4_`[?Q�_�TkR£|P_�l}W{�d_�TIYdRM_�TMl�Ycx�W�[XU!RMO?QcS TIQ.-EQcynRkyc_�TZTMQcYZVC_`[XUoS [?i`] eYZO?_�TZRM] S fgQ{UEr�hvoRZTMS Qc[^R�] _`YZYZQcY.W�YZYZ_^ycS W6RMQ{Uk|�S RMOkRMO?Q.TMQcl�_6f`W�]`_�aXVXW6TZRMS yc] QcY�_�a?YZ_`S ]oW�[XUG_�TMigW�[?S yPl}W6RZRMQnTKS [RMO?QAYdRZTMQ{W�l�¤X_{|pyc_`v?] U�[?_�R%mCQAQcf`W�] vXW6RMQ{U�YZS [?ycQA[?_4W�[XW�] eoYZQcYj|PQnTMQhy{W6TZTMS Q{U}_`voRP_`[�RMO?QAYZ_`] S UoYS [�YdRZTMQ{W�l�¤X_{| YMW�l�V?] QcYcr��h_{|PQcfgQnT{xEW�yc_`l�VXW6TMS YZ_`[�mCQnR£|PQcQc[�YMW�l�V?] QcYAyc_`[^R<W�S [?S [?i}YZQ{UoS l�Qc[^R|�O?S y<O�|PQnTMQA¥X] RMQnTMQ{U}UovoTMS [?ikYMW�l�V?] S [?ioxoW�[XU�yc_�TZTMQcYZVC_`[XUoS [?iIYMW�l�V?] QcYjRMOXW6Rj|PQnTMQA[?_�Rj¥X] RMQnTMQ{Uv?[^RMS ]~W6a RMQnTIW6TZTMS f`W�]~S [!RMO?QI] W�mC_�T<W6RM_�TZe^xKYZO?_{|PQ{U�RMOXW6R;yc_`[?ycQc[^RZT<W6RMS _`[?YG_�a�;j��
4S [�RMO?QI] W6RZRMQnT|PQnTMQ#ab_`voT4RMS l�QcY4O?S i`O?QnT�RMOXW�[+RMO?_`YZQ'S [)RMO?Q}ab_�TMl�QnT���N�W�m?] Q\�GC^r �6�<r�NPO?S Y�YZv?i`i`QcYdRMQ{U)RMOXW6RW6R;] Q{W�YdRkYZ_`l�QI_�a9RMO?Q � W{f`W�S ] W�m?] Q�� ;pS [!YZ_`S ]~|%W�YhTMQcl�_6fgQ{U'a TM_`l	RMO?QIYZS RMQ�W�m?YZ_�TMmCQ{U!_`[!yc] Wcel�S [?QnT<W�] Y�_�TA_�TMigW�[?S ykl}W6RZRMQnT�S ['YdRZTMQ{W�l�¤X_{|Gr
/hS YZvXW�];_`m?YZQnTMf`W6RMS _`[p_�akRMO?Q�YdRZTMQ{W�l�¤X_{|	TMQcfgQ{W�] Q{U�RMOXW6R#RMO?Q�[0v?l4mCQnT�_�a4W�] igW�Q\S [�RMO?QYdRZTMQ{W�l	S [?ynTMQ{W�YZQ{U!W6a RMQnThRMO?Qky{W6RMy<O?l�Qc[^R%|%W�Y;UoQnab_�TMQcYdRMQ{UErhNPO?S Yhl}Wce'OXW{fgQkmCQcQc[�y{W�v?YZQ{U�m^eW'yc_`l4m?S [XW6RMS _`[w_�a%O?S i`O?QnTI] S i`O^RIS [?V?voRMY;RM_'RMO?Q�YdRZTMQ{W�l�W�YIW#TMQcYZv?] RI_�aPRMO?Q4TMQcl�_6f`W�]._�aPRMO?Qab_�TMQcYdRPy{W�[?_`V^e^x^W�[XU4m^e4O?S i`O?QnTj[0voRZTMS Qc[^RMY.yc_`[?ycQc[^RZT<W6RMS _`[?YA� �{� $^� �G� 
 �<r.�oTMQcYZOo§�|%W6RMQnTjVoT<Wc|�[?Ycx|�O?S y<O�|PQnTMQ4VoTMQcYZQc[^R;S [�RMO?QIynTMQcQcz�mCQnab_�TMQ�OXW6TMfgQcYdRMS [?i}YdR<W6TZRMQ{UExsOXW`U!UoS YMW�V?VCQ{W6TMQ{U!W6a RMQnT;RMO?Qyc] Q{W6TZabQc] ] S [?i#_�a~RMO?Q;ab_�TMQcYdR{r�NPO?QkUoQcynTMQ{W�YZQI_�a~RMO?QGVoT<Wc|�[�VC_`V?v?] W6RMS _`[�l}Wce#mCQkW6RZRZTMS m?voRMQ{U#RM_RMO?QkS [?ynTMQ{W�YZQ{U!YZQ{UoS l�Qc[^Rh] _gW`U!W6a RMQnTGOXW6TMfgQcYdRMS [?ioxC|�O?S y<O\UoQcYdRZTM_{e^Q{U'RMO?QcS T;OXW�m?S R<W6R;m^e#¥X] ] S [?iRMO?Q;VC_^_`] YAS ['RMO?Q;ynTMQcQczCrNPO?QhS l�VXW�ynRj_�aKOXW6TMfgQcYdRMS [?ik_`[�RMO?Q�y<O?Qcl�S y{W�]Xyc_`l�VC_`YZS RMS _`[#_�asYdRZTMQ{W�lI|%W6RMQnTP|%W�YPYdRMvXUoS Q{US [!l�_�TMQIUoQnR<W�S ]�r;�jQcy{W�v?YZQIRMO?Q4�^vXW�] S R£e�_�a9RMO?QIUoS YZy<OXW6TMi`QITMQn¤XQcynRMYARMO?QkS [^RMQnT<W�ynRMS _`[?Y;_�a9fgQci`Qn§R<W6RMS _`[sx�YZ_`S ]�x�|%W6RMQnT4W�[XU![0voRZTMS Qc[^RMY���NKvoTMfgQne^x.�{�'&3C`�<x.W'UoS YdRMvoTMmXW�[?ycQ�_�aPRMO?Q�Qcyc_`YdeoYdRMQcl�|�S ] ]mCQ4Qcf0S UoQc[^RGS [\RMO?Q4y<O?Qcl�S y{W�].yc_`l�VC_`YZS RMS _`[w_�ajRMO?Q�YdRZTMQ{W�l�¤X_{|¦�A(sS zgQc[?Y �<�;�`� � x.�{�'&3&`�<r}NPO?Qyc_`l�VC_`YZS RMS _`[\_�ajmXW�YZQn¤X_{| UoS -EQnTMQ{U�a TM_`l	RMOXW6R;_�ajYdRM_�TMl�¤X_{| W�[XU�RMO?QkQ.-EQcynRMY;_�ajOXW6TMfgQcYdRMS [?i_`[�Q{W�y<O'_�a~RMO?QcYZQGyc_`l�VC_`[?Qc[^RMYj|�S ] ]sRMO?QnTMQnab_�TMQkmCQkUoS YZycv?YZYZQ{U'YZQcVXW6T<W6RMQc] e^r
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NPO?QAUoQcynTMQ{W�YZQhS [�[0voRZTMS Qc[^R9v?VoR<W�zgQ�W6a RMQnTPOXW6TMfgQcYdRMS [?iIW�[XU4RMO?QPRZT<W�[?YdabQnT%_�as] W6TMi`Qh�^vXW�[^RMS RMS QcY9_�a[0voRZTMS Qc[^RMYjRM_4RMO?Qhab_�TMQcYdRA¤X_^_�T{xo¥?TMYdR�m^e#yneoyc] _`[?Qk�0S [XW�W�[XU#] W6RMQnTAm^e}OXW6TMfgQcYdRMS [?ioxo|�O?S y<O#|PQnTMQYZv?m?YZQ{�^v?Qc[^RM] e'TMQc] Q{W�YZQ{U!m^e�UoQcyc_`l�VC_`YZS RMS _`[\W�[XU�m?voTM[?S [?i�_�a9RMO?QIYZ] W�YZO!y{W�[\mCQkQnqoVCQcynRMQ{U�RM_OXW{fgQ%S [o¤Xv?Qc[?ycQ{UIRMO?Q%[0voRZTMS Qc[^R.yc_`[?ycQc[^RZT<W6RMS _`[?YjS [�YdRZTMQ{W�l�¤X_{|�a TM_`l RMO?Q%y{W6RMy<O?l�Qc[^R{r�t;QnR<W�S ] Y_`[IRMO?QjVoTMQn§KW�[XUkVC_`YdRZ§¨yneoyc] _`[?QPmXW�YZQn¤X_{|�yc_`l�VC_`YZS RMS _`[4_�aXRMO?Qjab_�TMQcYdRMQ{U4y{W6RMy<O?l�Qc[^R�OXW{fgQjmCQcQc[i`S fgQc[�S [\�0QcynRMS _`[+�{�0r &^r ,^rhNPO?Q;RMQcl�VC_�T<W�]KmCQcOXW{f0S _`voTh_�a~RMO?QGyc_`[?ycQc[^RZT<W6RMS _`[?Yh_�a.�;W0x�5�x :'iox
% W0x % ]�x~�h��
<§¨�#" �G� 
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P-TN-TMnFe-T Si   PO4  NO3 SO4  HCOClNH4  CaMgKNapHECQPeriod

Pre-cyclone (A), 25 December 1989 - 26 November 1990
0.020.080.180.3513.70.020.167.4736.36.190.222.793.820.2410.56.73910.017Average
0.000.050.040.060.60.010.130.742.20.310.170.210.220.110.20.2240.006SD

212116162120202121212121212121212121n

Post-cyclone (B), 2 December 1991 - 7 January 1991
0.020.150.140.3513.80.020.155.9438.77.580.213.044.350.8911.26.72940.017Average
0.000.130.030.100.30.010.191.022.30.810.130.120.140.390.20.1240.005SD

111111111111111111111111111111111111n

0-50% harvested (C), 11 January 1991 - 2 May 1991
0.020.100.120.3214.20.020.276.2835.17.850.192.814.020.3611.17.10920.031Average
0.000.060.020.040.40.000.330.574.61.280.110.220.170.190.30.2450.008SD

282828282828272828282828282828282828n

50-100% harvested (D), 6 May 1991 - 15 August 1991
0.030.080.090.2213.60.020.185.7645.26.660.123.014.130.3410.87.13900.018Average
0.010.110.020.100.40.010.250.582.90.470.120.230.180.330.20.1030.004SD

292929292929292929292929292929292929n

Burned (E), 22 August 1991 - 4 April 1992
0.340.280.270.3113.00.060.324.4549.58.290.273.384.780.2411.47.02970.017Average
0.310.320.230.110.70.050.352.105.81.690.290.320.450.200.50.3440.007SD

313131313131313031313131313131313131n

Significance of differences between the means
ns<**>***nsnsnans>***<***<***ns<***<***<***<***ns<***nsA<>B
nsns>***>**<***nans>***ns<***nsns<***<**<***<***ns<***A<>C
nsns>***>***nsnans>***<***<***>**<***<***ns<***<***nsnsA<>D

<***<***<*>*>***<***<**>***<***<***ns<***<***ns<***<***<***nsA<>E

<***<***<***<***>***<***<**>***<***<***<***<***<***>*<***>*<***nsD<>E

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01; na: not applicable
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yneoyc] _`[?Q�QcfgQc[^R{xgOXW6TMfgQcYdRMS [?iG_�aERMS l4mCQnTjW�[XU4YZv?m?YZQ{�^v?Qc[^R9m?voTM[?S [?i;_�asYZ] W�YZOsxoUov?Q%RM_kW�YZYZ_^ycS W6RMQ{Uy<OXW�[?i`QcYPS [�RMO?Qhyc_`l�VC_`YZS RMS _`[#_�aKmXW�YZQn¤X_{| ��YZQcQhVoTMQcf0S _`v?YPYZQcynRMS _`[C�jW�[XU�YZ_`S ]El�_`S YdRMvoTMQA_`[}RMO?QO?S ] ] YZ] _`VCQG��N�W�m?] Q;�GC^r �{�g�.W�Y.WATMQcYZv?] R._�aCy<OXW�[?i`QcY.S [4] Q{W�y<O?S [?iGW�[XUIv?VoR<W�zgQ9T<W6RMQcY.S [IRMO?QPYZvoTZa�W�ycQ] Wce^QnTMYI� :�W�] l�QnT{xK�{�`�`�g�<r
/jW6TMS W6RMS _`[?YAS [�YdRM_�TMl�¤X_{|�|�S RMO!UoS YZy<OXW6TMi`Qky{W�[�mCQkQnqoVoTMQcYZYZQ{U'|�S RMOYZ_`] voRMQ%T<W6RMS [?ikycvoTMfgQcYcxg|�O?S y<O�v?YZvXW�] ] e4TMQc] W6RMQ�RMO?Q�[XW6RMvoT<W�]?] _`igW6TMS RMO?l _�asYdRM_�TMl�¤X_{|pUoS YZy<OXW6TMi`Q��] [ ���c�jRM_ H % xXV?� _�TAS _`[�yc_`[?ycQc[^RZT<W6RMS _`[?Yk��� ���b��W�ycyc_�T<UoS [?i4RM_o�

� ����F # �c] [ ��� "*% �d�GC^r <^�
|�O?QnTMQ�##W�[XU %GW6TMQ;TMQci�TMQcYZYZS _`[�yc_^Q 
�ycS Qc[^RMYI� =ATMQci`_�TZe�W�[XU@1)W�] ] S [?ioxK�{�'&��g�<r�0QcVXW6T<W6RMQGYZ_`] voRMQ;T<W6RMS [?i�ycvoTMfgQcY%|PQnTMQGy{W�] ycv?] W6RMQ{U'a TM_`l¦YdRM_�TMl�¤X_{| YMW�l�V?] QcY�yc_`] ] QcynRMQ{U�S [RMO?QAVCQnTMS _0UoY%mCQnab_�TMQ;OXW6TMfgQcYdRMS [?iox?UovoTMS [?ikOXW6TMfgQcYdRMS [?iox?W�[XU#W6a RMQnT�m?voTM[?S [?ior~tGW6R<WGab_�T%RMO?QA¥?TMYdRYdRM_�TMl�¤X_{|�QcfgQc[^R._�aXRMO?Q%VC_`YdRZ§¨m?voTM[IVCQnTMS _0U4|PQnTMQ%Qnqoyc] vXUoQ{Uka TM_`luRMO?QPTMQci�TMQcYZYZS _`[?YjW�Y.RMO?QPyc_`[o§ycQc[^RZT<W6RMS _`[?Y�_�a~YZQcfgQnT<W�]KQc] Qcl�Qc[^RMYG� �{� $^� 5�xX�?��
�xC�0S�x % ] �%UoQcf0S W6RMQ{U'yc_`[?YZS UoQnT<W�m?] e#a TM_`l RMO?_`YZQ_�ahYZv?m?YZQ{�^v?Qc[^R4YdRM_�TMl�¤X_{|¦QcfgQc[^RMY'����S i`voTMQ\�GC^r �g�<r�NPO?Q#TMQci�TMQcYZYZS _`[�yc_^Q 
�ycS Qc[^RMY}W�[XU+RMO?QcS TYdR<W6RMS YdRMS ycYAab_�T;RMO?Q;TMQcYZVCQcynRMS fgQIVCQnTMS _0UoY;W6TMQIi`S fgQc[�S [!N�W�m?] Q}�GC^r �GC^r;NPO?QIYZy{W6RZRMQnThS [�RMO?QIU?W6R<W
	�
��� 
 «��� «��� �Z&E6�(�&4!)!41 ���M*)���	!4�� ���� !% ��2,"!4�� ��81 !4�81 *4!>�$#-!;��� ����& (� ��813��6�*8��(47�&4!D#+��( ���	&
#+��(�&4!4��&),"*) ���*)��.>&+��� �E��� ��� ���) !;& � � � ,� ��� >13�2*+� ��,�&), � ���	 �(47�&4!4�813��6 /�&+(41 � , �E����� � � �
�) !;& � � � ,� ��� &�:�*+� ��,�&), �  ��2,%/��!4��
 �8��(4�@/�&+(41 � , �E��� ��� �-,� ��� �#+��("���	&��J()!4�Z!4����(4.
 ��2, �) !;& � � � ,� ��� &�:�*+� ��,�&), ��F � �<13� � �@*+.'� � ��� �Z13�'. .W� � �  ��2,�*)���2*)&+���8(� ��81 ���	!
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        Burned         Logged       ForestedSpecies
CDSEbSEaCDSEbSEaCDSEbSEa

0.835.9674.620.459-7.6380.589.5770.200.547-8.2760.355.2575.880.944-4.465EC
0.580.296.430.022-0.1980.230.286.530.016-0.1120.120.206.370.036-0.084pH
0.830.548.300.041-0.6810.551.017.840.058-0.8260.460.478.200.085-0.507Na
0.510.512.100.0390.2990.030.831.490.0470.1130.320.341.530.0610.269K
0.870.392.320.030-0.5700.570.592.280.034-0.5050.300.312.870.055-0.230Mg
0.800.471.090.037-0.5530.700.490.860.028-0.5470.310.291.890.052-0.220Ca
0.000.090.150.0070.0030.030.150.140.009-0.0200.000.150.220.0260.006NH4
0.621.4512.620.1121.0760.101.8910.080.1080.4510.000.546.030.097-0.030Cl
0.885.769.730.443-9.1610.646.9111.050.395-6.8280.097.0023.071.259-2.572HCO3
0.251.127.650.0860.3710.001.216.590.069-0.0530.030.816.530.145-0.169SO4
0.731.294.990.0991.2420.291.002.140.0570.4750.200.571.570.1020.327NO3
0.010.030.020.002-0.0010.010.020.030.0010.0020.010.030.040.0060.004PO4
0.930.726.890.056-1.5490.521.429.270.081-1.0990.201.1810.420.211-0.673Si
0.500.080.240.0060.0450.220.190.350.0110.0730.090.050.120.0080.017Al
0.040.110.220.009-0.0130.000.180.340.0100.0060.010.070.360.0130.006Fe
0.580.040.020.003-0.0020.460.040.010.002-0.0250.250.040.060.007-0.026Mn
0.010.240.260.019-0.0150.120.130.230.0070.0340.010.050.110.0100.007N-tot
0.110.250.340.0190.0490.200.020.040.0010.0060.010.000.020.0000.000P-tot

|%W�Y�] W6TMi`Q`xXVXW6TZRM] e#mCQcy{W�v?YZQG_�a~O^eoYdRMQnTMQcYZS Y%Q.-EQcynRMYk�2� �b�{� UoS -EQnTMQc[?ycQcY�S ['S _`['yc_`[?ycQc[^RZT<W6RMS _`[?YhW6RYZS l�S ] W6T4UoS YZy<OXW6TMi`Q#UovoTMS [?i#RMO?Q�TMS YZS [?i�W�[XU\a�W�] ] S [?i!] S l4mw_�aPRMO?Q�O^e?U0TM_`i�T<W�V?Os��=ATMQci`_�TZe+W�[XU
1)W�] ] S [?iox~�{�'&��g�<xsW�[XU�VXW6TZRM] e�mCQcy{W�v?YZQI_�a9_�RMO?QnTha�W�ynRM_�TMY�� �{� $^� RMS l�QkYZS [?ycQkRMO?Qkyneoyc] _`[?Q4�0S [XW0xVCQnTMycQc[^R<W�i`Q�_�a�W6TMQ{W#yc] Q{W6TMQ{UEx�S [?S RMS W�]jl�_`S YdRMvoTMQ4yc_`[XUoS RMS _`[?Ycx�YdRM_�TMl�YZS �cQ}W�[XU\S [^RMQc[?YZS R£eX�<xETMQn§YZv?] RMS [?i;S [�] _{|�RM_;fgQnTZeI] _{|�yc_^Q 
�ycS Qc[^RMY9_�asUoQnRMQnTMl�S [XW6RMS _`[Iab_�T9RMO?QjTMQci�TMQcYZYZS _`[?Yh��N�W�m?] QG�GC^r �GC^�NKvoTMfgQne^x0�{�'&3C^� :�W�] l�QnT{x?�{�`�`�g�<rj��YZQc] QcynRMS _`[�_�aCYZ_`] voRMQ%T<W6RMS [?i;ycvoTMfgQcY�ab_�TjYZQcfgQnT<W�]oQc] Qcl�Qc[^RMY~S YVoTMQcYZQc[^RMQ{U�S ['��S i`voTMQ4�GC^r �0rjt;v?Q�RM_kRMO?Qh] W6TMi`QGYZy{W6RZRMQnT%_�aKRMO?Q;U?W6R<WIW�[XU�RMO?Qh] S l�S RMQ{U}[0v?l4mCQnT
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_�aXYdRM_�TMl�¤X_{|+YMW�l�V?] QcY�yc_`] ] QcynRMQ{U4UovoTMS [?i�RMO?Q9VoTMQn§¨yneoyc] _`[?QjVCQnTMS _0UIUoS -EQnTMQc[?ycQcY~mCQnR£|PQcQc[GT<W6RMS [?iycvoTMfgQcY%ab_�ThRMO?QGTMQcYZVCQcynRMS fgQkVCQnTMS _0UoYA|PQnTMQI[?_�RAYdR<W6RMS YdRMS y{W�] ] e!YZS i`[?S ¥Xy{W�[^R{xX|�S RMO�RMO?QGQnqoycQcVoRMS _`[_�aERMO?Q�VC_`YdRZ§¨m?voTM[�ycvoTMfgQcY.ab_�TjRM_�R<W�] ;)W�[XU��G� 
 |�O?S y<O�|PQnTMQAYZS i`[?S ¥Xy{W�[^RM] e�YdRMQcQcVCQnTjRMOXW�[�yc_�TZ§TMQcYZVC_`[XUoS [?i�VoTMQn§¨m?voTM[#ycvoTMfgQcYcrj�;W6TMfgQcYdRMS [?i�_`[?] e'OXW`U'] S RZRM] QkQ.-EQcynRA_`[�RMO?QhT<W6RMS [?i�ycvoTMfgQcY%ab_�T
;j��
AW�[XU4RM_�R<W�]D;�xgRMO?Q�yc_`[?ycQc[^RZT<W6RMS _`[?Yj_�aE|�O?S y<O�TMQcl}W�S [?Q{U4yc] _`YZQARM_k_�TjmCQc] _{|pRMO?QAUoQnRMQcynRMS _`[] S l�S RMY%W�[^e0|%Wce^x0YZv?i`i`QcYdRMS [?i4RMOXW6R ;)TMQc] Q{W�YZQ{U}a TM_`l¦UoQcyc_`l�VC_`YZS [?iI] S RZRMQnT%|%W�YPTMQnR<W�S [?Q{U}S [}RMO?QYZ_`S ]�rA�h_{|PQcfgQnT{xCyc_`[?ycQc[^RZT<W6RMS _`[?YA_�aF;j��
IW�[XU'RM_�R<W�] ;pS [?ynTMQ{W�YZQ{U�i�TMQ{W6RM] e!W6a RMQnThRMO?QkYZ_`S ]K|%W�YRMO?_�TM_`v?i`O?] e}|PQnRZRMQ{U�UovoTMS [?iIRMO?Q;|PQnRAYZQ{W�YZ_`['ab_`] ] _{|�S [?i}RMO?Q;m?voTM[ ���{� ��S i`voTMQ��GC^r �g�<r�A] RMO?_`v?i`O+[?_�RkYdR<W6RMS YdRMS y{W�] ] e)YZS i`[?S ¥Xy{W�[^R{x�RMO?Q�YZ_`] voRMQ�T<W6RMS [?i�ycvoTMfgQcYGab_�TkRMO?Q�_�RMO?QnTkyc_`[o§YdRMS RMv?Qc[^RMY4l}Wce+i`S fgQ'W!i`_^_0U�S l�VoTMQcYZYZS _`[�_�aARMO?Q#y<OXW�[?i`QcYIRMOXW6R�_^ycycvoTZTMQ{U�S [)RMO?Q#y<O?Qcl�S y{W�]yc_`l�VC_`YZS RMS _`[+_�aPYdRM_�TMl�¤X_{| W6a RMQnTIyneoyc] _`[?Q#�0S [XW'W�[XU\OXW6TMfgQcYdRMS [?ior}NPO?Q�VXW6RZRMQnTM[w_�aPRMO?Q H %UovoTMS [?i;YdRM_�TMl�¤X_{|�TMQn¤XQcynRMQ{UIRMOXW6R._�aCRMO?Q%l}W{�d_�TjS _`[?Y���� % � 
 xg�;W0x % W0x :'ioxo�0S ��_�aC|�O?S y<O4RMO?Qyc_`[?ycQc[^RZT<W6RMS _`[?YhUoQcynTMQ{W�YZQ{U'|�S RMO�S [?ynTMQ{W�YZS [?i#UoS YZy<OXW6TMi`QIUov?Q;RM_�UoS ] voRMS _`[�_�a~RMO?QGmXW�YZQn¤X_{| m^eO?S ] ] YZ] _`VCQhyc_`[^RZTMS m?voRMS _`[?YPW�[XU�y<OXW�[?[?Qc]?VoTMQcycS V?S R<W6RMS _`[sr % OXW�[?i`QcYPS [�RMO?QAYZ_`] voRMQ�T<W6RMS [?i`YP_�aK�;W0x
:'ioxEW�[XU'� % � 
 W�YhWITMQcYZv?] Rh_�a.OXW6TMfgQcYdRMS [?i}W�[XU'YZv?m?YZQ{�^v?Qc[^R�m?voTM[?S [?i4|PQnTMQkyc_`l�VXW6T<W�m?] QGRM_RMO?_`YZQ4YZO?_{|�[�ab_�T % W#S [\��S i`voTMQ#�GC^r �0xs|�S RMO!O?S i`O?QnTGyc_`[?ycQc[^RZT<W6RMS _`[?YGW6RG] _{| UoS YZy<OXW6TMi`QcYGW�[XU] _{|PQnTIyc_`[?ycQc[^RZT<W6RMS _`[?YIW6RkO?S i`O+UoS YZy<OXW6TMi`QcYIUovoTMS [?i'OXW6TMfgQcYdRMS [?i�W�[XU\W6a RMQnTIm?voTM[?S [?i#RMOXW�[\S [RMO?Qkab_�TMQcYdRMQ{U\yc_`[XUoS RMS _`[sr4NPO?Q4Q.-EQcynRMY;_�aPm?voTM[?S [?i}_`[!RMO?QIT<W6RMS [?i'ycvoTMfgQcYAab_�TGRMO?QcYZQ4YZ_`] voRMQcYcxW�[XU#W�] YZ_4_`[}RMOXW6RPab_�T+:'[sx^|PQnTMQ;YZl}W�] ] QnTPRMOXW�[}RMO?_`YZQh_�a�OXW6TMfgQcYdRMS [?i4W�[XU}yneoyc] _`[?QG�0S [XWkyc_`l�§m?S [?Q{UEr % _`[?ycQc[^RZT<W6RMS _`[?YI_�aPRMO?QcYZQ�yc_`[?YdRMS RMv?Qc[^RMY;|PQc[^RIUo_{|�[)UovoTMS [?i'O?S i`O)UoS YZy<OXW6TMi`QcYIW6a RMQnTOXW6TMfgQcYdRMS [?i!W�[XU)m?voTM[?S [?iox�|�O?S y<O�YZv?i`i`QcYdRMY4RMOXW6RIRMO?Q�TMQc] Q{W�YZQ'_�a�RMO?QcYZQ}Qc] Qcl�Qc[^RMYka TM_`l�RMO?Q] S RZRMQnTk] Wce^QnTIW�[XU!RM_`V?YZ_`S ]jUovoTMS [?i'YdRM_�TMl�Yh|%W�YGTMQ{Uov?ycQ{UEr % _`[?ycQc[^RZT<W6RMS _`[?Yk_�a
:'[wUoQcynTMQ{W�YZQ{UW6a RMQnT�OXW6TMfgQcYdRMS [?i!YdR<W6TZRMQ{UEx9m?voRIRMO?Q�TMQcYZVC_`[?YZQ}RM_!f`W6TMS W6RMS _`[?Y�S [�UoS YZy<OXW6TMi`Q#TMQcl}W�S [?Q{U+YZS l�S §] W6T;RM_}RMOXW6RG_�a9RMO?Qkab_�TMQcYdRMQ{U\YdR<W6RMQ�W�Y;RMO?QkTMQcYZVCQcynRMS fgQIT<W6RMS [?i#ycvoTMfgQcYh|PQnTMQITM_`v?i`O?] e!VXW6T<W�] ] Qc]����S i`voTMQ��GC^r �g�<r

% _`[?ycQc[^RZT<W6RMS _`[?Y�_�a
5�x~�G� 
 x9W�[XU��?��
}y<OXW�[?i`Q{U+] S RZRM] Q}|�S RMO�YdRM_�TMl UoS YZy<OXW6TMi`Q'UovoTMS [?iOXW6TMfgQcYdRMS [?ioxsm?voR;] W6TMi`QnTky<OXW�[?i`QcY;|�O?QnTMQ4_`m?YZQnTMfgQ{U\W6a RMQnTkm?voTM[?S [?ioxEVXW6TZRMS ycv?] W6TM] ewUovoTMS [?i�RMO?Q¥?TMYdRkYdRM_�TMl QcfgQc[^RkW6a RMQnTkRMO?Q�m?voTM[�����S i`voTMQ��GC^r �g�<r % _`[?ycQc[^RZT<W6RMS _`[?YI_�aA�0S�x~W�[XU!RM_�W'] QcYZYZQnTQnq0RMQc[^R;RMO?_`YZQ�_�a % W0x4:'iox4:'[+W�[XU!� % � 
 xs|PQnTMQ�] _{|PQnTkRMOXW�[wv?YZvXW�]�xKm?voR;TMQcyc_6fgQnTMQ{UwW�igW�S [S [}RMO?QhYZv?m?YZQ{�^v?Qc[^RjYdRM_�TMl�Y;����S i`voTMQ4�GC^r �g�<rjNPO?Q;Qnq0RZTMQcl�Qc] e�O?S i`O#yc_`[?ycQc[^RZT<W6RMS _`[?Y%_�a 5�x?�?��
W�[XU % ]~RMOXW6R;|PQnTMQ�_`m?YZQnTMfgQ{U!S [!RMO?QI¥?TMYdRkYdRM_�TMl�¤X_{| W6a RMQnTGRMO?Q4m?voTM[!S [XUoS y{W6RMQ{U!RMOXW6R;RMO?QcYZQ[0voRZTMS Qc[^RMY�OXW`U�mCQcQc[�l�_`m?S ] S �cQ{U�m^e)RMO?Q#¥?TMQ�W�[XU)|PQnTMQ�[?_{| ] Q{W�y<O?Q{U�a TM_`l RMO?Q'O?S ] ] YZ] _`VCQcY� ���{� ��� (s_`v?i`O?] S [ �<�;�`� � x9�{�`�`�0�F:�W�] l�QnT{x9�{�`�`�g�<r'�jvoTM[?S [?i'OXW`U\[?_�W�V?VXW6TMQc[^RGQ.-EQcynRk_`[\RMO?Qyc_`[?ycQc[^RZT<W6RMS _`[?Y�_�a�RM_�R<W�]%�Ix~�G� 
 x�:'[sxF;j��
�xPW�[XUwRM_�R<W�]!; UovoTMS [?i�RMO?S YI¥?TMYdR4YdRM_�TMl�x9m?voRyc_`[?ycQc[^RZT<W6RMS _`[?Y�_�a.�h��
;U0TM_`V?VCQ{U#mCQc] _{|�RMO?QGUoQnRMQcynRMS _`[�] S l�S R{r��a RMQnThyc] Q{W6TZabQc] ] S [?i�W�[XU'm?voTM[?S [?i�_�a.T<W�S [�ab_�TMQcYdR;S [8:�W�] WceoYZS W0x :�W�] l�QnT4�d�{�`�`�g��_`m?YZQnTMfgQ{UO?S i`O?QnTPyc_`[?ycQc[^RZT<W6RMS _`[?YP_�as�G� 
 x0�h��
6x ;j��
`x�5uW�[XU :'[}S [}YdRM_�TMl�¤X_{|Gxg|�O?QnTMQ{W�YjRMO?_`YZQh_�a��0SW�[XU��?QkUoQcynTMQ{W�YZQ{U'yc_`l�VXW6TMQ{U#RM_4RMO?Q;ab_�TMQcYdRMQ{U�YZS RMvXW6RMS _`[srj�h_{|PQcfgQnT{xXmCQcy{W�v?YZQG_�a~RMO?QGO?S i`O?QnTm?S _`l}W�YZY%S [0fg_`] fgQ{U�S [}RMO?S Y%YdRMvXU0e^xgRMO?QATMQcYZv?] RMY%l}Wce�[?_�R%mCQ;UoS TMQcynRM] e#yc_`l�VXW6T<W�m?] QA|�S RMO#RMO?_`YZQVoTMQcYZQc[^RM] e#_`moR<W�S [?Q{U#ab_�T�RMO?QI�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R{r
E£[�YZV?S RMQA_�aERMO?Q�YZQcfgQnTMQhUoS YdRMvoTMmXW�[?ycQ�_�aERMO?Qh�h] Qc_`] QcigWky{W6RMy<O?l�Qc[^RjW�[XU4RMO?Q�] W6TMi`Qh[0voRZTMS Qc[^RS [?V?voRMY.RM_GRMO?Q�YZ_`S ]?ab_`] ] _{|�S [?i4RMO?Q�m?voTM[�� ���{� �0QcynRMS _`[��GC^r ,^r ,`�<x?y<OXW�[?i`QcYjS [�S _`[}yc_`[?ycQc[^RZT<W6RMS _`[?YS [\YdRZTMQ{W�l�¤X_{| |PQnTMQ4TMQc] W6RMS fgQc] e\YZl}W�] ]�x�YZv?i`i`QcYdRMS [?i'RMOXW6RGl�_`YdRG[0voRZTMS Qc[^RMYh|PQnTMQ4TMQnR<W�S [?Q{U\m^eRMO?Q�YZ_`S ]�xAW6R#] Q{W�YdR'UovoTMS [?i\RMO?Q�VCQnTMS _0U�_�aG_`m?YZQnTMf`W6RMS _`[sr�NPO?S Y}f0S Qn|	S Y�YZv?V?VC_�TZRMQ{U�m^e)RMO?Q_`m?YZQnTMfgQ{U!S [?ynTMQ{W�YZQ�S [wYZ_`S ]9[0voRZTMS Qc[^R;TMQcYZQnTMfgQcY���N�W�m?] Q'�GC^r �g�<x�|�O?S y<OwS YGVoTM_`mXW�m?] e!TMQc] W6RMQ{U!RM_W+yc_`l4m?S [XW6RMS _`[¡_�akTMQc] W6RMS fgQc] e¡] _{| T<W�S [oa�W�] ];ab_`] ] _{|�S [?i�RMO?Q!m?voTM[¡W�[XU�RMO?Q�TMQc] W6RMS fgQc] epO?S i`O[0voRZTMS Qc[^R9TMQnRMQc[^RMS _`[#y{W�VXW�ycS R£e�_�aKRMO?QAYZ_`S ]�rj�A] RMO?_`v?i`O�RMO?QAf`W6TMS _`v?YjRZTMQ{W6RMl�Qc[^RMYjUoS U�[?_�RPTMQcYZv?] RS [pWwUoQnRMQnTMS _�T<W6RMS _`[¡_�a;RMO?Q'y<O?Qcl�S y{W�]A�^vXW�] S R£e�_�a;RMO?Q�YdRZTMQ{W�l�¤X_{|Gx%W+UoS YdRMS [?ynR#UoQcynTMQ{W�YZQ�S [|%W6RMQnT#�^vXW�] S R£e�_^ycycvoTZTMQ{U�W�Y}W!TMQcYZv?] R}_�a;S [?ynTMQ{W�YZQ{U�QnTM_`YZS _`[¡UovoTMS [?iwW�[XU�W6a RMQnT}OXW6TMfgQcYdRMS [?i���AYZYZQc[0mCQnTMioxs�{�`�`�g�<r
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
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: Before logging
,*: Before burning
,o: After burning
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,*: Before burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
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P-TN-TMnFe-T AlSi   PO4  NO3  SO4  HCO3ClNH4 CaMgKNaQ

Exports from forested catchment (January 4 - November 26, 1990)
0.050.210.430.850.1533.70.040.8418.588.315.70.537.09.61.0826.1254A

Exports during harvesting (November 27, 1990 - August 15, 1991)
0.100.400.230.970.5933.10.063.4718.178.322.50.456.09.32.4126.6282B

Exports after burning (August 16, 1991 - April 4, 1992)
0.580.450.340.470.2517.60.082.8110.059.216.50.444.16.51.6917.0163C

Observed exports during and after harvesting and burning (B+C)
0.680.840.571.450.8350.70.146.2828.2137.539.00.8910.215.84.143.5445D

Predicted exports from the forested catchment for postburn rainfall total
0.060.250.531.040.1841.20.050.8922.6108.319.00.658.511.71.231.9309E

Gains in water yield and export of nutrients associated with cyclone effects, harvesting and burning
0.620.590.030.400.659.50.095.395.629.220.00.241.74.12.911.6136D-E

10722386393612317660325271053720352503644%
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�hvoRZTMS Qc[^RjQnqoVC_�TZRMYjS [#mXW�YZQn¤X_{|pa TM_`l RMO?Q;�h] Qc_`] QcigWIy{W6RMy<O?l�Qc[^R9|PQnTMQhy{W�] ycv?] W6RMQ{U}m^e�yc_`l4m?S [o§S [?i}RMO?QIyc_`[?ycQc[^RZT<W6RMS _`[+U?W6R<W�|�S RMO!RMO?QIyc_�TZTMQcYZVC_`[XUoS [?i#¤X_{| fg_`] v?l�QcYcrI�^RM_�TMl�¤X_{|uYMW�l�V?] QcY|PQnTMQ;yc_`] ] QcynRMQ{U'UovoTMS [?ikQ{W�y<O'l}W{�d_�T%YdRM_�TMl¦W6a RMQnT�OXW6TMfgQcYdRMS [?iIYdR<W6TZRMQ{UEx?W�[XU�RMO?QhQnqoVC_�TZRMY%UovoTZ§S [?i�YdRM_�TMl�Y%yc_`v?] U#RMO?QnTMQnab_�TMQkmCQ;y{W�] ycv?] W6RMQ{U�S [�W4YZS l�S ] W6T�a�W�YZO?S _`[sr�h[?] e4abQn|pYdRM_�TMl�¤X_{|�YMW�l�V?] QcY.|PQnTMQAyc_`] ] QcynRMQ{U�a TM_`l �hynRM_`mCQnTA�{�`�0�h_`[^|%W6T<UoYcx0W�[XU�[0voRZTMS §Qc[^R9QnqoVC_�TZRMY.S [�YdRM_�TMl�¤X_{|�v?[^RMS ]?�AVoTMS ]E�{�`�',h|PQnTMQ%RMO?QnTMQnab_�TMQ�QcYdRMS l}W6RMQ{U4v?YZS [?i;RMO?Q%VC_`YdRZ§¨m?voTM[YZ_`] voRMQAT<W6RMS [?iIycvoTMfgQcYjVoTMQcYZQc[^RMQ{U�S [#N�W�m?] QI�GC^r �GC^rPNPO?Q�TMQcYZv?] RMS [?iI[0voRZTMS Qc[^RPQnqoVC_�TZRMY9a TM_`l RMO?Qy{W6RMy<O?l�Qc[^R�UovoTMS [?iIRMO?Q;TMQcYZVCQcynRMS fgQGVCQnTMS _0UoYAW6TMQGYZv?l�l}W6TMS �cQ{U#S [�N�W�m?] Q��GC^r � ?0rNPO?QjS l�VXW�ynR~_�a?yneoyc] _`[?Q%�0S [XW0x`OXW6TMfgQcYdRMS [?ihW�[XUGYZv?m?YZQ{�^v?Qc[^RKm?voTM[?S [?iA_`[k[0voRZTMS Qc[^R�QnqoVC_�TZRMY|%W�YkYdRMvXUoS Q{U\m^e!yc_`l�VXW6TMS [?i#RMO?Q � W�ynRMvXW�] ��QnqoVC_�TZRMY;|�S RMO\RMO?_`YZQ�RMOXW6RG|P_`v?] U\OXW{fgQ�_^ycycvoTZTMQ{US a9RMO?Qky{W6RMy<O?l�Qc[^RhOXW`U�TMQcl}W�S [?Q{U�v?[XUoQnTAab_�TMQcYdR{rkNPO?QI] W6RZRMQnT;|PQnTMQ4_`moR<W�S [?Q{U�m^e�YZS l4v?] W6RMS _`[v?YZS [?iARMO?Qjl�_0UoQc]0UoQcfgQc] _`VCQ{Ukm^e4�0y<O?Qc] ] QczgQc[?YP�d�{�`�',`�KRM_hVoTMQ{UoS ynR~YdRZTMQ{W�l�¤X_{|�W�l�_`v?[^RMYKab_�T~RMO?Qab_�TMQcYdRMQ{UGy{W6RMy<O?l�Qc[^RKW�YZYZ_^ycS W6RMQ{UG|�S RMOkVC_`YdRZ§¨m?voTM[hT<W�S [oa�W�] ]gRM_�R<W�] YP��YZQcQj�0QcynRMS _`[��GC^r ?g�<r.�jQcy{W�v?YZQRMO?S Y9l�_0UoQc]?yc_`v?] U�[?_�RPW�ycycvoT<W6RMQc] e�VoTMQ{UoS ynR.RMO?QA�^v?S y<z^¤X_{|pW�l�_`v?[^RMY~ab_�TjRMO?Q%Qnq0RZTMQcl�QPT<W�S [oa�W�] ]QcfgQc[^RMYAS [8:�W6TMy<Osx~�{�`�0�`xERMO?QGT<W6RMS _#_�a.RMO?Qk_`m?YZQnTMfgQ{U+���',�l�l#�jRM_�RMO?QkYZS l4v?] W6RMQ{U��^v?S y<z^¤X_{|fg_`] v?l�Qk� ,��Gl�l#��UovoTMS [?iGRMO?Q�y{W�] S moT<W6RMS _`['VCQnTMS _0U�|%W�YPv?YZQ{U4RM_kyc_�TZTMQcynRPRMO?Q�YZS l4v?] W6RMQ{U�VC_`YdRZ§yneoyc] _`[?Q\�^v?S y<z^¤X_{|	RM_�R<W�]�� ,9?)l�l#�<xPTMQcYZv?] RMS [?i�S [ W+VC_`YdRZ§¨yneoyc] _`[?Qw�^v?S y<z^¤X_{| RM_�R<W�];_�a &3Cl�l�r9NPO?QGYZS l4v?] W6RMQ{U'mXW�YZQn¤X_{|�RM_�R<W�]KUovoTMS [?i4RMO?QGy{W�] S moT<W6RMS _`[!VCQnTMS _0U�W�i�TMQcQ{U'|PQc] ]s|�S RMO'RMO?Q_`m?YZQnTMfgQ{U�RM_�R<W�]sW�[XU�[?_Iyc_�TZTMQcynRMS _`[?YP|PQnTMQGW�V?V?] S Q{U�RM_kRMO?QAYZS l4v?] W6RMQ{U�VC_`YdRZ§¨yneoyc] _`[?QhmXW�YZQn¤X_{|� ,��9<'l�l#�<rINPO?Q�igW�S [wS [!|%W6RMQnTGeoS Qc] U!ab_`] ] _{|�S [?i�yc] Q{W6TZabQc] ] S [?i)���0r �#l�l U?Wce �! �;W�YkUoQnTMS fgQ{U
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a TM_`l yc_`l�VXW6TMS YZ_`[�_�ah_`m?YZQnTMfgQ{U ��yc] Q{W6TMQ{U�yc_`[XUoS RMS _`[?Y<�4W�[XU�YZS l4v?] W6RMQ{U¡�bab_�TMQcYdR}yc_`[XUoS RMS _`[?Y<�|%W6RMQnT4eoS Qc] UoYcx9yc_`l�VXW6TMQ{Uw|PQc] ]j|�S RMO)RMO?Q�TMQ{Uov?ynRMS _`[�S [�H9N ab_`] ] _{|�S [?i+OXW6TMfgQcYdRMS [?i)���0r ,c�0�0r <l�l U?Wce �! <��UoS YZycv?YZYZQ{U�S [\�0QcynRMS _`[)�GC^r ?0xsW`U?UoS [?i�yc_`[o¥CUoQc[?ycQGRM_�RMO?QkYZS l4v?] W6RMQ{U�YdRZTMQ{W�l�¤X_{|RM_�R<W�]�r;NK_}QcYdRMS l}W6RMQI[0voRZTMS Qc[^RAQnqoVC_�TZRMYhv?[XUoQnT�ab_�TMQcYdRMQ{U!yc_`[XUoS RMS _`[?YA|�S RMO!VC_`YdRZ§¨m?voTM[�T<W�S [oa�W�] ]RM_�R<W�] Ycx.RMO?Q�YZS l4v?] W6RMQ{U+mXW�YZQn§GW�[XU+�^v?S y<z^¤X_{| RM_�R<W�] YI|PQnTMQ}l4v?] RMS V?] S Q{Uw|�S RMO+RMO?Q�TMQcYZVCQcynRMS fgQVoTMQn§¨yneoyc] _`[?Q;mXW�YZQn¤X_{| W�[XU'YdRM_�TMl�¤X_{| yc_`[?ycQc[^RZT<W6RMS _`[?Ycr�hvoRZTMS Qc[^R}QnqoVC_�TZRMY�a TM_`l RMO?Q�y{W6RMy<O?l�Qc[^R}UovoTMS [?i+W�[XU�W6a RMQnT'yc] Q{W6TZabQc] ] S [?i�W�[XU�m?voTM[?S [?i|PQnTMQ�O?S i`O?QnT�RMOXW�[�VoTMQ{UoS ynRMQ{U)ab_�T�RMO?Q'ab_�TMQcYdRMQ{U�y{W6RMy<O?l�Qc[^R{r�NPO?Q�O?S i`O?QnT}QnqoVC_�TZRMY�_�aG�;W0x
% W0x :'ioxE�h��
�xK�?��
�xK�0S�x :'[wW�[XU��?QIyc_`v?] U!mCQ4W�YZynTMS mCQ{U!yc_`l�V?] QnRMQc] e'RM_}RMO?QIO?S i`O?QnTh|%W6RMQnTeoS Qc] U�W6a RMQnTGOXW6TMfgQcYdRMS [?ior�H~qoVC_�TZRMYh_�a9RM_�R<W�]6;�x ;j��
`xE�G� 
 xD5�xEW�[XU % ]�xs_`[�RMO?Qk_�RMO?QnT;OXW�[XUEx|�O?QnTMQkl4v?y<O#O?S i`O?QnTARMOXW�[�QnqoVCQcynRMQ{U#a TM_`l RMO?QGS [?ynTMQ{W�YZQIS ['|%W6RMQnTAeoS Qc] U�W�] _`[?Q#��YZQcQkmC_�RZRM_`lTM_{|¡S [�N�W�m?] QI�GC^r � ?g�<rPNPO?QcYZQ;[0voRZTMS Qc[^RMYPW6TMQ;S [^RMS l}W6RMQc] e}yc_`[?[?QcynRMQ{U�|�S RMO#m?S _`] _`i`S y{W�]�W�ynRMS f0S R£e�b|�S RMO\RMO?Q�VC_`YZYZS m?] Q}QnqoycQcVoRMS _`[w_�a % ]�x.W�] RMO?_`v?i`O 5GOXW�[?[XW'W�[XU8Jh] TMS y<Op�d�{�`�9<^�kW6TMi`v?Q{U\RMOXW6RRMO?S Y}Qc] Qcl�Qc[^R}yc_`v?] UpV?] WcepWwYZS i`[?S ¥Xy{W�[^R#TM_`] Q!S [pab_�TMQcYdR'[0voRZTMS Qc[^R}v?VoR<W�zgQ�m^e�l}W�S [^R<W�S [?S [?iQc] QcynRZTMS y{W�]X[?QcvoRZT<W�] S R£eX�<x0W�[XU4|PQnTMQ%TMQc] Q{W�YZQ{U}S [�] W6TMi`Qh�^vXW�[^RMS RMS QcY.a TM_`l YZ] W�YZO#UoQcVC_`YZS RMQ{U�_`[�RMO?Qab_�TMQcYdR�¤X_^_�ThUovoTMS [?i�OXW6TMfgQcYdRMS [?i'��VXW6TZRMS ycv?] W6TM] e�5I�<xXW�[XU}a TM_`l RMO?QGW�YZO?QcY�ab_`] ] _{|�S [?i�RMO?Q;m?voTM[��VXW6TZRMS ycv?] W6TM] e ;�xs�G� 
 �<r��h_{|PQcfgQnT{x�QnqoVC_�TZRMYk_�a%�Ix ;�x 5�x % W0x�:'i�W�[XU :'[wS [+YdRZTMQ{W�l�¤X_{|��N�W�m?] Q4�GC^r � ?g�j|PQnTMQ;YZl}W�] ]Eyc_`l�VXW6TMQ{U�RM_kRMO?QGW�l�_`v?[^RMY9TMQc] Q{W�YZQ{U#a TM_`l RMO?QhYZ] W�YZO�UovoTMS [?ikRMO?Qm?voTM[!��N�W�m?] QI�GC^r <^�<xoT<W�[?i`S [?iIa TM_`l¦�0r ,�	 ab_�T+:'[}RM_ ?
	 ab_�T
;�x0S [XUoS y{W6RMS [?iIRMOXW6RPRMO?QAYZ_`S ]E|%W�Yy{W�VXW�m?] Q�_�ajTMQnR<W�S [?S [?i'l�_`YdRG_�ajRMO?Q4[0voRZTMS Qc[^RMYhTMQc] Q{W�YZQ{UwUovoTMS [?i'OXW6TMfgQcYdRMS [?i'W6Rk] Q{W�YdRIUovoTMS [?iRMO?QhT<W6RMO?QnThU0TZe}VCQnTMS _0U�_�a~_`m?YZQnTMf`W6RMS _`[srNPO?QGQnqoVC_�TZR�_�a.[0voRZTMS Qc[^RMY%S ['YZv?YZVCQc[XUoQ{U#YZQ{UoS l�Qc[^RAW�[XU#_�TMigW�[?S ykl}W6RZRMQnT%|%W�Y�[?_�Rh�^vXW�[o§RMS ¥XQ{UExoW�[XU�RMO?QAf`W�] v?QcYPi`S fgQc[#S ['N�W�m?] QI�GC^r � ?IYZO?_`v?] U�RMO?QnTMQnab_�TMQ;mCQAyc_`[?YZS UoQnTMQ{U'W�YPl�S [?S l4v?lQcYdRMS l}W6RMQcYcr

E£[�RMO?Q�[?Qnq0R}y<OXW�VoRMQnT}RMO?Q�S [oab_�TMl}W6RMS _`[pVoTMQcYZQc[^RMQ{U�S [�RMO?Q�VoTMQcf0S _`v?Y}y<OXW�VoRMQnTMY}_`[�RMO?Qf`W6TMS _`v?Y9[0voRZTMS Qc[^RjigW�S [?YPW�[XU�] _`YZYZQcYP|�S ] ]XmCQAv?YZQ{U4RM_kyc_`l�V?S ] QAW�[�_6fgQnT<W�] ]C[0voRZTMS Qc[^R9m?vXUoi`QnR9ab_�TWIabv?] ]ETM_�R<W6RMS _`[�yneoyc] Q;_�a ��������� �M��� ��� �^�Z� S [#RMO?QI�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R{r
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�h[?Q�_�a%RMO?Q�y<O?S Qna�_`m0�dQcynRMS fgQcYI_�aPRMO?Q�VoTMQcYZQc[^RIYdRMvXU0e�|%W�YkRM_�Qcf`W�] vXW6RMQ�|�O?QnRMO?QnTkV?S [?Q�V?] W�[o§R<W6RMS _`[wab_�TMQcYdRZTZe+S [���S �dS9|%W�Y4YZv?YdR<W�S [XW�m?] Q}v?[XUoQnTGRMO?Q�ycvoTZTMQc[^RIl}W�[XW�i`Qcl�Qc[^RkVoT<W�ynRMS ycQcYcx3� �b�{�|�S RMO?_`voR�abQnTZRMS ] S �cS [?ior NPO?Q�VoTMQcYZQnTMf`W6RMS _`[p_�aGYZ_`S ]AabQnTZRMS ] S R£epS Y}_�akyc_`voTMYZQ!WwVoTMQnTMQ{�^v?S YZS RMQ�ab_�TYZv?YdR<W�S [?Q{U0§�eoS Qc] UIab_�TMQcYdRZTZe�W�[XUkRMO?S Y9S l�V?] S QcY~RMOXW6R9[0voRZTMS Qc[^R.S [?V?voRMY~S [�T<W�S [oa�W�] ]CW�[XUkRMO?QPTMQc] Q{W�YZQ_�aK[0voRZTMS Qc[^RMYjm^e4|PQ{W6RMO?QnTMS [?i4_�aKl�S [?QnT<W�] YPS [}RMO?Q�TM_^_�RMS [?i4�c_`[?QhYZO?_`v?] U�l}W6RMy<O}_�T%QnqoycQcQ{U�[0vo§RZTMS Qc[^RjQnqoVC_�TZRMY9S [}YdRZTMQ{W�l�¤X_{|¡W�[XU�l�QnTMy<OXW�[^R<W�m?] Q%RMS l4mCQnT9_6fgQnT%WhTM_�R<W6RMS _`[#VCQnTMS _0UEr4E¨aERMO?S Y9S Y[?_�RjRMO?Q�y{W�YZQ`x?Wki�T<W`UovXW�]EUoQcV?] QnRMS _`[}_�aKYZ_`S ]C[0voRZTMS Qc[^R9TMQcYZQnTMfgQcYj|�S ] ]E_^ycycvoT%UovoTMS [?ikYZv?m?YZQ{�^v?Qc[^RTM_�R<W6RMS _`[?YcxXQcfgQc[^RMvXW�] ] e#] Q{W`UoS [?i4RM_�[0voRZTMS Qc[^RAUoQn¥XycS Qc[?ycS QcYAW�[XU#VC_^_�Thi�TM_{|%RMOsrNsTMQc[XUoY~S [IYZ_`S ]oabQnTZRMS ] S R£e4W�Y9W�TMQcYZv?] R._�aXV?] W�[^R<W6RMS _`[4ab_�TMQcYdRZTZeIl}WcekmCQjQcf`W�] vXW6RMQ{UIm^ekYZ_`] f0S [?iRMO?Q;l}W�YZY%mXW�] W�[?ycQkQ{�^vXW6RMS _`[#ab_�T;WIabv?] ]ETM_�R<W6RMS _`[�VCQnTMS _0U�W�ycyc_�T<UoS [?i�RM_o�
����"�����"
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|�O?QnTMQ�;��ox�����W�[XU�	���W6TMQGRMO?QGW�l�_`v?[^RMY%_�a.[0voRZTMS Qc[^R���YZv?V?V?] S Q{U'm^e'W6RMl�_`YZV?O?QnTMS ykUoQcVC_`YZS §RMS _`[sxEl�S [?QnT<W�]K|PQ{W6RMO?QnTMS [?ioxsW�[XU�m?S _^y<O?Qcl�S y{W�]K¥?q?W6RMS _`[!_�aj[0voRZTMS Qc[^RMYAS [�RMO?QIigW�YZQc_`v?Y;V?OXW�YZQ`xTMQcYZVCQcynRMS fgQc] e^xK|�O?QnTMQ{W�Y ������W�[XU ��� �'TMQcVoTMQcYZQc[^RkQnqoVC_�TZRMY4W�YkYZ_`] voRMQ#W�[XUwVXW6TZRMS ycv?] W6RMQ}l}W6RZ§RMQnT�S [�YdRZTMQ{W�l�¤X_{|Gx.TMQcYZVCQcynRMS fgQc] e^xjW�[XU ������^x ��� � �AW�[XU���������RMO?Q#y<OXW�[?i`QcY�S [�W�l�_`v?[^RMY_�aj[0voRZTMS Qc[^RMYhYdRM_�TMQ{U!S [!RMO?QIm?S _`l}W�YZYcxs] S RZRMQnTk] Wce^QnTGW�[XU!YZ_`S ]~TMQcYZQnTMfgQ`xETMQcYZVCQcynRMS fgQc] e^r�	��#l}WcemCQk[?Qci`] QcynRMQ{U�S a9RMO?Qkl}W�YZYhmXW�] W�[?ycQIS Y;YZ_`] fgQ{U'ab_�TG[?_`[o§¨igW�YZQc_`v?Y;[0voRZTMS Qc[^RMYcxXm?voRhl4v?YdRhmCQkS [o§yc] vXUoQ{U\ab_�T4�Ix.�wW�[XU % r~��S q?W6RMS _`[+T<W6RMQcYIab_�T4igW�YZQc_`v?Y4[0voRZTMS Qc[^RMYG|PQnTMQ}[?_�R�UoQnRMQnTMl�S [?Q{U\S [RMO?S Y9YdRMvXU0e�W�[XUIRMO?Q�l}W�YZY9mXW�] W�[?ycQ%ab_�TjRMO?QcYZQ�Qc] Qcl�Qc[^RMY~|�S ] ]CS [?O?QnTMQc[^RM] e4mCQ�S [?yc_`l�V?] QnRMQ`r.�?voTZ§RMO?QnTMl�_�TMQ`xXQnqoVC_�TZRMYA_�a9[0voRZTMS Qc[^RMYhW�YhVXW6TZRMS ycv?] W6RMQIl}W6RZRMQnTI��YZQ{UoS l�Qc[^R{xX_�TMigW�[?S y4l}W6RZRMQnTn�j|PQnTMQ[?_�RkUoQnRMQnTMl�S [?Q{U!QcS RMO?QnT{xK|�O?S y<O\|�S ] ]9OXW{fgQ4] Q{W`U\RM_�W�[wv?[XUoQnTMQcYdRMS l}W6RMS _`[\_�aPRMO?Q�QnqoVC_�TZRMYGS [YdRZTMQ{W�l�¤X_{|Gr�PW�YZQ{UI_`[kRMO?Q9O^e?U0TM_`] _`i`S y{W�]oW�[XUkO^e?U0TM_^y<O?Qcl�S y{W�]^U?W6R<W�VoTMQcYZQc[^RMQ{UGQ{W6TM] S QnT.S [Iyc_`l4m?S [XW6RMS _`[|�S RMO�RMO?Q4S [oab_�TMl}W6RMS _`[\_`[!m?S _`l}W�YZYGUoQcfgQc] _`V?l�Qc[^R;W�[XU�YZ_`S ].[0voRZTMS Qc[^RATMQcYZQnTMfgQcYcxKW�[wW6RZRMQcl�VoR|�S ] ]�[?_{| mCQGl}W`UoQ;RM_}�^vXW�[^RMS a e#RMO?QG|%W6RMQnT;W�[XU�[0voRZTMS Qc[^R�m?vXUoi`QnRMY�ab_�TARMO?Q4�h] Qc_`] QcigW�y{W6RMy<Oo§l�Qc[^Rj_6fgQnTPRMO?QAVCQnTMS _0U#_�a~WGabv?] ]CTM_�R<W6RMS _`[w�2� �b�{� 7gW�[0vXW6TZe��{�'&3CG���AVoTMS ]��{�`�',`�<rP�0S [?ycQATMQcyc_�T<UoY_�a9VoTMQcycS V?S R<W6RMS _`[\W�[XU�YdRZTMQ{W�l�¤X_{|uW6Rk�h] Qc_`] QcigW}_`[?] e�YZVXW�[?[?Q{U�W@,3&�l�_`[^RMO�VCQnTMS _0UExCYZQcfgQnT<W�]W�YZYZv?l�VoRMS _`[?YjOXW`U�RM_ImCQAl}W`UoQ�RM_4W�V?VoTM_{qoS l}W6RMQ�RMO?Qhl�Q{W�[#W�[?[0vXW�]XT<W�S [oa�W�] ]sW�[XU}YdRZTMQ{W�l�¤X_{|RM_�R<W�] Ycrk�0S l�S ] W6TM] e^xCO^e?U0TM_^y<O?Qcl�S y{W�]KS [oab_�TMl}W6RMS _`[�|%W�Y;_`[?] e!W{f`W�S ] W�m?] QIab_�T;RMO?QkYdRMvXU0e�VCQnTMS _0UExW�[XU�RMO?Qh] _`[?i�§�RMQnTMl [0voRZTMS Qc[^Rj¤XvoqoQcYjS [}T<W�S [oa�W�] ]KW�[XU}YdRZTMQ{W�l�¤X_{|¡OXW`U�RM_ImCQhQcYdRMS l}W6RMQ{U�a TM_`l
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RMO?QcYZQ4U?W6R<W}S [!yc_`l4m?S [XW6RMS _`[�|�S RMO�RMO?Q4UoQnTMS fgQ{U�] _`[?i�§�RMQnTMl yc] S l}W6RMS y4W�[XU�O^e?U0TM_`] _`i`S y{W�].QcYdRMS §l}W6RMQcYcr9NPO?QGW�V?VoTM_{qoS l}W6RMS _`[?Y%|PQnTMQ;abvoTZRMO?QnT�yc_`l�V?] S y{W6RMQ{U#m^e}v?[?ycQnTZR<W�S [^RMS QcY�S [#RMO?Q;[0voRZTMS Qc[^RS [?V?voRMY;W�[XU�_`voRMV?voRMYGUovoTMS [?i#W�[XU�ab_`] ] _{|�S [?i�RMO?QIVXW�YZYMW�i`Q�_�aPyneoyc] _`[?QcYGUovoTMS [?i}RMO?QkTM_�R<W6RMS _`[VCQnTMS _0U}��YZS qkl}W{�d_�T~yneoyc] _`[?QcY�mCQnR£|PQcQc[�7gW�[0vXW6TZe��{�'&3CAW�[XUI�AVoTMS ]?�{�`�',`�<x^W�[XUGm^eGv?[?ycQnTZR<W�S [^RMS QcYS [wmC_�RMO!RMO?Q�S [o§hW�[XU!_`voRMV?voRMYG_�aPycQnTZR<W�S [+[0voRZTMS Qc[^RMYh|�O?_`YZQ�yc_`[?ycQc[^RZT<W6RMS _`[?YkS [\|%W6RMQnTG|PQnTMQ_�a RMQc[wmCQc] _{| RMO?Q4UoQnRMQcynRMS _`[w] S l�S RMY�� �{� $^� ;j�<rsNPO?Q4f`W6TMS _`v?YkW�YZYZv?l�VoRMS _`[?YGW�[XU�RMO?QkTMQcYZv?] RMS [?iQcYdRMS l}W6RMQcY%|�S ] ]KmCQGUoS YZycv?YZYZQ{U�mCQc] _{|Gr
� �!��� � &\3P"�58&I('3 ,.(75)&\31( 5�( 
	"*&k�k5 5)5c3P�43%56$'(
NPO?QAW�[?[0vXW�]0T<W�S [oa�W�] ]CS [?V?voRMY.S [^RM_hRMO?Q�y{W6RMy<O?l�Qc[^R~|PQnTMQAW�YZYZv?l�Q{U4YZS l�S ] W6T9RM_;RMO?_`YZQ�l�Q{W�YZvoTMQ{UW6R��;W`UoS%�AS TMVC_�TZR4a TM_`l �{�'&3C!v?[^RMS ]h�{�'&��wW�[XU�W6R��;W�mC_`v��^R<W6RMS _`[�a TM_`l �{�`�`�\v?[^RMS ]h�{�`�`�0r
*hW�S [oa�W�] ]KU?W6R<W4yc_`] ] QcynRMQ{U#ab_�T�RMO?QG�h] Qc_`] QcigW�y{W6RMy<O?l�Qc[^R%S RMYZQc] a�|PQnTMQGv?YZQ{U}ab_�Tk�{�`�`�0xK�{�`�0�kW�[XUVXW6TZR;_�a��{�`�',^rG�AYZYZv?l�S [?i�RMOXW6RGW�[?[0vXW�]s¤Xv?ynRMvXW6RMS _`[?YhS [�RMO?Qky<O?Qcl�S y{W�]�yc_`l�VC_`YZS RMS _`[!_�a9T<W�S [
	�
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 « �	� «�� �Z��� �� �� (� �13� #+ ��3� �E. . �  ��2, ,�&+(4137�&),  ��8.>�!8/��	&+(41 *B� ���8(41 &+���=13��/ ��� !
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13�2*+� ��,�13��6%�	 �(47�&4!4�813��6@ ��2,C�8��(4��13��6 � ����� � ������� � ��F

MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaPYear

0.70.413.11.90.53.71820255.82.01.43.11320691975
0.50.322.41.50.42.91416204.51.61.12.41016011976
0.60.362.71.70.53.21617225.11.81.32.71118021977
0.40.241.81.10.32.11011143.31.20.81.7711781978
0.60.362.71.70.53.21617225.01.71.22.61117871979
0.40.282.11.30.43.01913694.42.74.63.73716211980+
0.60.352.61.60.43.62317745.43.04.84.24019321981+
0.60.392.91.90.53.51719245.61.91.42.91219731982
0.30.211.61.00.32.41710653.52.34.33.23512071983+
0.50.282.11.30.42.51214174.01.41.02.1914211984
0.50.292.21.40.43.627141225.14.08.25.46720131985+
0.60.372.81.70.53.31618235.21.81.32.71118441986
0.30.161.20.80.21.578102.30.80.61.258201987
0.50.282.11.30.42.51214174.01.41.02.1914211988
0.80.503.72.40.64.52224317.12.51.73.71525081989
0.60.503.11.80.43.62217735.43.04.84.24018671990+
0.40.272.01.30.32.51280173.91.31.02.0813701991
0.10.080.60.40.10.742451.10.40.30.624071992*

<8.9<5.742<26<7.0<52<284354652<81<35<41<5034328842Total

+: Years with cyclones; *: January 1 - April 4, 1992

|%W6RMQnTI|PQnTMQ}YZl}W�] ]PW�[XUw] W6TMi`Qc] e+i`_6fgQnTM[?Q{U+m^ewW�l�_`v?[^RMYk_�a%T<W�S [oa�W�] ]�xjW6RMl�_`YZV?O?QnTMS y�[0voRZTMS Qc[^RS [?V?voRMYsyc_`v?] UGmCQj�^vXW�[^RMS ¥XQ{Uhm^e;yc_`l4m?S [?S [?iPRMO?QjW�[?[0vXW�]�T<W�S [oa�W�] ]^RM_�R<W�] YK|�S RMOGRMO?Q.m?v?] z;W{fgQnT<W�i`Qy<O?Qcl�S y{W�]jyc_`l�VC_`YZS RMS _`[)_�a�T<W�S [+|%W6RMQnT�W6R��h] Qc_`] QcigW)��Qnqoyc] vXUoS [?i�yneoyc] _`[?Q}Q.-EQcynRMY<�G_`moR<W�S [?Q{UUovoTMS [?i�RMO?QGVoTMQcYZQc[^RhYdRMvXU0e^r�NPO?QIW{fgQnT<W�i`QIyc_`[?ycQc[^RZT<W6RMS _`[!_�a.� % � 
 S [�T<W�S [oa�W�] ].W6RG�h] Qc_`] QcigW|%W�Y#VoTMQcYZv?l}W�m?] e�_6fgQnTMQcYdRMS l}W6RMQ{U�Uov?Q�RM_+yc_`[^R<W�l�S [XW6RMS _`[p_�akYZQcfgQnT<W�]A|%W6RMQnT'YMW�l�V?] QcY!��YZQcQ�0QcynRMS _`[��{�0r �g�<x9W�[XU\RMO?Q�l�_�TMQ4TMQ{W�] S YdRMS y#QcYdRMS l}W6RMQ�ab_�T�5G_�TM_`z0v?] W#ab_�TMQcYdR4|%W�YIv?YZQ{U\S [?YdRMQ{W`UErNPO?Q\yc_`[?ycQc[^RZT<W6RMS _`[?Y�_�a �C[�W�[XU¡� S [¡T<W�S [¡|%W6RMQnT)��[?_�R'l�Q{W�YZvoTMQ{UX��|PQnTMQwQcYdRMS l}W6RMQ{Upm^e
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W�YZYZv?l�S [?ikRMOXW6RPRMO?QcYZQh[0voRZTMS Qc[^RMYj|PQnTMQGUoQnTMS fgQ{U�a TM_`l l}W6TMS RMS l�QhYZ_`voTMycQcY%Qnqoyc] v?YZS fgQc] e^r~thTMQcfgQnT�d�{�`�',`�;VoTM_6f0S UoQ{UwW{fgQnT<W�i`Q�yc_`[?ycQc[^RZT<W6RMS _`[?YI_�a �C[+W�[XUw�uS [wYZQ{W#|%W6RMQnT{x.W�[XU!RMO?_`YZQ�S [\T<W�S [|%W6RMQnTA|PQnTMQky{W�] ycv?] W6RMQ{U�v?YZS [?i H9�^vXW6RMS _`[+�{�0r �I_`[�RMO?QGmXW�YZS Yh_�a~RMO?QGTMQc] W6RMS fgQkyc_`[?ycQc[^RZT<W6RMS _`[?Y_�a % ]%S [�T<W�S [�W�[XU�YZQ{W�|%W6RMQnT{xPW�YZYZv?l�S [?i!RMOXW6R4a T<W�ynRMS _`[XW6RMS _`[pUoS U)[?_�R�_^ycycvoT{r��0S q)l}W{�d_�Tyneoyc] _`[?QcY�ynTM_`YZYZQ{U /hS RMS
(sQcf0v�mCQnR£|PQcQc[ �{�'&3CwW�[XU¡�{�`�',��bR£|P_\yneoyc] _`[?QcY�S [��{�`�'C`��W�[XU)RMO?QW6RMl�_`YZV?O?QnTMS y}S [?V?voRMYkab_�T4RMO?QcYZQ�e^Q{W6TMYI|PQnTMQ#S [?ynTMQ{W�YZQ{U+|�S RMO)RMO?Q}[?QnR4[0voRZTMS Qc[^RIS [?V?voRIa TM_`lyneoyc] _`[?Q��0S [XW0xKW�Y;l�Q{W�YZvoTMQ{U�S [�RMO?Q��h] Qc_`] QcigW#y{W6RMy<O?l�Qc[^R4� ���{� N�W�m?] Q#�{�0r <^�<rINPO?QITMQcYZv?] RMS [?iQcYdRMS l}W6RMQcYkab_�T�RMO?Q�TM_�R<W6RMS _`[�VCQnTMS _0U�W6TMQ#i`S fgQc[�S [�N�W�m?] Q!� ?0r �`r)�AYkRMO?Q#yc_`[?ycQc[^RZT<W6RMS _`[?Y4_�a
5�x % W0x6:'ioxs�h��
�x��?��
�xs�G� 
 x :'[wW�[XU!NK_�R<W�]�;p|PQnTMQ4_�a RMQc[\mCQc] _{| RMO?Q4UoQnRMQcynRMS _`[\] S l�S RMYcxRMO?QkS [?V?voRMYh_�a9RMO?QcYZQIyc_`[?YdRMS RMv?Qc[^RMY;l}Wce�OXW{fgQkmCQcQc[!l�_�TMQI_�T;] QcYZYGYZQnTMS _`v?YZ] e!_6fgQnTMQcYdRMS l}W6RMQ{UEr�h_{|PQcfgQnT{x�RMO?QPQ.-EQcynR~|�S ] ]?mCQPyc_`l�VCQc[?YMW6RMQ{UkRM_;Wh] W6TMi`Q�Qnq0RMQc[^R~mCQcy{W�v?YZQPR<W�] ]0ab_�TMQcYdR9fgQci`QnR<W6RMS _`[RMQc[XUoYjRM_kRZT<W�V�W�QnTM_`YZ_`] YAW�[XU#Uov?YdR%l�_�TMQhQ.-EQcynRMS fgQc] e�RMOXW�[}RMO?QAT<W�S [#|%W6RMQnT�yc_`] ] QcynRM_�TMYAv?YZQ{U}S [RMO?Q;VoTMQcYZQc[^R�YdRMvXU0e\� 1¡O?S RMQGW�[XU�NKvoTM[?QnT{xE�{�'&��g�<r
� �!�"! � &\3P"�58&I('3 � 9+5�$#"j31( 5�( ��3P"*&k�}1���$��
�^RZTMQ{W�l�¤X_{|¦TMQcyc_�T<UoY#ab_�T#RMO?Q\�h] Qc_`] QcigW)y{W6RMy<O?l�Qc[^R�|PQnTMQ![?_�R�W{f`W�S ] W�m?] Q!mCQnab_�TMQ��{�`�`�0r �YZS l�V?] Q'QnqoVC_`[?Qc[^RMS W�]%l�_0UoQc]P|%W�Y}UoQcfgQc] _`VCQ{U)RMO?QnTMQnab_�TMQ'RM_\TMQc] W6RMQ�U?W�S ] e�YdRZTMQ{W�l�¤X_{|¦RM_�R<W�] Y� �I�;RM_wU?W�S ] e)T<W�S [oa�W�] ]%RM_�R<W�] Y����k�IW�[XU�W)�GC{§£U?Wce��+;4E<x�|�S RMO � S [ H9�^vXW6RMS _`[ �GC^r ��YZQnR�RM_�0r �`��S [?YdRMQ{W`Uw_�a��0r �',#RM_�_`moR<W�S [+l�_�TMQ4TMQ{W�] S YdRMS y#YdRZTMQ{W�l�¤X_{| _`voRMV?voRMY;ab_�TIVCQnTMS _0UoYk|�S RMO?_`voRT<W�S [oa�W�] ]�r8*AQci�TMQcYZYZS _`[�W�[XW�] eoYZS YI|%W�Y4v?YZQ{U+_`[�U?W6R<W'ab_�T�W+�GC^�n§£U?Wce+VCQnTMS _0Uw|�O?S y<O)S [?yc] vXUoQ{UmC_�RMO�U0TZe�W�[XU}|PQnRhVCQnTMS _0UoYk�d�GC��?QcmoTMvXW6TZe��!�GC�7`v?] e\�{�`�`�g�<xEW�[XU#RMO?Q;ab_`] ] _{|�S [?i}QnqoVoTMQcYZYZS _`[|%W�Y�_`moR<W�S [?Q{UE�

] [ � F )A��� �',^�g���;��� ,��'&`� "���� �',3,0���;��� �`�',`� ��"���� �0�{�o���;��� �`�0�6� ���	�  ��[ F �GC^�`x?T � F ��� &3& �d� ?0r ,`�
NK_%RMQcYdRK|�O?QnRMO?QnTKRMO?S YKYZS l�V?] Q9l�_0UoQc]`yc_`v?] UGVoTMQ{UoS ynR�] _`[?i�§�RMQnTMl�YdRZTMQ{W�l�¤X_{|wRM_�R<W�] Y~W�ycycvoT<W6RMQc] e^xRMO?Q�l�_0UoQc]9|%W�YITMv?[+_`[�W�[)S [XUoQcVCQc[XUoQc[^R ,^�`�n§£U?Wce)U?W6R<W�YZQnR�UovoTMS [?i+�{�`�`�0rwNPO?Q}VoTMQ{UoS ynRMQ{UYdRZTMQ{W�l�¤X_{|	RM_�R<W�];ab_�T�RMO?S Y'VCQnTMS _0Up|%W�Y'|�S RMO?S [ ��	 _�akRMO?Q\l�Q{W�YZvoTMQ{UpYdRZTMQ{W�l�¤X_{| RM_�R<W�]�r�h_{|PQcfgQnT{x`|�O?Qc[�RMO?Q�l�_0UoQc]0|%W�YPW�V?V?] S Q{U4RM_;RMO?Q�yc_`l�V?] QnRMQ�U?W6R<W;YZQnR9ab_�Th�{�`�`�0x0RMO?Q%VoTMQ{UoS ynRMQ{UYdRZTMQ{W�l�¤X_{|pRM_�R<W�]C|%W�Y
&�	 ] _{|PQnT%RMOXW�[}RMO?Qhl�Q{W�YZvoTMQ{U�RM_�R<W�]sUov?Q�RM_4v?[XUoQnTMQcYdRMS l}W6RMS _`[}_�aKRMO?QYdRM_�TMl�¤X_{| W�YZYZ_^ycS W6RMQ{U!|�S RMO�RMO?QIVXW�YZYMW�i`Q�_�ajyneoyc] _`[?Q�*hW�Q#� :�W6TMy<Osx~�{�`�`�g�<r4�0S [?ycQIQnTZTM_�TMY;S [l�Q{W�YZvoTMQcl�Qc[^RMY�_�aCYdRM_�TMl�¤X_{|�UovoTMS [?i;yneoyc] _`[?QPQcfgQc[^RMY.W6TMQ%VoTM_`mXW�m?] e4W�Y.O?S i`O�W�Y%�{�
	uW�[^e0|%Wce^xRMO?QAl�_0UoQc]?|%W�Y%yc_`[?YZS UoQnTMQ{U}YZv 
�ycS Qc[^RM] e}W�ycycvoT<W6RMQAab_�T%RMO?QAVoTMQ{UoS ynRMS _`[#_�a�W�[?[0vXW�]CYdRZTMQ{W�l�¤X_{|RM_�R<W�] Y�ab_�ThRMO?QGab_�TMQcYdRMQ{U�y{W6RMy<O?l�Qc[^R{r%NPO?QIU?W6R<W�VoTMQcYZQc[^RMQ{U'S [ % OXW�VoRMQnTMY+?�W�[XUI&4YZv?i`i`QcYdRMQ{URMOXW6RkQcf`W�VC_�RZT<W�[?YZV?S T<W6RMS _`[)m^e!RMO?Q�V?S [?Q4ab_�TMQcYdRMYITMQ{W�y<O?Q{U+W'l}W6qoS l4v?l mCQnab_�TMQ#W�i`Q�YZS qEx.W�[XUTMQcl}W�S [?Q{U)a�W�S TM] e�yc_`[?YdR<W�[^R#W6a RMQnTZ|%W6T<UoYcr��AY�YZv?y<O�RMO?Q�ycvoTZTMQc[^R�l�_0UoQc]%yc_`v?] U�VoTMQcYZv?l}W�m?] eVoTM_6f0S UoQha�W�S TM] e�W�ycycvoT<W6RMQkW�[?[0vXW�]EYdRZTMQ{W�l�¤X_{| RM_�R<W�] Y�a TM_`l��{�'&���_`[^|%W6T<UoYcr�A[?[0vXW�]gYdRZTMQ{W�l�¤X_{|)RM_�R<W�] Y�ab_�T~RMO?Q9¥?TMYdR <Ae^Q{W6TMY~W6a RMQnT.V?] W�[^RMS [?ioxgUovoTMS [?i�|�O?S y<O�H9N+] _`YZYZQcY|PQnTMQ'VoTMQcYZv?l}W�m?] e)] _{|PQnT�RMOXW�[�] W6RMQnT}S [�RMO?Q}TM_�R<W6RMS _`[�VCQnTMS _0UExj|P_`v?] U�mCQ'v?[XUoQnTMQcYdRMS l}W6RMQ{Um^e H9�^vXW6RMS _`[ � ?0r ,^r NPO?Q!] _{|PQnT#|%W6RMQnT'v?YZQ!_�aki�T<W�YZYZ] W�[XU¡fgQci`QnR<W6RMS _`[¡yc_`l�VXW6TMQ{U�RM_)V?S [?Qab_�TMQcYdRMY.S Y.l}W�S [?] eIy{W�v?YZQ{UIm^eI] _{|PQnTjU0TZeIYZQ{W�YZ_`[4RZT<W�[?YZV?S T<W6RMS _`[4T<W6RMQcY9W�Y~|PQc] ]XW�Y~] _{|PQnT9T<W�S [oa�W�] ]S [^RMQnTMycQcVoRMS _`[kUovoTMS [?i%RMO?Q~T<W�S [^e;YZQ{W�YZ_`[sr.NK_AW�ycyc_`v?[^RKab_�TKRMO?Q9UoS -EQnTMQc[?ycQ9S [GS [^RMQnTMycQcVoRMS _`[k] _`YZYZQcYmCQnR£|PQcQc[4RMO?QPR£|P_GfgQci`QnR<W6RMS _`[?Ycx^RMO?Q%y{W�[?_`V^e�W�[XU4] S RZRMQnTP] Wce^QnT9S [^RMQnTMycQcVoRMS _`[�l�_0UoQc] Y9UoS YZycv?YZYZQ{US [p�0QcynRMS _`[?Y ?0r <or �!W�[XU�?0r <or ,!|PQnTMQ'TMv?[)ab_�T�RMO?Q�U?W�S ] e)T<W�S [oa�W�] ]hU?W6R<W�ab_�T�RMO?Q#e^Q{W6TMY'�{�'&3Cc��{�`�`�0x.v?YZS [?i�RMO?Q�l�_0UoQc]9VXW6T<W�l�QnRMQnTMYI_`moR<W�S [?Q{U\ab_�T 5G_�TM_`l}W�[?S.ab_�TMQcYdR��¨�0QcynRMS _`[>?0r <or ,`�IW�[XUab_�TA�;W�mC_`v'i�T<W�YZYZ] W�[XU+�¨�0QcynRMS _`[ C^r C`�<rjNPO?QkW�[?[0vXW�]sUoS -EQnTMQc[?ycQGS ['S [^RMQnTMycQcVoRMS _`['] _`YZYAmCQnR£|PQcQc[RMO?Q%R£|P_IfgQci`QnR<W6RMS _`[�R£eoVCQcY9T<W�[?i`Q{U�a TM_`l	�{�',Gl�l S [��{�`�'&}��WkU0TZe4e^Q{W6Tn�~RM_I�'&��kl�l S [��{�`�`�
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�b|�O?S y<Ow|%W�Y4�^v?S RMQ�|PQnRn�<x.W�[XU+W{fgQnT<W�i`Q{U>,9?0�#l�l�r#NPO?Q�y{W�] ycv?] W6RMQ{U)W�[?[0vXW�]PUoS -EQnTMQc[?ycQcYkS [S [^RMQnTMycQcVoRMS _`[)] _`YZY�mCQnR£|PQcQc[)i�T<W�YZY�W�[XU+V?S [?Q�ab_�TMQcYdR�ab_�T4RMO?Q�e^Q{W6TMY#�{�'&3Cc�X�{�'&��\|PQnTMQ'W`U?UoQ{URM_4RMO?QGW�[?[0vXW�]sYdRZTMQ{W�l�¤X_{|¡RM_�R<W�] YAVoTMQ{UoS ynRMQ{U'm^e@H9�^vXW6RMS _`[w� ?0r ,IRM_�_`moR<W�S [�W4l�_�TMQhTMQ{W�] S YdRMS yW�[?[0vXW�]PYdRZTMQ{W�l�¤X_{| _`voRMV?voRIab_�T�RMO?QcYZQ}e^Q{W6TMYcr�NK_\W�ycyc_`v?[^R4ab_�T}UoS -EQnTMQc[?ycQcY�S [�U0TZe+YZQ{W�YZ_`[RZT<W�[?YZV?S T<W6RMS _`[�T<W6RMQcYjmCQnR£|PQcQc[�V?S [?QcYjW�[XU�i�T<W�YZYZ] W�[XUEx0RMO?QAU?W�S ] e�YdRZTMQ{W�l�¤X_{|¡W�l�_`v?[^RMY~ab_�T%U0TZeU?WceoY�UovoTMS [?ikRMO?QGU0TZe}YZQ{W�YZ_`[?YA_�aP�{�'&3Cc�X�{�'&���|PQnTMQ;S [?ynTMQ{W�YZQ{U#|�S RMO'RMO?Qh_`m?YZQnTMfgQ{U'UoS -EQnTMQc[?ycQS [�U?W�S ] e H9N¡T<W6RMQcY�a TM_`l i�T<W�YZYZ] W�[XU!W�[XU�5G_�TM_`l}W�[?SEab_�TMQcYdRhS [+�{�`�0�}� ,^r ��l�l¦U?Wce �! �<rPNPO?S YW`U?UoQ{UwW�[?_�RMO?QnT ,��3?{�0�`�',�l�l RM_'RMO?Q�VoTMQ{UoS ynRMQ{UwYdRZTMQ{W�l�¤X_{| RM_�R<W�] YGab_�TIRMO?QcYZQ�e^Q{W6TMYcr'NPO?QTMQcYZv?] RMS [?i�QcYdRMS l}W6RMQcY�_�a9W�[?[0vXW�]EYdRZTMQ{W�l�¤X_{| RM_�R<W�] YhW6TMQGi`S fgQc['S [�N�W�m?] Q�� ?0r ,^r
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MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaQYear

1.70.170.71270.22.370336582.026.235.83.1989461975
1.40.140.61070.11.758281491.721.829.92.4827871976
1.80.190.81380.22.775362632.228.438.83.610610271977
1.40.140.61030.11.556272471.721.028.72.1797541978
1.10.120.5860.11.847226401.417.724.32.4673671979
0.40.050.3330.00.81690160.57.210.11.8262491980
0.50.070.4430.11.221117220.69.413.22.7353271981
0.50.060.2380.01.021100180.68.010.91.3302911982
0.30.040.3290.00.61480150.46.39.01.7232161983
0.40.050.2320.00.71783150.56.69.01.0252391984
0.70.110.6680.12.434180341.014.720.64.4545251985
0.50.060.3400.11.122105190.68.411.51.4313061986
0.30.030.1250.00.41467120.45.27.20.6201891987
0.40.040.2310.00.71780140.56.38.70.9242301988
0.70.080.3520.11.729136250.810.915.02.1414021989
0.40.060.3400.12.32195190.77.010.01.5303001990
0.30.250.5360.14.62092270.46.810.52.7303121991
0.20.420.390.01.453290.32.23.50.99861992*

<12.9<2.1<71036<1.4<295572734500<16214297368107553Total

*: January 1 - April 4, 1992
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B+Zn+MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNa

Water solute budget [kg ha-1]
0.20.1<9<5.742<26<7.0<52<284354652<81<35<41<50343P input

<13<2.1<71036<1.4<295572734500<1621429736810Q output
0.20.1-43.635-1010623-273-238015265-179-25614-467P-Q

Nutrient exports with particulate matter in streamflow [kg ha-1]
????????

Nutrient exports in biomass components [kg ha-1]
0.10.635.345231129Stemwood & bark
0.00.111.313949Branches*
0.10.243.25117824Foliage*

Contribution of nutrients by weathering [kg ha-1]
Scenario 1: All nutrients provided by weathering 

0.10.8116.27322827948Weathering input
Scenario 2: No nutrients provided by weathering

0.00.000.00000Weathering input

Net gains (+) or losses (-) during a rotation period [kg ha-1]
Scenario 1: All nutrients provided by weathering 
Harvesting of: 

0.10.344.563261233Stemwood & bark
0.10.243.25117824+ branches
0.00.000.00000+ foliage

Scenario 2: No nutrients provided by weathering
Harvesting of:

0.0-0.5-7-1.7-10-202-267-15Stemwood & bark
0.0-0.7-8-3.0-23-211-271-24+ branches

-0.1-0.8-11-6.2-73-228-279-48+ foliage

Soil Nutrient Reserves at the end of the rotation [kg ha-1]
1611010692011280213Available

Predicted number of rotations for scenario 2 and various harvesting intensities
9115819Stemwood+bark
555712+ branches
32576+ Foliage

+: Atmospheric inputs from marine sources exclusively, based on Zn/Cl and B/Cl ratios in seawater (Drever, 1982)
*: Calculated using branch/stem and foliage/stem biomass ratios observed in Koromani forest
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