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Vino del pueblo la abuela. 

Compró una planta, 

y la puso de adorno 

sobre la alacena. 

La planta era carnívora  

¡y se nos comió la cena! 

 

El regalo de la abuela (Gloria Fuentes) 

 

 

... què faríem sense el caliu de les àvies! 
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"(.*gA*#0/%#1\B*

**
!

,-./01! #2! *X(5;-$%! ,O! t8%! +&(3.$%! ,?$#! )>5$0! C$>3.! 6(7! (3! >3)$#5>))$3)! #>?$#! '>)&!
2>%+,33$+)$2!;,,-%! 6Mc70! 6C7!(!2#/! >3)$#5>))$3)! #>?$#! 6M<70!(32! 6+7!(3!$;&$5$#(-! #>?$#! 6*7D!
c&,),%h!RD!@>2D!

*
j]1*"#%*"&1'*054'#6"(6*='#*H95"(*h%&&J%0(:B*A9#0(:*6H%*=&'h0(:*4H"1%)*6H%I*4#'/0.%*

6H%*%$'1I16%5*1%#/0$%1*6I40$"&*'=*4%#%((0"&*#0/%#1)*19$H*"1*=#%1Hh"6%#)*=01H0(:*"(.*H9(60(:*
4#'.9$61)* #%$#%"60'()* #%$H"#:0(:* ">90=%#1)* 49#0=I0(:*h"6%#*'#* 4#'$%110(:*(96#0%(61* "(.*
'#:"(0$*5"66%#*[U'16%&*"(.*E"#4%(6%#*nttqz*A"6#I*%6*"&B*+,nqJz*~'9(.'9#0*%6*"&B*+,nq\B*
A9#0(:*6H%*01'&"6%.*4''&1*"(.*.#I0(:*4H"1%1*6H%I*160&&*4#'/0.%*1'5%*'=*6H%1%*1%#/0$%1*0(*
6H%*1"5%*'#*.0==%#%(6* ='#5*[A"6#I*%6*"&B*+,nqJz*~'9(.'9#0*%6*"&B*+,nq\B*O'h%/%#)*j]1G*
%$'1I16%5*1%#/0$%1*"#%*160&&*#"#%&I*#%$':(0^%.*[!'9&6'(*%6*"&B*+,noz*~'9(.'9#0*%6*"&B*+,nq\B*
jH01*5"I*J%*.9%* 6'* 6H%* &'h*/"&9%* 6H"6* 1'$0%6I*4&"$%1*'(* 6H%0#*%$'1I16%51* 1%#/0$%1*'#*
J%$"91%* 1'5%* 6H#%"61* 6'* j]1?* %$'1I16%5* 1%#/0$%1* [%B:B)* $"#J'(* 16'#":%* '#* #%&%"1%)*
J0'.0/%#106I\*"#%*4''#&I*.'$95%(6%.*[A"6#I*%6*"&B*+,nqJ\B*306H%#*h"I)*=969#%*%=='#61*6'*
J%66%#*9(.%#16"(.*6H%*1'$0'%$'('50$*/"&9%*'=*6H%0#*%$'1I16%5*1%#/0$%1*1H'9&.*0($#%"1%B*

*
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*
-*:#%"6*(95J%#*"(.*/"#0%6I*'=*j]1*h06H*"*h0.%*#"(:%*'=*=&'h*4"66%#(1*'$$9#*:&'J"&&I)*

"(.* 6H%0#* 5"(":%5%(6* 01* 0(%/06"J&I* $'54&%8)* 0(/'&/0(:* ('6* '(&I* %(/0#'(5%(6"&*
$H"&&%(:%1* J96* "&1'* 1'$0'V%$'('50$* "14%$61* [~0(:1='#.* %6* "&B* +,nq\B* jH%* $'54&%8* "(.*
H0:H&I*("69#"&*.I("50$*$H"#"$6%#*'=*j]1*$"&&1*='#*6H%*.%/%&'45%(6*'=*"."46%.*6''&1*"(.*
5%6H'.1* ='#* 6H%0#* ".%>9"6%* 5"(":%5%(6B* C%/%#6H%&%11)* :0/%(* 6H%* 4#%.0$6%.*
$'(1%>9%($%1* '=* :&'J"&* $H"(:%)* "11%115%(6* 5%6H'.1* "(.* 5"(":%5%(6* 4#"$60$%1* '=*
6H%1%* %$'1I16%51* 1H'9&.* $'(10.%#* 6H%* 0(6%#"$60'(* '=* J'6H* ("69#"&* .0169#J"($%1* "(.*
"(6H#'4':%(0$*054"$61B*

*

*

9;6E:;!%3!@F%>968:A>6689<8%D?%;96=:@B@789><%>AB;<6?%
*
3$'1I16%51* %84%#0%($%* ("69#"&* .0169#J"($%1* [%B:B* .#'9:H61)* =&''.1* '#* h0&.=0#%1\* "(.*
"(6H#'4':%(0$* 054"$61* [%B:B* 4'&&960'()* &"(.V91%* $H"(:%1)* $&05"6%* $H"(:%\* 6H"6* "==%$6*
J0'&':0$"&* $'559(060%1* "(.* %$'&':0$"&* 4#'$%11%1* [e&.%(* %6* "&B* +,,oz* A'#(%&"1* +,n,\B*
E'54"#%.*6'*("69#"&*.0169#J"($%1)*H'h%/%#)*"(6H#'4':%(0$*054"$61*"#%*#%&"60/%&I*(%h*
[�n,B,,,*I%"#\*"(.*5"I*#%4#%1%(6*('/%&*$'(.060'(1*='#*J0'6")*6H#%"6%(0(:*6H%*16"J0&06I*'=*
J'6H*J0'.0/%#106I*"(.*%$'1I16%5*=9($60'(0(:*[e&.%(*%6*"&B*+,,o\B**

g(*("69#"&&I*.#I0(:*j]1)*=&'h*0(6%#5066%($%*$"(*J%*$'(10.%#%.*"*("69#"&*.0169#J"($%)*
10($%*06*H"1*"$6%.*6H#'9:H*%/'&960'("#I*605%*"(.*H"1*#%19&6%.*0(*14%$0%1*"."46%.*6'*19$H*
"J0'60$*16#%11*[ZI6&%*"(.*U'==*+,,oz*!'h5"(*%6*"&B*+,,t\B*C%/%#6H%&%11)*j]1*"#%*'=6%(*"&1'*
19J7%$6%.* 6'* "(6H#'4':%(0$* 054"$61* [EH09* %6* "&B* +,nq\B* g(* ="$6)* j]1* ="$%* 6H%* 1"5%*
"(6H#'4':%(0$* 054"$61* "1*4%#%((0"&* #0/%#1)* 19$H*"1*h"6%#*%86#"$60'(1)* :%'5'#4H'&':I*
"&6%#"60'(1*"(.u'#*$H"(:%1*0(*h"6%#*>9"&06I*[N0:B*v\*[EH09*%6*"&B*+,nq\B*Y(&0i%*4%#%((0"&*
#0/%#1)* H'h%/%#)* j]1G* HI.#'&':0$"&* /"#0"J0&06I* '=6%(* "$$%(69"6%1* 6H%* %==%$61* '=* 6H%1%*
054"$61* JI* #%.9$0(:* 6H%0#* .0&960'(* $"4"$06I* [KF5%^* %6* "&B* +,nq\B* j]1* $"(* "&1'* 19==%#*
%86#"$60'(1*'=*"::#%:"6%1*"(.*1%.05%(61*[N0:B*v\*'#*J%*91%.*"1*4"11":%h"I1*hH%(*6H%*
#0/%#J%.* #%5"0(1* .#I* ='#* &'(:* 4%#0'.1* [EH09* %6* "&B* +,nq\B* g(* "..060'()* 1%/%#"&* j]1* "#%*
"$69"&&I*4%#%((0"&* #0/%#1* 19J7%$6%.* 6'*h"6%#*h06H.#"h"&1* ='#*":#0$9&69#%*'#*9#J"(*91%1*
[A"6#I* %6* "&B* +,no")Jz* EH09* %6* "&B* +,nq\B* -6* 6H%* 1"5%* 605%)* 1'5%* 4%#%((0"&* #0/%#1* "#%*
"$69"&&I*j]1* 6H"6*H"/%*J%%(*S4%#%((0"&0^%.T*#%19&60(:* =#'5*1%h":%*%==&9%(61*'#* #9('==*
=#'5* 0##0:"60'(*h"6%#1* [Z96HI* %6* "&B* +,nyz* EH09* %6* "&B* +,nq\B* jH%1%* "&6%#"60'(1* '=* =&'h*
#%:05%1*5"I*('6*'(&I*"==%$6*j]1G*J0'.0/%#106I*"(.*%$'1I16%5*=9($60'(0(:*J96* #%19&6* 0(*
1%#0'91* .%$&0(%1* 0(* 6H%* 4#'/010'(* '=* $#9$0"&* %$'1I16%5* 1%#/0$%1* [!'9&6'(* %6* "&B* +,noz*
~'9(.'9#0*%6*"&B*+,nq\B*

!
!
!
!
!
!
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,-./01!$2!*X(5;-$%!,O!(!t8!%:OO$#>3.!.$,5,#;&,-,.>+(-!(-)$#()>,3%!2:$!),!6(7!$X)#(+)>,3%!,O!
(..#$.()$%! (32! %$2>5$3)%! (32! (.#>+:-):#$! ,#! 6C0+7! +(3(->m()>,3%! (32! '()$#! $X)#(+)>,3%D!
c&,),%h!RD!@>2!(32!RD=,3(2(D!
!

*
E&05"6%*$H"(:%*01*%84%$6%.*6'*0($#%"1%*6H%*=#%>9%($I*'=*.#'9:H61*"(.*6'*#%.9$%*

5%"(*"((9"&*.01$H"#:%*h'#&.h0.%)*"&6%#0(:*6H%*6050(:)*=#%>9%($I*"(.*0(6%(106I*'=*=&'h*
0(6%#5066%($%*0(*j]1*[A"6#I*%6*"&B*+,no")J\B*-1*"*#%19&6)*"(6H#'4':%(0$*054"$61*5"I*%06H%#*
."54%(*.0==%#%($%1*0(*J0'.0/%#106I*J%6h%%(*j]1*"(.*4%#%((0"&*#0/%#1*JI*H'5':%(0^0(:*
$'559(060%1)* '#* 6H%* %==%$61* 0(* j]1G* J0'6"* $"(*J%* %/%(*H0:H%#* 6H"(* 0(* 4%#%((0"&* #0/%#1*
J%$"91%*6H%*#%.9$60'(*0(*6H%*.0&960'(*$"4"$06I*0(*j]1*[-$9w"*%6*"&B*+,noz*!'9&6'(*+,no\B*
A%1406%* 6H%* 0($#%"1%* 0(* 1$0%(60=0$* #%1%"#$H* 0(* j]1)* 5'16* 169.0%1* '(* 6H%* %==%$61* '=*
"(6H#'4':%(0$*054"$61*"#%*160&&*='$91%.*'(*4%#%((0"&*#0/%#1*[Z%0:H*%6*"&B*+,nr")J\B*g(*6H%*
$"1%* '=* j]1)* "* J%66%#* 9(.%#16"(.0(:* '=* 6H%* 7'0(6* %==%$61* '=* =&'h* 0(6%#5066%($%* "(.*
"(6H#'4':%(0$*054"$61*'(*J0'&':0$"&*$'559(060%1*01*#%>90#%.B*

*
*
*
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%
A;9;78A896%;95%<@9?8:D;6>@9%@3%6:#%
*
A%1406%*j]1*H'&.*9(0>9%*14%$0%1*$'54'1060'(*[E0.*%6*"&B*+,nqz*k69JJ0(:6'(*%6*"&B*+,nq\)*
6H%1%* %$'1I16%51* "#%* 160&&* "5'(:* 6H%* 5'16* 9(.%#4#'6%$6%.* "(.* 4''#&I* 5"(":%.*
=#%1Hh"6%#* %$'1I16%51* h'#&.h0.%* [Z%0:H* %6* "&B* +,nt\B* -* J%66%#* 5"(":%5%(6* "(.*
$'(1%#/"60'(* '=* j]1* 01* 6H%#%='#%* #%>90#%.B* O'h%/%#)* j]1* "#%* 919"&&I* %&9.%.* JI* =&'h*
:"9:0(:* (%6h'#i1* [K"&&"#6* %6* "&B* +,nr\* "(.* ('6* "&h"I1* 0($'#4'#"6%.* '#* ".%>9"6%&I*
"11%11%.* 0(* J0'5'(06'#0(:* "(.* $'(1%#/"60'(* 4#':#"51* [k"($H%^VP'(6'I"* %6* "&B* +,,q)*
+,nnz*k69JJ0(:6'(*%6*"&B)*+,ns\B*g(*="$6)*$9##%(6*J0'"11%115%(6*6''&1*6H"6*$"(*J%*"44&0%.*
0(*j]1*"#%*4#"$60$"&&I*('(V%8016%(6*$'54"#%.*6'*6H'1%*='#*4%#%((0"&*#0/%#1*[A"6#I*%6*"&B*
+,nq")Jz*N#06^*%6*"&B*+,nq\B**
*

-10.%*=#'5*054#'/0(:*J0'"11%115%(6*6''&1*='#*j]1)*6H%*0(/'&/%5%(6*'=*&'$"&*$060^%(1*
$"(* #%19&6* 0(* "* 4'h%#=9&* 6''&* ='#* "* $'54&%6%* 9(.%#16"(.0(:* '=* 6H%0#* HI.#'&':0$"&*
$H"#"$6%#0160$1B*P'#%'/%#)*"$60/%*4"#60$04"60'(*'=*1'$0%6I*01*#%>90#%.*6'*4#'5'6%*$H"(:%1*
0(*&%:01&"60'(*1'*6H"6*5"(":%5%(6*"(.*$'(1%#/"60'(*'=*6H%1%*%$'1I16%51*J%$"5%*6#9&I*
%==%$60/%* [Z%0:H* %6* "&B* +,nr")Jz* E'("&&0(* %6* "&B* +,nsz* ]'.#<:9%^VZ'^"('* %6* "&B* +,+,\B*
jH%#%='#%)* 0($'#4'#"60(:*j]1*0(*4"#60$04"6'#I*4#'$%11%1*01*i%I*6'*054#'/%*6H%0#*$9##%(6*
5"(":%5%(6B*N'#*6H%*".%>9"6%*5"(":%5%(6*"(.*$'(1%#/"60'(*'=*j]1)*06*h'9&.*J%*6H91*
6#9&I*91%=9&*6'*[n\*"$>90#%*"*J%66%#*9(.%#16"(.0(:*'=*j]1G*J0'.0/%#106I*4"66%#(1z*[+\*'J6"0(*
J0'"11%115%(6*6''&1*$"4"J&%*'=*.0==%#%(60"60(:*"(6H#'4':%(0$*054"$61*=#'5*("69#"&*=&'h*
0(6%#5066%($%z*"(.*[v\*0($'#4'#"6%*j]1*0(*4"#60$04"6'#I*4#'$%11%1*6'*4#'5'6%*$H"(:%1*0(*
&%:01&"60'(B**

*

*
G2.'(0&$2.,2>!HI0J!8,-.,/'(0,&1!%$&&'(20!:-(!,4%(-/,2>!&#',(!;-20'(/$&,-2!!
*
N'#* ">9"60$* J0'&':0$"&* $'559(060%1* 0(H"J060(:* j]1* [%B:B* "&:"%)* 5"$#'4HI6%1)*
5"$#'0(/%#6%J#"6%1*'#*=01H\)*6%54'#"&*"(.*14"60"&*$H"(:%1*0(*5%1'H"J06"61*.9%*6'*&'11*'#*
#%195460'(*'=*19#="$%*=&'h*$"(*&%".*6'*.0/%#106I*$H"(:%1*0(*14%$0%1*$'54'1060'(*[!'("."*
"(.*]%1H*+,nvz*]'5"(<*%6*"&B*+,nqz*k69JJ0(:6'(*%6*"&B*+,nq\B*Z'11*'=*19#="$%*=&'h*0(*j]1*
50:H6* 054&I* 6H%* .01"44%"#"($%* '=* 14%$0%1* "."46%.* 6'* #0==&%* H"J06"61)* J96* "&1'* 6H%*
"44%"#"($%*'=*14%$0%1*6H"6*$"(*J%*='9(.*%8$&910/%&I*0(*4''&*H"J06"61*[N0:B*o\*[!'("."*%6*
"&B*+,,r")*+,+,*z*!':"(*%6*"&B*+,nqz*j'(i0(*%6*"&B*+,nq\B**
*
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,-./01!%2!@&(3.$%!>3!(f:()>+!+,55:3>)>$%!'>)&!-,%%!(32!#$%:5;)>,3!,O!%:#O(+$!O-,'!>3!t8%D!
=-(+v! (##,'%! #$;#$%$3)! ,#.(3>%5%! )&()! (##>?$! ,#! -$(?$0! $>)&$#! C/! '()$#'(/! 6%,->2! ->3$70!
(>#'(/! 62(%&$2! ->3$70! ,#! )&,%$! )&()! #$+,-,3>m$! C/! :%>3.! #$%>%)(3+$! O,#5%! ),! ,#! >3! )&$!
&/;,#&$>+!m,3$!6%$.5$3)$2!->3$7D!c>+):#$!O#,5!cD!",#):l,D!

*
pH%(* &'11* '=* 19#="$%* =&'h* '$$9#1)* 1'5%* '#:"(0151* "#%* 9("J&%* 6'* 4%#1016* 0(* 6H%*

"J1%($%*'=*h"6%#*[!':"(*%6*"&B*+,nq\B*g(16%".)*'6H%#*'#:"(0151*4#%1%(6*"."46"60'(1*[0B%B*
J0'&':0$"&*6#"061\*6'*$'4%*h06H*06)*19$H*"1*%5%#:0(:*"(.*$'54&%60(:*6H%0#*&0=%*$I$&%*0(*6H%*
6%##%16#0"&*%$'1I16%5)*50:#"60(:*6'*'6H%#*4''&1*'#*6'*6H%*HI4'#H%0$*^'(%)*'#*"$60/"60(:*
#%1016"($%* ='#51* 6H"6* "&&'h* 6H%5* 6'* #%5"0(* .'#5"(6* 0(* 6H%* #0/%#J%.* 9(60&* =&'h*
#%195460'(* [N0:B* o\* [!'("."* "(.* ]%1H* +,nvz* !':"(* %6* "&B* +,nq\B* N&'h* #%195460'(* 01*
"('6H%#* i%I* 5'5%(6* ='#* J0'&':0$"&* $'559(060%1)* "1* 14%$0%1* #%V$'&'(0^%* j]1* "(.*
$'559(060%1*#%'#:"(0^%*":"0(*[N0:B*o\*[!'("."*%6*"&B*+,,r")*+,+,\B*

*
Z'11*"(.*#%195460'(*'=*19#="$%*=&'h*"==%$6*6H%*16#9$69#%*"(.*=9($60'(*'=*J0'&':0$"&*

$'559(060%1*0(*j]1*[!'("."*%6*"&B*+,,q")Jz*k69JJ0(:6'(*%6*"&B*+,nq\B*A#I0(:*%/%(61*"$6*
4#05"#0&I*"1*"*.0169#J"($%*.%$#%"10(:*">9"60$*J0'.0/%#106I*0(*j]1*"(.)*$'(1%>9%(6&I)*1'5%*
169.0%1*='9(.*6H"6*j]1*"#%*&%11*.0/%#1%*$'54"#%.*6'*4%#%((0"&*#0/%#1)*hH%#%*6H%1%*%/%(61*
.'*('6*'$$9#* [A%&*]'1"#0'*"(.*]%1H*+,,,z*!':"(*%6*"&B*+,nv\B*O'h%/%#)*'6H%#* 169.0%1*
='9(.* 6H%* '44'106%* [!'("."* %6* "&B* +,,q")Jz* -&%8"(.#%* %6* "&B* +,nv\* '#* ('* .0==%#%($%*
J%6h%%(* j]1* "(.* 4%#%((0"&* #0/%#1* [k"(6'1* "(.* k6%/%(1'(* +,nn\B* N'#* 0(16"($%)* j]1* 0(*
P%.06%##"(%"(*$&05"6%1*H'&.*9(0>9%*14%$0%1*$'54'1060'(*.9%*6'*6H%0#*4#%.0$6"J&%*=&'h*
#%:05%1*[!'("."*%6*"&B*+,,rz*P9((W*"(.*U#"6*+,nnz*E0.*%6*"&B*+,nq\*"(.)* 6H91)*H0:H%#*
J0'.0/%#106I*/"&9%1*50:H6*J%*%84%$6%.*0(*6H%1%*%$'1I16%51*hH%(*$'54"#0(:*6'*4%#%((0"&*
#0/%#1B* jH%* .%J"6%* #%5"0(1)* 6H91)* '/%#* hH%6H%#* j]1* "#%* 5'#%* '#* &%11* .0/%#1%* 6H"(*
4%#%((0"&*#0/%#1*[A"6#I*%6*"&B*+,nnz*Z%0:H*%6*"&B*+,nr"\B**

*
*
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g(* "..060'()* J0'.0/%#106I* .0==%#%($%1* J%6h%%(* 4%#%((0"&* "(.* j]1* 50:H6* /"#I*
.%4%(.0(:* '(* %(/0#'(5%(6"&* ="$6'#1)* 19$H* "1* $&05"6%)* 1%"1'()* 5%1'H"J06"6* '#*
&'(:069.0("&* ^'("60'(B* N#'5*H%#%* "#01%1* 6H%% C$#7*% D<"5*+#%'C% *<+% *<+7$7B%hH0$H*"051*"6*
.%6%#50(0(:* hH%6H%#* 4%#%((0"&* "(.* j]1* .0/%#106I* .0==%#1* $'(10.%#0(:* "&1'* 6H%1%*
%(/0#'(5%(6"&*="$6'#1B*

*
-1* J0'&':0$"&* $'559(060%1* 0(* j]1* $H"(:%* =#'5* =&'h0(:* 6'* .#I0(:* 4%#0'.1)* "(.*
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%$'1I16%51)*"(.*1%%51*6'*h'#i*J%66%#*6H"(*=9($60'("&*.0/%#106I*[Z"&0J%#6W*"(.*Z%:%(.#%*
+,n,z*K90&&%5'6*%6*"&B*+,nnz*!#9('*%6*"&B*+,nr")J\B*E'(1%>9%(6&I)*1%/%#"&*#%$%(6*169.0%1*
%($'9#":%* 6H%*91%*'=*5%6#0$1*J"1%.*'(* =9($60'("&* #%.9(."($I* ='#* j]1G*J0'5'(06'#0(:*
[%B:B*K960W##%^VE_('/"1*%6*"&B*+,nyz*!#9('*%6*"&B*+,nr")Jz*!%&5"#*%6*"&B*+,nt\B*N#'5*H%#%*
"#01%1*6H%**<$#3%D<"5*+#%'C%*<+%*<+7$7B*hH0$H*"051*"6*"11%110(:*6H%*"J0&06I*'=*6#".060'("&*
J0'5'(06'#0(:*5%6#0$1*"(.*(%h*=9($60'("&*'(%1*6'*.%6%$6*"(6H#'4':%(0$*054"$61*0(*j]1B*
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B;:6><>B;6@:C%B:@<8??8?%>9%6:?%A;9;78A896%
*
U"#60$04"6'#I* 4#'$%11%1* $"(* H%&4* 6'* 4#'5'6%* "* 5'#%* 1916"0("J&%* "(.* %>906"J&%*
5"(":%5%(6* '=* h"6%#* #%1'9#$%1* "(.* %(:":%* $060^%(1* 0(* .%$010'(V5"i0(:B* 3==%$60/%*
.%$010'(V5"i0(:*0(*4"#60$04"6'#I*4#'$%11%1)*H'h%/%#)*#%>90#%1*6H"6*"&&*4"#60$04"(61*H"/%*
"(* ".%>9"6%* &%/%&* '=* i('h&%.:%* "J'96* 6H%* 6'40$* "..#%11%.* [P'16%#6* %6* "&B* +,,qz*
P'%&&%(i"54*%6*"&B*+,n,z*U'#6%#*"(.*!0#.0*+,ns\B*jH01*01*%14%$0"&&I*#%&%/"(6*0(*6H%*$"1%*'=*
j]1)* "1* 4"#60$04"(61* 0(/'&/%.* 0(* 6H%* 4"#60$04"6'#I* 4#'$%11*50:H6* ('6* J%* "h"#%* '=* 6H%*
J0'.0/%#106I*"(.*%$'&':0$"&*/"&9%*'=*6H%1%*%$'1I16%51*[E'("&&0(*%6*"&B*+,ns\B*jH01*&"$i*'=*
"h"#%(%11*50:H6*J%*4"#6&I*J%$"91%*1'$0%6I*H'&.1*6H%1%*%$'1I16%51*0(*&'h*%16%%5*"(.*"1*
1I('(I5* '=* %(/0#'(5%(6"&* .%:#"."60'(* [-$9w"* %6* "&B* +,nqz* Z%0:H* %6* "&B* +,nt"\B*
g($'#4'#"60(:* j]1* 0(* 4"#60$04"6'#I* 4#'$%11%1)* 6H91)* $'9&.* $'(6#0J96%* 6'* 0($#%"1%* 6H%0#*
1'$0"&* #%$':(060'(* J%I'(.* 6'* 054#'/%* 6H%0#* $9##%(6* 5"(":%5%(6B* jH%#%* "#%* 1%/%#"&*
4"#60$04"6'#I*%(:":%5%(6*5%$H"(0151*6H"6*$"(*H%&4*0(*6H%*%==%$60/%*.%$010'(V5"i0(:*'=*
6H%*4#'$%11*JI*4#'5'60(:*'4%(*"(.*$'(16#9$60/%*.0"&':9%1*"5'(:*4"#60$04"(61*[x0.%0#"*
%6*"&B*+,,rz*x"#(%#*+,noz*P9iH6"#'/*%6*"&B*+,ns\B*jH%*5'16*$'55'(&I*91%.*5%$H"(0151*
"#%*19#/%I1)*0(6%#/0%h1)*h'#i1H'41*"(.*1$0%(60=0$*.011%50("60'(*[]%%.*+,,sz*x0.%0#"*%6*"&B*
+,,rz* P'16%#6* %6* "&B* +,,q\)* J96* #%$%(6&I* 1'5%* 4#'$%11%1* H"/%* "&1'* 0($&9.%.*
%(/0#'(5%(6"&*%.9$"60'(*"(.*$060^%(*1$0%($%*"$60/060%1*[K#"I*%6*"&B*+,nqz*P9iH6"#'/*%6*"&B*
+,ns\B*P'#%'/%#)*6H%*%$'1I16%5*1%#/0$%1*$'($%46*H"1*J%%(*"&1'*0($'#4'#"6%.*6'*0($#%"1%*
49J&0$* "h"#%(%11* '(* #0/%#1* [K#0^^%660* %6* "&B* +,nr\B* N'#* 0(16"($%)* 1%/%#"&* 169.0%1* H"/%*
0($'#4'#"6%*6H%*$'($%46*'=*%$'1I16%5*1%#/0$%1*0(*4"#60$04"6'#I*4#'$%11%1*'=*6H%*pNA*6'**
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%6*"&B*+,nrz*d'#."VE"4.%/0&"*%6*"&B*+,nr\B**

*
jH%*pNA*5"(."6%1*6H%*0($'#4'#"60'(*'=*16"i%H'&.%#1*"(.*6H%*:%(%#"&*49J&0$*0(*6H%*

.%/%&'45%(6*"(.*94."60(:*'=*6H%*]0/%#*!"10(*P"(":%5%(6*U&"(1*'#*]!PU1*910(:*49J&0$*
4"#60$04"60'(*[1%%*!'8*+\*[3E*+,,t\B*O'h%/%#)*"1*0(*6H%*$"1%*'=*J0'5'(06'#0(:)*6H%*pNA*
054&%5%(6"60'(* H"1* J%%(*5"0(&I* ='$91%.* '(* 4%#%((0"&* #0/%#1* "(.* 01* 160&&* #"#%* 0(* j]1B*
E'(10.%#0(:* 6H"6* j]1* "#%* 0($#%"10(:* .9%* 6'* :&'J"&* $H"(:%* [Aƒ&&* "(.* k$H50%.* +,n+\)*
.%/%&'40(:*4"#60$04"6'#I*4#'$%11%1*0(*j]1)*5"I*H%&4*#%=#"50(:*"(.*"."460(:*$9##%(6*#0/%#*
5"(":%5%(6*4#"$60$%1* 6'* =969#%*%(/0#'(5%(6"&* $H"(:%1B* N#'5*H%#%*"#01%1* 6H%* C'9#*<%
D<"5*+#% 'C% *<+% *<+7$7)* hH0$H* "051* "6* #%=#"50(:* 4"#60$04"6'#I* 4#'$%11%1* 0(* #0/%#* J"10(*
5"(":%5%(6*6'*%(H"($%*6H%*0($&910'(*'=*j]1B*
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jH%*5"0(*:'"&*'=*6H01*6H%101*h"1*6'*$'(6#0J96%*6'*6H%*$'(1%#/"60'(*"(.*5"(":%5%(6*'=*
6%54'#"#I*#0/%#1*[j]1\)*6H'1%*hH%#%*19#="$%*=&'h*$%"1%1*"6*1'5%*4'0(6*0(*605%*"(.*14"$%B*
g(* 6H%* ='9#* $H"46%#1* 0($&9.%.* 0(* 6H01* 6H%101)* 6H%* 1%&%$6%.* #0/%#1* 1H'h%.* "* :#".0%(6* '=*
("69#"&*.0169#J"($%1*[=&'h*0(6%#5066%($%\*"(.*"(6H#'4':%(0$*054"$61B***
*

j'* 'J6"0(* "(* '/%#"&&* /0%h)* 0(* EH"46%#* n* h%* $'54"#%.* J0'.0/%#106I* J%6h%%(*
4%#%((0"&*"(.*j]1*h'#&.h0.%*$'(10.%#0(:*6H%*6"8'('50$*:#'941*6H"6*"#%*919"&&I*91%.*0(*
5"(":%5%(6*[%B:B*.0"6'51)*5"$#'0(/%#6%J#"6%)*=01H\B*g(16%".)*0(*EH"46%#1*+)*v*"(.*o*h%*
5"0(&I* ='$91%.*'(*5"$#'0(/%#6%J#"6%1* =#'5* 6H%*P%.06%##"(%"(V$&05"6%* #%:0'(*'=* 6H%*
gJ%#0"(*U%(0(19&"B*g(*6H%1%*6H#%%*$H"46%#1)*h%*%84%$6%.*6'*$'(6#0J96%*6'*j]1*$'(1%#/"60'(*
"(.*5"(":%5%(6*JI*.%/%&'40(:*J0'5'(06'#0(:*6''&1*[EH"46%#*v\)*'#*6%160(:*"(.*"."460(:*
"*1%6*'=*$9##%(6*0(6%#.01$04&0("#I*5%6H'.1*"(.*"44#'"$H%1*6'*054#'/%*#0/%#*$'(1%#/"60'(*
[EH"46%#*+\*"(.*5"(":%5%(6*[EH"46%#1*o\*[N0:B*n\B**
*

N0("&&I)* 6H%* 6I4'&':I* '=* j]1* 91%.*hH%(* $'(.9$60(:* 6H%* .0==%#%(6* $H"46%#* '=* 6H01*
6H%101*"&1'*/"#0%1*"&'(:*6H%*6H%101B*g(*EH"46%#1*n)*+*"(.*v)*h%*%8$&9.%.*%4H%5%#"&*#0/%#1*
[3\*J%$"91%*'=*&"$i*'=*J0'&':0$"&*."6"*"(.*6H91*h%*='$91%.*'(*0(6%#5066%(6V4''&1*[gU\*"(.*
0(6%#5066%(6V.#I*[gA\*#0/%#1*[H%#%"=6%#*#%=%##%.*"1*0(6%#5066%(6*#0/%#1z*g]1\B*g(*$H"46%#*o)*
%4H%5%#"&*#0/%#1*[3\*h%#%*"&1'*$'(10.%#%.*"(.*h%*6H91*#%=%#*6'*j]1B*

*
jH%*5"0(*'J7%$60/%1*'=*6H%*='9#*$H"46%#1*'=*6H01*6H%101*"#%2*

•! j'*.%6%#50(%*hH%6H%#*g]1*"(.*4%#%((0"&*#0/%#1*J0'.0/%#106I*.0==%#*"(.*hH%6H%#*6H%*
.0#%$60'(*"(.*5":(069.%*'=*"(I*.0==%#%($%* 01*#%&"6%.*6'*6H%*%(/0#'(5%(6"&* [0B%B*
$&05"6%)* 1%"1'()* H"J06"6)* &'(:069.0("&* ^'("60'()* "(6H#'4':%(0$* .0169#J"($%\* '#*
J0'&':0$"&* ="$6'#1* [0B%B* 6"8'('50$* :#'94\* HI4'6H%101%.* 6'* "==%$6* J0'.0/%#106I*
4"66%#(1*0(*#0/%#*%$'1I16%51*[4<"5*+#%=\B**

*

•! j'*"("&I1%*6H%*$'(6#0J960'(*'=*g]1*6'*6H%*6"8'('50$*"(.*=9($60'("&*14"60'6%54'#"&*
‚* .0/%#106I* '=*5"$#'0(/%#6%J#"6%1* 0(*P%.06%##"(%"(V$&05"6%* #0/%#1B* k4%$0=0$"&&I)*
14"60'6%54'#"&* ‚* .0/%#106I* 4"66%#(1* h%#%* 'J6"0(%.* JI* "("&I10(:* 6H%* &'$"&*
$'(6#0J960'(*6'*‚*.0/%#106I*'=*%"$H*106%*'/%#*605%*[4<"5*+#%?\B*

*
*



`La%/(#$%'*

35*

!

!

*

•! j'*"11%11*6H%*"J0&06I*'=*J0'5'(06'#0(:*5%6#0$1*6'*.%6%$6*"(6H#'4':%(0$*054"$61*"6*
g]1*"(.*4%#%((0"&*#0/%#1)*$'(10.%#0(:*J'6H*=&'h0(:*"(.*.01$'((%$6%.*4''&1*4H"1%1*
'=* g]1B* k4%$0=0$"&&I)* h%* 0(/%160:"6%.* 6H%* $'5J0(%.* %==%$61* '=* ("69#"&* =&'h*
0(6%#5066%($%*[("69#"&*.0169#J"($%\*"(.*"(6H#'4':%(0$* 054"$61*'(*h0.%&I*91%.*
#0/%#* J0'5'(06'#0(:* 5%6#0$1* [0B%B* 6"8'('50$* #0$H(%11* "(.* 16"(."#.* J0'&':0$"&*
0(.0$%1\*"(.*('/%&*=9($60'("&*5%6#0$1*J"1%.*'(*J0'&':0$"&*6#"061*[4<"5*+#%@\B**

*

•! -."460(:* 4"#60$04"6'#I* 4#'$%11%1* 0(* #0/%#* J"10(* 5"(":%5%(6* 6'* %(H"($%* 6H%*
0($&910'(*'=*%$'1I16%51*h06H*&'h*1'$0"&*#%$':(060'(*19$H*"1*j]1*[4<"5*+#%A\B*

*
*

g(* "..060'(* 6'* 6H%1%* ='9#* $H"46%#1)* .9#0(:* 5I* UHA* g* H"/%* $'V"96H'#%.* ='9#* '6H%#*
5"(91$#0461*6H"6*"#%*#%&"6%.*6'*6H%*.0==%#%(6*'J7%$60/%1*'=*6H%*6H%1012*

*

•! g(*E"FF"#*% +*% "F.% G?H=IJB* h%* "05%.* "6* 4#'4'10(:* 94."6%.*5%6H'.1* ='#* 6H%*
'4%#"60'("&* 5'(06'#0(:)* "11%115%(6* "(.* $&"110=0$"60'(* '=* 6H%* HI.#'&':0$"&*
#%:05%* '=* 6%54'#"#I* #0/%#1)* "&'(:* h06H* 6H%* %/"&9"60'(* '=* 6H%* .%:#%%* '=*
HI.#'&':0$"&*"&6%#"60'(B*

*

•! g(* 1'2"3"% +*% "F.% G?H?HJB* h%* "05%.* "6* 4#'/0.0(:* "* $H"#"$6%#0^"60'(* '=*
.01$'((%$6%.*4''&1*=#'5*"*HI.#'&':0$"&)*:%'5'#4H'&':0$"&)*4HI10$'$H%50$"&)*
J0':%'$H%50$"&)* "(.* J0'&':0$"&* 4'0(6* '=* /0%h* "1* "* =#"5%h'#i* 6'* J%66%#*
$'($%469"&0^%)*$'(1%#/%)*"(.*5"(":%*6H%1%*H"J06"61B*

*

•! g(*&'#$"%+*%"F.%G"DD+5*+3JB*h%*"05%.*"6*$'(.9$60(:*"*#%/0%h*'(*1'5%*'=*6H%*
5"0(*5%6H'.1*='#*%/"&9"60(:*6H%*16"691*'=*6%54'#"#I*#0/%#1B*

*

•! g(*19#C+$3K4"7*+FF"2'7%+*%"F.% G$2%5#+5"#"*$'2JB*h%*"05%.*"6*%/"&9"60(:*H'h*
=&'h*0(6%#5066%($%*$'(='9(.*6"8'('50$*"(.*=9($60'("&*J0'5'(06'#0(:*5%6#0$1*
='#*.0"6'51B***
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*

*
*
*
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*
*
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E'54#%H%(10/%*i('h&%.:%*'=* 6H%*%==%$61*'=*.0169#J"($%1*'(*J0'.0/%#106I* 01* $#9$0"&* ='#*
$'(1%#/"60'(*"(.*5"(":%5%(6)*('6*&%"16*J%$"91%*%$'1I16%51*h06H*&'h*J0'.0/%#106I*5"I*
J%*6H%*5'16*/9&(%#"J&%B*g(*#0/%#1)*6H%*#'&%*'=*.0169#J"($%*0(*1H"40(:*">9"60$*J0'.0/%#106I*
H"1*5"0(&I*='$91%.*'(*=&''.1B*U%#%((0"&*#0/%#1*'=6%(*=&''.)*hH%#%"1*0(6%#5066%(6*#0/%#1*
[g]1\*=&''.)*16'4*=&'h0(:*"(.*.#IB*A%1406%*6H%*#%$%(6*"(.*10:(0=0$"(6*0($#%"1%*0(*#%1%"#$H*
'(* g]1)* $'(6#'/%#1I* #%5"0(1* "J'96* hH%6H%#* 6H%I* "#%* 5'#%* '#* &%11* J0'.0/%#1%* 6H"(*
4%#%((0"&*#0/%#1B**
*
e9#*"05*h"1*6'*.%6%#50(%*[Xn\*0=*4%#%((0"&*#0/%#1 "(.*g]1*.0==%#*0(*J0'.0/%#106I*"(.*[X+\*
0=* 6H%* .0#%$60'(* "(.* 5":(069.%* '=* 6H%* .0==%#%($%1* [%==%$6* 10^%1\* "#%* #%&"6%.* 6'*
%(/0#'(5%(6"&* [$&05"6%)* 1%"1'()* H"J06"6)* &'(:069.0("&* ^'("60'(* "(.* "(6H#'4':%(0$*
.0169#J"($%\*"(.u'#*J0'&':0$"&*="$6'#1*[6"8'('50$*:#'94\B**
*
p%*$'(.9$6%.*"*5%6"V"("&I101*'(*oo*49J&01H%.*169.0%1*'=*4%#%((0"&*"(.*g]*J0'.0/%#106I*
6H"6* H".* #%4&0$"6%.* ."6"B* p%* "44&0%.* #"(.'5* %==%$61* 5'.%&1* 6'* 6H%* ."6"* 6'* 'J6"0(*
h%0:H6%.*5%"(*%==%$6*10^%1*='#*.0==%#%($%1*J%6h%%(*4%#%((0"&*#0/%#1*"(.*g]1)*"(.*6H%0#*
$'(=0.%($%* 0(6%#/"&1)* JI* =0#16* $'(10.%#0(:* "&&* 169.0%1* "(.* 6H%(*JI* 14&0660(:* 169.0%1* 0(6'*
:#'941*'(*6H%*J"101*'=*6H%*"J'/%*="$6'#1B**
*
p%* ='9(.* 6H"6* J0'.0/%#106I* h"1* 10:(0=0$"(6&I* H0:H%#* 0(* U]1* 6H"(* 0(* g]1* [Xn\B*p%* "&1'*
.%6%$6%.*10:(0=0$"(6*.0==%#%($%1*[4%#%((0"&*#0/%#1*„*g]1\*0(*169.0%1*'=*5"$#'0(/%#6%J#"6%1)*
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59$H* &%11* =#%>9%(6*6H"(*#%10&0%($%*6#"061* 0(* g]1* [A"6#I*%6*"&B*+,noJz*Z%0:H*%6*"&B*+,nr"z*
x"(.%#*x'#16%*%6*"&B*+,nr\)*hH0$H*h'9&.*%84&"0(*'9#*'/%#"&&*#%19&6B*e=*4"#60$9&"#*$'($%#(*
01*'9#*=0(.0(:*'=*$'54"#"60/%&I*&'h*J0'.0/%#106I*0(*"#0.V^'(%*g]1*:0/%(*"#0.06I*01*4#'7%$6%.*
6'*0($#%"1%*0(*1%/%#"&*#%:0'(1*'=*6H%*h'#&.*[%B:B*6H%*"&#%".I*"#0.*1'96Hh%16*#%:0'(*'=*Yk-z*
k%":%#*%6*"&B*+,nv\B*

*
e9#* #%19&61* .'* ('6* 1944'#6* 6H%* /0%h* 6H"6* .0==%#%($%1* 0(* J0'.0/%#106I* J%6h%%(*

4%#%((0"&*#0/%#1*"(.*g]1*"#%*(%:&0:0J&%*.9#0(:*6H%*h%6*1%"1'(B*O'h%/%#)*.%1406%*6H%*&'h*
(95J%#*'=*169.0%1*$'(10.%#%.)*h%*.0.*=0(.*1944'#6*='#*6H%*HI4'6H%101*6H"6*J0'.0/%#106I*0(*
4%#%((0"&*#0/%#1* 01*H0:H%#*6H"(*0(*g]1*.9#0(:*6H%*.#I*1%"1'(B*g(*6H01* &"66%#*$"1%)*6H%*&'h*
H"J06"6* "/"0&"J0&06I* 0(* g]1* $'54"#%.* 6'* 4%#%((0"&* #0/%#1*h0&&* #%.9$%* J0'.0/%#106I* 9(&%11*
01'&"6%.*4''&1*#%5"0(*='#* &'(:*4%#0'.1*"&&'h0(:*5"(I*14%$0%1*6'*$'&'(0^%*"(.*0($#%"1%*
$'559(06I* /"#0"J0&06I* "5'(:* 4''&1* h06H0(* #%"$H%1* [!'("."* %6* "&B* +,,r"z* Z%0:H* "(.*
kH%&.'(*+,,t\B* !I* $'(6#"16)* .9#0(:* 6H%*h%6* 1%"1'()* .%1406%* g]1* H"/0(:* 1050&"#* H"J06"6*
"/"0&"J0&06I* "1* 4%#%((0"&* #0/%#1)* 1'5%* 169.0%1* H"/%* "&1'* 1H'h(* 6H"6* J0'.0/%#106I* 5"I*
#%5"0(*#%&"60/%&I*&'h*0(*g]1*J%$"91%*=%h%#*14%$0%1*5"I*J%*"/"0&"J&%*"(.*"J&%*6'*$'&'(0^%*
6H%1%* H"J06"61* "(.u'#* J%$"91%* '=* "&6%#"60'(1* 6'* =''.* h%J* 16#9$69#%* "(.* .05%(10'(1*
[A"6#I*+,n+z*P$O9:H*%6*"&B*+,ny\B*

*
->9"60$* '#:"(0151* [0B%B* 5"$#'0(/%#6%J#"6%)* =01H)* "&:"%* "(.* 5"$#'4HI6%1\* H"/%*

"."46"60'(1*6'*4"#60$9&"#* 0(16#%"5*H"J06"61)*=#'5*#0==&%1*6'*4''&1*[!'("."*%6*"&B*+,,r")
+,,sz*A"&&"1*+,,q\B*P'16* &0i%&I*.9%*6'*6H%*15"&&*(95J%#*'=*169.0%1*0(*6H%*19J1%61)*'9#*
HI4'6H%101*#%:"#.0(:*H"J06"6*[0B%B*J0'.0/%#106I*0(*4%#%((0"&*#0==&%1*5"I*J%*H0:H%#*6H"(*0(*g]*
#0==&%1)* hH%#%"1* 6H%* '44'106%* 4"66%#(*5"I* J%* 'J1%#/%.* 0(* 4''&1\* h"1* ('6* 1944'#6%.B*
O'h%/%#)*169.0%1*1"54&0(:*59&604&%*H"J06"61*1H'h%.*"*H0:H%#*J0'.0/%#106I*0(*4%#%((0"&*
#0/%#1*6H"(*0(*g]1)*hH0$H*":#%%1*h06H*=0(.0(:1*=#'5*K#"M"*%6*"&B*[+,,o\)*!%&5"#*%6*"&B*[+,nv\**
*
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*
"(.*Z%0:H*%6*"&B*[+,nv"\B*P9&60VH"J06"6*1"54&0(:*5"I*J%*"*J%66%#*5%6H'.*6'*"$$'9(6*='#*
J0'.0/%#106I* '=* #0/%#1* [Z%06c'* %6* "&B* +,no\* J%$"91%* 14%$0%1* $H"#"$6%#0160$* '=* 0(.0/0.9"&*
H"J06"61*5"I*('6*'$$9#*"$#'11*"&&*H"J06"6*6I4%1*[!'("."*%6*"&B*+,,rJz*E0.*%6*"&B*+,nr\B**

*
jH%*">9"60$*J0'.0/%#106I*'=*"*4"#60$9&"#*#%"$H*('6*'(&I*.%4%(.1*'(*0(16#%"5*H"J06"6*

$H"#"$6%#0160$1)*J96*"&1'*'(*6H%*#%:0'("&*J0'.0/%#106I*"(.*6H%*J"&"($%*J%6h%%(*.014%#1"&*
"(.* "J0'60$uJ0'60$* ="$6'#1B* jH%* #0/%#* (%6h'#i* 16#9$69#%* 4&"I1* "(* %11%(60"&* #'&%* ='#* 6H%*
.014%#10'(*'=*">9"60$*'#:"(0151*"(.*6H91*H%&41*.%6%#50(%*">9"60$*J0'.0/%#106I*4"66%#(1*
[-&6%#5"66*+,nv\B* g(*4%#%((0"&*#0/%#1)*J0'.0/%#106I* 0(*&'h&"(.*#%"$H%1*01*.#0/%(*JI*5"11*
%==%$61*hH%#%"1*"J0'60$uJ0'60$*="$6'#1*"#%*$'(10.%#%.*5'#%*054'#6"(6*0(*6H%0#*H%".h"6%#1*
[!#'h(*"(.*kh"(*+,n,\B*g(*g]1)*6H%*#%&"60/%*#'&%*'=*.014%#1"&*/%#191*"J0'60$uJ0'60$*="$6'#1*
.%4%(.1*('6*'(&I*'(*6H%*HI.#'&':0$"&*4H"1%*'=*6H%*#%"$H*[0B%B*=&'h0(:)*('(V=&'h0(:)*.#I\*
J96*"&1'*'(*hH%#%*6H%*.#I0(:*%/%(6*'$$9#1*"&'(:*6H%*#0/%#*(%6h'#i*[A"6#I*%6*"&B*+,noJ)*
+,nr$)*.\B*p%*h%#%*9("J&%*6'*6%16*H'h*.0==%#%(6*$'(=0:9#"60'(1*'=*.#I0(:*%/%(61*"==%$6*
">9"60$* J0'.0/%#106I* J96)* "&6H'9:H* 5'#%* 169.0%1* "#%* (%%.%.* ='#* 50..&%* #%"$H%1)* '9#*
#%19&61* '(* &'(:069.0("&* ^'("60'(* ":#%%.* h06H* '9#* 0(060"&* HI4'6H%101B* N&'h* "(.* #0/%#*
$H"#"$6%#0160$1*$H"(:%*h06H*&'(:069.0("&*^'("60'(*"(.)*"$$'#.0(:*6'*6H%*]0/%#*$'(60(995*
$'($%46)*"&4H"V.0/%#106I*01*%84%$6%.*6'*4%"i*"6*50..&%*#%"$H%1*[x"(('6%*%6*"&B*nts,z*N0((*
%6*"&B*+,nn\B* g(.%%.)* 6H%* &'h*"&4H"*J0'.0/%#106I* 0(*H%".h"6%#1*"(.*6H%0#*H0:H* 01'&"60'(*
5"i%* 6H%5* H0:H&I* /9&(%#"J&%* 6'* J0'.0/%#106I* &'11* JI* =&'h* 0(6%#5066%($%* "(.* H"54%#1*
#%$'&'(0^"60'(* "=6%#* =&'h* #%195460'(* 9(&%11* $'559(060%1* 0(* g]* H%".h"6%#1* "#%*
.'50("6%.*JI* #%1016"($%* 16#"6%:0%1* 6'* .#I0(:* [A"6#I* %6* "&B* +,noJ)* +,nr"\B* g(* $'(6#"16)*
50..&%* #%"$H%1* H"/%* H0:H%#* "&4H"* J0'.0/%#106I* "(.* &%11* 01'&"60'(* [N0((* %6* "&B* +,nn\)*
#%19&60(:* 0(* ('* .0==%#%($%1* J%6h%%(* 4%#%((0"&* #0/%#1* "(.* g]1B* e(* 6H%* '6H%#* H"(.)*
H%".h"6%#1*5"i%*94*"*&"#:%*4#'4'#60'(*'=*"&&*#0/%#*(%6h'#i1*[C"05"(*ntsvz*!%(."*%6*"&B*
+,,y\*"(.*6H%*169.0%1*0($&9.%.*0(*'9#*"("&I1%1*6H"6*h%#%*$'(.9$6%.*0(*59&604&%*#%"$H%1*
"&1'* 0($&9.%.* "* H0:H%#* 4#'4'#60'(* '=* H%".h"6%#* 106%1)* 1944'#60(:* 6H%* HI4'6H%101* 6H"6*
4%#%((0"&* #0/%#1* H"/%* "* H0:H%#* J0'.0/%#106I* 6H"(* g]1* hH%(* %8"50(%.* "$#'11* 59&604&%*
#%"$H%1* [0B%B* "6* &"#:%* 14"60"&* 1$"&%1\B*p%* 19::%16)* H'h%/%#)* 6H"6* 6H%1%* 0(6%#4#%6"60'(1*
1H'9&.*J%*/0%h%.*h06H*$"960'(*.9%*6'*6H%*15"&&*(95J%#*'=*169.0%1*0(*50..&%*#%"$H%1B*

*
-(6H#'4':%(0$* .0169#J"($%1* '=6%(* .%$#%"1%* J0'.0/%#106I* JI* H'5':%(010(:*

$'559(060%1*[]"H%&*+,,+\B*A%1406%*6H01)*h%*='9(.*H0:H%#*J0'.0/%#106I*0(*U]1*6H"(*0(*g]1*
#%:"#.&%11* '=* 6H%* &%/%&* '=* "(6H#'4':%(0$* .0169#J"($%* [0B%B* &'h* '#* 5%.095H0:H\B* p%*
"$i('h&%.:%)* H'h%/%#)* 6H"6* '9#* $"6%:'#0^"60'(* '=* "(6H#'4':%(0$* .0169#J"($%1* h"1*
$'"#1%*"(.*5'#%*169.0%1*$'54"#0(:*J0'.0/%#106I*0(*4%#%((0"&*#0/%#1 "(.*g]1*9(.%#*5'#%*
%84&0$06* "(.*.0==%#%(6*.0169#J"($%* $"6%:'#0%1* "#%*(%%.%.B* jH%*%==%$6*'=* "(6H#'4':%(0$*
.0169#J"($%1* '(* g]1* 01* "* #%&"60/%&I* ('/%&* 6'40$* 6H"6* 01* J%0(:* $'(10.%#%.* 0(* 6%#51* '=*
5"(":%5%(6* "(.* $'(1%#/"60'(* '=* #0/%#* %$'1I16%51* [ki'9&0i0.01* %6* "&B* +,nq\B* E9##%(6*
J0'"11%115%(6*5%6H'.1*"#%*.%10:(%.*6'*.%6%$6*6H%*054"$61*'=*"(6H#'4':%(0$**
*
*



G>.D(%&*2*

53*

!

!

*
.0169#J"($%1*[!'("."*%6*"&B*+,,rJ\*J96*6I40$"&&I*="0&*hH%(*"44&0%.*6'*g]1B*jH01*5%"(1*6H"6*
6H%*&'h%#*J0'.0/%#106I*'=*g]1*$'54"#%.*6'*4%#%((0"&*#0/%#1*$"(('6*1054&I*J%*0(6%#4#%6%.*
"1*0(.0$"60/%*'=*"(6H#'4':%(0$*054"0#5%(6B*C%h*5%6H'.1*='#*g]*J0'"11%115%(6*5916*J%*
.%10:(%.*6H"6*$"(*.01%(6"(:&%*("69#"&*=#'5*"(6H#'4':%(0$*.0169#J"($%1*[U#"6*%6*"&B*+,,oz*
Z%0:H*%6*"&B*+,nvJ\B*
*

!0'.0/%#106I*H"1*J%%(*#%&"6%.*6'*%$'1I16%5*#%10&0%($%*[.%=0(%.*JI*O'&&0(:*ntqv)*S"1*
6H%* 5":(069.%* '=* .0169#J"($%* 6H"6* "* 1I16%5* $"(* %84%#0%($%* J%='#%* 06* 1H0=61* 0(6'* "*
.0==%#%(6* 16"6%T\)* H'h%/%#)* 6H%#%* 01* 9($%#6"0(6I* "J'96* H'h* %$'1I16%5* #%10&0%($%* h0&&*
#%14'(.*6'*0($#%"1%1*0(*&%/%&1*'=*"(6H#'4':%(0$*.0169#J"($%*"(.*$'(1%>9%(6*054"$61*'(*
J0'.0/%#106I*[k6%==%(*%6*"&B*+,,o\B*p"&i%#*"(.*P%I%#1*[+,,o\*19::%16%.*6H"6*%$'1I16%51*
50:H6*#%14'(.*:#".9"&&I*6'*J0'.0/%#106I* &'11)*hH%#%"1*K9(.%#1'(*"(.*U#06$H"#.*[+,,+\*
19::%16%.* 6H"6* %$'1I16%51* h0&&* #%14'(.* 16#'(:&I)* J%$"91%* $#'110(:* 6H%* 6H#%1H'&.* '=*
J0'.0/%#106I* &'11* h0&&* 4#'.9$%* 19..%(* "(.* .#"5"60$* $H"(:%1* 0(* 6H%* #%14'(.0(:* 16"6%*
="$6'#1B*g(.%%.)*H0:H%#*(95J%#1*'=*14%$0%1*"#%*%84%$6%.*6'*0($#%"1%*6H%*"J0&06I*6'*#%$'/%#*
=#'5* .0169#J"($%1* [O'&&0(:* ntqsz* N'&i%* %6* "&B* +,,o\B* g=* g]1* H"/%* 10:(0=0$"(6&I* &'h%#*
J0'.0/%#106I*6H"(*4%#%((0"&*#0/%#1)*"1*='9(.*JI*91)*%$'1I16%5*#%10&0%($%*$'9&.*J%*"==%$6%.B*
O'h%/%#)* g]*6"8"*H"/%*4"#60$9&"#*"."46"60'(1*='#*19#/0/0(:*"(.*#%$'/%#0(:*=#'5*.#I0(:*
[Z"i%*+,nnz*!&"($H%66%*"(.*U%"#1'(*+,n+z*Z%0:H*%6*"&B*+,nrJ\)*hH0$H*5"I*H%&4*6'*5060:"6%*
6H%*%==%$61*'=* =969#%*$'V'$$9##0(:*.0169#J"($%1* [P'#0*%6*"&B*+,nvz*x"(.%#*x'#16%*%6*"&B*
+,nr\B*-&6H'9:H*"*:#'h0(:*(95J%#*'=*169.0%1*'(*g]1*$'(10.%#*%$'1I16%5*#%10&0%($%*[%B:B*
910(:*=9($60'("&*$H"#"$6%#0160$1*'=*14%$0%1z*!#9('*%6*"&B*+,nrz*x"(.%#*x'#16%*%6*"&B*+,nr\)*
6H%*%$'1I16%5*%==%$61*'=*J0'.0/%#106I*&'11*0(*6H%1%*1I16%51*(%%.1*6'*J%*0(/%160:"6%.B*

*
-1*"*#%19&6*'=*:&'J"&*$H"(:%)*%86#%5%*$&05"60$*%/%(61*"#%*%84%$6%.*6'*0($#%"1%*0(*

=#%>9%($I*"(.*0(6%(106I)*h06H*"(*0($#%"1%*0(*.#I0(:*=#%>9%($I)*.9#"60'()*"(.u'#*0(6%(106I*
0(*5"(I*#%:0'(1*[!%(016'(*%6*"&B*+,,qz*U"&5%#*%6*"&B*+,,sz*Aƒ&&*"(.*k$H50%.*+,n+\B*k'5%*
#%:0'(1*h0&&* %84%#0%($%* 1H0=61* =#'5*4%#%((0"&* #0/%#1* 6'* g]1)*hH%#%"1* '6H%#* #%:0'(1*h0&&*
1H'h*6H%*$'(6#"#I*4"66%#(*[Aƒ&&*"(.*k$H50%.*+,n+\B*g=*6H%1%*HI.#'&':0$"&*#%:05%*1H0=61*
'$$9#*="16%#*6H"(*6H%*%/'&960'("#I*1$"&%*"6*hH0$H*14%$0%1*"$>90#%*"."460/%*6#"061*[N0&04%*%6*
"&B*+,nv\)*.#"5"60$*%==%$61*'(*">9"60$*J0'.0/%#106I*"(.*%$'1I16%5*4#'$%11%1*"(.*1%#/0$%1*
h0&&* #%19&6* [A"6#I* %6* "&B* +,no"z* gUEE*+,noz* Z%.:%#* "(.*P0&(%#* +,ny\B* g(* #%:0'(1*hH%#%*
4%#%((0"&*#0/%#1*h0&&*1H0=6*6'*g]1)*&'11*'=*14%$0%1*4''#&I*"."46%.*6'*.#I*$'(.060'(1*$"(*J%*
%84%$6%.*[UH0&&041%(*"(.*ZI6&%*+,nvz*d"%:%#*%6*"&B*+,no\B*e9#*=0(.0(:1*19::%16*19$H*&'11%1*
5"I*J%*4"#60$9&"#&I*#%&%/"(6*='#*$%#6"0(*6"8'('50$*:#'941*[0B%B*5"$#'0(/%#6%J#"6%1\*"(.*
9(.%#* 4"#60$9&"#* %(/0#'(5%(6"&* $'(.060'(1 '#* 0(* $%#6"0(* #%:0'(1* [%B:B* 0(* "#0.* "(.*
6%54%#"6%*$&05"6%*^'(%1)*"(.*0(*H%".h"6%#1\B*O'h%/%#)*g]1*$'559(060%1*'=*14%$0%1*h06H*
16#'(:* .014%#1"&* $"4"$06I* "(.* H0:H* =%$9(.06I* 5"I* J%* 50(05"&&I* "==%$6%.* "(.* "J&%* 6'*
$'&'(0^%*6H%1%*('/%&*g]1*[-#1$'66*%6*"&B*+,n,z*A"6#I*%6*"&B*+,no")*J\B*g(*#%:0'(1*hH%#%*g]1*
h0&&*1H0=6*6'*4%#%((0"&*#0/%#1)*6H%*%84%$6%.*0($#%"1%*0(*J0'.0/%#106I*0(*6H%1%*('/%&*4%#%((0"&*
#0/%#1*h0&&*9&605"6%&I*.%4%(.*'(*6H%*$'((%$60/06I*6'*'6H%#*4%#%((0"&*#0/%#1B*U%#%((0"&**
*
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*
#0/%#1*H0:H&I*$'((%$6%.*6'*('/%&*4%#%((0"&*#0/%#1*50:H6*5"0(6"0(*J0'.0/%#106I)*hH%#%"1*
6H%* J0'.0/%#106I* 0(* '=* H0:H&I* 01'&"6%.* 4%#%((0"&* #0/%#1*5"I* .%$&0(%B* -1* H0:H&I* .I("50$*
5%6"$'559(060%1* "#%* %84%$6%.* 6'* .'50("6%* 0(* 6H01* =969#%* 1$%("#0'* '=* g]1* 1H0=60(:* 6'*
4%#%((0"&*#0/%#1*"(.*3"'$)3$%42*[A"6#I*%6*"&B*+,nrJ\)*$'(1%#/"60'(*%=='#61*6'*#%.9$%*6H%*
#01i* '=* 9(.%10#%.* HI.#'&':0$"&* #%:05%* 1H0=61* 1H'9&.* J%* 4#0'#060^%.* 6'* "/'0.* %==%$61* '(*
%$'1I16%5* #%10&0%($%* [N'&i%* %6* "&B* +,,o\* "(.* $'9&.* J%* 6"#:%6%.* 6'h"#.1* 6H'1%*
%(/0#'(5%(6"&* $'(.060'(1* '#* 6"8'('50$* :#'941* h06H* 10:(0=0$"(6* .0==%#%($%1* J%6h%%(*
4%#%((0"&*"(.*g]*J0'.0/%#106IB*
%

%
%
%

;<G9@F!8578A896?%!
*

p%*6H"(i*"&&*"96H'#1*6H"6*4#'/0.%.*'#0:0("&*."6"2*-(6'(0*P9((W)*P"#<"*.%&*P"#*k_($H%^)*
316H%#*P"1VP"#6<*"(.*e1$"#*!%&5"#B*jH01*h'#i*01*'(%*"14%$6*'=*6H%*0(6%#("60'("&*#%1%"#$H*
4#'7%$6*Sg(6%#5066%(6*]0/%#*!0'.0/%#106I*-("&I101*"(.*kI(6H%101T*[g]!-k)*0#J"1B$%1"JB'#:\B*
jH%* g]!-k* #%1%"#$H* 4#'7%$6* 01* 1944'#6%.* JI* 6H%* E%(6%#* ='#* kI(6H%101* "(.* -("&I101* '=*
!0'.0/%#106I*[E3k-!\) hH0$H*01*=9(.%.*7'0(6&I*JI*6H%*N#%($H*N'9(."60'(*='#*]%1%"#$H*'(
!0'.0/%#106I*[N]!\*"(.*6H%*N#%($H*C"60'("&*-:%($I*='#*p"6%#*"(.*->9"60$*3(/0#'(5%(61*
[eC3P-\B*N0("($0"&*1944'#6*h"1*#%$%0/%.*=#'5*6H%*E%(6#%*='#*kI(6H%101*"(.*-("&I101*'=*
!0'.0/%#106I* [E3k-!\* "(.* 6H%* g(6%#5066%(6* ]0/%#* !0'.0/%#106I* -("&I101* "(.* kI(6H%101*
h'#i0(:*:#'94*[g]!-k\B*

*
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*
g(*P%.06%##"(%"(V$&05"6%*"#%"1)* 0(6%#5066%(6*#0/%#1*[g]1\*"#%*=#%>9%(6)*"(.*H'&.*H0:H&I*
.I("50$*$'559(060%1*6H"6*6I40$"&&I*$H"(:%**"5'(:*=&'h0(:)*.01$'((%$6%.*4''&1*"(.*.#I*
4H"1%1B* N#'5* "* $'(1%#/"60'(* 4'0(6* '=* /0%h)* 0($&9.0(:* J'6H* 14"60"&* "(.* 6%54'#"&*
J0'.0/%#106I* 4"66%#(1* "#%* i%I* 6'* $"469#%* 6H%* =9&&* /"#0"60'(* 0(* 6H%0#* $'559(06I*
$'54'1060'(B* Y10(:* 6"8'('50$* 5%"19#%1* "&'(%* 6'* 4#'6%$6* J0'.0/%#106I* 50:H6* 4#'/0.%*
&0506%.*0(10:H6*0(6'*6H%*054"$61*'=*.0169#J"($%*'(*%$'1I16%5*=9($60'(0(:B*g(='#5"60'(*'(*
6H%*$'(6#0J960'(*'=*i%I*106%1*"(.*5'5%(61*6'*J'6H*#%:0'("&* 6"8'('50$*"(.*=9($60'("&*
.0/%#106I*$'9&.*H%&4*6'*.%/%&'4*%==%$60/%*$'(1%#/"60'(*16#"6%:0%1B**
*
p%* "("&I1%.* 6H%* 14"60'6%54'#"&* $'(6#0J960'(* '=* ">9"60$* 5"$#'0(/%#6%J#"6%1* =#'5*
4%#%((0"&* "(.* g]1* 6'* 6"8'('50$* "(.* =9($60'("&* J%6"* .0/%#106I* 0(* 6H%* h%16%#(*
P%.06%##"(%"(*!"10(B*Z'$"&*106%*$'(6#0J960'(1*6'*J%6"*.0/%#106I*[ZE!A\*h%#%*$'54"#%.*
h06H0(* %"$H* 106%* "(.* '/%#* =0/%* 1"54&0(:* 605%1* 0(* #%&"60'(* 6'* =&'h* 0(6%#5066%($%)* &'$"&*
%(/0#'(5%(6"&*/"#0"J0&06I*"(.*"(6H#'4':%(0$*054"$61B**
*
pH%(*$'(10.%#0(:*"&&*1"54&0(:*605%1)*6"8'('50$*"(.*=9($60'("&*#0$H(%11*'/%#*605%*h%#%*
10:(0=0$"(6&I*H0:H%#*0(*4%#%((0"&*6H"(*0(*g]1)*hH0&%*6"8'('50$*"(.*=9($60'("&*ZE!A*h%#%*
H0:H%#* 0(* g]1B*A%1406%* 1'5%*'=* 6H%*H0:H%16* ZE!A* /"&9%1* ='9(.* 0(* g]1* $'##%14'(.%.* 6'*
"(6H#'4':%(0$* 054"$6%.* 106%1)* =&'h* 0(6%#5066%($%* h"1* 6H%* 5"0(* 4#%.0$6'#* %84&"0(0(:*
14"60'6%54'#"&*4"66%#(1*'=*J'6H*6"8'('50$*"(.*=9($60'("&*ZE!AB*pH%(*$'54"#0(:*6H%*
106%1*'/%#*605%)*H0:H%#*/"&9%1*'=*6"8'('50$*"(.*=9($60'("&*ZE!A*$'##%14'(.%.*5'16&I*6'*
g]1*.9#0(:*6H%*.01$'((%$6%.*4''&*4H"1%B**
*
e9#* #%19&61* H0:H&0:H6* 6H%* 054'#6"($%* '=* g]1* 6'* J0'.0/%#106I* $'(1%#/"60'(* '=*
P%.06%##"(%"(V$&05"6%*#0/%#1)*%14%$0"&&I*.9#0(:*6H%*.01$'((%$6%.*4''&*4H"1%)*19::%160(:*
6H"6*6H%1%*%$'1I16%51*$"(('6*J%*0:('#%.*0(*$'(1%#/"60'(*4&"((0(:*16#"6%:0%1B*
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>96:@5E<6>@9%%
*
g($'#4'#"60(:*#%&%/"(6*0(='#5"60'(*'(*$'559(06I*$'54'1060'(*01*$#9$0"&*6'*.%/%&'40(:*
%==%$60/%*J0'.0/%#106I*"(.*%$'1I16%5*$'(1%#/"60'(*16#"6%:0%1*[U%#%0#"*%6*"&B*+,nvz*O0&&*%6*
"&B* +,nr\B*E'55'(&I)* $'(1%#/"60'(*%=='#61*H"/%* ='$91%.*'(*4#'6%$60(:* 6H%*(95J%#*'=*
14%$0%1*h06H0(*"*106%*[6"8'('50$*"&4H"*.0/%#106Iz*€\*'#*#%:0'(*[6"8'('50$*:"55"*.0/%#106I*
'#* #%:0'("&*.0/%#106Iz* Å\)*hH0&%*%=='#61* 6'* $H"#"$6%#0^%*"(.* 0($'#4'#"6%* 6H%*/"#0"60'(* 0(*
14%$0%1*$'54'1060'(* [6"8'('50$*J%6"*.0/%#106Iz*‚\*"#%*5'#%*#%$%(6* [~'&%==*%6*"&B*+,,vz*
-(.%#1'(*%6*"&B*+,nnz*k'$'&"#*%6*"&B*+,nr\B*j"8'('50$*‚*.0/%#106I*$"(*J%*5%"19#%.*"1*6H%*
$'54'1060'("&* .011050&"#06I* 0(* 14%$0%1* "11%5J&":%1)* %06H%#* 0(* 14"$%* [!"1%&:"* +,n,z*
-(.%#1'(*%6*"&B*+,nn\*'#* 0(*605%*[Z%:%(.#%*"(.*K"96H0%#*+,noz*kH05".^9*%6*"&B*+,ny\B*
pH0&%*&0(i1*J%6h%%(*€)*‚*"(.*Å*14"60"&*6"8'('50$*.0/%#106I*H"/%*J%%(*h0.%&I*%84&'#%.)*
6H%0#* 6%54'#"&* .I("50$1* H"/%* J%%(* '/%#&''i%.* [-(.%#1'(* %6* "&B* +,nnz* Z%:%(.#%* "(.*
K"96H0%#* +,no\B* j%54'#"&* 6"8'('50$* ‚* .0/%#106I* 0(='#5* "J'96* H'h* 6H%* $'559(06I*
/"#0"60'()* 0(=&9%($%.*JI*%(/0#'(5%(6"&*/"#0"J&%1)*$H"(:%1*6H#'9:H*605%*[Z%:%(.#%*"(.*
K"96H0%#*+,noz*Z%:%(.#%*"(.*E'(.06*+,nt\B**

*
N9($60'("&* .0/%#106I* $'54'(%(61* $"(* 4#'/0.%* 5'#%* 0(10:H6* 0(6'* 6H%* 054"$61* '=*

.0169#J"($%*'(*%$'1I16%5*=9($60'(0(:*6H"(*6"8'('50$*5%"19#%1*[K#"H"5*"(.*N0(%*+,,sz*
x0&&W:%#*%6*"&B*+,nv)*+,nqz*P"^%&*%6*"&B*+,ns\B*g(*$'54"#01'(*h06H*6"8'('50$*.0/%#106I)*6H%*
91%* '=* =9($60'("&* .0/%#106I* "&&'h1* $&"#0=I0(:* 6H%* #'&%* '=* %"$H* 14%$0%1* 0(* %$'1I16%5*
4#'$%11%1*"(.*6H%0#*#%1016"($%*"(.u'#*#%10&0%($%*6'*%(/0#'(5%(6"&*$H"(:%1)*%06H%#*("69#"&*
'#*"(6H#'4':%(0$* [j'J0"1*"(.*P'(0i"*+,nnz*P'90&&'6*%6*"&B* +,nvz*x0&&W:%#*%6*"&B* +,nv)*
+,nq\B*k0($%*6H%*0($#%"1%*'=*59&604&%*"(6H#'4':%(0$*054"$61*01*9(.%#50(0(:*6H%*16"J0&06I*
'=* %$'1I16%51)* 9(.%#16"(.0(:* H'h*J'6H* 6"8'('50$* "(.* =9($60'("&* .0/%#106I* 0(=&9%($%*
%$'1I16%5*=9($60'(0(:*$"(*$'(6#0J96%*6'*J%66%#*4#%.0$6*6H%*%$'&':0$"&*$'(1%>9%($%1*'=*
J0'.0/%#106I* &'11* [O''4%#*%6*"&B*+,,yz*N&I((*%6*"&B*+,nnz*K960W##%^VE_('/"1*%6*"&B*+,ny)*
+,nt\B* -1* ='#* 6"8'('50$* ‚* .0/%#106I)* =9($60'("&* ‚* .0/%#106I* $"(* J%* .%=0(%.* "1* 6H%*
$'54'1060'("&*.011050&"#06I*0(*6#"06*"11%5J&":%1*"$#'11*14"$%*[x0&&W:%#*%6*"&B*+,nvz*-140(*
%6*"&B*+,ns\*"(.*605%*[!"1%&:"*%6*"&B*+,nyz*P":9##"(*%6*"&B*+,nt\B*A%1406%*19$H*=9($60'("&*
‚*.0/%#106I*5%"19#%1*4#'/0.%*0(='#5"60'(*'(*hH"6*"#%*6H%*054&0$"60'(1*'=*14"60'6%54'#"&*
$H"(:%1* 0(* 6#"06* $'559(06I* $'54'1060'(* ='#* %$'1I16%5* =9($60'(0(:* [~'#H'(%(* %6* "&B*
+,n,z*!"1%&:"*%6*"&B*+,nyz*P":9##"(*%6*"&B*+,nt\)*6H%0#*6%54'#"&*.I("50$1*160&&* #%5"0(*
4''#&I*>9"(60=0%.*[~'#H'(%(*%6*"&B*+,n,z*k6%:%(*%6*"&B*+,nvz*E#"J'6*%6*"&B*+,+,\B*

*
g(6%#5066%(6*#0/%#1*[g]1\*"#%*H0:H&I*.I("50$*%$'1I16%51*6H"6*6I40$"&&I*1H0=6*"5'(:*

=&'h0(:)*.01$'((%$6%.*4''&1*"(.*.#I*4H"1%1*[K"&&"#6*%6*"&B*+,n+)*+,nq\B*N&'h*0(6%#5066%($%*
%8%#61* "* 4#05"#I* $'(6#'&* '(* g]1* %$'1I16%5* 16#9$69#%* "(.* =9($60'(* '/%#* 605%* "(.)*
$'(1%>9%(6&I)*J0'.0/%#106I*4"66%#(1*6I40$"&&I*='&&'h*6H%1%*$H"(:%1*[A"6#I*%6*"&B*+,no")Jz*
k69JJ0(:6'(* %6* "&B* +,nq\B* g(* 6H%* $"1%* '=* ">9"60$* 5"$#'0(/%#6%J#"6%1)* 19#="$%* =&'h*
$%11"60'(*"(.*6H%*19J1%>9%(6*='#5"60'(*'=*.01$'((%$6%.*4''&1*054&I*6H%*.01"44%"#"($%**
*
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*
'=*14%$0%1*"."46%.*6'*#0==&%1*"(.*6H%*"44%"#"($%*'=*4''&V&0i%*14%$0%1*[!'("."*%6*"&B*+,,r"z*
!':"(*%6*"&B*+,nqz*j'(i0(*%6*"&B*+,nq\B*p06H*6H%*$'54&%6%*.#I0(:*'=*6H%*#0/%#J%.)*1'5%*
6"8"*5"I* %5%#:%)*5'/%* 6'* '6H%#*h%6* H"J06"61)* 6'* 6H%* HI4'#H%0$* ^'(%)* '#* %(6%#* 0(* "*
.%10$$"60'(V#%1016"(6*&0=%*16":%*[!':"(*%6*"&B*+,nqz*k69JJ0(:6'(*%6*"&*+,nt")J\B*kH0=61*=#'5*
.#I* 6'* =&'h0(:* 4H"1%1* ='&&'h0(:* #%h%660(:* ="/'9#* #%$'&'(0^"60'()* $'(6#0J960(:* 6'* 6H%*
#%$'/%#I* '=* &'$"&* $'559(060%1* 0(* g]1* [Z%0:H* %6* "&B* +,nrJz* !':"(* %6* "&B* +,nq\B* g]1*
$'559(060%1* "#%* H0:H&I* /"#0"J&%* 0(* 605%)*h06H* 14%$0%1* "(.* 6#"06* $'54'1060'(* $H"(:0(:*
=#'5*'(%*4%#0'.*6'*"('6H%#*[A"6#I*%6*"&B*+,no")Jz*!':"(*%6*"&B*+,nq\B*jH%#%='#%)*"11%110(:*
14"60'6%54'#"&* 6"8'('50$* "(.* =9($60'("&* ‚* .0/%#106I* 4"66%#(1* 50:H6* J%* %/%(* 5'#%*
054'#6"(6* $'54"#%.* 6'* '6H%#* #%&"60/%&I*5'#%* 16"J&%* %$'1I16%51* [Z%0:H* %6* "&B* +,ntJz*
E#"J'6*%6*"&B*+,+,\B*E'(10.%#0(:*6H"6*$&05"6%*$H"(:%*"(.*0($#%"1%.*H95"(*.%5"(.1*='#*
h"6%#* "#%* "&6%#0(:* g]1G* J0'.0/%#106I* 4"66%#(1* "(.* =9($60'("&* 4#'$%11%1* [A"6#I* %6* "&B*
+,no")J\)*"*J%66%#*9(.%#16"(.0(:*'=*6H%0#*$'(6#0J960'(*6'*J0'.0/%#106I*01*605%&I*[]9H<*%6*
"&B*+,nqz*k_($H%^VP'(6'I"*%6*"&B*+,+,\B**

*
g(*$'54"#01'(*6'*g]1*=#'5*'6H%#*$&05"60$*#%:0'(1)*6H'1%*0(*P%.06%##"(%"(V$&05"6%*

"#%"1*"#%*$H"#"$6%#01%.*JI*J%0(:*H0:H&I*4#%.0$6"J&%*0(*6%#51*'=*1%"1'("&06I)*#%19&60(:*0(*
$&%"#*$'559(06I*1H0=61*J%6h%%(*=&'h0(:*"(.*('(V=&'h0(:*4H"1%1*[O%#1Hi'/06^*"(.*K"106H*
+,nvz*j'(i0(*%6*"&B*+,nq\B*g(*"..060'()*P%.06%##"(%"(V$&05"6%*g]1*"#%*:&'J"&*J0'.0/%#106I*
H'614'61)* 0B%B* #%:0'(1* H'&.0(:* H0:H* &%/%&1* '=* %(.%5015* "(.* "&1'* J%0(:* 4"#60$9&"#&I*
/9&(%#"J&%* 6'* "(6H#'4':%(0$* 054"$61* [!'("."* "(.* ]%1H)* +,nvz* E0.* %6* "&B* +,nq\B*
E'(10.%#0(:*6H%0#*H0:H*14"60'6%54'#"&*/"#0"J0&06I)*0.%(60=I0(:*i%I*106%1*"(.*5'5%(61*6H"6*
$'(6#0J96%* 6H%* 5'16* 6'* #%:0'("&* .0/%#106I* $'9&.* J%* 0(='#5"60/%* ='#* $'(1%#/"60'(*
5"(":%5%(6*[]9H<*%6*"&B*+,nq)*k_($H%^VP'(6'I"*%6*"&B*+,+,\B**

*
O%#%)*h%* 169.0%.* #0/%#0(%* ">9"60$*5"$#'0(/%#6%J#"6%1* 6"8'('50$* "(.* =9($60'("&*

14"60'6%54'#"&*‚*.0/%#106I*0(*+,*#0/%#1*'=*6H%*h%16%#(*P%.06%##"(%"(*!"10(*JI*"("&I10(:*
6H%*&'$"&*$'(6#0J960'(*6'*‚*.0/%#106I*[ZE!Az*Z%:%(.#%*"(.*A%*E_$%#%1*+,nv\*'=*%"$H*106%*
'/%#*605%B*k4%$0=0$"&&I)*4%#%((0"&*#0/%#1*"(.*g]1*h%#%*1"54&%.*"&'(:*:#".0%(61*'=*("69#"&*
=&'h* 0(6%#5066%($%*"(.*"(6H#'4':%(0$* 054"$61* 6'* 0(/%160:"6%* 6H%0#* 0(=&9%($%*'(*ZE!AB*
e9#*=0#16*HI4'6H%101*[On\*h"1*6H"6*ZE!A*h'9&.*J%*H0:H%#*0(*g]1*6H"(*0(*4%#%((0"&*#0/%#1*
J%$"91%* g]1* 5"$#'0(/%#6%J#"6%* $'559(060%1* "#%* 19J7%$6%.* "(.* "."46%.* 6'* H0:H%#*
14"60'6%54'#"&*/"#0"J0&06I* [!'("."*"(.*]%1H*+,nvz*j'#(W1*"(.*]9H<*+,nvz* Z%0:H*%6*"&B*
+,ntJ\B* e9#* 1%$'(.* HI4'6H%101* [O+\* h"1* 6H"6* "(6H#'4':%(0$* 054"$61* h'9&.* #%.9$%*
.0==%#%($%1*J%6h%%(*g]1*"(.*4%#%((0"&*#0/%#1*$'(6#0J960'(1)*"1*6H%I*"#%*i('h(*6'*1054&0=I*
"(.*H'5':%(0^%*$'559(060%1*[j'(i0(*%6*"&B*+,nq\B*N0("&&I)*'9#*6H0#.*HI4'6H%101*[Ov\*h"1*
6H"6* ZE!A* '=* g]1*h'9&.* J%* H0:H%#* .9#0(:* .01$'((%$6%.* 4''&1* 6H"(* .9#0(:* 6H%* =&'h0(:*
4H"1%*J%$"91%*g]1*H'&.*9(0>9%*14%$0%1*"."46%.*6'*('(V=&'h0(:*$'(.060'(1*[!'("."*%6*"&B*
+,,r")*+,+,\B**
*

*
*
*
*
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A86=@5?%%
*
Q&9.1!0,&'0!$2.!0$4%3,2>!.'0,>2!
*
jH%*169.I*h"1*$'(.9$6%.*0(*+,*#0/%#*106%1*&'$"6%.*0(*6H%*P%.06%##"(%"(V$&05"6%*#%:0'(*'=*
6H%*gJ%#0"(*U%(0(19&"B*j%(*106%1*h%#%*0(6%#5066%(6*"(.*6%(*h%#%*4%#%((0"&B*jH%*169.I*"#%"*
01* $H"#"$6%#0^%.* JI* P%.06%##"(%"(* $&05"6%)* h06H* H0:H* 1%"1'("&* "(.* 0(6%#V"((9"&*
/"#0"J0&06I*0(*4#%$0406"60'(*"(.*=&'h*#%:05%*[!'("."*"(.*]%1H*+,nvz*E0.*%6*"&B*+,nq\B*k06%1*
#"(:%.*=#'5*r*6'*nn,,*5B"B1B&B)*h06H*.01$H"#:%1*#"(:0(:*=#'5*,*6'*,Bonq*5$u1B*N'#*=9#6H%#*
.%6"0&1*'(*6H%*169.I*"#%")*1%%*k'#0"*%6*"&B*[+,+,\B*

!
+,-3->,;$3!.$&$0'&!
*
P"$#'0(/%#6%J#"6%1* h%#%* $'&&%$6%.* .9#0(:* =&'h0(:* "(.* .01$'((%$6%.* 4''&1* 4H"1%1)*
1"54&0(:* =0/%* 605%1*4%#* 106%* "6* 108Vh%%i* 0(6%#/"&1* J%6h%%(*-4#0&* "(.*A%$%5J%#*+,ny2*
-4#0&VP"I* [6n\)* d9(%* [6+\)* d9&IV-9:916* [6v\)* k%46%5J%#* [6o\)* A%$%5J%#* [6y\B* jH%#%='#%)*
1"54&0(:* 0($&9.%.* J'6H* .#I0(:* "(.* #%h%660(:* 4%#0'.1B* !%$"91%* =0/%* 106%1* h%#%* .#I*
J%6h%%(*'(%*"(.*6H#%%*'$$"10'(1)*"*6'6"&*'=*tn*1"54&%1*h%#%*'J6"0(%.B*e9#*1"54&0(:*
4#'$%.9#%* ='&&'h%.* 6H%* '==0$0"&* >9"(606"60/%* 16"(."#.0^%.* 4#'6'$'&* 91%.* JI* h"6%#*
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#0/%#* 106%1* "==%$6%.*JI*("69#"&* =&'h* 0(6%#5066%($%* =#'5* 6H'1%*h06H*H95"(V.#0/%(* =&'h*
0(6%#5066%($%B**



G>.D(%&*3*

:N*

!

!

*
*

*
j'* 0(=%#* 6H%* g]1G* 4H"1%1* [0B%B* =&'h)* .01$'((%$6%.* 4''&1)* .#I* #0/%#J%.\)* 6h'*
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6H%*$'5J0(%.*%==%$61*'=*("69#"&*=&'h*0(6%#5066%($%*"(.*"(6H#'4':%(0$*054"$61*'(*h0.%&I*
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054"$61*"6*J'6H*4%#%((0"&*"(.*0(6%#5066%(6*106%1)*"(.*0(*6H%*&"66%#*0($&9.0(:*J'6H*=&'h0(:*
"(.*.01$'((%$6%.*4''&*">9"60$*4H"1%1B*k4%$0=0$"&&I)*">9"60$*5"$#'0(/%#6%J#"6%1*=#'5*+,*
#0/%#1*h%#%*1"54&%.*"&'(:*:#".0%(61*'=*("69#"&*=&'h*0(6%#5066%($%*[("69#"&*.0169#J"($%\*
"(.*"(6H#'4':%(0$* 054"$61* 6'* 0(/%160:"6%*6H%0#*$'5J0(%.*%==%$61*'(*h0.%&I*91%.*#0/%#*
J0'5'(06'#0(:*5%6#0$1*[0B%B*6"8'('50$*#0$H(%11*"(.*16"(."#.*J0'&':0$"&*0(.0$%1\*"(.*('/%&*
=9($60'("&*5%6#0$1*J"1%.*'(*J0'&':0$"&*6#"061B*A0==%#%(6*6I4%1*'=*#%14'(1%1*6'*("69#"&*"(.*
"(6H#'4':%(0$*:#".0%(61*h%#%*91%.*6'*"11%11*6H%*#%&0"J0&06I*"(.*$"&0J#"60'(*#%>90#%5%(61*
'=*4'6%(60"&*5%6#0$1*6'*J'6H*4%#%((0"&*"(.*0(6%#5066%(6*#0/%#1*[N0:B*n\B*-*10(:&%*#%14'(1%*
%==%$6*'$$9#1*hH%(*"*5%6#0$*#%14'(.*6'*"(6H#'4':%(0$*054"$61*J96*('6*6'*("69#"&*=&'h*
0(6%#5066%($%*[N0:B*n"\)*0(.0$"60(:*H0:H*#%&0"J0&06I*h06H'96*$"&0J#"60'(B*-(*"..060/%*%==%$6*
'$$9#1*hH%(* 6H%*%==%$61* '=* ("69#"&* =&'h* 0(6%#5066%($%* "..* 6'* 6H'1%*'=* "(6H#'4':%(0$*
054"$61*J96*%==%$61*.'*('6*0(6%#"$6*[N0:B*nJ\)*0(.0$"60(:*6H"6*6H01*5%6#0$*$'9&.*J%*#%&0"J&%*
"=6%#*4#'4'#60'("&*$"&0J#"60'(*h06H*"*$'(16"(6*6%#5*[0B%B*"."460(:*#%=%#%($%*$'(.060'(1\B*
N0("&&I)* 0(6%#"$60/%* #%14'(1%1* '$$9#* hH%(* 6H%* %==%$61* '=* ("69#"&* =&'h* 0(6%#5066%($%*
#%.9$%)*%(H"($%*'#*'44'1%*6H'1%*'=*"(6H#'4':%(0$* 054"$61)*"(.*&%".1*6'*"(6":'(0160$*
[N0:B n$\)*1I(%#:0160$*[N0:B n.\*'#*'44'10(:*[N0:B n%\*0(6%#"$60'(1)*#%14%$60/%&I*[N%&. %6*"&B
+,nr\B* P%6#0$1* h06H* 6H%1%* 0(6%#"$60/%* #%14'(1%1* $'9&.* J%* #%&0"J&%* '(&I* "=6%#* ('(V
4#'4'#60'("&* $"&0J#"60'(* [0B%B* "."460(:* #%=%#%($%* $'(.060'(1* "(.* #%14'(1%* :#".0%(6* 6'*
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Type of effect and description Reliability of the metric 
in biological assessments 

Designation 
of the 
metric  

 
(a)!Single  
 
No effect of natural 
disturbance. The effect of 
anthropogenic impacts will 
be the same under the 
effect of natural 
disturbance. 
 

 

 
The metric is reliable and 
can be used both in 
ecological systems 
affected and not affected 
by natural disturbance (e.g. 
perennial and intermittent 
rivers). No calibration 
needed. 

 
Universal  

(b) Additive  
 
The effect of natural 
disturbance adds to the 
effect of anthropogenic 
impacts, but they do not 
interact. 

 

 
The metric could be 
reliable in ecological 
systems affected by natural 
disturbance only after 
proportional calibration 
with a constant term !

 
Flexible  

(c) Antagonistic  
 
Two-way interaction. The 
effect of natural 
disturbance reduces the 
effect of anthropogenic 
impacts. 
 

 

The metric could be 
reliable in ecological 
systems affected by natural 
disturbance only after non-
proportional calibration. 

Specific  

(d) Synergistic  
 
Two-way interaction. The 
effect of natural 
disturbance enhances the 
effect of anthropogenic 
impacts. 

 
(e) Opposing  
 
Two-way interaction. The 
effect of natural 
disturbance is the opposite 
of anthropogenic impacts. 
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jH%*169.I*h"1*$'(.9$6%.*0(*+,*#0/%#*106%1*0(*6H%*('#6HV%"16%#(*gJ%#0"(*U%(0(19&"*[N0:B*kn\B*
jH%*"#%"*H"1*"*P%.06%##"(%"(*$&05"6%*[0B%B*E1"*"(.*E1Jz*~'66%i*%6*"&B*+,,r\)*h06H*H0:H*
1%"1'("&*/"#0"J0&06I*0(*4#%$0406"60'(*"(.*6H91*16#%"5=&'h*[!'("."*"(.*]%1H*+,nvz*E0.*%6*
"&B*+,nq\B*j%(*'=*6H%*106%1*"#%* 0(6%#5066%(6*"(.*n,*"#%*4%#%((0"&B*k06%1*h%#%*&'$"6%.*0(*
.0==%#%(6*19JVJ"10(1*0(*6H%*3J#')*dD$"#*"(.*E"6"&"(*$"6$H5%(61*"(.*%84%#0%($%*.0==%#%(6*
.%:#%%1*'=*"(6H#'4':%(0$*054"$6*"(.*#0/%#*#%:05%B*k06%1*#"(:%.*=#'5*r*6'*n)n,,*5*"B*1B*&B*
"(.*.#"0(%.*$"&$"#%'91*$"6$H5%(61*h06H*.01$H"#:%1*#"(:0(:*=#'5*,*6'*onq*Zu1B*
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=$;(-,2/'(&'8($&'!.$&$!
*
P"$#'0(/%#6%J#"6%1*h%#%*$'&&%$6%.*=0/%*605%1*4%#*106%*[0B%B*(*…*n,,*1"54&%1\*"6*108Vh%%i*
0(6%#/"&1*J%6h%%(*-4#0&*"(.*A%$%5J%#*+,ny)*6'*$"469#%*6H%*"11%5J&":%1*4#%1%(6*.9#0(:*
=&'h0(:*4H"1%1*"(.*0(*.01$'((%$6%.*4''&1B*g(*6'6"&)*tn*1"54&%1*h%#%*6"i%(*J%$"91%*=0/%*
106%1*h%#%*.#I*J%6h%%(*'(%*'#*6H#%%*'$$"10'(1B*k"54&%1*h%#%*$'&&%$6%.*910(:*"*+y,*‹5V
5%1H* AV(%6* "$#'11* "&&* "/"0&"J&%* 50$#'H"J06"61* [0B%B* .0==%#%(6* 50(%#"&* "(.* '#:"(0$*
19J16#"6%1\)*='&&'h0(:*6H%*("60'("&*16"(."#.*>9"(606"60/%*1"54&0(:*4#'6'$'&*[P-K]-P-*
+,nv\B* k"54&%1* h%#%* 4#%1%#/%.* 0(* oŠ* ='#5"&.%HI.%)* "(.* 6H%* 5"$#'0(/%#6%J#"6%1*
0.%(60=0%.* 6'* 6H%* &'h%16* 6"8'('50$* #%1'&960'(* 4'110J&%)* 919"&&I* :%(91)* J96*h06H* 1'5%*
EH0#'('50."%* "(.* E%#"6'4':'(0."%* 0.%(60=0%.* 6'* 19J="50&I* '#* 6#0J%B* e/%#"&&)* nto*
5"$#'0(/%#6%J#"6%*6"8"*h%#%*0.%(60=0%.B*

!
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.%1$#0J%* 6H%* 4'6%(60"&* $'(6#0J960'(* '=* 5"$#'0(/%#6%J#"6%* '#:"(0151* 6'* %$'1I16%5*
=9($60'(0(:*6H#'9:H*6H%*6#'4H0$*6#"(1=%#*'=*#%1'9#$%1*"(.*%(%#:I*=#'5*J"1"&*6'*H0:H%#*
'#:"(0151*[k9.0(:*%6*"&B*+,,s\B*]%14'(1%*6#"061*$H"#"$6%#0^%*6H%*#%1016"($%*"(.*#%10&0%($%*
'=* $'559(060%1* 6'* .0169#J"($%1* "(.)* 6H91)* 0(='#5* '(* $'559(06I* #%14'(1%1* 6'*
%(/0#'(5%(6"&* $H"(:%1* [k9.0(:*%6*"&B*+,,sz*P$Z%"(*%6*"&B*+,nt\B* N'#* 6H%*%==%$6* 6#"061)*
6#'4H0$* $H"#"$6%#0160$1* '=* %"$H* :%(91* [0B%B* :#"^%#1)* 50(%#1)* 8I&'4H":'91)* 1H#%..%#1)*
:"6H%#%#1)*"$60/%*"(.*4"110/%*=0&6%#%#1)*4#%."6'#1)*4"#"106%1*"(.*'6H%#1\*h%#%*:"6H%#%.*
=#'5*6H%*N#%1Hh"6%#*g(='#5"60'(*U&"6='#5*[H6642uuhhhB=#%1Hh"6%#%$'&'*:IB0(='z*P'':*
+,,+z*k$H50.6V~&'0J%#*"(.*O%#0(:*+,ny\B*]%14'(1%*6#"061*h%#%*$'540&%.*=#'5*j"$H%6*%6*
"&B*[+,n,z*j"J&%*kn\B*N'#*%"$H*:%(91)*6#"061*h%#%*"110:(%.*910(:*"*=9^^I*$'.0(:*"44#'"$H*
[0B%B*"*.%:#%%*'=*"==0(06I*"110:(%.*6'*%"$H*6#"06*$"6%:'#I)*"$$'#.0(:*6'*6H%*=#%>9%($I*'=*
'$$9##%($%*h06H0(*6H%*:%(91z*EH%/%(%6*%6*"&B*ntto\B**
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0.%(60=0%.*6'*19J="50&I*'#*6#0J%*[1%%*A"6"*-$$%110J0&06I*k6"6%5%(6\B*U#0'#*6'*"("&I101)*=9^^IV
$'.%.*."6"*h%#%*$'(/%#6%.*0(6'*4%#$%(6":%1*'=*"==0(06I*='#*%"$H*6#"06B*
*
*
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jH%*.%:#%%*'=*=&'h*0(6%#5066%($%*"6*%"$H*106%*h"1*'J6"0(%.*=#'5*.0==%#%(6*.%1$#046'#1B*
N0#16)* j]3Ok* [j%54'#"#I* ]0/%#1* 3$'&':0$"&* "(.* OI.#'&':0$"&* k6"691\* 1'=6h"#%*
[H6642uuhhhB&0=%6* #0/%#1B%9u4#'.9$61u6#%H1V1'=6h"#%uz* K"&&"#6* %6* "&B* +,nq\*h"1* 91%.* 6'*
$&"110=I*6H%*#0/%#1G*#%:05%*"(.*6'*0.%(60=I*4'6%(60"&*HI.#'&':0$"&*"&6%#"60'(1*[j"J&%*k+\*6'*
.0==%#%(60"6%*106%1*"==%$6%.*JI*("69#"&*=&'h*0(6%#5066%($%*=#'5*6H'1%*h06H*H95"(V.#0/%(*
=&'h*0(6%#5066%($%B**
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jH%*.%:#%%*'=*=&'h*0(6%#5066%($%*.9#0(:*6H%*169.I*4%#0'.*[0B%B*=#'5*-4#0&*+,ny*9(60&*
A%$%5J%#*+,ny\*h"1*$"&$9&"6%.*=#'5*6%54%#"69#%*."6"* &'::%#1* [Y-V,,+*Oe!e\)* =#'5*
hH0$H* 01* 4'110J&%* 6'* 0(=%#* 6H%* ">9"60$* 4H"1%1* [K9(:&%* +,,r\B* jh'* ."6"* &'::%#1* h%#%*
0(16"&&%.*"6*%"$H*106%2*'(%*0(*"*#0==&%)*6'*.%6%#50(%*6H%*."I*=&'h*$%"1%.*"(.*#%195%.)*"(.*
'(%*0(*"*4''&)*6'*0.%(60=I*6H%*."I*6H%*#%"$H*.#0%.*$'54&%6%&IB*A"6"*h%#%*91%.*6'*$"&$9&"6%*
6h'* .%1$#046'#1* '=* =&'h* 0(6%#5066%($%* ='#* %"$H* 106%2* 6H%* (95J%#* '=* ."I1* 0(* 6H%*
.01$'((%$6%.*4''&*4H"1%*10($%*6H%*&"16*1"54&%*h"1*6"i%(*[AU.\)*"(.*6H%*6'6"&*(95J%#*'=*
^%#'V=&'h*."I1*[0B%B*.01$'((%$6%.*4''&*'#*.#I*#0/%#J%.\*.9#0(:*6H%*v,Vh%%i*169.I*4%#0'.*
[ŒN5\B*
*

jH%*%86%(6*'=*"(6H#'4':%(0$*054"$61*"6*%"$H*106%*h"1*5%"19#%.*910(:*6H%*(95J%#*
'=*054"$61*0(*6H%*P%.06%##"(%"(*#%=%#%($%*$#06%#0"*[P]E\)*hH0$H*0($&9.%*0(/"10/%*14%$0%1)*
.0==91%*4'&&960'(*1'9#$%1)* &"(.V91%*0(6%(106I)*#04"#0"(*/%:%6"60'()*#0/%#*:%'5'#4H'&':I)*
0(16#%"5*H"J06"6*$'(.060'(1*"(.*HI.#'&':0$"&*"&6%#"60'(1*[k_($H%^VP'(6'I"*%6*"&B*+,,t\B*
j'*="$0&06"6%*0(6%#4#%6"60'()*6H%*(95J%#*'=*P]E*0(.%8*054"$61*[0B%B*,*…*('(V054"$6%.)*6'*
+,* …* %86#%5%&I* 054"$6%.\* h"1* 91%.* "1* "* .%1$#046'#* /"#0"J&%* [H%#%"=6%#)* (95J%#* '=*
054"$61z*1%%*j"J&%*kv*='#*5'#%*.%6"0&1\B*UHI10$'$H%50$"&*4"#"5%6%#1*'=*%"$H*#0/%#*h%#%*
"&1'*5%"19#%.* 0(*%/%#I* 1"54&0(:*'$$"10'()* "(.*h%#%* 6H%* ='&&'h0(:2*.011'&/%.*'8I:%()*
$'(.9$60/06I)*6%54%#"69#%)*4H'14H"6%1)*(06#"6%1*"(.*EH&V"*[j"J&%*k+\B*O'h%/%#)*'(&I*6H%*
(95J%#*'=* 054"$61*h"1*91%.*"1* 06* #%4#%1%(6%.*"*J#'".*14%$6#95*'=* 054"$61*"(.*h"1*
$'##%&"6%.*h06H*5'16*'=*6H%*4HI10$'$H%50$"&*4"#"5%6%#1*0(*'9#*."6"1%6*[j"J&%*k+\*"(.*
%&1%hH%#%*[k_($H%^VP'(6'I"*%6*"&B*+,,t\B*
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jh'*6I4%1*'=*5%6#0$1*h%#%*$"&$9&"6%.*='#*%"$H*1"54&%*6'*$H"#"$6%#0^%*J0'60$*#%14'(1%1*6'*
=&'h*0(6%#5066%($%*"(.*6H%*"(6H#'4':%(0$*054"$612*h0.%&I*91%.*"(.*=9($60'("&B*-1*h0.%&I*
91%.*5%6#0$1)*6"8'('50$*#0$H(%11*J"1%.*'(*0(/%#6%J#"6%*="50&0%1*[k="5\*'#*:%(%#"*[k:%(\*
"(.* 1%/%#"&* 6'&%#"($%VJ"1%.* J0'&':0$"&* 0(.0$%1* 91%.* 0(* 6H%* gJ%#0"(* U%(0(19&"* h%#%*
$"&$9&"6%.2* g!PpU*[-&J"Vj%#$%.'#*%6*"&B*+,,+\)* g-kUj*[d_05%^VE9W&&"#*%6*"&B*+,,+\)*"(.*
gPP0Vj*[P9((W*"(.*U#"6*+,,tz*j"J&%*n\B*
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N'#*6H%*=9($60'("&*5%6#0$1)*=9($60'("&*#%.9(."($I*[0B%B*N]z*6H%*(95J%#*'=*6"8"*'#*
0(.0/0.9"&1*$'(6#0J960(:*1050&"#&I*6'*"(*%$'1I16%5*=9($60'()*H%#%*"*6#'4H0$*=9($60'(\*"(.*
#%14'(1%*.0/%#106I*[0B%B*]Az*H'h*=9($60'("&&I*1050&"#*6"8"*#%14'(.*6'*("69#"&*.0169#J"($%*
"(.*"(6H#'4':%(0$*054"$61z*k9.0(:*%6*"&B*+,,s\*h%#%*$"&$9&"6%.*[N0:9#%*+\B*N'#*N]*5%6#0$1)*
910(:* "* $&"110=0$"60'(* '=*5"$#'0(/%#6%J#"6%1* 0(6'* =9($60'("&* 6#'4H0$* :#'941* [0B%B* %==%$6*
6#"061z*1%%*-44%(.08*n\*h"1*91%.*6'*'J6"0(*6H%*"/%#":%*"J9(."($%*["J\*"(.*6#"06*#0$H(%11*
[0B%B* 4#%1%($%@"J1%($%z* 4"\* ='#* 6H%* %(60#%* $'559(06I* "(.* %"$H* 6#'4H0$* :#'942*
'5(0/'#'91)*1H#%..%#1)*4#%."6'#1)*:#"^%#1)*:"6H%#%#1*"(.*=0&6%#%#1*[N0:9#%*+)*j"J&%*n\B*N'#*
]A)*6#"061*#%&"6%.*6'*#%10&0%($%*"(.*#%1016"($%*16#"6%:0%1*[0B%B*#%14'(1%*6#"061z*1%%*-44%(.08*
n\*h%#%*91%.*6'*%1605"6%*=9($60'("&*#0$H(%11*[N]0$)*x0&&W:%#*%6*"&B*+,,s\*"(.*=9($60'("&*
.014%#10'(*[NA01)*Z"&0J%#6W*"(.*Z%:%(.#%*+,n,z*H%#%"=6%#)*]A\*='#*6H%*hH'&%*$'559(06I*
"(.*%"$H*6#'4H0$*:#'94)*"&&*'=*6H%5*910(:*"J9(."($%*["J\*5%"19#%1*[N0:9#%*+)*j"J&%*n\B*
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jh'*."6"1%61*h%#%*"("&I1%.B*e(%*$'(10.%#%.*"&&*."6"*$'&&%$6%.*.9#0(:*">9"60$*4H"1%1*[0B%B*
=&'h*"(.*.01$'((%$6%.*4''&1\)*6'*0.%(60=I*5%6#0$1*6H"6*#%14'(.*6'*"(6H#'4':%(0$*054"$61*
0(.%4%(.%(6&I* '=* =&'hB* jH%* 1%$'(.* ."6"1%6* 0($&9.%.* '(&I* =&'h0(:V4H"1%* 1"54&%1)* "1*
#%>90#%.* 0(*$9##%(6* #0/%#*J0'5'(06'#0(:*4#'6'$'&1B*j'*.%6%#50(%*6H%*#%&0"J0&06I*'=*%"$H*
5%6#0$*6'*.%6%$6*"(6H#'4':%(0$*054"$61*"$#'11*"*:#".0%(6*'=*=&'h*0(6%#5066%($%)* &0(%"#*
508%.V%==%$61*5'.%&1*[ZP3\*h%#%*=066%.*h06H*"*K"9110"(*%##'#*.016#0J960'(*6'*5'.%&*"&&*
5%6#0$* #%14'(1%1B* !%='#%* "("&I1%1)* 6'* #%.9$%* .016#0J960'(* 1i%h(%11* "(.* 054#'/%*
&0(%"#06I)*"*1>9"#%V#''6V6#"(1='#5"60'(*h"1*"44&0%.*6'*k="5)*k:%(*"(.*g!PpU)*"(.*"*&':V*
'#* 1>9"#%V#''6V6#"(1='#5"60'(*h"1* "44&0%.* 6'* "&5'16* "&&* =9($60'("&*5%6#0$1B* U#%.0$6'#*
/"#0"J&%1*[0B%B*6H%*(95J%#*'=*054"$61)*AU.*"(.*ŒN5\*h%#%*16"(."#.0^%.*6'*5%"(*…*,*"(.*kA*
…*n*6'*"&&'h*='#*5'.%&*$'%==0$0%(6*$'54"#01'(B*
*
*
*
*
*

G>.D(%&*4*



G>.D(%&*3*

;W*

!

!

*
*

34561!"2!@,55:3>)/!5$)#>+%!:%$2!>3!)&>%!%):2/D!":3+)>,3(-!#$2:32(3+/!6"87!(32!#$%;,3%$!
2>?$#%>)/!68<7!5$)#>+%!'$#$!+(-+:-()$2!:%>3.!$OO$+)!(32!#$%;,3%$!)#(>)%0!#$%;$+)>?$-/D!t/;$!
,O!2()(h!"8!(32!8<!'$#$!+(-+:-()$2!(%! )&$!(?$#(.$!(C:32(3+$! 6(C7!(32],#! #>+&3$%%! 6>D$D!
;#$%$3+$‚(C%$3+$N!;(7! O,#!$(+&! O:3+)>,3(-! )#,;&>+!.#,:;!(32! O,#! )&$!$3)>#$!+,55:3>)/D!
a53>?,#,:%!)(X(!&(2!5>X$2!O$$2>3.!&(C>)%0! >3+-:2>3.!(!?(#>$)/!,O!%&#$22>3.0!.#(m>3.!(32!
.()&$#>3.!(OO>3>)>$%D!L$$!L$+)>,3!K!O,#!O:#)&$#!2$)(>-%D!
!

QI/%!#R!N%*H43! "%*H43! ;%(3H4/*4#P! QI/%!#R!$2*2!

!"#$%&'()$#'

6?0/" J0K;8"H.IG82::"01"1G2"?0/.-N"-2O2-" 70"

6928" J0K;8"H.IG82::"01"1G2"928B:"-2O2-" 70"

PQER@" P=2H.08"Q.;-;9.I0-"E;8.1;H.89"R;HS.89"@0H1N"TF-=05
J2HI2C;H"21"0-$U"+##+V 70"

PF6@J" P=2H.08"FO2H092"6I;H2"@2H"J0K;8"TWX./2D5,BY--0H"21"
0-$U"+##+V 70"

PEE.5J" EB-1./21H.I" .8C2K" ?;H" E2C.12HH08208" H.O2H:"
TEB88Y"Z"@H01U"+##'V 70"

LB8I1.;80-"H2CB8C08IN"

L>" LB8I1.;80-"H2CB8C08IN";?"1G2"281.H2"I;//B8.1N" 70U"0="

L>$;/8.O;H;B:" LB8I1.;80-" H2CB8C08IN" ;?" 1G2" ;/8.O;H;B:"
?B8I1.;80-"9H;B7" 70U"0="

L>$:GH2CC2H:" LB8I1.;80-"H2CB8C08IN";?"1G2":GH2CC2H"?B8I1.;80-"
9H;B7" 70U"0="

L>$7H2C01;H:" LB8I1.;80-"H2CB8C08IN";?"1G2"7H2C01;H"?B8I1.;80-"
9H;B7" 70U"0="

L>$9H0D2H:" LB8I1.;80-" H2CB8C08IN" ;?" 1G2" 9H0D2H" ?B8I1.;80-"
9H;B7" 70U"0="

L>$901G2H2H:" LB8I1.;80-"H2CB8C08IN";?"1G2"901G2H2H"?B8I1.;80-"
9H;B7" 70U"0="

L>$?.-12H2H:" LB8I1.;80-" H2CB8C08IN" ;?" 1G2" ?.-12H2H:" T?.-12H2H:V"
?B8I1.;80-"9H;B7" 70U"0="

>2:7;8:2"C.O2H:.1N"

>[" >2:7;8:2"C.O2H:.1N";?"1G2"281.H2"I;//B8.1N" 0="

>[$;/8.O;H;B:" >2:7;8:2" C.O2H:.1N" ;?" 1G2" ;/8.O;H;B:" ?B8I1.;80-"
9H;B7" 0="

>[$:GH2CC2H:" >2:7;8:2" C.O2H:.1N" ;?" 1G2" :GH2CC2H:" ?B8I1.;80-"
9H;B7" 0="

>[$7H2C01;H:" >2:7;8:2" C.O2H:.1N" ;?" 1G2" 7H2C01;H:" ?B8I1.;80-"
9H;B7" 0="

>[$9H0D2H:" >2:7;8:2"C.O2H:.1N";?"1G2"9H0D2H:"?B8I1.;80-"9H;B7" 0="

>[$901G2H2H:" >2:7;8:2" C.O2H:.1N" ;?" 1G2" 901G2H2H:" ?B8I1.;80-"
9H;B7" 0="

>[$?.-12H2H:" >2:7;8:2" C.O2H:.1N" ;?" 1G2" ?.-12H2H:" T?.-12H2H:V"
?B8I1.;80-"9H;B7" 0="

L>.I" LB8I1.;80-"H.IG82::";?"1G2"H2:7;8:2"1H0.1:" 0="

!
!
!

!
!
!
!

G>.D(%&*4*



G>.D(%&*3*

<N*

!

!

!
*

!
!

,-./01!#2!B3(-/)>+(-!O#(5$',#v!O,#!)&$!O:3+)>,3(-!5$)#>+%!:%$2!>3!)&>%!%):2/!6>D$D!O:3+)>,3(-!
#$2:32(3+/0!"80!(32!#$%;,3%$!2>?$#%>)/0!8<7D!",#!"8!O:3+)>,3(-!)#,;&>+!.#,:;%!'$#$!:%$2!(%!
$OO$+)!)#(>)%D!",#!8<!C>,-,.>+(-!)#(>)%!#$-()$2!),!#$%>->$3+$!(32!#$%>%)(3+$!%)#()$.>$%!'$#$!:%$2!
(%!#$%;,3%$!)#(>)%!6t(C-$!LQ7D!=,)&!"8!(32!8<!(#$!#$;#$%$3)$2!(%!)&$!(?$#(.$!(C:32(3+$!
6(C7!,#! )#(>)! #>+&3$%%! 6>D$D!;#$%$3+$‚(C%$3+$N!;(7! O,#!$(+&!O:3+)>,3(-!.#,:;D!@>#+-$!%>m$! >%!
;#,;,#)>,3(-! ),! (C:32(3+$D! =-(+v! +>#+-$%h! %;$+>$%! ;#$%$3)N!'&>)$! +>#+-$%h! %;$+>$%! (C%$3)N!
.#$/! +>#+-$%h! %;$+>$%! 3,)! >3+-:2$2! >3! )&$! O:3+)>,3(-! $OO$+)! .#,:;! ,O! )&$! $X(5;-$! 6>D$D!
%&#$22$#%7D!c@,B0!c#>3+>;(-!@,,#2>3()$!B3(-/%>%D!

*
*

N'#* "&&* 6H%* ">9"60$* 4H"1%1* ."6"1%6)* 6H%* ZP31* h%#%* =066%.* 910(:* 6H%* (95J%#* '=*
054"$61)*AU.2"(.*ŒN52"(.*6H%0#*4"0#h01%*0(6%#"$60'(1*"1*=08%.*="$6'#1*[0B%B*AU.*Ž*(95J%#*'=*
054"$61)*"(.*ŒN5*Ž*(95J%#*'=*054"$61\B*N'#*6H%*=&'h0(:V4H"1%*."6"1%6)*6H%*1"5%*"("&I101*
h"1*4%#='#5%.)*J96*%8$&9.0(:*AU.B*-&&*5'.%&1*0($&9.%.*106%*"1*"*#"(.'5*="$6'#*6'*"$$'9(6*
='#*6H%*('(V0(.%4%(.%($%*'=*1"54&%1*$'&&%$6%.*=#'5*6H%*1"5%*&'$"60'(B*-*59&605'.%&*
0(=%#%($%*"44#'"$H*h"1*".'46%.*6'*>9"(60=I*6H%*4#%.0$6'#G1*16"(."#.0^%.*%==%$6*10^%1*"(.*
10:(0=0$"($%B*k%%*-44%(.08*+*='#*5'#%*.%6"0&1B*

*
N'#*%"$H*5%6#0$)* 6H%*$'5J0(%.*%==%$6* 6I4%*h"1*.%6%#50(%.*910(:* 6H%*#%:#%110'(*

$'%==0$0%(6*10:(*[}*'#*è\*"(.*4V/"&9%*'=*0(.0/0.9"&*4#%.0$6'#1*"(.*6H%0#*0(6%#"$60'(1*[N%&.*
%6*"&B)*+,nr\B*Y(.%#*6H01*=#"5%h'#i)*"*('(V10:(0=0$"(6*0(6%#"$60'(*6%#5*"(.*'(%*10:(0=0$"(6**

!"#$%&'#()*+,-"#-(#$.*/!+0*

+,12'#1,*-&3,+1&%.*/+-0*

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

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

/'0&,% (* *')-$"().1 ,**,-$
2%('+# *(')3 4"5,5 -1'#$,%6

!"#$" %&'()*'& +%,#+' $)%%&'()*-
+) &,$" ./*$+#)*,0 &..&$+ 1%)/(2

7,#+()#, $%."$# (* ,.-8 *')-$"().1
,**,-$ 2%('+ 4"5,5 9:(;6

4 5

6
<)3"#$'%&,3 ="281> 3"#$'%&,3

?@.0+1, (* *')-$"().1 ,**,-$ 2%('+ A 4,525 #8%,33,%#65 :8.)2,# ()
"$# 3"#$%"&'$"() (* .&')3.)-,#B#+,-",# .1()2 . 3"#$'%&.)-, 2%.3",)$

?@.0+1, (* *')-$"().1 ,**,-$ 2%('+ A 4,525 #8%,33,%#65 :8.)2,#
() 3"#$%"&'$"() ") %,#+()#, $%."$# .1()2 . 3"#$'%&.)-,2%.3",)$

5

4 6

;&')3.)-,

7"-8),##C 4 5

6
<)3"#$'%&,3

4 4 4

="281> 3"#$'%&,3

;&')3.)-,C

<)3"#$'%&,3 ="281> 3"#$'%&,3

5

4 6 4 4

<)3"#$'%&,3 ="281> 3"#$'%&,3

4
7"-8),##C

4 4 4

4 4 4

G>.D(%&*4*



G>.D(%&*3*

<2*

!

!

*
4#%.0$6'#* $'%==0$0%(6* 0(.0$"6%* "* 10(:&%* %==%$6)* hH%#%"1* 6h'* '#* 5'#%* 10:(0=0$"(6* 10(:&%*
4#%.0$6'#*$'%==0$0%(61*0(.0$"6%*"(*"..060/%*%==%$6B*g(6%#"$60/%*["(6":'(0160$)*1I(%#:0160$*'#*
'44'10(:\*%==%$61*h%#%*0.%(60=0%.*JI*"*10:(0=0$"(6*[4*�*,B,y\*'#*4'6%(60"&*[4V/"&9%*J%6h%%(*
,B,y*"(.*,B+y\*0(6%#"$60'(*"(.*"*10(:&%*0(6%#"$60'(*%84&"0(0(:*6H%*$'(.060'("&*:''.(%11*'=*
=06*[#$#\*ê*yŠ*'=*/"#0"($%B*C%:"60/%*$'%==0$0%(61*='#*0(.0/0.9"&*4#%.0$6'#1*h06H*"*4'1060/%*
0(6%#"$60'(*$'%==0$0%(6*0(.0$"6%.*"(*"(6":'(0160$*%==%$6B*C%:"60/%*0(.0/0.9"&*4#%.0$6'#*"(.*
0(6%#"$60'(*$'%==0$0%(61*0(.0$"6%.*"*1I(%#:0160$*%==%$6B*A0==%#%(6*$'%==0$0%(6*10:(1*J%6h%%(*
0(.0/0.9"&*4#%.0$6'#1*0(.0$"6%.*"(*'44'10(:*%==%$6B*3==%$60/%*5%6#0$1*1H'9&.*J%*#%14'(10/%*
6'* "(6H#'4':%(0$* 054"$61* [0B%B* %84&"0(0(:* "* H0:H*4%#$%(6":%*'=* 6'6"&* /"#0"($%* "(.* 6H%*
5"#:0("&*:''.(%11*'=*=06*'#*%!5*„*,B+,\)*"(.*1H'h*"*1050&"#*4"66%#(*"$#'11*"*:#".0%(6*'=*
=&'h*0(6%#5066%($%)*hH0$H*01*#%=&%$6%.*JI*('(V0(6%#"$60/%*#%14'(1%1B*N'#*"&&*4#%.0$6'#1*[0B%B*
(95J%#*'=*054"$61)*ŒN5*"(.*AU.\)*(9&&*5'.%&1*h%#%*91%.*6'*.%6%#50(%*hH%6H%#*'J1%#/%.*
=9($60'("&*5%6#0$*#%14'(1%1*6'*"(6H#'4':%(0$*054"$61*#%=&%$6%.*6"8'('50$*/"#0"60'(*[0B%B*
6H%*4#'J"J0&06I*'=*=0(.0(:*5'#%*'#*=%h%#*"J9(."($%*'#*6#"06*$"6%:'#0%1*.9%*6'*6H%*(95J%#*
'=*6"8"z*1%%*-44%(.08*v\B*

*
-&&* "("&I1%1* h%#%* $'(.9$6%.* 0(* ]* /%#10'(* vBoBn* []* E'#%* j%"5* +,ny\)* 910(:* 6H%*

4"$i":%1* S&5%oT* [!"6%1*%6* "&B* +,ny\)* SP9Pg(T* [!"#6'G(*+,nq\* "(.* S/"#0"($%U"#6060'(T*
[O'==5"(* "(.* k$H".6* +,nr\B* jH%* $'.%* "(.* =9($60'(1* 91%.* 6'* #9(* 6H%1%* "("&I1%1* "#%*
"/"0&"J&%*"6*A"6"*-$$%110J0&06I*k6"6%5%(6B*

*

%
:8?E!6?%
*
e/%#"&&)* 5%6#0$1* .%$#%"1%.* h06H* 0($#%"10(:* 6H%* (95J%#* '=* 054"$61* "(.* h06H* =&'h*
0(6%#5066%($%* 4#%.0$6'#1* [0B%B* AU.* "(.* ŒN5z* j"J&%* +* "(.* j"J&%* v\B* O'h%/%#)* #%14'(1%1*
/"#0%.*J%6h%%(*5%6#0$1*"(.*J%6h%%(*."6"1%61*[0B%B*=&'h0(:*4H"1%*"(.*"&&*">9"60$*4H"1%1\B*

*
*

N,.'31!90'.!4'&(,;0!
*
-&&*h0.%&I*91%.*5%6#0$1*h%#%*(%:"60/%&I* #%&"6%.* 6'* 6H%*(95J%#*'=* 054"$61)* %84&"0(0(:*
„y,Š*'=*6'6"&*/"#0"($%*[j"J&%1*ko*"(.*ky\B*-*10(:&%*%==%$6*'=*6H%*(95J%#*'=*054"$61*'(*6H%*
=&'h0(:*4H"1%*."6"1%6* [J96*('6* "&&* 6H%* ">9"60$* 4H"1%1*."6"1%6\*h"1* ='9(.* ='#* g!PpU*
[N0:9#%*vH)*j"J&%*v\B*N'#*'6H%#*h0.%&I*91%.*5%6#0$1)* 6H%*5'16*$'55'(*%==%$6*h"1* 6H%*
"(6":'(0160$*[N0:9#%*v)*j"J&%1*+*"(.*v\B*-&&*h0.%&I*91%.*5%6#0$1*=#'5*J'6H*."6"1%61*h%#%*
0.%(60=0%.*"1*#%14'(10/%*5%6#0$1*[%#5*„*,B+,\)*h06H*%!5*/"&9%1*#"(:0(:*=#'5*,Bvt*6'*,Byo*
='#* "&&* 6H%* ">9"60$* 4H"1%1* ."6"1%6* [j"J&%* +\* "(.* =#'5* ,B+o* 6'* ,Bov* ='#* =&'h0(:* 4H"1%*
1"54&%1* [j"J&%*v\B*-$$'#.0(:* 6'* 6H%* $#06%#0"* 0(* N0:9#%*n)* g!PpU* 01* #%&0"J&%* ='#* =&'h0(:*
4H"1%*"11%115%(61*0(*J'6H*4%#%((0"&*"(.*0(6%#5066%(6*#0/%#1*[0B%B*9(0/%#1"&*5%6#0$z*j"J&%*
o\)* hH%#%"1* '6H%#* h0.%&I* 91%.* 5%6#0$1* h'9&.* #%>90#%* $"&0J#"60'(* J%='#%* 91%* 0(*
0(6%#5066%(6*#0/%#1B*

G>.D(%&*4*



G>.D(%&*3*

<3*

!

!

*
*

*

!
!
!

!
!
!

!

G>.D(%&*4*



G>.D(%&*3*

<4*

!

!

!
!
!
!

!
!
,-./01!$2 c-,)%!%&,'>3.!)&$!>32>?>2:(-!#$%;,3%$!,O!)&$!O>?$!'>2$-/!:%$2!5$)#>+%!O#,5!)&$!(--!
(f:()>+V;&(%$%!2()(%$)!6LO(50!L.$30!M=4ic0!MBLct!(32!M44>VtN!(!),!$0!#$%;$+)>?$-/N!t(C-$!
Q7! (32! )&$! O-,'>3.V;&(%$! 2()(%$)! 6O! ),! e7! (-,3.! (3! (3)&#,;,.$3>+! >5;(+)%! .#(2>$3)! 6RÅ!
>5;(+)%7D!":--!+>#+-$%!#$;#$%$3)!;$#$33>(-!#>?$#%!(32!$5;)/!+>#+-$%!>3)$#5>))$3)!,3$%D!">))$2!
?(-:$%!O,#!T4*%!5,2$-%!(#$!#$;#$%$3)$2!(%!C-:$! ->3$%!O,#!;$#$33>(-!#>?$#%!(32!(%!,#(3.$!
->3$%! O,#! M8%D!B--! #$%;,3%$%!'$#$!(3)(.,3>%)>+!$X+$;)! O,#!&0! O,#!'&>+&!(!%>3.-$!$OO$+)!'(%!
,C%$#?$2D!!!

!

*
*
B'<!:92;&,-2$3!4'&(,;0!
*
jH%*(95J%#*'=*054"$61*%84&"0(%.*„y,Š*'=*6H%*/"#0"($%*='#*5'16*=9($60'("&*5%6#0$1*J96)*
0(*1'5%*$"1%1)*ŒN5)*AU.2"(.*6H%0#* 0(6%#"$60'(1*h06H* 6H%*(95J%#*'=* 054"$61*%84&"0(%.*"*
1050&"#* 4%#$%(6":%* [j"J&%1* ko* "(.* ky\B* -* 10(:&%* %==%$6* '=* 6H%* (95J%#* '=* 054"$61*h"1*
'J1%#/%.* ='#* 1%/%#"&* N]* "(.* ]A* 5%6#0$1* [j"J&%1* +* "(.* v\2* N]B"J)* N]B1H#%..%#1B"J)*
]AB:#"^%#1B"J)*]AB:"6H%#%#1B"J*"(.*]AB=0&6%#%#1B*"J*='#*"&&*6H%*">9"60$*4H"1%1*."6"1%6)*"(.*
N]B"J)*N]B1H#%..%#1B4")*N]B=0&6%#%#1B4")*]AB1H#%..%#1B"J)*]AB:#"^%#1B"J)*]AB:"6H%#%#1B"J*
"(.* ]AB=0&6%#%#1B"J* ='#* 6H%* =&'h0(:* 4H"1%* ."6"1%6B* -5'(:* 6H%5)* 6H%*5'16* #%14'(10/%*
5%6#0$1*[%!5*„*,B+,\*h%#%*N]B"J*[%!5*…*,B+v\*"(.*]AB=0&6%#%#1B"J*[%!5*…*,B+t\*=#'5*"&&*6H%*
">9"60$*4H"1%*."6"1%6)*"(.*N]B=0&6%#%#1B4"*[%!5*…*,Bvv\*=#'5*6H%*=&'h0(:*4H"1%*."6"1%6*
[j"J&%* o\B* N'&&'h0(:* '9#* $#06%#0"* [N0:9#%* n\)* N]B"J)* N]B=0&6%#%#1B4"* "(.* ]AB=0&6%#%#1B"J*
#%4#%1%(6*9(0/%#1"&*5%6#0$1*[j"J&%*o\)*h06H*N]B"J*"(.*]AB=0&6%#%#1B"J*#%&0"J&%*='#*1"54&%1*
$'&&%$6%.*0(*J'6H*=&'h0(:*"(.*.01$'((%$6%.*4''&*4H"1%1)*"(.*N]B=0&6%#%#1B4"*#%&0"J&%*'(&I*
='#*=&'h0(:*4H"1%*1"54&%1B*
*
*
*
*
*
*

!
"#
$

!
%&
'

!
%&
'

!
"#
$

!" #"

$" %"

()
*
+
,

()
*
+
,

(-
!
,
.

(-
!
,
.

(*
*
/0.

(*
*
/0.

&" '" ("

)" *" +"

123/$4#567123/$4#567

123/$4#567 123/$4#567

123/$4#567 123/$4#567 123/$4#567

123/$4#567 123/$4#567 123/$4#567

!!
!
!

!

!
!
!
!

!

!
!!
!

!
!

!

!

!!!
!!
!

!

!

!

!
!

!!

!

!
!!

!

!

!
!

!!

!

!!

0 2 4 6 8 12

0.
4

0.
8

1.
2

N?? impacts

IB
M

W
P

a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12
3

4
5

6

d)

0 2 4 6 8 12

3
4

5
6

7
8e)

89

0 2 4 6 8 12

0.
4

0.
8

1.
2

a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12

3
4

5
6

d)

!!

!
!

!

!

!

!

!

!

!!

!

!

!

!
!

!

!!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!
!

0 2 4 6 8 12
3

4
5

6
7

8
N?? impacts

TR
ge

n

e)

89

0 2 4 6 8 12

0.
4

0.
8

1.
2

a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

!!

!
!

!

!

!

!

!

!

!!!!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

0 2 4 6 8 12

3
4

5
6

N?? impacts

TR
fa

m

d)

0 2 4 6 8 12
3

4
5

6
7

8e)

89 0 2 4 6 8 12
0.

4
0.

8
1.

2

a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

!

!
!
!

!

!
!

!!!

!

!!

!
!

!
!
!

!
!

!

!

!!

!

!

!
!

!

!
!

!

!!
!

!

!!
!

!

!
!!
!

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4

N?? impacts

IA
S

P
T

c)

0 2 4 6 8 12

3
4

5
6

d)

0 2 4 6 8 12
3

4
5

6
7

8e)

0 2 4 6 8 12

0.
4

0.
8

1.
2

a)

!
!
!
!

!
!!!
!
!

!
!

!

!

!

!
!
!

!

!

!

!

!

!

!

!

!!

!

!!

!
!
!

!

!

!

!

!

!

!

!
!
!

0 2 4 6 8 12

0.
2

0.
6

1.
0

N?? impacts

IM
M

iT

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12

3
4

5
6

d)

0 2 4 6 8 12

3
4

5
6

7
8e)

89 89

0 2 4 6 8 12

0.
6

1.
0

1.
4a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

!
!

!
!

!

!

!

!

!

!

!
!!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

0 2 4 6 8 12

4
5

6

N.. impacts

TR
fa

m

d)

0 2 4 6 8 12

20
40

60

e)

89

0 2 4 6 8 12

0.
6

1.
0

1.
4a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12

4
5

6

d)

!!

!
!

!

!

!

!

!

!

!!

!

!

!

!
!

!

!!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

0 2 4 6 8 12

20
40

60

N.. impacts

TR
ge

n

e)

!!
!
!

!

!
!
!
!

!

!
!
!!

!

!

!

!

!
!
!
!!
!

!

!

!

!
!

!
!

!

!
!!

!

!

!
!

!!

!

!!

0 2 4 6 8 12
0.

6
1.

0
1.

4
N.. impacts

IB
M

W
P

a)

0 2 4 6 8 12

0.
2

0.
6

1.
0

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12

4
5

6

d)

0 2 4 6 8 12
20

40
60

e)

0 2 4 6 8 12

0.
6

1.
0

1.
4a)

0 2 4 6 8 12
0.

2
0.

6
1.

0

b)

!

!
!
!

!

!
!

!!!

!

!!

!
!

!
!

!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!!
!

!

!!
!

!

!

!!
!

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4

N.. impacts

IA
S

P
T

c)

0 2 4 6 8 12

4
5

6

d)

0 2 4 6 8 12

20
40

60

e)

89 89 890 2 4 6 8 12

0.
6

1.
0

1.
4a)

!
!
!
!

!
!!!
!
!

!
!

!

!

!

!
!
!

!

!

!

!

!

!

!

!

!!

!

!!

!
!
!

!

!

!

!

!

!

!

!
!
!

0 2 4 6 8 12

0.
2

0.
6

1.
0

N.. impacts

IM
M

iT

b)

0 2 4 6 8 12

0.
2

0.
6

1.
0

1.
4c)

0 2 4 6 8 12
4

5
6

d)

0 2 4 6 8 12

20
40

60

e)

89

G>.D(%&*4*



G>.D(%&*3*

<5*

!

!

*
*

!
34561!$2!8$%:-)%!,O!T4*%!O#,5!)&$!2()(%$)!>3+-:2>3.!,3-/!)&$!O-,'>3.!;&(%$D!L$$!t(C-$!K!O,#!
O:#)&$#!2$)(>-%D!
!

!! LM!
-;K4=<>! J,"!

LM!-;K4=<>!
N!J,"!

0#=! 7OO1=<!<PK1!

LO(5! bDGF^! VIDQIG!�! VKDGGQ! IDKbJ!6D7! IDHF! ID^Q! (3)(.,3>%)>+!
L.$3! VQDbGF!�! VGbDFIF!�! GDQJ^!�! IDFb! (3)(.,3>%)>+!
M=4ic! VIDIKH!�! VIDQbQ! V! IDJK! %>3.-$!
MBLct! VIDIH!�! VIDF^G! IDIJH!6D7! ID^Q! (3)(.,3>%)>+!
M44>t! ID__^! VIDIH_!�! VQDIbJ!�! IDQKF!�! IDGI! IDJ^! (3)(.,3>%)>+!
"8D;(! VIDIIb!! VIDHI^!�! VIDIKQ! IDQG! %>3.-$!
"8D(C! IDI^H!�! QDF__!! IDQGQ! IDbQ! %>3.-$!
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"8D;#$2(),#%D;(! VIDQIQ!�! VHDFFK!�! IDK_G!�! IDbF! (3)(.,3>%)>+!
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G->=:881=<1G!K::6!=:8G-<-:8>U!!
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8<DO>-)$#$#%D(C!
!
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N]B"J*"(.*N]B'5(0/'#'91B4"*5'.%&1* 0($&9.0(:*"&&*">9"60$*4H"1%1* [j"J&%*kr\*"(.)* 6H91)**
=9($60'("&*5%6#0$*#%14'(1%1*#%=&%$6%.*"(6H#'4':%(0$*054"$61*"(.u'#*=&'h*0(6%#5066%($%)*
('6*6"8'('50$*/"#0"60'(B*N'#*6H%*=&'h0(:*4H"1%*."6"1%6)*1%/%#"&*5%6#0$1*H".*('(V#"(.'5*
%==%$61* '(* "&&* 5'.%&* 6%#51* [0B%B* N]B"J)* N]B'5(0/'#'91B4")* N]B4#%."6'#1B4")*
N]B'5(0/'#'91B"J)*N]B4#%."6'#1B"J*"(.*N]0$*5'.%&1z*j"J&%*kq\)*"(.*(9&&*5'.%&1*0(.0$"6%.*
6H"6* 6H%* (95J%#* '=* 054"$61* 6%#5* H".* ('(V#"(.'5* %==%$61* '(* "&&* 5'.%&1* %8$%46* ='#*
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e9#*#%19&61*1H'h%.*6H"6*("69#"&*.0169#J"($%1* [0B%B* =&'h* 0(6%#5066%($%\*$'9&.*$'(='9(.*
J0'&':0$"&*>9"&06I*"11%115%(61*JI*"&6%#0(:*5%6#0$* #%14'(1%1* 6'*"(6H#'4':%(0$* 054"$61B*
P'16* '=* '9#* h0.%&I* 91%.* "(.* (%h* =9($60'("&* 5%6#0$1* .%$#%"1%.* h06H* 0($#%"10(:*
"(6H#'4':%(0$* 054"$61)* J96* 1H'h%.* "(* 0(6%#"$60/%* "(6":'(0160$* #%14'(1%* h06H* =&'h*
0(6%#5066%($%B*jH91)*5'16*5%6#0$1*h'9&.*('6*"$$9#"6%&I*0(.0$"6%*6H%*J0'&':0$"&*>9"&06I*'=*
0(6%#5066%(6* #0/%#1)* "(.*h'9&.* #%>90#%* $"&0J#"60'(* [N0:B* n$\B*O'h%/%#)* 6H%*h0.%&I*91%.*
g!PpU*0(.%8*"(.*=%h*=9($60'("&*5%6#0$1*$'9&.*4#'/0.%*#%&0"J&%*J0'&':0$"&*"11%115%(61*0(*
0(6%#5066%(6* #0/%#1* hH%(* "44&0%.* .9#0(:* 6H%* =&'h0(:* 4H"1%)* "(.* 6H%* =9($60'("&*
#%.9(."($I*J"1%.*'(*6H%*hH'&%*$'559(06I*"J9(."($%*[N]B"J\*#%5"0(%.*%==%$60/%*%/%(*
0(*.01$'((%$6%.*4''&1B*
*

E'54"#%.*6'*4%#%((0"&*#0/%#1)*">9"60$*$'559(060%1*0(*0(6%#5066%(6*#0/%#1*6I40$"&&I*
1944'#6* =%h%#* 6"8"* "(.* "* H0:H%#* 4#'4'#60'(* '=* :%(%#"&0161)* .9%* 6'* %(/0#'(5%(6"&*
H"#1H(%11*[!':"(*%6*"&B*+,nqz*k'#0"*%6*"&B*+,nq\B*-1*"*#%19&6)*6H%*91%=9&(%11*'=*5"(I*h0.%&I*
91%.*J0'5'(06'#0(:*5%6#0$1*J"1%.*'(* 6"8'(*.0/%#106I* 01* &0506%.)*%14%$0"&&I*hH%(*910(:*
16"(."#.*/"&9%1*'J6"0(%.*=#'5*4%#%((0"&*#0/%#1*[U#"6*%6*"&B*+,noz*EH09*%6*"&B*+,nq\B*k050&"#*
&0506"60'(1* '=* h0.%&I* 91%.* 5%6#0$1* H"/%* J%%(* 'J1%#/%.* 0(* '6H%#* ("69#"&&I* .0169#J%.*
%$'1I16%51*19$H*"1*hH%(*910(:*#04"#0"(*4&"(6*$'559(060%1*"1*0(.0$"6'#1*0(*0(6%#5066%(6*
#0/%#1*[!#9('*%6*"&B*+,nr\*'#*hH%(*910(:*0(/%#6%J#"6%1*0(*%169"#0%1*[3&&0'66*"(.*X90(60('*
+,,q\*'#*1"&0(%*#0/%#1*[K960W##%^VE_('/"1*%6*"&B*+,nt\B*C'(%6H%&%11)*'9#*#%19&61*19::%16%.*
6H"6*'(%*h0.%&I*91%.*5%6#0$)*6H%*g!PpU*0(.%8)*$'9&.*J%*"44&0%.*0(*0(6%#5066%(6*#0/%#1*
.9#0(:*=&'h0(:*4H"1%1B*jH01*"&0:(1*h06H*'6H%#*169.0%1*0(*P%.06%##"(%"(V$&05"6%*#0/%#1*[%B:B*
P9((W*"(.*U#"6*+,nnz*P"^'#*%6*"&B*+,noz*U#"6*%6*"&B*+,no\)*hH0$H*19::%16*6H"6*h0.%&I*
91%.*5%6#0$1*5"I*h'#i*"6* 0(6%#5066%(6*106%1*0=*=&'h0(:*4H"1%1*"#%*19==0$0%(6&I* &'(:*"(.*
4#%.0$6"J&%* [K"&&"#6*%6*"&B*+,n+)*+,nq\B*N'#*%8"54&%)*P9((W*"(.*U#"6* [+,nn\* ='9(.*('*
.0==%#%($%1*='#*g!PpU*J%6h%%(*4%#%((0"&*"(.*0(6%#5066%(6*#0/%#1*.9#0(:*h%6*I%"#1)*"1*
=&'h*4%#5"(%($%* 0(* 0(6%#5066%(6* #0/%#1*h"1* H0:HB*O'h%/%#)* .9#0(:* .#I* I%"#1)* g!PpU*
/"&9%1*/"#0%.*$'(10.%#"J&I*%/%(*0=*1"54&%1*h%#%*$'&&%$6%.*.9#0(:*=&'h0(:*4H"1%1*[P9((W*
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ABSTRACT 
 

 

 
 
 
 
 
 
 

 
Participatory processes can help to promote a more sustainable and equitable 
management of water resources and equally engage citizens in management. In this 
sense, the European Water Framework Directive (WFD) mandates to incorporate the 
participation of stakeholders and the general public in the development and updating of 
the river basin management plans. Yet, the WFD implementation has been mainly 
focused on perennial rivers without considering temporary rivers properly, neither in 
biomonitoring programs nor participatory processes.  
 
This paper aims at adapting participatory processes in river basin management to 
enhance the inclusion of ecosystems with poor or no social recognition such as 
temporary rivers.  
 
To do so, we examined previous experiences of participatory processes conducted in the 
WFD and adapted them to propose and implement an approach for promoting 
stakeholders’ engagement in temporary rivers. The approach is based on a collaborative 
leadership, includes multiple participatory engagement mechanisms, uses future global 
change scenarios and the concept of ecosystem services at different stages of the 
process, and aims at involving stakeholders not only in the proposal of measures stage 
but in the diagnosis of the ecological status. It also includes an evaluation of participants’ 
satisfaction on the process. We tested our approach in temporary rivers from the 
Mediterranean region.  
 
We found that the combination of environmental education and citizen science activities, 
together with the inclusion of the ecosystem services concept, was the most useful way 
to raise awareness on the biodiversity and ecological value of temporary rivers and to 
promote stakeholders’ engagement. Workshops conducted during the diagnosis stage 
played an important role in both including stakeholders’ suggestions and increasing their 
knowledge on temporary rivers. Further, envisaging climate-related future scenarios 
allowed participants to incorporate measures that could tackle new and emerging 
pressures on these ecosystems. As future environmental changes will increase the 
proportion of rivers with temporary flow regimes, our approach can contribute to adapt 
current participatory processes to future needs. 
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1944'#6%.*JI*"*d9"(*.%*&"*E0%#/"*$'(6#"$6*[NdEgV+,nqVvotqq\*"(.*6H%*EZgP-Z3]j*4#'7%$6*
[UEgCV+,nqV,rs\*'=*6H%*k4"(01H*P0(016#I*'=*k$0%($%*"(.*g(('/"60'(B*p%*"$i('h&%.:%*"&&*
6H%*4"#60$04"(61*0(*'9#*h'#i1H'412*$060^%(1)*&'$"&*%(/0#'(5%(6"&*"11'$0"60'(1*[0B%B*kgj]-)*
k"&/%5*K"0L)*-11'$0"$0F*5%.0'"5J0%(6"&*Z"*kW(0")*-11'$0"$0F*OLJ06"61)*U&"6"='#5"*4%&*#09*
k09#"(")* U&"6"='#5"* k0%##"* .%* EH0/")* -3Pk* #<'1* $'(* /0.")* E'((%$6"* C"69#"* "(.* -$$0F*
3$'&':016"V-:#F\)* #%1%"#$H* 0(1606960'(1* [0B%B* Y-!)* g]j-* "(.* Eg3N\)* 4#0/"6%* 1%$6'#* [0B%B*
E'##0'&1*0*]0J%#%1*kZ)*E#%"#>$0F*"(.*N9(."$0F(*C"69#"&*Z0=%\*"(.*&'$"&*59(0$04"&060%1*[0B%B*
Z"*!01J"&)*-&$'/%#)*Z"*kW(0"*"(.*EH%16%*6'h(*$'9($0&1)*"1*h%&&*"1*E'(1'#$0*.%*&%1*K"/"##%1*
"(.*U"#$*C"69#"&*j0(%(M"*!%(0="11L\B*
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*
"&'&#!2*+-)13))-.'**

*
*
jH01* 6H%101*4#'/0.%.*"(*'/%#/0%h*'(*H'h*"(6H#'4':%(0$* 054"$61*50:H6*"==%$6* ">9"60$*
J0'.0/%#106I* 0(* j]1* [4<"5*+#7% =% "23% ?\)* "(.* '(* H'h* $'54&%5%(6"#I* "44#'"$H%1* "#%*
#%>90#%.* ='#* 9(.%#16"(.0(:* J0'.0/%#106I* 4"66%#(1* 0(* j]1* "(.* ='#* 054#'/0(:* 6H%0#*
5"(":%5%(6*[4<"5*+#7%?B%@%"23%A\B*jH01*0($&9.%1*(%h*4%#14%$60/%1*'(*6H%*5%"19#%5%(6*
'=*j]1*J0'.0/%#106I*6'*J%66%#*6"#:%6*$'(1%#/"60'(*%=='#61*[4<"5*+#%?\)*6H%*.%/%&'45%(6*'=*
(%h*J0'"11%115%(6*5%6H'.1*"J&%*6'*.%6%$6*"(6H#'4':%(0$* 054"$61* 0(*j]1* [4<"5*+#%@\*
"(.*6H%*4#'4%#&I*0($'#4'#"60'(*'=*j]1*0(*6H%*4"#60$04"6'#I*4#'$%11%1*'=*6H%*]0/%#*!"10(*
P"(":%5%(6*U&"(1*[]!PU1\*[4<"5*+#%A\B**
*
jH%*6H%101*h"1*5"0(&I*='$91%.*'(*P%.06%##"(%"(V$&05"6%*#0/%#1*J96*"&1'*4#'/0.%*:%(%#"&*
0(10:H61* 6H"6* $'9&.* J%* $'(10.%#%.* 0(* j]1* '=* '6H%#* $&05"60$* #%:0'(1B* g(* 6H%* ='&&'h0(:*
1%$60'(1)*h%*.01$911*6H%*5"0(*#%19&61*'J6"0(%.*=#'5*6H01*6H%101)*4#'/0.%*0(='#5"60'(*'(*
('/%&* "44#'"$H%1* 6H"6* "#%* $9##%(6&I* J%0(:* .%/%&'4%.)* "(.* 4#%1%(6* 1'5%* =969#%*
4%#14%$60/%1*='#*054#'/0(:*6H%*5"(":%5%(6*"(.*$'(1%#/"60'(*'=*j]1B**

!
!
%
6@F;:5?% ;% H8668:% E958:?6;95>97% @3% 6:#R% H>@5>D8:?>6C%
B;668:9?%
*
K&'J"&&I)* j]1* H'&.* H0:H&I* .I("50$* $'559(060%1* 6H"6* 6I40$"&&I* $H"(:%* "5'(:* =&'h0(:)*
.01$'((%$6%.*4''&1*"(.*.#I*4H"1%1*'/%#*14"$%*"(.*605%B*jH%#%='#%)*0($&9.0(:*J'6H*14"60"&*
"(.* 6%54'#"&* J0'.0/%#106I* 4"66%#(1* "#%* i%I* 6'* $"469#%* 6H%* =9&&* /"#0"60'(* 0(* 6H%0#*
$'559(06I*$'54'1060'(*[]9H<*%6*"&B*+,nqz**k69JJ0(:6'(*%6*"&B*+,nt")J\B*3/0.%($%*1H'h1*
6H"6* $'(10.%#0(:* '(&I* 14%$0%1* #0$H(%11* "(.* $'559(06I* $'54'1060'()* %/%(* '/%#* 605%)*
50:H6* ('6* J%* 19==0$0%(6* 6'* 4#'6%$6* 6H%* 4#'$%11%1* 6H"6* 5"0(6"0(* 6H%0#* %$'1I16%5*
=9($60'(0(:* [E#"J'6* %6* "&B* +,ntz* Z%0:H* %6* "&B* +,ntJ\B* j'* J%66%#*5"(":%* "(.* 4#%1%#/%*
">9"60$* J0'.0/%#106I* 9(.%#* =969#%* :&'J"&* $H"(:%* 1$%("#0'1* "(.* 6'* "/'0.* 4'6%(60"&*
%$'1I16%5*$'(1%>9%($%1*'=* J0'.0/%#106I* &'11)* $'(1%#/"60'(*%=='#61* 1H'9&.*J%* 6"#:%6%.*
6'h"#.1*J'6H*14"60'6%54'#"&*6"8'('50$*"(.*=9($60'("&*.0/%#106I*4"66%#(1B*j'*J%*"J&%*6'*
0($'#4'#"6%* "&&* 6H01* #%&%/"(6* 0(='#5"60'(* '(* $'559(06I* $'54'1060'(* 0(* $'(1%#/"60'()*
H'h%/%#)*"*J%66%#*9(.%#16"(.0(:*'=*j]1G*J0'.0/%#106I*4"66%#(1*01*#%>90#%.B**
*
!
!
!
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!
H#'!'S%';&'.!,2;('$0'!,2!&#'!%('/$3'2;'!-:!HI0!<-(3.<,.'!.9'!&-!>3-8$3!
;#$2>'!;-93.!('093&!,2!$!.';('$0'!,2!:('0#<$&'(!8,-.,/'(0,&1!
*
-1* "* #%19&6* '=* "* 5%6"V"("&I101* '(* oo* 49J&01H%.* 169.0%1* '=* 4%#%((0"&* #0/%#1* "(.* j]1*
J0'.0/%#106I)*h%*='9(.*"*10:(0=0$"(6&I*H0:H%#*J0'.0/%#106I*0(*4%#%((0"&*6H"(*0(*j]1*[4<"5*+#%
=\B*O%#%)*h%*='$91%.*'(*€*.0/%#106I*"(.)*14%$0=0$"&&I)*h%*%86#"$6%.*6"8'('50$*#0$H(%11*
=#'5* 6H%1%* oo* 49J&01H%.* 169.0%1B* -5'(:* 6H%* 6"8'('50$* :#'941* $'(10.%#%.* [0B%B*
5"$#'0(/%#6%J#"6%1)* =01H)* .0"6'51* "(.* 5"$#'4HI6%1\)* '9#* =0(.0(:1* 19::%16%.* 6H"6*
J0'.0/%#106I*&'11%1*5"I*J%*5'#%*#%&%/"(6*='#*5"$#'0(/%#6%J#"6%1B*P'#%'/%#)*'9#*#%19&61*
"&1'* 1H'h%.* 10:(0=0$"(6* .0==%#%($%1* 0(* 169.0%1* $'(.9$6%.* h06H0(* "#0.* "(.* 6%54%#"6%*
$&05"6%1)* .#I* "(.*h%6* 1"54&0(:* 1%"1'(1)* H%".h"6%#1* "(.* #%:0'(1* 19J7%$6* 6'* .0==%#%(6*
&%/%&1*'=*"(6H#'4':%(0$*054"$61B*jH%#%='#%)*'9#*#%19&61*4#'/0.%*(%h*0(='#5"60'(*'(**H'h*
6H%1%*054"$61*$'9&.*6H#%"6%(*">9"60$*J0'.0/%#106I*"(.*H'h*$'(1%#/"60'(*%=='#61*5"I*J%16*
J%*.0#%$6%.B**
*

C%/%#6H%&%11)*6'*#%"&&I*"("&I1%*6H%1%*:&'J"&*6#%(.1)*=969#%*#%1%"#$H*1H'9&.*$'54"#%*
4%#%((0"&*"(.*j]1*J0'.0/%#106I*0(*#%:0'(1*J%I'(.*6H'1%*0($&9.%.*H%#%*[%B:B*-=#0$")*-10"*'#*
k'96H*-5%#0$"\*"(.*"$#'11*"*h0.%#*/"#0%6I*'=* 6"8'('50$*:#'941* [%B:B*50$#'J%1\B*k0($%*
"("&I10(:* 6"8'('50$* .0/%#106I* "&'(%*50:H6* 4#'/0.%* &0506%.* 0(10:H6* 0(6'* 6H%* 054"$61* '=*
.0169#J"($%*'(*%$'1I16%5*=9($60'(0(:)*=9#6H%#*169.0%1*0($'#4'#"60(:*=9($60'("&*[x0&&W:%#*
%6*"&B*+,nv)*+,ny\*"(.*:%(%60$*.0/%#106I*[%B:B*PD##0"*%6*"&B*+,nq\*"5'(:*4%#%((0"&*#0/%#1*
"(.*j]1*$'9&.*%84"(.*'9#*=0(.0(:1B**

*
N#'5*6H01*6H%101*"(.*'6H%#*169.0%1*h%*$"(*"&1'*$'($&9.%*6H"6*j]1*"#%*H0:H&I*.I("50$*

0(*14"$%*"(.*605%)*"(.*1'*"#%*6H%0#*J0'&':0$"&*$'559(060%1B*jH91)*=9#6H%#*:&'J"&*169.0%1*
$'54"#0(:* J0'.0/%#106I* 5%"19#%1* 19$H* "1* ‚* .0/%#106I* 6H"6* "#%* "J&%* 6'* $"469#%* 19$H*
.I("5015*0(*j]1*$'9&.*$'(6#0J96%*6'*J%66%#*9(.%#16"(.*j]1G*J0'.0/%#106I*4"66%#(1*[%B:B*
j'(i0(*%6*"&)*+,nqz*x"(*.%#*x'#16%*%6*"&B*+61$%)%$3"$8\B*****
*
*
"-2&(,89&,-2!-:!HI0!&-!R!.,/'(0,&1!;$2!,2:-(4!:('0#<$&'(!;-20'(/$&,-2!,2!
&#'!='.,&'(($2'$2!('>,-2!
*
e9#* #%19&61* 1H'h%.* 6H"6)* '/%#"&&)* J'6H* 6"8'('50$* "(.* =9($60'("&* #0$H(%11* h%#%*
10:(0=0$"(6&I* H0:H%#* 0(* 4%#%((0"&* #0/%#1* 6H"(* 0(* j]1)* hH0&%* &'$"&* 106%* $'(6#0J960'(1* 6'*
6"8'('50$*"(.*=9($60'("&*‚*.0/%#106I*[ZE!A\*h%#%*H0:H%#*0(*j]1*[4<"5*+#%?\B*O0:H%#*ZE!A*
/"&9%1* 'J1%#/%.* 0(* j]1* 0(.0$"6%.* "* H0:H%#* .%:#%%* '=* %$'&':0$"&* 9(0>9%(%11* '=* 6H%1%*
%$'1I16%51*0(*6%#51*'=*J'6H*14%$0%1*"(.*6#"061*$'54'1060'(B*pH%(*$'54"#0(:*4%#%((0"&*
#0/%#1*"(.*j]1*'/%#*605%)*6H%#%*h"1*"*.%$#%"1%*'=*6"8'('50$*"(.*=9($60'("&*#0$H(%11*0(*
j]1*h06H*6H%*&'11*'=*19#="$%*=&'h*"6*6H%*J%:0((0(:*'=*1955%#B*A9#0(:*6H%*1"5%*4%#0'.)**
*
*
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*
H'h%/%#)* 6H%#%*h"1* "(* 0($#%"1%*'=* 6"8'('50$* "(.* =9($60'("&* ZE!A* 0(* j]1B*P'#%'/%#)*
hH%(*$'54"#0(:*4%#%((0"&*#0/%#1*"(.*j]1*'/%#*605%)*4%#%((0"&*#0/%#1*"&1'*1H'h%.*$%#6"0(*
/"#0"J0&06I*'/%#* 605%B*E'54"#%.* 6'* #0/%#1* =#'5*'6H%#* $&05"60$* #%:0'(1)*P%.06%##"(%"(V
$&05"6%* #0/%#1* "#%* $H"#"$6%#01%.* JI* J%0(:* H0:H&I* 4#%.0$6"J&%* 0(* 6%#51* '=* 1%"1'("&06I)*
#%19&60(:* 0(* $'559(06I* 1H0=61* %/%(* 0(* 4%#%((0"&* #0/%#1* [!'("."* "(.* ]%1H* +,nv\B*
C%/%#6H%&%11)*j]1*"#%*$H"#"$6%#0^%.*JI*"*H0:H%#*:"0(u&'11*'=*14%$0%1*"(.*6#"061*6H#'9:H'96*
6H%* I%"#* [j'#(W1* "(.*]9H<* +,nvz* Z%0:H*%6* "&B* +,ntJ\B* g(* "..060'()* 0(*'9#* 169.I)* H0:H%#*
/"&9%1*'=*6"8'('50$*"(.*=9($60'("&*ZE!A*'/%#*605%*$'##%14'(.%.*5'16&I*6'*j]1*.9#0(:*
6H%*.01$'((%$6%.*4''&1*4H"1%B*N#'5*"*$'(1%#/"60'(*4'0(6*'=*/0%h)*'9#*#%19&61*H0:H&0:H6*
6H%* 054'#6"($%*'=*j]1*6'*J0'.0/%#106I*$'(1%#/"60'(*'=*5%.06%##"(%"(*#0/%#1)*%14%$0"&&I*
.9#0(:*6H%*.01$'((%$6%.*4''&*4H"1%)*19::%160(:*6H"6*6H%1%*%$'1I16%51*$"(('6*J%*0:('#%.*
0(*$'(1%#/"60'(*4&"((0(:*16#"6%:0%1B*jH01* 01*%/%(*5'#%*#%&%/"(6*h06H*6H%*4#%.0$60'(1*'=*
j]1*0($#%"10(:*h'#&.h0.%*J%$"91%*'=*:&'J"&*$H"(:%*[Aƒ&&*"(.*k$H50%.*+,n+\)*hH0$H)*0(*
69#()*50:H6*"&1'*0($#%"1%*6H%*=#%>9%($I*'=*.01$'((%$6%.*4''&1*[K"&&"#6*%6*"&B*+,nqz*!'("."*
%6* "&B* +,+,\B* P'#%'/%#)* $'(10.%#0(:* P%.06%##"(%"(V$&05"6%* j]1* H0:H* 14"60'6%54'#"&*
HI.#'&':0$"&*/"#0"J0&06I*"(.*6H"6*910(:*6"8'('50$*5%"19#%1*"&'(%*6'*4#'6%$6*J0'.0/%#106I*
50:H6*4#'/0.%*&0506%.*0(10:H6*0(6'*6H%*054"$61*'=*.0169#J"($%*'(*%$'1I16%5*=9($60'(0(:*
[4<"5*+#% ?\)* =#%1Hh"6%#* $'(1%#/"60'(* 4&"((0(:* 1H'9&.* $'(10.%#* 5'(06'#0(:* 6H%*
14"60'6%54'#"&* /"#0"J0&06I* '=* J'6H* 6"8'('50$* "(.* =9($60'("&* J0'.0/%#106I* 0(* 6H%1%*
%$'1I16%51B*X9"(60=I0(:* =9($60'("&* ‚* .0/%#106I* $"(*4#'/0.%* /"&9"J&%* 0(10:H61* 0(6'*H'h*
J0'.0/%#106I*&'11*"==%$61*%$'1I16%5*=9($60'(0(:*"(.)*6H91)*J%*5'#%*"$$9#"6%*0(*.%6%$60(:*
%$'1I16%5* .%:#"."60'()* #%4#%1%(60(:* "* 16%4* ='#h"#.* 0(* 6H%* 5"(":%5%(6* '=* 6H%1%*
%$'1I16%51*[E#"J'6*%6*"&B*+,ntz*Z%0:H*%6*"&B*+,ntJz*k_($H%^VP'(6'I"*%6*"&B*+,+,\B*g(*6H01*
#%:"#.)*.%1406%*6H%#%*H"1*J%%(*"(*0($#%"1%*'=*#%1%"#$H*'(*14"60'6%54'#"&*6"8'('50$*‚*
.0/%#106I*0(*j]1*[%B:B*]9H<*%6*"&B*+,nqz*]':'1$H*"(.*e&.%(*+,ntz*k69JJ0(:6'(*%6*"&B*+,ntJz*
k_($H%^VP'(6'I"* %6* "&B* +,+,\)* '9#* 169.I* 01* '(%* '=* 6H%* =%h* 6H"6* "&1'* 0($&9.%1*
14"60'6%54'#"&*=9($60'("&*‚*.0/%#106I*4"66%#(1*[J96*1%%*"&1'*E#"J'6*%6*"&B*+,nt*"(.*Z%0:H*
%6*"&B*+,ntJ\B**
*

A%1406%*6H%*16#%(:6H1*'=*'9#*169.I)*=969#%*#%1%"#$H*1H'9&.*6%16*J'6H*6"8'('50$*"(.*
=9($60'("&*14"60'6%54'#"&*4"66%#(1*'=*‚*.0/%#106I*%($'54"110(:* &"#:%#* 605%*4%#0'.1* 6'*
"("&I1%* J'6H* 0(6%#* "(.* 0(6#"((9"&* =&'h* /"#0"J0&06I* [%B:B* ]':'1H* "(.* e&.%(* +,nt\B* g(*
"..060'()* $'(10.%#0(:* 6H"6* $&05"6%* $H"(:%*$"(*J%*"*.#0/%#*'=*J0'60$*H'5':%(0^"60'(* 0(*
=#%1Hh"6%#*%$'1I16%51*[pH06%*%6*"&B*+,ns\)* =9#6H%#*16%41*"=6%#* 6H01* 6H%101*h'9&.*J%*6'*
%8"50(%*5%6"$'559(06I*%$'&':I*#%1%"#$H*0(*j]1*[E"w%.'V-#:`%&&%1*%6*"&B*+,nyz*A"6#I*%6*
"&B*+,nqJz*E0.*%6*"&B*+,+,\B*j'*J%*"J&%*6'*"44&I*6H%1%*"44#'"$H%1*0(*'9#*169.I)*H'h%/%#)*
06*h'9&.*J%*(%$%11"#I*6'*0($#%"1%*"&1'*6H%*(95J%#*'=*1"54&0(:*106%1*"&'(:*6H%*169.0%.*
#0/%#1)* "(.u'#*h06H0(* %"$H*'=* '9#* 6H#%%* #0/%#*J"10(1B*Y19"&&I)* J0'60$* H'5':%(0^"60'(* 01*
%/"&9"6%.*JI*$'54"#0(:*14"60"&*69#('/%#*'=*14%$0%1*J%6h%%(*605%*4%#0'.1*[e&.%(*%6*"&B*
+,,oz*pH06%*%6*"&B*+,ns\*"(.*6H%#%*"#%*1%/%#"&*"44#'"$H%1)*19$H*"1*4"#6060'(0(:*6H%*ZE!A*
0(6'*69#('/%#*"(.*(%16%.(%11*$'54'(%(61*[0B%B*#%4&"$%5%(6*"(.*#0$H(%11*ZE!Az*Z%:%(.#%*
+,no\B*N'#*0(16"($%)*0(*169.0%1*$'(.9$6%.*0(*j]1*h06H*5"$#'0(/%#6%J#"6%1*'#*=01H*910(:*6H%**
*
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*
*
ZE!A*"44#'"$H* [%B:B*]9H<*%6*"&B*+,nq*"(.*]':'1H*"(.*e&.%(*+,ntz* #%14%$60/%&I\)* 6H%I*
'J1%#/%.* 6H"6* 14%$0%1* #%4&"$%5%(6* [69#('/%#\* $'(6#0J96%.* 5'#%* 6H"(* .0==%#%($%1* 0(*
14%$0%1* #0$H(%11* [(%16%.(%11\* 6'* 6H%* 6'6"&* ‚* .0/%#106IB* -("&I10(:* 6H%1%* $'54'(%(61)*
6H%#%='#%)*5"I*4#'/0.%*0(10:H61*0(6'*$'(1%#/"60'(*16#"6%:0%1)*"1*"(*0($#%"1%*0(*69#('/%#*
6H#'9:H* 605%* 054&0%1* 6H"6* $'(1%#/"60'(* 5916* 6"#:%6* (95%#'91* 106%1* 6'* 5"0(6"0(* Å*
.0/%#106I)* hH%#%"1* "(* 0($#%"1%* 0(* (%16%.(%11* 19::%161* "* =%h* i%I* 106%1* ='#* 4#'6%$60'(*
[k'$'&"#*%6*"&B*+,nr\B*P'#%'/%#)*10($%*J0'60$*H'5':%(0^"60'(*50:H6*J%*%06H%#*#%=%##0(:*6'*
:%(%60$)* 6"8'('50$*'#* =9($60'("&*H'5':%(0^"60'()* =969#%*#%1%"#$H*1H'9&.*"&1'*%(>90#%*
0(6'*"&&*6H#%%*6I4%1*'=*H'5':%(0^"60'(*[x0&&W:%#*%6*"&B*+,nqz*PD##0"*%6*"&B*+,nq\B*
*

N0("&&I)* =#'5* "* $'(1%#/"60'(* 4'0(6* '=* /0%h)* $9##%(6* "44#'"$H%1* '(* 1I16%5"60$*
$'(1%#/"60'(*4&"((0(:* [O%#5'1'*%6*"&B*+,nv\*1H'9&.*J%*"44&0%.* 6'*j]1)*$'(10.%#0(:*"&&*
J0'.0/%#106I* $'54'(%(61* "(.* .05%(10'(1* ='#* .0==%#%(6* J0'&':0$"&* :#'941* "(.* '6H%#*
#%&%/"(6*$'(1%#/"60'(*6"#:%61)*19$H*"1*("69#"&*HI.#'&':0$"&*$'((%$60/06I*0(*6H%1%*j]1*"(.*
6H%*054'#6"($%*'=*5"0(6"0(0(:*.01$'((%$6%.*4''&1B*

%
%
%
5>?6>97E>?=>97% 9;6E:;!% 3:@A% =EA;9P>95E<85% 3!@F%
>968:A>6689<8%>9%6:#%%
*
j'*$'(.9$6*"*$'##%$6*%/"&9"60'(*'=*j]1G*%$'&':0$"&*16"691)*6H%*4#%#%>90106%*1H'9&.*J%*6H%*
$'##%$6*$H"#"$6%#0^"60'(*'=*061*HI.#'&':0$"&*#%:05%*[K"&&"#6*%6*"&B*+,nq\B*A9%*6'*6H%*H0:H*
HI.#'&':0$"&* /"#0"J0&06I*'=* j]1*"(.* 6H%0#* &"$i*'=* :"9:0(:*."6")*H'h%/%#)* $&"110=I0(:* 6H%*
HI.#'&':0$"&* #%:05%* "(.* "11%110(:* 6H%* .%:#%%* '=* HI.#'&':0$"&* "&6%#"60'(* '=* 6H%1%*
%$'1I16%51*01*h"I*5'#%*$'54&0$"6%.*6H"(*0(*4%#%((0"&*#0/%#1*[A"6#I*%6*"&B*+,nqJz*K"&&"#6*
%6* "&B* +,nq\B*P'#%'/%#)* 6H%* .%6%$60'(* '=* "(6H#'4':%(0$* 054"$61* "6* j]1* 01* $H"&&%(:0(:*
J%$"91%*6H%*#%&0"J0&06I*'=*16"(."#.*J0'5'(06'#0(:*5%6#0$1*01*:%(%#"&&I*9($%#6"0(*='#*19$H*
("69#"&&I*.0169#J%.*1I16%51*[EH09*%6*"&B*+,nqz*E0.*%6*"&B*+,nq\B*jH%#%='#%)*(%h*5%6H'.1*
='#* j]1* J0'"11%115%(6* 5916* J%* "J&%* 6'* .01%(6"(:&%* ("69#"&* .0169#J"($%1* =#'5*
"(6H#'4':%(0$* 054"$61* [U#"6* %6* "&B* +,,o)* Z%0:H* %6* "&B* +,nv")J\B* g(* "..060'()* 10($%*
.01$'((%$6%.* 4''&1* 0(* j]1* "#%* 6#"(1060'("&* H"J06"61* '=* 5"7'#* %$'&':0$"&* #%&%/"($%* 0(*
=#%1Hh"6%#* %$'1I16%51* [4<"5*+#% ?z* !'("."* %6* "&B* +,+,\* H"/0(:* 6''&1* 6'* "11%11* J'6H*
HI.#'&':0$"&*"(.*%$'&':0$"&*$H"#"$6%#0160$1*6H"6*$"(*J%*"44&0%.*%06H%#*.9#0(:*=&'h0(:*'#*
.01$'((%$6%.*4''&1*4H"1%1*h'9&.*:#%"6&I*="$0&06"6%*061*5"(":%5%(6*"(.*$'(1%#/"60'(B**
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"3$00,:1,2>! &#'! #1.(-3->,;$3! ('>,4'! $2.! $00'00,2>! &#'! .'>(''! -:!
#1.(-3->,;$3!$3&'($&,-2!-:!$!(,/'(!!
*
]%$%(6&I)*1%/%#"&*5%6H'.1*H"/%*J%%(*.%/%&'4%.*='#*6H%*$'##%$6*$H"#"$6%#0^"60'(*'=*j]1*
HI.#'&':0$"&* #%:05%)* 19$H* "1* h%6V.#I*5"440(:)* #%5'6%* 1%(10(:* [%B:B* 1"6%&&06%* 05":%1)*
=08%.* $"5%#"1\)* =0%&.* 1%(1'#1* [%B:B* $'(.9$60/06I)* 6%54%#"69#%)* &%/%&* "(.u'#* 4#%1%($%V
"J1%($%*'=*h"6%#\)*HI.#'&':0$"&*5%6#0$1* [%B:B*^%#'*=&'h*."I1\)*5'.%&1* [%B:B* gO-E]3k*'#*
kp-j\* '#* ."6"* =#'5* $060^%(* 1$0%($%* [j9#(%#* "(.* ]0$H6%#* +,nnz* E'160:"(* %6* "&B* +,nq\B*
]%:"#.0(:*6H%*"11%115%(6*'=*6H%*HI.#'&':0$"&*"&6%#"60'()*6H%#%*"#%*"&1'*1%/%#"&*6''&1*6H"6*
$'(.9$6* 6H%* %/"&9"60'(* JI* $'54"#0(:* 054"$6%.* HI.#':#"4H1* h06H* #%=%#%($%* '(%1*
$'##%14'(.0(:* 6'* ("69#"&* HI.#'&':0$"&* #%:05%)* * hH0$H* 01* ('6* "&h"I1* "/"0&"J&%* 0(* j]1*
[K"&&"#6* %6* "&B* +,nr\B* k'5%* %8"54&%1* '=* 6H%1%* 6''&1* "#%* gO-* [g(.0$"6'#1* '=* OI.#'&':0$*
-&6%#"60'(z*]0$H6%#*%6*"&B*nttr\)*3ZeO-*[3$'&':0$"&*Z05061*e=*OI.#'&':0$*-&6%#"60'(z*U'==*%6*
"&B*+,n,\)**gO-]gk*[g(.0$"6'#1*'=*OI.#'&':0$*-&6%#"60'(*0(*]g/%#kz*P"#6<(%^*k"(6"VP"#<"*"(.*
N%#(_(.%^* m916%* +,n,\* '#* A]gNj* [A'h(16#%"5* ]%14'(1%* 6'* g54'1%.* N&'h*
j#"(1='#5"60'(1z*!#'h(*%6*"&B*+,nv\*0(.0$"6'#1B*A%1406%*061*16#%(:6H1)*6H%1%*6''&1*4#%1%(6*
1'5%*&0506"60'(1*10($%*[n\*#%>90#%* &'(:*1%#0%1*'=*=&'h*#"6%1*."6"*=#'5*J%='#%*"(.*"=6%#*
h"6%#* %86#"$60'(1* '#* 6H%* $'(16#9$60'(* '=* =&'h* #%:9&"60'(* 16#9$69#%1* 19$H* "1* ."51)* [+\*
HI.#'&':0$"&* "&6%#"60'(1* 6H"6* '$$9#* '(* 1H'#6* 605%* 1$"&%1* "#%* ('6* %/"&9"6%.)* "(.* [v\*
:#'9(.h"6%#*"&6%#"60'(1*"#%*('6*0($&9.%.*[K"&&"#6*%6*"&B*+,n+\B**
*

g(*6H01*1%(1%)*0(*D<"5*+#7%?B%@%"23%A)*h%*91%.*6H%*j]3Ok*1'=6h"#%*6''&*[j%54'#"#I*
]0/%#1*3$'&':0$"&*"(.*OI.#'&':0$"&*k6"691z*1%%*K"&&"#6*%6*"&B*+,nq\*6'* 0($'#4'#"6%*'6H%#*
1'9#$%1*'=*0(='#5"60'(*"(.*6H91*$'54%(1"6%*='#*6H%1%*&0506"60'(1)*19$H*"12*'J1%#/"60'(1*
0(*1069*[0B%B*5'(06'#0(:*1"54&0(:\)*:"9:0(:*16"60'(1*[hH%(*"/"0&"J&%\)*1"6%&&06%*05":%1*[%B:B*
K'':&%* 16#%%6* /0%h* '#* '#6H'4H'6'1* =#'5* 6H%* E"#6':#"4H0$* "(.*K%'&':0$"&* g(160696%* '=*
E"6"&'(0"\)*"(.*0(6%#/0%h1*6'*$060^%(1*0(H"J060(:*6H%*169.I*106%1*[4<"5*+#%A\B*P'#%'/%#)*6'*
'J6"0(* 0(='#5"60'(* '(* j]1G* 6%54'#"&* HI.#'&':0$"&* /"#0"J0&06I* J%6h%%(* =&'h0(:)*
.01$'((%$6%.*4''&1*"(.*.#I*4H"1%1)*0(*6H01*6H%101*h%*"&1'*91%.*6%54%#"69#%*."6"*&'::%#1*
[Y-V,,+*Oe!e\B*Y(&0i%*'6H%#*5%6H'.1)*j]3Ok*1'=6h"#%*"(.*6%54%#"69#%*."6"*&'::%#1*
$'(10.%#*6H%*4%#5"(%($%*'=*.01$'((%$6%.*4''&1*4H"1%*'=*j]1B*k0($%*.01$'((%$6%.*4''&1*
"#%* i%I* 6'*5"0(6"0(* &'$"&* "(.* #%:0'("&* ">9"60$* J0'.0/%#106I)* 19$H*5%6H'.1* "#%* "* 16%4*
='#h"#.* 6'* J%66%#* 4#%.0$6* 6H%* 6%54'#"&* "(.* 14"60"&* '$$9##%($%* '=* .01$'((%$6%.* 4''&1*
"$#'11*j]1*(%6h'#i1*[K"&&"#6*%6*"&B*+,nqz*!'("."*%6*"&B*+,+,z*D<"5*+#%?\B*N969#%*#%1%"#$H*
1H'9&.* J%* ='$91%.* '(* .%/%&'40(:* 1054&%* 5%6H'.1* 6'* "11%11* HI.#'&':0$"&* 5%6#0$1* 0(*
.01$'((%$6%.*4''&1B*-*4'110J0&06I)*='#*%8"54&%)*1H'9&.*J%*6'*$'&&%$6*h"6%#*1"54&%1*=#'5*
.01$'((%$6%.* 4''&1* "(.* 6'* "11%11* 605%* 10($%* .01$'((%$60'(* 910(:* 01'6'40$* "("&I101*
[!'("."*%6*"&B +,+,\B*
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C2;-(%-($&,2>!$3&'(2$&,/'!4'&(,;0!,2!&#'!(-9&,2'!8,-4-2,&-(,2>!-:!HI0!!
*
-1*'J1%#/%.*0(*'9#*#%19&61*=#'5*D<"5*+#%@)*("69#"&*.0169#J"($%1*[0B%B*=&'h*0(6%#5066%($%\*
$'9&.* $'(='9(.* J0'&':0$"&* >9"&06I* "11%115%(61* JI* "&6%#0(:* 5%6#0$* #%14'(1%1* 6'*
"(6H#'4':%(0$*054"$61B*P'16*'=*6H%*h0.%&I*91%.*5%6#0$1*J"1%.*'(*5"$#'0(/%#6%J#"6%1*
1H'h%.*"*.0==%#%(6*#%14'(1%*.%4%(.0(:*'(*hH%6H%#*106%1*h%#%*19J7%$6%.*6'*("69#"&*=&'h*
0(6%#5066%($%*'#*('6)*%/0.%($%.*JI*"(6":'(0160$*%==%$61B*jH91)*6H%1%*5%6#0$1*50:H6*('6*J%*
#%&0"J&%*='#*"11%110(:*J'6H*4%#%((0"&*"(.*j]1*"(.*h'9&.*#%>90#%*$"&0J#"60'(B*O%($%)*6'*
"/'0.* 501&%".0(:* J0'&':0$"&* >9"&06I* "11%115%(61* 0(* 0(6%#5066%(6* #0/%#1)* %06H%#* %80160(:*
5%6#0$1* (%%.* 6'* J%* #%$"&0J#"6%.* [%B:B* JI* 0($'#4'#"60(:* &'(:V6%#5* /"#0"J0&06I* 0(* 6H%1%*
5%6#0$1\*'#*(%h*5%6#0$1)*"1*6H'1%*4#%1%(6%.*H%#%)*#%>90#%*.%/%&'45%(6B*
*

g(*6H01*1%(1%)*D<"5*+#%@*4#'/0.%.*1%/%#"&*=9($60'("&*5%6#0$1*6H"6*h%#%*"J&%*6'*.%6%$6*
"(6H#'4':%(0$*054"$61*#%:"#.&%11*'=*("69#"&*=&'h*0(6%#5066%($%B*jH%1%*=9($60'("&*5%6#0$1*
0($&9.%.* =9($60'("&* #%.9(."($I* [0B%B* 6H%* (95J%#* '=* 6"8"* $'(6#0J960(:* 1050&"#&I* 6'* "(*
%$'1I16%5*=9($60'()*H%#%*"*6#'4H0$*=9($60'(\*"(.*#%14'(1%*.0/%#106I*[0B%B*H'h*=9($60'("&&I*
1050&"#* 6"8"* #%14'(.* 6'* ("69#"&* .0169#J"($%* "(.* "(6H#'4':%(0$* 054"$61\B* e=* 6H%1%*
5%6#0$1)* =9($60'("&*#%.9(."($I*'=*6H%*hH'&%*$'559(06I*h'9&.*J%*#%&0"J&%*%/%(*hH%(*
"44&0%.*.9#0(:*.01$'((%$6%.*4''&1B*]%19&61*=#'5*$H"46%#*v*$"(*6H%#%='#%*H%&4*6'*054#'/%*
$'(1%#/"60'(*"(.*5"(":%5%(6*'=*j]1)*"1*6H%1%*5%6#0$1*$'9&.*J%*91%.*='#*J0'5'(06'#0(:*
%06H%#* 4%#%((0"&* '#* j]1* [0B%B* %06H%#* .9#0(:* =&'h0(:* '#* .01$'((%$6%.* 4''&1* 4H"1%1\* "(.*
4#'/0.%*"*5'#%*H'&0160$*"44#'"$H*6'*9(.%#16"(.*6H%*#%14'(1%*'=*J0'&':0$"&*$'559(060%1*
6'*%(/0#'(5%(6"&*$H"(:%1B**

*
C'(%6H%&%11)*5%6#0$1*4#'4'1%.*JI*6H01*169.I*h%#%*"*=0#16*16%4*6'*6%16*hH0$H*6I4%*'=*

J0'5'(06'#0(:* 6''&1* $'9&.*h'#i* 0(* 6H%1%* #0/%#1* "(.)* 6H91)* =9#6H%#* #%1%"#$H* 1H'9&.* J%*
$'(.9$6%.B*g.%"&&I)*#%&"60'(1H041*J%6h%%(*=9($60'("&*#%.9(."($Iu.0/%#106I*5%6#0$1*"(.*
"(6H#'4':%(0$*054"$61*h'9&.*J%*$'(1016%(6*"$#'11*.0==%#%(6*$&05"6%*"(.*J0':%':#"4H0$*
0(=&9%($%1* [k69JJ0(:6'(* %6* "&B* "6) #%$#\)* '#* "6* &%"16* /"#I* "&'(:* ("69#"&* :#".0%(61* 0(* "*
1I16%5"60$* h"I* 6H"6* $"(* J%* %84&0$06&I* #%4#%1%(6%.* 0(* 16"60160$"&* 5'.%&1B* O'h%/%#)*
0(6%#$'##%&"60'(1*J%6h%%(*6#"061*"(.*&"#:%V1$"&%*%(/0#'(5%(6"&*=0&6%#0(:*='#*$%#6"0(*1%61*
'=*6#"061*[%B:B*.%10$$"60'(V#%1016"(6*='#51*0(*.#0%#*$&05"6%1*19$H*"1*P%.06%##"(%"(*'(%1\*
"#%* &0i%&I* 6'* 4#%$&9.%* 6H%* %16"J&01H5%(6* '=* "* 9(0/%#1"&* 5'.%&* '=* #%14'(1%1* 6'*
"(6H#'4':%(0$*16#%11'#1*0(*j]1*[P":"(.*%6*"&B*+,+,\B*jH01*01*J%$"91%*6#"061*"#%*&0(i%.*0(*
6#"06*1I(.#'5%1*.9%*6'*%$'&':0$"&*"(.*%/'&960'("#I*4#'$%11%1)*1'*6H"6*%"$H*6#"06* 01*('6*
=#%%*6'* 0(.%4%(.%(6&I*#%14'(.*6'*59&60="#0'91*%(/0#'(5%(6"&*$H"(:%1*[p0&i%1*%6*"&B* "6)
#%$#\B*g(*="$6)*%"#&I*0(.0$"60'(1*"#%*6H"6*6H%*#%&0"J0&06I*'=*=9($60'("&*5%6#0$1*50:H6*.%4%(.*
16#'(:&I*'(*6H%*$H'0$%*'=*6#"061*91%.*6'*$"&$9&"6%*6H%5*[p0&i%1*%6*"&B*"6)#%$#z*PD##0"*%6*"&B*
+,+,\B*N969#%*#%1%"#$H*6'h"#.1*=9($60'("&*5%6#0$1*1H'9&.*"&1'*%84&'#%*'6H%#*J0'&':0$"&*
:#'941*[%B:B*.0"6'51)*=01H\B*N'#*0(16"($%)*h%*"#%*$9##%(6&I*"("&I10(:*hH%6H%#*h0.%&I*91%.*
0(.0$%1*"(.*=9($60'("&*5%6#0$1*'=*.0"6'5*$'559(060%1*$"(*.%6%$6*"(6H#'4':%(0$*054"$61*
0(*j]1*[!9#=%0.VE"16%&&"('1*%6*"&B)"6)#%$#\B***
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*
g(*"..060'(*6'* =9($60'("&*"44#'"$H%1)*'6H%#*%80160(:*"&6%#("60/%1* 6'* 054#'/%*j]1G*

J0'5'(06'#0(:*$'9&.*J%*"&1'*054&%5%(6%.*0(*=969#%*169.0%1)*19$H*"1*5'&%$9&"#*6%$H(0>9%1*
'#*"..060'("&*J0'0(.0$"6'#1B*p0.%&I*91%.*5%6#0$1*J"1%.*'(*5"$#'0(/%#6%J#"6%1*50:H6*160&&*
('6*h'#i*$'##%$6&I*hH%(*"44&0%.*0(*j]1*.9%*6'*6H%*6"8'('50$*#%1'&960'(*91%.*[0B%B*="50&I*
&%/%&\*9("J&%*6'*$"469#%*6H%*14%$0%1V14%$0=0$*%(/0#'(5%(6"&*6'&%#"($%1B*-(*0.%(60=0$"60'(*
"6*14%$0%1*6"8'('50$* &%/%&*h'9&.*6H91*"&&'h*h'#i0(:*h06H*5%6#0$1*6H"6*$'9&.*J%*5'#%*
1%(1060/%*6'*J'6H*("69#"&*=&'h*0(6%#5066%($%*"(.*"(6H#'4':%(0$*054"$61*[!'("."*%6*"&B*
+,,r"z*P"$H%#*%6*"&B*+,nr\B*pH%(*14%$0%1*&%/%&*0.%(60=0$"60'(*01*('6*4'110J&%)*6H%*91%*'=*"*
AC-VJ"1%.*6"8'('5I*5%6H'.*$"(*4#'/0.%*1'&960'(1*[U"h&'h1i0*%6*"&B*+,nsz*k%##"("*%6*
"&B* +,nt\B* g(* "..060'()* 6H%* "44&0$"60'(* '=* 5%6"J"#$'.0(:* 6%$H(0>9%1* '(* h"6%#* "(.*
1%.05%(6*1"54&%1*[0B%B*%(/0#'(5%(6"&*AC-z*%AC-\*$'9&.*J%*H0:H&I*#%&%/"(6*0(*j]1*"(.*
%14%$0"&&I*.9#0(:*6H%*.01$'((%$6%.*4''&1*4H"1%*[O"#4%#*%6*"&B*+,ntz*!'("."*%6*"&B*+,+,\B*
g(*6H01*#%:"#.)*06*h'9&.*J%*0(6%#%160(:*6H"6*=969#%*#%1%"#$H*91%*5%6"J"#$'.0(:*6%$H(0>9%1*
J"1%.*'(*%AC-*6'*%16"J&01H*"*4#'6'$'&* 6'*.%6%#50(%*j]1?*J0'&':0$"&*>9"&06I*.9#0(:*6H%*
.01$'((%$6%.* 4''&1* 4H"1%B* jH%* 5"0(* &0506"60'(* '=* 6H%1%* 5%6"J"#$'.0(:* 6%$H(0>9%1)*
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%,:)&$#3!L;(>3D!M3)$#3()>,3(-!8$?>$'!,O!1/2#,C>,-,./0!JG0!b_bVFIJD!!

c#>+$KIIH!

c#>+$!gD0!L:%v>!BD0!4+.(#?>$!PD0!=$(%-$/!=D!ƒ!8>+&(#2%,3!PDLD!6KIIH7!@,55:3>)>$%!,O!(f:()>+!
>3%$+)%!,O!,-2V.#,')&!(32!+-$(#+:)!+,(%)(-!&$(2'()$#!%)#$(5%!,O!?(#/>3.!O-,'!;$#%>%)$3+$D!
@(3(2>(3! P,:#3(-! ,O! ",#$%)! 8$%$(#+&V8$?:$! @(3(2>$33$! <$! 8$+&$#+&$! ",#$%)>$#$0! HH0!
QGQFVQGHKD!!

c#,.(#KIIK!
c#,.(#!8DBD!ƒ!4,-2$3v$!BD8D! 6KIIK7! M3%$+)!;#,2:+)>,3! O#,5!)$5;,#(#/!(32!;$#$33>(--/!
O-,'>3.!&$(2'()$#!2)#$(5%!>3!i$%)$#3!a#$.,3D!P,:#3(-!,O!"#$%&'()$#!*+,-,./0!Q^0!H_QV
GI^D!

8(C$3>Q__J! 8(C$3>!@D"D!ƒ!i(--(+$!9DLD!6Q__J7!t&$!>3O-:$3+$!,O!O-,'!?(#>()>,3!,3!)&$!(C>->)/!),!$?(-:()$!
)&$!C>,-,.>+(-!&$(-)&!,O!&$(2'()$#!%)#$(5%D!MB1L!cE=T0!GQQVGQ^D!!

8,C%,3KIIb!
8,C%,3! =DPD0! 1,.(3! 4D! ƒ! ",##$%)$#! tD! 6KIIb7! 1>$#(#+&>+(-! ;())$#3%! ,O! >3?$#)$C#()$!
(%%$5C-(.$!%)#:+):#$! >3!%),3/!:;-(32!%)#$(5%!+&(3.$!'>)&!)>5$!(32!O-,'!;$#5(3$3+$D!
"#$%&'()$#!=>,-,./0!bI0!_GGV_bHD!!
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8,:XKIIJ!

!
!
8,:X! <DPD0! R$-! PDTD0! B%&),3! cDPD0! <$(+,3! BD8D0! <$!4,,#! "D@D0! 1(#2'>+v! <D0! $)! (-D! 6KIIJ7!
<$%>.3>3.!;#,)$+)$2!(#$(%!),!+,3%$#?$!#>?$#>3$!C>,2>?$#%>)/h!T$%%,3%!O#,5!(!&/;,)&$)>+(-!
#$2$%>.3!,O!)&$!g#:.$#!R()>,3(-!c(#vD!=>,-,.>+(-!@,3%$#?()>,30!QGQ0!QIIVQQ^D!

8:$..KIIG!
8:$..! PD! ƒ! 8,C>3%,3! @DtD! 6KIIG7! @,5;(#>%,3! ,O! 5(+#,>3?$#)$C#()$! (%%$5C-(.$%! ,O!
;$#5(3$3)! (32! )$5;,#(#/! %)#$(5%! >3! (3! B-;>3$! O-,,2! ;-(>30! L'>)m$#-(32D! B#+&>?! O‡#!
1/2#,C>,-,.>$0!QFQ0!GJ_VbQID!!

8:>mKIIF!
8:>m!9(#+ˆ(!BD0!1$##$#(!9#(,!BD"D!ƒ!"$##$#(%V8,5$#,!4D!6KIIF7!<>%)#>C:)>,3!,O!t#>+&,;)$#(!
+,55:3>)>$%! >3! )&$! 1,m.(#.(3)(+()+&5$3)! 6T,%! B-+,#3,+(-$%! R():#(-! c(#v0! Li! L;(>37D!
M3)$#3()>,3(-!8$?>$'!,O!1/2#,C>,-,./0!_Q0!^QVJbD!!

L(3+&$mKIQI!

LY3+&$mV4,3),/(!4D4D0!W>2(-VBC(#+(!4D8D!ƒ!L:Y#$m!4DTD!6KIQI7!@,5;(#>3.!)&$!%$3%>)>?>)/!
,O! 2>?$#%$!5(+#,>3?$#)$C#()$!5$)#>+%! ),! (!5:-)>;-$! %)#$%%,#! .#(2>$3)! >3!4$2>)$##(3$(3!
%)#$(5%!(32!>)%!>3O-:$3+$!,3!)&$!(%%$%%5$3)!,O!$+,-,.>+(-!%)():%D!*+,-,.>+(-!M32>+(),#%0!QI0!
J_FV_IGD!!

L(3),%KIQQ!
L(3),%! BDRD! ƒ! L)$?$3%,3! 8D<D! 6KIQQ7! @,5;(#>%,3! ,O! 4(+#,>3?$#)$C#()$! <>?$#%>)/! (32!
@,55:3>)/! L)#:+):#$! (5,3.! c$#$33>(-! (32! R,3Vc$#$33>(-! 1$(2'()$#! L)#$(5%D!
R,#)&$(%)$#3!R():#(->%)0!QJ0!^VKFD!!

Lv,:->v>2>%KIQG!
Lv,:->v>2>%!RD0!T(5;,:!BD0!g(#(,:m(%!MD0!9#>)m(->%!gD0!T(m(#>2,:!4D!ƒ!|,.(#>%!LD!6KIQG7!L)#$(5!
$+,-,.>+(-!(%%$%%5$3)!,3!(3!B$.$(3! >%-(32h! >3%>.&)%!O#,5!(3!$X;-,#(),#/!(;;->+()>,3!,3!
L(5,)&#(v>!69#$$+$7D!"#$%$3>:%!*3?>#,35$3)(-!=:--$)>30!KH0!QQ^HVQQJKD!!

L),#$/KIIJ!
L),#$/!8D9D!ƒ!S:>33!PD4D!6KIIJ7!@,5;,%>)>,3!(32!)$5;,#(-!+&(3.$%!>3!5(+#,>3?$#)$C#()$!
+,55:3>)>$%!,O!>3)$#5>))$3)!%)#$(5%!>3!1('v$p%!=(/0!R$'!|$(-(32D!R$'!|$(-(32!P,:#3(-!
,O!4(#>3$!(32!"#$%&'()$#!8$%$(#+&0!GK0!QI_VQKbD!

|C>32$3KIIJ!
|C>32$3! 4D0! 1>$C$#! 4D0! 8,C>3%,3! @DtD! ƒ! E$&->3.$#! ED! 6KIIJ7! L&,#)V)$#5! +,-,3>m()>,3!
;())$#3%!,O!5(+#,!>3?$#)$C#()$%!>3!(-;>3$!%)#$(5%D!":32(5$3)(-!(32!B;;->$2!T>53,-,./0!
Q^Q0!^bVJFD!!

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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DKK18G-N!#2!@,2$%!:%$2!>3!)&$!O,#$%)!;-,)!),!>2$3)>O/!$(+&!3,3V#$;->+()$2!%):2/!(32!)&$>#!+,##$%;,32>3.!
O:--!#$O$#$3+$%D!

!

D/<S:0!=:G1 ,/66!01O1018=1
=,:-),3…KIIH! =,:-),3!BDPD0!4,%%!9DTD!ƒ!L5>)&/5(3!<D! 6KIIH7!L&,#)V)$#5!$OO$+)%!,O!($#>(--/V(;;->$2!

O>#$V%:;;#$%%(3)! O,(5%!,3!'()$#! +&$5>%)#/! (32!5(+#,>3?$#)$C#()$%! >3! %)#$(5%!(O)$#!
3():#(-!'>-2VO>#$!,3!g(3.(#,,!M%-(320!L,:)&!B:%)#(->(D!1/2#,C>,-,.>(0!G_J0!Q^^VQJ_D!!

=,:-),3…Q__K! =,:-),3! BDPD0! W(-$))! 1D4D! ƒ! ">%&$#! LD9D! 6Q__K7! L;()>(-! 2>%)#>C:)>,3! (32! )(X,3,5>+!
+,5;,%>)>,3! ,O! )&$! &/;,#&$,%! ,O! %$?$#(-! L,3,#(3! <$%$#)! %)#$(5%D! B#+&>?! O‡#!
1/2#,C>,-,.>$0!QKb0!H^VFQD!!

=:33…Q__K! =:33!LD*D!ƒ!<(?>$%!cD4D!6Q__K7!@,55:3>)/!%)#:+):#$!,O!)&$!5(+#,>3?$#)$C#()$!O(:3(!
(32!'()$#Vf:(->)/!,O!(!%(->3$!#>?$#!%/%)$5!>3!L,:)&Vi$%)$#3!B:%)#(->(D!1/2#,C>,-,.>(0!
KGJ0!QGHVQFID!!

=:#v…KIQH! =:#v!8DBD!ƒ!g$33$2/!PD1D!6KIQH7!M3?$#)$C#()$!+,55:3>)>$%!,O!.#,:32'()$#V2$;$32$3)!
#$O:.>(! '>)&! ?(#/>3.! &/2#,-,./! (32! #>;(#>(3! +,?$#! 2:#>3.! (! %:;#(%$(%,3(-! 2#,:.&)D!
P,:#3(-!,O!"#$%&'()$#!*+,-,./0!QVKID!!

<$()&…Q__G! <$()&! 8D9D! ƒ! i>3)$#C,:#3! 4DPD! 6Q__G7! *3?>#,35$3)(-! L)(C>->)/! (32! @,55:3>)/!
c$#%>%)$3+$h!B!4:-)>?(#>()$!c$#%;$+)>?$D!P,:#3(-!,O!)&$!R,#)&!B5$#>+(3!=$3)&,-,.>+(-!
L,+>$)/0!QH0!QKbVQH_D!!

8,%(#>,…KIII! <$-!8,%(#>,!8D=D!ƒ!8$%&!WD1D!6KIII7!M3?$#)$C#()$%!>3!>3)$#5>))$3)!(32!;$#$33>(-!%)#$(5%h!
>%! )&$! &/;,#&$>+! m,3$! (! #$O:.$! O#,5! 2#/>3.†! P,:#3(-! ,O! )&$! R,#)&! B5$#>+(3!
=$3)&,-,.>+(-!L,+>$)/0!Q_0!FJIVF_FD!

<$-:++&>…Q_JJ! <$-:++&>!@D4D!6Q_JJ7!@,5;(#>%,3!,O!+,55:3>)/!%)#:+):#$!(5,3.!%)#$(5%!'>)&!2>OO$#$3)!
)$5;,#(-!O-,'!#$.>5$%D!@(3(2>(3!P,:#3(-!,O!|,,-,./0!FF0!b^_VbJFD!!

*(#-$…KIIG! *(#-$! PDMD! 6KIIG7! L),3$O-/! 6c-$+,;)$#(7! %;$+>$%! ,O! (3! (+>2>+! >3)$#5>))$3)! %)#$(5! >3!
%,:)&'$%)$#3!c$33%/-?(3>(0!ELB0!+,5;(#>%,3!'>)&!(!+>#+:53$:)#(-!;$#$33>(-! %)#$(5!
(32!+,3%>2$#()>,3!,O!%:#?>?(-!%)#()$.>$%D!B#+&>?!O‡#!1/2#,C>,-,.>$0!Qb_0!_^VQQGD!!

"#>)m…KIIK! "#>)m! gD4D! ƒ! <,22%! iDgD! 6KIIK7! 4(+#,>3?$#)$C#()$! (%%$5C-(.$! %)#:+):#$! (+#,%%! (!
)(--.#(%%!;#(>#>$!%)#$(5!-(32%+(;$D!B#+&>?!O‡#!1/2#,C>,-,.>$0!QbG0!^_VQIKD!

9(--(#2,…Q__J! 9(--(#2,V4(/$3+,! BD0! c#$32(! PD! ƒ! t,e(! PD! 6Q__J7! L;()>,Vt$5;,#(-! <>%)#>C:)>,3! (32!
*+,-,.>+(-! c#$O$#$3+$%! ,O! @,$X>%)>3.! 1/2#,;%/+&>2! L;$+>$%! 6t#>+&,;)$#(7! >3! t',!
4$2>)$##(3$(3!8>?$#!=(%>3%!6L!L;(>37D! M3)$#3()>,3(-!8$?>$'!,O!1/2#,C>,-,./0!JH0!QKHV
QHGD!!

T(3.),3…Q__J! T(3.),3!cD1D!ƒ!@(%(%!PD!6Q__J7!@&(3.$%!>3!+&>#,3,5>2!(%%$5C-(.$!+,5;,%>)>,3!>3!)',!
4$2>)$##(3$(3!5,:3)(>3! %)#$(5%!,?$#! (! ;$#>,2!,O! $X)#$5$!&/2#,-,.>+(-! +,32>)>,3%D!
1/2#,C>,-,.>(0!H_I0!H^VG_D!!

T$>.&…KIQH! T$>.&!@D0!8$>%!tD4D!ƒ!L&$-2,3!"D! 6KIQH7!1>.&!;,)$3)>(-! %:C%>2/!,O!2#/V%$(%,3!(f:()>+!
O(:3(!),!+,3%:5$#%!>3!#>;(#>(3!m,3$%!,O!'$)‚2#/!)#,;>+(-!#>?$#%D!M3-(32!i()$#%0!H0!GQQV
GKID!!

T$>.&…KII_! T$>.&! @D! ƒ! L&$-2,3! "D! 6KII_7! 1/2#,-,.>+(-! +,33$+)>?>)/! 2#>?$%! ;())$#3%! ,O!
5(+#,>3?$#)$C#()$!C>,2>?$#%>)/! >3! O-,,2;-(>3! #>?$#%!,O! )&$!B:%)#(->(3!'$)]2#/! )#,;>+%D!
"#$%&'()$#!=>,-,./0!bG0!bG_Vb^QD!!

4(%…KIQI! 4(%V4(#)>!*D0!9(#+>(V=$#)&,:!*D0!L(C()$#!LD0!t,5(3,?(!LD!ƒ!4:3,m!MD!6KIQI7!@,5;(#>3.!
O>%&! (%%$5C-(.$%! (32! )#,;&>+! $+,-,./! ,O! ;$#5(3$3)! (32! >3)$#5>))$3)! #$(+&$%! >3! (!
4$2>)$##(3$(3!%)#$(5D!1/2#,C>,-,.>(0!Fb^0!QF^VQJID!!

4>--$#…Q__F! 4>--$#!BD4D!ƒ!9,--(2(/!LDiD!6Q__F7!*OO$+)%!,O!%;()$%!(32!2#/>3.!,3!5(+#,>3?$#)$C#()$!
(%%$5C-(.$%!,O!(3! >3)$#5>))$3)!(32!(!;$#$33>(-!;#(>#>$! %)#$(5D! P,:#3(-!,O! )&$!R,#)&!
B5$#>+(3!=$3)&,-,.>+(-!L,+>$)/0!Qb0!F^IVFJ_D!!

4:l,m…KIIH! 4:l,m! MD! 6KIIH7! 4(+#,>3?$#)$C#()$! +,55:3>)/! %)#:+):#$! >3! (3! >3)$#5>))$3)! (32! (!
;$#5(3$3)!4$2>)$##(3$(3!%)#$(5%!6R*!L;(>37D!T>53$)>+(0!KK0!QI^VQQFD!!

8$m3>+v,?(…KIQI! 8$m3>+v,?(! cD0! L,-2(3! tD0! c(#>-! cD! ƒ! |(&#(2v,?(! LD! 6KIQI7! @,5;(#>%,3! ,O! 5(/O-/!
6*;&$5$#,;)$#(7! )(X,+$3$%! ,O! ;$#5(3$3)! (32! >3)$#5>))$3)! @$3)#(-! *:#,;$(3! %5(--!
%)#$(5%!?>(!%;$+>$%!)#(>)%D!=>,-,.>(0!Fb0!^KIV^K_D!!

8,C>3%,3…KIIG! 8,C>3%,3! @DtD0! t,+v3$#! gD! ƒ! =:#.&$##! cD! 6KIIG7! <#>O)! C$3)&,%! #$-()>,3%&>;%! >3! )&$!
%$(%,3(-!+,-,3>m()>,3!2/3(5>+%!,O!(-;>3$!%)#$(5%D!B#+&>?!O‡#!1/2#,C>,-,.>$0!QFI0!GG^V
G^ID!!

L)(3-(v$…Q__^ L)(3-(v$!9DPD!ƒ!T(32'$#!BDPD!6Q__^7!8(;>2!C>,(%%$%%5$3)!,O!>3)$#5>))$3)!%)#$(5%!>3!)&$!
E;;$#! =#(m,%! 8>?$#! '()$#%&$2D! M3h! 9-,C(-! *3?>#,35$3)(-! =>,)$+&3,-,./D! 6*2‰*2%! <D!
i>%$70!;;D!bb_VbFbD!L;#>3.$#!R$)&$#-(32%D!
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DKK18G-N!$2!M3O,#5()>,3!,O!GG!#$;->+()$2!%):2>$%!6%$$!B;;$32>X!Q!O,#!)&$!+,5;-$)$!#$O$#$3+$7!,3!-$?$-%!,O!
)&$!F! O(+),#%! 6%$$!t(C-$!Q7D!L):2>$%!(#$!(-;&(C$)>m$2!C/!O>#%)!(:)&,#!3(5$D!4(+#,!z!5(+#,>3?$#)$C#()$0!
B-.($]4(+!z!(-.($]5(+#,;&/)$%0!4:-)>&(C!z!5:-)>&(C>)()0!4:-)!z!5:-)>;-$!(32!RB!z!3,!2()(D!
!

!"#$%&'( )*+%,%-./(0&%"1( 4%,0(5%,*#.%,( 67.-*#8( !,#$&%1%08,./(:.'#"&3*,/8(

678941:;8#+!$2 <.=02 >8:.?A2 B2 CD-2

6;/8A.4:D?#++)2 >4E;D2 >?7/.04@2 FA4772 B2 >?7/2 >8:.?AG0.302

H48#+!%2 >4E;D2 I62 J2 CD-2

H41K=#++(2 >4E;D2 FA4772 B2 >8:G0.302

H8E08#++(2 >4E;D2 FA4772 B2 CD-2

H87A4;#+!$2 >4E;D2 >?7/2 H2 CD-2

H8?37M#+!+2 <.=02 >?7/.04@2 FA4772 J2 L8/2 >8:.?AG0.302

H741E08//8#+!#2 >4E;D2 >?7/2 H2 CD-2

HD341#+!$2 >4E;D2 FA4772 H2 CD-2

HD14:4#++'2 67348N>4E2 I42 B2 CD-2

HD14:4#++(42 >4E;D2 >?7/.04@2 >?7/2 >?7/2 >?7/2 CD-2

HD14:4#++)OF62 >4E;D2 I62 B2 CD-2

HD14:4#++)O62 >4E;D2 I62 B2 CD-2

HD14:4#++(@2 >4E;D2 I62 B2 CD-2

B04:-.EK#+!#2 >4E;D2 >?7/.04@2 FA4772 B2 >?7/2 >8:.?AG0.302

J84/0#++$2 >4E;D2 >?7/2 B2 CD-2

J8RD13#+!$2 >4E;D2 I62 H2 I62

JD14/0#++!2 >4E;D2 FA4772 S52 CD-2

T4;E.4#+!!2 >4E;D2 FA4772 >?7/2 CD-2

T4;E.4#+!$2 >4E;D2 >?7/.04@2 FA4772 B2 >?7/2 CD-2

T;4E4#++%2 >4E;D2 >?7/2 B2 CD-2

C8.30#+!$2 >4E;D2 >?7/2 H2 CD-2

CD;.3#+!$2 <.=02 I62 B2 >8:.?AG0.302

>4EK.8#+!$2 >4E;D2 >?7/.04@2 FA4772 B2 >?7/2 CD-2

>47UV.=/!**&2 >4E;D2 I62 H2 CD-2

>D143041#+!+2 <.=02 >?7/2 B2 >8:.?AG0.302

>?118#+!!2 >4E;D2 FA4772 B2 CD-2

IDV4.=#+!%2 67348N>4E2 F/D18=2 >?7/2 B2 J;M2 CD-2

WK?;#++)2 <.=02 FA4772 B2 >8:.?AG0.302

X8;8Y#+!!2 >4E;D2 >?7/2 B2 >8:.?AG0.302

X8;8Y#+!$2 >4E;D2 FA4772 B2 >8:.?AG0.302

X;81:4!***2 >4E;D2 FA4772 B2 >8:.?AG0.302

X;.E8#++$2 >4E;D2 P.QQ78=2 FA4772 B2 >?7/2 >8:.?AG0.302

X;D34;#++#2 >4E;D2 FA4772 B2 >8:.?AG0.302

P4@81.!**)2 >4E;D2 FA4772 J2 >8:.?AG0.302

PD@=D1#++&2 >4E;D2 FA4772 B2 CD-2

PD?9#++)2 <.=02 >?7/.04@2 >?7/2 B2 >?7/2 CD-2

P?833#++%2 >4E;D2 FA4772 S52 CD-2

P?.Y#++'2 >4E;D2 FA4772 B2 CD-2

F41E08Y#+!+2 >4E;D2 >?7/2 >?7/2 CD-2

F41/D=#+!!2 >4E;D2 >?7/.04@2 FA4772 J2 >?7/2 I62

FKD?7.K.:.=#+!%2 >4E;D2 FA4772 B2 >8:.?AG0.302

F/D;8M#++)2 >4E;D2 FA4772 B2 I62

Z@.1:81#++)2 >4E;D2 FA4772 S52 CD-2
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DKK18G-N!%2!",#$%)!;-,)!O,#!)&$!,?$#(--!2$%>.3!,O!)&$!,#>.>3(-!5,2$-!6'>)&,:)!)#>5V(32VO>--!5$)&,27!'>)&!(--!
%):2>$%!6#$;->+()$2!(32!3,3V#$;->+()$27!:%>3.!)&$!#$%;,3%$!#()>,!(%!5$(%:#$!,O!$OO$+)!%>m$D!R,3V#$;->+()$2!
%):2>$%!(#$! ->%)$2!()!)&$!),;!(32!#$;->+()$2!%):2>$%!(#$! ->%)$2!C$-,'0!%$;(#()$2!C/!(! ->3$D!L):2>$%!'>)&>3!
#$;->+()$2]3,3V#$;->+()$2!(#$!(-;&(C$)>m$2D!*(+&!%):2/!>%!>32>+()$2!>3!)&$!-$O)!+,-:53!'>)&!)&$!O>#%)!(:)&,#!
(32!)&$!/$(#!,O!;:C->+()>,3!6%$$!B;;$32>X!Q!(32!K!O,#!)&$!+,5;-$)$!#$O$#$3+$7D!*%)>5()$2!?(-:$%!,O!$(+&!
%):2/!6:%>3.!)&$!#$%;,3%$!#()>,7!'>)&!)&$>#!+,##$%;,32>3.!+,3O>2$3+$!>3)$#?(-%!(#$!2>%;-(/$2!>3!)&$!+$3)#$!
,O!)&$!;-,)!'>)&!)&$!$X(+)!?(-:$%!,3!)&$!#>.&)D!!

ï���� ï���� ï���� ���� ���� ���� ����
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34561!H"2!t&$!)',!5(>3!)$%)$2!5,2$-%!'>)&!2>OO$#$3)!+,5C>3()>,3%!,O!)&$!&/2#,-,.>+(-!;#$2>+),#0!'&>+&!
#$%:-)$2!>3!G!%:CV5,2$-%D!4,2$-%!2>OO$#!C$)'$$3!)&$!(++:5:-()$2!m$#,!O-,'!2(/%!6|""7!(32!)&$!(++:5:-()$2!
3:5C$#!,O!2(/%!'>)&!2>%+,33$+)$2!;,,-%!6<c"7!%>3+$!)&$!-(%)!O-,'!#$%:5;)>,3!,++:##$2D!*1h!$3?>#,35$3)(-!
&$)$#,.$3$>)/D!!

! F01G-=<:0>!:O!V!G-910>-<P!K4<<108>!
!! !! L/;510!:O!-;K4=<>! 7W! J,!! CF!!

4Q(! X! ! !

4QC! X! ! X!

4K(! X! X! !

!! 4KC! X! X! !! X!

!

34561!H#2!t(X,3,5>+!(32!O:3+)>,3(-!T@=<!#$%;,3%$!?(#>(C-$%!6tVT@=<!(32!"VT@=<0!#$%;$+)>?$-/7!:%$2! >3!
T4*!5,2$-%!%&,'>3.h!BM@!?(-:$%0!€BM@!(32!!5:-)>+,-->3$(#>)/!6>D$D!?(#>(3+$!>3O-()>,3!O(+),#!,#!WM"!)$%)7D!1$#$!
5,2$-%!'>)&! €BM@! }! K! O#,5! $(+&! #$%;,3%$! ?(#>(C-$%! (#$! >32>+()$2! >3! C,-2D!4,2$-%! 2>OO$#! C$)'$$3! )&$!
(++:5:-()$2!m$#,!O-,'!2(/%!6|""7!(32!)&$!(++:5:-()$2!3:5C$#!,O!2(/%!'>)&!2>%+,33$+)$2!;,,-%!6<c"7!%>3+$!
)&$!-(%)!O-,'!#$%:5;)>,3!,++:##$2D!*1h!$3?>#,35$3)(-!&$)$#,.$3$>)/D!RÅ!>5;(+)%h!3:5C$#!,O!>5;(+)%D!

! ! ! RE,!<1><!

** ?ABC! Q:G16! DEA! XDEA! LM!-;K4=<>! 7W! J,"! J,!! CF!!

3I?ABC! Q(! ID^b! QDIK! !! !!
! K(! IDII! QDIK! ! !

,I?ABC! Q(! IDII! QDIH! ! !

!! K(! VbGFDKG! QDH_! QDIH! QDII! !! QDIH! !!

3I?ABC! QC! IDG^! QDIQ! ! QDIQ!
! KC! IDII! QDIH! ! QDIH!

,I?ABC! QC! IDII! QDIQ! ! QDIQ!

!! KC! VK^FDGQ! QDbQ! QDIb! QDIb! !! !! QDIK!

!

34561!H$2!8$%:-)%!,O!(!;,%)V&,+!;(>#'>%$!+,5;(#>%,3%!(5,3.!;$#$33>(-!(32!M8%!>3!$(+&!%(5;-$2!)>5$!:%>3.!
(!t:v$/j%!1L<!)$%)D!L>.3>O>+(3)!+,5;(#>%,3%!6c!}!IDIb7!(#$!>32>+()$2!>3!C,-2D!

!! 34N:8:;-=!0-=S81>>! ,/8=<-:846!0-=S81>>! 3I?ABC! ,I?ABC!

F"IE"! ID_^b! QDIII! ID_JQ!

F#IE#! IDJJG! ID__b! IDJJQ!

F$IE$! IDK^H! ID_G^! +2+"(! IDb^I!

F%IE%! ID^IJ! ID__F! +2+&+! IDQKK!
F&IE&! ID^_G! ID_F_! ID___!

!

34561!H%2!8$%:-)%!,O!C$)(!#$.#$%%>,3!(3(-/%>%!'&$3!tVT@=<!(32!"VT@=<!#$%;,3%$!?(#>(C-$%!'$#$!$X;-(>3$2!
C/!+,55:3>)/!#>+&3$%%!5$)#>+%!6>D$D!)(X,3,5>+!(32!O:3+)>,3(-!#>+&3$%%0!#$%;$+)>?$-/7D!

!! 7><-;4<1! 3( /(

6M3)$#+$;)7! VGDQb^! VHbDbII! }!K$VQF!

t(X,3,5>+!#>+&3$%%! VIDIIJ! IDIIH! VKDJ^J! +2++%!

":3+)>,3(-!#>+&3$%%! VQD_KH! VHDGII! +2++"!

!

!
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LO(5! bH! I! QQ! I! IDKQ! IDH_!
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M=4ic! F^! F! _! I! IDQF! IDHQ!

MBLct! G_! K^! QQ! QQ! K! IDKF! IDGG!
M44>t! G_! QG! KI! Q! IDQG! IDbG!

"8D;(! HH! QI! b! Q! ID^F! IDKK!

"8D(C! bF! b! F! I! IDG_! IDKH!
"8D,53>?,#,:%D;(! bF! QK! F! Kb! Q! IDHb! IDHK!

"8D%&#$22$#%D;(!! b^! K_! Q! _! IDFI! IDKH!

"8D;#$2(),#%D;(! HJ! I! QG! Q! IDHH! IDH_!
"8D.#(m$#%D;(! K_! GH! ^! ^! IDH_! IDQI!

"8D.()&$#$#%D;(! G_! QH! _! KF! H! IDGK! IDHG!

"8DO>-)$#$#%D;(! KI! F! F! QH! IDFJ! IDQH!
"8D,53>?,#,:%D(C! KH! Q^! bG! Q! IDHG! IDHH!

"8D%&#$22$#%D(C! ^J! KQ! I! Q! ID^Q! IDI_!

"8D;#$2(),#%D(C! bH! QF! I! K_! K! IDbG! IDK!
"8D.#(m$#%D(C! I! QH! ^H! Q! IDbG! IDQb!

"8D.()&$#$#%D(C! HK! HK! KK! H! IDbH! IDIF!

"8DO>-)$#$#%D(C! I! Q! ^! b_! ID^F! IDQb!
8<D(C! F_! I! F! KK! H! IDFb! IDHF!

8<D,53>?,#,:%D(C! ^G! I! Q! Kb! IDJ^! IDIH!
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"8>+ Fb I QI H IDK^ IDHb
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"8D;(! I! I$2"" $2") "2*&
"8D(C! I#2##! I! I! #2$%!
"8D,53>?,#,:%D;( I#2##! I"2(%! I I#2#+!
"8D%&#$22$#%D;(! V! VQDb_ V! VQD^_ VQD^^
"8D;#$2(),#%D;(! QDHb! V! VQDKF! VQDKK!
"8D.#(m$#%D;( QDQ^! QDKI! V QDK^!
"8D.()&$#$#%D;(! V! VQDIb V! V!

"8DO>-)$#$#%D;(! V! IDJF! IDJJ! VIDJb! V!
"8D,53>?,#,:%D(C IDJJ! VID^K! V VIDJJ!
"8D%&#$22$#%D(C! IDJK VID^^ V! V
"8D;#$2(),#%D(C! IDJI! ID^b! VID^G! VID^G!
"8D.#(m$#%D(C VIDFF! ID^G! V V ID^G!
"8D.()&$#$#%D(C! VIDbQ VIDFQ VIDFF IDF_
"8DO>-)$#$#%D(C! V! V! VIDbK! V!
8<D(C IDHJ! V VIDGH! V

8<D,53>?,#,:%D(C! VIDK^ IDG^ IDHb VIDK^ VIDHG
8<D%&#$22$#%D(C! VIDHG! V! VIDHQ! VIDKF!
8<D;#$2(),#%D(C V IDKJ! VIDKb! VIDKQ!
8<D.#(m$#%D(C! IDKK VIDI_ V! IDKb
8<D.()&$#$#%D(C! VIDIJ! V! VIDKF! IDQ^! VIDKI!
8<DO>-)$#$#%D(C IDI_! VIDQI! V V

"8>+! VIDI^ V! IDIG V!
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"8D;(! I#2**! QDFb! I$2"*!
"8D(C! &)2(%! #&2$)!

"8D,53>?,#,:%D;(! I%2+)! &2($!

"8D%&#$22$#%D;(! I$2#$! QDIQ!
"8D;#$2(),#%D;(! I"+2&&! I'2#&! (2&'!

"8D.#(m$#%D;(! I#2))! "2(%!

"8D.()&$#$#%D;(! I$2+'! #2")!
"8DO>-)$#$#%D;(! I#2"$! QDQQ!

"8D,53>?,#,:%D(C! I%2+)! I"2)#! &2($!

"8D%&#$22$#%D(C! VQDbK! ID__!
"8D;#$2(),#%D(C! I$2*)! %2)(!

"8D.#(m$#%D(C! I"2)! #2'!

"8D.()&$#$#%D(C! "2)&! VQDKb! VIDKH!
"8DO>-)$#$#%D(C! VQDQH! IDJ!

8<D(C! I&2"! #2+%!

8<D,53>?,#,:%D(C! I#2%&! IDbF!
8<D%&#$22$#%D(C! I$2"$! IDIG! VIDHJ!

8<D;#$2(),#%D(C! I$2*! #2)"!

8<D.#(m$#%D(C! I#2'*! QDKH!
8<D.()&$#$#%D(C! I$2$'! QDGK!

8<DO>-)$#$#%D(C! I#2)*! VIDJ^! ID_^!

"8>+! I"$2$%! '2)$!
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.0":('101* '=* %"$H*h"6%#* J'.Iz* [%)=\* =0%&.* 6#04* "$60/06I* 910(:* 6H%* ]09C%6* "44)* "(.* [:)H\*
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h'#i1H'41B

!! HK1=-O-=!>1=<:0! L4;1!!

AE3EJ7LH! 9$3$#(-!;:C->+!! 9$3$#(-!;:C->+!

!
T,+(-!$3?>#,35$3)(-!
(%%,+>()>,3%!(32!3,3V
.,?$#35$3)(-!
,#.(3>m()>,3%

LMt8B!

! L(-?$5!9(>r!

! B%%,+>(+>[!5$2>,(5C>$3)(-!T(!Lo3>(!

! B%%,+>(+>[!1rC>)()%!

! c-()(O,#5(!;$-!#>:!L>:#(3(!

! c-()(O,#5(!L>$##(!2$!@&>?(!

! B*4L!#ˆ,%!+,3!?>2(!

! @,33$+)(!R():#(!(32!B++>[!*+,-,.>%)(VB.#[!
Z7H7DZAW!ELH3E3[3E@LH! E3>?$#%>)>$%! "*14!#$%$(#+&!.#,:;!6E3>?$#%>)/!,O!=(#+$-,3(7!

! ! EB=!

! M3%)>):)$%!,#!$3)>)>$%!! M<B*BV@LM@!

! ! M8tB!!

! ! @M*"!

! c#>?()$!%$+),#! @,##>,-%!>!8>C$#$%!LT!

! ! @#$(#f+>[!(32!":32(+>[3!R():#(-!T>O$!
F[B?EA!
DCQELEH3ZD3E@LH! i()$#!(.$3+>$%! @()(-(3!i()$#!B.$3+/!!

! ! Pk+(#!8>?$#!=(%>3!<>%)#>+)!i()$#!B.$3+/!

! T,+(-!5:3>+>;(->)>$%! T(!=>%C(-!),'3!+,:3+>-!

! ! B-+,?$#!),'3!+,:3+>-!

! ! T(!Lo3>(!),'3!+,:3+>-!

! ! @&$%)$!),'3!+,:3+>-!

! ! @,3%,#+>!2$!-$%!9(?(##$%!

!! !! c(#+!R():#(-!t>3$3\(!=$3>O(%%r!
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4"#60$04"(61* =#'5* 6H%* ="$%V6'V="$%* h'#i1H'41B* k6"6912* %$'&':0$"&* 16"691B* N'#* =9#6H%#*
.%6"0&1)*1%%*6H%*ZgN3}*j]0/%#1*h%J106%*[H6642uuhhhB&0=%6#0/%#1B%9u"$60'(1\B**

* !
A6-;4<1I0164<1G!O/</01!-;K4=<>! Q14>/01>!

QDLD\7Q7L3! T(+v! ,O! +,3)#,-! ,O! '()$#! +,3+$%%>,3%! (32!
>3+#$(%$!,O!3$'!,3$%!

L,+>(-! (32! >3%)>):)>,3(-! ('(#$3$%%!
+(5;(>.3%!!

BC%$3+$! ,O! ('(#$3$%%! +(5;(>.3%! 6%,+>(-!
2$?(-:()>,3!,O!#>?$#!$+,%/%)$5%7!

<>%%$5>3()>,3!,O!(f:>O$#%!(32!%:#O(+$!%)():%!

!
B3! >3+#$(%$! ,O! $#,%>,3! (32! %$2>5$3)()>,3!
;#,+$%%$%!

<$?$-,;>3.!%):2>$%!),!&(-)!$#,%>,3!;#,+$%%$%!
!

T(+v! ,O! >3?,-?$5$3)! ,O! )&$! +,5;$)$3)!
(25>3>%)#()>,3%! O,#! )&$! +,3%$#?()>,3! ,O!
)$5;,#(#/!#>?$#%!

c#,5,)$!(32!>5;#,?$!;:C->+!;(#)>+>;()>,3!

!
c#>,#>)>m()>,3! ,O! $+,3,5>+! 6$D.D! ),:#>%57! ?%!
$3?>#,35$3)(-!>3)$#$%)%!

8$.:-()>,3!,O!)&$!(++$%%!),!)$5;,#(#/!#>?$#%!
!

B!2$+#$(%$!,O!)&$!#>?$#>3$!?$.$)()>,3!(32],#!
>)%!5>%5(3(.$5$3)!

M5;#,?$! (25>3>%)#()>?$! 5(3(.$5$3)! 6$D.D!
>3%)>):)>,3(-! +,,#2>3()>,30! +,5;$)$3+$%! ),!
5:3>+>;(->)>$%7!!

B3! >3+#$(%$!,O! )&$!;:C->+!:%$!,O! #>?$#%! 6$D.D!
C()&7!

*%)(C->%&! +-$(#! .:>2$->3$%! O,#! )&$!
+,3%$#?()>,3!,O!)&$!#>?$#C$2!(32!>)%!#>?$#%>2$!
?$.$)()>,3!!!

4,2>O>+()>,3! ,O! )&$! i"<! C$+,5>3.! -$%%!
#$%)#>+)>?$!

@,3)#,-! (32! ;#,),+,-%].:>2$->3$%! O,#!
(..#$.()$%!$X)#(+)>,3!

WYCZ@?@\Y! B3! >3+#$(%$! ,O! )&$! 2#/! ;$#>,2! (32!
)$5;$#():#$!2:$!),!.-,C(-!+&(3.$!

8$?>%>,3! (32! +,3)#,-! ,O! '()$#! +,3+$%%>,3%!
(32!$X)#(+)>,3%!!

B3!>3+#$(%$!,O!(f:>O$#!$X;-,>)()>,3 M5;-$5$3)!%(?>3.!;#(+)>+$%!
<>%(;;$(#(3+$!,O!,)&$#!$+,%/%)$5%!->3v$2!),!
)&$%$!#>?$#%!6$D.D!-(.,,37!

M5;#,?$! #>?$#! +,33$+)>?>)/! 6$D.D! #$5,?$!
'$>#%7!! !
M5;-$5$3)!6,#!(++,5;->%&7!$+,-,.>+(-!O-,'%!

! !
M5;#,?$!)&$!5(3(.$5$3)!,O!#(>3!'()$#!

H3D3[H! B3! >3+#$(%$!,O! >3?(%>?$!%;$+>$%!(32!.$3$)>+!
#$.#$%%>,3!,O!%;$+>$%!!

@&(3.$!)&$!(.#>+:-):#(-!5,2$-!6$D.D!;#,5,)$!
,#.(3>+! O(#5>3.0! >3+#$(%$! O$$%! O,#!
>3(;;#,;#>()$!(.#>+:-):#$7!!

B3!>3+#$(%$!,O!'()$#!+,3)(5>3()>,3!6$D.D!C/!
;&/),%(3>)(#/!,#!>--$.(-!2:5;>3.7!

@,3)#,-! ,O! 2:5;>3.]#$-$(%$%! 6O$#)>->m$#%0!
->?$%),+v!O(#5%7!! !
M5;#,?$!5(3(.$5$3)!,O!>3?(%>?$!%;$+>$%!

!! !! M5;#,?$! ;:#>O>+()>,3! 6$D.! 5,2$#3>m()>,3! ,O!
+,--$+),#%0!'(%)$'()$#! )#$()5$3)! %/%)$5! >3!
&,:%>3.!(#$(%7!!
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=>$

_."8'/.D%*.%'(>%(#/'* !*
G90(9&.0*&%0%$."/%* !* * !* !* *
J%0#B#+"*+&*'D#&#(9.0#()* !

Z89/.(#+"*."8*&%'%.&/>* !*
S9L0#/*9'%* !*
X.)*+,*(&."'D+&(* * ! ! !

!
b#^#"B* !*
-.(>* !*
R#'>#"B*."8*>9"(#"B* !*

G+00%/(#"B* * !* !* !* *
*

M"QF+%&A.*38"54&%1*'=*1'5%*'=*6H%*5'16*#%&%/"(6*5%"19#%1*6H"6*$'9&.*J%*"&0:(%.*h06H*
5%"19#%1*"&#%".I*0($&9.%.*0(*6H%*]0/%#*!"10(*P"(":%5%(6*U&"(1*[+,nrV+,+n\*"=6%#*6H%*
4"#60$04"6'#I*4#'$%11B*O%#%*'(&I*'(%*5%"19#%*=#'5*%"$H*4"#60$04"60'(*"#%"*01*1H'h(B*N'#*
0.%(60=I0(:*6H%*4"#60$04"60'(*"#%"1*[-n2-y\*1%%*N0:B*knB*-E-2*E"6"&"(*p"6%#*-:%($I*[49J&0$*
h"6%#*"96H'#06I\B*EOd2*dD$"#*]0/%#*!"10(*[49J&0$*h"6%#*"96H'#06I\B*N'#*=9#6H%#*.%6"0&1)*1%%*
6H%*ZgN3}*j]0/%#1*h%J106%*[H6642uuhhhB&0=%6#0/%#1B%9u"$60'(1\B*

*
Q14>/01! E;K61;18<4<-:8!48G!1><-;4<1G!=:><!-8!;484.1;18<!K648>!#+"'I#+#"!

BQ! 704G-=4<1!-894>-91!>K1=-1>2!
9$3$#(-!5$(%:#$D!

t'$3)/!5$(%:#$%!,3!)&>%!),;>+!(32!(!),)(-!Q0FG4Œ!,O!>3?$%)5$3)!'>)&>3!
B@BD!!

BK! E;K0:91!0-910!=:881=<-9-<P2!
9$3$#(-!5$(%:#$D!

L$?$#(-!5$(%:#$%! >3+,#;,#()$20! >3+-:2>3.! )&$! 3$$2! O,#! C:>-2>3.! O-:?>(-!
+,33$+),#%!>3!)&,%$!%)#:+):#$%!>5;$2>3.!O>%&!5,?$5$3)!(32!5>.#()>,3!,#!
#$%),#$! )&$! #>?$#! >3! +(%$! )&$%$! %)#>+):#$%! (#$! 3,)! >3! :%$! 65$(%:#$! 3Å!
BKDIQI7D!8$-()$2!'>)&! )&$%$!5$(%:#$%0! )&#$$!(22>)>,3(-!5$(%:#$%!5(/!
+,3)#>C:)$! ),! )&$! #>?$#! +,33$+)>?>)/h!5$(%:#$! 3Å! BKDII^0! 2$2>+()$2! ),!
>5;#,?$!)&$!>3O,#5()>,3!,3!O-:?>(-!+,33$+)>?>)/0!5$(%:#$!3Å!BKDIIF0!),!
5,3>),#!(+)>,3%0!(32!5$(%:#$!3Å!BKDIIJ!2$2>+()$2!),!2>%%$5>3()>,3!,O!
)&$!(+)>?>)>$%D!@,%)%!(%%,+>()$2!),!)&$%$!5$(%:#$%!(#$!,3-/!>3+-:2$2!O,#!
5$(%:#$!3Å!BKDIIF!>3!)&$!5(3(.$5$3)!;-(3!KIQFVKIKQ0!'>)&!(!+,%)!,O!
ŒGb0IIID!

BG! E;K61;18<4<-:8!:O!1=:6:.-=46!
O6:T>!]1I O6:T>^2

i>)&>3! )&$! 8>?$#! 4(3(.$5$3)! c-(3! KIQbVKIKQ! )&$#$! >%! )&$! 5$(%:#$!
IJ4QQFF!çB;;->+()>,3!,O!$+,-,.>+(-!O-,'%!>3!(--!'()$#!C,2>$%!,O!)&$!@1PŽD!
L$?$#(-!%):2>$%!(#$!;-(33$2!O,#!)&$!Lo3>(!#>?$#!:32$#!)&$!%;$+>O>+!5$(%:#$!
IJ4QQG_! çL):2/!,O! )&$! #$-()>,3! #>?$#V.#,:32'()$#!(32! %:C! %:;$#O>+>(-!
O-:X$%! >3! )&$! #>?$#! Lo3>(! (32! >5;-$5$3)()>,3! ,O! $V! O-,'%ŽD!a3-/! .-,C(-!
C:2.$)!;#,?>2$2!C/!@1PD!KbJ0Ib!5>-->,3!$:#,!),!#$2:+$!'()$#!(C%)#(+)>,3!
;#$%%:#$%D!F0KI!5>-->,3!$:#,!),!#$2:+$!,)&$#!&/2#,-,.>+(-!;#$%%:#$%D!

Bb! E;K0:91!T4><1T4<10!<014<;18<!
>P><1;>2!M5;#,?$!)&$!+:##$3)!
)#$()5$3)!;-(3)!()!8(5C-(!2$-!
c,/,!6@&$%)$V!@&>?(0!*-!a->?$#(-7D!

4$(%:#$!3Å!IJ4IIHJD!=(%>+!(+)>,3%!>3!'(%)$'()$#!)#$()5$3)%!>3!@&$%)$!
(32!@&>?(D!a3-/!.-,C(-!C:2.$)!;#,?>2$2!C/!@1Ph!Hb^0bJ!5>-->,3!$:#,!O,#!
>5;#,?>3.!;,>3)V%,:#+$!;,--:)>,3D!
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"(.*'(&0(%*4"#60$04"(61*'=*J'6H*.0":('101*"(.*5%"19#%1*h'#i1H'41B*]"(:0(:*=#'5*/%#I*
&'h* 6'* /%#I* H0:HB* N'#* =9#6H%#* .%6"0&1)* 1%%* 6H%* ZgN3}* j]0/%#1* h%J106%*
[H6642uuhhhB&0=%6#0/%#1B%9u"$60'(1\B**
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3:K-=>!1946/4<1G!!
?1916!:O!>4<->O4=<-:8!]_^!

;8&<(7%=( 4%=( >,:.??8&8,#( 2.0$( ;8&<($.0$(

c-(+$!'&$#$!)&$!;#,+$%%!'(%!&$-2!6:C>+()>,30!
>3%)(--()>,3%7! V! G! b! HJ! bH!

<>%%$5>3()>,3!(+)>?>)>$%!(33,:3+>3.!)&$!;#,+$%%!! QI! ^! bI!
@,--(C,#()>?$!-$(2$#%&>;!6,#.(3>m()>,3!(32!
-,.>%)>+%7! V! V! F! HI! FG!

t>5$!%+&$2:-$!(32!2:#()>,3!,O!(+)>?>)>$%!6>D$D!
$3,:.&!)>5$!O,#!f:$%)>,3%!(32!5$(3>3.O:-!
2>%+:%%>,37!

K! F! FG!

B+&>$?(C-$!(32!+-(#>)/!(>5%! V! F! GJ!

@-(#>)/!,O!',#v>3.!;(;$#%! V! V! QJ! HK! bI!

c(#)>+>;(3)%p!>3)$#$%)!>3!())$32>3. V J F^

M5;#,?$5$3)!,3!)&$!v3,'-$2.$!,O!#>?$#%!! b! b! bI!

"(+>->)()>,3!(32!',#v>3.!2/3(5>+%!! V! V! ^F!
c$#%,3(-!%()>%O(+)>,3!>3!)$#5%!,O!#$(-!
+,3)#>C:)>,3%!>3!)&$!2>(.3,%>%!(32!5$(%:#$%!
%)(.$%!

V! Q! Qb! GI! GG!

c(#)>+>;(3)%!>3?,-?$5$3)!,;;,#):3>)>$%!),!O#$$-/!
C#>3.!)&$>#!,;>3>,3%! V! QI! FH!

<>?$#%>)/!,O!%)(v$&,-2$#%!;(#)>+>;()>3.! V! b! Q^! H^! GQ!
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4"#60$04"(61\* 1H'h0(:* 6H%*5'16* $'55'(* 054"$61* 0.%(60=0%.* 0(* 6H%*h"6%#*J'.0%1)* 6H%0#*
$&05"6%V#%&"6%.* =969#%* 054"$61* "(.* 6H%* 5"(":%5%(6* 5%"19#%1* 6H"6* $'9&.* 054#'/%*
%$'&':0$"&*16"691B*

$$ $$ A-,+*0*B-.+4$
-.49(,4$CDE$

':4+$0:22:.$
B,(44F,(4$-.)$*2B-0+4$
C)*-G.:4*4E$

!"/+"(&+00%8*89AD#"B* 24*
7"'9,,#/#%"(*'%C.B%*(&%.(A%"( 24
_./^*+,*#",+&A.(#+"*.L+9(*(%AD+&.&)*&#$%&'** 2;**
S++&*A.".B%A%"(*+,*&#$%&#"%*$%B%(.(#+"* 23**
700%B.0*C.(%&*%1(&./(#+"'* 25*
J%B90.(#+"*#",&.'(&9/(9&%'* 23**
7"$.'#$%*'D%/#%'** 3N*

H1*2-+(/,(1-+()$IF+F,($
*2B-0+4$C)*-G.:4*4E$

EL'%"/%*+,*.C.&%"%''*/.AD.#B"' 2W
7"/&%.'%*+,*%&+'#+"*."8*'%8#A%"(.(#+"*
D&+/%''%'*

5*
*

_./^*+,*#"$+0$%A%"(*+,*(>%*/+AD%(%"(*
.8A#"#'(&.(#+"'*

32*
*

T%/&%.'%*+,*(>%*&#$%&#"%*$%B%(.(#+"*+&*#('*
A#'A.".B%A%"(*

:*
*

7"/&%.'%*+,*(>%*8&)*D%&#+8*."8*(%AD%&.(9&%** 3N*
7"/&%.'%*+,*.Q9#,%&*%1D0+#(.(#+"* 2<**
7"/&%.'%*+,*#"$.'#$%*'D%/#%'** W**
7"/&%.'%*+,*C.(%&*/+"(.A#".(#+"** :*

'(-4F,(4$ H+/#.0*."8*#"'(#(9(#+".0*.C.&%"%''*/.AD.#B"'* 2<**
S&+A+(%*."8*#AD&+$%*D9L0#/*D.&(#/#D.(#+"* 2;**
G+"'%&$.(#+"*+,*(>%*&#$%&L%8*."8*#('*&#$%&'#8%*
$%B%(.(#+"**

;*

*
J%$#'#+"*."8*/+"(&+0*+,*C.(%&*/+"/%''#+"'*
."8*%1(&./(#+"'*

2:*

*
7AD&+$%*&#$%&*/+""%/(#$#()** 2V*
G+"(&+0*+,*89AD#"BY&%0%.'%'** W**
7AD&+$%*A.".B%A%"(*+,*#"$.'#$%*'D%/#%'* 22*
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*

p%* 0.%(60=0%.* '(&I* 49J&01H%.* 169.0%1* =#'5* "(* gkg* p%J* '=* ~('h&%.:%*
[�hhhB"$$%1'h'iB=%$I6B%1u„\* &06%#"69#%* 1%"#$H* 6H"6* #%$'#.%.* 4"#60$04"6'#I* 4#'$%11%1*
9(.%#* 6H%*pNA* $'(6%86* "(.* 6H"6*h%#%* #%&"6%.* 6'* 6H%*.%/%&'45%(6*'=* 6H%* #0/%#* J"10(*
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Comprehensive knowledge of the effects of disturbances on biodiversity is crucial for conservation and management, not 
least because ecosystems with low biodiversity may be the most vulnerable. In rivers, the role of disturbance in shaping 
aquatic biodiversity has mainly focused on floods. Perennial rivers (PRs) often flood, whereas intermittent rivers (IRs) 
flood, stop flowing and dry. Despite the recent and significant increase in research on IRs, controversy remains about 
whether they are more or less biodiverse than PRs. Our aim was to determine (Q1) if PRs and IRs differ in biodiversity 
and (Q2) if the direction and magnitude of the differences (effect sizes) are related to environmental (climate, season, 
habitat, longitudinal zonation and anthropogenic disturbance) and/or biological factors (taxonomic group). We conducted 
a meta-analysis on 44 published studies of PR and IR biodiversity that had replicated data. We applied random effects 
models to the data to obtain weighted mean effect sizes for differences between PRs and IRs, and their confidence intervals, 
by first considering all studies and then by splitting studies into groups on the basis of the above factors. We found that 
biodiversity was significantly higher in PRs than in IRs (Q1). We also detected significant differences (PRs  IRs) in studies 
of macroinvertebrates, in those conducted within arid and temperate climates, dry and wet sampling seasons, headwaters, 
and regions subject to different levels of anthropogenic disturbance (Q2). Our meta-analysis suggests that the expected 
increase in the prevalence of IRs in certain regions of the world due to global change could result in a decrease in freshwater 
biodiversity. To better manage and preserve aquatic biodiversity under future global change scenarios and to avoid potential 
ecosystem consequences of biodiversity loss, conservation efforts should be targeted towards those environmental conditions 
or taxonomic groups with significant differences (PRs  IRs).

Understanding how disturbance influences biodiversity 
is a recurrent topic in community ecology (Pianka 1966, 
Huston 1979, Hughes et al. 2007). Disturbance includes a 
wide variety of phenomena acting at multiple temporal (e.g. 
from days to eons) and spatial (e.g. from local to biogeo-
graphical) scales, with multiple potential consequences for 
populations, communities and ecosystems (Dornelas 2010). 
Ecologists hypothesised many years ago that disturbance 
decreased biodiversity and favoured ecological succession 
(Clements 1916) and that intermediate levels of disturbance 
enhanced biodiversity (Connell 1978, but see Fox 2013). 
Effects of disturbance on biodiversity have been studied 
in many ecosystems and across multiple taxonomic groups 
(Horner-Devine et al. 2004, Graham et al. 2009, Barlow 

et al. 2016). Most studies highlight the negative effects of 
disturbance on biodiversity (Loreau et al. 2001, Wardle et al. 
2011, Hooper et al. 2012), while only few show the con-
trary pattern ("om and Seidl 2015, Brunbjerg et al. 2015). 
Understanding and predicting when and how biodiversity 
might change following disturbance is crucial for effective 
conservation and management (Dornelas 2010).

"e role of disturbance in shaping aquatic biodiversity 
has focused mainly on flood and drying events (Resh et al. 
1988, Giller 1996). Flood events are pulse disturbances that 
occur relatively quickly (Junk et al. 1989, Ward and Stanford 
1995), disrupting habitat conditions and eliminating indi-
viduals (Poff et al. 1997, Lake et al. 2000). In contrast, dry-
ing events are ramp disturbances that reduce aquatic habitat 
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We conducted a meta-analysis of studies comparing biodiversity between perennial and intermittent 
rivers. We show that, in general, biodiversity was significantly higher in perennial than in intermittent 
rivers. Moreover, our findings suggest that biodiversity losses may be relevant for certain taxonomic 
groups and under particular environmental conditions. Considering that many perennial rivers are 
expected to become intermittent due to global change and increased human demand for freshwater, 
our results offer a glimpse of how these impacts could threaten aquatic biodiversity and how 
conservation efforts may best be directed. 
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and eventually result in flow cessation and/or complete loss 
of surface water from the streambed, and can reduce aquatic 
biodiversity drastically (Williams 1996, Lake et al. 2000). 
Floods enhance connectivity among aquatic habitats, 
whereas drying fragments them (Stanley et al. 1997, Boulton 
2003). Although it is widely known that floods and drying 
events affect the structure and function of rivers (Bonada 
et al. 2007a, Reich and Lake 2015) and that research on 
drying events has significantly increased during the last 
decade (Leigh et al. 2016a), the effects of floods have been 
more frequently reported that those of drying events (Datry 
et al. 2007, Lake et al. 2007). "is may be because floods 
occur in all river types, whereas drying events are particu-
lar to intermittent rivers (IRs), in which surface flow ceases 
at some point in time and space (Acuña et al. 2014, Datry 
et al. 2014a, Leigh et al. 2016a). In contrast, perennial rivers 
(PRs) are characterized by continuous flow.

IRs are probably the most common fluvial ecosystems in 
the world (Datry et al. 2016a), and therefore drying events 
are probably more ubiquitous than previously thought. In 
addition, many PRs are expected to transition to IRs in 
the near future as a result of global change and increased 
human demand for fresh water (Palmer et al. 2008, Döll 
and Schmied 2012), increasing the importance and rela-
tive contribution of IR ecosystems to global aquatic biodi-
versity. However, although research on IRs is in what has 
been described as a boom phase (Datry et al. 2011, Leigh 
et al. 2016a), debate remains over whether IRs are more or 
less biodiverse than PRs. Some studies find that IRs are less 
biodiverse (Del Rosario and Resh 2000, Storey and Quinn 
2008, Bogan et al. 2013), whereas others find the opposite 
(Dieterich and Anderson 2000), or no difference between IR 
and PR biodiversity (Miller and Golladay 1996, Casas and 
Langton 2008, Santos and Stevenson 2011). Clearly, a more 
thorough understanding and test of the biodiversity differ-
ence between PRs and IRs is required.

Biodiversity between PRs and IRs might differ depend-
ing on several factors. First, biodiversity in IRs can depend 
on how flow regime characteristics, which change among 
climatic zones, forge adaptations to drying (Boulton 2003, 
Lytle and Poff 2004). For example, the higher number of 
unique taxa in IRs than PRs in Mediterranean climates has 
been related to their predictable flow regimes (Bêche et al. 
2006, Munné and Prat 2011). Second, biodiversity between 
PRs and IRs can vary seasonally. During the wet season, when 
both PRs and IRs flow, their biodiversity is more likely to be 
similar (Delucchi 1988, García-Roger et al. 2011), whereas 
during the dry season, IRs will likely have lower aquatic habi-
tat availability than PRs, and thus lower aquatic biodiversity. 
"ird, as biodiversity varies among habitats in PRs and IRs 
(García-Roger et al. 2013), habitat type is another relevant 
factor to consider. Riffles in IRs might host a lower biodi-
versity than in PRs because this habitat is the first to dis-
appear during drying (Bonada et al. 2006a), whereas pools 
might show the contrary pattern if isolated pools remain in 
IRs during drying (Bonada et al. 2006a, Leigh and Sheldon 
2009, Boersma et al. 2014). Fourth, biodiversity differences 
between PRs and IRs may vary with longitudinal zonation. 
IR headwaters might have lower biodiversity than PR head-
waters because their greater isolation might hamper recolo-
nization after drying (Finn et al. 2011, Datry et al. 2016b, 

c), whereas no significant landscape barriers would affect 
recolonization of middle reaches (of free-flowing rivers, at 
least). However, and fifthly, anthropogenic disturbance may 
dampen differences in biodiversity between PRs and IRs by 
homogenizing and simplifying communities (Rahel 2002) 
regardless of flow regime, climate, habitat, season, or the tax-
onomic group considered. Finally, the magnitude of change 
between biodiversity in PRs and IRs may vary depending 
on the taxonomic group considered (i.e. macroinvertebrates, 
fish, algae or macrophytes) because despite some taxa within 
all groups having traits of resistance and/or resilience to dry-
ing (Bonada and Resh 2013), their evolutionary history, spe-
cies biodiversity and ecological tolerance varies. For example, 
although algae and macrophyte species are much more wide-
spread than other freshwater groups, they have a limited set 
of biological adaptations to flow variation (e.g. see Lange 
et al. 2016 for algae in comparison to Tachet et al. 2002 for 
macroinvertebrates).

Here, we investigated the above hypotheses by comparing 
biodiversity in PRs and IRs using a meta-analytic approach. 
Specifically, we sought to determine (Q1) whether PR and 
IR biodiversity differ and (Q2) whether the direction and 
magnitude of any difference is related to the environmental 
(i.e. climate, season, habitat, longitudinal zonation, anthro-
pogenic disturbance) or biological factors (i.e. taxonomic 
group) hypothesised to affect biodiversity patterns in river 
ecosystems. For our main question (Q1), we hypothesized 
that biodiversity should be lower in IRs than in PRs (Fritz 
and Dodds 2002, Storey and Quinn 2008, Bogan et al. 2013) 
because IRs are subject to drying events that act primarily 
as a disturbance decreasing aquatic biodiversity (Leigh and 
Datry 2016). However, if this loss of taxa in IRs is compen-
sated by taxa with resistance and resilience traits to cope with 
drying (Bonada et al. 2007b, Grubbs 2011, Vander Vorste 
et al. 2016), biodiversity in PRs and IRs may be similar or 
IR biodiversity may be higher. Assessing the differences in 
biodiversity between PRs and IRs and understanding the 
conditions under which those differences differ is increas-
ingly important for predicting aquatic biodiversity changes 
in the face of global change. 

Methods

Data selection

We identified published studies that recorded biodiversity 
of PRs and IRs from an ISI Web of Knowledge (  www.
accesowok.fecyt.es/ ) literature search considering a time 
span from the 1900s to the 21 of August 2014 (Leigh et al. 
2016a). Leigh et al (2016a) used a comprehensive search 
string of multiple terms for IRs which resulted in 10 800 
records and then filtered these publications using further 
search terms associated with key topics of research on IR 
ecology and management: invertebrate ecology, fish ecology, 
biogeochemistry and ecological and hydrological assessment. 
"ey then screened the resultant groups of records manually 
to ensure relevancy to the topics and IR research more gen-
erally (e.g. removing studies in the medical field), obtaining 
1237 publications (see Table S2 in Leigh et al. 2016a for full 
details of search parameters and screening criteria).
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For this study, we re-screened each of the 1237 publica-
tions to select those relevant for the meta-analysis according 
to the following criteria: the publication had to discuss or 
provide direct insight into the ecology and/or management 
of PRs and IRs, the sampling design had to include sites 
which were not located along the same river (i.e. sites must 
be hydrologically independent), and the publication had to 
include means and standard deviations (SDs) of biodiver-
sity measures (e.g. taxonomic richness, Shannon–Wiener 
diversity index) for each river type (PRs and IRs) or enough 
information to calculate these values. "is selection resulted 
in a total of 63 publications, 44 with replicated data (i.e. 
studies with more than one PR and IR each from which the 
means and SDs were obtained) and 19 with non-replicated 
data (i.e. only one PR or IR from which biodiversity data 
was obtained) (see Supplementary material Appendix 1 and 
2 for the full reference details of these publications). Most 
studies were conducted in North America, Europe and Aus-
tralia. Very few studies were from Africa and Asia, and none 
were from South America (Fig. 1). For studies investigat-
ing biodiversity in more than one distinct region (e.g. South 
Africa and Australia) we derived biodiversity data separately 
for each region, whereas for studies which investigated mul-
tiple groups of organisms (e.g. fish, invertebrates, diatoms), 
we randomly chose one group only. Each of these individual 
investigations are referred to and counted as one study for 
simplicity.

We most commonly extracted means, SDs, and num-
ber of sites (n) directly, computed them from text and/or 
tables in the studies (27 studies), or obtained them directly 
from authors (26 studies). For the remaining 10 studies, 
we extracted data from figures using Plot Digitiser (  www.
plotdigitizer.sourceforge.net/ ). Where multiple measures 

of biodiversity (e.g. taxonomic richness, evenness, Shannon–
Wiener diversity index) were available, we preferentially 
extracted richness data due to it being the most commonly 
reported measure across all studies. Only one study reported 
the Shannon–Wiener diversity index alone. We included 
both these measures (i.e. richness and the Shannon–Wiener 
diversity index) together in our analysis because our aim was 
to provide a general summary of the difference in biodiversity 
among groups (i.e. PRs and IRs) (Scheiner and Gurevitch 
2001). "en, for each individual publication, we obtained 
information on site or sampling characteristics. In particu-
lar, we considered the following six factors, each with several 
levels within: climate, sampling season, habitat, longitudinal 
zonation, level of anthropogenic disturbance, and taxonomic 
group (Table 1, Supplementary material Appendix 3). We 
created different subsets of data using the levels of these fac-
tors and analysed them separately.

Effect size estimate

For replicated studies (with n  1 PRs and n  1 IRs, 
nPR and nIR, respectively), we obtained effect sizes using  
Hedge’s g, which corresponds to the difference between the 
means of biodiversity in PRs and IRs PR IR  divided 
by the pooled standard deviation (Swithin) and with a correction 
for small sample bias (J) (Rosenberg et al. 2000, Borenstein 
et al. 2009):

g J S
n SD n SD

n nwithin
PR PR IR IR

PR IR

PR IR
Swithin

,
1 1

2

2 2

,,

J
n nPR IR

1 3
4 2 1

Figure 1. Distribution of publications, identified from an ISI Web of Knowledge literature search by Leigh et al. (2016a), that examined 
biodiversity in hydrologically independent perennial and intermittent rivers (PRs and IRs, respectively). White stars refer to studies with 
non-replicated data for PRs and/or IRs (n  19), whereas black stars refer to studies with replicated data for PRs and IRs (n  44).
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of data separated by the six factors listed above (Table 1). For 
these subset analyses, the models were estimated without the 
intercept (Viechtbauer 2010). With this parameterization, 
a pooled value of T2 was used, a procedure recommended 
by Borenstein et al. (2009) to increase the accuracy of the 
estimate of the between-studies variance.

We used a forest plot to illustrate the results of the meta-
analysis. "is plot shows the effect sizes and confidence 
intervals of each study and the wES (Gates 2002). A sig-
nificant model (or a wES whose confidence interval does not 
include zero) indicates a significant difference between PR 
and IR biodiversity. "e magnitude of the wES indicates the 
amount of difference between the two river types. Here, a 
positive wES indicates that biodiversity in PRs is higher than 
in IRs.

Publication bias

First, we visually assessed publication bias in the replicated 
studies using a funnel plot of effect size against a measure of 
study size or precision (e.g. the standard error of the effect 
size) (Sterne et al. 2011). Visually asymmetrical funnel plots 
usually indicate publication bias, whereas symmetrical ones 
indicate negligible publication bias. Second, we calculated 
the fail-safe number according to Orwin’s equation (Orwin 
1983), which gives the number of studies needed to reduce 
the average effect size to a pre-specified value, which is con-
sidered unimportant. We tested a range of values (with steps 
of 0.2) from 0.2 to 0.8 (corresponding, approximately, to 
half of the unweighted mean effect size). "ird, we calcu-
lated the fail-safe number according to Rosenthal’s approach 
(‘file drawer analysis’). "is indicates the number of missing 
studies (i.e. those unpublished or available but not captured 
by the literature search and selection process) needed to be 

"e variance of g was given by:

V
n n
n n

PR IR
S
n ng

PR IR

PR IR

within

PR IR

2

2
J2

For non-replicated studies, where means and standard 
deviations were not available, we obtained effect sizes using 
log(PR/IR), known as the response ratio. Following Hedges 
et al. (1999; see also Eq. 4.30 and 4.31 in Borenstein et al. 
2009), we also computed the response ratio for replicated 
studies for comparison with the non-replicated studies,  
but we did not include it in the estimation of weighted 
effect sizes.

Weighted mean effect size

We used random effects models in all cases because we 
assumed that the true effect sizes vary among studies 
(Borenstein et al. 2009). "is assumption is justifiable as 
our meta-analysis included a wide variety of studies that, 
for example, investigated different organisms or were con-
ducted using different sampling methods. Statistically, this 
choice of meta-analytic model consists in estimating 1) 
the between-studies variance (T2; see Eq. 12.2, 12.3, 12.4 
and 12.5 in Borenstein et al. 2009) and 2) the total vari-
ance (Vi  Vg  T2) to 3) assign the weight of each study 
(Wi  1/Vi). Model outputs included the weighted mean 
effect size (wES) and its confidence interval, and a test of 
the hypothesis that the true wES is zero, following standard 
methods described in Borenstein et al. (2009). We estimated 
wES for the entire dataset (e.g. considering all replicated data 
in the one random effects model) and for each of the subsets 

Table 1. Description of the environmental and biological factors and levels within each factor, identified from individual publications and 
used in our meta-analysis with replicated data.

Environmental/biological factors Levels Observations

Climate B, C, D, E, multiple Dominant climate of each system was determined according to 
the Köppen classification of Peel et al. (2007), which considers 
five general climates: tropical (A), arid (B), temperate (C), cold 
(D), and polar (E). No studies were carried out in the tropical 
(A) climate and thus it is not included here. Multiple includes a 
combination of these climates.

Sampling season dry, wet, multiple Multiple refers to studies that sampled in both dry and wet 
seasons, or at multiple times of year in regions that cannot be 
described simply in terms of dry–wet seasonality

Habitat riffles, pools, stones, multihabitat Multihabitat includes riffles and pools. Stones refer to rock 
fragments of more than 25 cm.

Longitudinal zonation headwaters, middle, multiple Headwater reaches refer to a catchment area  100 km2, or a 
stream order equal to or less than 3. Middle refers to reaches 
with a catchment area between 100 and 1000 km2 or a stream 
order of 4–6. Large refers to a catchment area  1000 km2. 
Multiple includes headwaters, middle and large reaches.

Anthropogenic disturbance low, medium–high This factor was considered very general and did not 
distinguishspecific types of disturbance (e.g. hydrological 
versus morphological). Low levels were distinguished from 
medium–high levels on the basis of information available in 
the published studies (e.g. low levels were assigned to sites 
within reserves; medium–high to sites in urban areas). Medium 
and high levels of disturbance were difficult to differentiate 
based on information provided in studies and were thus 
combined.

Taxonomic group macroinvertebrates, fish, algae/macrophytes
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studies was highly significant (Q  89.317, df  43, 
p  0.0001).

Log response ratios estimated for replicated (weighted 
mean effect size [log(PR/IR)]  0.38  0.05 SE) and 
non-replicated (unweighted mean effect size [log(PR/
IR)]  0.25  0.08 SE) studies were also positive (Supple-
mentary material Appendix 4). "e majority of non-repli-
cated studies had effect sizes located in the positive side of 
the forest plot (Supplementary material Appendix 4), again 
indicating that biodiversity in PRs was, in most cases, higher 
than in IRs.

Specific differences in biodiversity between IRs  
and PRs

For most levels of the six factors, wES was significantly 
positive (Table 2), indicating higher biodiversity in PRs than 
IRs. We detected differences between PR and IR biodiversity 
for studies conducted within arid (B), temperate (C), cold 
(D) or multiple climate zones; within studies that consid-
ered dry, wet, or multiple seasons; a multi-habitat sampling 
regime; samples from headwaters or multiple longitudinal 
zones; sites subject to low and medium-high levels of anthro-
pogenic disturbance; and that included macroinvertebrates 
(Table 2). We found non-significant results for polar cli-
mates (E); riffle, pool, and stone habitats; middle reaches; 
fish, algae and macrophytes (Table 2).

Publication bias

Although the funnel plot visually approached asymmetry 
(Fig. 3a), fail-safe numbers and the sensitivity analysis indi-
cated minimal bias. According to Orwin’s method, even if 

retrieved and incorporated in the analysis to eliminate bias 
(Borenstein et al. 2009). A high value indicates that a meta-
analysis (i.e. estimated effect size) is robust to publication 
bias, given that we would need a large number of studies 
to nullify the effect size. Finally, as a sensitivity analysis, we 
applied the trim-and-fill method (Duval and Tweedie 2000a, b).  
"is method estimates and adjusts meta-analysis results for 
the numbers and outcomes of missing studies.

We checked our meta-analysis against the quality 
criteria provided by Koricheva et al. (2013). We fulfilled all 
applicable criteria. We computed all statistics using the R 
ver. 3.3.1 (  www.r-project.org ) and the libraries metafor 
(Viechtbauer 2010) and rmeta (Lumley 2012).

Data deposition

Data available from the Dryad Digital Repository:  http://
dx.doi.org/10.5061/dryad.559cs  (Soria et al. 2017).

Results

Overall differences between IRs and PRs

"e overall meta-analysis revealed a statistically significant 
difference in PR and IR biodiversity (considering all 
replicate studies together), with a positive overall effect 
size (wES  0.879, Table 2), thus indicating a significantly 
higher biodiversity in PRs than in IRs (Fig. 2). Positive 
effect sizes for the individual studies ranged from 0.01  
to 7.95; negative effect sizes were smaller, ranging from 
–1.10 to –0.04 (Fig. 2). Accordingly, heterogeneity among 

Table 2. Results of the random effects models for the overall design (with and without trim-and-fill) and for the levels of the six factors. Bold 
typeface indicates p  0.005. n  number of studies considered in each level; wES  weighted mean effect size; SE  standard error of the 
estimates; ci.lb and ci.ub  confidence interval (lower and upper limits, respectively). See Table 1 for a description of the factors and levels.

Model results

n wES SE p-value ci.lb ci.ub

Overall design 44 0.879 0.169  0.0001 0.549 1.209
Climate B 6 0.946 0.454 0.0373 0.056 1.836

C 28 0.735 0.203 0.0003 0.336 1.133
D 4 1.766 0.726 0.0150 0.343 3.188
E 3 1.369 1.204 0.2556 –0.991 3.729
multiple 3 1.244 0.556 0.0254 0.153 2.334

Sampling season dry 10 1.304 0.387 0.0007 0.546 2.061
wet 7 0.964 0.400 0.0159 0.180 1.748
multiple 27 0.719 0.222 0.0012 0.283 1.155

Habitat riffles 4 0.754 0.600 0.2089 –0.422 1.929
pools 2 0.734 1.123 0.5132 –1.467 2.935
stones 1 0.009 0.777 0.9912 –1.515 1.532
multihabitat 32 0.994 0.194  0.0001 0.613 1.375

Longitudinal zonation headwaters 24 0.988 0.263 0.0002 0.472 1.504
middle 1 –0.588 1.390 0.6723 –3.312 2.137
multiple 11 1.028 0.295 0.0005 0.451 1.605

Anthropogenic disturbance low 27 0.783 0.210 0.0002 0.372 1.195
medium–high 14 1.016 0.293 0.0005 0.443 1.590

Taxonomic group macroinvertebrate 36 1.059 0.181  0.0001 0.704 1.413
fish 6 0.446 0.411 0.2783 –0.360 1.252
algae/macrophytes 2 0.024 0.509 0.9619 –0.974 1.022
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Standardized mean difference

Figure 2. Forest plot for the overall design of the original model (without trim-and-fill) considering the 44 replicated studies ordered by 
increasing effect size from the top to the bottom. Each study is indicated in the left column with the first author and the year of publication 
(see Supplementary material Appendix 1 for the complete reference). Effect sizes of each study (using the standardized mean difference) 
with their corresponding confidence intervals are displayed in the centre of the plot with the exact values on the right. "e filled diamond 
at the bottom shows the weighted mean effect size (wES) estimated by the model with the edges of the diamond showing the corresponding 
confidence interval.
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Although we found overall support for the hypothesis 
that PR biodiversity is higher than IR biodiversity, IRs occur 
throughout the globe, including many in regions in Africa, 
Asia or South America not covered by our meta-analysis 
(Datry et al. 2016a, Leigh et al. 2016a). In addition, most 
of the papers analysed here consider the most commonly 
studied taxonomic groups in river ecology (i.e. macroinver-
tebrates, fish, algae and macrophytes); no papers examining 
other highly diverse groups such as microbes (Palmer et al. 
2000) fulfilled our selection criteria. To increase the robust-
ness of our meta-analysis, there is a need for future research 
on studies comparing PRs and IRs biodiversity in regions 
beyond those included here and across a wider variety of tax-
onomic groups. "is would provide a more comprehensive 
view of the effects of flow intermittence on aquatic biodi-
versity and the potential effects of current and future global 
change.

Our finding that PR biodiversity was higher than IR 
biodiversity within cold, arid and temperate (which includes 
Mediterranean) climates agrees with several studies from arid 
(Beugly and Pyron 2010, Leigh 2013, De Jong et al. 2013) 
and Mediterranean-temperate regions (Progar and Mold-
enke 2002, Roux et al. 2008, Storey and Quinn 2008). Flow 
predictability, which is related to climate predictability, plays 
an important role in shaping species adaptations and thus 
biodiversity (Lytle and Poff 2004); highly predictable envi-
ronments (e.g. in predictably seasonal Mediterranean-climate 
regions) are considered to support higher biodiversity than less 
predictable ones. However, despite dry riverbeds providing 
habitat and refuge for terrestrial organisms (Steward et al. 
2012, Corti et al. 2013, Corti and Datry 2016) and their 
disconnected pools acting as refuges for aquatic organisms 
(Bonada et al. 2007a, b, Sheldon et al. 2010, Datry et al. 
2014a), flow intermittence is a strong disturbance even in 
predictable climates (Datry et al. 2014b, Leigh and Datry 
2016). Indeed, although some aquatic organisms have traits 
to cope with flow intermittence (Bêche et al. 2006, Bonada 
et al. 2008, Blanchette and Pearson 2012), resistance traits 
acquired through evolution as a response to drying are  
much less frequent than resilience traits in IRs (Datry et al. 
2014b, Leigh et al. 2016a, Vander Vorste et al. 2016), which 
would explain our overall result. Of particular concern is our 

a substantial effect size (0.8) is conservatively assumed as 
unimportant, a large number of unpublished studies would 
still be needed (Orwin’s fail safe N  38 studies) with no dif-
ferences between the types of rivers for the estimated effect 
size to be reduced to an ‘unimportant’ value. As expected, 
this number increases substantially when lower effect sizes 
(i.e. 0.6, 0.4 and 0.2) are used in Orwin’s equation (Orwin’s 
fail safe N  67, 124 and 295, respectively). According to 
Rosenthal’s approach, the fail-safe number was 1352, sug-
gesting that a large number of studies with non-significant 
differences between types of rivers would be needed to 
reverse the conclusion that PRs were more biodiverse than 
IRs. According to the trim and fill approach, only six stud-
ies were potentially missing from our analysis that if present 
would produce a symmetrical funnel plot (Fig. 3b). "e wES 
estimated by this method was similar to the one reported 
above (trim and fill wES  0.776  0.178; 95% CI  0.427 
to 1.125).

Discussion

"e studies analysed here compared biodiversity in PRs 
and IRs across a wide range of environmental conditions. 
We found a significantly higher biodiversity in PRs than in 
IRs, which confirmed our primary hypothesis. "is finding 
agrees with individual studies showing that PRs are more 
species-rich than IRs and that flow intermittence is a dis-
turbance that constrains a aquatic biodiversity (Del Rosario 
and Resh 2000, Storey and Quinn 2008, Bogan et al. 2013). 
However, several individual studies included in our meta-
analysis found similar values of biodiversity in PRs and IRs; 
in these cases, the characteristic taxa found in IRs during 
the dry period compensated for the loss of taxa present dur-
ing flow (Miller and Golladay 1996, Casas and Langton 
2008, Santos and Stevenson 2011). Few of the studies analy-
sed here had higher biodiversity in IRs than in PRs (Price 
et al. 2003, Bonada et al. 2007a, Alexandre et al. 2013). "e 
persistence of isolated pools during the dry season in IRs, 
which favours the presence of a wide variety of species found 
exclusively in lentic waters and/or that prefer such habitat, 
may have increased IR biodiversity in these cases (Bonada 
et al. 2006a).

(a) (b)
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Figure 3. Funnel plots for the overall design using replicated studies without and with trim-and-fill, (a) and (b) panels, respectively.  
Filled circles represent the individual replicated studies, whereas open circles represent the missing studies required to produce a 
symmetrical plot.
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drying (Datry et al. 2014b, 2016a). In contrast, middle 
reaches have higher alpha biodiversity and less isolation 
(Finn et al. 2011), resulting in no differences between PRs 
and IRs. On the other hand, headwaters make up a large 
proportion of all river networks (Naiman 1983, Benda 
et al. 2005) and the studies included in our analyses that 
were conducted in multiple reaches also included a higher 
proportion of headwater sites, supporting the hypothesis 
that PRs have a higher biodiversity than IRs when exam-
ined across multiple reaches (i.e. at large spatial scales). 
We suggest, however, that these interpretations should be 
viewed with caution due to the small number of studies in 
middle reaches.

Anthropogenic disturbances often decrease biodiversity 
by homogenising communities (Rahel 2002). Despite this, 
we found higher biodiversity in PRs than in IRs regardless of 
the level of anthropogenic disturbance (i.e. low or medium-
high). We acknowledge, however, that our categorization 
of anthropogenic disturbances was coarse and more studies 
comparing biodiversity in PRs and IRs under more explicit 
and different disturbance categories are needed. "e effect 
of anthropogenic disturbances on IRs is a relatively novel 
topic that is being considered in terms of management and 
conservation of river ecosystems (Skoulikidis et al. 2017). 
Current bioassessment methods are designed to detect the 
impacts of anthropogenic disturbances (Bonada et al. 2006b) 
but typically fail when applied to IRs. "is means that the 
lower biodiversity of IRs compared to PRs cannot simply be 
interpreted as indicative of anthropogenic impairment. New 
methods for IR bioassessment must be designed that can 
disentangle natural from anthropogenic disturbances (Prat 
et al. 2004, Leigh et al. 2013b).

Biodiversity has been related to ecosystem resilience 
(defined by Holling 1973, “as the magnitude of distur-
bance that a system can experience before it shifts into 
a different state”), however, there is uncertainty about 
how ecosystem resilience will respond to increases in lev-
els of anthropogenic disturbance and consequent impacts 
on biodiversity (Steffen et al. 2004). Walker and Meyers 
(2004) suggested that ecosystems might respond gradu-
ally to biodiversity loss, whereas Gunderson and Pritchard 
(2002) suggested that ecosystems will respond strongly, 
because crossing the threshold of biodiversity loss will pro-
duce sudden and dramatic changes in the responding state 
factors. Indeed, higher numbers of species are expected to 
increase the ability to recover from disturbances (Holling 
1978, Folke et al. 2004). If IRs have significantly lower 
biodiversity than PRs, as found by us, ecosystem resilience 
could be affected. However, IR taxa have particular adapta-
tions for surviving and recovering from drying (Lake 2011, 
Blanchette and Pearson 2012, Leigh et al. 2016b), which 
may help to mitigate the effects of future co-occurring dis-
turbances (Mori et al. 2013, Vander Vorste et al. 2016). 
Although a growing number of studies on IRs consider 
ecosystem resilience (e.g. using functional characteristics 
of species; Bruno et al. 2016, Vander Vorste et al. 2016), 
the ecosystem effects of biodiversity loss in these systems 
needs to be investigated.

As a result of global change, extreme climatic events are 
expected to increase in frequency and intensity, with an 
increase in drying frequency, duration, and/or intensity in 

finding of comparatively low biodiversity in arid-zone IRs 
given aridity is projected to increase in several regions of the 
world (e.g. the already arid southwest region of USA; Seager 
et al. 2013).

Our results do not support the view that differences in 
biodiversity between PRs and IRs are negligible during the 
wet season. However, despite the low number of studies con-
sidered, we did find support for the hypothesis that biodiver-
sity in PRs is higher than in IRs during the dry season. In this 
latter case, the low habitat availability in IRs compared to 
PRs will reduce biodiversity unless isolated pools remain for 
long periods allowing many species to colonize and increase 
community variability among pools within reaches (Bonada 
et al. 2006a, Leigh and Sheldon 2009). By contrast, during 
the wet season, despite IRs having similar habitat availability 
as PRs, some studies have also shown that biodiversity may 
remain relatively low in IRs because fewer species may be 
available and able to colonize these habitats and/or because 
of alterations to food web structure and dimensions (Datry 
2012, McHugh et al. 2015).

Aquatic organisms (i.e. macroinvertebrate, fish, algae and 
macrophytes) have adaptations to particular instream habi-
tats, from riffles to pools (Bonada et al. 2006a, 2008, Dallas 
2007). Most likely due to the small number of studies in 
the subsets, our hypothesis regarding habitat (i.e. biodiver-
sity in PR riffles may be higher than in IR riffles, whereas 
the opposite pattern may be observed in pools) was not sup-
ported. However, studies sampling multiple habitats showed 
a higher biodiversity in PRs than in IRs, which agrees with 
findings from Graça et al. (2004), Belmar et al. (2013) and 
Leigh et al. (2013a). Multi-habitat sampling may be a bet-
ter method to account for biodiversity of rivers (Leitão et al. 
2014) because species characteristic of individual habitats 
may not occur across all habitat types (Bonada et al. 2006b, 
Cid et al. 2016).

"e aquatic biodiversity of a particular reach not only 
depends on instream habitat characteristics, but also on 
the regional biodiversity and the balance between disper-
sal and abiotic/biotic factors. "e river network structure 
plays an essential role for the dispersion of aquatic organ-
isms and thus helps determine aquatic biodiversity patterns 
(Altermatt 2013). In PRs, biodiversity in lowland reaches 
is driven by mass effects whereas abiotic/biotic factors are 
considered more important in their headwaters (Brown 
and Swan 2010). In IRs, the relative role of dispersal ver-
sus abiotic/biotic factors depends not only on the hydro-
logical phase of the reach (i.e. flowing, non-flowing, dry) 
but also on where the drying event occurs along the river 
network (Datry et al. 2014b, 2016c, d). We were unable to 
test how different configurations of drying events affect a 
aquatic biodiversity but, although more studies are needed 
for middle reaches, our results on longitudinal zonation 
agreed with our initial hypothesis. Flow and river charac-
teristics change with longitudinal zonation and, according 
to the River continuum concept, alpha-diversity is expected 
to peak at middle reaches (Vannote et al. 1980, Finn et al. 
2011). Indeed, the low alpha biodiversity in headwaters 
and their high isolation make them highly vulnerable 
to biodiversity loss by flow intermittence and hampers 
recolonization after flow resumption unless communities 
in IR headwaters are dominated by resistance strategies to 
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basin. – Ecohydrology 6: 363–379.

Benda, L. et al. 2005. Geomorphology of steepland headwaters: 
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Resour. Assoc. 41: 835–851.

Beniston, M. et al. 2007. Future extreme events in European 
climate: an exploration of regional climate model projections. 
– Climatic Change 81: 71–95.

Beugly, J. and Pyron, M. 2010. Variation in fish and macroinver-
tebrate assemblages among seasonal and perennial headwater 
streams. – Am. Midl. Nat. 163: 2–13.

Blanchette, M. L. and Pearson, R. G. 2012. Macroinvertebrate 
assemblages in rivers of the Australian dry tropics are highly 
variable. – Freshwater Sci. 31: 865–881.

Boersma, K. S. et al. 2014. Invertebrate assemblages of pools  
in arid-land streams have high functional redundancy  
and are resistant to severe drying. – Freshwater Biol. 59: 
491–501.

Bogan, M. T. et al. 2013. Flow intermittency alters longitudinal 
patterns of invertebrate diversity and assemblage composition 
in an arid-land stream network. – Freshwater Biol. 58:  
1016–1028.

Bonada, N. and Resh, V. H. 2013. Mediterranean-climate streams 
and rivers: geographically separated but ecological comparable 
freshwater systems. – Hydrobiologia 719: 1–29.

Bonada, N. et al. 2006a. Benthic macroinvertebrate assemblages 
and macrohabitat connectivity in Mediterranean-climate 
streams of northern California. – J. N. Am. Benthol. Soc. 25: 
32–43.

Bonada, N. et al. 2006b. Developments in aquatic insect 
biomonitoring: a comparative analysis of recent approaches. 
– Annu. Rev. Entomol. 51: 495–523.

Bonada, N. et al. 2007a. Taxonomic and biological trait differences 
of stream macroinvertebrate communities between mediter-
ranean and temperate regions: implications for future climatic 
scenarios. – Global Change Biol. 13: 1658–1671.

Bonada, N. et al. 2007b. Macroinvertebrate community structure 
and biological traits related to flow permanence in a 
Mediterranean river network. – Hydrobiologia 589:  
91–106.

Bonada, N. et al. 2008. Multi-scale assessment of macroinvertebrate 
richness and composition in Mediterranean-climate rivers.  
– Freshwater Biol. 53: 772–788.

Borenstein, M. et al. 2009. Introduction to meta-analysis.  
– Wiley.

Boulton, A. J. 2003. Parallels and contrasts in the effects of drought 
on stream macroinvertebrate assemblages. – Freshwater Biol. 
48: 1173–1185.

Brown, B. L. and Swan, C. M. 2010. Dendritic network structure 
constrains metacommunity properties in riverine ecosystems. 
– J. Animal Ecol. 79: 571–580.

Brunbjerg, A. K. et al. 2015. Disturbance in dry coastal dunes in 
Denmark promotes diversity of plants and arthropods. – Biol. 
Conserv. 182: 243–253.

Bruno, D. et al. 2016. Impacts of environmental filters on functional 
redundancy in riparian vegetation. – J. Appl. Ecol. 53:  
846–855.

Casas, J. J. and Langton, P. H. 2008. Chironomid species richness 
of a permanent and a temporary Mediterranean stream: a  
long-term comparative study. – J. N. Am. Benthol. Soc. 27: 
746–759.

Cid, N. et al. 2016. A biological tool to assess flow connectivity in 
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many regions (Beniston et al. 2007, Palmer et al. 2008, 
Döll and Schmied 2012). Some regions will experience 
shifts from PRs to IRs, whereas other regions will show the 
contrary pattern (Döll and Schmied 2012). If these hydro-
logical regime shifts occur faster than the evolutionary scale 
at which species acquire adaptive traits (Filipe et al. 2013), 
dramatic effects on aquatic biodiversity and ecosystem pro-
cesses and services will result (Datry et al. 2014a, IPCC 
2014, Ledger and Milner 2015). In regions where PRs will 
shift to IRs, loss of species poorly adapted to dry conditions 
can be expected (Phillipsen and Lytle 2013, Jaeger et al. 
2014). Our findings suggest such losses may be particularly 
relevant for certain taxonomic groups (i.e. macroinverte-
brates) and under particular environmental conditions 
or in certain regions (e.g. in arid and temperate climate 
zones, and in headwaters). However, IRs communities of 
species with strong dispersal capacity and high fecundity 
may be minimally affected and able to colonize these novel 
IRs (Arscott et al. 2010, Datry et al. 2014a, b). In regions 
where IRs will shift to PRs, the expected increase in bio-
diversity in these novel PRs will ultimately depend on the 
connectivity to other PRs. PRs highly connected to novel 
PRs might maintain biodiversity, whereas the biodiversity 
in of highly isolated PRs may decline. As highly dynamic 
metacommunities are expected to dominate in this future 
scenario of IRs shifting to PRs and vice versa (Datry et al. 
2016b), conservation efforts to reduce the risk of undesired 
hydrological regime shifts should be prioritized to avoid 
effects on ecosystem resilience (Folke et al. 2004) and could 
be targeted towards those environmental conditions or tax-
onomic groups with significant differences between PR and 
IR biodiversity.
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Abstract
1. Ecosystems experience natural disturbances and anthropogenic impacts that af-

fect biological communities and ecological processes. When natural disturbance 
modifies anthropogenic impacts, current widely used bioassessment metrics can 
prevent accurate assessment of biological quality.

2. Our aim was to assess the ability of biomonitoring metrics to detect anthropogenic 
impacts at both perennial and intermittent sites, and in the latter including both 
flowing and disconnected pool aquatic phases. Specifically, aquatic macroinverte-
brates from 20 rivers were sampled along gradients of natural flow intermittence 
(natural disturbance) and anthropogenic impacts to investigate their combined 
effects on widely used river biomonitoring metrics (i.e. taxonomic richness and 
standard biological indices) and novel functional metrics, including functional re-
dundancy (i.e. the number of taxa contributing similarly to an ecosystem function, 
here a trophic function) and response diversity (i.e. how functionally similar taxa 
respond to natural disturbance and anthropogenic impacts).

3. Only the widely used IBMWP index (Iberian Biological Monitoring Working Party) 
was able to detect anthropogenic impacts in intermittent rivers when used during 
flowing phases. Several functional metrics also detected anthropogenic impacts 
regardless of flow intermittence. Besides, functional redundancy of the entire 
community remained effective even in disconnected pools.

4. Synthesis and applications. Our results show that natural flow intermittence can 
confound river bioassessment, and that a set of new functional metrics could be 
used as effective alternatives to standard metrics in naturally disturbed intermit-
tent rivers. Our findings suggest that water managers should incorporate alterna-
tive functional metrics in the routine biomonitoring of naturally disturbed rivers.
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1  |  INTRODUC TION

Ecosystems experience natural disturbances and anthropogenic 
impacts that affect biological communities and ecological pro-
cesses (Dornelas, 2010; Turner, Webb, Bowers, & Hastings, 2003). 
Natural disturbances (e.g. droughts, floods, wildfires) have acted 
through evolutionary time and have resulted in species adapted 
to such abiotic stress (Bowman et al., 2009; Lytle & Poff, 2004). In 
contrast, anthropogenic impacts (e.g. pollution, land-use changes, 
biological invasions, and recently, climate change) are relatively 
new (<10,000 year), and may represent novel conditions for biota, 
impacting both biodiversity and ecosystem functioning (Hooper et 
al., 2012; Olden, Poff, Douglas, Douglas, & Fausch, 2004). Given the 
predicted consequences of global change, both natural disturbances 
and anthropogenic impacts may increase in many regions worldwide 
(Olden et al., 2004). Urgent action is thus needed to develop suit-
able assessment methods and management practices that consider 
the interaction of both type of impacts (Elliott & Quintino, 2007; 
Ghazoul, Burivalova, Garcia-Ulloa, & Vigo, 2015).

Biomonitoring methods detect anthropogenic impacts using met-
rics based on aspects of ecosystem structure and function (Bonada, 
Prat, Resh, & Statzner, 2006; Pereira et al., 2013). These metrics un-
derpin biomonitoring programmes that aim to halt and reverse bio-
diversity loss, to maintain and enhance the quality of ecosystems, 
and to assess the effectiveness of conservation and restoration 
measures, such as the Water Framework Directive (WFD; European 
Commission, 2000), the Convention on Biological Diversity (CBD, 
2010) or the International Union for Conservation of Nature (IUCN, 
2016). Problematically, few current metrics integrate the effects of 
natural disturbances, which can confound the assessment of anthro-
pogenic impacts and thus lead to inappropriate management actions 
(Gutiérrez-Cánovas et al., 2019; Pitacco et al., 2019; Tockner, Pusch, 
Borchard, & Lorang, 2010).

Functional metrics based on biological traits have shown to 
be promising tools for detecting anthropogenic impacts in differ-
ent types of ecosystems (Laliberté et al., 2010; Mouillot, Graham, 
Villéger, Mason, & Bellwood, 2013; Statzner & Beche, 2010), and 
to be more accurate for the biomonitoring of naturally disturbed 
systems (Belmar et al., 2019; Bruno, Gutiérrez-Cánovas, Velasco, 
& Sánchez-Fernández, 2016). However, studies assessing the com-
bined effects of natural disturbances and anthropogenic impacts on 
the functional composition of biological communities remain lim-
ited (e.g. Bruno, Gutiérrez-Cánovas, Sánchez-Fernández, Velasco, 
& Nilsson, 2016; Elliott & Quintino, 2007; Mouillot et al., 2013). 
Additionally, the response of functional metrics might improve when 
incorporating traits responding to environmental changes (i.e. re-
sponse traits), and to the effect of such changes on ecosystem func-
tioning (i.e. effect traits; Laliberté et al., 2010; Suding et al., 2008). 
Consequently, approaches that more directly link community dy-
namics to ecosystem functioning are emerging.

Nearly 50% of the current global river network has intermittent 
flow (Datry et al., 2014). Intermittent rivers, also known as tempo-
rary rivers in a broad sense, are dynamic systems that typically shift 

between flowing, disconnected-pools and dry periods, named here-
after as aquatic phases (Gallart et al., 2012, 2017). Repeated shifts 
between aquatic phases reorganize biological communities and, 
therefore, flow intermittence represents a natural disturbance (Lake, 
2000; Leigh & Datry, 2017). Intermittent rivers also experience an-
thropogenic impacts, such as hydrological alterations (flow regula-
tion, surface and/or groundwater extractions), geomorphological 
impacts (e.g. sediment extraction and physical habitat modifications), 
pollutants (e.g. heavy metals and nutrient additions) and biological 
invasions (Chiu, Leigh, Mazor, Cid, & Resh, 2017). Detection of these 
impacts at intermittent rivers is challenging because the reliability of 
standard biomonitoring metrics is generally uncertain for such nat-
urally disturbed systems (Chiu et al., 2017; Cid et al., 2017). As the 
global extent of intermittent rivers increases due to climate change 
and water resource pressures (Döll & Schmied, 2012), understanding 
the combined effects of natural flow intermittence and anthropo-
genic impacts on widely used and novel river biomonitoring metrics 
is needed to underpin reliable biological quality assessments.

Our aim was to assess the ability of biomonitoring metrics to 
detect anthropogenic impacts at both perennial and intermittent 
sites, and in the latter including both flowing and disconnected pool 
aquatic phases. Specifically, aquatic macroinvertebrates from 20 
rivers were sampled along gradients of natural flow intermittence 
(natural disturbance) and anthropogenic impacts to investigate their 
combined effects on widely used river biomonitoring metrics (i.e. 
taxonomic richness and standard biological indices) and novel func-
tional metrics based on biological traits. Different types of responses 
to natural and anthropogenic gradients were used to assess the re-
liability and calibration requirements of potential metrics to both 
perennial and intermittent rivers (Figure 1). A single response effect 
occurs when a metric respond to anthropogenic impacts but not to 
natural flow intermittence (Figure 1a), indicating high reliability with-
out calibration. An additive effect occurs when the effects of nat-
ural flow intermittence add to those of anthropogenic impacts but 
effects do not interact (Figure 1b), indicating that this metric could 
be reliable after proportional calibration with a constant term (i.e. 
adapting reference conditions). Finally, interactive responses occur 
when the effects of natural flow intermittence reduce, enhance or 
oppose those of anthropogenic impacts, and leads to antagonistic 
(Figure 1c), synergistic (Figure 1d) or opposing (Figure 1e) interac-
tions, respectively (Feld, Segurado, & Gutiérrez-Cánovas, 2016). 
Metrics with these interactive responses could be reliable only after 
non-proportional calibration (i.e. adapting reference conditions and 
response gradient to anthropogenic impacts).

2  |  MATERIAL S AND METHODS

2.1 |  Study area

The study was conducted in 20 river sites in the north-eastern 
Iberian Peninsula (Figure S1). The area has a Mediterranean cli-
mate (i.e. Csa and Csb; Kottek, Grieser, Beck, Rudolf, & Rubel, 
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2006), with high seasonal variability in precipitation and thus 
streamflow (Bonada & Resh, 2013; Cid et al., 2017). Ten of the 
sites are intermittent and 10 are perennial. Sites were located in 
different sub-basins in the Ebro, Júcar and Catalan catchments 
and experience different degrees of anthropogenic impact and 
river regime. Sites ranged from 6 to 1,100 m a. s. l. and drained 
calcareous catchments with discharges ranging from 0 to 417 
L/s.

2.2 |  Macroinvertebrate data

Macroinvertebrates were collected five times per site (i.e. n =  100 
samples) at six-week intervals between April and December 2015, 
to capture the assemblages present during flowing phases and in 
disconnected pools. In total, 91 samples were taken because five 
sites were dry between one or three occasions. Samples were col-
lected using a 250 μm-mesh D-net across all available microhabitats 

(i.e. different mineral and organic substrates), following the na-
tional standard quantitative sampling protocol (MAGRAMA, 2013). 
Samples were preserved in 4% formaldehyde, and the macroinver-
tebrates identified to the lowest taxonomic resolution possible, 
usually genus, but with some Chironomidae and Ceratopogonidae 
identified to subfamily or tribe. Overall, 194 macroinvertebrate taxa 
were identified.

Macroinvertebrate effect and response traits were charac-
terized. Effect traits describe the potential contribution of mac-
roinvertebrate organisms to ecosystem functioning through the 
trophic transfer of resources and energy from basal to higher 
organisms (Suding et al., 2008). Response traits characterize the 
resistance and resilience of communities to disturbances and, 
thus, inform on community responses to environmental changes 
(McLean et al., 2019; Suding et al., 2008). For the effect traits, 
trophic characteristics of each genus (i.e. grazers, miners, xylo-
phagous, shredders, gatherers, active and passive filterers, pred-
ators, parasites and others) were gathered from the Freshwater 

F I G U R E  1   Potential effects of 
natural disturbances and anthropogenic 
impacts on a biomonitoring metric and 
the associated reliability for its use in 
bioassessment, with a special focus on 
intermittent rivers. Colours indicate 
communities not affected (blue) and 
affected (orange) by natural disturbance

Type and description of effect Reliability of the 
metric in 
bioassessment

Metric 
designation 

(a) Single 

No effect of natural 
disturbance: the effect of 
anthropogenic impacts is 
independent of the effect of 
natural disturbance.

The metric is 
reliable and can be 
used both in systems 
affected and not 
affected by natural 
disturbance (e.g. 
perennial and 
intermittent rivers). 
No calibration 
needed.

Universal 

(b) Additive 

The effect of natural 
disturbance adds to the 
effect of anthropogenic 
impacts, but they do not 
interact.

The metric could be 
reliable in 
ecological systems 
affected by natural 
disturbance only 
after proportional 
calibration with a 
constant term (i.e. 
adapting reference 
conditions).

Flexible 

(c) Antagonistic 

Interactive. The effect of 
natural disturbance reduces 
the effect of anthropogenic 
impacts.

The metric could be 
reliable in 
ecological systems 
affected by natural 
disturbance only 
after non-
proportional 
calibration (i.e. 
adapting reference 
conditions and 
response gradient to 
anthropogenic 
impacts).

Specific 

(d) Synergistic 

Interactive. The effect of 
natural disturbance 
enhances the effect of 
anthropogenic impacts.

(e) Opposing 

Interactive. The effect of 
natural disturbance is the 
opposite to that of 
anthropogenic impacts.
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Information Platform (http://www.fresh water ecolo gy.info; Moog, 
2002; Schmidt-Kloiber & Hering, 2015). Response traits were 
compiled from Tachet, Richoux, Bournaud, and Usseglio-Polatera 
(2010; Table S1). For each genus, traits were assigned using a fuzzy 
coding approach (i.e. a degree of affinity assigned to each trait cat-
egory, according to the frequency of occurrence within the genus; 
Chevenet, Doléadec, & Chessel, 1994). For genera without traits 
or for taxa not identified to genus, the averaged data from other 
genera within the same family or from family-level traits were 
used. This was the case for 24 taxa identified to genus, as well as 
for the Chironomidae and Ceratopogonidae identified to subfam-
ily or tribe (see Data Accessibility Statement). Prior to analysis, 
fuzzy-coded data were converted into percentages of affinity for 
each trait.

2.3 |  Characterization of flow intermittence and 
anthropogenic impacts

The degree of flow intermittence at each site was obtained from 
different descriptors. First, TREHS (Temporary Rivers Ecological 
and Hydrological Status) software (http://www.lifet rivers.eu/
produ cts/trehs-softw are/; Gallart et al., 2017) was used to classify 
the rivers’ regime and to identify potential hydrological alterations 
(Table S2) to differentiate sites affected by natural flow intermit-
tence from those with human-driven flow intermittence. The de-
gree of flow intermittence during the study period (i.e. from April 
2015 until December 2015) was calculated from temperature data 
loggers (UA-002 HOBO), from which is possible to infer the aquatic 
phases (Gungle, 2006). Two data loggers were installed at each site: 
one in a riffle, to determine the day flow ceased and resumed, and 
one in a pool, to identify the day the reach dried completely. Data 
were used to calculate two descriptors of flow intermittence for 
each site: the number of days in the disconnected pool phase since 
the last sample was taken (DPi), and the total number of zero-flow 
days (i.e. disconnected pool or dry riverbed) during the 30-week 
study period (ZFT).

The extent of anthropogenic impacts at each site was mea-
sured using the number of impacts in the Mediterranean reference 
criteria (MRC), which include invasive species, diffuse pollution 
sources, land-use intensity, riparian vegetation, river geomor-
phology, instream habitat conditions and hydrological alterations 
(Sánchez-Montoya et al., 2009). To facilitate interpretation, the 
number of MRC index impacts (i.e. 0 = non-impacted, to 20 = ex-
tremely impacted) was used as a descriptor variable (hereafter, 
number of impacts; see Table S3 for more details). Physicochemical 
parameters of each river were also measured in every sampling 
occasion, and were the following: dissolved oxygen, conductivity, 
temperature, phosphates, nitrates and Chl-a (Table S2). However, 
only the number of impacts was used as it represented a broad 
spectrum of impacts and was correlated with most of the physico- 
chemical parameters in our dataset (Table S2) and elsewhere 
(Sánchez-Montoya et al., 2009).

2.4 |  Metrics calculation

Two types of metrics were calculated for each sample to character-
ize biotic responses to flow intermittence and the anthropogenic 
impacts: widely used and functional. As widely used metrics, tax-
onomic richness based on invertebrate families (Sfam) or genera 
(Sgen) and several tolerance-based biological indices used in the 
Iberian Peninsula were calculated: IBMWP (Alba-Tercedor et al., 
2002), IASPT (Jáimez-Cuéllar et al., 2002), and IMMi-T (Munné & 
Prat, 2009; Table 1).

For the functional metrics, functional redundancy (i.e. FR; the 
number of taxa or individuals contributing similarly to an ecosystem 
function, here a trophic function) and response diversity (i.e. RD; 
how functionally similar taxa respond to natural disturbance and an-
thropogenic impacts; Suding et al., 2008) were calculated (Figure 2). 
For FR metrics, using a classification of macroinvertebrates into 
functional trophic groups (i.e. effect traits; see Appendix S1) was 
used to obtain the average abundance (ab) and trait richness (i.e. 
presence–absence; pa) for the entire community and each trophic 
group: omnivorous, shredders, predators, grazers, gatherers and fil-
terers (Figure 2, Table 1). For RD, traits related to resilience and re-
sistance strategies (i.e. response traits; see Appendix S1) were used 
to estimate functional richness (FRic, Villéger, Mason, & Mouillot, 
2008) and functional dispersion (FDis, Laliberté & Legendre, 2010; 
hereafter, RD) for the whole community and each trophic group, all 
of them using abundance (ab) measures (Figure 2, Table 1).

2.5 |  Statistical analysis

Two datasets were analysed. One considered all data collected dur-
ing aquatic phases (i.e. flow and disconnected pools), to identify 
metrics that respond to anthropogenic impacts independently of 
flow. The second dataset included only flowing-phase samples, as 
required in current river biomonitoring protocols. To determine the 
reliability of each metric to detect anthropogenic impacts across a 
gradient of flow intermittence, linear mixed-effects models (LME) 
were fitted with a Gaussian error distribution to model all metric re-
sponses. Before analyses, to reduce distribution skewness and im-
prove linearity, a square-root-transformation was applied to Sfam, 
Sgen and IBMWP, and a log- or square-root-transformation was 
applied to almost all functional metrics. Predictor variables (i.e. the 
number of impacts, DPi and ZFT) were standardized to mean = 0 and 
SD = 1 to allow for model coefficient comparison.

For all the aquatic phases dataset, the LMEs were fitted using 
the number of impacts, DPi and ZFT and their pairwise interactions 
as fixed factors (i.e. DPi × number of impacts, and ZFT × number of 
impacts). For the flowing-phase dataset, the same analysis was per-
formed, but excluding DPi. All models included site as a random fac-
tor to account for the non-independence of samples collected from 
the same location. A multimodel inference approach was adopted to 
quantify the predictor's standardized effect sizes and significance. 
See Appendix S2 for more details.

http://www.freshwaterecology.info
http://www.lifetrivers.eu/products/trehs-software/
http://www.lifetrivers.eu/products/trehs-software/
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For each metric, the combined effect type was determined using 
the regression coefficient sign (+ or −) and p-value of individual pre-
dictors and their interactions (Feld et al., 2016). Under this frame-
work, a non-significant interaction term and one significant predictor 
coefficient indicate a single effect, whereas two or more significant 
single predictor coefficients indicate an additive effect. Interactive 
(antagonistic, synergistic or opposing) effects were identified by a 
significant (p < .05) or potential (p-value between .05 and .25) inter-
action and a single interaction explaining the conditional goodness of 
fit (rc2) ≥ 5% of variance. Negative coefficients for individual predic-
tors with a positive interaction coefficient indicated an antagonistic 

effect. Negative individual predictor and interaction coefficients 
indicated a synergistic effect. Different coefficient signs between 
individual predictors indicated an opposing effect. Effective met-
rics should be responsive to anthropogenic impacts (i.e. explaining 
a high percentage of total variance and the marginal goodness of fit 
or r2m > 0.20), and show a similar pattern across a gradient of flow 
intermittence, which is reflected by non-interactive responses.

For all predictors (i.e. number of impacts, ZFT and DPi), null 
models were used to determine whether observed functional 
metric responses to anthropogenic impacts reflected taxo-
nomic variation (i.e. the probability of finding more or fewer 

Type of 
metric Metric Description

Type of 
data

Widely used Sfam Taxon richness at the family level pa

Sgen Taxon richness at the genus level pa

IBMWP Iberian Biological Monitoring Working Party 
(Alba-Tercedor et al., 2002)

pa

IASPT Iberian Average Score Per Taxon (Jáimez-Cuéllar 
et al., 2002)

pa

IMMi-T Multimetric index for Mediterranean rivers 
(Munné & Prat, 2009)

pa

Functional 
redun-
dancy

F R Functional redundancy of the entire community pa, ab

F R .om niv orous Functional redundancy of the omnivorous 
functional group

pa, ab

F R .shredders Functional redundancy of the shredder func-
tional group

pa, ab

FR.predators Functional redundancy of the predator func-
tional group

pa, ab

FR.grazers Functional redundancy of the grazer functional 
group

pa, ab

FR.gatherers Functional redundancy of the gatherer func-
tional group

pa, ab

FR.filterers Functional redundancy of the filterers (filterers) 
functional group

pa, ab

R esponse 
diversity

R D Response diversity of the entire community ab

R D .om niv orous Response diversity of the omnivorous functional 
group

ab

R D .shredders Response diversity of the shredders functional 
group

ab

RD.predators Response diversity of the predators functional 
group

ab

RD.grazers Response diversity of the grazers functional 
group

ab

RD.gatherers Response diversity of the gatherers functional 
group

ab

RD.filterers Response diversity of the filterers (filterers) 
functional group

ab

F R ic Functional richness of the response traits ab

Note: Functional redundancy (FR) and response diversity (RD) metrics were calculated using 
effect and response traits, respectively. Type of data: FR and RD were calculated as the average 
abundance (ab) and/or richness (i.e. presence–absence; pa) for each functional trophic group 
and for the entire community. Omnivorous taxa had mixed feeding habits, including a variety of 
shredding, grazing and gathering affinities. See Section 2 for further details.

TA B L E  1   Community metrics used in 
this study
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abundance or trait categories due to the number of taxa; see 
Appendix S3).

All analyses were conducted in R version 3.4.1 (R Core Team, 
2015), using the packages “lme4” (Bates, Maechler, Bolker, & Walker, 
2015), “MuMIn” (Barto'n, 2017) and “variancePartition” (Hoffman & 
Schadt, 2016). The code and functions used to run these analyses 
are available at Data Accessibility Statement.

3  |  RESULTS

Overall, metrics decreased with increasing the number of impacts 
and with flow intermittence predictors (i.e. DPi and ZFT; Table 2 and 
Table 3). However, responses varied between metrics and between 
datasets (i.e. flowing phase and all aquatic phases).

3.1 |  Widely used metrics

All widely used metrics were negatively related to the number of im-
pacts, explaining >50% of total variance (Tables S4 and S5). A single 
effect of the number of impacts on the flowing phase dataset (but 
not all the aquatic phases dataset) was found for IBMWP (Figure 3h, 
Table 3). For other widely used metrics, the most common effect was 
the antagonistic (Figure 3, Tables 2 and 3). All widely used metrics 
from both datasets were identified as responsive metrics (r2m > 0.20), 
with r2m values ranging from 0.39 to 0.54 for all the aquatic phases 
dataset (Table 2) and from 0.24 to 0.43 for flowing phase samples 
(Table 3). According to the criteria in Figure 1, IBMWP is reliable for 
flowing phase assessments in both perennial and intermittent rivers 
(i.e. universal metric; Table 4), whereas other widely used metrics 
would require calibration before use in intermittent rivers.

F I G U R E  2   Analytical framework for the functional metrics used in this study (i.e. functional redundancy, FR, and response diversity, RD). 
For FR functional trophic groups were used as effect traits. For RD biological traits related to resilience and resistance strategies were used 
as response traits (Table S1). Both FR and RD are represented as the average abundance (ab) or trait richness (i.e. presence–absence; pa) 
for each functional group. Circle size is proportional to abundance. Black circles: species present; white circles: species absent; grey circles: 
species not included in the functional effect group of the example (i.e. shredders). PCoA, Principal Coordinate Analysis

Functional redundancy (FR)

Response diversity (RD)
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3.2 |  New functional metrics

The number of impacts explained >50% of the variance for most 
functional metrics but, in some cases, ZFT, DPi and their interac-
tions with the number of impacts explained a similar percentage 
(Tables S4 and S5). A single effect of the number of impacts was 
observed for several FR and RD metrics (Tables 2 and 3): FR.ab, 
FR.shredders.ab, RD.grazers.ab, RD.gatherers.ab and RD.filterers.
ab for all the aquatic phases dataset, and FR.ab, FR.shredders.pa, 
FR.filterers.pa, RD.shredders.ab, RD.grazers.ab, RD.gatherers.ab 
and RD.filterers.ab for the flowing phase dataset. Among them, 
the most responsive metrics (r2m > 0.20) were FR.ab (r2m = 0.23) 
and RD.filterers.ab (r2m = 0.29) from all the aquatic phase data-
set, and FR.filterers.pa (r2m = 0.33) from the flowing phase dataset 
(Table 4). Following our criteria (Figure 1), FR.ab, FR.filterers.pa and 
RD.filterers.ab represent universal metrics (Table 4), with FR.ab 
and RD.filterers.ab reliable for samples collected in both flowing 
and disconnected pool phases, and FR.filterers.pa reliable only for 
flowing phase samples.

For other functional metrics showing significant responses to pre-
dictors, the number of impacts and ZFT resulted in interactive effects. 
For the aquatic phase dataset, nine metrics showed an antagonistic 
response and one synergistic (Table 2), whereas for the flowing phase 
dataset, all interactive metrics showed an antagonistic response 
(Table 3). We also observed interactions between the number of im-
pacts and DPi resulting in four antagonistic, one synergistic and one 
opposing effect on the aquatic phase metrics (Table 2). Among them, 
several functional metrics were identified as responsive metrics 
(r2m > 0.20), with r2m values ranging from 0.20 to 0.39 in the aquatic 
phases dataset, and from 0.24 to 0.45 in the flowing phase dataset 
(Table 4). According to our criteria (Figure 1), these metrics could be 
reliable in intermittent rivers after non-proportional calibration.

Null models indicated that all predictor terms had non-random 
effects on FR.pa, FR.ab and FR.omnivorous.pa models including all 
aquatic phases (Table S6) and, thus, functional metric responses re-
flected anthropogenic impacts and/or flow intermittence, not taxo-
nomic variation. For the flowing phase dataset, several metrics had 
non-random effects on all model terms (i.e. FR.ab, FR.omnivorous.

TA B L E  3   Results of linear mixed-effects models from the dataset including only the flowing phase

 Intercept No. impacts ZFT No. impacts × ZFT R2m R2c Effect type

Sfam 5.467 −0.104* −2.441 0.258 (.) 0.3 6 0.71 Antagonistic

Sgen 42.014 −1.546* −45.606* 4.187* 0.43 0.65 Antagonistic

IBMWP 0.972 −0.023* −0.151 — 0.24 0.82 Single

IASPT 0.965 −0.03* −0.674 0.083 (.) 0.3 2 0.71 Antagonistic

IMMiT 0.997 −0.039* −1.058* 0.126* 0.40 0.87 Antagonistic

F R .pa 1.3 03 −0.005 −0.307* −0.021 0.14 0.14 Single

F R .ab 3.988 0.073* 1.6 99 0.141 0.20 0.51 Single

F R .om niv orous.pa 3.562 −0.209* −4.541 0.662 (.) 0.25 0.47 Antagonistic

F R .shredders.pa 1.13 1 −0.043* −0.283 — 0.15 0.21 Single

FR.predators.pa 3.975 −0.101* −3.662* 0.294* 0.41 0.56 Antagonistic

FR.grazers.pa 1.705 −0.019 −0.001 — 0.04 0.50 ns

FR.gatherers.pa 3.094 −0.058* −1.532* 0.195* 0.38 0.58 Antagonistic

FR.filterers.pa 1.584 −0.025* −1.078 0.050 0.3 3 0.42 Single

F R .om niv orous.ab 4.473 −0.346* −5.472 1.922* 0.45 0.76 Antagonistic

F R .shredders.ab 1.944 −0.066 0.995 — 0.03 0.35 ns

FR.predators.ab 5.199 −0.133* −2.482 0.376 (.) 0.24 0.45 Antagonistic

FR.grazers.ab 5.231 −0.099* −0.199 0.600* 0.07 0.25 Antagonistic

FR.gatherers.ab 6.637 0.072 1.519 — 0.05 0.53 ns

FR.filterers.ab 4.576 −0.035 −3.027 — 0.04 0.07 ns

R D .ab 0.211 −0.005* −0.026 0.008 (.) 0.43 0.43 Antagonistic

R D .om niv orous.ab 0.06 3 −0.003 −0.015 — 0.03 0.03 ns

R D .shredders.ab 0.123 −0.009* 0.016 — 0.15 0.18 Single

RD.predators.ab 0.463 −0.004 −0.017 0.022 (.) 0.06 0.06 Antagonistic

RD.grazers.ab 0.448 −0.007* −0.223 0.017 0.08 0.08 Single

RD.gatherers.ab 0.155 −0.005* 0.011 — 0.18 0.25 Single

RD.filterers.ab 0.101 −0.007* −0.118 0.011 0.28 0.3 9 Single

F R ic 0.23 9 −0.011* −0.197 0.027 (.) 0.37 0.6 3 Antagonistic

Note: See Table 2 for further details.
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pa, FR.predators.pa, FR.omnivorous.ab, FR.predators.ab and FRic 
models; Table S7), and null models indicated that the number of 
impacts term had non-random effects on all models except for 
FR.shredders.ab and FR.filterers.ab (Table S7).

4  |  DISCUSSION

Our results showed that natural disturbances (i.e. flow intermit-
tence) could confound biological quality assessments by altering 
metric responses to anthropogenic impacts. Most of our widely 
used and new functional metrics decreased with increasing anthro-
pogenic impacts, but showed an interactive antagonistic response 
with flow intermittence. Thus, most metrics would not accurately in-
dicate the biological quality of intermittent rivers, and would require 
calibration (Figure 1c). However, the widely used IBMWP index and 
few functional metrics could provide reliable biological assessments 
in intermittent rivers when applied during the flowing phase, and the 
functional redundancy based on the whole community abundance 
(FR.ab) remained effective even in disconnected pools.

Compared to perennial rivers, aquatic communities in intermittent 
rivers typically support fewer taxa and a higher proportion of general-
ists, due to environmental harshness (Bogan et al., 2017; Soria, Leigh, 
Datry, Bini, & Bonada, 2017). As a result, the usefulness of many widely 
used biomonitoring metrics based on taxon diversity is limited, espe-
cially when using standard values obtained from perennial rivers (Chiu 
et al., 2017; Prat et al., 2014). Similar limitations of widely used metrics 
have been observed in other naturally disturbed ecosystems such as 
when using riparian plant communities as indicators in intermittent 
rivers (Bruno, Gutiérrez-Cánovas, Sánchez-Fernández, et al., 2016) or 
when using invertebrates in estuaries (Elliott & Quintino, 2007) or sa-
line rivers (Gutiérrez-Cánovas et al., 2019). Nonetheless, our results 
suggested that one widely used metric, the IBMWP index, could be 

applied in intermittent rivers during flowing phases. This aligns with 
other studies in mediterranean-climate rivers (e.g. Mazor, Stein, Ode, 
& Schiff, 2014; Munné & Prat, 2011; Prat et al., 2014), which sug-
gest that widely used metrics may work at intermittent sites if flow-
ing phases are sufficiently long and predictable (Gallart et al., 2012, 
2017). For example, Munné and Prat (2011) found no differences for 
IBMWP between perennial and intermittent rivers during wet years, 
as flow permanence in intermittent rivers was high. However, during 
dry years, IBMWP values varied considerably even if samples were 
collected during flowing phases (Munné & Prat, 2011). Thus, the wide 
spatial and temporal hydrological variability within intermittent rivers 
(e.g. different dry phase duration at different locations at different 
years) could produce misleading bioassessment results in most cases 
(Chessman, Jones, Searle, Growns, & Pearson, 2010; Mazor, Purcell, & 
Resh, 2009; Papastergiadou & Manolaki, 2012), especially in less pre-
dictable, seasonal climate types (Tonkin, Bogan, Bonada, Rios-Touma, 
& Lytle, 2017). Hence, to avoid misleading biological quality assess-
ments in intermittent rivers, either existing metrics need to be recali-
brated (e.g. by incorporating long-term variability in these metrics) or 
new metrics, as those presented here, require development (Munné & 
Prat, 2011; Stubbington et al., 2018).

Most of our new functional metrics responded differently at pe-
rennial and intermittent sites, as evidenced by antagonistic effects. 
Our results align with recent studies considering flow intermittence 
and salinity as natural disturbances combined with other anthropo-
genic impacts (Belmar et al., 2019; Gutiérrez-Cánovas et al., 2019). 
The fact that intermittent rivers often showed a weaker reduction in 
functional metrics may reflect strong trait filtering in naturally dis-
turbed ecosystems (Mouillot et al., 2013). Moreover, traits enabling 
species’ persistence in certain naturally disturbed environments may 
contribute to be co-tolerance of other disturbances (Vinebrooke et 
al., 2004). In intermittent rivers, resistance and resilience traits that 
enable species to persist in highly variable flow conditions might also 

F I G U R E  3   Plots showing the individual response of the five widely used metrics from the aquatic phases dataset (Sfam, Sgen, IBMWP, 
IASPT and IMMi-T; a to e, respectively; Table 1) and the flowing-phase dataset (f to j) along an anthropogenic impacts gradient (Nº impacts). 
Full circles represent perennial rivers and empty circles intermittent ones. Fitted values for LMEs models are represented as blue lines 
for perennial rivers and as orange lines for intermittent rivers. All responses were antagonistic except for h, for which a single effect was 
ob serv ed

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)
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enable them to persist under certain anthropogenic impacts (Belmar 
et al., 2019; Bonada & Resh, 2013). For example, macroinvertebrates 
with mechanisms for tolerating low dissolved oxygen concentra-
tions may in turn be indicative of either flow intermittence or or-
ganic pollution (Stubbington et al., 2017). Thus, metrics that indicate 
adaptations to flow intermittence could be used for biomonitoring 
anthropogenic impacts only if they are calibrated differently for pe-
rennial and intermittent rivers.

Our results also identified functional metrics with similar re-
sponses to anthropogenic impacts in perennial and intermittent 
rivers (i.e. single effect), indicating their ability to detect impacts re-
gardless of flow intermittence. The most responsive metrics during 
flowing phases were functional redundancy based on the whole 
community abundance (FR.ab) and the filterers presence–absence 
(FR.filterers.pa), as well as abundance-weighted response diversity 
of filterers (RD.filterers.ab), with FR.ab also responsive in discon-
nected pools. Thus, for example, the decrease in RD.filterers.ab with 
increasing anthropogenic impacts indicates a reduction in resistance 
and/or resilience traits (i.e. response traits) within this functional tro-
phic group. The decrease in FR.filterers.pa also evidenced taxonomic 
homogenization within this functional trophic group as the number 

of anthropogenic impacts increased (Gagic et al., 2015; Laliberté et 
al., 2010). For example, genera such as Chimarra or Ephemera w ere 
not observed when the number of impacts increased. Our results 
thus indicate that metrics derived from functional trophic groups 
that are not affected by natural disturbances, could act as univer-
sal metrics in naturally disturbed ecosystems such as intermittent 
riv ers.

By using the response-effect trait approach, functional met-
rics may provide detailed information on environmental changes 
and their effects on ecosystem functioning (Laliberté et al., 2010; 
Mouillot et al., 2013; Suding et al., 2008). Response diversity (RD) 
metrics might help to differentiate community responses to both 
natural disturbances and anthropogenic impacts, whilst functional 
redundancy (FR) metrics based on effect traits might help to antici-
pate the effects of that change on ecosystem functioning (Suding et 
al., 2008). For example, the decrease in FR for filter feeder taxa (FR.
filterers.pa) might affect organic matter processing and thus change 
ecosystem functioning (Bogan et al., 2017). As a consequence, 
community structure might also be less resistant to environmental 
changes and therefore increase the vulnerability to future anthro-
pogenic impacts (Gutiérrez-Cánovas, Sánchez-Fernandez, Velasco, 
Millán, & Bonada, 2015; McLean et al., 2019). Similarly, the distinct 
decrease of FR and RD metrics in the predator functional trophic 
group (i.e. FR.predators.pa, FR.predators.ab and RD.predators.ab) 
in intermittent rivers could signal potential effects of anthropo-
genic impacts on predation rates, and inform about cascade effects 
stemming from reduced predator abundance (Hooper et al., 2012; 
Rodríguez-Lozano, Verkaik, Rieradevall, & Prat, 2015).

Given the different predictability, duration and spatial patterns 
of the aquatic phases in intermittent rivers (Bonada & Resh, 2013; 
Leigh & Datry, 2017), our proposed functional metrics could con-
tribute to improved bioassessment of these rivers. As most of the 
widely used metrics were not reliable during flowing phases nor 
disconnected pools, calibration is needed considering their re-
sponse gradient to anthropogenic impacts. Even though the widely 
used IBMWP index detected anthropogenic impacts in intermittent 
rivers during flowing phases, this needs to be considered with cau-
tion as its reliability may vary between wet and dry years (Munné 
& Prat, 2011). In this case, information on the degree of flow inter-
mittence, seasonal predictability and temporal patterns of flowing 
phases is required (Gallart et al., 2017). Compared to widely used 
metrics, the functional redundancy based on whole community 
abundance (FR.ab) could be even applied during disconnected 
pools. Besides, functional metrics are more accurate in detecting 
ecosystem degradation and may represent a step forward in the 
management of naturally disturbed ecosystems (e.g. Belmar et al., 
2019; Bruno, Gutiérrez-Cánovas, Sánchez-Fernández, et al., 2016). 
These metrics might enable prediction of biological responses to 
intensifying anthropogenic impacts in a climate change context 
(Belmar et al., 2019). Therefore, water managers should start incor-
porating alternative functional metrics in the routine biomonitor-
ing of naturally disturbed rivers. Regardless of the biomonitoring 
metrics used, distinguishing natural from human-induced flow 

TA B L E  4   Selection of the most responsive metrics (r2
m  > .20) 

in detecting anthropogenic impacts in perennial and intermittent 
riv ers

Metric 
designation

Type of 
metric

Valid for both 
flowing and 
disconnected 
pool 
conditions? Metric

Universal (i.e. 
no calibration 
needed)

Functional YES F R .ab

NO, only valid 
during flow-
ing phase

FR.filterers.pa

RD.filterers.ab

Widely 
used

NO, only valid 
during flow-
ing phase

IBMWP

Specific (i.e. 
non-propor-
tional calibra-
tion; adapting 
reference 
conditions 
and response 
gradient to 
anthropogenic 
impacts)

Functional YES F R .pa

F R .om niv orous.
pa

F R .shredders.pa

FR.predators.pa

FR.gatherers.pa

F R .om niv orous.
ab

FR.predators.ab

R D .ab

RD.predators.ab

F R ic

Widely 
used

YES Sfam

Sgen

IASPT

IMMi-T
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intermittence and assessing the degree of hydrological alteration 
of a river is crucial (Gallart et al., 2017). Future research should 
test both widely used and new functional metrics in datasets en-
compassing multiyear time periods, across different climates, and 
for specific anthropogenic impacts, as well as on other taxonomic 
groups.
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