Anthropogenic noise effects on anuran

mating behaviour
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-6%*,>%-.,2$*6/129,.%$9*213,302(%6*%329, ST 620M61)&)12$2)53,1/)50 5
3)82-%&23,(6965168)$)8&%6(,92:6-2,4)/,-.2%/,35:-*2,99%442/2$(23,1"22,ISHT=,L2**3 ISS Y +:,

#$5/6$3()8&0/%32,6$,%80)/-6$-,2()*)1%(6* APR, %$,-2//23-/%6*6A56-%(,323-283)63,
2332$-%64)9,>2:3,6$9 63%$9%)(B;)4,2$7%/)$&2$-6*,.26*-Q5--6,1SHe@ 6**%962 |,

@272/, HaaY=,L2**3,I1SS¥0)2,)-.2/6&0.%:%6$3=,6$5/6$3,.672,3(6*2*233=,02/&26:*2,3D%$,
>.%(.,02/&%-3,>6-2/,6$9,/230%/6-)/?,16323,- HHAD%S$1,-.282$3%-%72,-),2$7%/)$&2$-6*,
(.6$123,1@6**%967?,|, @272/, Hd21*3,1SSY+10)/,28680*2=,6,& FBH6*?3%3,%%$,680.%:%6$3,
.63,3.)>$,-.6-,280)35/2,-),(.2&%(6*,0)**5-6%-3,12;1;,42/-%*%32/3=,023-%(%923,6$9,.267?,&2-6*3+
4)5%9,%%$,$6-5/6*,>6-2/,)9%23 AN&,>63-2>6-2/,/5$)4492(/26323,35/7%76*,:?,Hd; bf=,
&633,:2,Y;Tf,6$9,%%$(/26323,6:$)/&6*%-%23,:?, THIE FB2//6$),0# &)ISHI+;*-6*%6$,-/22,
4/)13,K5)&"2#0%704"&72,:22%$,3.)>$,-),:2 ,6442(-29,:?,-2:5()$6])*2,IN"m+=,6,023-%(%92,
5329,-),4%1.-,&)5385$153,)44,4/5%:35,280)329,-),3%8&8%*6/,()$(2$-/6-%)$3,92-2(-29,%$,
6A56-%(,2$7%/)$&28B4*6&86-%)$,6$9,%$C5/?,-),D%9$2?2=,*%72/,6$9,1)$693,92%,):32/729,
4/)13-5*-%8&6-298&06(-%B2856*,9%442/2$-%6-%0)DB0%)B28,/6-%4)2/$6:n, 04&.).'

ISIS+;,

B%$(2,6$5/6%372,02/&26:*2,3D%$27/2A5%/2,6A52)53,6$9,.5&%9,2$7%/)$&2%$-3,-),35/7%72,
:5-,6/2,5%$6:*2)),%%$.6:986*->6-2IL2**3,ISSY+,;,R272/-.2*2327?,.672,9%72/129,6%$9,
9%72/3%4%R2B,>%92,/6$12,2$7%/)$&2$-3,*%D2,0)$9236&3=,/6%%$4)/23-3=,1/633*6$93=,
Y01 B6*-%-592,.26-.3,6$9,272%$,9232/-3,!"22ASHT3,ISSY:4V*):6**?=,-.2/26/2,



600/)8%&6-27P=bSS,302(%23,923(8%629)51.*2,1db, )4,-.232302(% AH-%72 453-/6*%6,
IV%**2300428)ISIS =| 2**3,ISS Y #53-/6*%653,4)5/$6-% 76 & Yo* YRBE) . 2*% 9612,
12$2/6,Ha,302(%6232%):6-/6(.%962] 20-)96(-?*%96Ma, 12$2/6=,HHI,302(%23+
@?*%AVR2*)-/?69%98R12$2/6=,Yb,302(%6334<6$%96d,12$53=,H,302(%23-2**,68,
4%4-.,%%-/)95(29,46&%*?,"54)$%962,/20/232%{8$2,-)69,!+8"20))&'78&%" DE27%)53;?
>?($'78%"273<):2/-3,1,L6-3)$,Haab +,P%(/).?*%962,6$9,<6$%962,4/)13,6/2,4)5%$9,%$,
$)/-.2/$,j522$3*6%9,6%9,-.2,)-.2/,->),46&%*%23,6/2,9%3-/%:5-29,-./)51.)5- #5286>0%65
%$,3)&2,3)5-.2/$,06/-3,)4,L.23-2/$,6$9,B)5-. #53-/82)H-3,1,L6-3)$,Haab+; ,

Z$4)/-5$6-2+2=,680.%:%6$3,6/2,92('046$5%6B; 2/,/6-2,-.6$,:%6/93,6$9,&6&86*3,>)/*9>%692
IB-56/-0#&)ISSd+;,"$,#53-/6*%6=E)$@9,)4,680.%:%6$3,6/2,*%3- 2915 2/36-%)$6*,
Z$9%)$,4)/,[)$32/76-%)$,)4,R6-5/Z[R +<29, %3-,63,2%-.2/,-./26-2$29,)/,28-%%$(-,IV%**230%2,
0#'&)ISIS+;,V*):6%%2=,28-%$(-%)$,)/,3272/2,0)05*6-%)$3,(/63.23,.672,%%$(/26329,3%$(2,- .2,
HaYS3,6$9,HaeS3=,>%-.,6-,%263-,b;Hf,)4,4/)1,302(%2% B0ORE/Q9, 1#+/)?, ISHT+:, #+/)?,
lISHTF;45/-.2/,4)5$9, -.6-,"6-%$,#&2/%I8,%:%-22, .%1.234/)1,*)3323,6$9,0/29%(-29,-.6-,
c;af,)4,4/)1,302(%23,>%**,:2,1)$2,>%-.%$,-.2, $ 28 A2 8B $%-.)5-,($3%92/%$1,0)-2$-%6*,
%$(/26329,-./2618./26-3;),6$5/6$ R $(*595:%-6-,%)33=,%$763%72,302(%23=,) 72/280*)%-6-%)$,
14/)1,&26-,-/692+=,(*%6&6-2,(.6$12=,6(%9%8%EREOBBE (. 2-/%9%)&?() 3%E8.0.%: %63,
(.2-1%9,45$153=,*%1.-, 6$9,$)%632,0)**556)46! | SHeY %*+23004&,)ISIS=,g/(.6/9,Haaa+;,
[.2-/9%9,45$53%%,06/-%(5*6/=,.63,:22%$,/2()1$%329,-),&6C)/*2,()$-1%:5-2,-),92(*%$23,3%$(2,-.2,
HaaS3,:5-,%-3,2442(-3,6/2,*%D2*?,()&0)5$929,:?,-.2,)-.2/,*%3;X0B (2} 3, ISHb*;,
7%92%$-*2=,-.2,()5$-*233,-./26-3,6 $5/6$3.%B(2%61.-32,%8&0)/-6$(2,)2692$-%4 B6S1
&%-%¥E8B5(.,/%3D3,%$,)/92/,-),0/1232/72,6$5/6$,0)05*6-%)$3,6$9, - AIaHF2/3%-?,6$9,
2()373-2&,45%(-%)$;

<295(29,302(%23,6:5$96$(2,$26/,/)693=,*%D 249> 428 95(-%72,/6-23,6$9,9%/2(-,
&)/1-6*%-?2,6/2,6$,699%- %A} -.6-,.63,()$-/%:5-29,-),):32/729,6$5/6$,0)05*6-%)$,92(*%$23,
IV/6(2,0#'&)ISHY +,.%*2,/)693,6/2,06/-%(5*6/*?,96$12/)53,6$9,()$-/%:5-2,-),&)/-6*%-?,

- )51.,72.9%(*2,()**%3%)$2:82(.6$98&, 280*6%$%$1, *)>2/,/20/)95(-%7 ZBELB693
1286%%$3,5$(*261)-2$-%6%+2=,$)%32,0)**5-96)$,4/)&,/)693,6$9,)-.2/,6%$-./)0) 12$%(,3)5/(23,
%&06(-,6$5/6%,/20/)95(-%75863D%$1J9%3/50-%$1, () &&5$%(6-%)$,06--2/$3,1"5-.2/,| V2$-/2,
ISHb=,Q5--6,1SHeH5/6$3;20%(6**?,6--/6(-,)/,92-2(-,&6-23,>%-., 7)(6*%3688)$B632,
8&672,($3-/16%$,35(.,3% 19888, ()$-/%:5-2,-),/295(29,86-%$1,)00)/-5$%-%23,12;1;,%$6:%6*%-?,-),
%)(6-2,3%1$6*%6$1,846-23



(

2,'0,( 0"$.1#/"("$33.,/"0#/$,(0,-( 3 O#/,4&506/$.' (
#()53-%(,()&&5$%(6-%)$,(6$,:2,924%$29,63,6,0/)95(29,659%- )1 263%4EHH95 (23,
06$4)/8:6-%6)82:,3%1$6*+2/,9%692$-%-23:2.67%)5/+,6$9,%$3-%16-23,3%1$6*,/2(2%72/3,-),(.6$12,
2.67%)5/,6(()/9%$1*?,IV2/.6/9-,|, @5:2/,1SSh+;,B%1$6*3,0/)95(29,:?,6$5/6$3, @Z9H29,
0%$3-%$(-%72,/6-.2/*268529H)&, ()$302(%4%(,%$9% P9EHB22$, 9693, 6$9,86&&6*3,
IV2/.6/9-,|,@5:2/,1SSb+;,L.2-.2/,%$$6-2,)/,*26/$29=,6()53-%(,3%1$6*3,32/72,6,3%8&%*6/,05/0)32,
%$,9692$-%42%$1,302(%23=,32*2(-%$1,86-23=,9242$8 56/ 25K HB6HAS1,
%$-2/6(-%)$3,1V2/.6/9-,|, @5:2/,1SSB=2/,1,V2$-/2,ISHb =I.2+*3,ISS¥;,"$,6$5/6$3=,35(.,
3%1$6*3,(6$,:2,/20/232$-29,:?,9%3-%%(-, 7)(6*%36-%)$3;,0)/,286&0*2=, -.2,P696163(6/,-/22,4/)1,
@>$$18"3'784&A&3/&%"083,/26)/929,le,-2023,)4,6**,$)-23,6$9,/20/232$-3,-.2,*6/123-,(6**,
1202/-)%1/2,)4,6$?,6&0.%:%6$, ' RGVEHESSS+;,

g72/6**=,.26/%%$1,6$9,3)5%$9,()&8&5%%(6-%)$, BHIVL9,%$,6$5/6$3=,2%22/%(6$,
1/22%$,-122,4/)1<5)&1"20%08502F 3,1/6?,-122,4))&5)&'/8%53$3/03659 1/6?,-/22,4/)1,
@5)&'C0%3"/$)$2%*$6-%72,-.2,2$%-29,B-6-B83$1,-.2,&)3-,/2326/(.29,!"22,ISHT
#99%-%)$6%*2:-0$16/64/)1,@D2A53#$7$13'1?23#7?)$3? IBEZR)R07 236,386,
-21123-1%6%*,302(8)389,%%$,B)5-. #&2/96(63,:22%,-.2,35:C2(-,)4,&6$?,3-59%2/36 %$%$1
6()53-%(,()&&5$%(6- V)8 % BAG0M# &)ISSc=,P(P6.)$, 0#'&)ISHY+N.2,&6C)/%-?,)4,
-.232,3-59%23,%%$(*592,:2.67%)5/6*,-23-3,)$,0.)$)-68%3,6$9,27) D29, (6**%%$1,!"22,ISHT+;,L.2$,
5$92/,0$-/)**29,()$9%-%)$3,!123:)/6-)/?,3)5$9,(.6&:2/3+=,/2326/(.2/3,(6$,280%)%-,42&6*2,
6$5/6$8$6-5/6*,:2.67%)5/,%%,)/%2$-%$1,-),3%1$6*3,10.)$)-68%3+,6$9,3%1$6*,0*6?:6(D3,(6$,
3-%&5*6-2,(6**%$1,:2.67%)5/,%%$,86*23,127)D29,7)(6*,/230)$32+,1"22,ISHT+;,)$95(-%$1,35(.,
2802/%&2%$98%68)-6$-,4)/,5$92/3-6$9%$1,32856*,32*2(-%)$,6$9,.)>,()&&5$%(6-%)$,3?3-2&3,
672,%$4*52%$(29,&6-%%$1,35((DR2B6&0*2=,42&6*2,0/242/2%$(2,4)/,7)(6*,36(,()*)5/6-%)$,
>63,286&%%$29,%$,'5/)026%$,-/22,40KH) &' &% G $Y8(E3Y6$1,->.)%(2,2802/%&2$A 1,
7%920*67:6(D3,)4,86*23,>%-.,%92%$-%(6*,(6**3,:5-,9%442/%%$1, ()5 233%1-8663%=,
428&6*23,0/2429&6*23,>%-.,6,()*)5/45*,36(,>.%(.,&6?,%$9%(6-2,%$4)/&6-VA)HHR Y5,
A56*%-?,IV) &' &)ISSa+N.2/24)/2=,2802/%&2$-3,*%D2,-.232,(6$,.%1.*%1.-,2)-.,/2*6-%72,6$9,
6:3)*5-2,0/242/2%$(23,4)/,9%442/2%-,3%1$6*3,6(/)33,&)96*%-%23;

#59%-)/7=,7%356*=,-6(-%*2,6$9, (.28%6(6*,(523,(6$,:2,5329,:?,6$%&6*3,-),):-6%$,%$4)/&6-%)$,
6:)5-,&6-2,A56*%-2,12;1;,.9%1.,)/, *}%2/.6/9-,|, @5:2/,1SSh=,V)&2], 0#'&)ISSa=,L%2$3,,



N53(..)44,ISIS+; #3,6,/235%-=,0%72/32,32856*+?,32*2(-29,-/6%-3,*%D2,:/%1.-,()*)5/6-%)$=,*)$1,
-6%*3=,()&0*28,3)$13=,2*6:)/6-2,96$(23,6$9,3%]26:*2,.)/$3,.672,27)*729,1L%2$3,|,N53(..)44,
ISIS+;,"$,6$5/6$36%-3,*%D2,()*)5/6-%)$,6$9,3(2$-,(6$,%$9%(6-2,&6-2,A56*%-?;,0)/,286&0*2=,
4286%2,-122,4)) 1@<5)& &% GUAER/ &6+23,>%-.,6,()*)5/45* -./)6-,36(,6$9,0/)$)5$(29,
4*6$D,3-/%02,63,-.%3,86?,6*%)>,4)/,2$.6$(29,92-2(-%) S0 BB Sa+;,$,699%-%)$=, P62,
#53-/6*066$,-)69*BF30?74$18%520'G"GSRS2"2;)9)5/3,95/%$1,-.2,:/229%$1,3268)$,
6339%3-3,4286*23,%$,*)(6-%$1,&6-23,46:925,680H0%&, *%61.-%$1,1"2/$2,1,i2)1.,ISSY+:,
O5/-.2/18)/2=6*&)3-,6** 6$5/6$3,58972/-%328&2%-,(68836,0/%&6/?,&2-.)]4,
0&&5$%(6-%)$,6$9,-.232,6/2,- BHWD2*?,-.2,&)3-,()&&)$,32856++2,32*2(-29%46% %3,
-68)$,L2**3, HaY Y;+

HO7&)0'7&#0'30)0/#"$2E' I&##%&/#'COJ'C3. 1 228##% &/#"C0J'/&))3"
9$2,82(.6$%38&,)4,32856*,32*2(V49EH-2/328582*2(-93% . 2/2, %$9% 7YFI5E56*+?,
4286+23+,>%*,32*2(-,&2&:2/3,)4,-.2,)00)3%-2,328,4)/,/20/)95(-90)B&) B HC+;,028&6+23,
6/2,()$3%92/29,-),32*2(-,&6-23,:6329,)$,12$2-%(,A56*%-?,6$9, >V EEBSD? %623, -),
16%$,4%-$233,:2$24%-3,1%;2;,/20/)95(-% 75,665 BIFR) SHc+11$,6$5/6$358:0%6-2, (6,
2, ()&&5$%(6-29,6()53-9%6(6**7,-./)51.,9%442/2%-,(6** 06/682(2634/2A52$(23)5$9,
0%-(#6&0*%-593)5$9,%)59$233+95/6-%6)$)5$9,*2$1-.46$9, (6**%$1,/8-2,
68)5$-J/202-%-9K6**3+

1$, (1% (D>, 41)13@-1%"3' /%01 "#&2AR&.6+23,0/242/ BH2A52$(?,(6*+3,/216/9%233,)4,*)(6*%-?,
12;1;,%)(6*%,72/353,4)/2%1$,(6**3+=,>.%(.,()//2*6-23,-),96-6,3.)>%$1,-.6-,42&6*2,659%-)/?,-5$%$1
1.26/%%$1,0/) (23B:%*%-?,-),.26/,9%442/25-9030:2%)> 826, (6**,4/ %23, 1<?6H &).
Haal=,0%15/2,8M13,(6$,.26/,-.))51.,->),9%442/2%$- %&Hal )/ 16$3,>.%(.,6/2,32$3%-%72,-),
3)5$9\,-.2,6&0.%:%6$,060%**6, #M-+,-5$29,-),*)>,4/2A52$(%23,6$9,-.2,:63%*6/,060%**6,1"M+,-5$
1),.%1.2/,4/2A52$(%23,1"22, ISHT +;,N.B&6*23,()5*9,3%&0*?,0/24 2 Ej2A52$(?, (63,63,
-.27,6/2,-5$29,-),0/)(233,-.%3,4/2A52608-(1%; D[2228%3-%$1 AY@BP>272/=,/282229,-/22,
4)13@-A&)5/82"3'/&))"4%B83:0/242/2$(2,-),*)(6%,)72/,$)$)(6* 6()53-%(,6$9, 7%356*,
3-%&58%1123-%$6;,%6$4)/86-%)$J&2336123,6:)5-,&6-2,A56*%-2,6$9,%)(6*%-?,&67,:2,2$()929,
%%$,3%1$6*3, i6WBR) SHe=, 0%15/2; MM)-2$-%6*)96% (6*+3,6/2,()$3%92/29,6--/6(-%72,3%$(2,
-.22,()&&5$%(6-2,6:%*%-%23,-),35/7%72,>%- % $I*) P26 96 6-06)3826$%$16-,
4286%2,(.)%(2,4)/,%)(6*,&6*23,%3,6976$-612)53;



Figure 1"W4$%&1 () * 10615+ PHBI6E () +HB() (S 960D S(23(456157 BUIHE - ( Yo/* 65() (51 %5718 7' (80"

)1%21)43"B4-1%( #++ #3"#5*+) A1 2B -+,-)$(23(456!57"8996*06!8%3BH( &78-*%64'((<=I>#+57$@.IA$+5!
B(IC$+(8!>D+?+/(E+R@(B*1#(4E!>:5+(45(H<95%& @ .I1+517&GU' EI>#+52$@. IK7+4) %$(8*LL7$ (61># +52$@9

1$,3)&26$5/6$3 > EH/2A52%(?,(6**3,-2%9,-),()//2*6>%-.,*6/12/,&6*23=,%%$(/26329,211,
42/-%*%36-%)$, 6HEER B0 2*- ) 0H &) SSC=x76$ 0# &)Haak1$,&%(/). *%9,4/)13,
@K$18"+8)?3'$%2&16782/,86*23,6/2,5356*+2,)*6R)/2,2802/%2$@6$9&)/2,*%D2*?, -.6$,
?)5$12/,&6*23,-),()$3-/5(-,85%-6:*2,$23-,4)/,42 &B23- ) $0#' &)ISSc+;, R2&6/2,%3,
%&0)/-6$-,63,%)82$,633)(%6-29,>%-.,06/EB/@*>.2/2,8&6*23,0/)-2(-,2113,6$91/2,
:))9,616%$3-,0/296-%)$=,923%((6-%)$,6$9,9%32 GBS, *-,6+3),-6D23,%%$(/26329,
2$2/1?2,-)0/)95(2,%)> BH2A52$(?,(6%*3\,(6**%$1,244)/-, 12$2/6%+?,/2*6-23,-),:)9?,3%]2,12:1;,
%$(/26323,%%,62/):%(,82-6:)*%3&,>.%*2,(6**%$ 1+ ORWEMEDSI+:, 0286*2,4/)13,867,
633)(%6-2,%)>RI2A52%$(?,(6**3,>%-.,*6/12/=,2802/%2$(29,86*23,>%-.,2$2/12-%(,/232/723
676%*6:*2,4)/,/20/)95(-%)$,6$9,0/)-2(-%)$J35/7%76*;, @)>272/=,-.2/2,6/2,28(20-%)$3,-),-.%3,
-12$9;

D$(672 E26/29,-)//2$-,4/) 13D 643%%&2& HSUFIBHRS02(%23,>%-.,5*-/63)$%(, () &&5$%(6-%6)$,
6$9,67)%9,863D%$1,4/)&,3-/268,$)%32,:?,3.%4-%$1, 7) (6* I HAEBAF2$(%623,!m.6$1,
0#'&)ISIS+;,0286*B, #$T$HBI242/,.%1.,4I2A52$(?,(6**%$1,&6*23=,3&6™*%$,:)97?,3%)]2,
IM.6$10# &)ISIS =,0%15/2; BY%E&Y6*6/* 2=, 4 2&GD, &'/8)$Y6 B0 " #$%" & * & 2H8$ 700242/,
386*+2/,86%23,>.),(6**,6-,.%1.,4/2A52%$(%23 BHI%$(/26329,(.)/53,-2$5/2,|P)// %6},
ISSH:,0%15/2;1B22&%$1* 7=, 386 EPA52$(?,3%1$6++%$1,&6*23,(6$,5*-%&6-2*?,353-6%$,
(6*+9%%$1,4)/,%)$12/,02/%)93,6$9,6(.%272,86-%$1,35((233, BYERSTH-+;,%3,0)33%:*2,



-.6-,4286*28+3)4%$9, YA/2A52%(?,(6**3,6--/6(-%72,3BS(2H1.*%1 - -.2,6960-%72,6:%*%-2,
1),2%-.2/,(6**,6:)72,3-/26&,$)%32,)/,(6**,4)/,%)$12/,02/%)93:,

r$,6$16/6,4/)13@D.'1?34#7)$828:6*2F-.,6,4%:/)53,&633,6--6(.29,-),7)(6*,4)*93,6/2,6:*2,-),
0/)95(2,()&0*28,(6**3,12;1,K>.%%.5(DF,3)5$9+,-.6-,6/2,0/242//29,:2,42&6*23,)72/,3%&0*2,
(6++3,12:1: K>.%$2F,3)5$9+, 'BABOEH &)ISSc+;,M)-2$-9%66*2= -.2,4%:/)53,&633,27)*729,3),
-.6-,%%$9%7%956*3,()5*9,0/)95(2,35(.,(6**3=,-.53,3%1$%4?%$1,6960-%72,6:9%*%-%23,-), 4286*2

9:32/729,0/242/2$(23,8%1.- 0/)7%92,%$4)/&6-%)$,/216/9%$1,-.2,A56+%-2=,*)(6*%-2,6$9J)/,
6960-%72,6:96*%-%23,)4,0)-2$-%6*,&6-23,-3/2326KE/2*?=,42 & GTF*+D/242/,(6**3,
-.6-,6/2,2$2/12-%(6**?,()3-*?,-),0/)95(2,196:3/,.%1., %R %-. 24/2A58(?5.%1,()&0*28%- 7=
%)592/%$(/263880*%-59)%12/ 95/6-%)$,69Y,&)/2,4/2A52%/202-%-%)$+,832%$9%(6-2,
2$2/17,/232/723=,.26*-.=,1%1)/,6$9,244%(%2$-,6((233,-WPRB)SNAG,42&6*23, (64 6%$
1201)95(-%72,6$9J)/,35/7%76*,: 2$34639 - |, @5:2/,1SSh=,P)//%3)K)# &) SSHM6// B¢
&).1SSar;,

! L&)0'30*2&B0)0/#"$2E /$7 104" #"$2

N.2,)-.2/, -202,)432856* 32*2(-R}8p$-/632856* 32+ 2562, &28&:2/3,)4,-.2,36&2,328,
15356*+?,&6*23+,()8&02626%%$3-,26(.,)-. 24)/,&6-%$1,)00)/-5$%-%23 OBR)ISHC+;, B%S(2,
&6+23,0/)95(2,()&06/6-%72*2,8)/2,8)-%*2,16&2-23,-.6$,42&6*23=, 8683, BBR3,
(&02-2,68)$1,-.28&32*723,-),16%$,6((233,-),42&6%830/)95(2,)4430/%$1,1"/2$$6%$,ISHS +:,
N.%3,()&02-%-%)$,(6$,-6D2,-.2,4)&)3%(6*,)/,7)(6*,:6--*23,:2->22$,&6*23;

Q5/%8$1,-.2,:/229%$1,3263)$=,*6/12,$5&:2/3,)4,4/)13,(6$,:2,):32/729,%$,$)%37?,K(.)/53%$1F,
3)(%6*,611/216-%)$3,1V2/.6/9-,|, @5:2/,1SSh=, LIBSY +; #11/216-%)$3,(6$,6(-,63,6,:26()$,
6$9,%$(/2632,-.2,6--/6(-%)$,)4,$26/:2J9%3-6$-,428&6*23=,/202*,()&02-%-)/3,12;1;,C6&,/%76* 3%
6$9,()$4532,0/296-)/3,IV/22$4%2*9, ISST+:,g$2, (6**%$1,&6*2,(6$,3-%8&5*6-2,-.2,(6**06$1,)4,
6%)-.2/,6$9,2$95/6$(2,/%76%28/2,86%23,6--2&0-,-),)5B%1$6*,)$2,6$)-.2/,"22,ISHT=,

[*5*)>, O#'&)SHY+;,"$, . BB)(D2-,4/)13@-338&'4&%) "2 AHYS=RE*23,%$(/26329,(6**%$1,244)/-,
>.2%$,6,$26/:2,&6*2,(6*+29=,351123-%%$1,()&02-%-%72,&6-2,6--16(-%)$,6$9J)/,/23)5/(2,9242%(2,
I[*5%)>, O#&)ISHY+;



1$,282%,853%(, MAILG"28'428&/8" BB*B3,>.),0/)95(2,(6**3,4/)&,%$3%92,$23-%$1,:5//)>3,
6/2,8)/2,6--16(-%72,-.6$,86%23,>.),(6**,)5-3%92\,&6%23,.672,:22$,):32/729,-),6+*)(6-2,
(&02-%-%72,244)/-3,9202$9%%$1,)$,02/(2%729,(6+*,6--/6(-% TRERIE HABS P 62,
6$5/6$3,/2()1$%32,6$9,23-%&6-2,()8&02-%-)/,9%3-6$(2,)4,-.2%/,)>$,302(%23,6$9,3)&2-%&23,
)-.2/3,IV2/.6/9-,1,"22,1SSc+;, M()&02-%-)/3,6/2,()$3%92/29,6,-./26-=,&6*23,(6$,9%30E6?,3.)/-
-2/&,(.6$123,-),(6**,(.6/6(-2/%3-%(3,1%:2;,6&0*%-EIBI$E5(6+*%$1,/6-2+,-),()&&5$%(6-2,
19?,3%]2=,%$42/,3-12$1-.,6$9,%$(*%6$6-%)$,-), AW S NBEHH3,

M.?3%(6*,()&:6-,6$9,>6/$%$1,3%1$6*3,6/2,)-.2/,4)/&3,)4,()&02-%-%),|GBERABEIY +;,
A$,N/%$%D5%3)8Y/) 13=2//%-)/%6* &6+R822$18UFEMKS)$IHOHBYB 2" #&H)'32/729 ),
1286%$,:1)>$,>.2$,$)-,(6**%$1=,-5/$,:*6(D,50)$,(6**%6$1,6$9,>/23-*2,)- H)*H(R9,
&6+23,1<)C63,ISHY2**3,ISS W;,#99%-%)$61%6$-, 1*686+2,4/)13@:57188&%A?3'
A%&24"3$28%2612,%$,0.23%(6*,:6--*23=$23B$ U $C5/%623, | @BIIBHD+],.%*23)-,
28-2$39%72*?,/2326/(.29=,0)963)4/) 13@6$188A&' 177" &2,&)/2,611/233%72,-)>6/93,-.2,
3682,()*)5/,&)/0.3,Ir6$1, 0#'&)ISHe+@)>272/=8)&82%,-I22,4/)1@+&/8$ 18673
$70"7$2#"388*23,9),$)-9%/2(-*?,()&02:2:1;,4%1.-%$17)(6*%46366B126 27, 2$1612,%$,
1/)50,306>$%$1,>.2/2,85%-%60*2,86*23,1/6956*+?,C)%$,&6-%$1,:24)/2,428&6*23,"67,2113,'5),
&).1SHc+;

B%$(2,(1&02-%-%)$,(6$,()$35&2,-%&2=,%%$(/2632,0/296-%)$,6$9,2$2/12-%(,()3-3=,86*23,&53-
92-2/&%%$2,-.2,()3-31/%3D3,633)(%6-29,>%-.,()&02-%-%)$,6$9,&67,6:6$9)$,6,4%1 .- 922&29, ()3-*
106$10# &)ISHd=,P6/-06H8.&)Haae+;,g4-2$=,&6+23,>%**,(.))32,/%76*3,:6329,)$,12$2-%(3,)/,
2802/%2%$-%6* *26/$%$1\,3)&2,&6*23,>%** ()&02-2,>%-.,K9)&I650$6B(86923p1.,2$2/17,
532,6$9,)-.2/3,>%** (.))32,K>26D2/F,&6*23,|GB&KUSHA+,3%$(2,%-,&67,-6D2,*233,2$2/17?,-),
(&02-2;,'332$-%6**2=,()&02-%-%)$,&67?,6%*)>,42&6*23,-),9%3-%$15%3.,&6*23,%-.,.%1.,)/,*)>,
2$2/17,2802$9%-5/2,6$9,92-2/&%HK20)-2$-%@&6-23,6/%K)3-,.26*-.2,)/,)4,.%1.23-,
A56*06-?,4P0/)95(-%)$1@)>272/=,>%-.,%$(/263%3$1,6%$-./)0)12$%(,%&06(-3,12;1;,$)%32,
12$2/6-29,4/)&,-1644%(=,()$3-/5(-%)$,2-(;+=,8&6-2,6$9,32856*,32*2(-%)$,0/)(23323,6/2,0)-2$-%6**
99%3/50-20-.%3:%**,:2,9%3(5332§3:2>

7$/1&8(0#."09(61Q,#5'$;$4&,/"( (
N.2,.5&6$,0)05*6-%)%$,6$9,-.2/24)/2,-.2,$229,4)/,5/:6$%329,6/263,%3,%%$(/263%$1;,"$,#53-/6*%6-
0)05*6-%)$,%$(/28BR6:)5-,bSS=SSS,02)0*2,6$$56*72,/B35*-29,%$,6:)5-,IT; T,&%**%)$,



02)0*2,%8$,1SHa=,()&06/2%:)5-, Ha;H,&%**%6)$,02)0*2,%$,ISSS, 1#'B, ISIS+: #*-.)51.,
#53-/6*066F3,0)05*6-%)$,/286%%$3,3&6** /2+6-9672,-),%-3,46$9,3%]2,12;1:,02/,3A56/2,D%*)&2-/2+
1286%%$3,6,.%1.%2,5/:6$%329,$6-%)$=,>%-.,-.2,&6C)/%-?,)4,02)0*2,()$(2$-/6-29,6/)5$9,-.2,
()63-6%,/21%)$3,1#'B,ISIS;,R)-,)$*?,9)23,.6:%-6-,923-/5(-%)$,/235*-,4/)&,5/:6$%36-%)$,1%:;2;,
(0$3-/5(-%)$=,-/644%(+=,-.2,$)%32,60026/%$1,4/)&,35(.,6(-%7%-%23,%3,$)>,()$3%92/29,6,$2>=
02/763%72,/%3Dp*9* 0642 (.,.63,16%$29,6--2$-96)$,%$,&6$ 2, M6 2988, ISHB. 6 $$)$, 04
&).1SHc=,B)/92*P# &)ISHa+;

R)%32,%3,%%$23(606:*2,6$9,5:06082530$1,%-32%4,%8$,:)-.,$6-5/6*,12;1;, >%$9=/6%$=,6$%&6*2
6$9,6$-./)0)12$%(,12:1;,.586%$,12$2/6-29+,4)/&3,1'5-.2/,|, V2$-/?,ISHb=,B)/9OD#R.).

ISHa+# :%)-%(,$)%32,4/)&$9=,/%72/3,6$9,/6%$,6/2,12$2/6+*2,: 2%\ B ADTDH 2$(?
06)-%(,$) YeBP8: >%*9*0642, 8% ))93,0/)95(2,3)5$93,>%-.%6FIS, D@],6$9,:%6/93=,
680.%:%6$3,6$9,&6&85%-.%$,- ZFD@],4/2A52$(%23,!'5-.2/,| V2$-/?,1SHb+;,R)%32,
12$2/6-29,4/)&,.586%,6(-%#%23,35(.,63,()&&5$%-%23=, ())>93=, ()$3-/5(-%)$=,2$2/17?,
9272%)0&2$-,6$9,-/6$30)/-6-%)$,6/2,5356**2,:2-BIMD], I"22,1,B>6$3)$,ISSY=, 5-.2/,

|, V2$-/2,1SHb+;B%$(&6$7?,3)5$93()$-6%%,%$4)/&6-%)$,12;1;,>26-.2/,()$9%-%)$3=,&6-23=,
0/27=,0/296-)/34K)%3F22:1;,6$-./)0)12$%(+,(6$,:924%$29,63,3)5$93, -.6-,*6(D,/2*276-,
%$4)/&6-%)8t.2/,,V2$-1?,1SHb=,M)-7%$, ISHYZ#: %&6-2* 2=, T2 A52$(B)5$93
0/)95(29,:?2,>%*9*%42,1%:2:,:2->228 B @d+,6/2,2/24)12,6-1%3D, 4/)&,6%$-./)0)12$%(,$)%32,
IHE; T, D@]4§.63D%$1,2442(-3;

R)%32,(6$,(6$(2*,)5-,)-.2/,3)5$93=,)-.2/>%32,D$)>$,63,K&63D%S$1F;,#$-./)0)12$%(,$)%32,
06/-%(5*6/*2,%8&06(-3,6()53-%(, ) &&5$%(6-%6)$,%$,>%+0*%642,:?,&63D%S$1, () &&5$%(6-%)$,:2->:
(0$302(%4%(3,12;1;,86-%$1,(6**3=,92-2(-%$1,0/27?,)/,0/2UBY/)68.2$-6*,(523,12;1;,
(.6$123,-),35//)5$9%$13,)/,-./26-B6/:2/, O#&)ISHS=,B.6$$)9#'&)ISHC=,B)/92*P#&)."
ISHa+;,N.53=,35(.,$)%32,:2()&23,0)**5{&H3%$1,()$(2/$,4)/,-.2,0)-2$-%6*,92*2-2/%)53,
2442(;36-,>%*2,9%3(53329,:2%)3;

2 #5'$;$4&,"(, $/1&3;0"#1 (
<2326/(.,%$,.5&6%$3,.672,5$()72/29,0.23%)*)1%(6*,6$9,032(.)*)1%(6*,%&06(-3,4/)&,
6$-./)0)12$%(,$)%32,*%D2,.26/-,9%32632=,.26/%%$1,%)33=,3*220,920/%76-%)$,6$9, () 1$%-%72,
9%806%/8&2%-,1"6/:)36,1,[6/9)3),ISST=,07%, |, #6376$1,ISHIDH$320% &)ISHE=B]6*&6,,
@6$()(D,ISHM,Z$92/3-6$9%%$1,$)%32,%&06(-3,%$, . FRBEY| %63:)>272 /5%8&06(-3,)$,

%-n



>06*O* /@7, :2,C53-,63&0*28;, #$-./)0) 12$%(,$)%32,%3,6,/2+6-%72*?,$2>,4)/&,)4,:6(D1/)5$9,
$)%32,4)/,6$%&6*3,-),()$-299;6$9/2326/(.,.63,5$()72/29,2442(-3,)$,()1$%-%)$=,
(&&5$%(6-%)$=,532,)4,306(2,6$9J)/,/20/)95(*%)3/!1,V2$-/?,ISHD =M)-7%$,ISHY=,

B)/92**) 0#&)ISHak,g72/6%*=)>, 35(.,%&0666442(2$-%/2,0)05*6-%)$3,1%:;2;,/295(29,
0)05*6-%)$,4%-$2B85%6/23,&)/2,D$)>*29689,28680*23,>%** :2,9%3(53329,:2*)>;

N"31)&/0702#
A4,$)%32,9%&%$%3.23,3%1$6*,92-2(-6:9*%-?,1%;2;,4/)&,/2(2%7 2/3+=,3%1$6**2/3,3.)5*9,27)*7:
3-16-21%23,1%;2;,3%1$6*,69C53-&2$-3+,-),()$-/63-,>%-.,:6(D1/)5$9,$)%32,1"5-.2/,1,V2$-/2,|SHb=,
M)-7%8$,ISHY+;,R)%32,-.6-,%3,%)59=, ()$-%$5)53,6$9,&63D 3, 226 8$628; &306-%6)8;2;,
*267%$1,-.2,$)%37,6/26+,1°5-.2/,1,V2$-/?,ISHb=,M)-7%$,ISHY +;,R)-,35/0/%3%$1*?=,/2326/(.2/3,
672,):32/729,302(%23,9%30*6(2BDB3,76/%)53,-68B)/,286&0*2=, @6/:)5/,0)/0)%323,
@F8%$/$028'18$/$0282%9,6/263,>%-.,.586$,%$4*52$(34231)/2,>%$9,-5/:%$23=ED%*2
9/%7%$1,)02/6-%)$3,6$9,32%38%(,35/7223+,>.%(.,&67,.672,92-1%82%$-6*,/202/(533%)$3,1%:;2;,
1295(29,A56*%-2,)4,6%-2/$6-%72,.6:%-6-=,0/27?,6 76%*6:9%*%-2=,%$(/26329,0/296-%)$,6$9,: 2(6-(.
10)/$2? 0# &)ISHY +;,#99%-%)$6**?=,6,42)46BHB %6*,9%30*6(282%:22$,):32/729,%$,
4)13@>$&28&'G"3/8$(("B'>.")01#S)" 202HR&B*23,6(-%72*?,67)%929,2802/%8&2$-6*,-/644%(
$)%32,![6)/308 &)ISHY +:,'332$-%6%2=,302(%23, -.6-,67)%9,$)%37?,3%-23,867?,02/(2%72,$) %32,
3)5/(23,63,6,-./26-,3%89/B296-)/3,)/,922&,3%-23,63,5$35%-6:+2,4)/,35/7%76*,6$9J)/,
1201)95(-%)$,!M)-7%$, ISHY +;

1$73#"'3"A2&) &40 3HTEINBI0%3
#1263,>%-.,76/2%$1,$)%32,*272*3,>.2/2,6$%&6*3,6/2,*%D2*?,-),3-62,6$9,()02,&67,.672,6,063-Y
1230)$32,1%:2;,3%1$6* 69C53ERRBIV2$-/2,ISHb=,M)-7%$,ISHY +;,N.2,28%3-%$1,>)/D,
12+6-%%$1,-),6$-./)0)12$%(,$)%32,&6C)/*?,4)(5323,)$,-.2,:2.67%)5/6*,/230)$32,)4,86+23,1%:2; -.2,
&)12,0&8&)$ ),&)12,/12326/(.29, 32$92/3,)828568%1$6*3+;,N.53,46/=,3%1$6*,(.6$123,%S$,
-21/23-1%6*,6$%H6/%(,302(%23,35(.,63,:96/93=,0/%&6-23=,(2-6(26$3=,3(%5/%9,/)92$-3=,%$72/-2:
6$9,680.%:%6$3,.672,:22$,/2726*29,1"602K,)ISHS+:, M6/-%(5*6/*?=,&)9%4%(6-%)$3,%$,
412A52$(?=,6&0*%-592,!D$)>$,63,-.2,")&:6/9,2442(-+,6$9J)/,3-/5(-5/2,1%:2:,-%&%$1=,$)-23,6$9,
37446:¥23:672,:22$,%92$-%4%2B), 0#&)ISHS=,"2/1ZN6*0# &)ISHa+:,

"$,:%/93=,5/:63$,3%*72/ @R33#0%$13") &HBBRY, 6-,.9%01.2/,4/2A52$(%23,6$9,92(/26329,
3?7**6:*2,/6-2,>.2%,()&06/29,-),/5/6*,3%*72/,2?23,M}H 8YPISHH+;,#99%-%)$6**?=,3%*72/,2?23,

%%"



672,:22$,):32/729,-) 6960- -),9%442/%$1,$)%32,4/2/4528923/5/6%,6$9,5/:6%$,:%/93,
69C53-29,(6** 4/2A529680%%-592,6$9,95/6%84)82.30)$32,-),$) %@ 7%$, |, P5+92/,ISHb+;,
'06D2>%32=,1/26-,-% QIR 237 &OEBH26329,3%1$6* 4/2A52%(?,%$,5/:6$,6/263,>%-.,
6$-./)0)12$%(,$)%32,1B*6::2D))/$,|,M22-,1SSh+;,0)/,(2-6(26$3=,R)/-.,#-*6$-%(,/%1.-,>.6*23,
@D?GE&IBON)&/"&)"32/2,):32/729,-),6%-2/,3%1$6*,680*%-592,>%-.,%$(/26329,6$-./)0) 12$%(,
$)%32,IM6/DBR)ISHH+; A$72/-2:/6-23,*%6D2,1/633.)00RERI6#8" 1173 G"A?##2)23=B"
):32/729,-),(6**,6-,.%1.2/,4/2A52$(%23,>.2$,(*)32/,-),/)693=,()&06/29,-),-.)3245/)8.,
1)693,1"6&02,0# &)ISHA+/$,6&0.%: %6$32N6%602%, 4BR2& #&"1080233%$(/26329,(6**,
16-23-%8&:2,:2,3%1$6*%$1,>.28/)&00/0*6$2,6$9,8)-)/(2(*2,$)%32,>2/2,92-2B39,
R6/%%$3,1SSTN-232,69C53-&2$-3,6/2,*%D2*?,-),.2*0,-.2, 3% 15625286+, /2(2%72/3,%$-6(-,
%$,$)%37?,2$7%/)$&2$-3;

N.2/2,%Q$3%92/6:*2,27%928)(276/%29,3%1$6* 69C53-82$-3,4/)&,&6*2 AEHERFI6S3;
N.2,36&2,3-592%-.,):32/76-%)$3, )4 #&" 108028 45/-.2/,4)5$9,6--./22,302(%23,)4,4/)1,
@L"/%$85)& G?)#0%"B+8&2& 28" AGERTYEIRH& 1?)/8%59,3500/23329,3%1$6++%6$1,>.23,
280)329,-),6$-./)0)12$%(,$)%353,0)-2$-%6**?,3-%&5*6-481108023"), (6**!B5$,|,
R6/%$3,1SSTY$26$,/)(D,4/)1, @ #&2%"$3'1&9662B38)9%4%29, -.2,6&0*%-592=,0%-(.=,
1202-%-%)$,/6-2,6$9,95/6-%)$,)4,(6**3,%%,$)%3?,2$7%/) $QZBASWIB42,606$232,-/22,
41)1' @>?0%A0%"&' O& 188 2B:0%30%6229,76/%29,(.6$123,>.2/2 L9024RA52$(F,(6**3,
2(6&2,3.)1-2/,:5-,-202,1,1.%1.,42A52$(?+,(6**3,9%9,$)-, (.68 22 2-- O#'&)ISIS+;,

A$ #53-16*%6=,86%2,:)>$,-/22, ADBHS$Y"& OR" Dh$H26329, (6**,0%-(.,>.2$,35:C2(-,-),
%$(/26329,-/644%(,$)%32, DMB)IESa+;,05/-.2/,3-59%23,.672,5%()72/29,%$(/26329,6$9J)/,
92(/26329,69C528:3,%$,2%-.2/,/6-2J6(-%7%-2=,4/2A52%$(?,)/,680*%-592, AR BR/632,%3)\,
G"43/8%((6$9;>$&2&")01#$)"20&83/3%0# &)ISHY +<510%$)"23'1"/S0%3ND)'2/,,Q5,
M/22],ISHCH2#8$G&#03' &%60S) B2 (.-, O# &)ISHT+=5)&'C0%3"/$)$%B+8&2&. /) &F"#&2
6$9:+&28&'1"10285$$%$1-)$,1,06./%1,ISHSNE24%$13$18?3 #%" &2 ATBHB2/ |,
@688&2/3,1SSa+,63%)& &% GEWHALE1$2,1SSe+;, [5$$%$1-)$,1,06./%1,ISHS+,699%-9%)$6**?2,
5$()72/29,%),(.6$123,%$%, (6**,06/682-2/3:0)($'&70%"/&2&B22&%$1*?=,-.232,28680*23,
12726% -.2,76/%6:%*%-?,)/,0*6 3eBRGEH3 7) (6*,6:%+%-%23;, @)>272/=,35(.,(.6$123,()5*9,
0)-2$-%6*1295(2,-.2,A56*%-?,)4,-.2, 39186512, -.2,%$4)/&6-%)$,:2%$1, () &&5$%(6-29,%S$,
-.2,3%1$6*;

%&."



-1$?3#"'3" A2&8E%/0"C0%3'
")-.,4286%2,6$9,86*2,6$%86*3,6/2,/2(2%72/3,%$,-.6-,-.2?,92-2(-,3%1$6*3,6$9,9282(/%&%$6-2,
40)&,:6(D1/)5$9,$)%32,!"5-.2/,| V2$-/2,1SHb+;,<2326/(.,)$,6$-./)0) 1 2$%(,$)%32,6$9.-.2,
1230)$32,4/)83%1$62(2%72/3,%3,*%&%-29=,>%-.,&)3-,)4,-.2,6--2$ 58) 6 REZD%$1,6$9,
&6+2,3%1$82$92/230)$32B(.&%9-0#'&)ISHd=,B2$]6D#&)ISHe+B%S$(2,&6*2,32$92/3
672,:22$,):32/729,-),69C53-,3% 1 $OtEG?,6+*27%6-2,6$-./)0)12$%(,$)%32,&63D%$1,%&06(-3,
6$9,%80%%23,-.6-,3%1$6*,92-2(-%)$,%3,%8&0/) 7 2BLR)6QTBB-8&2$-3,86?,/235*-,%S$, -.2,
%)33,)4,%8&0)/-6$-,%$4)/&6-%)$,)/,9%3/50-,(6**,050253233%$1,)$,3%1$6*,/2(2%72/3,
()5*9,/2726% >.2-.2/,-.%3,%3,-.2,(632;

1$,9)823-%(,(6$6/%RRNY%" 2231828 % BYEEYo-%6*,32856*,0/242/2$(2,4)/,*)> 4/ 2H52$(?
)72/,.%1.2/,4/12A52$(?,(6*4B923.2$,35:C2(-,-),5/:6$,$)%32,!@52-,923 #5$6R)ISHd+;,
M)-2$-%66*+?2=E)2A52%$(?,(6**3,6853D296%$9,)$*?,. % E/2A52$(?,(6**3,6/2,.26/9;,r2-=,

> 9%-F/)>$29,&6%2,306//)>3,IP$2$#%"/8"&")0?/$18%53 2 HHA8E)*) 592/ ,-2//%-)/%23,>.),
69C53-29,-),3%$1,6-,.%1.2/,4/2A52$(%23,5*-9%6&6-2*?,/295(29,:6$9>%9-.,6$9,7)(6*,02/4)/&6%$(2,
>.9%(.,/235*-29,%8$,6,92(/26329,/230)$32(JBHA2(%4%(3-.2/, 0# &)ISHC+1$,-.%3,(632=,%-,
&6?,:2,-.6-,3%1$6*,(.6$123,6$9J)/,$)%32 MZBEA295(23,-.2,A56*%-?,)/,/2*%6:%*%-?,)4,
0%$4)/8:6-%)RI5*-%$1,%$,6,92(/2RZDISIA/)&,-6/12-,/2(2%72/3

<2326/(.)) $,4286*2,(/%(DIES%5))?3'G"7&/?)83BBE23-3,-.6-,6$-./)0) 12$%(,$)%32,6442(-3,
2.67%)5/,6$9%$92/3,-.2,6:%*%-?,-),*)(6-2,&6:23,42&6*2,4%2*9, (/9%(D2-3,>2/2,280)329,-),
&6*2,3)$1,%$,6%-./)0)12$%(,$)B2Z2632D.)$)-68%3,-)>6/9,3%1$6**0%6$1,&6-23,>63,
):32/729,'B(.8%9-0#&)ISHd+;, BY%$EB*2, (6*+3,>2/2,$)-,&63D29,:?,6$-./)0)12$%(,$)%32=,
9%3-/6(-%)$,1:/)69,3-%&5*53,4%*-2/%$1+,4/)&,$)%32,*272* 3, e (R PAH $%6/93=,
12326/(.,351123-3,-.6-,$)%32,%8&06(-3,86*2,/230)$3%72$233\ B *H2RNBM6//)>3,
@P$2$#%"/8"&")0?/$18MEIRI%3%2/,3%-23,600/)6(.29,3)$1,3-%&5*%,&5(.,&)/2,(*)32*?,-.6$,
&6+23,4/)&,A5%2-2/,()$9%-%)$3,!M.%**%03,1,Q2//2:2//?,1SHe+:;, MR2§)966"$)-,92-2(-,
-.2,0%6?:6(D3,63,/269%*?,IM.%**%03,1,Q2//2:2//?,1SHe+:

L)/D,02/-6%$%$16$5/6$,/230)$323,-),3%1$6*2/29,6$9,5$6*-2/28%$,6$-./)0) 12$%(,$) %32,
2$7%/)$&2$B3,/2*6-%72*2,*%&%-29;,0$2,3-59?,.63,58) Z628%(,$)%32,9)23,$)-, %&06 (-,
&6-2,6--16(-%)$, %350%3"/$) B0+ ) &7 "#&2GA286*23,>2/2,6--16(-29,-), &6+ 2 T, %S,
-.2,0/232%$(2,6$9,6:32%$(2,)4,-/644%(,$)%32,[5$$%$1-)$,1,06./%1,ISHb+:, @)>272/=,-.%3,3-597,
4)(5329,)$,4286*23F,6:%*%-?,-),.26/,3%1$6*3,6$9,600/)6(.,-.2,12$2/6*,3%1$6*,*)(6-%)$;,"$,

%ln



(0$-/63-=,4286*2,>))9,4/) 1B#8$G&H#0'35)C&H#"[B32B.)>$ %$(/26D,()/-%()3-2/)$2,*272*3,
95/%%$1,280)35/2,-),%$(/26329,-/1644%(,$)%32,6$9,%$,-5/$=,>2/2,5$6:*2,-), “HGLI)/%2$-,-)
(.)/53%$1,&6*23,IN2$$238242)ISHd+;,02&6*2,()02F 3,1/6?, 40.85)& 18%53$3/0)"3='
3%&%*6/7=,-))D,*)$12/,-),*)(6*%32,86*23,6$B3;3E((23345* %$,)/ %25 9681, 852,
39%1$6*3,>.2$,35:C2(-29,-),-/1644%(,$)%32,1"22,1, B>6$3)$,ISSY+;,L.2-.2/,3-/233,%3,-.2,
&2(.6$%38&,4)/,.6*-29,/230)$32=,%3,22-,-),:2,5$92/3-))9;,05/-. 2K8)6$)>3DTH &) .
1ISHYi=,.63,3.)>$,%$(/26329,3-/233,1()/-9(82,*272*3+,%$,-/22, M) BB G$Y0 25,
280)329,-),-/644%(,$)%32=,>.%(.,/235*-29,%%$,$216-%72,%806(-3,-),7)(6*,36(,()*)5/6-%)$,6$9,-.2,
:23- A56*06-?,&6*23;,N.53=,-/644%(,$)%32,6$9,()$32A52$-+?=,3-/233,()5*9,%&06(-,&)/2,-.6$,
4286*2,3%1$6*,)/%2%$-6-%)$;

BZ5]6D %t &)\ ISHe+280%)/29,9%3-/6(-%)$,6$9,672/3%)$,%%$,42&6*2,2]) /)@ 4828,
1"%"/83428&6*2,4/)13,>%-.,9%442/2%$-,2802/%2%$(2,12;1;,4/)&,A5%2-,6$9,$)%37,3%-23+,%8$,:)-.,
)72/%600%$1,6$9, B$2/*600%$1,3%1$6* -/26-82$-3,9%30%6229,92+6229,0.)$)-68%3,6$9,
99%3)/%2$-6-%)$,-), 3% 1 SEBURIREID%S1,2442(-3,>2/2,5*-%&6-2%2,/2726*29,6$9;%&0*?,-.6
$)%32,%806(-3,867,28-2$9,45/-.2/,-.6$,6()53-%(, (52,92-2(-%)$J9%3(/%&%$ 6485, |B2$]6D%,
ISHe+;,"63-*2¢/))s6$)>3D B &)lISHd+,280%)/29,&5*-%&)96*,3.%4-3,:2->22%,7)(6*,6$9, 7%356,
3%1$6*3,3%%$(2,%-,&67,:2,6,3-/6-21?,5329,-),()02,>%-.,%$(/ 3B R VeBEE.6+23,
>2/2,3.)>$,-),(.))32,86%23,>%-.,6--16(-%72,(6**3,6$9,9%9,$)-,467)5/,7%356*,3%1$6*3=,/216/9*233
)4,-.2,$)%32,-/26-8&2R)$2-.2+233=,-.%3,3-59?,.%1.*%1.-3,-.2,%8&0)/-6$(2,4)/,45/-.2/,3-59%23,)$,
63%8&6%,:2.67%)5/,6$9,6$-./)0)12$%(,$) B3235-3,(6$,:2,5$0/29%(-B$D, 302(%23

302(%4%(;

H#%0&7'2$"30
*%6D2,6%-./)0)12$%(,$)%32=,3-/26&3,6/2,-20%(6**?,6,*)59=, ()$-%$5)53,3)5$9,>.%( ., (6$,%6$-2/42/2
>%-.,3%1$6*3,6$9,92(%3%)$,86 DUBLIHEHEM. 6)' 0#&)ISHC+;,N.2,68)5$-,)4,>)/D,
)$,3-/26&,$)%32,6$9,6$5/6%$,6()53-%(, ()&&5$%(6-%)$,&67?,.%1.*% E636Q(I623, 6:%6*%6-%623,
6$9,0/)7%92,%$3%1.-)$-),-.2,0)-2$-%662/854442(-3,)4,6%$-./)0)12$%(,$)%32;,0)/,3)&2,
6$5/6$3=,3%1$6**%$1,6-,.%1.2/,4/2A52$(%23,&67,:2,6$,27)*729,- 6 BBIHBL2*Be/ 2B
)I2$-,41)1,-7$)$13'#$%%602433=B89,6,3-/)$12/,0/242/2$(2,-), . Ye/2A52$(2, 1d;D @]+,

)72/,%)> BH/2A52$(?,(6%*3,\HD@]+=,/216/9*233,)4,6&:%2$-,$)%32,*27 08 &) B c+;,
B5(.,/235*-3,6/2,()$3%3-2%-,>%-. -2, %9 2645860002873 729,4/) & $)$E3-/26&3%92,
302(%23,6$9, BWI2A52$(?,(6**3,27)*729,4/)&,-.2,0/2338/2$7%/)$&2$-6*,$)%32,In08),

("



&).1SHC+:;,#99%-%)$6*488%60602428.6+23,3.)>29,0/242/2$(2,-),(6**3,1.%1.,6$9,*)>,
412A528(?7+,>%-.,.%1.,6&0*%-592,3-/26&,$)%324)8.16/23,.%1.,6$9,%)> 4/2A52$(?+,
>%-.,%)>,680%%-592,3-/26&,$)%32, GHB)ISHY+:,/$,-.%3,(632=,$)%32,&67,:2,:2$24%(%6*,6$9,
45$(-%)$,63,6,(52,5329)28.6+23,63,6$,23.6$(28:2${6)*,6--/6(-%72$233,IN0E)R)ISHY +;,

Q230%-2,-.%3,27%92$26/)$&2%$-6*,$)%32,6$9,>.2-.2/,%-,.63,%29,-),6()53-%(,6968-6-%)$,
6$5/6$3286%%$3,92:6-29:,°$,6,()&06/%3)$,:2->22%, HHS,302(%23,!dS, 3-/26&,:/2298/3=,YS,$)$
3-126&,:/2292/3+=,3-/26&3%92,:/2292/3,>2/2,4)5$9,-),(6**,6-,3*%1.-*?,.%1.2/,4/2A52$(%23,6$9,
672,3%1$%4%(6$-*?,386**2/,:)9?,3%] ZBBOILEB3, | #&]A5%-6,ISH+;,N.%3,>63,6--/%:5-29,
),-.2,.6:%-6-,4%*-2/%$1,.20)-28%3 :? ,3&6*+2/,86*23,>.),(6**,6-,.%1.2/,4/2A52$ 223,
&)3-,*%D2*?,467)5/29,:2,$6-5/6*,32*2(-%)$,/6-.2/,-.6$,*6/12/ &6+ 2F6%7,8%$1,6-,%)>2/,
412A52$(%236/163B6*%$63, |, #&]A5%-6,1SHIN:-%3,%3,$)-, $2(233620TB2$-6-%72,)4,6**,
6$5/6$,302(%ZBHPI$1/)&, <t./, 0#&)ISHC+ 351123-,3%1BFB27)*7D,-),9%&%$%3.,
&63D%$1,%&0808 ,2$7%/)$&2$-6*,:6(D1/)5$9,$)%PL T Sa,6$5/6$,302(%23,(6**3=,- .2,
)72/6**,9)&%$6$-,4/2A52$(?,>63,/2726%29,-),:2,.%1.2/,$26/,3-/26&3=,>%-.,$),3%1$%4%(6$-,
%$-2/6(-%)$,:2->223,.6:%-6-,14*)>%$1J3-%6**+,6$9,:)97, BHRISHE+;, 1S, )$-/63-=,>%-.%$,
2%0693=,3-/26&,:/2292/3,(6**29, R/ J2A52$(%23,-.6$,0))*,:/2292/3,)4,()&06/6:*2,3%]2,6$9,

24> -.2,-20%(6* 4/2A52%(?,)4,3-/26&,$)%32,| @)BRYDSa+g 5-,)4,HHc, 26853-/6+%6$,
302(%23=,(6**,9)8%$6$-,4/2A63$02$,/2726*29,-),.672,6,3%1$%4%(6$-,$216-%72,/2*6-%)$3.%0,
>06-.;)9?, 3%]2,!@)3D0888)SSa+y72/6%= %-,1286%$3,58(*26/,-),.)>,2%-.2/,4/12A52%(2,)/,
19?,3%]212$2/6**72*6-23,-),$6-5/6*,2$7%/)$&2$-6*,:6(D1/)5$9,$)%32;

<$H& #/09(=$9TH&==8&"#18(0,#5'$:$4&,/"(,$/1&

-C$"48.2/OMO*#" % 1&4"$2"
N.2,0/29%(-2@02/(533%)$36t 2)%)> B%$,2442(-3+,4/)&,302(%23,:2.67%)5/6*,(.6$123,1%:2:,
*267%$1,6/263,6$9J)/,69C53-%$1,3%1$6*3+,%3,06/-%(5*6/*?,()$(2/$%$1;,A4,$)%32,92-2/3,302(
67)%96$(2J28-%/06-%)$+=,9/686-%(,(.6$123,%$, () &&5$%-? EBIZUAYOIG2H$6-%672,
3%-23,>%-.,*%6&%-29,/23)5/(23,6$9,%%$(/26329,0/296-%)$,()5*9,/235*-,%$,92(/26329,6:5$96$(2,
1[6$9)*%$,1,L)$1,1SHa =0)/$220# &)ISHY =, M)-7%$, ISHY +: #*/269?7=,>2,322,*)>,302(%23,
6:5$96$(2,$26/,/)693=,*%D2*?,(65329,:?,-/644%(,$)%32, 3% $62%)BIBM6/3,/6/2,4)/,-.2,
369%9,302(%2E%" 8 %80$/BE9-23#%$/88.10%"2&'1)?G1&@)3D%S,|,V))32&,ISHS +;,
#99%-96)$6+*2=,86%23,>.),>2/2,(*)323-,-),-.2,/)69,.69,3%1$%4%(6$-*?,.%1.2/,(6** /6-23=,9) &6 $6S
412A52$(?,6$9,>2/2,386%2/,%$,:)9?,3%]2,!@)3DYBS&, ISHS+:,Z*-%&6-2* 7=, )> -.%3,

)"



(&0)3%-%)$,%8&06(-3,-.2,2$-%/2,0)05*6-%)$,/2&6%$3 BIDHE$=,%4,302(%23,*2672,6/263,
-.%D2(/26323)(6*,:%9%7 2/3YBP6*3)& 2> %+ 9*UALE %S, 3% B, )0) 12$%$) %32
3)5/(23&67?,:2,5$67)%96:%,-.2/2,&%. .-, $)-,:2,)-.2/,3544%(%2$-,.6:%-6-,(*)32,:7=,2302(%6**?,
4)/,41)13,-.6-,6/2,9202$92%-,)$,>6-2/,)) 9%2B72,*%68%-29,8): % %-?

-4073#"2A'3"A28&)3'&24'40/%08&304'("#2033
#9C53-%%$1,3%1$6*3,&67,:2,6,:2$24%(%6*,()0%$1,3-/6-217,-),)72/()&2,$)%32,&63D%$1,%&06(-
)>272/=,%-,()5*9,6*3),:2,92-/%&2$-6*:,N.2,()3-3,12:1;,9%/2(-,)/,%$9%/2(-, 4%-$233+,633)(%6-29,
>06-.,35(.,(.6$123,6/2,/2*6-9672*?,5$302(%4% DE. BPBEId+; A$(/2632%2/12-%(,92&6%$93,
41)&,3%1$6*,6*-2/6-%)$3,&67,%&06(-,302(%23,.26*-.,6$9,%%$(/26329,()$30%(5)53$233,45/-.2/3,
0/296-9%)$,/%3D:;, #99%-%)$6*+?=,/2(2%72/3,532,()$3%92/6:*2,2$2/1?,*%3-2$%$1,-),3%1$6*3,6$
1295(29,4%-$233,1%;2;,6--2$56-%)$+,)/,6--/6(-% 7262BI$BSP)/&35*-,4/)&,&) 9%4%(6-%)$3,

1"2/12/ EN6*Q# &)ISHaE<2690# &)ISHd=, B.6$%$) B# &)ISHC+;, Z*-%&6-2*2=, - %3,&67?,%&06(-,
&6-2,32*2(-%)$,0/)(2382R/2,5$4%-,&6*23,:2()&2,*233,9%38& % 3EEB23,/20/)95(2,>%-.,
5$4%-,&6*23,6$9,0/)95(2,)4430/%$1/295(29, 7%6:%*%6-2J42(5$9%-?,18&6+6960-%72,&6-2,
()%(2+272$-56**2,/235*%-%$1,%%$,0)05*6-%)$, 9L UH28233, ()$32A52$(23,12302(%6++?,
0)05*6-%)$,92(*%$23+,02/-6%$%3$1,-),6$-./)0)12$%(,$)%32,$229:683223826-3),
633)(%6-290/)95(-%72,36233,6$9,35/7% 623 <269 0# &)ISHdF;

U%$18"/'/&3/8403
[.6$123,%%,302(%23,6:5$96%(2=,06/-%(5*6/*?,/295(29,0)05*6-%)$3=,6/2,*%D2*?,-),(6532,-/)0.%(,
(63(6923,6$9,4))9,>2:,9%3/50-%)$3,!B.%$2,1ISHd+;, Q2(/26 32330555375
1202/(533%)85(.,63%$(/26329,%$32(-,6:5$968[19,*)33,4)/,$6-9B0R(%23,12;1;, 356 [I23+
%$,#53-/6*%6=,%$(/26329,%$763%7a, F5EBI@IB. %$2, ISHI0%15/20&06(-3,)$,
$6-0672,4/)1,0)05*6-%)$3,4/)&,(6$2,-)693,6/2,()&0*28, 3%612,2)3%-%6 72
12;1;(6$2,-)693295(%$1,0/296-)/,0/233589,6(-%$1,68,2/$6-2,06/63%-23)36$9,
$216-%72,()$32A52$(23,16$2,-)69326-%$1J0)%3)$%$1,4/)13,6$9,-690)*2, ()&02-%-%)$-+,
IB.%%$2,ISHdg 72/6%*=,(6$2,-)69,%8&06(-,)$,)-.2/,$6-%72, 300 @6 PFA(, %$123-%)$,6/2,
(653%%$1,92(*%$23,%$,#53-/6*%6F3,:96)9%72/3%-?,1B.%$2, ISHd+:,A$,/216/9,-),6%$-./)0)12$%(,$)°
-0$16/64/)1,6:5$96$(2,()//2*6-29))3%-%7 29%;.,5/:6$%36-%)$=,*%1.-=,$)%32,6$9,-2802/6-5/2,
639,41 E%-%%$1,89%9123,92(/26329,>%-$¥1.%,6$9,*)>,$)%32,6/263,-.53=,/2726*%$1,
-.2,9%3/50-29,.)B6/63%-2,%$-2/6(-%)$,!P(PEJL)ISHY +;

%*n



Quaternary consumers

G 22

Tertiary consumers

€ _-‘q ™ “*‘ s o
\ \ ‘
=~ ?‘&K >" ,%_\)

L=

Secondary consumers

/R e ommm\

“ar"-

Primary consumers

L & L

Producers

Figure 2: #$%,8!7$(18(5%4E7$6!5%483&($81%)!+48(5*8! 74E!E(5$(78(8!5%3'E'(7E*%!+48(5*1%M($7G34E745(1 74
)%OE!'%6881)%$!1*($*+7$615%4 §ERIBRIBEP:-%+%!8%3$5("IA&+6IAE07SESI>D7*($;-(EIOPB7M+(8@9

(

@$,"9.1/$,1(
<2326/(.,/216/9%$12,/230)$32,) 428&6*B$9,&6*2,19%6;2;,&6-2,(.)%(2J()&02-%6%5 553, -)
6$-./)0)12$%(,$)%32,%3,/2*6-%72*? *06&%-29:,L%-.)5-,6$-./)0)12$%(,$)%32=,3-59%23,02/-6%$?
32856*,32*2(-%)$,.672,0/29)&%$6-2*2,4)(5329,)$,42&6+2,(.)%(2,) 72/,()$- 238/,
286&0*286*2,()$-23-B2*2(-,4)Hdf,)4,32856+*2,32*2(-29,-/6%-3,6$9, 428962, TTi=,
68&)$1,1HD,302(%23\V" 1Y1,-/6%-3+,1L%2$3,I,N53(..)44,ISIS+;,N.2/24)/2=,%-,%3,2A56**?2,
%8&0)/-6%$-,-),5$92/3-6$9,-.2,/230)$32,)4,3%1$6* /2(2%72/3,: BS8ELE6*2+,3),-.6-,
(0&06/%3)$3,-),0)-2$-%6*,()$32A52$(23,)4,12:1:,7)(6*,69C53-&2$-3+,(6$,:2,92;2/&%$29;,

&0)/-6$-*2=,)-.2/,3%1$6*3,/2A5%/2,()$3%92/6-%)$,3%$(2,86$7,3-59%23,4)(53,)$,3%1$6*,4/2A5
6$9,680%06-592=,-.2/2,()5%9,:2,:%63,-)>6/93,86-%RLBSYY66*, (6+* 3=, 5*-%&6-2*2,)72/*)) D%$1,
6*6/&,)/,06/2$64430/%$1,()&8&5$%(6-YaH, 2/ ENG*0# &) ISHa+; #99%-%)$6**?E,9%)93,
)4,6$-./)0)12$%(,$)%32,/2326/(.,4)(5323,)$,:%/93,6$9,868&8&6*3=,>%-.,&)3-,>)/D, () $(2$-/6-29,
%$,'5/)02,6$9,R)/-. #&2/%(6,|R2>0) ,0#'&)ISHd=,B.6$$)0# &)ISHc+;,N.53=,/2326/(.,
$2293,-),2806$9,-),6**,3%1$6*,06/6&2-2/3,6$9,-),6,9%72/32,32-,)4,302(%23,6(/)33,6**,()$-%$2$-:
2302(%6**?,6&0.%:%6$3;

%+|l



BY%$(2,6$5/6$3,28.%:%-,/2&6/D6:*2,()8&&5$%(6-%)$,17)(6*3,6$9,.26/%$1+,6:06$%-%23=,-.2?
633%3-,.5&6%$,9272%)0&2%-,12:1;,.26/%$1,69693=,65-)&6-29,3022(.,/2()1$%-%)$+,-./)51.,
5$92/3-6$9%%$1,.26*-.?,659%-)/?,3?23-2&3,-.6-,.672,27)*729,-),()02,>%-.,$)%32,1%:2:,(.)/53%$1,
6$9,3-/26&,$)%32+,1"22, ISHF49&6-2+?=,6$5/6$3,6/2,6,1))9,&)92* 30(%%392,-.2,
9%&06(-3,)4,6$-./)0)12$%(,$)HIHD2>%32,-),-.2%/,532,63,2$7%/)$&2$-6*,.26*-.,%$9%(6-)/3,14)/,
($-68%$6$-3=,(*%&6-2,6$9,9%32632+=,6$5/6$3, (6$,%$4)/&,/230)$32,0/29%(-%)$3,-),$)%32,6$
0)-2$-%6*+?,92(*%$23,4)/,)-.2/,302(%23;

%,"



A&=&'&,"&(l

#'B:,ISIS;, F$1?)8#"$20$*%$2W;, #53-/6*%6G #53-/6*%6$,"5/265,)4,BI6 9B I3,
X.--03GJJ>>>;6:3;1)7;65J0)05*6-94)$

#4)2=,_: ISHT:,[5//2$-,28-%$(-%)$,/6-23,)4,/20-%+23,6$9, 6 &G UHO6E2A3'$ (‘480"
&#"$28&)'-/1&4075'$(',/"02/03BIHBHLSSb;

"6/:2/=,_:,<:=,[/))D3=,i:,<:,1,0/%3-/50=,i;,P;,ISHS:,N.2,()3-3,)4,(.)$%(,$)%32,280)35/2,4)/,
-2/123-1%6*,)/16$%34280243"2'D/$)$A5'&24' DCS) " $eBFHea;

"6/:)36=,#;,B:,1,[6/9)3)=,P;,<;,ISST;, @26/%%$1,*)33,68)$1,>)/D2/3,280)329,-59),-/644%(,
$)%32,%$,-.2,(%-?,)4,B6),MB5*), %%, 28] 373" &%5 BEOHEH:,

"22=P: #: ISHT;,N/224/)13,63,6$%&6*,&)92*3,4)/,/2326/(.,)$,659%-)/?,3(2$2,6$6*?3%3,6$9,-.2,
()(D-6%*,06/-,0/):*2 & 2#0%2&#"$28&)'X$?%2&)'$('F35/8$1 S8 TOBISHBE:,

"22=,P; #;1,B>6$3)%$=,";,P;,ISSY;,#59%-)/?,&63D%%$1,)4,6$5/6%$,6972/-%32&2%-,(6**3,:?,/)69,
-1644%(,$)%2278)'>08&C"$?HEHY CEHYYG;

"2/12/ EN6*=,g;=,L)$1=,",", P:=,[6$9)*%$=,Z;,|,"6/:2/=,_:,ISHa;,L.6-,27%92%$(2,28%3-3,)$,-.2,
2442(-3,)4,6$-./)0)12$%(,$)%32,)$,6()53-%(, () &&5$%(6-%)$,%$,6$%&6*37,#,323-2&6-%(,
&60,0/)-)()*:;, D2C"%$2702#&)'DC"4@2/0B

"2/$6:n=,";=,V56/9%6=#;=,P6(%/2*B2396=,B;=,N/%020%=,B;,I,"/5$2**%=,";,1SIS;,N%33523,
%$C5/?,6$9,06-.)%)1%(6*,(.6$1 XEYRE2#0%704CH72$%*23,64-2/,(./)$%(, *6/76*,
280)35/2,-),-2:5()$6])*2; DISHS*"I$)$A5'&24'D2C"%$2702#8&)', &ERHBIHDCY ;

"12$$6%=,M;,";,<;,ISHS;,B2858*2(-%)$; &#?%0'D4?/&#"$2'Q2$R) (AOB
X.-~-03GJI>>>$6-5/2;()&JI3(%-6:*2ID$)>*29121*%:/6/ B2 B6E6HIDI TTIASY:,

"2/$2=,M:,V:,1,i2)1.=, :,B:I1SSY:,N2//23-/%6*,-)69*2-3,532,(.2&)3%1$6*3,-),/2()1$%)]2,
($302(%4%(3=,*)(6-2,&6-23,6$9,3-/6-21%(6**?,69C53-,(6** %L TRB7%)5/;,
>08&C"$?2%BHHTHEHHCI;

[6$9)*%$=,Z;,1,L)$1=,",":,P;,ISHa:,P6-2,(.)%(2,%%,6,0)**5-29,>)/*9G, ()$32A52$(23,4)/,
%$9%7%956*3=,0)05*6-%)$3,6$9, () & EBEYEIHP(&) U%& 23&/#"$23'$('#80'+$5&)'
$/"0#5'>E'>"$)$A"&)' /"02/03F BISHeSSTT;

[6)/3%=,U:,m;=,")-.=,[;=,[206$=,B:=,#$-5$23=,<:,|,") E2B/-%$3=,P:,ISHY:,'442(-3,)4,-1644%,
$)%32,)$,-.2,(6%$1,:2.67%)/,)4,->),R2)-/)0%(6*,.2* %946 BDB ,HIQ
2SHebbdl;

[*5%)>=,B;=,P6.)$?=,P;=,""*%)--=,";=,@5&42*9=,B;,|,V2/.6/9-=,@;,[;,ISHBRRGN$)53,
(6**06$1,%$,9@)(D2-,4/)1:338'48%) 2A#S2'$&/$?3# /B 9lda HTe:;,

%_n



[5$$%$1-)$=,V;,P;,1,06./%1=,";,ISHS;,M*63-%(%-?,%3,-.2,7)(6*%]6-%)$3,)4,6$5/6$3,%%$,/230)$32
-1644%(,$)%B28,'60/$)$A"/&BHcIdcbEIY'S;

[5$$%$1-)$=,V;,P;,1,06./%1=,";,ISHb;,P6-2,6--/6(-96)8,6*2,6$5/6$3,%%,-.2,0/232%(2,)4,
-1644%(,$)%227&)'K$230%C&# ' H2BY THeT;,

Q5--6=,@;,ISHe;,"$3%1.-3,%%-),-.2,%&06(-3,)4,-./122,(5//12%-,2$7%/)$&2$-6*,0/):*2&3,)$,
#8&0.%:%6$87?%3$108&2'X$?7%2&)'$('D/SHALRY ;,

QB'LM[;,ISHb;, K85#%"4"$75/$3"3'@&718"G"&2'/85#%"4'(?2A?3'4"30& 30 g4 EBBONH
#53-/16*%6G,Q206/-&2$-,)4,B536%$8;,'$7%/)$&2%-=,L6-2/=,M)05*6-%)$,6$9,
[)&&5%$%-%23;,#76%*6X2%7,%0/)$&2%-;1)7;65,

'126 B2//63)=,#;=,<2*?26=,<;,#;=,N2C29)=,P;,|,N)//6*76=,P;,ISHI;,Z$92/3-6$9%%1,)4,-.2,
%&06(-,)4,(.2&%(6*3,)$,6&0.%:%6$3G B> B % (,/27%RE)$AS' &2DCSE) ?#"$2B
| QHbelEHbaY;;

'$1:/2(.-=,R;=,@22&272/=,_;=,P5/0.?=,[;=,B-%*23=,<;=,B>6%$=, ;I|,'6$%$))=,P;,ISHT;,Z0*6$9,
(6**%$L.67%)/,%$6>4%34)13,!"#8$G&#03'&%03) &SI 6**%$0112/355329,:7,
$)%3D)**5-%)H$10"&BISQHSAEHSTY;

06%$1=,V;=, %6%$1=,0;,=,r6%$1=,M;=,[5%=, ;=,"/65-.=,B;,";,|,N6$1=r;,ISHd;,P6*2,7)(6*,()&02-%-%)$
%3,9?7$6&%(,6$9,3-/)$1*?,6442(-29,:?,3)(%6*,()$-28-3,%%$,&53%E& NKNEB2 " "#"$2B
HYdelklad,

02*%)$= #:= #4)/9= <; #;=,02%)$= #:,P; .|, B(>6/]D)04=, ;,|ISBE*-%0*2,&6-2,(.)%(2,
(1%-2/%6,6$9,-.2,%8&0)/-6$(2,)4,612,4)/,86*2,86-%$1,35((233,%$, -.2,8%(/). 2*%9,4/)1=,
K$18"*&)?3'$%28#BEC"$%&)' D/$)$A5'&24' $/"$G"SAYBEY aT;

0)/$27=,i;=,B)5-.6**=,";=,B*))-2$=,",=,Q6>3)$=,B;=,<269=#;=,"6%/9=,<;, L§2*)>» <=,<;,
ISHY;,R)>.2/2,-),1)G,$)%32,%&06(-,633233&2%$-3,4)/,&6/%$2,&6&&6*,0)05*6-96)$3,>%-.,
%1.,3%-2,4%93%4&2A0%010/" 03+ 0308.%/BBIbaHEIHb;

O7?./%= #;,|#6376$1=,V;,P;,ISHS; R)%32=,3*220,6$9,0))/,.26*-.G,P)92*%$1,-.2,/2*6-%)$3.%0,
:2->22$,/)69,-/644%(,$)%32,6$9,(6/9%)763(5*6/,0/);* 28BN $(#8AISHE)'
D2C"%$22#BdSedabTHl;

V2/.6/9-=,@:;,[;,],"22=,P;,1SSc;, <2()1$%-%)$,6996+%]6-%)$, 50 53-% F6 1$6*33G, R6/%$3=,
M;,P;=,02$1,#;,B;=,067?,<;<;=,M)002/ #R;,1293+, @26/%$1,6$9,B)5$9, ) &&5$%(6-%)$,%$,
#80.%:%6$31.%"2A0%'<&24G$$S'$(-?4"#$%5'+030&BIBBS12/=,R2>,1)/D=,RY;

V2/.6/9-=,@;,[;,|,@5:2/=,0;,ISSb;,#()53-%&E&5$%(6-%)$, WR(-3,6 $H$5/6$3G, [ &&)$,
0/):*2&.3,6$9,9%72/3D*5-9%)$32'G) "$C&?)#6-W'+01$3"#$%5B#80'Y 2" C0%3"#5'$(
K8"/&A$'F%033Hd;



V96++230%2=,V:,<;=,<):2/-3=, :,Q;=,@5$-2/=,Q:=,@)3D%$=,[;, :=#*4)/9= < #:=@26/9=V; L;=,@
@:=, 2&(D2/-=,0;=,R2>2%=,Q; |, B(22". [.,ISIS:,B-6-53,6$9,0/%)/%-?,()$32/76-%)$,

6(-90)$3,4)/,#53-/16*066%,4/) 1,30 24 ERA"/&) /$230%C &AL
V)&2]=,Q;=,<%(.6/93)$=,[;=, 2$161$2=,N;=,M*2$2-= B;=, )*?=M;=, REBL=;MI$Sa;,
N.2,/)*2,)4,$)(-5/$6*, 7%3%)$, %$ Q822G 4286+23,0/242/,()$30%(5)53,&6*23,%$,-.2

'5/)026$,-/122,4/)1,'<5)&'&%C$% P04 " 2A3'$(‘#80'+$5&)", $/"'CHE>"SBA"/&)
" 02/0BIYC9IbTHE;,

V/6(2=,P;,i;=,B&%-.=

,Q:,_1.,R)33=,<;,0:,ISHY;,<)69B%S6S(2,)4 6$5/6$3,>%-.%$,6,

()&&5$%-,)//2*6-23,>%120/)95(-%7 B723-&2$-HY%$2#"0%3"2'D/$)$A5'&24'
DC$)?#"$TB

VI642=,N;,Z:=,MI2%$%$12/=,Q;=,B]-6-2(3$?=,P:=,i636.=,<;=,Q2.*%$ 1=, B PL@NIB3(.
L;,ISHI;,P5*-%&)96*()&&5$%(6-%)$, %6$) 813 257%/)$&2$-G (#5323-597,)4,-.2,
1)/$26%$/)(D,4)1, #&?%3$"3'1&WET'6;DB ,Yo2bYacT;

V/22$4%2*9=,P:,ISST;,P2(.6$%3&2H$9:%)$, )4)&&5$6* 2856'9%30*623@6$)0)93,
639635/6$3-4C&2/03"2'#80" #745'$(">08& CITBEE; |

V/%®B600=,P;=,<6$9=#;,1,<?6$=,P;,1SSc;,[)&0*28,(B3H95(-%)$,%$,--3$16/64/)1;,
:8#?%0RIHbe;

@6**%967=,N;,<; |, @2?2/=,L;,<;,HaaY;,#/2,6&0.%:%6%,0)05*6-%)$3,9%360026/%%$1zG,6,-63D,4)
3-6-53,/20)/- &hcHaaY ; E;,D2C"%$2702#'-234#%89,8Q2(*%$23,6$9,
Q%360026/2$(23,)4,#53-/6*%6$,0/)13p;

@6$32%*=#;,";=,"*6$1%6/9)=,P;=,0)/-5$6-)=,";=,0*929%@®l=,i;=,02(.-=,Q;=,V.)3.5,<;,
=,"63]%)=,@;,=,M26/3)$=,[;=,"26*2=,";=,"2272/3=,B;=,V5**%72/=, ;="23-=,R;=,

<9%(.6/93)$=,B; |,"**%)--=,M;,ISHb; #%/(/64-,$)%32,6$9,(6/9%)763(5*6/,9%32632,$26/,
@26-./)>,6%/0)/-,%$,")$9)$G,38&6**,6/26,3HICE '>%"#"3804"/&) X$?%2 Ky
4Tdbl;
@)3D%$=,[;=,_6&23=,B;,,V/%11=V;,ISSa;,'()*)1?,6$9,-6 EHI&?2$,927%6-%)$3,%$,-.2,4/) 1,
(6*E)97?,3%]2,/2*6-%)$3.%0,6(/)33,-.2,9%72/32 #53-/6*%6$, A8 26345 $('
P$$)$ASE e;,
@)3D%%$=,[;,_:.1,V))32&=,P;,L;,ISHS;,<)6R%6(-3,)$,6:5$96%(2=,(6**,-/6%-3=,6$9,:)9?,3%]2,
)4,/6%$4)/23-,4/)13,%3$,R)/-.263- #53-[ERAS'&24" $/"O#HBT;
@52923#5%$67=,V;=,B*6::2D))/$=,@;=,R61*2=,";=,M63363=,0;=,R%()*63=,M;,1,Q/616$)%5=,N; ";,

ISHU;,Z/:6$,$)%32,5$92/&%$23,42&6*2,3285RFE312)/,*)>2/2A52%$(?,3)$13,%$,
9)823-%(,(6$6/%287 &) >08&C"$?HECYEY T

&%



@5--2/=,[;,<;=,'3):6E633)=,B;=,<)B3/6*23=,_; #;=,V5-%ulgP2$63=,M;,Q; #,=,"&:6=,@;,
,V5626368%%=, :,P;,ISHb;,N.2,-2//%-)/%6*%-?=,7)(6*%]6-%)$3,6$9,611/233%72,
%$-B(-%)$3,)4,-.2,/780)--29,1*6334/) 55718&%A?3' A%&24"3%23(06$,6$9,
V)%$=,HaYS,#$5/6G,[2$-/)*2$%6962%2&)'$('; &#?%&)'<" ¥ BbSbI;,

i6%32/=,i;=,")2.*D2=,[;=,R676H)u/2]=,"=,U216=#;=,Q05912)%$=,B:,,<):2/-3)$=,_;,P;,ISHe;,
")(6*,0/242/25(2,2$()929,:?,()&0%28,3%1$6*%$1G,&2(.6$%3&3,)4,&6-2,0/242/2$(2,%$,
-.2,12927229,-1224/)1;A&)5/82"3'/&))"4%5&308& C"$%&)' D/$)$A5'&24" $/'$G"$)$ASB

YI9Hel;,

i16%32/=,i;,|, @6&&2/3=, ;,";,I1SSa;,N.2,2442(-,)4,6%-./)0)12$%(,$)%32,)$,&6*2,6972/-%32&2%-,
(6**,6-2,%%,-.2,$2)-/)0%(6*,-/2240024%$13$187?3'#%" &2 A2DBR.C"$ 2189
HSTEHSca;

i1512/=,Q:,1, 95M/22]=,";,ISHc;,N.2,2442(-,)4,6%/0%6$2,$)%32,)$,4/)13G,6,(632,3-59?2,)$,-.2,
[/%-%(6**?,'$96$12/29,M%(D2/31%**F3,/28A@W$)' B/S0%3ADPD/F)$A"/&)'
+030&%/BBi;

'6&02=,7;=,<2%$%.)*9=,i;,,B(.&)**=,N;,ISHd;, @)>,1/633.)002/3,/230)$9,-),/)69,$)%32G,
9272%)0&2$-6*,0*63-%(%-?,6$9,0)05*6-%)$,9%442/2$-%6-%)$,%$,6()53-%(,3%1$6**%$1;
H?2/#"'$2&)'D/$)$AERCccSECE;,

212--=,@;,Q;=,P62E=,<;,M;=,#%.6/6=";,1,"2/$6*=,|;,";,1SIS;,N/644%/(,$)%32,9%442/2$-%6**?,
%6&06(-3,(6**,-2023,%%$,6, 606$232,-/22aNN0%"8 ' O& 1$DHBS)SAF Ic=, TYE
Teb;

"2$161$2=,N;,1SSe;,N/644%(,$)%32,6442(-3,()&&5$%(6-%)$,:2.67%)5/,%%$,6,:/229%$1,6$5/6$=,
<5)& &YHB60&"$)$A"/&) K$230% C&HHMBSIb HSbH;

‘5)=,m;=,"%=,[;=,L6%$1=,@;=,B.2%=,@;=,m.6)=,P;=,V5=j;=, %6)=,[;=,V5=m;,|,.L5=,@;,ISHCc;,
P6*2R.6*2,()&02-%-%)$,9/%723,32856*,32*2(-%)$,6$9,1/)50,306>%$%%$, -.2,
-1224/)1=%8&/$18%3%?3'$70"7$2#2BB&C"$%&)'D/$)$A5'&24",$/"$G"R)ERIBIE
cST;

'5-.2/=,Q;,1,V2$-/?=,i;, ISHb;,B)5/(23,)4,:6(D1/)5$9,$)%32,6$9, -.2%/,%$4*52$(2,)$, 72/-2:/6-2,
6()53-%(,()&&5$%(6-%3H8&C"$?WBIHSIEHSCe;

'5-.2/=,Q;,#,=,M.%**%03=, ;,1,Q2//?:2//?=,";,M;,ISHc;,R)83)983,-.2,(%-?G,5/:6%,:%/93,69C53-,
3)$13,-),$)%32,:5-,()&0/)&%32,7)(6*,02/4)/&6$6D8&C"$%&)'D/$)$AEIBbI BbdS;

P6/-%$3=,P:=,M)&:6*=,_:,|, @69969=,[;,Haae;,'3(6*6-29,611/233%72,:2.67%)5/,6$9,46(5*6-6-%72,
06/2$-6*,(6/2,%$,-.2,$23-,:5%*9%$1, 1*6IP4EE)EMR.GOYT 18"G"& +01#")" &BO
CTEYDb;

&8



P( P 6.)$=,N;=,<)./=,_:1,"2/$6*=,|;,ISHY;, %1.-,6$9,$)%32,0)**5-%)$,%$-2/6(-,-),9%3/50-,
%$-2/302(%4%(,%$-2/EHSHIPGEBe;,

P)/1%3)$=,[;=,@2/)=,_;,P;,|,B&%-.=,L;,M;,ISSH;,P6-2,32*2(- ¥} %%, /8) $%6M I "#$%"&'
*&2#8$70%6802&6*23,0/242/,3&6**2/,86*28%&)'D/$)$SABBIIb BbI;

R6/%$3=,M;=,"2>%3=,";,|,P((*2**6$9=,";,ISSS;, @?02/28-2$929,(6**,$)-2,/202/-)%/2,)4,-.2,
2$928&%(,P696163(6/,-/224H%$18"3'7&4&A&3/&%"QRREE)0.)/%962+:X$?%2&)'$("
P$$)$A58 S9leb Hae;,

R2>0)/-=,_:=,B.)/-)532=,Q;, :.|,P6$$%$1=,#:,Q;,ISHd:,N.2,2442(-3,)4,*%1.-,6$9,$)%32,4/)&,
5/:6$,9272*)0&2%-,)$,:%)9%72/3%-?G, &0*%(6-%)$3,4)/,0/)-2(-29,6/263,%$,#53-/6*%6;,
D/$)$A"/&)'L&2&A0702# Z'+03#$% & # ERBAHH:,

g/(.6/9=,B;,Haaa;,N.21)/9%6%E8)-3,)4,-.2 %-2/$6-%)$62,(*%$%ER0. %: %6$)05*6-%)$3,
-63D9/(2,!Q#MNO+D2C"%$2702#'-23# %8 8Q2(*%$23,6$9,0%360026/2$(23,)4,
#53-/6*%6%$,0/)13p;

g30%%6=#,=,<%B)-)=,_;,,U6/163B6*%$63=,0;,ISHY ;, BsR5E6$(2=,)06/2$6*(6/2,
02/4)/8&6%$(2z, P6*ER 6*2()&02-%-%)82&6*2(.)%(2=,6$9)$ H6$9)&, & 6-%$06--2/$,
%$,-.2+6334/)K02#%$)020'3& C&HI0"&HMSYTY Heb;

M6/D3=,B;,";=, ).$3)$=,P;=,R)>6(2D=,Q;,I,N?6(D=,M:,";,ISHH; "$9%7%956*,/%1.-,>.6*23,(6**,
*)592/,%$%,%%$(/26329,2$7%/)$&2$-6 S FB2H 040 YEYQbbE

M6//%3=,i;,P;=,UBWE> P;,|,R)/-.=,_;,P;#,1SSa;,0/)13,(6**,6-,6,.91.2/,0%-(.,%%$,-/644%(,
$)%3D)/$)$A5'&24" $/"0#5FRI;

M.%**%03=, ;,R;,1,Q2//2:2//?=,";M;,ISHe;,Z/:6$,306//)>3,/230)$9,-),6,32856**?,32*2(-29,-/6%-,
>%-.,%$(/26329,611/233%)$, %H B3¢, +01S%4SY TST;

M)-7%%$=,Q;,1,P5*92/=,<;,ISHD;,"&&29%6-2=,%%$9202$92%$-,69C53-&2%$-,)4,(6**,0%-(.,6$9,
6&80%%-592,%$,/230)$32,-),76/?%%$1,:6(D1/)5$9,$)%32,:?, 3R$BAANA B’
)&H#0%&)!B088C"$%&)' D/$) SyiBB$2,:24)/2,0/ B ;,

M)-7%$=,M6//%3=,i;,|,P5*92/=,<:,ISHH;,V2)1/60.%(6**?,02/763%72,2442(-3,)4,5/:6%$,$)%32,)$,
4/2A52%(?,6$9,3?7**6:*2,/6-2,)4,3)$13,6$9,(6**3,%$,39PF2ADPAB13') &#004&)"3
Fo%$004"2A3'$('#80'+$58&)", $/"0#5EBA"/&),/" 02/0BYe9ldcd E;,

M)-7%%$=,Q;,#;,ISHY;,[)0%$1,>%-.,6,(.6$1%%$1,3)5$93(602G,67)%96%$(2=,69C53-&2$-3,6$9,
6960-6-%)$2"7 &)KSA2#"$BIS JaHHe;

<269=, ;=, )$23=,V;,1,<694)/9=#;R;,ISHd; 0%-$233,()3-3,63,>2**,63,:2$24%-3,6/2,%&0)/-6$-,
>.2$,0$3%92/%%$1,/230)$323,-),6$-./)0) 129%32:08&C"$%&)'D/$) SHERIEY ;

<):2/-3=,_:,Q;,1,L6-3)$=,V;,0;,Haab;,"%)12)1/60.?,6$9,M.?*)12$?,)4,-.2 #$SNEE*63: 7=,

&ll!



<t./=,Q:=,M6-2/$)=,V;=,[6&5/51%=,0;=, 5${6/36=,#:,ISHc:,"6(D1/)5$9,$)%32,63,6,
32*2(-%72,0/2335/2G,FE/288%%$1,6$5/6$3,(6**,6-,.%1.2/,4/2 AS26RAXR,'373'
N"C0%3"#5'Z'DCS$) ?#16HET ;,

<)C63=,",ISHY:,"2.67%)5/6*=,2()*)1%(6*=,6$9,27)*5-%)$6/?,6302(-3,)4,9%72/3%-?,%$,4/)1,()*)5/
06--2/$33"$)$A"/&)'+0C"ORBRHSTEHSES;

<?26%$=,P;,_:=,M2//%**=B: #:|,L%*(]?$3D%=,L;, Haal; #59%-)/?,-5$%$1,6$9,(6**,4/2A52%(?,0/29%
0)05*6-% 86329, 86-%KU242/2$(23,%$,-.2,(/%(D2-, 4HA'3/%0 1 "#&2B0%"/&2"
&#?%&)" IMBEYHDY EHbeb;

B(.&%9-=,<;=,P)/[%3)$=,#:,1,i5%(=,@;,M;,ISHd:,B28?, 7H&RE)%(23G,&6*2,3)$1,%$,$) %32,
46%*3,-),6--16(-,4286:2F &) >08&C"$?%@ T TH a

B23$])6D%=,P;=,i69)?6=,0/6$(%3=,[;,Q;=,"3.%76&6=,R;,,R6D6&5/6=,0;,ISHe;,B5442/%%$1,%$,
12(2%72/3G,R216-%72,2442(-3,)4,$)%32,02/3%3-,/216/9*233,)4,2802/%2%(2,%3$,42&6*2,6.
H?2/#"$2&)'D/$)$ABBRISTAHESC;,

B.6$$)$=,V,=,P(D2$$6=,P;,0;=#$12*)$%=,";,P;=,[))D3=,i;,<; #5084 ;=,"/)>$=,"=,
L6/$2/=,i;#,=,R2*3)$=,P;,Q;=,L.%-2=,[;=,"/%113=, ;=,P(46/*6%$9=,B;,|,L%--2&?2/=,V;,

ISHC: #,37$-.23%3,)4,->),92(6923,)4,/2326/(.,9)(5&2$-%$1,-.2,2442(-3,)4,$)%32,)$,
>00*9* YA BBA"/&HO0CORI'$(‘#8RE&7A0"4ABB")$$18"/&),$/ "0#BaHael BFHSST;

B.%$2=,<;,ISHd; #,/27%2>,)4,2()%) 1%(6*,%$-2/6(-%)$3,:2->22$,$6-%72,4/)13,6$9,%$763%72,(6$
1)693,%$,#53-/6*088%&)' D/$) SAFRHHC;

B*6::2D))/$=,@;,|,M22-=,P;,ISSb;,"%/93,3%%$1,6-,6,.%1.2/,0%-(.,%%$,5/ ;6% 3} 9
IcYHCY;,

B)/92**)=,<;=,0*6&20Qa26(.602**2=,0;=, %7)/2%*=,";,1,U6$022%$2=,B;,ISHa;,'7%92%(2,)4,-.2,
2$7%/)$8&2$-6*,%8&06(-,)4,$)%32,0)**5-%)$,)$,:%)9%72/3%-?G,6,3?3-2&6-%(,&60,0/)-) ()*;,
D2C"%%$2702#&)'DC"4@2/0B

B-56/-=,B;,R;=,[.6$3)$=, ;,B;=,[)8=,R;#;=,)5%$1=,";,"=,<)9/%1523=#;,B;,";=,0%3(.&6%$=,Q;,";,
,L6**2/=,<;,L;,1SSd;,B-6-53,6$9/2$93,)46&0.%: %692 (*%$23,689;%$(-%)$3,
>)/*9>%92;/"02/0BbS@QHYeh;

B5%=, ;.L;,[;|,R6/%%$3=,M;,P; ISST; #$-./)0)12%$%(,893,9%442/2%$-%6**?,6442(-,6&0.%:%63,
(6**,/6-23"$)$A"/&)'K$230% CE&HEARIHALI Y ;,

B]6*&6=,_;, ;.| @6$()(D=,M; #;,ISHH;,R)%32,2442(-3,)$,.5&6$,02/4)/ &6 $(2 GBHR2-86(,
37$-.23%B35/8$BA"/&)'>?))0#BRIb Ycel BY SY;;
N2$$2332%$=,_;,";=,M6/D3=,B6$lLD%*92=,N;,ISHd;,N/644%(,$)%32,(65323,0.73%)*)1%(6* 3-/233

6$9,%6806%1/3,:/229%$1,8&%1/6-%)$,:2.67%)5MESI0VEEH"$2' F853"$)SAGB

&(



N/)s6$)>3D%=,P;=,P2*)-=,V; |, 2$161%$2=,N;,ISHd;,P5*-%&)96*%-?G,#,>67,-),()02,>%-.,/)69,
-1644%(,$)%32z,N.2,(63)FR63$,-/224/)1,'<5)&' &% G $%R8&C"$?7%&)'F%$/03303B
HSY%eelab;,

N/)s6$)>3D%=,P;=,P)$9?7=,R;=,Q5&2-=#;=#/(6$C)=,[;,l, 2$161$2=,N;,ISHY;,'442(-3,)4,-1644%(,
$)%32,)$,-/22,4/)1,3-/233,*272*3=,%&&5%$%-?=,6$9, ()*)/ BREAXBICRE, $2'>"$)$A5B
bHOHHbLEHHAS;

U6/1636*%$63=,0;,|,#&U]A5%-6=,#;,ISHd;,#:%)-%/(,$)%32=,(6**,4/2A52$(B/B39B26 &
6$5/6$,6332&:*612BCP) ?#"$2&%5'D/$)$AGRIHD Ta;

L2**3=,i;,Q;,HaYY;,N.R)5/-3.%0,)4Y)13;,U80'+01%3$4?/#"'C0O">"$)$A5'$('- 718 "G 1223+,
29;,"3-)$=,P#G,B0/%$12/,

L2**3=,i;,Q;,ISSYN.2,2()*)1?,1,:2.67%)/,)4,6&0.%:%6$K8"/&A$B'UB0'Y2"C0%3"#5'$("
K8"/&A$'F%033

L%2%$3=,_;, ;,[,N53(..)44=.";,ISIS;,B)$13,72/353,()*)5/3,72/353,.)/$3G,>.6-,280*6%%$3,-.2,
9%72/3%-7?,)4,32856**?,32*2(-2%"HBA3K)'+0C"0RSRed Yecd;,

re$l=r;=,Q5163=,P;,";=,B592D5&=,@;, ;=,P5/0.?=,B;,R; |,<%H®98(D%-=,[;, ;,ISHe;,
P6*2h&6*2,611/233%)%$,%3,5$*%D2*?,-),3-6:%*%]2,6,0)%3)$,4/) 1,0 X BRIM2EH H.;,
DC$)?#"'$28&%5">"$)BRGH Hice;

m.6)=,";=,L6%1=, ;=,r6$1=r;=,m.5=,";=,"/65-.5:BN6%$1=r;,l,[5%=, ;ISHC; #3$,28(20-%)$,
-),-.2,&6-(.29,4%*-2/,.?0)-.23%3G ,#,&%3&6-(.,)4,&6*2,(6**,4/2A52%(?,6$9,42&6*2,:23-,
.26/%%$1,4/2A52%(?,%$,6,-)//12%$- BIM)$SAS' &24DCS)?#"$BdHatlle;,

m.6)=,";=,m.5=,";=,L6$1=,_;=,"/65-.=,B;,";=,N6$1=,1; |F5%ISHY;,B)&2-%&23,$)%32,%3,
:2$24%(%6*G,3-/126&,$)%32,%%$4)/&3,7)(6*,()&&5%$%(6-%)$,%$,-.2,*%--*2,-)//2$-,4/)1,
-7$)$13'#$%%02KB?%28&)'$('D#83)$A9F aHCY;;,

&)"



&



1"#$%8&'()))*(4&58#'6" (‘&S 7' YBY0'#/1%1 7 #-(3' OF&(
(
(
(
(

I$,#:8&'6)#H0>)2"() -'=$(8&+1#/8&3&19),4)8:#$4)1$(AMEP6&H (
)R+ YoH1E'6)/("HT&,-$)'8($) THSO&'6)1$#448+) , &B(8&1&.,'0)

&+



+#$-"#1S$, (
R)%32\,>.2-.2/,$6-5/6%,12;1;,0/)95(29,4/)&,>26-.2/,)/,6$%&6*3+,)/,6$-./)0) 1 2884,
5&6$EL2$2/6-29+,%3,6,02/763%72,2*282$-,)4,-.2,8)92/$,2$7%/)$&2%-,'5-.2/,1, GR#+#2,|
M)-7%8$,ISHY =, B)/9D#R)ISHa+;, M*6$2=,(6/,6$9,3.9600%$1,$)%32,6/2,0/232%-,%$,5/:6$,6/263,
6$9,.672,272%,/26(.29,/2&)-2,-2//23-/%6*,6$9,6A56-%(,*)(6-%)$DEB)BHS +;,-,%3,)$*?,

>0 YR (2$-,726/3,12;1:,3%$(2,*6/12,3(6*2,%%9%3-/3(-%) B$9;/644%() &, -.2,063-, HIS
HTS,?26/3:6-,6%$-./)0)12$%(,$)%3@3,2&2/129=, ()$3-%-5-%%$1,6,/2*6-%72*2,$2> (.6**2$12,4)/,
>06+9%0542,-),()$-2$9,>%-.=,2302(%6** BEPHBRIESY6(6-%$1,302(%23,!'5-.2/,| V2$-/?,
ISHb=,M)-7%S$,ISH$42/23-0%$1*?=, .J£22=,27)*5-%)$6/?,-/2$93,351123-,-.6-,302(%23,()0%$1,
>%-.,$)%32,%3,$),$2>,:63D;

N.2,32*2(-%72,0/2335/2,4/)&,$6-5/6*,$)%32=,>.2/2,6$%86*3,92-2(-,6$9,9%3-%6$15%3.,/2*276$-,
(523J3%1$6*3,12:1;,0/296-)/=,0/27=,&6-%$1+ 4B)SF22276$-,3)5$83%3, ()$3%92/29,-),
.672,3.6029,6$%&6*,()&85$%(6-%)$,373-2&3,"BH R)ISHS +;,0)/,28680*246$1,
02$15%$3L#02$454#03' 1 &#&AS2"¥892$-%472,(.%(D3,6$9,&6-23,%$,6,$)%372=,(/)>929,()*)$?,
6$9,0/)95(2,6,7)(6*,3%1$6-5/2=,:6329,)$,&)95*6-%6$1, 375 B6{234R)/2,/2*%6:*2,-.6$,
530%$1, 7% 361 $6K85:%$,,_)572$-%$,ISSh@)>272/7.2,/60%9,9272:82$-,)4,
6%-./)0)12$%(,$)%32,%3,06/-%(5*6/+?,()$(2/ BASEEZR,6960-%72,6:92%;;%2363-,
302(%23,(6$,27) < 26$(/263%$1, $)9682,5$(2/-6%S$;

BY%$(2,$)%BB/(23 76/2,%%,6()53-%(,06/6&2-2/3,12;1;,*)59$233,6$9, -%oG% S OB A% (5*-,
1),5$92/3-6$9,&63D%$1,6$9J)/,9%3/50-%)$,%8&06(-3;,#$-./)0) 12$%(,$)%32,*%623,>%-.%$, -.2, H=S
@),-),1=SSS,@],/6$12=,$6-B)8632,4/)&,>%$9=,/6%$,6$9,1%22/3$92/,H=SSS, @)6632,

41)&, 6$%&6*BR6DR->22$,HS,-),1=SSS,@],1"22,1,B>6$3)$,1SS Y=, 5-.2/, IV 2$-/?,
ISHb+;,N.53,302(%23,35(.88%/6$3/2,6-,/%3D,4/)&,3%1$6*, &63D%$1,6$9J)/,%$-2/42/2$(2=,
5*-%6&6-2*?,%&06(-%$1,()$302(%4%(,6$9,.2-2/)302(%4%(,(523,12;1;,&6-%$1=,06/2$-J)4430/%$ 1
),0/296-)/,(6%*3+,1"6/:2/ 0# &)ISHS=,B.6$$)# &) SHc=,B)/2*) 0#' &) SHa;

#$5/6$3,6/2,9%3-%%$15%3.29,:?,-.2%/,6()53-%(, () &&5$%(6-%)$,&2-.)93=,)-.2/>%32,D$)>$,63,
K(.)/53%$15.2/2,86%23,7)(6**?,()8&02-2,5%-.,26(.,)-.2/,:?,)72/*600%$1,3%1$6*3,-), 16%$,
4286%2,6--2$-96)$2,ISHT=,[*5%)> 0# &)ISHY/2/.6/9-,|, @5:2/,1SSb=,L2**3,ISS¥;,P6*2,
6$5/6$3,(6$,6+3),2$1612,%$,0.23%(6*,()&:6-,19%:2;,>/23-*%$1+,%$,)/92/,-),(1&02-2,4)/,&6-%$1,
)00)/-5$%-%23,!06$1,)ISHd=, P6/-%%B &)Haae;,g$,-.2,)-.2/,.6$9=,4286*2,6$5/6$3,853-,



9%442/2$-%6-2,:2->22$,(6**3,6$9J)/,92-2/8%$2,6,35%-6:*2,86-2,4/)&,-.2,02/(2%729,12$2-%,
A56+9%6-2,)/,4%-$233,:2$24%-3,1%:2:,/20/)95(-%)$,6$9, 3TTETISHH5),

N> EH2A52$(?,(6%+3,0/)95(29,:?,86%23=,6/2,-20%(6*+?,02/(2%7 B6G W2, )/, K6--/16(-%72F,
1),4286*2,6$5/6$3,3%$(2,%-,%3,2$2/12-%(6**?,()3-*?,-),0/)95(2, FHIZEHO ),
(01/2%6-2,>%-.,86*23,>.),9%30*8R]..,06/2$-E6/2,6$9,%$(/26329]1,42/-%*%36-%)$, | 0Z*-)$,
8).'1ISSC=Y/2/.6/9-,1,@5:2/,1SSh =< ?6$0#'&)Haak:, @)>272/=,3)&2,4286*2,6$5/6$3,.672,
3.)>$,0/242/2$(2,-),. % 1/2A52$(?,(6*3,%$72/32*2,()//2*6-29,>%-.,))9?,3%]2,12;1;, 3&6**,
86+23,>.),3%$1,6-,.%1.2/,4/2A52$(%23+,| P)0FBIES SHM.6$10# &)ISIS +;,B%$(2, (6 %$1,
963,()3-22%6&%-%$1,(6** 4/2A52$(?,(6$,6*%)>,4)/,*)$12/,(6**% ASOUMHNRER6-%$ 1,
)00)/-5$%-%23;,'332$-%66**2=,86*2,6$5/6$3,>%-.,1/26-,2$2/1?,2802$9%-5/2,6/2,6--/6(-%72=,63,
26*-.=,4%-$23X6*%46%9,®/.603=,6960-%72,6:%*%-%23,6/2,()&&5$%(6-29, Y 228623, !
,@5:2/,1SSb=,_6():3,0#'&)ISHY=,i6%30# &)ISHe:P)//%3)$0# &)ISSH-N.53=,302(%4%(,
(6**,(.6/6(-2/%3-%(3,35(.,63,4/2A52%(?,853-,:2,9%3-%$15%3.29,:2,&6*2,6$9,4286*2,6$5/6$3,4)/,
86-2,322(-%)%,/216/9*233,)4,0/242/28632,&67,%$-2//50-,(6**3,1%;2;,&63D29=,$),,.26/9+
9%3-/6(-,%$9% BUIBBRA52$-+2:2,6:%*%-?,-),6((5/6-2*?,633233, (6**,A56+%-26%3,/%3D29
8&6?,%269,-),&6-2,32*2(-%)$,K&%3;6D23F;

# $5/6$3,6/2,6-,/%3D,4/)&,6%-./)0)12$%(,$) % 22356%(.,.63 6+/2695%()72/29,3%1$6%,
69C53-&2$-3,6$9,9%3/50-29,3%1$6*,*)(6*%36- B BNBLB 222, B>6$3)$,1SSY =,

"2/12/ N6*0#'&)ISHa=,N2$$23328&)ISHd+;,[)$3%92/6:%2,27%928(&,8:6*2,6$B$3,1%:2:,
5356:32$92/3,)4,3%1$63311236*-2/29,(6**3,6**27%6-2,863D%$1,2442 (ERE*QH.2)
ISHa+;,@)>272/=,-.2/2,%3,*%&%-29,>)/D,02/-6%$%$1,-),-.2,/230)$32,)4,4286*2,6$9,86*2,6$5/6%
19;2;,/2(2%72/3+,-),3%1$6*3,6$9J)/,3%1$6*, (.6$1 28794 SRAS B

#,3-597) $,:96/93,.63,3.)>29,6,92(/26329,0/242/2$(2,-)>6/9FRJ2A52$(?, (6**3,I-.2,%$%-%6%,
0/242/2$(2+,>.2$,35:C2(-,-),5/:6$,$)%32,! @52-,923, ESBPSHd+;, M)-2$-%66+2=)$*?,
9%1.2/,412A52$(?,(6**3,>2/2,.26/9,)72/,$)%32;,4, 35(. (BE: )/ ,6$5/6$3=,4286*23,&67,:2,
32+2(-%%$1,5$4%-,&6*23,6$9,0)-2$-%6*+2=,92(/26329,)4430/%%$1,()5*9,92(*%%$2,0)05*6-%)$3;,
O5/-.21&)12=,12326/(),$,:%/93,3511Z8$-./)0)12$%(,$)%32,%$(/3632/233%72,:2.67%)5/,
%$,86+221829,-.2,6/:6$,6$12/,.70)-.23%633%$(2,&6* 2487 2,:22$,):32/729,63,:2%$1,&)/2
1230)$3%72,-),3-%&52%6()$4/)$-29,>%-.,:6(D1/)5$9,$)%3%/6:6/(]?D,|, V%** ISHa,
M.%**%603,1,Q2//?:2//?,|SHE$(/2632%11/233%6$,6$5/6$8+233, (65-%)$=,2302(%6**?,-),



$)%632,3)5/(23,()5*9,/235*-8)%6+%-2,12; 95/%$1, ()&:6-4/)&,600/)6(.%$1,-/644%(,)/,
4286%2,4/)13,600/)6(.%$1,611/233%72,&6*23,95/%$1,&6-2,32*2(-%)$+;

#$-./)0)12$%(,$)%383,:22$,):32/729,-),%6806(4286*2/) 1F6:%*%-?,-),*)(6-2,3%1$6**%$1,
8&6*23,6$9,6*3)=,%$(/28323,)4,)H6()3-2/)$2,13-/233,.)/8&)$2+,IN2$$23B2%,)ISHd+;
Q%3-/6(-9%6)872/3%)$,6$9,67)%96$(2,:2.6 7B LR 2$,92-2(-2P$,42&6*2,42)35:C2(-29,
3),.9%1.,$)%32,*2725R42 :? 3%1$6*,/2(2%72/3,3.)>29,92*6229,%$%-%6-%)$,6$9,9%3)/%62$-6-%)
3%1$6*3,%%$,$)26B2.2$-3,|B2$]6DHWE)ISHe+;, 02&6*23,5$6:*2,-),%)(6-2,&6*23,()5*9,/235*,
9%$,/295(29,86-%$1,)00)/-5$%-%23,6$9,92*6229,/26(-%)$3,&6?,%$(/2632,353(20-%:%+%-?,-),
0/296-%)5§6$9)*%$,,L)$1,1SHa =,<26@# &)ISHdk,g72/6**=,6$-./)0)12$%(,$)%32,%&06(-3,
8&672,%$4*52$(2,3%1$6*,/2(2%72/3F,92(%3%)$3,1%:;2;,86-2,(.)%(2,:2.67%)5/3+;

Q230%-2,$)%32=,%//6-%)$6* 92(%3%)$3,6$9,76/%629,92(%3%,)$3, (6 $02 EBEBNL/.6/9-,
“6Y%/NH&)ISHC=, 26,1,<?26$,ISHT+,:5-,867?,:2,45/-.2/,%&0*%(6-29,:2,$)%32;, #$5/6$3,6/2,
6+/267?,%%,92(*%$E3,&)/2,/2326/(.,-),()&0/2.2$9,0)-2$-%6*,6$-./)0) 12$%(,$)%32,2442(-3,
)$,&6-%3$1,:2.67%)5/,1%;2;,/295(29,&6-%$1,)00)/-5$%-%23=,32*2(-%$1,5$4%- &6+23,6$9,%$(/26
611/233%)$+,%3, (/S0BIE(5*6/* %BB/6* YR 2>0)/-, 0#'&)ISHEB.6$$)$,0#&)ISHC+:,
028&6*23,6$9,&6*28/-9%(%06-2,2A56:&BAB2*2(-%)$, IL%2$3,|,N53(..)44,ISIS+,22-,
12326/(.,%3,*6(D%$1,/216/9%3$1,-.2,/230)$32,)4,&6*2,6$9,42&6*2,3%1$6*,/2(2%72/3,%$,$)%3?,
2$7%/)$8&2%$-3=,06/-%(5*6/*?,%$,6$5/6$3;,

@2/2=,>2,%$723-%48&5*2,6$9,86*2,4/)13,86-%$1,:2.67%)5/3=,302(%4%(6**2,-.2%/,6:%*%-?,-),
9%3-%$15%3 Z9B*%-?,16--/6(-%672+, BBBP*%-?, 15$6--/6(-%7 2+,3-%&5*06,>%-.%$,6,-/644%(,$)%:
($-28-;,'802/%8&2$-6*+?=,>2,:/)69(63-29,6--/6(-%7 2I5$6--/6(-%7 2, 3-%&5*08 26$3G )H/26-
-.2,08-)*>%-.,$),:6(D1/)5$9,$)%32,6$9, I+,-.2,2802/%82%$-6*,>%-.,-/644%(,:6(D1/)5$9,$)%32;,
O)/,-.2,0$-1)*,-1%6*3=,>2,0/29%(-29, -.6-,428&6*23,>)5*9,0/242/ -.2,6--/6 (- /BB HL5*
-.22,-2$9,-),:2,(.))3%2/,1%:2;,-),16%$,4%-$233,:2$ 246+ 33, 635+9,0/242/,2%-.2/,3%$(2,
8&6*23,-2$9,-),32*2(-,4%-J5$4%- &6*B3&DY52;,0)/,-.2,2802/%8&2$-6* -/%6*=,>2,0/29%(-29,
-.6-,42&6*B$9,&6*23,867,0%(D,-.2,(6**,:2--2/,.26/9,)72/,-1644%{ WU AS2$(H:$)-,
&6D2,6,(*26/,(.)%(2,952,-),&63DISV63-/6(-%)82,45/-.2/ 6$6*2329, -.2,9%442/2%-,
2.67%)5/3,:)-.,32823,9%30*6229,-),-23-,-.2,3-12$1-.,)4,/2 3028 (., -/26-8&2%-;



B&H5$-1(

#?745'310/"03
I"4#$9%" &' (&)&H&&)$*?,D$)>$,63,-.2,263-2/$,9>6/4,-/22,4/)1=,%3,6, 8BS US+,
-2802/6-2,6$%$,9%3-/%:5-29,6%)$1,263-2/$,#53-/6*%6=,4/)&,$)/-.2/$,j52 53346 $9,
3)5-.2/$,R2>,B)5-.,L6+23,IRBL+;,Q52,-),-.2%/,>%92,9%3-/%:5-%)$,6$9,0/235829,*6/12,
0)05%6-%6)$(&))&*%3,*%3-29,63,K 263-,)$(2/$F,)$,-.2,"Z[R,<29, %3-0@2NSSdG,
127%2>29Z[R ,|SHer;,N.2?,6/2,6,32856**2,9%8&)/0.%(,302(%23\,42&6*23,6/2,5356**2,:%112/,
-.6%$,86*23=,/26(.%%$1,6,&68%&5&,3%)] B)B&X,6$9,&6*23,1/)>%$1,50,-),IS&ED 2/) O#
&).1SSd=,20-)$0# &)ISHe=,0%15/2;15)-.,32823,76/2,%$,()*)5/=,4/)&,*%1.- 1/22$,-),:/)>$,
46>$,6$9,(6$,:2,4)5$9,68)$13-,7212-6-%)$,-./)51.)5-,()63-6*,6/263,*%D2,3>6803=,3-/26&3=,
*61))$3=,0)$93,6$9,46/&,96&3,! @2#HE&)ISSEO%15/2h"/229%$1,)((5/3,6(/)33,
B20-2&:2/B0/%*,|B0/%$1IB5&&3%-.3+,1@2/) D#&)ISSd+=,.)>272/,86*2,4/)13,6/2,D$)>$,
3),(6**-.)51.)5-,-.2,226/,120-)$, 0#&)ISHe;

Male Female

Figure 3:13"#6*--*B{QIE+))($(45(8RI*6/+57"6.1&7'(81-7TM(1716("%0!*-$% 7*1875! 74E!)(&7'(8IE%!4%*.1)(&7'(81 73 (!
3837"6!'7$, ($I*-74187'(89!S%*-IBRIHT AIM7$6!)$%&!, B((41*0%6|GSY6049I T-(1&7+AI+E(4%+)+($!+8!'%%2+4,17+1*-3&G/7E!
8+U(.10-+5-148IG+,,($1+41&7'(89IV&T,(18%3$5(81)$%A&! () *1*961$+ -*RIWTAL&+*-I>H#+52$@ . |AM 741 +52(*1># +57$@.
X+ (I>F38*$7'+741Y38(3&@!74E!; +E(1:'76($!:$(8(4*THBINEG'+ E (/'76($95%&N8'+E(NZHH[<[=N

"6329,)$,-.5&:,069,3%)]2=,>.9%(.,%3,12$2/6**?,:%112/,%%$,&6*23=,()&06/29,-),42&6*23\,>2,
(60-5/29,6$9,%92$-%4%29,-. 2, JB)i: , #99%-%)$6*+2=, -.2,:)9?,3%]2,6$9,(II3%H
7)(6*,36(,>63,5-9%*%329,%%$,%92$-%42%$1,328:,M.)-)1/60.3,>2/2,6*3),-6D2$,)4,26(.,4/)1,4)/ *6-2/
($4%/86-%)$,)4,%92$-%4%(6-%)$,1:)9?,6$9,5$92/3%92,0.)-)3+;

l%|l
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H#245'€%08'&24'3&71)0'/$))0/#"$2
g5/,3-59?,6/26,>63,>%-.%$,-.2,B5$3.%$2,[)63-,/21P6)S$, H#53-/6*UBY%15/2 02,
32%2(-29,->),%)(6*%329,0)$93,6-,-.2,2$%72/3%-?,)4,-.2,B5$3.%%$2,[)63-,1ZB[+,B%00?,Q)>$3,
(68053, Hc; YHYlel=,HTh;ScdYdc+,4)/,%-3,.%1.,6:5$965(&)&*10%15/2,d+;,
#99%96)$6**2=,-.2,3%-2,0/232%$-29,35%-B22- 26 2:0$9%-%)$3,%$,-.6-,35//)5$9%$1,-.2,0)$93,
6/2,4%6-=,)02%,6/263,%926* 4)/,32--%%$1,50,)5/,-/%6*,6/26;,N.2,0)$93,6/2,2$(*)329,>%-.,282/12%-,
12293,6$9,7212-6-9%)$:,

’[Study Area i oo
Sippy Downs 4556 Queensland, Australia y/ BRNEVARVa " Sampled Ponds
) 5 oe / ¥ USC Sunshine Coast

Sunshine Coast

Bribie-Island

_Sl\lrisbane /

i

‘ .Q;old Coast A

Google Earth . = — m “ - : : N
02020 Googlef AT ! i L) l) 100km |
Figure 4: Y7/!%)!*-(!'%57*+%4.!;+//6!B%b48.4:8-+4(!P%78*.!F38*$7'+79!EB'($G*-—*!5$%,8!0($(!5%"(5*(E!
)$%&!*0%!/%AEB74E!AO+*-+41*-(10;P!57&/389!T-(157&/38!+8!/%8+*+%4(E!+4!7183G3$G 74! 7$(7! 74E!+8183G\(5*!1*%!
*$7))+514%+8(1)$%&I 7E\Yo+4+4, 1$%7ES9
[

N.2,3%-2,%3,35:C2(-,-),6,*272* )4,:6(D1Jp682:$>%-.,)5/,3-59?,3-%23,/6$1%$1,4/&, da;cT

1), Ta;cc9" YING:*2,H+'6(D1/)5$9,$)%32,*272*3,>2/2,82635/29,>%-.,6,3)5$9,*272* &2-2/,
IL)/D,m)$2,B)5$9, 272* 6$9,N2&02/6-5/2,P2-2/, [lPBNP ESH+=,4/)&,c;:bS08&,!:21%$$%$1,
)4,4/)1,(60-5/2+=,4)/,600/)8%&6-2*?$5&28,6$9,672/6129;,L.2,6--/%:5-29,:6(D1/)5$9,$)%32,
3)5/(23,-),-.2,5$%72/3%-2,(6&053,12:1;,02)0*2=,:5%*9%$13+=,6$%8&6*3,12:1;,4/)13=,:9%6/93=, (/%L
6$9,$29%1.:)5/%$1,/)693,12;1;,(6/3=,.%1.H6G*2H+

L] &u



Table 1"1S75?,$%34E!4%-+8(!'(W'8(18*3E6!8+*(8.1: %AEISIPAE*-(104-+M($8+*6196) 1*-(1;348-+4(1P%78*!
P7&/38.1;+//61B%048.IF38*$7'479

! "HE%&V&(&] "H#$%6&1%6#0*18&%

)(&X)+&!,-] !
2#3-1.1 Y-/ L fallax'012"34567'87139:"; 0<!19="; 71 >64::";07:'673 2"
4481581 7302'6807"012" 1607ABC"
24#3-1.16*$) ! GIC DE:"§737"FGH"672110<";07:'8732"7302-"163 1 <6="
7+8)! 011204 "9; 71 ;>6496 ; >3"A1T2:C"
2#3-18! -1+ FGH'AE!2119:";07"13!:6'8732"7302'0120210; 614'; 07"
4#'81581 107>2"L fallax ;0«<119=": KO 1"561=";71; >64:"
24#3-1816*8)1  (-I*)" L631<6'68732"170;41;119"11°02]0; 614" 1374'816<2:C="
7+8)! 5195K0B"47088!;=";71;>64:"

028&6*2,6$9,86*2,4/)13,>2/2,()**2(-29,%$,-.2,3%-23,!M)$9,',6$9,M)$9,"+,95/%$1,$%1.-*?,
35/72?230%15/P¢,L2,()$95(-29,6,-)-6*,)4,¢,35/7223,:2->22$, P6/(., I1¢, 6$9,#0/%*1=,
ISIS,%$,-.2,272$%$13,6-,c;bS0&,1600/)8%&6-2*?,35$32-+,5$-%* HH:hS0&,95/36$1,>22D$%1.
0/)&,6,0/22802/%&2%$-6%,3()5-%$1,02/%)9,6-,)5/,3%-2=,>2,92-2/8%$29,-.2,&)3-,6:5$96$-,6$5/6%,
302(%23=,)4,B)R6-2$29,3-6-53,-),:2/(&))&*.12,326/(.29,4)/,1.'(&))&*>%-.,.269*6&03,
6$9,-)/(.23,)$,*%*?,0693,6$9,/2293;,20)$,4/)1,3%1.-%$1=, BSR/Z 593629,6$9,
6$9%29,63,02/,6$%&6*,2-.%(3,/2A5%/2&2%$-3,1ZB[ #$%&6*,-.%(3 #RBHeTa+,6$9,1) 72/$&2%-,
12()&82$96-%)$3,12:1;,9%3%$42(-%$1,>692/3]>26/%$1, 7%$?*,1*)723+,1QB'LM[,ISHD+,-),
0/272%-,0)-2$-%6*,(.2-/%9,45$153,30/269;,0/)13,>2/2,(60-5/29,594%38,62-3=,1S(&,%$,
3%]2,6$9J)/,:2,.6$9:,0$(2,(60-5/29=,%$9%7%956*3,>2/2,0%6(29,%3,6,3&6**=,-.%$,063-%(,:61,
0$-6%3$%$1,6,386**,6&)5%-,)4,0)$9,>6-2/=,4%**29,>%-.,6%/,6$9,-/6$30)/-29,-) -.2,-/%6* /%$1;
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Figure 5: Y7/\+E(4*+)6+4,*-(17$(78.|E%**(E!+4!$(E!)$%&!0-+5-1)$%,8!0($(!15%" (5*(E!) $%0&! +4! (+*-($!8+*(1>:%4E!Al

TAE!:%AEIS@!)%$!(75-1%)1*-(1]183$M(68!>(75-1E%*!(237"+4,1%4(14+,-* 1*-381%4(183$M(6 @9
24" #$%5'3&71)0'/$))0/#'$2
#$-./)0)12$%(,$)%32,>63,/20/232%$-29,(3$6%$5)53,-/644%(,$)%32,0*6?:6(D=,>%-.,026D3,%S$,
$)%32,*272*3,-./)51.)5%$9/2()/929,:2,0/)C2(-,3502/7%3)/,Q;, M¥: T862,$)%32,)/%1%$6-23,
41)&,6,(%-?,06/D=,-20%(6*,)4 #53-/6*%6=,/2()/929,%$,P2*:)5/$2,6$9,()$-6%$3,6,76/%2-2,)4,
72.%(*23,6$9,.58&6$,-/644%(;
N>),/2()/9%$13,>2/2,32*2(-29,-),/20/23R%&))&*K6--/6(-%72F,6$9,K5$6--/6(-%7 2F, (6*+3,:6329,
)$, "#$%"&28&6*23F, 12$2/6*,0/242/2$(23=,>.%(.,()$3-%-5-23,6$,6972/-%328&2%-,(6**,.%1.,%$,
412A52%(?,6$9,(6**,/6-2J026D3,12:1;,&)/2,2$2/1?,()$(2$-/6-%)$336H242//29,&6*23,>%- .,
*)> 412A52$(?,6$9,42>2/,(6**,/6-2J026D3,!P)//688YISSH+;,N.53=,>2,/2()1$%329,6, (6**=,
0$49%/&29,-),:2,'(&))&*6$9,/2()/929,:2, BP,@2/)=,VI%44%-.,Z$%72/3%-?,63,-.2,K6--16(-%72F,
3%1$6#80.%:%6L2:,ISSEO% 155+ #$9,>2,6-1%:5-29,6,(6%*=,()$4%/&29,4)./(R)) &*

-



6$9,/2()/929,:2, ,@))02/=,05-HP53,2$7%/)$&2$-6*,63,-.2,K5$6--/6(-%72F,3%1$6*,
10/)11%$16/)5$9;()&, ISISO%15£2,+,N.2,(6**3,*63-29,600/)8%&6-2*?,1S,32()$93,%$,
95/6-9%6)$,6$9,0*6?:6(D3,()$3%3-29,)4,-.2,(6**3)4/, |: I T, &%$5-23;,#99%-%)$6*+?=, -.2,
5$6--/6(-%72,3680%2,>63,69C53-29,-),:2,-.2,36&2,7)*5&2,63,-.2,6--/6(-%72,3680*2;,")-.,
120/9%$13,6/2,4/)&,/5/6%,6/263=,(*)32,-),-.2,3-5928%4$B-5/6*6(D1/)5$9,$)%32

a)

Frequency (kHz)

Timing (seconds)
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=
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Figure 6: F3E-+*%6$6!8/(5*$%, $BEI*(E!+4IK7M(4X+EHI' 76+4,1*-()$(23(456! 7TAEIE3$7*+%641>7//$%QIIH<!
8(5%4E8@1%)!*-(17@!7+*$75*+M(HF4B23(456>]9M?_URIE!S7"I$7*(N/(7R8[9"?_U@IE!G@!
347375+ M(I57" 9O (23(456>=9<H!?_BEE!57" 1B (N/(778 "9N?_L#BE%*-157"810($(!"%%/(E!)%$!HIH=!
&+43*(89
|

D*10%"702#&)' 1%$#$/$)
L2,:6329,)5/,&2-.)93,)$,0/27%)53,86-2,(.)%(2,-23-3,1()$-/)**29,0%6?2:6(D, 2802/%&2%$-3+=,
(8&8&)$*?,5329,) $,4/)13,-),-23-,&6*2]42&6*2,:2.67%)5/3,6$9,-),&2635/2,6$-./)0) L6, $
%&06(-B$,>%*9*%642,1"22, ISHT=,N6/*)> |, "*58&3-2%$,ISSY +;, B%$(2,4286*2,6$5/6$3,6/2,
$6-5/6%2,%$(*%$29,-),600/)6(.,6972/-%3%$1,86*23,6$9,6 32232 H6E1I(6S,)4-23,
1632,&6-2,(.)%(2,)$,42&6*2,0.)$)-68%3,1>.2/2,4286*23,)/%2%-,-), 3% 1$6"SH T2,
P5*-960%2,3-06&5*%,12;1;,6()53-%(3,6$9J)/,7%356*3+,%$,>.%(.,-.2,0/242/2$(2,)4,)$2,3-%&5*53=,)
-.2,)-.21,(6$,%$9%(6-2,428&6*2,32*2(-%)$,!"22, BB 3-59%23,.672,5-%+%329, - 232,-23-3,
>06-.,2%-.2/,6972/-%3282%-,(6**3,)/,7)(6*,36(,()*)5¥3)BRS> %-.,9%442/%$1,$)%32,*272*3,%:;2;,
0$-)*,1$),$)%32+,6$9,$)%32, 1$6-5/6*,(.)/53,6$9J)/,:6(D1/)5$9,$)2BLB>6$3)$,1SSY =,

V)&2], 0#'&)ISSa=6%/NH# &)ISHE=%(.6/93)$,, 2161$2,ISHSB2$]6 DB &)ISHe=,

N/) 6$)>3D%# &)ISHd+;,#99%-%)$6**2=, 3%6$(2,6$5BHL60E.02-%-%)$, ()$3-%-5-23,7) (6%,

Yy



6$9J)/,4%1.-%$1,:6--*23=,0*6?:6(D,2802/%&2$-3,(6$,3-%&5*6-2,(6**%$1,:2.67%)5/,%$,86*2,6$5
127)D29,7)(6%,/230)$32+,)/,&6*23,600/)6(.%$1,3-%6&5*%,867,%$9%(6-2,0.23%(6*,()&02-%-%)$,
1"22 ISHT+;

L2,(/26-29,6,-/%6*,6/2$6,>.%(.,()$3%3-29,)4,6,3&6**=,/2(-6$15*6/,0))*, IH;1&,:?,H;|1&+,6$9,32-,
50,6,7%92),(6&2/6,4/)&,6:)72=,3026D2/3,0)3%-%)$29,6-,5=,aS,6$9,HeS,921/223= *%1.-3,)$,26(.,
3%92,6$9,4%**29,>%-.,6,3&6**,68)5$-,)4,3-6$9%$ 1, (PBALHEHO)/,-.2,4%/3-,->),-/%6*3=,
-.2,%%1.-%$1,>63,$)/&6*,.)>272/=,>2,6*-2/29,-.%3,%$,-.2,/28&6%$%$1,2802/%&2$-3,:?,()72/%$1,
*0p1.-3,>%-.,/29,0)*20/)07*2$2,63,-),0/272%-,-.2,K922/,%$,.269*%1.-F, ) (BHR2SR22S$-,>%-.,

N/) 6$)>3D%# &)ISHdE,5329,2+061.-%$1,4)/,$)(-5/$6*,4/) 13+$):29,*%1 .- 9%442/2$(23,3),
-.6-,>2,()5*9,*6-2/-23-,4)0)-2$-%&@442(-3,)$,)5/,/230)$32,76/%EPb)/ -),-23-3=,>2,
&2635/29,26(.,3026D2/,53%%$1,6,3)5$9,*272*,&2-2/,1L)/D,m)$2,B)5%$9, 272*,6$9,N2&02/6-5/2,
P2-2/;[ EPBNP ESH+=,4/)&,-.2,(2$-/2,)4,-.2,0))*,-),:2,-.2,36&2,7)*5&2, 19%'(&.))&* (6**3
026D29,6-,6$,672/612,)4,6/)5$9,Y,689,-/644%(,$)BB2612%-,6/)5$9¢S9" =,()$3%3-2$-,
>06-.5.2,cSES9",/6$12,%R2,1,B>6$3)$,1SSY =V)&2], 0#&)ISSa=9%(.6/93)$,,2161$2,

| SHSN/) $$)>3D%# &)ISHA=B2$]6DB## &)ISHer;,

Video camera

Pool

1.2m

Lights m

1.2m

Figure 7: B+7,$78&1%) S+ B(*13/1>/%%' @10+*-18/(72($8!>Qa@*7/(E!*%%6!*-(18+E(817*I<.1Z<I74E!"b<IE(,$((89! C+E(%!
B(5%$E+4,1)$%&I7GY%M(91Y (783%$+4,1¥7/(175$%88!*-(18+ EEGHPIFHAB 7!, 3+E(.1*%$5-(81*7/(E!%A4!*-(18+E(8!
0-+*-1$(E!/%'6/$%/6'(A(1TAE!*-(1TEE+*+%41%)!/%A4EI07*($9

L2,0%6(29,)$2,42&6*2,)/,&6*R.(&))&*4/)1,%$,-.2,6/2$6,>.2/2,-.22,>2/2,.6:%-56-29,4)/,
6/)5$9,HT,8%$5-23,19;2;,6:%2,-),C5&0,6/)5$9,-.2,6/26,53:9212,3-%**+,1.6:%-56-%)$,-%&%S$1,



(0$3%3-2%-,>%-.,H,&%%$5-2\,"22,1, B>6$3)$,ISSY,6$9, |, 89685 83);> 3D W &) SHd+;,
'6(.,4/)1,>63,0*6(29,63,(*)32,-),-.2,(2$-/2,63,0)33%:*2,115%929,:?,6,&2635/%$1,-602,6(/)33,-.2,
&9699*20%15/2,Y55(2,4/)13,>2/23-%** = -/%6*3,()&&2$(29;

N.2,0)$-/)* -1%6*3,)$*?,06229, -.2,K6--/6(-%7 2F ,6$9,K5$6--/6(-%72F, (6**3,4/)&,)00)3%$1,3026 D2/
19%:2;,6-,S,6$9,HeS,921/223+,-),3%&5*6-2,$),$)%32;,N.2,36&2,(6**3,>2/2,:/)69(63-,>%-.,6,
699%-9%)$6* 3026D2/,0*6?%$1,-/644%(,$)%32,10)3%-%)$29,6 54 SULIIBR2$ B$:)266*3,
10%15/24,N.2,)/92/,)4,-1%6*3,1%:2;,$),$)%32J$)%32+,6$9,-.2,3026D2/,19%:;2; *24-,)/,/%1..-+,-),0%6?,
20b-.2/,-.2,K6--16(-%T72F )/, K5$6--/6(-%672F, (6**,>2/2,/6$9)&%329,1)/92/,12$2/6-29,>%-.,<,B-59%)-+

0)/,¢,$%1.-3,>2,()**2(-29, TH,4/) 132)6** -)-6* TH+;,L2,)$*?,()**2(-29,6,8%$%&58,$5&:2/,
)4,4/)13,63,02/,6$%8&6*,2-. % (TS, $),&)/2,-.6$,HSS+;,'6(.,4/)1,>63,35:C2(-,-),->),-/%6*3,
10$-1)*,-1%66$92802/%8&2%$-6*,-1%6$93&*?,)/92/29,6$9)-6**06$1,HSI -/%6*3;,0/)13,>2/2,
12%26329,:6(D),-.2%/,)/%1%$6*,*)(6-%)$,%$, -.2,0)$9,%8&29%6-2*2,64-2/,-23-%$1;

L/%--2%$,$)-23,)4,4/)1,:2.67%)5/,1%;2;,.269,&) 7 2&2$&0%SI/6>*%$1,)/,-5/$%$L2/2,
12()/929,95/%%$1,-/%@NS),/2326/(.2/3,>2/2,0/232$-,95/%$1,-.2,-1%6*3,3),-.6-,:2.6 7%)5/3,()5*9,
:2,0$ 4%/829,%$9202$9289F6-%)$6*+2=,7%92),4))-612,>63,/2()/929,4/)&,>.%(.,)5/,
>/%--2$,$)-23,>2/2,()$4%/8&29,95/%%163323382$-,2;1;,>.2-.2/,)/,$)-,4/)13,8) 72,
269J:)9?,-)>6/93,-.2,K6--/6(-%72F ), K5$6--/6(-%72F,(6**,%%$,2%-.2/,-.2,0$-))*,'$),$)%32+,)/,
2802/%8&2$-6*,1$)%32+, /4@ 8)5*9,$)-,92-2/&%%$2,(.)%(22,63323329492),4))-612,)$,
3%*2%$-=,-),&6D2,%-,*%$9,%$,/2302(-,-),-/26-82$-3,6$9, -.53=, PRV 29:5S;,

M.)$)-68%3,-./)51.,.269,3(6$$%%$1,6$9J)/,:)9?,8) 72&2$-,1%; BE¥R)-%$3+,-)>6/9,
3-%&5%%,%3,()$3%92/29,/2(Z2¥B20$3)$,ISSY =V)&2], 0#'&)ISSa=P)//%3)$0#&)."

ISHSHN/) $$)>3D%#'&)ISHa+;,#99%-%)$6*+2=,(.)%(2,%3,()$3%92/29,%%$,0/27%)53,3-59%23=,>.2
428&6%*23,/286%$,8)/2, - 6$HES,32()$93,>%-.%%,-.2,(.)%(2,6/26,!V) & &)ISSa=,

N/) $$)>3D%# ' &)ISHd+; #(()/9%$1*?=,)5/,3-59?,922&29,32*2(-%)$,!%;2;,K6--/6 (-%72F )/,
K5$6--/6(-%72F+,>2&6%2,)/,86*23,.269,-%*-29,)/,&)729,12:1;,(/665&Q/,-5/$+,-),-.2,
(.)%(2,6/26,6$9,/286%%$29,4)/,&)/2,-.6$,1S,32()$93;,0)/,-.2,%$9%7%956*3,-.6-,9943616729,]%1
&)-%)$3=,>2,30*%-,-.2,6/2$6,%%$-),4)5/,32(-%)$3,6$9,92-2/&%$29,-.2,-%&2,&) 3-,302$-,>%-.%$,-.
32(-%)%,-),3% 18422 .[.)%(2,>63,$)-,76*%9,%4,-.2,4/)1,3-))9,&)-%) ¥ 2386%%$29,*233,
-.6$,1S,32()$93,%$%,-2)%(2,6/26,!2;1;,6--2&0-%$1,-),*2672,-.2,6/2$6+, \Q&R]ISSa=,

N/) £$)>3D%W#'&)ISHd+,6$9,-.53=,3%1$95) B2LK %) SF

l+l|



B%$(22,$)-29,-.2,0%442/2$-,:2.67%)5/3,4/)13,9%30%6229=,>2,45/-.2/,3%6&0*%4%29,:2.6 7%)5/3,
%$-),4)5/,(6-21)/%BBG 269,)$*2=, 1+, C5&0%$1J*260%$ 1=, b+,&) 7% US> H$L6$ 1
N.%3,6+%)>29,53,-),()&0*2-2,45/-.2/,6$6%2323,6$9,()&06/2,:2.6 7HIBLB)/,26(.,32*2(-%)$,
1230)$32=,%$(*59%$1,K$),32*2(-%)$F;

HEH"3H"18)'&28)53"3
B%$(2,)5/,96-6,>2/2,(6-21)/%(6*,/230)$323=,>2,5329,6,&5*-%%$)&%6*,*)1%3-%(,/21/233%)$,>%-.,
K$$2-F,06(D612,!1<%0*2?,1,U2$6:*23, |85+, B-59%)2/3%)$,H:b;aka63,-.%3,6**)>3,4)/,6,

8)92* 23-%86-2,)4,-.2,$)&%$6*,)5-()&2,76/%6:*23,1¥)1,)993+,()&:%%$29,>%-.,-.2,0/29%(-)/,
76/%6:*23;,1.2,633%1$29,K$),32*2(-%)$F,63,-.2,*272*)5-()&2,1:632,(6-21)/?+;,95/,280*6$6-)/?,
76/%6:%23,>2/2,-.2,$)%32,-126-&3%)3:/)*,'$),$) %632 £, 142802/%& 2$-6*,!1$)%32+,63,>2**,63,
328,1&6*2=,42&6*2=,5$D$)L3:+5329,16*9,-23-3 B6%*2;23-3+,4)/,3-6-%3-%(6*,363$1-.
-.2,85*-%$)&%6*,45%$(-%)$,9)23,$)-,-23-,3%1$%4%(6$(2;,L.2,6*3),-23-29,0/):6:%*%-?,/6-%)3J/2*6
1%3D,)4,(.))3%%$1,)$2,)582,(6-21)/?,)72/,-.2,:632*%%$2,(6-21)/?,6$9,-.2,0/29%(-29,
0/):6:%*%-%23,)4,26(.,)5-()&2;

L2,45/-.2/,5329,6,:%%$)&%6*,12$2/6*%329, *%6$26/,8)92* I\ P+ R23;6568623%3,)4,

76/%6$(2, #HRgU#+-),-23-,4)/,6$?,3%1$%4%(6$-,9%442/2$(23,:2->22%, -BABOB:2, %S (*
32%2(-%)$,/230)$3B3/6(-%72=,5$6--16(-%72=,$),32*2(-%)$+,6$9,328,1428&6*2=,&6*2= 5$D$)>$+:,
L2,6*3),-23-29%1.-9%$1,!$)/&6*,)/,/29,*%1 6681 368.0*%$1,3%-23,IM)$9,", 6$9, M)Bh +=,
(632,-.2*%1.0*)5/, 6$9J)/,:6(D1/)5$9,$)%32,*278432(-28/)1,/230)$3235-,°)-.,9%9,$)-,
6$9,>63,-.2/24)/2=,/28&)729,4/)&,-.2,6$6*23%3:,B%$(2,>2,/6$9)&%329,-.2,-/%6*3,6$9,-),6(()5$-,
4),%$9%7%95@ 23257 6/%6BE2>2/26-29,%$9%7UHAM92$-%4%(RB)E/)1,H,-),4/)1,
TH=,-/%B#26-8&2%$)/92/ ,1498-,)/,32()$9+=,3026D2/,1¥24-,)/,/%1.-+,63,/6$9)83234272/=,
-.232,9%9,%)-,%$4*52$(2,/230)$323

'63-*7=,>%5329,-.2,4)5/,:2.67%)5/,&)72&2%-,(6-21)/94259,)$*?=,C5&0%$1J*260%$1=,
&)72J(/6>* )1, -5/$+,-),3%1$%42,3-12$1-.,)4,32*2(-%)$;,L2,99622.963,-) 2/2,>2/2,6$?,&)/2,
$56$(29,:2.67%)5/6%,9%442/2$(23,:2->22%,-/%6*,()$9%-%)$3;,N.53=,>2,/2026-29,)5/,6$6*?3%3, -
>0-.,-.2,%$(*53%)$,)4,:2.67%)5/3,63,/230)$32, 76/%6:*23;



V/60.3,>2/2,(/26-29,%%%(/)3)4-,'8(2%1U2/3%)$, Hc; 4P, BMBHB-6-%3-%(3,!U2/3%)$, Ic+
6$9,<B-59%4)J2/3%)$, H:b:aTB8%$1,K0*)-*?F | BUBFEHSIS+,6$9,K110%)-IF,|L%(D. 684"
&).1SIS+,06(D6123:

A&1.9#1
12,1672,./(8&))&*4/)13,-.2,(.)%(2,:2->22$,6$,K6--/6(-%7 2F,)/,K5$6--/6(-%7 2F,(6**,%%$,2%-.2/,6,K$),
$)%32F §R2$-,6$9,K$)%37F,/26-8&2%-;,95-,)4, TH,4/)13=,>2,%92$-%4%29,bS,63,42&6*2=,Hc,63
&6*2=,T,>2/8$92-2/8%$EH9, ()$32A52$-*?7=,/28)729,4/)&,-.2,6$6+23%3,I-)-6*%$1,dc,4/)13+;,
#8)$1,-.2,al,-1%6*3=,TT,/235*-29,%%,6,76*%9,32+2(-%)$, 16--/6(-%72,32*2 636,16 06623,
32*2(-29,la,-%&23+,6$9,bY,/235*-29,%$,$),/2B00RIBYENG:*2d+; %1 .-%$B6&0*%$1,
3%3P)$94/)1,%92$-%4%(6-%)$=,-/%6*]-/26-8&2%-,)/92/, CRASP BBB2(4/)1,/230)$323
1"061.-%$F5;,S;11=,B%-EG,, S;bHO/) 1, QG ~,S;e SN/%EGf /92/G'~,S;dSB026DTF'~,

S:be, #\[GHSmI +;

$'2$"30'C3.'2$"30#%08#702#
L2,4)5$9,$),9%442/2$(23,%3HPB0)$323,-),9%442/2$-,(6*+3,5$92/,9%442/2%-,$)%32,()$9%-%)$3
16--16(-%72,(6$)863?,23-%&6-2,B'G, Bjals, L6+*99-23-6'~,S;bT\,5$6--/6(-%72, (61932,
23-9%8&6-2,B'G,S;BBS=,L6%99-23-6'~,S;eb=, <QHaT;lc= #M@HH: Ic=,N6:%2, I4N..2,
12%6-987/%3D.,/6-%),4)/,3>%-(.%$1,:2->22$,$),$)%32,6$9,$)%32,4)/,-.2,6--/6(-%7 2,(6**,1S;cH+,6$9
5$6--/6(-%72,(6**,1S;eb+,&26$3,>@85, baf,6$9,HYT,92(/2632,%$,/%3D,/2302(-%72*?;,N.2,
0/29%(-29,0/):6:9%*%-?,)4,-.2,4%3-,)5-() & ZBIB2'S:CH+=,6--/6(-% 7 HHS:|5$6--/6(-%72,
IS;Hd40))13,3%8&96*6/*?,32* B-A8(-% 1B** 3, 5$6--/6(-%E2*I)/ ,&692,$) 32*2(-%)H$92/,

26(. ,-126-&2$4F'~,S; TI= #NGHIY;=N6:+2)= 09&I2, e+,



Table 2:17@(8/%48(1*%!*-(17*$75*+M(I74E1347*$75*+M(I8-+48F4BBI*K+ 71 7AE I IB(RS(45(E!) $%&14%!
8('(5*+%64.1*-(149%14%+8(1*$+7' | 7AE!) (&7'(89);*7*+8*+57'18+,4+)+5745(1* (S TEBESHBE (E@9'G@!T-(!
$(83"*8196)1*-(IG+4%EINY@ & (".1*(8*+4, 1*-(IM7$+745(I>FICCF @!%)18( (5*+%4!G (*0((41*- (14%+8(1*$(7*&(4*8.!

74E8(Q@
?9 &XBZZD\DB( DE) SWXA?DUBRB[AIY
(QABC\B@A , ,
#--16(-%7,2 S;Ha S;d¢ S;cd
Z%$6--/6(-%72 S;HS S;IT, S;Ya
2B[)OXDI[B , ' ,
#--16(-%7,2 BS;de BS;al, S;bT
Z%$6--/6(-%72 ES;HS BS;1S, S;eh
SOUB y ] 1
#--16(-%7,2 BS;ca B;1Db, S;IH
Z%$6--16(-%72 E5;dT B;eT S;ba
)
T9 12) 1B]D?Q\B %B[DRF: %B[DRF?U 9%._&>D¥x
12) 1B
aH HId;SS )
OXD[B H S;d$ as Hib;Ta STl
#B9 H H;ad ea, HIH;cd S;H¢
Call
30 B None

1! Attractive
Unattractive

Count

No Noise Noise
Traffic

Error Bars: 95% ClI

Figure 8:1_+8*06, $7&IE(/+5*131#8*--*58('(5*+ %48 1T $ 75 4BI("8.BA7**$75%+M(I5T6B14%!8('(5*HALL (!
5964*$9%'1>4%14%+8(@! 7TAE!(Q/($+&(4*T'1>4%+8(@ *$(7*&(4*810+*-1Z=dIPY% Ay PEAAS 1V 4*(SM7'8



H07&)0'&24'7&)0'30)0/#"$2
L2,4)5%$9,%$),9%442/2%$(23,:2->22%$,&6*2,6$9,42&6*FHARD)$323,-),9%442/2$-,(6**3,5$92/,
9%442/2%-,$)%32,()$OUBURP672,23-%&6-2,B'G Bidb=,L6*99-23-6'~,S;IH=,
5$6--/6(-%72,23-%8&6-2,B'GB;k¥=,L6*9-23-6',~,S;ba<QGHaT;Ic=,#"[@HH;Ic=N6:*2,

| +;" )-.,42&6*2,6$K:.6*24/)133%&8%H(H32, 6--/16(-% 1B*"3=,5$6--/6(-%72,(F*'8692,3),
32*2(-%)8$92/,26(.;/26-&2%$1 F,~,S;He#"[ GHIY;GN6:*2) =0%&12,a+,

Female Selection Male Selection
Unattractive I ‘ Unattractive | B
Attractive _ Attractive -7
None TN ‘ None —
0 5 10 15 0 5 10
mNo Noise mNoise mNonoise mNoise

Figure 9"_+8*%,$7&E(/+5*+4,)(&7'( T4E&BH6*--*BE(5*+%641%) I 7+$75*+M(157"8.1347+$75*+M(157"81%$! 4%
8('(5*+%41+41%-(15%4*$%'1>4%14%+8(@! TAE!N(Q/($+&(4*T'1>4%4+8(@*$(7*&(4*8

>08&C"$7%
")-.,42&6*2=,&6*2,6%$9,5$D$)>$,32829,4/)13,9%30*6729,:2.672%6%)3$+?=,C5&0%$1=,
(/6>*%%$1,)/,-5/$%$)29$9%(6-2,%),32*2(-%)$,)/,0/1242/2%(2,-),-.2,6--16 (-% 72 IB3H--16(-%
3%1%8;,L.2,/2726*29,%),3%1$%4%(6$-,9%442/2%(28) 92322868 2$-3F,~,S;bHY/,,328,F'
~,S;al+;,@)>272/=,>2,4)5%$9,-.6-,4/)13,5329,28®,&) 72&2%-3,-),3%1$%4?,32*2(-%)$,&)/2
3),%9%,-.2,%),$)%32,-/%6*=,-.6$,%%$,-.2,3) YaBF%)HE* 23-%&6-2G,H;eS=,B'G; S;£5SFE,
<QGea;Ha=#"HSH;Ha

L2,/2 B6$,-.2,6$6*?7323,28(*59%%$1,5$DSRERBS9,K$)230)$3E,-),4)(53,)$,-.2,4/)13,-.6-,
9969,%$9%(6-2,32*2(-%)$,6$9,-),322,%4, (.)%(23,9%442/29,:2->22%,-126-8&2%$-3,)/, %$9%7%956*,
76/%6:*28D)>272/=,>2,4)5$9,$),9%442/2%231/AH230)$323,6$2.67%)5/316+9, 3 -23-G,
_5&O%SEV' S:dS=,[/6>F V' S;l1=,N5/$F ~,S;:e$<QG, Yb;cY=,#[G,eb:b6:*2p+,N.2,
12+6-%72,/%3D,/6-%),4)/,3>%-(.%$1,:2->22$,-.2,6--/6(-%72,1$),$)%32,-/%6*+,6$9,5$6--/6(-%72,!$
-1%6%63H;dd:,N.2,0/29%(-29,0/):6:9%*%-%23,4)/,-.2,4%/3-, T,): 322TH:%%8;,S; Ya=,S; Ta=,

'



S:TS=,S:d|g72/6%4/)13,5329,3%8&%*6/,:2.67%)5/3,-),%$9%(6-2,32*2(-%)$,-),6--/6(-%72, (6**3,6%
5$6--/6(-%72,(6**3,5$92/,26(.,$)%32,-/26-82%-,IRYYB2E, '2.6796/GE,~,S; TeB28 GV

S;eS#NG,eT;cHNG:*2,b9%15/2,HS+,

Table 3"17@H))($(45(8!+41G (-TM+%3$7'1$(8/9648(81%%!*-(1347+$75*+M(18+ 47 +41*-(14%-+861*$+7".1)$%6&!*-(17++$ 75+
8+, 47" 1+41%-(14%14%+8(1*$+7'1;*7*+8*+57'18+ 4+)+5745(1*(S* BB+ BIDTET + (E@9!G @' T-(1$(8381%)1*-(!
G+4%&+T'1>IXY @!&YE (' .1*(8*+4, BHMMB(I>FICCF@1%)!8('(5*+%41G (*0((4!*-(14%+8(I*$(7*&(4*8.1G(-TM+%3$!

74E18(Q
23 &XBZZD\DBQ, DE) $WXA?DUBRBA
0X)OXD[B ES;cY B;eT S;ba
2B[)OXD[B S;bY S;cT S;TH
‘Fa@DQE S;cY S;el, S;dS
3X]Bb\C?W\ H;cg H;IH SHIN
$FCQ S;IT, S;id, S;e$
)
T3 12) 1B]D?Q\R %B[DRF? %B[DRF? 9$_&>D¥
12) 1B])
Td Yc,Se
OXD[B H S;de Th YT;Ta  S;de
"B>?]DXFL b, H;akl TS Yb;cY S;Te
#BS H S;ST da, Yb;cH S;e$
Head Jump Crawl Turn Sex
Female
Attractive Male
5
No Yes No Yes Noise No Yes No Yes

Figure 10: P%&/7$+8%41%)!*-(IG(-7MBREBG6!)(&7' (I 74E!& 718" #6*--45-41*-(15%4*$%'1>4%14%+8(@! 7T4E!
(QU($+&(4*T7"'>4%+8(N6(8@*$+7'81*%!+4E+57*(1*-(15-%+5(1%) *-(17**$75*+M(1%$!347**$75*+M(157"9

@



C/1".11/%,(

L.%*2,-.2/2,9%86-2/6-5/2,()$(2/$%$1,6$-./)0)12$%(,$) %32,%8&06(-3,)$,3%1$6*,32$92/3,1%:;2;,
69C53-&2%$-3:963,3-589),-.2,:23-,)4,)5/,D0$)>*2912=,%3,6&)$1,-.2,4%/3-,-.6-,28(*53%72*?,
-1%6*%29,3%1$6*,/2(2%72/,1428&6*2,6$9,&6*2,6$5/6$3+,/230)$323,>%-.%$,6,-/644%(,$)%32,()$-2
0$95(-29,6,(*633%(,(.)%(2,2802/%8&2%$-,>%-.,->),3-%&5*%,/20/2 3 EB$850) »B56+%-?,
&6*2,3%6*3,>%-.%$,->),()$9%-%)$3G,H+,$),$)%3BEEE%32;,L.2,4)5%$9,-.6-,:)-.,32823,
.69,3%8&%*6/,/230)$323\,86*23,6$9,4286235-.2/,5$/230)$3%72,-)36+9%9,%$)-,3.)>,6,
(*26/,0/1242/2%(2) ,-.2, 6--16(-% T56--/6(-%72,(6HRE(. ,()$9%-%6)Bl.2?,6*3)5329,3%&%*6/,
:2.67%)5/3,1%;2;,.269=,C5&0%$1=,(/6>*%$1=,-5/$%%$1,&)72&2$-3+,-),%$9%(6-2,(.)%(2;,g72/6**=
4/)13,3%1$%4%(6$-*?,9%30%6?29,.269,)$*?,8)72&2%$-3,&)/2,3),%$,-.2,$),$)%32,-/%6*3;, @) >272/
$),)-.2/,3-6-%3-%(6**?,3%1$%4%0862,3984422% -.2,-/%6*3,>2/2,4)5%$9;,N.2/24)/2=,%-,
(6$%)-,:2,%$42//29,-.6-,-1644%(,$)%32,%3,%%$9229=,%8&06(-%$1 D&/ 4#$HA> & (R)3&*='
6:%*%-?,-),9%3-%$15%8/1B8*RN=,-.2,/235*-3,6/2,3-%**,)4,%&0)/-6$(2=,63,-.2,5$0/29%(-6:%*%-?,
)4,41)1,86-%$1,:2.67%)5/,6$9,6%-./)0)12$%(,$)%32,%3,.%1.*%1.-29:

H07&)0'%031$230
N?09%(6%,&6-2,(.)%(2,-.2)/?,2802(-3,4286*23,-),32*2B861%- 2, %$9%7%956*3,-), 16%$,
120/)95(-%72,6$9J)/,35/7%76*,:2$24%-3; #(()/9%$1*?=,>2,2802(-29,42&6*2,4/)13,-),32*2(- - .2,
6--/6(-%72,3%1$6*,&)/2,3),%$,-.2,0$-)*,1$),$) % E$SPR63, -.2,2802/%82%$-6*, 1$)%3?+,-/%6*3=,
>2,0/29%(-29,-.6-,42&6*23,8672,$)-,:2,6:*2,-),9%3-%$15%3, 45$9;;.6-,42&6*2,'(&))&*
8&692,3%89%*6/,92(%3%)$3=, 3R*2 (B6BI12A56MS, )-.,126-82%-3;,M)-2$-%66*+?=,4286+23,
>.),32%2(-29,-.2,6--16(-%72,3%1$6*,6/2,6:*2,-),.26/,6$9J)/,6/2,%)-,9%3-/6(-29,:?,-1644%(,$)%32;,"$,
6,3-59?,-23-%%$1,85*-%&)96*,3.%4-3=,/2326/(.2/3,4)5$9, -.6-,4286*2,'5/) 026 EHE) &) 13,
8%G$%0869,$)-,3.%4-,:2->22%B%E0,6()53-%(,&)96*%-%23\,428&6*23,32*2(-29,6--/6(-%72,
(6++3,9230%-2,5$6--/6(-%72,()*)5/6-%)$,%$,:)-.,$) % IR CEBER:6$)>3DTH &) SHd+;,
N.9%.%1.*%129,-.6-;.%3,302(%aJ6*%-?,-),532,6() S HLB5$%(6-%)$,>63,*%6D2*?,
5$6442(-29,,964%(,$)28)>272/=,(6**,9)8&%$6$-,4/2A538®-.2,36&2,4)K. ' &%G$%0&

6--16(-%72,6$9,5$6--/6(-%72+,6/2,6 %% Lo&I2A52$(?,/6$12:SI Ec;d, D@]=,0%15/B%9;,
-.2124)/2=,3.)5*9,$)-,0)32,/%3D,4/)&,$)%32,&63D%$1,16$-./)0) 1 2$ V. $)H@2HB- 96452,
6$-96(%068296/%29,/230)$32,63,-/644%(,$)%32,867,:2,(653%$1,9%3-/6{-%)$,)/,3-/233



M/279%)53,3-59%23,9%30*6229, ()&0/)&%3BBBS)), 3%61$6*3,4/)&, 2%-.2/,9%3-/6(-%)$=,
672/3%)$,)/,4/)&,%$(/26329,3-/233,*272*3, | EREBBHe=,N2$$2332$&)ISHd+; "$,)5/,
3-597=,-.2,4286*23,-.6-,32*2(-29,5$6--/6(-%72,3%1$6*3,867?,3%1$%47?, 3%&%*6/,%&06(-=,:5-,&)!
12326/(.,%3,>6//6$-29,3%$(2335*-3,>2/2,%)-,3-6-%3-%(6**?,3-$1,-),)$(*592,3);, R1P632,&6
0%$4*52%88-%$82(%3%)$3=,600/)6(.%$1,611/233%72,&6*23=,(.))3%S$1,*)>, A56*%-?,&6-23,6$9J)
600/)6(.%%$1,-.2,>/)$1,302(%EHE+6960-%72,&6-2,(.) %2R, ISHT+; #*+/2697=,->),302(%23,
)4,4/)1<.'/8%53$3/0)'E$9;<.'C0%3"/$)$ BY&.2-%8&23,&6-2,>%-.,&6*23,)4,-.2,>/)$1,302(%23\,
1235%-%%$1,%$,%$42/-%*2,)/, %$7%6:*2,)4430/TERIMAAG 4, $)%32,/235*-3,%$,
&6*6960-9672,86-2,32*2(-%)$=,-.2$,/295(29,)4430/%$1,A56*%-?,6$9J)/,$58,218, 1%:;2;,4/)
421-%*%36-%)$,35((233,)/,42(5$9%-2+,()5*9, %$4*52$(2,2$-%/2, ()&&5$%-%23,1%;2:,()80) 3%-%)¢
(.6$123=,0)05*6-96)$,92(*%$23+,[6$9)*%$,I,L)$1,ISHa+;

)

L&)0'%031$230

L2 ,2802(-29,86*2,4/)13,-),/230)$9,-),2%-.2/,(66%3;.2,(0$-/)*,'$),$)%32+,-/%6*3,19:2;,4)/

&6+ ER6*2,()802-%-%)$+,.)>272/=,%8$,-.2,2802/%82$-6*,1$)%32+,-/%6*3=,>2,2802(-29,8)3-*2,9$),
1230)$321,2,4)5$9,-.6-,86*2,4/)13 B&Y*6/*?,32*2(-29,6--/6(-%72,(6**3=,5$6--/6(-%72,(6**3,6$9,
$),/230)$32,5$92/,:)-.,$)%32,(0$9%-%)$3=,>.%(.,()5*9, 3%8&0*?, & 26AB(,$) %32,9%9,$)-,
%$-2/42/2,>%-.,&B1R.))&*&6-2,32*2(-%)9,(0&02-2,)/,6:6$9)$,6,()3-*2,4%1.-+;

<08&4'7$C0702#G08&C"$?%

g5/ ,/235*-3,3.)>,-.6-,. 26 B$*?,&)7282$-3,>2/2,3%1$%4%(6$-*?, 5320 B4 2%66* -.6$,%$,
-.2,2802/%8&2$-6*,$)U956*=,0)-2$-%6**B(B)1/)5$9,$)%32,6+*)>3,4)/,244%(%2$-,*%3-2$%$1
3%$(22/2,%8233,)4,0%3-/6(-%)$;-.2,$)%37?,-/%6*3=,4/)13, %SBETEHS9J)/ &) 729=,
>.9%(.,()5*9,&26$,-.6-,%$9%7%956*3,.672,-),600/)6(.,3-%&5*%, (*)32*?,-), %$(/2632,.26/%$1,6$9,
- %®6?,:2,6,:2.67%)5/6%,/230)$32,-),%$(/26329, $BERRH23,%$,:%6/93,3500)B2/
*0p3-23%$2.2/2,%$9%7%956*3,(*)32*2, ()$4/)$-,3-%&5*%,%$,%$(/26329,$)%32,¥272*3=,()&06/29
>06-.)5-,$)%3%/6:6/(]?D, |, VU%6** ISHaM.%**%03,1,Q2//2:2//?,1SHg-.2/> %322326/(.,
351123-3,-.6-,$)%32,&67,%$(/2632,611/233%72,:2.67%)5/3,15/:6$,6$12/,.20)-.23%3+,952,-),
%$9%7%956*3,600/)6(.%$1,3-%&5*%, 1%;2:,6--6(D%$1+,V/6:6/(JAD.I9796633Ha
Q2/12:2/17,1SHe+12,4)5$9,-.6-,3)&2,4/)137)5*9, C580,9%/2(-*?;-2,$)%32,3026 B2%(.
3%1$%4%29,$),32*2696K632=,>.2-.2/,-.%3,%3,922829,K611/233%72F,)/,$)-,9202$93)$,-.2,
($-28-,6$9,>%**,$229,-),:2,%$723-%16-28:;ZB02(%6398$(2,-.%3,:2.6 TY)F*9,*%6D2*?,
1235%96$,&)/-6*%-2,1241)& ,600/)6(.%%,$)%32,3)5/(23, *%D2)(B(H3-/5(-%)$,3%6+23

(¢



O5/-.218)12=,-.2,%%$(/26329,2$2/12-%(,()3-3,6$9,0/296-%)$,/%3D,4/)&, C5&ONBRI&) 7%$1,
672,92-/%8&2%$-6%,2442(-3,12;1;,*233,2$2/1?,/232/729,4)/,)-.2/,%&0)/-6$-,0/)(23323,6$9,
%$(/2632330%(5)53$233, &GP $-1%:5-2),92(*%$2B59% 23 (53%$,-.2,:2.67%)5/6*,
1230)$32,)4,3%1$6*,/2(2%72/3,%$,76/2%$1,$)%3 BIHIUEIEHE,633233&2%$-3,%$,
302(%23,6:5$96$(2,&67,/2726*,35(.,%&06(-3;

:$'%031$230

P6-2,32*2(-%)$,6$9,3%1$6*3,6/2,()&0*28\,2$7%/)$&2$-6%/,()&0)$2$-3,(6$,*269,-),
5$2802(-29,/2(2%72/,/230)$323, 6568 SHC16$9,86?,280*6%4%13,%$,)5/,3-597=, -.6-,
%$IVEEKS),32*2(-%6)TY6$(2,>2,-23-29,%8%, -.2,4%2*9=, 2$7%/)$&2$-6*,1%:2;,>26-.2/=,-%&2=, 726/
)-.2/,65%&6* $)%32=,9%3-6S0B(:H8432+,6$9,)-.2/,()80)$2%$-3,1%:2:,.6:%-56-%)$,-),
:6(D1/)5$9,$)%32,6$9J)/,-1%6*3+,()5*9,.672,%$4*52$(29,92(%3%)$3:,95/,3-59?,9202$929,)$,-.2,
>26-.2/,12:1;,64-2/,/6%$+,6$9,-%8&2,12;1:,35$32-,-), &%9$%263, BBS(2$,4/)13,6/2,
0/232%:L.2,()$95(-29,/ 2326/(.,-)>6/93,-.2,2$9,)4,P6/(.=,3%$2,:/229%$1,3263)$,4)/,
(8))&16$123,4/)&,B20-28:2/,-) #0/%44286%23,/2(2$-*?,&6-29,6/2,*06D2*?,-),.672,K$),%$-2/23-F,
0%$,(6%*3;,#99%-96)$6*+7=,>2,>2/2,()$3-/6%%$29,-),-.2,ZB[, @BDHIJU"Q Ha;/672*,
123-1%(-%)$3+,6$9,-.2/24)223680%2,3%]2,6$9,4/)1,0)05*6-9%6)$,>63,*%8%-29,-), ZB[,0)$93,6$9,
950%06(6-%6)$J-23-%3$1,-.2,36&2,%$9%7%956*3,)$,6,0%442/2$-, $%5105/9/238 Q)3 30h: %6+ %6-?
3%35:C2(-,-),:6(D1/)5$9,$)%32, * B B$1%$1,4/)&,da;6T-), Ta;cc 9" ,IN6:*2, H,-.%3,%3,
($3%92/6:*?,%)59,6$9,0)-2$-%6+*2=,6/263,>%-.,*233,$)B632,8%142/2$-,/23BRBS(2,
41)13,%$,%)592/,6/263,867,:2,6((*%&6-29,-),$)%32=,-23-%$1,-.2,36&2,>6?,%$,4/)13,$)-,
6((53-)829,-),$)%32,&6/2726*,9%442/2$-,06-:2/$3;

#*-)51.,3-/233,>63,$)-,9%/2(-*?,-23-29=, (60-5/%$1=,-/6$30)/-6-%)$,6$9,-/%6*3,&67,.6 72,
9%$(/26329,3-/233=,9230%-2,&2-.)93,()$3%3-2%-,>%-.,)-.2/,3-59%23;,B-59%23,%$,6$5/6$3,35112
-1644%(,$)%32,6$9,.2%1.-2$29,3-/233,*27 B2 2EHOBE$S5/6$3,1%;2;,&6-2,32* 2695
3-5@,35112B-/644%(,$)%E2.$)-,/2*6-29,-),3-1B$9;.6- -.2,-/%6*, 2$7%/)$&,2h: 2;,.5&6$
%$-2/42/23D) &,-23-3&67,:2,-.2,(6532[5$$%$1-)4, ,06./%1,ISHHI2$S$23325#'&).
ISHO+;M2/.603,6,&286$6*23%3, ()&06/%$1,&2-,J#32;,4%2%9,)/,*6:,:6329,6$9, .5&6$,
%$4*52$(3329-),3-597,6$-./)0)12$%(,$)%32,6$9,3-/233,%$,4/)13,>%-.,)-.2/,302(%23,&6?,/2726*,
%8;/23363,*06$D29,-),%$(/26329,$)%32;

o)



P6-2,32+2(-%)$,%8$,-.2,4%2*9,8&6?, 943 EBYRB,:6329,)$,(6**,(.6/6(-2/%3-%(3,)4-2%$,%$9%(6-2,
>26D,)/,/6$9)&,8&6-2,(.)%(2,:?2,42&6*23, 1M1, 1SSb+:,M)-2$-%6**?,)5/,/20/232$-6-%72,3%1$6*3,
>2/2,$)-, A56%%-2,2$)51.,)/,4/)13,867,:632,32*2(-%)$,)$,3238)/?,&) 96*%-9423B 7%)5/6*,
):32/76-%)$3,%$5/6$B51123-,-.6-,428&6*2,&6-2,(.)%ES,:2,:6329,)44,)-.2/,46(-)/3,35(.,
63,%)(6%,)72/,$)8)(6*,3%1$6*3=,0.2/)&)$23=,02/(.,0)3%-%)$,)/,7)(6*,36(,()*) 5Y6)8H
0#&)ISSa=,6():3,0#'&)SHY=,i6%32/,2-,6;,IS1666/D# &) SHE=L %2$3,1,N53(..)44,

SIS +,[.)%(2,2802/%8&2$-3,:2->22%,*)(6*,73;, E)E6*,(6**3,6$9, ()&06/%$1,9%442/2$-,
&)96+%-9%23,12;1;,(6**,73;,()*)5/6-%)$+,%$,9%442/2$- $)%32,()$9%-%)$3,>%**,0/) 79692, %$3%1.
>.2-.2/,41)13,:632,32*2(-%)$,)$,&5*-%0*2,&)96*%-%23;

#5-2/$6-%72%7=,&)3-,6$-./)0)12$%(,$)%32,3-59%23,351123-,-.6-,$)%32,&67,:2,922&29,
-126-2%%%$1,12:1;,0/296-)/+,6$9,302(%23,6/2,*%D2*?,-), *2672,6/263;,°$,6$5/6$3=,67)%96$(2,
:2.67%)5/,>63,9%30%6229,>.2$,3)&2,86*23,&)729,6>62,4/)&,2802/%82$-6*,-/644%(,$)%32,

[6) /3% # &)ISHY+;,BY%&Y6*6/*2=,9230%-2,0/27%)53,2802/%2$(2,>%-.,-1644%(=,67)%96$(2,-),
)72/*600%$1,3%1$6*3,%%$,$)%32,>63,):32/729,%$,4286*2, AN ERIEDSBON,53=,-.%3,

&6?,:2,>.2, %$9%7%956)3,BR823,%$,)5/,3-597,>2/2,$)- /230)$366HB--2&029,),
*2672,-.2,6/2$6;,[)$32A52$-+7=,/295(29,&6-%$1,)00)/-5$%-%23,14/)&,6 7)%96$(2=,92*6229,&6-2,
%)(6-96)$J92-2(-%)$+,6$9,/295(29,35/7%76*,1%6$(/26329,0/296-%)$,/%3D, 4/)&,326/(.%$1=,276*56
&6-23+,&67235%4/)& ,6,6(D,)4230)$32,![6$9)*%$,,L)$1,ISHa+#3323382%-3,%$,
1201)95(-%72,35((233,6$9,35/7%76*,%$,302(%23,>%-.%%$,6$-./)0)12$%(,$)%3?,3%-23=,()&06/29,
302(%23 A@362:206-23,()5%9,.2*0,92-2/1&%%$2,35(.,()$32A52$(23;

N.2,K92()?,2442(-F,5-%*%329,%$,.5&6$3,-),92(/2632,/6-%)$6*,-. %$D%$1,&67,:2,600*%(6:*2,-),
6$96&6*3;,#,3-59? 8636/6,4/)13,3.)>29,4286*23,3>%-(.29,0/242/2$(23,>.2$,0/232$-29,>%-.,
6,-.96/9=,%$42/%)/,6%-2/$6-%72,>.%(., 7%)*6-23,-20%(6*,&6-2, (.)%(2R)OAZIHH)E2)/ 2+,
1'26,1,<?26$,ISHT+;,Q202$9%%$1,)$,-.2,()$-28-=,86-2,(.)%(2,/6-%)$6+%-?, ()5*E: 2,-%&2
($35&%$1,%%,4/)13,6$9,/295(29,&6-%%$1,)00)/-5$%-%23,6$9J)/,%$(/26329,0/296-%)$,280)35/2,
()5*9,9/%72,32*2(-%)$,!"26,1,<?6$,ISHT+:,A$,)5/,3-592=,>2, .6BOZBD2/3=,-.2,$)%32,
3026D2/,&67,.672,6(-29,63,6,-.96/9,K(.)%(2F=,-.53,()$453%$1,4/)13,)/,-.2,-/%6* 2$7%/)$&2%-,1%:;2
3-/233,)/,02/(2%729,0/296-%)$+,&67,.672,9/%723,/2BMEBA3%H$(/263%$1,-.2,6/255)4,

-1%6* /%$1,12;1;,6,*6/12/,0))*+,6$9,085§96%40*2, 3026 DB, 76/?%$1, (6 B/6&%*6/,-),6,
$6-5/6%,(.)/53,611/216-%)B$,2*%8%$6-2,-.2,K92()?,2442(-J-.%/9;)0-%)$F

)

)

G



A&"$33&,-0#/$,1 (
N.2,*6(D,)4,0/27%)53,>)/D,/216/9%)&*"2.67%)5/D230%:2%$1=,6006/2$-*?=,6$,
6:5$96%$:302(%23=,(65329,3)&2,9%44%(5*-?,%$,A56$-%42%%$1,0)-2$-%6%,6$-./)0) 1 2%, %&06(-
#99%-%)$6%*2=,6(()/9%$1,-),-.2,"Z[R,<29,1968)}&*6:5$96$(2,>63,*63-,63323329,%$,1SSd,
|@2/) 0#' &)ISSAG,/27%2>29,1SHe%3p)5%9,:2,%3$-2/23-%$1,-)G
¥ Q2-2/8%%$2,6$9,()85024,'(&))&*6:5$96$(2,6/)5$9,5/:6$%329,6$9,/21%)$6*,3%-23,63,
>2%* 63,3-507,)$,86-2,32*2(-%)$,:2.67%)5/3,*%D2, (6**,0/242/2%(2,1%:;2;,
6--/16(-%72J5$6--/6(-%72,(6**,06/6&2-2/3=,3>%-(.%$1,:2->22$,&5*-16&) 96*%-%623+
¥ [)&06/2,9%442/2$-,0)05*6-%)$B&))&*"), -./26-2$29,3%:*%$1,302(%23,12;1;,12$2-%,
6$9J)/,:2.67%)5/6* 3%8%*6/%-%23,6$9, 090448/ Zh23-2, &2(.6$%3&, 280*6%6$%$1,
-.2,6:5$96$(2,)4).'(&))&*()&06/29,-),3%8&%*6/,-./26-2$29,302(%23,12;1;,>6**5&,32912,
41)1,.'$)$2AG?%023!3

#*-)51.,)5/,4%$9%$13,*6(D29,3-/2$1-.,-), %$42/,6$-./)0) 12$%(,$)%32,%&06(-3,%-,>)5*9,3-%** 2,
2%045% -),%&0*28&2%-,3-/6-2B%2BG
¥ R)%32,:6//%2I3)%32,6(-%7%-?,35302$3%)$3,%:2;,(0&0*2-%$1,)$3-/5(-%)$,95/%$1,
302(%4%(,-%&23,1962J&)$-.+,-),6**)0 423, (6**%$1,>%-.%$,-.2,1603;,R)%32,:6//%2/3,
6/)5$9,.%1.>6?3,6/2,5329,-),.2*0,8&%-%16-2,%806(-3,%$,.586$3;
¥ [60-9%72,:/229%$1,0/)1/6&3,4)/,75*$2/6:*2,302(%23,>%-.,*)>,12$2-%(,4B,5233,%:2;,
)4,(12)0/232/729,302/&,-),699,:6(D,-),*)3-,>%M2,12$23,).2,(60-%72,0)05*6-%)$,
170-)$, 0#'&)ISHe4,!.'(&))&*.672,:22$,6,&)92*,302(%23,%$,-23-%3$1,-.%3,0)-2$-%6*,
:2$24%-,4)/,-./126-2$29,4/)13;

BY%S$(2,6$5/6$3,6/2,06/-%(5*6/*?,1%3D29,>%-.,(.?-/%9,45$ 1633, B, 9698223-%$1,-),322,%4,
-.212,%3,6,*%$D,22$,6$-./)0)12$%(,$)%32,2;1;,%3,$)%32, ()$-/% BUZEEI9, 4%-$233,

41)&, %$(/26329,3-823>.%(.,(6$,%806(-, %&&5$2,45$([68)B), O#&)SST=,i%2()B/*632/,
0#'&)Haed-6$9-.2/24)/25%$ (/263 .2,92-1%8&2$-6*, %&06(-,) 4, (. 2:(B91 53>6-2/ A56+%6-?,
-23-%%$1,6$9,A56$-%42%$1,6$-./)0)12$%(,$) PBRH2T2E,0)-2$-%6* 2442(-3

Z*-%&6-2*?=,-),A56$-%47?,6$-./)0)12$%(,$) %32 %&DE)$3-/6%$%0$1,3-59%23,*%D2,*)$1,-2/&,
2802/%8&2%-3=,/20*%(6-%)$=,&5*-%0*2,3%-231%%$9%7 %9563 p$6 23220 MR 2952,
-),.6:%-56-%)%=,-)*2/6$(2,6$9,32$3%-%7 BHRINBBRI+;, @)>27 2:96*9* 008323, 22-,-),:2,
5$92/3-))9,:?,.5&6%$3,12;1;,5*-/63)$%(,.26/%$1+,&6? 5% &YE3%$1,)$,92-/%&2$-6*,%&06(-3,
(6$,8%33,-.2,)00)/-5$%-?,-),.9%41,3020623,6960-%72,6: %h*(&)I62B.6?,%$,46@2,%$,-.2,

+



0/)(233,)4,6960-%$1,-),$)%32L.,:2.67%)5/6*,)/,0.23%)*) 1%(6*,(.6$1282326/(., %S,
5$92/3-6$9%$1,>.2$,27)*5-9%)$,%3,*%D2*?=, 6963 B) 1658, %&.0/) 7302(%E35-*))D,
%$,6,(.6$1%$1=,6426886$1*?,$)%¥?9 ,[6$9)*%$,|,L)$1,ISHa+:,

@$,"9.1/$,1(

12,):32/729,.269 B$*?,8)72&2%$-3,-),%$9%(6-2,32*2(-%)$,3%1$%64%(6$-*?,&)/2,%$,-.2,()$-1)*,
-1%6*3=,>.2/263,4/)13,6*-2/$6-%72*?,C5&029,)/,&)729,-)>6/93,3-%&5*%, 4)/,K(*)32/,*%3-2$%S$1F,
-.2,-1644%(,$)%32,-1%6*=,351123-%$1,-.6-,-/644%(,$)%32,&6 > IR0 -~ NN GBI, *%63-23,
6$9,633233,%&0)/-6$-,%$4)/86-%)$,()$-6%$29,%$,3%1$6*3,/235-%$1,%$,:2.67%)5/6*,(.6$123;
8672 451-.2/,0/1296-%)$,/%3D,1%:;2;,4/)&,%$(/26329,()$30%(5)53$233+,6$9,%$(/2632,2$2/12-%(,()3
0)-2$-%6**?,/235*-%$1,%$,302(%23TASWNEEZ?=,3%$(2,>2,4)5$9,$),)-.2/,3-6-%3-%(6*,
99%442/2$(23,:2->22%,-126-8&2HEP&*4/)13=,’)-.,42&6*2,6$9,&6*2=,5329,3%8%*6/,
:2.67%)5/3,-),%$9%(6-2,32*2(-%)$,6$9,/230)$929,-),&6-%$1,(6**3,%$,-.2,36&2,>6?;,N.2/24)/2=,
>2,(6$%$)-,%$4B99%-%)$G./)0)125%(,$) % Z2A42(:35,86-2,32*2(-%)$,1%;2;, &6+6960-%72,
&6-2,(.)%(2=,/295(29,86-%$1,)00)/-5$%-%23+,6$9,()$32A52$-+?=,/295(29,)4430/%$1,
4%-$233J6:5$96$(2;,g72/6%*=,)5/,3-59?,.%1.*%1.-3,-.2,5$0/29%(-6:*?,)4,6$5/6$,&6-%$1,
:2.67%)5/,>%-.%$,6,-/644%(GWaB2; R)$2-.2*233=,-.%3,%3,3-%**,)4,%&0)/-6$(2,63,
(&06/9%3)$3,-),)-.2/,6$-./)0)12$%(,$)%32,%&06(-3,1%:2:, 3%1$6*,(.6$123,6$9,-.2,/2*%6:%*%-2,)4,
&6-2,A56%%-7,6$9,)-.2/,%%$4)/&6-%)$+,(6$,:2,&692;, A, (1%-%o(6* %6$4)/&6-%)$,%3,*)3-,:2(6532,)4,
35(.,(.6$123\,A56%-?,6$9,9%3(/%&%$6-%)$,:2->22$,&6*23,>%** :2()&2, &) /2, /4 BDIHKD*-
(08&&5$%-?,3-/5(-5/2,(.6$123,6$9,0)05*6-96)$, 92(AXAER0# &)ISH+].2,/2()&8&2%$9,
0$-%$5%$1,3-59%23,)$,>%*9*0642,3%1$6*,/2(2%72/,/230)$323,3),-.6-,45/-.2/,5$92/3-6$9%$1 ,-):
6$-/)0)12$9%(,$)%32=,2302(%6**?,4/)1,0)05*6-%)$3,(6$,:2,6(.%2729;



A&=&'&,"&(1

#&0.%:962:;,ISSe;!"#$%"&' (&) \B}63-2/8>6/4,-122 4) 1 'vg$*%$2w;, #76%*6:*2G,
X.--0GJJ6&0.%:%6>2:;)/1J302(%23JHIday

#5:9%%=,N;,|,_)572%$-%%$=,M;,ISSb;,")(6*%36-%)$,)4,6$,6()53-%(,3%1$6*,%$%$,6,$)%3?,2$7%/)$&2$:
N.2,9%30%67,(6**,)4,-.2,D%$1,0 28 HAH45#03' L&HE&AS2 VD ' X$?%02&)'$("
D10%"702#&)$)$ASEBTObY alte;,

"6/:2/=, ;,<;=,[/))D3=,i;,<;,l,0/%3-/50=,i;,P;,ISHSN.2,()3-3,)4,(.))$%(,$)%32,280)35/2,4)/,
-2/123-1%6*,)/16$%3£80243"2'D/$)$A5'&24'DCS) 2 "92BFHea;

"22=,P; #;ISHT; N/224/)13,63,6$%&6*,&)92*3,4)/,/2326/(.,)$,659%-)/?,3(2$2,6$6*?3%3,6$9,-.2,
()(D-6%*,06/-2,0/):*2&42#0%28&#"$28) X$?%2&) S ERB/BIABBIIHCHD Y ;,

"22=,P; #;1,8>6%$3)$=,";,P;,ISSY; #59%-)/?,8&63D%$1,)4,6$5/6$,6972/-%32&2%-,(6**3,:2,/)69,
-1644%(,$)%227&)'>08&C"$?MEHYCEHYYG;

"2/12/ BN6*=,g;=,L)$1=,";,";,P;=,[6$9)*%$=,Z; |,"6/:2/=,_;,ISHa;,L.6-,27%92%$(2,28%3-3,)$,-.2,
2442(-3,)4,6$-./)0)12$%(,$)%32,)$,6()53-%(, () &&5%$%(6-%)$,%$,6$%&6*32,#,3?23-2&6-%(,
&60,0/)-)()*;, D2C"%$2702#8&)'DC"4@2/0B

[6&0)=, :,";=,V%*=,P;,V;,|,Q{7%*6=,BIS&T;,'442(-3,)4,302(%4%(,$)%32,6$9,&53%(,3-%&5*%,)$,
3-/1233,6$9,426/,*272*3,)4,*62%$1,.2$3,)4,3272/6%, 1P2432"7&) >08&C"$?%'
/"02/0BaHYTEd;,

[6$9)*%$=,Z;,I,L)$1=,";,";,P;,ISHa;,P6-2,(.)%(2,%$,6,0)**5-29,>)/*9G,()$32A52$(23,4)/,
%$9%7%95665%83%0)$3,6$9,()&&5$%-H2P3$18"/&)' U%&23&/#"$23'$('#80'+$5&)'
$/"0#5'>E'>"$)$A"/&)',/"02/03F BISHeSSTT;

[6)/3%=,U;,m;=,")-.=,[;=,[2(.%%=,B;=,#$-5$23=,<;,|,")BPEB-%%$3=,P;,ISHY;,'442(-3,)4,-/1644%(,
$)%32,)$,-.2,(6**%%$1,:2.67%)/,)4,->),R2)-)0%38469,4/)1816,'6:DB ,HI9
2SHebbdl;

[*5%)>=,B;=,P6.)$?7=,P;=,"**%)--=,";=, @5&42*9=,B;,|,V2/.6/9-=,@;,[;,|ISH B RREN$)53,
(6*+%$1,%$,-. 2D 2-,4/)1;33&'4&%) " 2A#$2'$&/$?3#"/AB 9lda HTe;,

[5$$%$1-)$=,V;,P;,1,06./%1=,";,ISHb;,P6-2,6--/65;98)&6*2,6$5/6$3,%%$,-.2,0/232%$(2,)4,
-1644%(,$)%227&)'K$230%C&#' H2BY THeT;,

QB'LM[;,ISHDb;, K85#%"4"$75/$3"3'@&718"G"&2'/85#%"4'(?2A?3'4"30& 30 I EBOOH'
#53-16*%6G,Q206/-&2$-,)4,B53-6%%$6:%*%-?;,'$7%/)$&2%$-=,L6-2/=,M)05*6-%)$,6$9,
D&&5$%-%23;,#76%*6%2%7%/)$&2%-:1)7;65,



06%$1=,V;=, %6%$1=,0;,=,r6%$1=,M;=,[5%=, ;=,"/65-.=,B;,";,|,N6$1=r;,ISHd;,P6*2,7)(6*,()&02-%-%)$
%3,97$6&%(,6$9,3-/)$1*?, @ 2;3)(%6*,()$-28-3,%$,&53%(,4D) TXK) KSA2"#"$2B
H\9debElad,

O2*)$=#;=#*4)/9=,<; #,=,02*-)$=#;,P;,|,B(.>6/]D)04=,";,1SSc;,P5*-%0*2,&6-2,(.)%(2,
(/%-2/%6,6%$9,-.2,%&0)/-6$(2,)4,612,4)/,&6*2,&6-%%$1,35((233,%%,-.2,&%(/). ?*%9,4/) 1=,
K$18"%&)?3'$%2&8#5mB&C "$%&)'DI$)$A5'&24", $/"$G"$)AFBEY aT;

0/)11%$16/)5%9;,ISIS"#$%"&'(&))8$*%$2wW; #53-16*%6;,#76%*6:*2G
x>>>,4/)11%%$16/)5$9;()&J*%-)/%6W46**68,0.0y

V2/.6/9-=,@;,[;|,@5:2/=,0;,1SSb;,#()53-%&&5%$%0(6-%)$, WB2(-3,6 $8$5/6 $3(0)&&) S,
0/):*28&3,6$99%72/39*5-%)$3:"'G)"$C&?)#'6-W'+01$3"#$%5B '#80'Y 2"C0%3"#5'$("
K8"/&A$'F%033Hd;

V2/.6/9-=,@;,[;=,M-6(2D=,P;,";=,"6/$2--=,";,|,N)/D2=,i;,V;,Haad;, @ ?:/%9%)]6- %) %9,
-2-160%)%9224/)1355)&'/8%53%$3/0)6$9<5)& C0%3"/$)IR$10"&BaadTHH a,

V)&2]=,Q;=,<%(.6/93)$=,[;=,"2%$161$2=,N;=,M*2$2-=,B;=,_)*?=,M;=,"2%6=,_;,M;,|N.2/?=,P;,ISSa;,
N.2,/)*2,)4,$)(-5/$6*,7%3%)$,%$,&6-2,(.)%(2G,42&6*23,0/242/,()$30%(5)53,&6*23,%3$,-.2,
'5/)026$,-/122,4/)1,'<5)&'&% G $%FoI04 " 28'$(‘#80'+$5&)", $/"0#5">SESBA"/&)

" 02/0BIYCIIbTHE;,

VI6:6/(]?D=,";,";,|,V%**=,B; #;,ISHa;,#%$-./)0)12$%(,$)%32,6442(-3,&6*2,.)532,>/2%$,/230)$32,
-),:5-,%$)-,92-2(-%)$,)4,-2//%-)/%6*,%3$-/692I8;DB ,HB2SIISTYCc;

@2/)=,_;,P;=,P2?2/=,"; 1,[*6/D2=,ISSd;!"#$%"&'(&))&/6-6,72/3%)$,05:*%3.29,%$,ISHe+;
UB0'WYK;'+04""3#'$('U8%0&#0204',10/"03

@52923#5%$67=,V;=,B*6::2D))/$=,@;=,R61*2=,";=,M63363=,0;=,R%()*63=,M;,|,Q/6 163$)%5=,N;,;,
ISHd;,Z/:6$,$)%32,5$92/&%$23,42&6*2,32856*,0/242/2$(28/2A52$(?,3)$13,%$,
9)&23-%(,(6$6/%2877&)">08&C"$?%BCYE/'T;

_6():3=,;,,=,U216=#;,=,05912)%$=,B;=,16%32/=,i;,1,<):2/-3)$=,_;,P;,ISHY;,")(6*,%)-,7)(6*G,
633)/-6-%72,42&6*2,(.)%(2,%%$,9%72/12%$-,0)05*6- ) $294/229/)13A&)5/82"3'

1&))"4%58&@ ?*%962G,M.?**)&2953%FHIA/ &) ' X$?%2&)'$('#80'1"220&2', $BO0#5
HISQHYIEHYe,

i69%32/=,i;=,")2.*D2=,[;=,R6 76B)Iu/2]=,";=,U216=#;=,05912)$=,B;,|,<):2/-3)$=, :,P;,ISHe;,
)(6*,0/242/2%(2,2$()929,:?,()&0*28,3%1$6*%$1G,&2(.6$%3&3,)4,&6-2,0/242/2$(2,%$,
-.2,1292?29,-1224/)1;A&)5/82"3'1&))"4%5&308&C"$%&)'D/$)$AS' $24BG"$)$A5B
YI9Hel;,



i%2()*B/*632/=,_;,i;=,V6/$2/=,L;=,B02%(.2/=,[;=,M2%$%$=,V;,P;=,@)**%96?=,_;,|,V*632/=,<;,Haed;,
M37?(.)3)(%6*,&)9%4%2/3,)4,%&&5%)()&02-2$(2,%%,&29% (6 FB3HBHBET,L04B
dc9YHHd;

"6%/9=,i;, ;=,[*2&2%-3=,M;=,@5%-2/=,i;, ;,,NG2¥K;,[;,ISHC;,P5*-%&)96*,3%1$6*%$1,
%&0/)723,&6-%%$1,35((233,%%,-.2,1/22%,-/22981,20%0&,:5-,&6?,%)-,.2*0,3&6**,
&6*23>08&C"$%&)'D/$)$A5'&24",$/"$G"R)EREB HEHTIT;

“26=#;,P;,1,.<?6$=,P;,_,ISHT;,M/6-%)$6*%-?,%$,&6-2,(.)%(2,/2726%29,:?,-q$16/6,4/)13:,
,["02/0Bbda9acd;

5)=,m;=,""=,[;=L6$1=,@;=,B.2%=,@;=,m.6)=,P;=,V5=j;=, %6)=,[;=,V5=,m;,|,L5=,@;,ISHc;,
P6*2R:.6*2,()&02-%-%)$,9/%723,32856*%,32*2(-%)%$,6$9,1/)50,306>F%3%,
-1224/)1=%8&/$18%%?3'$70"7$2#2BB&C"$%&)'D/$)$A5'&24",$/"$G"R)ERIBIE
cST;

'5-.2/=,Q;,1,V2$-/?=,i;,ISHD;,B)5/(23,)4,:6(D1/)5%$9,$)%32,6$9,-.2%/,%%$4*52%$(2,)$,72/-2:/6-2,
6()53-%(,()&&5%%(6-%¥R8&C"$?WBYHSIHEHSce;

P6/-%$3=,P;=86*=, ; |, @69969=,[;,Haae;,'3(6*6-29,611/233%72,:2.67%)5/,6$9,46(5*6-6-%72,
06/2%-6*,(6/2,%$,-.2,$23-,:5%*9%$1,1*69%8E)HXG0Y7 18"G"&+01#")" SHED
CTEYDb;

P)/%3)$=,[;=,@2/)=, :,P:,|,B&%-.=,L;,M:,ISSH;,P6-2,32*2(- %)% /8)$I6 0 !" #$%"&'
*&2#8%$70%8028&6*23,0/242/,3&6**2/,&6228%&)'D/$)$AERBIIb HbI; |

R2>0)/-=,_;=,B.)/-.)532=,Q;,_;,I,P6$$%$1=4#;Q;,ISHd;,N.2,2442(-3,)4,*%1.-,6$9,$)%32,4/)&,
5/:6$,9272*)0&2%-,)$,:%)9%72/3%-?G,"&0*%(6-%)$3,4)/,0/)-2(-29,6/263,%$,#53-/6*%6;,
D/$)$A"/&)'L&2&A0702#'Z'+03#$% &HBRRIHH;,

M.%**%03=, ;,R;,|,Q2//?:2//?=,1IMe;,2/:6%$,306//)>3,/230)$9,-),6,32856**?,32*2(-29,-/6%-,
>%-.,%%$(/26329,611/233%)$,% ¥ W3R, +01$% 4 TST;

M)-7%$%$=,Q;.#;,ISHY;,[)0%%$1,>%-.,6,(.6$1%%$1,3)5$93(602G,67)%96$(2=,69C53-&2%$-3,6$9,
6960-6-%)$2,7 &)KSA2#"$BIS JalHe;

M/t.*=, @ISSb;,U6/%6-%) BRI 6**%SD.67%)5/,6$2*6-%)$,3,6*2& 6-%3$3((233,%$,-.2,
3/6>:2//2,0)%3)$Y)1,! N024%$GE&#03' 1 ? A P& 8$)SAFES gl YbHAS;,

<269=, ;=, )$23=,V;,1,<694)/9=#;R;,ISHd;,0%-$233,()3-3,63,>2**,63,:2$24%-3,6/2,%&0)/-6$-,
>.2%,00% 3%92/%%$1,/230)$323,-),6$-./)0)12$%(,$PRIL;;$%&)'D/$) SHBBIEY ;

<%(.6/93)%$=,[;,l,"2$161%$2=,N;,ISHS;,P5*-%0*2,3%1%$6*3,6$9,&6*2,306(%%$1,6442(-,42&6*2,
0/242/2%(2,6-,()(D-6%*,06/-%23,%$,-/ F2AHIB4, 2A3'$('#80'+$5&)",$/"0#5'>E
S"$PA"&),[" 02/0BYYQHIAYHI;,

%"



<%0*2?=,";,1,U2$6:*23=,L;,ISIS220#J)'1&/S&AQS*%$2w; #76%*6:*2G,x.--03@&IJ(/6$;/
0/)C2(-;)/13>2:J06(D6123J$$2-J$$2-;094y

<?6%=,P:,_:=,M2//%**= B: #:1,L%*(]?$3D%=,L;,Haal: #59%-)/?,-5$%$1,6$9,(6**,4/2A52%$(?,0/29%!
0)05*6-% F6329&6-%%$1,0/242/2$(23,%$,-.2,(/% (D23 £601"#&2B0%"/&2"
&#?%&)" IMBEYHDY EHbeb;

B23$])6D%=,P;=,i69)?6=,N;=,0/6%$(%3=,[;,Q;=,"3.%76&6=,R;=,R6D6&5/6=,0;,|,#$12*%2/=,0;,ISHe;
B5442/%%$1,%3,/2(2%72/3G,R216-%72,2442(-3,)4,$)%32,02/32882/24B92 233,)4,
4286*2,6$5/6$B172/#"$2&)'D/$)$ABBRISTAHSCd;,

B.6$%$)$=,V;=,P(D2$$6=,P;,0;=#$12*)$%-=,";,P;=,[/))D3=,i;,<;=,0/%3-/50=,i;,P;=,")>%$=,";=,
L6/$2/=,i;#,=,R2*3)$=,P;,Q;=,L.%-2=,[;=,"/%113=, ;=,P(46/*6%$9=,B;,|,L%--2&?2/=,V;,
ISHc;,#,3?7$-.23%3,)>),92(6923,)4,/2326/(.,9)(5&2%-%%1,-.2,2442(-3,)4,$)%32,)$,
>%*9* %A ) A"/&)H0COR3'$('#8R& 70" "4AB8")$3$18"/&) ,$/ "0#BaHDael FHSST;

B%272/-=,[;=,M6/&2/=,[;=,@)(D%$1=,N;=,[.6&:2/*6%%$=,B;=,<6&=,i;=,[)/72**2(=,P;=,Q0230)5?=,M; |,
N2(.$)*)1%23=,M;,ISI])$#)5]'1&/S&RMGS*%S2w; #76%*6:*2G,X.--03&I(/6$;/
0/)C2(-;)/13>2:J06(D6123J0%)-*?2J0*)-*?;094y

B)/92**)=,<;=,0*6&2/%2,Q2, 6(.602**2¢41D{2%*=,";,1,U6$022%2=,B;,ISHa;,'7%92%(2,)4,-.2,
2$7%/)$&2%-6*,%8&06(-,)4,$)%32,0)**5-%)$,)$,:%0)9%72/3%-?G,6,3?3-2&6-%(,&60,0/)-) () *;,
D2C"%%$2702#&)'DC"4@2/0B

N6/%)>=,";,P;,l,"*6&3-2%%=,Q;,N;,ISSY;,'76*56-%%$1,&2-.)93,-),A56$-%47?,6$-./)0)12$%(,
3-/1233)/3%,>%*9,6$%&6113t)"04'-2"7&)'>08&C"$?7%',/"02/BEEQdIa EITH,

N2$$2332%=, ;,";=,M6/D3=,B;,";,|,"6$1D%*92=,N;,ISHd;,N/644%/(,$)%32,(65323,0.73%)*)1%(6*,3-
6$9,%8&06%/3,:/229%%$1,&%1/6-%)%$,:2.67%)5/B330VB&H#"$2'F853"F)SASB

N/)s6$)>3D%=,P2*)-=,V:,|,"2$161$2=,N;,ISHd;,P5*-%&)96*%-2G #,>67?,-),()02,>%-.,/)69,
-1644%(,$)%32z,N.2,(632,)4,'5/)026$,-/224B)K,'&% G $%HF8&C"$?%&)'F%$/03303B
HSY%eelab;,

Z0-)$=,<;=,[*5%)>=,B;=,P6.)$?=,P;,_; |,[*5*)>=, ;,ISHe; V2$2/6-%)%$,)4,6,32856**?,&6-5/2,
%% 7%956%*,)4263;2/$,9>6/4,-122,4) L#$%"&' (&) &#/)&,(/?)0/232/729,-23-%(5*6/,
&6(2/6-23G,0/))4,)4,(606(%-?,)4,(/?)0/232/729,302/&,92/%729,)4430/%%$1,-),()&0*2-2,
9272*)0&2%-K$230%C&#"$2'F853"$$A5B

L2**3=,i;,Q;,ISSYN.2,2()*)1?,l, :2.67%)/,)4,6&0.%:%68B"/&A$B'U80'Y2"C0%3"#5'$('
K8"/&A$'F%033.

L%(D.6&=,@;=,[.6%1=,L;=,@2%/?=, ;=,M292/32%=,N;, ;=,N6D6.63.%=,i;=,L%*D2=,[;=,L))=,i;=,
5-6$%-=,@;=,Q5%$$%%$1-)$=,Q;,,<3-59%)ABIGE#[J' 1&/S&AXGS*%S2wW; #76%*6:*2G,
X.--03GJJ(/68))C2(-;)/1J>2:J06(D6123J110%)-1J110%)-1;094y

&



L9%2$3=,_:,_:,,N53(.)4=,";,ISIS;,B)$13,72/353,()%)5/3,72/353,.)/$3G,>.6-,280*6%$3,-.2,
99672/3%-7,)4,32856**?,32*2(-2% AL, +0C " ORSBed Yecd,

m.6$1=,0;=,156%$=,[;,|,02$1= #;,B;,ISIS;,02&6*2,()$@BL9,-)//2$-,4/)13,0/242/,386**2/,
&6*23X$7%2&)'$('P$$)$bBHIba HAT;,



==(8&?) @

Table 4"/K70IE7*Bb)&.7'(174E!)(&7'(1$(8/%48(1>4%!8('(5*+%4.1 TS 75*+M(1%$! 34 7+$ 75+ MUGEREH41*$7)) +5!
5Y4E-+*+9481>5%64*$%'14%14%+8(IM89!(Q/($+&(4*7'14%+8(@!0+*-13424%0418(Q(E!)$%, 8!$(&%M(E

e e e e e e e e N e T e e

Female 9&'&15%#3 " "

Choice

6%)::$1! M316" N4470; 416" F104470;41#6"
M3" =" %" .

06:" %&" ** %&"

Male Choice = 9&'&15%#3 " "

6%)::$1" M316" N4470; 416" F104470;41#6"
M3" . &" **

06:" . )" "

TOTAL 9&'&15%#3 ! !

6%)::$1! M316" N4470; 416" F104470;41#6"
M3" Op+" %)" %("

06:" &." %%" %)"

P340<" "+ &*" &-"

)(



==('8&7) Q@

(

Figure 11: VA+*+7'HIBEA3/1+41%-(1)+(ER/%S$*7G'(1/'78*+5!/%%'1> 9H&IQ! OH&@.|0+*-%3H$(E!'+,-*+4 1 TAEI TEE+*+06
%) /%AEI07*($91;/(72(SEVaBHS+*+%4(EI 7#1<.1Z<.I'b<IE(,$((8.I'+,-*8I TAEI&(783%+4, 1*7/(17**75-(EI TAEIM+E(%!
57&($71%A1*$+/D6EQ

)’



