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as well as other ions. Webb et al (1995) found that changes in stream chemistry 

associated with defoliation included increases in strong acid anions and base cations and 

a decrease in sulfate and ANC. The largest change in stream chemistry was in the 

concentration of nitrate, with concentrations increasing from pre-defoliation levels of 

consistently less than 5µeq L–1 to post-defoliation levels greater than 50µeqL–1 (Webb et 

al. 1995). 
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^,/-$'"-!>-"$"'$"5&!D#C^>E!?'0!/0&*!$,!,1$'"-!0"$&R03&)"+")!1&*%,)Y!6&,@,62!*'$'!

D#/@@"5'-!&$!'@=!8HHQE=!I4"0!*'$'0&$!03&)"+"&0!$4&!3&%)&-$'6&!,+!&')4!(';,%!@"$4,@,6")'@!

)@'00!D0"@")&,/0.!'%6"@@')&,/0.!+&@0").!('+").!'-*!)'%1,-'$&E!12!?'$&%04&*=!![,%!$4&!

3/%3,0&0!,+!$4"0!3%,;&)$.!+&@0")!?"@@!1&!%&+&%%&*!$,!'0!6%'-"$")!'-*!('+")!?"@@!1&!

%&+&%%&*!$,!'0!1'0'@$")=!!C**"$",-'@@2.!0"@")&,/0!'-*!'%6")'@@')&,/0!?&%&!),(1"-&*!$,!

)%&'$&!'!0"@")")@'0$")!1&*%,)Y!@"$4,@,62!)@'00"+")'$",-=!!

#"$&R03&)"+")!&@&5'$",-!?'0!)'@)/@'$&*!/0"-6!$,3,6%'34")!('3!"-$&%3,@'$",-=!

Z'$&%04&*!'%&'!?'0!)'@)/@'$&*!?"$4!]>#!/0"-6!'!04'3&+"@&!?"$4!-&?@2!*&@"-&'$&*!

?'$&%04&*0!3%,5"*&*!12!$4&!B@&'-!C"%!^'%Y&$0!a"5"0",-!DBC^aE!,+!b_C=!>-!'**"$",-.!

N"%6"-"'O0!a&3'%$(&-$!,+![,%&0$%2!3%,5"*&*!'!]>#!04'3&+"@&!0/(('%"J"-6!$4&!

)/(/@'$"5&!&:$&-$!,+!62302!(,$4!*&+,@"'$",-!"-!,/%!0$/*2!'%&'!$4%,/64!8HHQ=!I4"0!

+"@&!?'0!/0&*!$,!"*&-$"+2!?4")4!0"$&0!?&%&!'++&)$&*!12!$4&!62302!(,$4!"-+&0$'$",-=!

_'@(&%!*%,/64$!"-*")&0!+%,(!$4&!9'$",-'@!B@"('$")!a'$'!B&-$&%!D9BaBE!?&%&!/0&*!$,!

&5'@/'$&!3,$&-$"'@!*"++&%&-)&0!"-!)@"('$&!'(,-6!$4&!0'(3@&!2&'%0=!>-+,%('$",-!,-!



! FX!

'$(,034&%")!0/@+/%!'-*!-"$%,6&-!*&3,0"$",-!*'$'!?'0!,1$'"-&*!+%,(!$4&!9'$",-'@!

C$(,034&%")!a&3,0"$",-!_%,6%'(!D9Ca_E.!'-*!$4&-!),-5&%$&*!$,!0"$&R03&)"+")!

*&3,0"$",-!12!BC^a!D]%"((!'-*!W2-)4!8HHLE=!

!

7"="#$%(%+0%+*(;#3/(;10+0!!

! C@@!0$'$"0$")'@!'-'@20"0!?&%&!3&%+,%(&*!"-!0,+$?'%&!3')Y'6&!`!5&%0",-=!8=G=8!

D,3&-!0,/%)&E!,-!$4&!KLM!0"$&0!*&0)%"1&*!'1,5&!/-@&00!,$4&%?"0&!"-*")'$&*=!

a"++&%&-$!0$'$"0$")'@!$&)4-"</&0!'-*!'-'@20"0!*&0"6-0!?&%&!/0&*!$,!'**%&00!&')4!,+!

$4&!+"5&!('"-!</&0$",-0!),-)&%-"-6!0$%&'(!%&03,-0&0!$,!)4'-6"-6!')"*")!*&3,0"$",-=!!!

#

.(%)-&,'*/0*1"$%*)-2%"3*!4567*8,'8%'-2"-&,')*9%8#&'%9*"'9*:;<*8,'8%'-2"-&,')*

&'82%")%9*,$%2*-=%*)-(9>*?%2&,9@*C-'@20"0!,+!5'%"'-)&!DC97NCE!?'0!/0&*!$,!$&0$!$4&!

-/@@!423,$4&0"0!R!$4'$!$4&%&!'%&!-,!0"6-"+")'-$!*"++&%&-)&0!"-!#7L8R!,%!C9B!

),-)&-$%'$",-0!"-!0$%&'(0!'(,-6!$4&!K!0/%5&2!0'(3@"-6!3&%",*0=!#/@+'$&!'-*!C9B!

5'@/&0!?&%&!$%'-0+,%(&*!$,!),-+,%(!$,!'00/(3$",-0!,+!-,%('@"$2=!#/@+'$&R!5'@/&0!

?&%&!@,6!$%'-0+,%(&*!'-*!C9B!?'0!'@0,!@,6!$%'-0+,%(&*!'+$&%!'**"-6!8H!$,!&')4!

5'@/&=!!#&3'%'$&!C97NC0!?&%&!%/-!?"$4!&"$4&%!#7L8R!,%!C9B!'0!$4&!*&3&-*&-$!

5'%"'1@&!'-*!?"$4!0'(3@"-6!2&'%!'0!$4&!"-*&3&-*&-$!5'%"'1@&=!![,%!&')4!C97NC.!'!

I/Y&2O0!?,)-*=,8!),(3'%"0,-!$&0$!?'0!3&%+,%(&*!$,!*&$&%("-&!?4")4!2&'%0!?&%&!

0"6-"+")'-$@2!*"++&%&-$!+%,(!&')4!,$4&%=!#3'$"'@!'/$,),%%&@'$",-!)'-!%&3%&0&-$!'-!

"(3,%$'-$!+,%(!,+!30&/*,%&3@")'$",-!D#,Y'@!'-*!`,4@+!FGGME=!!^'-$&@!$&0$0!+,/-*!

$4'$!1,$4!#7L8R!'-*!C9B!?&%&!03'$"'@@2!'/$,),%%&@'$&*!D3mH=HME=!I4&%&+,%&.!$4&!

&++&)$"5&!0'(3@&!0"J&!D'-*!),%%&03,-*"-6!*&6%&&0!,+!+%&&*,(E!+,%!&')4!C97NC!?&%&!



! FQ!

'*;/0$&*!/0"-6!$4&![,%$"-!'-*!a'@&!D8HHME!),%%&)$",-=!>-!'@@!)'0&0!$4&!),%%&)$",-!*"*!

-,$!</'@"$'$"5&@2!)4'-6&!$4&!%&0/@$0!0,!/-),%%&)$&*!*&6%&&0!,+!+%&&*,(!'%&!%&3,%$&*=!

!

.(%)-&,'*60*A,%)*B%92,8C*D%,#,D>*"++%8-*-=%*2"-%*,+*2%8,$%2>*+2,3*"8&9&+&8"-&,'@!

I,!$&0$!$4&!-/@@!423,$4&0"0!$4'$!1&*%,)Y!6&,@,62!4'*!-,!0"6-"+")'-$!&++&)$!,-!#7L8R!,%!

C9B!5'@/&0!,5&%!$"(&.!(/@$"3@&!0$'$"0$")'@!(&$4,*0!?&%&!/0&*=!I4&!1&*%,)Y!6&,@,62!

*'$'0&$!3%,5"*&*!3&%)&-$!?'$&%04&*!),5&%!"-!M!@"$4,@,62!)@'00&0!'0!*&0)%"1&*!'1,5&=!!

#"@")&,/0!'-*!'%6"@@')&,/0!?&%&!),(1"-&*!$,!+,%(!'!0"@")")@'0$")!@"$4,@,62!6%,/3.!'-*!

)'%1,-'$&!"0!-,$!'!0/10$'-$"'@!),(3,-&-$!,+!$4&!1&*%,)Y!"-!$4&!0$/*2!'%&'.!@&'5"-6!K!

('"-!1&*%,)Y!)@'00&0f!0"@")")@'0$").!1'0'@$")!'-*!6%'-"$")=!!["%0$.!'-'@20&0!/0"-6!$4&!

1&*%,)Y!)@'00&0!'0!),-$"-/,/0!5'%"'1@&0!?&%&!%/-=!C!$,$'@!,+!X!0"(3@&!@"-&'%!

%&6%&00",-0!?"$4!&')4!1&*%,)Y!$23&!'0!$4&!"-*&3&-*&-$!5'%"'1@&!'-*!)4'-6&!"-!

&"$4&%!#7L8R!,%!C9B!'0!$4&!*&3&-*&-$!5'%"'1@&!?&%&!),-*/)$&*=!#&),-*.!'-'@20"0!,+!

),5'%"'-)&!DC9B7NCE!?"$4!0'(3@"-6!2&'%!'0!$4&!)'$&6,%")'@!"-*&3&-*&-$!5'%"'1@&.!

$4&!@,6!$%'-0+,%(&*!#7L8!,%!C9B!5'@/&0!'0!$4&!*&3&-*&-$!5'%"'1@&.!'-*!$4&!K!('"-!

1&*%,)Y!)@'00&0!'0!),5'%"'$&0!?'0!/0&*!$,!+/%$4&%!"-5&0$"6'$&!$4&!%&@'$",-04"3!

1&$?&&-!1&*%,)Y!'-*!0$%&'(!)4&("0$%2=!I4&!*'$'0&$0!?&%&!$&0$&*!$,!5&%"+2!$4'$!$4&2!

(&$!$4&!'00/(3$",-0!,+!C9B7NC=!["-'@@2.!8R?'2!C97NC0!?"$4!0'(3@"-6!2&'%!'-*!

1&*%,)Y!6&,@,62!'0!"-*&3&-*&-$!5'%"'1@&0!'-*!&"$4&%!#7L8R!),-)&-$%'$",-!,%!C9B!'0!

$4&!*&3&-*&-$!5'%"'1@&!?&%&!3&%+,%(&*=!I,!),-5&%$!1&*%,)Y!6&,@,62!"-$,!'!

)'$&6,%")'@!5'%"'1@&!+,%!$4&0&!8R?'2!C97NC0.!&')4!0"$&!?'0!'00"6-&*!$,!'!1&*%,)Y!

)@'00!1'0&*!,-!'!$4%&04,@*!),(3,0"$",-!,+!GMT!4,(,6&-&"$2=!#"$&0!?"$4,/$!GMT!,+!

,-&!@"$4,@,62!?&%&!6%,/3&*!"-$,!'!4&$&%,6&-&,/0!)'$&6,%2=!!Z4&-!$4&!%&0/@$!,+!$4&!



! FP!

,5&%'@@!C97NC!(,*&@!?'0!0"6-"+")'-$!D3mH=HME.!!'!I/Y&2O0!?,)-*=,8!),(3'%"0,-!$&0$!

?'0!/0&*!$,!*&$&%("-&!?4")4!1&*%,)Y!6&,@,6"&0!?&%&!0"6-"+")'-$@2!*"++&%&-$!+%,(!

&')4!,$4&%=!!

!

.(%)-&,'*E0*A,%)*%#%$"-&,'*"++%8-*-=%*2"-%*,+*2%8,$%2>*+2,3*"8&9&+&8"-&,'@*I,!$&0$!

$4&!-/@@!423,$4&0"0!$4'$!$4&%&!?&%&!-,!0"6-"+")'-$!*"++&%&-)&0!"-!#7L8R!,%!C9B!5'@/&0!

,5&%!$"(&!')%,00!&@&5'$",-0.!$?,!*"++&%&-$!$23&0!,+!'-'@20&0!?&%&!&(3@,2&*=!["%0$.!

$4&!C97NC!+%,(!$4&!,%"6"-'@!'-'@20"0!$&0$"-6!+,%!*"++&%&-)&0!"-!#7L8R!,%!C9B!'(,-6!

2&'%0!?'0!%&3&'$&*!/0"-6!0'(3@&!0"$&!&@&5'$",-!'0!'!),5'%"'$&.!('Y"-6!"$!'-!C9B7NC=!!

#&),-*.!0"$&!&@&5'$",-!?'0!%&6%&00&*!'6'"-0$!)4'-6&!"-!&"$4&%!#7L8!,%!C9B!D*&%"5&*.!

),-$"-/,/0!5'%"'1@&E!1&$?&&-!FGPQ!'-*!8HFH=!I4&0&!'-'@20&0!?&%&!3&%+,%(&*!"-!

$&%(0!,+!1,$4!'10,@/$&!'-*!3%,3,%$",-'@!)4'-6&!1&$?&&-!FGPQ!'-*!8HFH=!!

C00/(3$",-0!,+!@"-&'%!%&6%&00",-!?&%&!$&0$&*!'-*!0'$"0+"&*!3%",%!$,!'-'@20"0=!

!

.(%)-&,'*50*:2%*2"-%)*,+*)-2%"3*2%8,$%2>*+2,3*"8&9&+&8"-&,'*2%#"-%9*-,*

F"-%2)=%9*"2%"@*I,!$&0$!$4&!-/@@!423,$4&0"0!$4'$!$4&%&!?&%&!-,!0"6-"+")'-$!

*"++&%&-)&0!"-!#7L8R!,%!C9B!5'@/&0!,5&%!$"(&!')%,00!?'$&%04&*!'%&'.!$4&!C9B7NC!

'-*!%&6%&00",-!'-'@20"0!*&0)%"1&*!*"%&)$@2!'1,5&!?'0!%&3&'$&*!'+$&%!0/10$"$/$"-6!

?'$&%04&*!'%&'!D'!),-$"-/,/0!5'%"'1@&E!+,%!&@&5'$",-=!!!

!

.(%)-&,'*G0*A&9*-=%*D>?)>*3,-=*9%+,#&"-&,'*&'*"*)(B)%-*,+*)&-%)*"++%8-*-=%*2%)(#-)*

,+*-=%*,2&D&'"#*"'"#>)&)@*I,!$&0$!$4&!-/@@!423,$4&0"0!$4'$!$4&%&!?&%&!-,!0"6-"+")'-$!

*"++&%&-)&0!1&$?&&-!0"$&0!'++&)$&*!12!$4&!62302!(,$4!*&+,@"'$",-!'-*!0"$&0!



! FG!

/-'++&)$&*!12!$4&!62302!(,$4!*&+,@"'$",-!"-!#7L8R!,%!C9B!5'@/&0!,5&%!$"(&.!'!8j?'2!

C97NC!?'0!/0&*=!A0"-6!'!04'3&+"@&!+%,(!$4&!N"%6"-"'!a&3'%$(&-$!,+![,%&0$%2!$4'$!

04,?0!$4&!&:$&-$!,+!62302!(,$4!*&+,@"'$",-!"-!N"%6"-"'.!$4&!0/10&$!,+!0"$&0!'++&)$&*!12!

$4&!62302!(,$4!/0"-6!b#`>!C%)^'3!5=!G=K=F!?&%&!"*&-$"+"&*=!!C33%,:"('$&@2!QHT!,+!

$4&!0$/*2!0"$&0!D8LF!,+!KLME!?&%&!'++&)$&*!12!$4&!62302!(,$4=!I4"0!"-+,%('$",-!?'0!

/0&*!$,!)%&'$&!'!3%&0&-)&V'10&-)&!)'$&6,%")'@!5'%"'1@&!$,!"-*")'$&!?4&$4&%!&')4!0"$&!

?'0!'++&)$&*!12!$4&!62302!(,$4!*&+,@"'$",-=!!!>-!$4&!8R?'2!C97NC.!$4&!"-*&3&-*&-$!

5'%"'1@&0!?&%&!0'(3@"-6!2&'%!'-*!$4&!3%&0&-)&V'10&-)&!,+!62302!(,$4!*&+,@"'$",-=!

I4&!*&3&-*&-$!5'%"'1@&!?'0!&"$4&%!#7L8R!,%!C9B=!!A0"-6!'!8R?'2!C97NC!'@0,!'@@,?&*!

(&!$,!"-5&0$"6'$&!?4&$4&%!$4&%&!?'0!'-!"-$&%')$",-!1&$?&&-!0'(3@"-6!2&'%!'-*!$4&!

3%&0&-)&V'10&-)&!,+!62302!(,$4=!!!!!

!

Q5!&-$3,%$!

Q545!'AB>7:<!6>!$@9:B;!'A:;6<@9R!";=>7!E:B9<!

I4&!-/@@!423,$4&0"0.!$4'$!$4&%&!'%&!-,!0"6-"+")'-$!*"++&%&-)&0!"-!#7L8R!,%!C9B!

),-)&-$%'$",-0!"-!0$%&'(0!'(,-6!$4&!K!0/%5&2!0'(3@"-6!3&%",*0.!?'0!%&;&)$&*!12!$4&!

0$'$"0$")'@!'-'@20&0=!I4&!0'(3@"-6!2&'%0!*"++&%&*!0"6-"+")'-$@2!+,%!1,$4!#7L8R!DC97NC.!

[!*+i8.FHKPiG=8G.!3m!H=HHFE!'-*!C9B!DC97NC.![!*+i8.FHKPiKF=X.!3m!H=HHFE=!I/Y&2O0!$&0$0!

04,?&*!$4'$!$4&!8HFH!#7L8R!),-)&-$%'$",-0!?&%&!0"6-"+")'-$@2!*"++&%&-$!+%,(!1,$4!

FGPQ!'-*!8HHH.!1/$!$4'$!FGPQ!'-*!8HHH!?&%&!-,$!0"6-"+")'-$@2!*"++&%&-$!+%,(!&')4!

,$4&%!D["6/%&!LE=!>-!),-$%'0$.!'@@!$4%&&!0'(3@"-6!2&'%0!?&%&!0"6-"+")'-$@2!*"++&%&-$!

+%,(!&')4!,$4&%!?"$4!%&03&)$!$,!C9B!D["6/%&!ME=!!



! 8H!

^&*"'-!0$%&'(!#7L8R!),-)&-$%'$",-0!4'5&!*&)@"-&*!12!FPT!DF8=GU&<VWE!'-*!

(&*"'-!C9B!4'0!"-)%&'0&*!12!QXT!DLL=L!U&<VWE!"-!$4&!(,/-$'"-0!,+!N"%6"-"'!0"-)&!

$4&!"-"$"'@!0/%5&2!?'0!),-*/)$&*!"-!FGPQ.!'!0/10$'-$"'@!"(3%,5&(&-$!"-!,5&%'@@!

?'$&%!</'@"$2!DI'1@&!FE=!

!

!

%BSG:!4=!!^&*"'-!5'@/&0!D%'?!*'$'E!,+!#7L8R!'-*!C9B!"-!$4&!KLM!0/%5&2!0"$&0!/0&*!+,%!'-'@20"0=!

! !

E:B9! $*QFT!?U:VK,D! ")'!?U:VK,D!

FGPQ! QF! MP!

8HHH! XQ=K! XX=G!

8HFH! MP=8! FH8=L!

!!

I4&%&!?'0!'!?"*&!%'-6&!"-!$4&!('6-"$/*&!'-*!*"%&)$",-!,+!%&03,-0&!'(,-6!

0$%&'(!0"$&0e!4,?&5&%.!$4&!5'0$!(';,%"$2!,+!0"$&0!04,?&*!0"6-0!,+!%&),5&%2=!!I4&!

(&*"'-!,+!$4&!C9B!0@,3&0!,+!'@@!0"$&0!?'0!F=Q8!U&<VWV2&'%!D("-iRFF=M.!(':iMQ.!

0*iM=8E!'-*!GXT!,+!0"$&0!4'*!'!0@,3&!6%&'$&%!$4'-!J&%,=!!W"Y&?"0&.!$4&!(';,%"$2!,+!

0"$&0!4'*!'!*&)%&'0"-6!$%&-*!"-!#7L8R!,5&%!$"(&!DPHTE!?"$4!'!(&*"'-!0@,3&!,+!R

H=M8U&<VWV2&'%!D("-iRX=H.!(':iM=KP.!0*iH=PXE=!!



! 8F!

!

16789:!Q5!S,:!3@,$!,+!@,6!$%'-0+,%(&*!#7L8R!5'@/&0!+,%!FGPQ.!8HHH!'-*!8HFH=!!S,@*!4,%"J,-$'@!@"-&0!

%&3%&0&-$!(&*"'-0!'-*!4,%"J,-$'@!@"-&0!,+!$4&!1,:!"-*")'$&!8M$4!'-*!QM$4!3&%)&-$"@&0=!!Z4"0Y&%0!'%&!

("-"(/(!'-*!(':"(/(!,%!F=M!$"(&0!$4&!"-$&%</'%$"@&!%'-6&!D?4")4&5&%!"0!0('@@&%E=!W&$$&%0!"-*")'$&!

0"6-"+")'-$!*"++&%&-)&0!'(,-6!2&'%0!1'0&*!,-!'!I/Y&2O0!$&0$=!73&-!)"%)@&0!"-*")'$&!,/$@"&%0=!



! 88!

!

16789:!W=!!S,:!3@,$!,+!@,6!$%'-0+,%(&*!C9B!5'@/&0!+,%!FGPQ.!8HHH!'-*!8HFH=!S,@*!4,%"J,-$'@!@"-&0!

%&3%&0&-$!(&*"'-0!'-*!4,%"J,-$'@!@"-&0!,+!$4&!1,:!"-*")'$&!8M$4!'-*!QM$4!3&%)&-$"@&0=!!Z4"0Y&%0!'%&!

("-"(/(!'-*!(':"(/(!,%!F=M!$"(&0!$4&!"-$&%</'%$"@&!%'-6&!D?4")4&5&%!"0!0('@@&%E=!W&$$&%0!"-*")'$&!

0"6-"+")'-$!*"++&%&-)&0!'(,-6!2&'%0!1'0&*!,-!'!I/Y&2O0!$&0$=!73&-!)"%)@&0!"-*")'$&!,/$@"&%0=!

!

!

!

!

!



! 8K!

Q5F5!2>XG8:>Y:!=X!/:=G=76YBG!B>C!/:=79BIA6YBG!NB96BSG:<!=>!$@9:B;!

'A:;6<@9R!

H%92,8C*I++%8-)*

I4&!-/@@!423,$4&0&0.!$4'$!1&*%,)Y!6&,@,62!4'*!-,!0"6-"+")'-$!&++&)$!,-!#7L8R!

,%!C9B!5'@/&0!,5&%!$"(&.!?'0!'))&3$&*=!^/@$"3@&!'-'@20&0!,+!$4&!&++&)$!,+!1&*%,)Y!

6&,@,62!,-!$4&!%&),5&%2!,+!1%,,Y!$%,/$!0$%&'(0!+%,(!')"*"+")'$",-!?&%&!/-*&%$'Y&-=!!

I4&!0":!@"-&'%!%&6%&00",-0!%&@'$"-6!1&*%,)Y!6&,@,62!)@'00&0!$,!)4'-6&!D8HFHR

FGPQE!"-!&"$4&%!#7L8R!,%!C9B!?&%&!-,$!0"6-"+")'-$!DI'1@&!8E=!!

!

%BSG:!F=!`&0/@$0!,+!@"-&'%!%&6%&00",-0!1&$?&&-!1&*%,)Y!'-*!)4'-6&!"-!#7L8R!,%!C9B!),-)&-$%'$",-0=!

Independent 

Variable Dependent Variable R2 P Equation 

Granitic Change in ANC (2010-1987) 0.008274 0.04996 Y=80.52-0.3124X 

Granitic Change in SO4
2- (2010-1987) 0 0.9582 Y=-!-12.92 - 0.001X 

Basaltic Change in ANC (2010-1987) 0.0003417 0.7323 Y =!71.20+ 0.1007X  

Basaltic Change in SO4
2- (2010-1987) 0.007295 0.1133 Y =-12.4  - 0.075X  

Siliciclastic Change in ANC (2010-1987) 0.009385 0.07232 Y =!55.11+ 0.2658X  

Siliciclastic Change in SO4
2- (2010-1987) 0.001087 0.5416 Y =-13.9 + 0.014X  

!

!

a&03"$&!$4&!/-*&$&)$'1@&!&++&)$!,+!1&*%,)Y!6&,@,62!,-!0$%&'(!%&),5&%2!+%,(!

')"*"+")'$",-.!$4&%&!?&%&!-,$&?,%$42!%&0/@$0!%&6'%*"-6!$4&!"-+@/&-)&!,+!1&*%,)Y!

6&,@,62!,-!$4&!('6-"$/*&0!,+!$4&!),-)&-$%'$",-0!,+!#7L8R!'-*!C9B=!!C9B7NC!?'0!

/0&*!'0!'-!'@$&%-'$"5&!(&$4,*!$,!@"-&'%!%&6%&00",-!$,!"-5&0$"6'$&!?4&$4&%!$4&%&!?'0!

'!%&@'$",-04"3!1&$?&&-!1&*%,)Y!'-*!0$%&'(!)4&("0$%2=!I4&!C9B7NC0!!D/0"-6!#7L8R!

,%!C9BE!04,?&*!'@@!K!1&*%,)Y!6&,@,6"&0!D0"@")")@'0$").!6%'-"$").!'-*!1'0'@$")E!4'*!'!

0$'$"0$")'@@2!0"6-"+")'-$!&++&)$!,-!),-)&-$%'$",-!DI'1@&0!K.!LE=!!c,?&5&%.!$4&!



! 8L!

"-$&%')$",-!$&%(0!?"$4!2&'%!?&%&!-,$!0"6-"+")'-$!'-*!0/66&0$!$4'$!?4"@&!$4&!

('6-"$/*&0!,+!#7L8R!,%!C9B!("64$!1&!%&@'$&*!$,!6&,@,62.!$4&!%'$&!,+!%&),5&%2!"0!-,$!

0"6-"+")'-$@2!*"++&%&-$!'(,-6!*"++&%&-$!1&*%,)Y!6&,@,6"&0=!!!

!

%BSG:!P5!`&0/@$0!,+!C9B7NC.!$&0$"-6!$4&!&++&)$!,+!2&'%!'-*!1&*%,)Y!6&,@,62!,-!@,6!$%'-0+,%(&*!

0/@+'$&!5'@/&0=!

dependent variable: log10(SO4
2-)    

Source df 

Sum of 

Squares 

Mean 

Square F P 

Year 2 1.009 0.504 12.3011 5.27E-06 

Silic 1 9.5 9.5 231.7429 < 2.2e-16 

Gran 1 1.635 1.635 39.8771 4.04E-10 

Basalt 1 0.873 0.873 21.2864 4.46E-06 

Year*Silic 2 0.138 0.069 1.6886 0.185305 

Year*Gran 2 0.021 0.011 0.2566 0.773757 

Silic*Gran 1 0.278 0.278 6.7708 0.009402 

Year*Basalt 2 0.01 0.005 0.1272 0.880566 

Silic*Basalt 1 0.003 0.003 0.0632 0.801617 

Gran*Basalt 1 1.818 1.818 44.3418 4.52E-11 

Year*Silic*Gran 2 0.039 0.019 0.4738 0.622747 

Year*Silic*Basalt 2 0.003 0.002 0.0416 0.959217 

Year*Gran*Basalt 2 0.008 0.004 0.1033 0.901838 

Silic*Gran*Basalt 1 0.253 0.253 6.161 0.013222 

Year*Silic*Gran*Basalt 2 0.002 0.001 0.021 0.979264 

Residuals 1011 41.444 0.041     

!

!

!

!

!

!

!

!

!

!

!



! 8M!

%BSG:!Q5!`&0/@$0!,+!C9B7NC.!$&0$"-6!$4&!&++&)$!,+!2&'%!'-*!1&*%,)Y!6&,@,62!,-!@,6!$%'-0+,%(&*!C9B!

5'@/&0=!

dependent variable: log10(ANC+20)    

Source df 

Sum of 

Squares 

Mean 

Square F P 

Year 2 8.389 4.194 36.5918 4.54E-16 

Silic 1 11.282 11.282 98.425 < 2.2e-16 

Gran 1 5.43 5.43 47.3675 1.031E-11 

Basalt 1 1.208 1.208 10.5422 0.001205 

Year*Silic 2 0.281 0.141 1.2259 0.293943 

Year*Gran 2 0.037 0.019 0.1633 0.849361 

Silic*Gran 1 0.955 0.955 8.3338 0.003974 

Year*Basalt 2 0.353 0.177 1.541 0.214678 

Silic*Basalt 1 0.0004185 0.0004185 0.0037 0.951833 

Gran*Basalt 1 1.065 1.065 9.287 0.002368 

Year*Silic*Gran 2 0.071 0.036 0.3117 0.732282 

Year*Silic*Basalt 2 0.016 0.008 0.0677 0.934532 

Year*Gran*Basalt 2 0.011 0.005 0.0469 0.954212 

Silic*Gran*Basalt 1 0.243 0.243 2.1237 0.145349 

Year*Silic*Gran*Basalt 2 0.018 0.009 0.0805 0.922632 

Residuals 1011 115.89 0.115     

!

!

W'0$@2!$4&!8R?'2!C97NC0.!?"$4!2&'%!'-*!1&*%,)Y!6&,@,62!'0!"-*&3&-*&-$!

5'%"'1@&0!'-*!#7L8R!),-)&-$%'$",-!,%!C9B!'0!$4&!*&3&-*&-$!5'%"'1@&!?&%&!/0&*!'0!'-!

'@$&%-'$"5&!$,!C9B7NC!'-*!@"-&'%!%&6%&00",-!'-*!04,?&*!0"6-"+")'-$!*"++&%&-)&0!

'(,-6!1&*%,)Y!)@'00&0=!!c,?&5&%!"-!'@@!"-0$'-)&0!$4&%&!?'0!-,!0"6-"+")'-$!

"-$&%')$",-!1&$?&&-!2&'%!'-*!1&*%,)Y!6&,@,62.!0,!$4'$!$&%(!?'0!%&(,5&*!+%,(!$4&!

(,*&@0=!#'(3@&!0"J&0!+,%!&')4!1&*%,)Y!)@'00!?&%&!0/10$'-$"'@@2!*"++&%&-$.!?"$4!

1'0'@$")!1&*%,)Y!4'5"-6!$4&!0('@@&0$!0'(3@&!0"J&!DQE.!0"@")")@'0$")!?"$4!$4&!@'%6&0$!

DFPME!'-*!4&$&%,6&-&,/0!DPGE!'-*!6%'-"$")!DXLE!+'@@"-6!"-!$4&!("**@&=!

C!8R?'2!C97NC!"*&-$"+"&*!'!0"6-"+")'-$!&++&)$!,+!1,$4!0'(3@"-6!2&'%!D[!

*+i8.FH8GiF8=FMF.!3m!H=HHFE!'-*!1&*%,)Y!6&,@,62!)@'00!D[!*+iK.FH8GiFHX=GPG.!3i!H=HHFE!

,-!#7L8R!),-)&-$%'$",-=!!C!I/Y&2O0!$&0$!04,?&*!$4'$!'@@!3'"%?"0&!),(3'%"0,-0!,+!$4&!



! 8X!

#7L8R!5'@/&0!+,%!$4&!1&*%,)Y!)@'00&0!?&%&!0"6-"+")'-$!&:)&3$!+,%!$4&!),(3'%"0,-!

1&$?&&-!1'0'@$")!1&*%,)Y!0"$&0!'-*!$4,0&!?"$4!4&$&%,6&-&,/0!1&*%,)Y=!!^&'-!#7L8R!

),-)&-$%'$",-0!+,%!'@@!1&*%,)Y!)@'00&0!*&)@"-&*!')%,00!$"(&.!'-*!$4&!0"$&0!/-*&%@'"-!

12!0"@")")@'0$")!1&*%,)Y!4'*!$4&!4"64&0$!(&'-!#7L8R!),-)&-$%'$",-!+,%!&')4!2&'%!'-*!

0"$&0!/-*&%@'"-!12!6%'-"$")!1&*%,)Y!4'*!$4&!@,?&0$!(&'-!#7L8R!),-)&-$%'$",-!+,%!

&')4!2&'%!D["6/%&!XCE=!!

C9B!'@0,!*"++&%&*!0"6-"+")'-$@2!'(,-6!2&'%0!DC97NCf![!*+i8.FH8GiKM=LP.!3m!

H=HHFE!'-*!'(,-6!1&*%,)Y!6&,@,62!)@'00&0!DC97NCf![!*+iK.FH8GiL8=PM.!3m!H=HHFE=!C!

I/Y&2O0!$&0$!04,?&*!$4'$!'@@!3'"%?"0&!),(3'%"0,-0!,+!$4&!C9B!5'@/&0!+,%!$4&!1&*%,)Y!

)@'00&0!?&%&!0"6-"+")'-$!&:)&3$!+,%!$4&!),(3'%"0,-!1&$?&&-!1'0'@$")!1&*%,)Y!0"$&0!

'-*!$4,0&!?"$4!4&$&%,6&-&,/0!1&*%,)Y=!!^&'-!C9B!"-)%&'0&*!')%,00!$"(&!+,%!'@@!

1&*%,)Y!)@'00&0!'-*!0"$&0!/-*&%@'"-!12!1'0'@$")!1&*%,)Y!4'*!$4&!4"64&0$!(&'-!C9B!

+,%!&')4!2&'%!?4"@&!0"$&0!/-*&%@'"-!12!0"@")")@'0$")!1&*%,)Y!4'*!$4&!@,?&0$!(&'-!C9B!

+,%!&')4!2&'%!D["6/%&!XSE=!!

75&%'@@.!$4&0&!'-'@20&0!3,"-$!$,!$4&!0'(&!),-)@/0",-!$4'$!1&*%,)Y!6&,@,62!"0!

0"6-"+")'-$@2!%&@'$&*!$,!0$%&'(!')"*"$2.!1/$!-,$!$,!$4&!,10&%5&*!%&),5&%2!+%,(!

')"*"+")'$",-!,5&%!$4&!8K!2&'%!0'(3@"-6!3&%",*=!

!

!



! 8Q!

!

16789:!Z=!!^&'-!5'@/&0!,+!@,6!$%'-0+,%(&*!5'@/&0!,+!#7L8R!DCE!'-*!C9B!DSE!12!2&'%!'-*!!

1%,Y&-!*,?-!12!GMT!4,(,6&-&,/0!1&*%,)Y!)@'00&0f!!4&$&%,6&-&,/0!D1@')YE.!6%'-"$")!D@"64$!!

6%'2E.!1'0'@$")!D?4"$&E.!0"@")")@'0$")!D*'%Y!6%'2E=!b%%,%!1'%0!%&3%&0&-$!0$'-*'%*!&%%,%!,+!$4&!!

(&'-=!

!

I#%$"-&,'*I++%8-)!

! C-'@20&0!?&%&!3&%+,%(&*!$,!$&0$!$4&!-/@@!423,$4&0"0!!R!$4'$!$4&%&!?&%&!-,!

0"6-"+")'-$!*"++&%&-)&0!"-!#7L8R!,%!C9B!5'@/&0!,5&%!$"(&!')%,00!&@&5'$",-0=!I4&!

C9B7NC0!/0&*!$,!&:'("-&!$4&!%&@'$",-04"3!1&$?&&-!&"$4&%!#7L8R!),-)&-$%'$",-!,%!

C9B!'-*!2&'%!'-*!&@&5'$",-.!04,?&*!-,!%&@'$",-04"3!1&$?&&-!&@&5'$",-!,+!0$%&'(!

%&),5&%2!+%,(!')"*"+")'$",-=!I4&!"-$&%')$",-!$&%(0!1&$?&&-!&@&5'$",-!'-*!2&'%!?&%&!
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! 8P!

-,$!0$'$"0$")'@@2!0"6-"+")'-$.!'-*!$4&%&+,%&!$4&!"-$&%')$",-!$&%(!?'0!%&(,5&*!+%,(!

$4&!(,*&@=!I4&!C9B7NC!04,?&*!0"6-"+")'-$!&++&)$0!,+!2&'%!D[!*+i8.FHKFiG=XQ.!3m!H=HHFE!

'-*!0"$&!&@&5'$",-!D[!*+iF.FHKFiLL=HG.!3m!H=HHFE!,-!#7L8R),-)&-$%'$",-0=!C!0&),-*!

C9B7NC!'@0,!04,?&*!0"6-"+")'-$!&++&)$0!,+!2&'%!D[!*+i8.FHKFiKL=KF.!3m!H=HHFE!'-*!0"$&!

&@&5'$",-!D[!*+iF.FHKFiPP=XH.!3m!H=HHFE!,-!C9B=!

! I4&!%&@'$",-04"30!1&$?&&-!)4'-6&!"-!#7L8R!),-)&-$%'$",-!,%!C9B!'-*!

&@&5'$",-!?&%&!'@@!5&%2!?&'Y!1/$!0"6-"+")'-$=!I4&!%&6%&00",-!'-'@20"0!,+!&@&5'$",-!

5&%0/0!)4'-6&!"-!#7L8R!4'*!$4&!4"64&0$!`8!5'@/&!DH=FFE!,+!'@@!$4&!"$&%'$",-0!D["6/%&!QE=!

I4&!3,0"$"5&!0@,3&!1&$?&&-!&@&5'$",-!'-*!)4'-6&!"-!#7L8R.!0/66&0$0!*&)%&'0&0!"-!

#7L8R!+%,(!FGPQ!$,!8HFH!'%&!6%&'$&%!'$!@,?!&@&5'$",-0!'-*!)@,0&%!$,!J&%,!'$!4"64!

&@&5'$",-0!D["6/%&!QE=!!I4&!%&@'$",-04"3!1&$?&&-!&@&5'$",-!'-*!3%,3,%$",-'@!)4'-6&!

"-!#7L8R!4'*!'!@,?&%!`8!DH=HKE!'-*!3!5'@/&!DH=HHFE.!('Y"-6!"$!'!?&'Y&%!%&@'$",-04"3!

$4'$!&:3@'"-&*!@"$$@&!,+!$4&!5'%"'-)&!"-!$4&!*'$'=!

! I4&!%&@'$",-04"3!1&$?&&-!&@&5'$",-!'-*!C9B!?'0!?&'Y&%!'-*!@&00!0"6-"+")'-$!

$4'-!$4'$!,+!&@&5'$",-!'-*!#7L8R=!!Z4&-!/0"-6!)4'-6&!"-!C9B!'0!$4&!*&3&-*&-$!

5'%"'1@&.!$4&!`8!i!H=HFX!'-*!3iH=H8.!0/66&0$"-6!&@&5'$",-!&:3@'"-&*!5&%2!@"$$@&!,+!$4&!

5'%"'-)&!"-!)4'-6&!"-!C9B=!I4&!%&0/@$0!,+!$4&!@"-&'%!%&6%&00",-!1&$?&&-!&@&5'$",-!

'-*!3%,3,%$",-'@!)4'-6&!"-!C9B!?'0!-,$!0"6-"+")'-$!D`8iH=HHHHHQ.!3i!H=GE=!

!

! !

!
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*



! 8G!

J"-%2)=%9*:2%"!

! Z4"@&!$4&!'-'@20&0!/0"-6!&@&5'$",-!'0!$4&!"-*&3&-*&-$!5'%"'1@&!04,?&*!?&'Y!

1/$!0"6-"+")'-$!%&@'$",-04"30.!$4&!%&@'$",-04"30!1&$?&&-!?'$&%04&*!'%&'!'-*!)4'-6&!

"-!#7L8R!,%!C9B!?&%&!&5&-!?&'Y&%!'-*!-,$!0"6-"+")'-$!+,%!1,$4!$4&!%&6%&00",-0!'-*!

C9B7NC=!I4&%&+,%&!$4&!-/@@!423,$4&0"0.!$4'$!$4&%&!?&%&!-,!0"6-"+")'-$!*"++&%&-)&0!"-!

#7L8R!,%!C9B!5'@/&0!,5&%!$"(&!')%,00!?'$&%04&*!'%&'.!?'0!'))&3$&*=!

! !

!

!

16789:![=!`&6%&00",-!,+!0"$&!&@&5'$",-!D(&$&%0E!5&%0/0!)4'-6&!"-!#7L8R!1&$?&&-!FGPQ!'-*!8HHH!+,%!

KLM!0$%&'(0=!

!

!

!
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! KH!

Q5P5!%A:!-XX:Y@!=X!/RI<R!0=@A!.:X=G6B@6=>!=>!*S<:9\:C!'AB>7:<!6>!

$@9:B;!'A:;6<@9R!

I4&!-/@@!423,$4&0"0.!$4'$!$4'$!$4&%&!?&%&!-,!0"6-"+")'-$!*"++&%&-)&0!1&$?&&-!

0"$&0!'++&)$&*!12!$4&!62302!(,$4!*&+,@"'$",-!'-*!0"$&0!/-'++&)$&*!12!$4&!62302!(,$4!

*&+,@"'$",-!"-!#7L8R!,%!C9B!5'@/&0!,5&%!$"(&.!?'0!$&0$&*!'-*!'))&3$&*=!]2302!(,$4!

*&+,@"'$",-!'-*!2&'%!?&%&!0"6-"+")'-$@2!'00,)"'$&*!?"$4!#7L8R!@&5&@0!D8R?'2!C97NCe!

n&'%f![!*+i8.FH8GiG=MM.!3m!H=HHFe!]2302!(,$4f![!*+iF.FH8Gi8Q=8Q.!3m!H=HHF!E.!1/$!$4&%&!

?'0!-,!0"6-"+")'-$!"-$&%')$",-!1&$?&&-!62302!(,$4!*&+,@"'$",-!'-*!2&'%!D[!

*+i8.FH8Gi8=KQ.!3iH=HGE!.!"-*")'$"-6!$4'$!*&+,@"'$",-!*"*!-,$!4'5&!'!0/10$'-$"'@!&++&)$!,-!

%&),5&%2!+%,(!')"*"+")'$",-=!#"$&0!?"$4!'!4"0$,%2!,+!*&+,@"'$",-!4'*!0"6-"+")'-$@2!

4"64&%!#7L8R!@&5&@0!DXG=M!U&<VWE!$4'-!/-'++&)$&*!0"$&0!DMQ=Q!U&<VWE=!9&"$4&%!62302!

(,$4!*&+,@"'$",-!-,%!$4&!"-$&%')$",-!1&$?&&-!62302!(,$4!*&+,@"'$",-!'-*!2&'%!?&%&!

0"6-"+")'-$@2!'00,)"'$&*!?"$4!C9B.!?4")4!+/%$4&%!),-+"%(0!$4'$!*&+,@"'$",-!*"*!-,$!

4'5&!'!0"6-"+")'-$!&++&)$!,-!0$%&'(!)4&("0$%2=!

#"$&0!'++&)$&*!12!62302!(,$4!*&+,@"'$",-!04,?&*!'!0$&'*2!*&)@"-&!"-!#7L8R!

?"$4!$"(&!?4"@&!0"$&0!?"$4,/$!$4&!62302!(,$4!04,?!'!0@"64$!"-)%&'0&!"-!$4&!8HHH!

0'(3@&!D["6/%&!PCE=!^&'-!C9B!5'@/&0!+,%!&')4!,+!$4&!K!2&'%0!04,?!-&'%!"*&-$")'@!

5'@/&0!+,%!8HHH!'-*!8HFH.!'-*!'!0@"64$@2!4"64&%!(&'-!C9B!+,%!$4&!0"$&0!?"$4,/$!

62302!(,$4!*&+,@"'$",-!D["6/%&!PSE=!!

!

!

!



! KF!

!

16789:!]5!W,6'%"$4(")!(&'-!5'@/&0!+,%!#7L8R!'-*!C9B!+,%!&')4!,+!$4&!K!0'(3@&!2&'%0!+,%!0"$&0!

?"$4!62302!(,$4!*&+,@"'$",-!D0,@"*!@"-&E!'-*!0"$&0!/-'++&)$&*!12!62302!(,$4!*&+,@"'$",-!

D*'04&*!@"-&E=!

!

W5!.2$'3$$2*)!

="!"#G')4.&(;#E(&+(%+./#+/#0%&'()#*5')+0%&1# !

I4&!3%"('%2!+"-*"-6!,+!$4"0!8KR2&'%!0$/*2!"0!$4'$!$4&%&!4'5&!1&&-!0"6-"+")'-$!

)4'-6&0!"-!#7L8R!'-*!C9B!"-!N"%6"-"'O0!(,/-$'"-!0$%&'(0!,5&%!$"(&=!I4&!K!0'(3@&!

3&%",*0!04,?!$4'$!#7L8R!"0!*&)@"-"-6!?"$4!$"(&!'-*!C9B!"0!"-)%&'0"-6!?"$4!$"(&!

')%,00!$4&!KLM!0$/*2!0"$&0.!'!$%&-*!),-0"0$&-$!?"$4!$4&!%&),5&%2!+%,(!')"*"+")'$",-=!
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Slope of Sulfate

High : 0.523074

Low : -1.77631

! Sampling sites

Ü

0 20 4010 Miles
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Slope of ANC

Value

High : 12.8354

Low : -2.8151

! Sampling sites

Ü

0 20 4010 Miles
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#"
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Average 1985-1989

Value

High : 35.5204

Low : 11.3749

! Sampling sites

Ü
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Average 2000-2004

Value

High : 22.2917

Low : 9.4389

! Sampling sites

Ü

0 20 4010 Miles

!"

#"
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Slope 1983-2009

Value

High : -0.1193

Low : -0.951846

! Sampling sites

Ü

0 20 4010 Miles
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*&+,@"'$",-!+,%!&')4!0"$&O0!?'$&%04&*!%'$4&%!$4'-!/0"-6!'!3%&0&-$V'10&-$!5'%"'1@&=!
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!

="J"#K)4;+*(%+./0#(/,#-6%6&'#(E'/6'0#.-#&'0'(&*5#

! I4"0!3%,;&)$!3%,5"*&0!-,5&@!0)"&-$"+")!"-0"64$!"-$,!$4&!*/%'$",-!,+!

&-5"%,-(&-$'@!&++&)$0!+%,(!'$(,034&%")!*&3,0"$",-!"-!$4&!(,/-$'"-0!,+!N"%6"-"'!'-*!
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,+!$4&!BCCC!,-!'</'$")!020$&(0=!!a&03"$&!$4&!+')$!$4'$!'$(,034&%")!0/@+'$&!
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!Z4"@&!),-$"-/,/0!(,-"$,%"-6!,+!0$%&'(!)4&("0$%2!?"@@!1&!-&)&00'%2!$,!

&-0/%&!$4&!),-$"-/'$",-!,+!$4"0!$%&-*!"-!%&),5&%2.!"$!?,/@*!1&!/0&+/@!$,!&:3@,%&!
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04,?!0/10$'-$"'@!0"6-0!,+!%&),5&%2=!![/$/%&!0/%5&20!?"@@!1&!'1@&!$,!'**%&00!?4&$4&%!

8HFH!?'0!$%/@2!'!$/%-"-6!3,"-$!+,%!$4&0&!0$%&'(0!,%!"+!$4&2!'33&'%&*!@&00!')"*")!+,%!

,$4&%!%&'0,-0=!

!

!

!

!

!

!

!

!

!

!

!



! MF!

&-1-&-)'-$!

!

S'Y&%!\=!_=.!'-*!B=!W=!#)4,+"&@*=!FGP8=!C@/("-/(!$,:")"$2!$,!+"04!"-!')"*")!?'$&%0=!

Z'$&%.!C"%.!p!#,"@!_,@@/$",-!FPf8PGRKHG=!

!
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!
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)'$)4(&-$!')"*"+")'$",-=!C!</'-$"$'$"5&!(,*&@!+,%!&0$"('$"-6!+%&04?'$&%!

')"*"+")'$",-=!b-5"%,-=!#)"=!I&)4-,@=!FGfFFLLRFFLG=!

!

B,012!S=.!\=!Z&11.!\=!]'@@,?'2.!'-*![=!a&5"-&2=!8HHX=!C)"*")!*&3,0"$",-!"(3')$0!,-!

-'$/%'@!%&0,/%)&0!"-!#4&-'-*,'4!9'$",-'@!_'%Y=!!

!

B%,-'-!B=!#=.!'-*!B=!W=!#)4,+"&@*=!FGGH=!`&@'$",-04"30!1&$?&&-!'</&,/0!'@/("-/(!
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a%"0),@@!B=!I=.!h=!^=!a%"0),@@.!^=!\=!^"$)4&@@.!'-*!a=!\=!`'2-'@=!8HHK=!b++&)$0!,+!')"*")!

*&3,0"$",-!,-!+,%&0$!'-*!'</'$")!&),020$&(0!"-!9&?!n,%Y!#$'$&=!b-5"%,-(&-$'@!

_,@@/$",-!F8KfK8QRKKX=!

!

a%"0),@@!B=!I=.!]=!S=!W'?%&-)&.!C=!\=!S/@6&%.!I=!\=!S/$@&%.!B=!#=!B%,-'-.!B=!b'6'%.!h=![=!

W'(1&%$.!]=!b=!W"Y&-0.!\=!W=!#$,**'%*.!'-*!h=!B=!Z&'$4&%0=!8HHF=!C)"*")!*&3,0"$",-!

"-!$4&!-,%$4&'0$&%-!A-"$&*!#$'$&0f!0,/%)&0!'-*!"-3/$0.!&),020$&(!&++&)$0.!'-*!

('-'6&(&-$!0$%'$&6"&0=!S",0)"&-)&!MFfFPHRFGP=!

!

b@?,,*!\=!FGGF=!#,/$4&'0$!,5&%5"&?=!&'*a=[=!B4'%@&0.!&*=!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

C)"*!a&3,0"$",-!'-*!C</'$")!b),020$&(0f!`&6",-'@!B'0&!#$/*"&0=!#3%"-6&%R

N&%@'6.!9&?!n,%Y=!

!

b_C=!8HHG=!9'$",-'@!b("00",-0!>-5&-$,%2!D9b>E!C"%!_,@@/$'-$!b("00",-0!I%&-*0!a'$'=!

b-5"%,-(&-$'@!_%,$&)$",-!C6&-)2=!HG!\/-&!8HHG=!Z&1=!8M!C/6=!8HFH=!

m4$$3fVV???=&3'=6,5V$$-V)4"&+V$%&-*0V"-*&:=4$(@q!

!

b5'-0!B=.!a=!^,-$&"$4.!'-*!`=!c'%%"('-=!8HHF=!W,-6R$&%(!5'%"'1"@"$2!"-!$4&!

*&3,0"$",-!,+!('%"-&!",-0!'$!?&0$!),'0$!0"$&0!"-!$4&!Ah!C)"*!Z'$&%0!^,-"$,%"-6!

9&$?,%Yf!"(3')$0!,-!0/%+')&!?'$&%!)4&("0$%2!'-*!0"6-"+")'-)&!+,%!$%&-*!

*&$&%("-'$",-=!#)"=!I,$'@!b-5"%,-=!8XMfFFMRF8G=!

!

[,%$"-!^=!\=.!'-*!^=!`=!I=!a'@&=!8HHM=!#3'$"'@!'-'@20"0f!'!6/"*&!+,%!&),@,6"0$0=!

B'(1%"*6&!A-"5&%0"$2!_%&00.!B'(1%"*6&.!Ah=!

!

]'@@,?'2!\=!9=.!#=!C=!9,%$,-.!'-*!^=!`=!B4/%)4=!FGPK=![%&04?'$&%!')"*"+")'$",-!+%,(!
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