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,-5-,-D#$./754:+/.7.-+5$-,:7*.4$+5$1-=2=-9#8$7$M#,+/752>,$+9$P52#/4.752-56$
EMGPK$174$2/79.#2$-5$HIIQ$752$4-65#2$-5$HIIRC$!"#$-5.#5.$+9$."#$MGP$-4$.+$"#=:$
F@G!$752$STU%$9>=9-==$."#-/$B#*.-+5$N$*+54>=.7.-+5$/#V>-/#,#5.4$>52#/$."#$
)52756#/#2$B:#*-#4$%*.8$/#2>*#$."#$2#,7524$+9$9>.>/#$*+54>=.7.-+5$/#V>-/#,#5.48$
752$#54>/#$."7.$,-.-67.-+5$752$=752$,7576#,#5.$4./7.#6-#4$7/#$-,:=#,#5.#2$?;$."#$
/#4:+54-?=#$O>/-42-*.-+5$752$-5$."#$?#4.$=+*7.-+54$/#67/2=#44$+9$1"#/#$."#$7*.>7=$
./754:+/.7.-+5$:/+O#*.4$7/#$=+*7.#28$."#/#?;$#54>/-56$."#$6/#7.#4.$?#5#9-.$.+$1-=2=-9#$
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]-0#/$U7.#/4"#2$F+>5*-=\$752$4:#*-7=$-5.#/#4.$6/+>:4$4>*"$74$F+=+/72+$!/+>.$
P5=-,-.#2C$%$MGP$174$4-65#2$?#.1##5$."#4#$6/+>:4$-5$HI^^$.+$*++/2-57.#$752$
=#0#/76#$#99+/.4$+5$9>.>/#$:/+O#*.4$-5$."#$'ZNI$M+>5.7-5$F+//-2+/$+5$?#"7=9$+9$
7V>7.-*$/#4+>/*#4C$!"+>6"$BU))L$9+*>4#4$+5$7$07/-#.;$+9$-44>#4$/#67/2-56$4./#7,$
752$1#.=752$"#7=."8$*++/2-57.-+5$?#.1##5$."#$%&'()$752$BU))L$6/+>:4$1-==$#54>/#$
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&'0!$)!(%)7*0.!8*303*+.!8*$2!#&+.!(&##&4.8&9#!,'0.%!)%!)7.%!&!%)&08&9@!E7.'!82.%.!
'.8!%)&0#!&%.!')$!B.*'4!B,*3$1!&!4%)8*'4!B)09!)+!#-*.'$*+*-!%.#.&%-2!,'0.%#-)%.#!$2.!
*5()%$&'-.!)+!$2.#.!8*303*+.!-%)##*'4#!*'!2.3(*'4!$)!%.#$)%.!2&B*$&$!-)''.-$*7*$9!+)%!
8*303*+.!&-%)##!./*#$*'4!%)&08&9#!:G3.7.'4.%!.$!&3!<==<!J!E7*'D!<==<?@!K*303*+.!
-%)##*'4!#$%,-$,%.#!L!*'-3,0*'4!)7.%(&##.#!&'0!,'0.%(&##.#1!*'!-)'M,'-$*)'!8*$2!
8*303*+.!+.'-*'4!I!2&7.!B..'!#2)8'!$)!%.#$)%.!&'0!5&*'$&*'!3&'0#-&(.!-)''.-$*7*$91!
&#!8.33!&#!%.0,-.!&'*5&3I7.2*-3.!-)33*#*)'#!:N&'D!.$!&3!<==<J!G3.7.'4.%!<==<!J!
F'&((!<==OJ!P)00!.$!&3!<==>!?@!A(.-*.#!(%.+.%.'-.#!+)%!-%)##*'4!#$%,-$,%.#!&%.!
-)'$*'4.'$!)'!&!',5B.%!)+!+&-$)%#!%.3&$*'4!$)!3)-&$*)'1!#*6.1!&'0!0.#*4'!:;&%09!.$!&3!
<==>?1!&'0!&%.!B&#.0!)'!$2.!B*)3)49!)+!$2.!#(.-*.#!&#!8.33!&#!.'7*%)'5.'$&3!+&-$)%#!
$2&$!&++.-$!2)8!&!#(.-*.#!(.%-.*7.#!()$.'$*&3!(&##&4.8&9#!:F*'$#-2!&'0!G%&5.%!
<=HH?@!!
!
N&%',5!:<==Q?!0.5)'#$%&$.0!$2&$!8*303*+.!0)!')$!-%)##!%)&0#!%&'0)5391!B,$!#.3.-$!
-%)##*'4!3)-&$*)'#!B&#.0!)'!&--.##!$)!-)7.%1!+)%&4.1!(%.9!)%!)$2.%!3&'0#-&(.!&'0!
2&B*$&$!+.&$,%.#@!R)-&$*'4!-%)##*'4!#$%,-$,%.#!8*$2*'!(%.+.%%.0!-%)##*'4!&%.&#!*#!
.##.'$*&3!+)%!.'#,%*'4!$2.!#,--.##!)+!$2.#.!#$%,-$,%.#!:S)#$.%!&'0!;,5(2%.9!HTTO1!
G3.7.'4.%!&'0!K*.%6-2)8#D*!<==U?@!"!-)5B*'&$*)'!)+!&'*5&3I7.2*-3.!-)33*#*)'!0&$&1!
VCAIB&#.0!&'&39#.#1!4&5.!$%&*3!5&((*'41!8*303*+.!5)7.5.'$!(&$$.%'#!&'0!2&B*$&$!
5&(#1!&'0!./(.%$!*'+)%5&$*)'!-&'!&33!B.!,#.0!$)!2.3(!*0.'$*+9!-%)##*'4!&%.&#!
:G3.7.'4.%!.$!&3!<==<"1!W..#.!.$!&3!<==T?@!S,%$2.%!#*$.I#(.-*+*-!&##.##5.'$#!&'0!
#(.-*.#I#(.-*+*-!+*.30!#$,0*.#!:.@4@1!A-2.*-D!&'0!X)'.#!HTTT1!G3.7.'4.%!.$!&3!<==<!1!
P)00!.$!&3!<==>"?!&'0!.'4*'..%*'4!&##.##5.'$#!&%.!'..0.0!$)!(*'()*'$!$2.!B.#$!&'0!
5)#$!-)#$I.++.-$*7.!3)-&$*)'#!+)%!'.8!8*303*+.!-%)##*'4!#$%,-$,%.#1!&3$2),42!
3&'0#-&(.!&'0!%)&08&9!+.&$,%.#1!#,-2!&#!#,*$&B3.!2&B*$&$1!%)&0!-,$#!&'0!#2),30.%!
B&%%*.%#1!-&'!&3#)!B.!&((%&*#.0!$)!2.3(!0.$.%5*'.!#$%,-$,%.!3)-&$*)'#!:N&%',5!.$!&3!
<==>?@!!
!
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;<<89&>'*3#'&#)&*?&;<66!B9&*&32?)%J!"#$%#!&*""'/*$4&'#K2%'#!&D*?*($%(+&)4#!#&
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&
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!2EE%$%#()?5&$*")2'#&)4#!#&(##0!C&R($/'"/'*)%(+&$/((#$)%,%)5&$/(!%0#'*)%/(!&*)&)4#&
/2)!#)&/E&*&"'/A#$)&#(!2'#!&)4*)&3%)%+*)%/(&#EE/')!&*'#&E2??5&%()#+'*)#0&%()/&"'/A#$)&
0#!%+(!9&'#02$%(+&$/!)!&*(0&"'#,#()%(+&0#?*5!&%(&"'/A#$)&0#?%,#'5C&&
!
!
"#$#! %&'!()*+,*-.)/0!12/3'4*256!7+89!1.'0:!%';<!
&
.1@S&0#!$'%D#!&)4#&E/2(0*)%/(&E/'&#$/!5!)#3JD*!#0&3%)%+*)%/(&%(&*&'#"/')&#()%)?#09&
"#$%&$'(#)*+,+)-+"#$./.012+3445$)#6+0$+7181*$4(-'+9-:5).05;#0;51+<5$=1#0.+-:'/P(&
;<<HBC&T$/!5!)#3JD*!#0&3%)%+*)%/(&%!&0#!$'%D#0&*!&U)4#&"'/$#!!&/E&'#!)/'%(+9&
$'#*)%(+9&#(4*($%(+9&*(0&"'#!#',%(+&4*D%)*)&*(0&/)4#'&#$/!5!)#3&E#*)2'#!&%(&
$/(A2($)%/(&P%)4&/'&%(&*0,*($#&/E&"'/A#$)!&%(&*'#*!&P4#'#&#(,%'/(3#()*?&(##0!&*(0&
)4#&"/)#()%*?&#(,%'/(3#()*?&$/()'%D2)%/(!&4*,#&D##(&0#)#'3%(#0&)/&D#&)4#&+'#*)#!)VC&
:2%?0%(+&/(&)4#&"'#3%!#&)4*)&)'*(!"/')*)%/(&%(E'*!)'2$)2'#&$*(&D#&0#,#?/"#0&%(&P*5!&
)4*)&*'#&3/'#&#$/?/+%$*??5&!#(!%)%,#9&.1@S&%!&"'/3/)%(+&)4#&%0#*&)4*)&3%)%+*)%/(&
!4/2?0&D#&0/(#&%(&)4#&D#!)&"?*$#&#$/?/+%$*??5W&3%)%+*)%/(&(##0&(/)&D#&$/(!)'*%(#0&)/&
)4#&D/2(0*'%#!&/E&*&)'*(!"/')*)%/(&"'/A#$)&%E&+'#*)#'&D#(#E%)!&$/2?0&D#&'#*?%X#0&
#?!#P4#'#C&R()#'*+#($5&$/??*D/'*)%/(&*(0&"*')(#'!4%"!&*'#&%0#()%E%#0&*!&Y#5&
#?#3#()!&/E&*(&T$/JF/+%$*?&*""'/*$49&*(0&3#$4*(%!3!&)/&!2""/')&"*')(#'!4%"&*(0&
$/??*D/'*)%/(&!4/2?0&D#&%($/'"/'*)#0&E'/3&)4#&#*'?%#!)&!)*+#!&/E&"?*((%(+&*(0&
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;<<ZC&.%E)##(&+'*()!9&)/)*?%(+&[6C\&3%??%/(9&P#'#&*P*'0#0&)/&)#*3!&*$'/!!&)4#&
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$/33#($#0&%(&`*(2*'5&;<<7&*(0&P#'#&$/3"?#)#0&%(&^#")#3D#'&;<66C&&



 

 8 

!
!"#$%&'(&#))$*"+*$,-.!$"+/$+0&#+/1$2+/#$*'3+&/)$0'4(5*#&2$%0+4464($7'&$%'*#4*6+0$
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62%&'8#2#4*)$'77#&$#F@#00#4*$'%%'&*=46*6#)$7'&$#4"+4@64($@'4/6*6'4)$7'&$360/067#$
%+))+(#$=4/#&$'&$'8#&$95:;$+4/$0#))#4$*"#$'8#&+00$H+&&6#&$#77#@*$'7$*"#$64*#&)*+*#G$
#8#4$3"#&#$*"#$"6("3+1$7''*%&64*$2+1$64@&#+)#D$$$
$
!"#$=0*62+*#$'HI#@*68#$'7$*"#$95:;$?@'5A'(6@+0$J&'I#@*$3+)$*'$/#8#0'%$)'0=*6'4)$7'&$
26*6(+*64($*&+4)%'&*+*6'4$62%+@*)$'4$360/067#$"+H6*+*$@'44#@*686*1$+0'4($*"#$95:;$
<'=4*+64$,'&&6/'&$7&'2$K'0/#4$L<J$MNOG$3#)*$'7$-#48#&P$*'$3#)*$'7$-'*)#&'$L<J$
QR;P$*"+*$3600$"#0%$&#)*'&#$"+H6*+*$@'44#@*686*1$7'&$360/067#G$&#/=@#$ES,$&+*#)G$+4/$
0#))#4$62%+@*)$*'$%&'*#@*#/$)*+*=)$)%#@6#)$L<+%$QPD$!'$+@@'2%06)"$*"6)G$T'@B1$
<'=4*+64$U60/$L7'&2#&01$,#4*#&$7'&$V+*68#$?@')1)*#2)P$+4/$?,.5&#)'0=*6'4)G$AA,$
@'00+H'&+*#/$36*"$,-.!G$,'0'&+/'$U+*#&)"#/$E))#2H01$+4/$U#)*#&4$
!&+4)%'&*+*6'4$94)*6*=*#$*'W$QP$@'2%60#$H+)#064#$647'&2+*6'4$'4$*"#$%&#)#4@#$'7G$+4/$
=)#$'7$#F6)*64($@&'))64($)*&=@*=&#)$H1G$360/067#$+0'4($95:;X$MP$/#8#0'%$
&#@'22#4/+*6'4)$7'&$26*6(+*64($*"#$62%+@*)$'7$&'+/)$+4/$*&+776@$'4$360/067#G$
)%#@676@+001$&'+/$2'&*+06*1$+4/$"+H6*+*$7&+(2#4*+*6'4X$+4/$RP$7+@606*+*#$*"#$
#486&'42#4*+0$&#86#3$%&'@#))$+4/$%&'86/#$+4$#4"+4@#/$7'&=2$7'&$)*+B#"'0/#&$
648'08#2#4*D$!"#$)*&#4(*"$'7$*"#$T#(6'4+0$?@')1)*#2$Y&+2#3'&BG$+)$+%%06#/$64$*"#$
95:;$<'=4*+64$,'&&6/'&G$06#)$64$*"#$#F%+4)6'4$'7$+4$64*#(&+*68#$%0+4464($%&'@#))$*"+*$
6)$)=%%'&*#/$H1$+$@'2%&#"#4)68#$@'44#@*686*1$+))#))2#4*$'7$*"#$,'&&6/'&D$!"6)$
7&+2#3'&B$%&'86/#)$,-.!$+4/$,'&&6/'&$)*+B#"'0/#&)$36*"$*"#$)*&=@*=&#$7'&$
@'00+H'&+*68#G$647'&2#/$/#@6)6'4$2+B64($4#@#))+&1$7'&$#4)=&64($*62#01$+4/$#77#@*68#$
%&'I#@*$/#068#&1D$$
$
$
$
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!
! !"#$%&!"#$%!&'(#)(*+',-!./(01'2!32456!,/1,7!
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!"#$%&'()(
(
*+,-./0+1(2('310-+24(&5-67683/(9.2/3:-.;<(=282(2+>(
#+247606(
(
!
"#$!%&'(!)$*+,-./!01,2324$5!67.5$8,79!+2!.!48,&:7,-*$;!.::7,.1#!<.2$;!+-!
1,5:7$#$-2+=$!;.4.!23-4#$2+2!.-;!.-./32+2>!.-;!1/$.7/3!;$?+-$;!24.9$#,/;$7!
:7,1$22$2!@A$14+,-!BC!;$2+*-$;!4,!+-17$.2$!47.-2:.7$-13!.-;!.11,D-4.<+/+43!+-!4#$!
:/.--+-*>!;$2+*-!.-;!+5:/$5$-4.4+,-!,?!8+/;/+?$!:$75$.<+/+43!5$.2D7$2E!F#+/$!4#$2$!
:.7.//$/!1,5:,-$-42!.7$!;+21D22$;!2$:.7.4$/3!#$7$>!+4!+2!+5:,74.-4!4,!-,4$!4#.4!4#$3!
,11D77$;!1,-1D77$-4/3!2D1#!4#.4!24.9$#,/;$72!+-?,75$;!;.4.!1,//$14+,-!.-;!.-./32+2!
$??,742!8#+1#>!+-!4D7->!+-?,75$;!+-?,75.4+,-!-$$;2!.-;!:7+,7+4+$2!?,7!+-4$*7.4+=$!
:/.--+-*!.-;!24.9$#,/;$7!1,//.<,7.4+,-E!!
!
"#+2!2$14+,-!;$217+<$2!4#$!5$4#,;2!.-;!,D41,5$2!,?!.-!$G4$-2+=$!$??,74!4,!1,5:+/$!
$G+24+-*!;.4.!2,D71$2!,-!8+/;/+?$!5,=$5$-4!:.44$7-2H!1,5:+/$!-$8>!1,5:/$5$-4.73!
;.4.!.-;!+-?,75.4+,-H!=./+;.4$!.-;!7$=+2$!4#$!I%J2!,7+*+-.//3!;$/+-$.4$;!+-!K((L!.-;!
+;$-4+?3!7,.;&247$.5!17,22+-*2!+5:,74.-4!?,7!?+2#!:.22.*$H!.-;!;$=$/,:!:7$/+5+-.73!
5+4+*.4+,-!7$1,55$-;.4+,-2!?,7!7$24,7+-*!1,--$14+=+43!?,7!8+/;/+?$!.17,22!4#$!
+-4$724.4$E!M2!.!:.74!,?!4#$2$!$??,742>!4#$!:7,N$14!4$.5!1,5:+/$;!,7+*+-./!.-;!$G+24+-*!
+-?,75.4+,-!,-!4$77$247+./!.-;!.OD.4+1!8+/;/+?$!?7,5!.!=.7+$43!,?!2,D71$2!+-1/D;+-*!.-!
$G4$-2+=$!?+$/;!2D7=$3!4,!.22$22!4#$!1D77$-4!:$75$.<+/+43!,?!%&'(!?,7!2$/$14!2:$1+$2H!
1.5$7.!47.:!;.4.!,-!8+/;/+?$!.14+=+43!.4!$G+24+-*!<7+;*$2!.-;!1D/=$742H!8+/;/+?$!#.<+4.4!
.-;!2:$1+$2!:7$2$-1$!;.4.H!.-+5./&=$#+1/$!1,//+2+,-!;.4.H!.-;!;.4.!,<4.+-$;!4#7,D*#!
.!8$<2+4$!8#$7$!4#$!:D</+1!7$:,74$;!8+/;/+?$!2+*#4+-*2E!"#+2!;.4.!1,5:+/.4+,-!8.2!
4#$-!D2$;!4,!;$=$/,:!.!2324$5.4+1!.-;!47.-2:.7$-4!:7,1$22!?,7!D:;.4+-*!.-;!
=./+;.4+-*!4#$!PB!I%J2!+;$-4+?+$;!+-!K((L>!.-;!;$=$/,:!.-!.-./,*,D2!:7,1$22!?,7!
+;$-4+?3+-*!7,.;&247$.5!17,22+-*2!4#.4!.7$!+5:,74.-4!?,7!?+2#!:.22.*$E!"#+2!
+-?,75.4+,-!8.2!2D55.7+Q$;!4,!*D+;$!4#$!;$=$/,:5$-4!,?!:7$/+5+-.73!5+4+*.4+,-!
7$1,55$-;.4+,-2!?,7!$-#.-1+-*!1,-;+4+,-2!?,7!4$77$247+./!.-;!.OD.4+1!1,--$14+=+43E!
!
M2!.!7$2D/4>!RST"!.-;!+42!.*$-13!:.74-$72!.7$!-,8!$OD+::$;!4,!+-4$*7.4$!
1,--$14+=+43!7$1,55$-;.4+,-2!?7,5!4#$!,D42$4!,?!:7,N$14!:/.--+-*!4,!?.1+/+4.4$!
$-=+7,-5$-4./!247$.5/+-+-*!.-;!:7,N$14!+5:/$5$-4.4+,-E!"#$!5+4+*.4+,-!
7$1,55$-;.4+,-2!:7,=+;$!.-!+-+4+./!*D+;$!?,7!+-1,7:,7.4+-*!1,--$14+=+43!-$$;2!+-4,!
R,77+;,7!:7,N$142!4#.4!8+//!<$!?D74#$7!;$=$/,:$;!;D7+-*!"+$7!K!:/.--+-*!:7,1$22$2E!
F#$7$!:,22+</$>!4#$2$!5+4+*.4+,-!7$1,55$-;.4+,-2!#+*#/+*#4!,::,74D-+4+$2!4,!
+5:7,=$!$G+24+-*!247D14D7$2!?,7!8+/;/+?$!:.22.*$!.2!8$//!.2!+;$-4+?3+-*!-$$;2!?,7!-$8!
17,22+-*!247D14D7$2!4,!.11,55,;.4$!4.7*$4!2:$1+$2!5,=$5$-42!
!
!
!
!
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!"#"$ %&'&$()*+,-&',).$&./$()--01',).$$
!
!
!"#"#"$ 2+01,03$&./$4&5,'&'$%&'&$()*+,-&',).$
"#$%&$'!(&)*!%+,,$%)&-&).!%+,%$/,'!&,!)*$!0123!4+5,)6&,!7+//&8+/!&,%958$!)$//$')/&69!
'#$%&$'!(*+'$!:+-$:$,)!#6)*'!&,)$/'$%)!)*$!&,)$/')6)$!6,8!,6)&-$!;&'*!'#$%&$'!)*6)!
+%%5/!&,!')/$6:'!<&'$%)$8!<.!)*$!&,)$/')6)$=!>$//$')/&69!)6/?$)!'#$%&$'!($/$!&8$,)&;&$8!
6'!'#$%&$'!(&)*!)*/$6)$,$8!6,8!$,86,?$/$8@!'$,'&)&-$!+/!+)*$/!'#$%&69!')6)5'@!+/!6,.!
+)*$/!'#$%&$'!(&)*!6!'6;$).!+/!*6<&)6)!;/6?:$,)6)&+,!%+,%$/,!&,!)*$!%+,)$A)!+;!)*$!01
23!4+5,)6&,!7+//&8+/=!BC56)&%!)6/?$)!'#$%&$'!&,%958$8!)*/$6)$,$8!6,8!$,86,?$/$8@!
'$,'&)&-$!6,8!+)*$/!'#$%&69!')6)5'!'#$%&$'!6'!($99!6'!6,.!,6)&-$!'#$%&$'!(&)*!6!<6//&$/!
+/!*6<&)6)!;/6?:$,)6)&+,!%+,%$/,=!B!9&')!+;!699!)$//$')/&69!6,8!6C56)&%!'#$%&$'!&'!
6-6&96<9$!&,!!""#$%&'(!=!!
 
>$//$')/&69!'#$%&$'!6/$!%6)$?+/&D$8!6%%+/8&,?!)+!)*$&/!"#$%&$'!4+-$:$,)!E5&98@!6!
/+681$%+9+?.!%96''&;&%6)&+,!;+/!8$'&?,&,?!;5,%)&+,69!(&989&;$!%/+''&,?!')/5%)5/$'!
F>6<9$!GH!I&,)'%*!6,8!7/6:$/@!J3GGK=!>*$'$!E5&98'!%6)$?+/&D$!(&989&;$!<6'$8!+,!)*$&/!
<+8.!'&D$@!:+8$'!+;!9+%+:+)&+,!6,8!#/$;$//$8!%/+''&,?!')/5%)5/$!%*6/6%)$/&')&%'!L!
#/$;$/$,%$'!)*6)!6/$!96/?$9.!<6'$8!+,!#/$86)+/!6-+&86,%$!<$*6-&+/'!6,8!)*$!,$$8!
;+/!%+,)&,5+5'!*6<&)6)!%+,8&)&+,'!)*/+5?*!6!%/+''&,?!')/5%)5/$=!>*$!%96''&;&%6)&+,!
'.')$:!;6%&9&)6)$'!6,!5,8$/')6,8&,?!+;!)*$!&,;95$,)&69!;$6)5/$'!)*6)!/$,8$/!6!
')/5%)5/$!;5,%)&+,69!+/!,+,1;5,%)&+,69!;+/!8&;;$/$,)!).#$'!+;!(&989&;$@!6,8!699+('!
)/6,'#+/)6)&+,!<&+9+?&')'!)+!$-6956)$!)*$!#*.'&%69!6,8!$,-&/+,:$,)69!%+,8&)&+,'!6,8!
#+)$,)&69!%+,')/6&,)'!)+!:+-$:$,)!;/+:!)*$!#$/'#$%)&-$!+;!?/+5#'!+;!'#$%&$'=!>*&'!!
5,8$/')6,8&,?!;6%&9&)6)$'!')/6)$?&%!:&)&?6)&+,!)*6)!%6/$;599.!%+,'&8$/!)*$!<$*6-&+/!!
!
6&5-0$#=!"#$%&$'!4+-$:$,)!E5&98'!FI&,)'%*!6,8!7/6:$/@!J3GGK=!!

7)80*0.'$9:,-/$ 6;+,1&-$2+01,03$)<$6=&'$9:,-/$

M+(!4+<&9&).!":699!N65,6! 0,-$/)$</6)$'@!;/+?'@!)+68'@!'+:$!'696:6,8$/'!!

4+8$/6)$!4+<&9&).!":699!N65,6! "C5&//$9'@!/6%%++,'@!*6/$'@!($6'$9'!

B86#)&-$!O&?*!4+<&9&).!N65,6! P96%Q!<$6/@!<+<%6)@!%+.+)$@!9.,A!

O&?*!R#$,,$''@!O&?*!4+<&9&).!
76/,&-+/$'!

E/&DD9.!<$6/@!:+5,)6&,!9&+,@!(+9;!

B86#)&-$!S,?596)$'! T$$/@!:++'$@!:+5,)6&,!?+6)!

U$/.!O&?*!R#$,,$''!N65,6! V9Q@!<&?*+/,!'*$$#@!#/+,?*+/,!6,)$9+#$!

B/<+/$69!N65,6! N9.&,?!'C5&//$9'@!'+:$!<6)'!

B$/&69!N65,6! "+,?<&/8'@!/6#)+/'@!<6)'!
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!"#$%&'('&'")'*$+($'!),$-!&.'-$*%')/'*$!"#$!00+1*$.'"'&!0/2!-/+"$!)&+**$*%')/'*$/"$!$
)+33+"$45/0#6$7'('&$-+$!""#$%&'()$(+&$!$)+3%0'-'$#'*)&/%-/+"$+($'!),$+($-,'$8%')/'*$
9+:'3'"-$45/0#*6$
$
;/0#0/('$,!</-!-$#!-!$1'&'$)+3%/0'#$(&+3$=>?;@*$A!-5&!0$>/:'&*/-B$C"(+&3!-/+"$
DA>C8$EFGFH$8+5&)'$#!-!<!*'$!"#$+-,'&$*+5&)'*$(+&$'!),$-'&&'*-&/!0$-!&.'-$*%')/'*$
(+&$1,/),$*%!-/!0$#!-!$1!*$!:!/0!<0'I$</.,+&"$*,''%J$<0!)K$<'!&J$<+&'!0$-+!#J$=!"!#!$
0B"LJ$'0KJ$3++*'J$3+5"-!/"$0/+"J$350'$#''&J$"+&-,'&"$0'+%!&#$(&+.J$M&'<0'@*$3'!#+1$
N53%/".$3+5*'$!"#$&/:'&$+--'&6$O!</-!-$#!-!$0!B'&*$)+3%/0'#$(+&$-,/*$%&+N')-$/")05#'$
1/"-'&$!"#$*533'&$&!".'*J$3/.&!-/+"$)+&&/#+&*J$)+")'"-&!-/+"$!&'!*J$+))5%/'#$
,!</-!-$!"#$+-,'&$*%')/'*P*%')/(/)$,!</-!-$#!-!J$!"#$*%')/'*P*%')/(/)$0/"K!.'$3+#'0*$
D8+5-,'&"$7+)K/'*$Q)+*B*-'3$M&+N')-$EFFRH6$$
$
ST=$#!-!$1'&'$!0*+$)+3%/0'#$(+&$-,'$!"!0B*/*6$U,'$=+0+&!#+$8-!-'$M!-&+0@*$D=8MH$
#!-!<!*'$%&+:/#'*$!$*533!&B$+($&'%+&-'#$1/0#0/('P&'0!-'#$!))/#'"-*$!)&+**$-,'$
=+&&/#+&V$!##/-/+"!0$&+!#K/00$&')+&#*$!&'$3!/"-!/"'#$<B$=>?;$(+&$%!&-/)50!&$*%')/'*$
+($/"-'&'*-J$/")05#/".$=!"!#!$0B"LJ$3+5"-!/"$0/+"J$!"#$<0!)K$<'!&6$ST=*$!&'$.'"'&!00B$
&')+."/2'#$!*$<'/".$*':'&'0B$5"#'&&'%+&-'#$!*$1'00$!*$5"':'"0B$&'%+&-'#$+:'&$-/3'$
!"#$.'+.&!%,/'*$D7+3/"$!"#$W/**+"'--'$GXXYJ$O'**'$EFFYJ$8/'0')K/$EFGFH6$Z5&-,'&J$
ST=$&!-'*$#+$"+-$&'(0')-$/3%!)-*$-+$!$1/0#0/('$%+%50!-/+"J$1,/),$3!B$<'$3+&'$*':'&'$
(+&$!$*3!00$%+%50!-/+"$D'6.6J$0B"LH$-,!"$!$0!&.'$%+%50!-/+"$D'6.6J$#''&H6$$7'.!&#0'**J$
)+")'"-&!-/+"*$/"$ST=*$)!"$,'0%$#'(/"'$%&+<0'3!-/)$*-&'-),'*$+($&+!#1!B$!"#J$!*$
*5),J$1'&'$/")05#'#$!*$+"'$+($350-/%0'$0!B'&*$/"$-,'$!"!0B*/*$-+$&'#'(/"'$)+""')-/:/-B$
2+"'*$/"$-,'$=+&&/#+&6$$
$
U,'$CP[F$9+5"-!/"$=+&&/#+&$-&!:'&*'*$-,&+5.,$-,&''$1!-'&*,'#*$\$-,'$Q!.0'$7/:'&J$
W05'$7/:'&$!"#$=0'!&$=&''K$1!-'&*,'#*J$!"#$-+5),'*$+"$-1+$!##/-/+"!0$1!-'&*,'#*J$
-,'$8+5-,$M0!--'$7/:'&$D"'!&$-,'$'!*-'&"$'"#$+($-,'$*-5#B$!&'!H$!"#$-,'$=+0+&!#+$
7/:'&$1!-'&*,'#$!-$-,'$1'*-'&"$'"#6$S]5!-/)$-!&.'-$*%')/'*$/#'"-/(/'#$(+&$-,/*$%&+N')-$
/")05#'$!"B$-,&'!-'"'#$!"#$'"#!".'&'#J$*'"*/-/:'J$!"#$+-,'&$*%')/!0$*-!-5*$"!-/:'$
(/*,$(+5"#$1/-,/"$-,'*'$1!-'&*,'#*$!*$1'00$!*$!"B$"!-/:'$*%')/'*$%&'*'"-/".$!$
<!&&/'&$+&$,!</-!-$(&!.3'"-!-/+"$)+")'&"$/"$-,'$)+"-'L-$+($-,'$CP[F$9+5"-!/"$
=+&&/#+&J$!*$#'-'&3/"'#$<B$</+0+./*-*$!-$=>?;$!"#$^8Z;8$D!""#$%&'(!H6$
$
=>?;$/*$-,'$!5-,+&/-!-/:'$*+5&)'$(+&$!00$!]5!-/)$#!-!$/"$-,'$*-!-'$+($=+0+&!#+$DO6$
T'&3/00/+"J$=>?;J$%'&*+"!0$)+335"/)!-/+"J$9!&),$GFJ$EFGGH6$>!-!$&']5'*-'#$(&+3$
-,'$!.'")B$1!*$5*'#$-+$#'-'&3/"'$1,'-,'&$-!&.'-$*%')/'*$%&'*'")'$/"$!$*-&'!3$
*'.3'"-$1!*$)+"(/&3'#J$!<*'"-$+&$5"K"+1"$D*+3'$*-&5)-5&'*$,!#$"+$!:!/0!<0'$
#!-!H6$S-$*+3'$0+)!-/+"*J$"!-5&!0$<!&&/'&*$!&'$%&'*'"-$+&$3!"P3!#'$<!&&/'&*$,!:'$
<''"$/"*-!00'#$-+$%&+-')-$'L/*-/".$"!-/:'$)5--,&+!-$-&+5-$%+%50!-/+"*$(&+3$/":!*/+"$
<B$"+"P"!-/:'*$!"#_+&$)+"-!/"$-,'$*%&'!#$+($1,/&0/".$#/*'!*'6$C"(+&3!-/+"$+"$
/"-'"-/+"!0$<!&&/'&*$-,&+5.,+5-$-,'$*-5#B$!&'!$1!*$+<-!/"'#$-,&+5.,$
)+335"/)!-/+"*$1/-,$-,'$/"#/:/#5!0$!]5!-/)$</+0+./*-*$!-$=>?;$1,+*'$!**/."'#$
#/*-&/)-*$(!00$1/-,/"$-,'$=+&&/#+&6$8-&'!3$*'.3'"-*$1/-,$-,'$%+-'"-/!0$-+$&'*-+&'$
"!-/:'$)5--,&+!-$-&+5-$1'&'$/#'"-/(/'#$!*$%+-'"-/!0$<!&&/'&$0+)!-/+"*$':'"$-,+5.,$
-,'&'$/*$)5&&'"-0B$"+$<!&&/'&$%&'*'"-6$
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!
!"#"!"$ %&'()'*$+,-.,/&0*$ $
"!#$%&'(!)*!()+,-+.!*'+/$('0!1#*2$'#3'!/4'!5'(%'+&121/.!)*!6789!*)(!,1**'('#/!
-12,21*'!05'31'0:!6#*2$'#/1+2!*'+/$('0!1#32$,'!/4'!#$%&'(!)*!/(+**13!+#,!+$;121+(.!2+#'0<!
1#/'(34+#='0!+#,!*()#/+='!()+,0>!/(+**13!05'',0>!$#,'(5+00'0!+/!0'2'3/!2)3+/1)#0!/4+/!
%+.!*$#3/1)#!+0!-12,21*'!3()001#=0>!%',1+#!+#,!04)$2,'(!&+((1'(0>!/4'!5('0'#3'!)*!+!
?'='/+/',!%',1+#>!5();1%1/.!)*!0$1/+&2'!4+&1/+/>!/'((+1#!*'+/$('0!@1#32$,1#=!#+/$(+2!
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('3)(,!1#*)(%+/1)#!)#!/4'!01/'Z0!/'(('0/(1+2!+#,!()+,!0'=%'#/!34+(+3/'(10/130:!Y)(!
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%'+0$('%'#/0!)*!0/($3/$(+2!,1%'#01)#0!-'('!%+,'!$01#=!+!S997%'/'(!)5'#!(''2!
%'+0$(1#=!/+5'!)(<!*)(!2)#='(!,10/+#3'0<!+![1L)#!Y)('0/(.!\\9!].50)%'/'(!
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+"%-)"''%HP&)*(#%IAAKL7%%M")$%6$+&5/$6%#&BB5*0%&*6%&*&/<'5'%"1%4&))5$)'%&/"*0%+.$%
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*'&/$*$.*&?"**$%(-&)(&,)1/1)3$&".*)4)*5&*C"*&#"5&('*&2$&."?*0%$/&4)"&'*C$%&/"*"&
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01!6$#1'01"'(0!$.0$!"'4$!/3#'01"'(-!/3#'&34'2&%%'("&(63('7563/06!/3#'B&('360'
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46.$5"30"4'/3'601"!'(0$4/"('7"=#=,'8%">"3#"!'&34'C&%016'9:::<=''



 

 18 

!
!"#$%&'(!"#"$%&'%()*+%",-"%./"*(0"12.%"0%%&"23%"*)"1,(4),&4(+".,'*)4,(3"4(")5%"6789":,2()*4("
;,&&40,&"4("<9=9>""
)'*+&',-.&%-'-/'/+"0'0"/&'1-0'2$3,/"43"3#'24%'5&00'/+-3'678'42'/+&'/".&'24%'('4%'.4%&'.43/+0'"3'/+&'0/$9:'
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GA&#.'Q;&%3**)'J/+$%,#I'(%)'&P$.'ROS'GTJN@'>'U&)'U*7<#HQ*;)&%HL*++$#*%I5'6$+#.8'
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XB'+&V"$+$%,'"#&+#'.*'%*.&'32&+&'.2&B'&%.&+&)'(%)'&P$.&)'.2&'2$,23(B'32&%'('
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.*'(77&%."(.&'.2&'%"0!&+'*1'#$,2.$%,#'$%'.2&'3&#.&+%'/*+.$*%'*1'.2&'#.")B'(+&('32$;&'
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!"#$%&')"!D$5'2!'+)%'2!6$H+5!8A!($'3!*4B%4+5!,$(!2)94!$8*4(9'5)$+*!$,!8)B7$(+!*744&G!42K!'+3!
%H24!344(C!:D$5'2!+!L!EEMN;C!O$54!($'3@'A!*4B%4+5*!@)57!+$!$8*4(9'5)$+*!'(4!+$5!3)*&2'A43!
)+!57)*!B('&7C!

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

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

01.*)
)

!#*+"()
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!

!
!"#$%&'("!#$%&'!&()*&'!+$,(%!-.!/$&0!123*2(%!4$/!')52!$-12/5&%)$(1!$(!6789!:)'0')42!:&%+;!$4!
-'&+<!-2&/=!+$.$%2=!'.(>=!*&/*$%=!*&/%2(=!*$,(%&)(!')$(=!/&++$$(=!/20!4$>=!&(0!,(<($?(!&(0!
,(')1%20!1@2+)21A!B#$%&'!(!C!DEFA!G$%2!/$&0?&.!123*2(%1!?)%;!($!$-12/5&%)$(1!&/2!($%!
0)1@'&.20!)(!%;)1!3/&@;A!
!
!
"#"#! $%&'('()!*'+,+'&%!-./%0%(1!2.(%3!!
!
#;2!@/$+211!$4!)02(%)4.)(3!1@2+)4)+!%2//21%/)&'!+$((2+%)5)%.!H$(21!&(0!@/)$/)%.!/$&07
1%/2&*!+/$11)(3!'$+&%)$(1!)1!&(!)*@$/%&(%!1%2@!)(!2(1,/)(3!%;2!*$1%!244)+)2(%!,12!$4!
/21$,/+21!&(0!0)/2+%)(3!*)%)3&%)$(!0$''&/1!%$!'$+&%)$(1!?)%;!%;2!3/2&%21%!(220!4$/!%;2!
3/2&%21%!2+$'$3)+&'!-2(24)%A!I2+%)$(!JAJAE!021+/)-21!%;2!&(&'.121!+$(0,+%20!%$!
)02(%)4.!&(0!02')(2&%2!%2//21%/)&'!?)'0')42!*$52*2(%!H$(21!BK6L17J9EEFM!I2+%)$(!
JAJAJ!021+/)-21!;$?!/$&071%/2&*!+/$11)(31!?2/2!@/)$/)%)H20!%$!;)3;')3;%!'$+&%)$(1!
)*@$/%&(%!4$/!4)1;!@&11&32A!!
!
"#"#4#! 5'(67)%!8(1%9&%9%(:%!2.(%3!;5823<"=44>!
N!*&O$/!$-O2+%)52!$4!%;2!6789!P+$7K$3)+&'!Q/$O2+%!?&1!%$!&@@'.!,@0&%20!0&%&12%1!%$!
/24)(2!&(0!5&')0&%2!%;2!J99R!K6L1=!&(0!%$!&11211!+$((2+%)5)%.!H$(21!&%!%;2!6789!
)(%2/4&+2!)(!%;2!+$(%2>%!$4!%;2!'&/32/!2+$1.1%2*A!#;)1!12+%)$(!$4!%;2!/2@$/%!$,%')(21!
%;2!*2%;$01!,120!%$!+/2&%2!&!+$(1)1%2(%!&(0!%/&(1@&/2(%!@/$+211!4$/!)02(%)4.)(3!
%2//21%/)&'!+$((2+%)5)%.!H$(21!)(!%;2!6789!S$,(%&)(!T$//)0$/A!#;212!/24)(20!H$(21=!-.!

?+%(@..,!
AB9'()3!
!

C7'+!
!

?%.9)%1.@(!
!
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!"#$$%$&'()*('+$(,-./0(1)%%2''$$3(!#$(1!44$5(-2&6!"$(.&'$#*$#$&1$(7)&$89:;<<(
=-.789:;<<>3(')(528'2&"?28+('+$%(*#)%('+$(-.78()#2"2&!44@(5$81#2A$5(2&(:;;BC(,(
5$'!24$5(%$'+)58(#$D)#'(28(!E!24!A4$(2&(!""#$%&'()C((
(
F+$(D#2%!#@(8'$D8(*)#('+28(G.H98?DD)#'$5(!&!4@828(2&14?5$5I(

• .5$&'2*@2&"(D#2%!#@(!&5(8$1)&5!#@(D!#!%$'$#8(*)#(D#2)#2'2J2&"(#)!5(
8$"%$&'8(A!8$5()&('+$2#(D)'$&'2!4(1)&'#2A?'2)&(')(+!A2'!'(1)&&$1'2E2'@(*)#(
K24542*$L((

• M!&62&"(!&5('!44@2&"('+$(D#$8$&1$N!A8$&1$()*(D#2%!#@(D!#!%$'$#8(*)#($!1+(
<N<;'+(%24$(8$"%$&'(!4)&"('+$(O)##25)#L(!&5((

• ,DD4@2&"(5$1282)&(#?4$8(*)#(5$42&$!'2&"(5281#$'$(1)&&$1'2E2'@(J)&$8(K2'+2&(
$!1+(A2)#$"2)&(!&5(!DD4@2&"(8$1)&5!#@(1#2'$#2!(!8(!DD#)D#2!'$C((

F)(1!D'?#$(1)&&$1'2E2'@(&$$58(*)#('+$(52E$#8$(!##!@()*(K24542*$(D#$8$&'(!4)&"('+28(
<P;9%24$(#)!5K!@(8$"%$&'3('+$(!&!4@828(#$Q?2#$5('+!'(!'(4$!8'()&$(-.79:;<<(A$(
25$&'2*2$5(K2'+2&($!1+()*('+$(8'?5@(!#$!R8(*2E$(A2)#$"2)&8(=F!A4$(:>C(
(

!"#$%&'((S2)#$"2)&8(!4)&"('+$(.9T;(U)?&'!2&(O)##25)#(=OVWF(:;;B>(
)*+,%-*+.& /*$%0+121&

X$8'$#&(H4)D$(Y))'+2448( UZ(<P;([(<T;(
X$8'$#&(H4)D$(U)&'!&$( UZ(<T;([(<\:(
H?A!4D2&$( UZ(<\:([(:<B(](UZ(:<^([(::^(
,4D2&$( UZ(:<B([(:<^(
0!8'$#&(H4)D$(U)&'!&$( UZ(::^([(:__(

(
(
H?2'!A4$(+!A2'!'(28(!&(2%D)#'!&'(2&521!')#()*(1#)882&"(!1'2E2'@(=S!#&?%(:;;P>C(
Z#2%!#@(D!#!%$'$#8(K$#$(5$#2E$5(*#)%('+$(1)%D24$5(K24542*$(+!A2'!'(!8(K$44(!8(,/O(
5!'!(=H$1'2)&(:C<C<>C(H)%$(!E!24!A4$(5!'!(4!@$#8(K$#$($`14?5$5(*#)%('+$(!&!4@828(
A$1!?8$('+$(5!'!(K!8('))("$&$#!4()#(2&1)&828'$&'(!1#)88('+$(8'?5@(!#$!C(,44(
D!#!%$'$#8(=2C$C3('!#"$'(8D$12$8()#(,/O(5!'!>(!&5(8?AD!#!%$'$#8(=2C$C3(+!A2'!'(5!'!(
4!@$#3(8?1+(!8(K2&'$#(#!&"$>(K$#$(#!&6$5()&(!(8'!&5!#52J$5(81!4$(8)('+!'(!44(E!4?$8(!'(
!("2E$&(4)1!'2)&(1)?45(A$(8?%%$5C(0!1+(D!#!%$'$#(K!8("2E$&(!(%!`2%?%(81)#$(')(
!E)25()&$(D!#!%$'$#(+!E2&"(!&(?&#$!8)&!A4$(K$2"+'(K2'+2&(!&(!&!4@828(8$"%$&'C(
F+28(!48)(+$4D$5(%!2&'!2&(!(A!4!&1$(A$'K$$&(D!#!%$'$#8('+!'(+!E$(%)#$()#(*$K$#(
8?AD!#!%$'$#83()#(!E!24!A4$(+!A2'!'(!&5(%)E$%$&'(5!'!(4!@$#8C(Y$5$#!4(!&5(8'!'$(
'+#$!'$&$5(!&5($&5!&"$#$5(8D$12$8(K$#$("2E$&(!(+2"+$#(%!`2%?%(D)882A4$(81)#$(
'+!&('+$(%)#$(1)%%)&("!%$(8D$12$8C(O!&!5!(4@&`3(Z#$A4$R8(%$!5)K(a?%D2&"(%)?8$(
!&5(A)#$!4(')!5(K$#$($!1+(!44)K$5(!(%!`2%?%(D)882A4$(81)#$()*(:;3('+$(+2"+$8'(
D)882A4$C(-@&`(!&5(Z#$A4$R8(!#$(A)'+(428'$5(!8('+#$!'$&$5(?&5$#('+$(0&5!&"$#$5(
HD$12$8(,1'3(!&5(A)#$!4(')!5(28(!(8'!'$($&5!&"$#$5(8D$12$8(!&5(K!8()&('+$(1!&525!'$(
8D$12$8(428'(?&'24('+$(%259:;;;8C(M2E$#()''$#(K!8("2E$&(!(%!`2%?%(D)882A4$(81)#$()*(
<:(A$1!?8$()*(2'8(8'!'$('+#$!'$&$5(8'!'?8C((
(
Y)#($!1+(*)1!4(8D$12$8(D!#!%$'$#3(8?AD!#!%$'$#8(K$#$(25$&'2*2$53(#$D#$8$&'2&"('+$(
52**$#$&'(+!A2'!'(E!4?$8(*)#('+!'(8D$12$8C(,E!24!A4$(5!'!(4!@$#8(*)#(!("2E$&(*)1!4(
8D$12$8(K$#$(2&14?5$5(2&('+$(!&!4@828()&4@(2*('+$(+!A2'!'(K!8(25$&'2*2$5(!8(2%D)#'!&'(
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!"#$%"%&'()*)+&,$-%(.&."-*(+&/01(/(-%&20..$30.4&50.&%!"%&67(2$(6)&8-&*(-(."9+&:;<=&
'>??@4&."-A$-*6&50.&7.$0.$%B&,$939$5(&!"#$%"%&50.&(20-0/$2&67(2$(6&"-3&67(2$(6&"%&.$6A&
,(.(&C6(3&"6&"&*C$3(9$-(&50.&7.$0.$%$D$-*&"-3&620.$-*&6C#7"."/(%(.6)&8-&3(%(./$-$-*&
620.(6&50.&("2!&6C#E7"."/(%(.+&67(2$(6&$3(-%$5$(3&"6&F6(-6$%$1(G&'()*)+&#0.("9&%0"3&"-3&
:"-"3"&9B-H4&"-3&/0.(&6(-6$%$1(&!"#$%"%&%B7(6&'()*)&022C7$(3&!"#$%"%4&,(.(&*$1(-&"&
!$*!(.&$-3$1$3C"9&620.(&%!"-&/0.(&*(-(."9&!"#$%"%&%B7(6&'()*)&01(."99&."-*(4+&C-9(66&
%!(&:;<=&'>??@4&."-A$-*6&C6(3&50.&*C$3"-2(&3$2%"%(3&0%!(.,$6()&I03(9(3&,$939$5(&
9$-A"*(6&'JKLM&>??@4&,(.(&*$1(-&%!(&!$*!(6%&$-3$1$3C"9&6C#7"."/(%(.&620.(&
#(2"C6(&%!(B&$-3$2"%(&".("6&05&%!(&9"-362"7(&%!"%&!"1(&#((-&67(2$5$2"99B&$3(-%$5$(3&"6&
$/70.%"-%&50.&,$939$5(&/01(/(-%&"-3&$-20.70."%(&"&1".$(%B&05&$-50./"%$0-&'()*)&902"9&
"-3&.(*$0-"9&(H7(.%$6(+&9"-362"7(&2!"."2%(.$6%$26+&,$939$5(&!"#$%"%&7.(5(.(-2(6&"-3&
3$67(.6"9&"#$9$%$(64)&
&
N!(&/03(9(3&,$939$5(&9$-A"*(6&'JKLM&>??@4&,(.(&"960&*$1(-&%!(&!$*!(6%&
6C#7"."/(%(.&620.(&50.&20//0-&67(2$(6&6C2!&"6&#$*!0.-&6!((7&"-3&/C9(&3((.&
#(2"C6(&%!(6(&3"%"&9"B(.6&.(9"%(&3$.(2%9B&%0&/01(/(-%&".("6&50.&%!(6(&67(2$(6)&
J(-6$%$1(&!"#$%"%&%B7(6+&6C2!&"6&,$-%(.&."-*(+&,(.(&*$1(-&"-&$-3$1$3C"9&
6C#7"."/(%(.&620.(&#"6(3&0-&%!(&:;<=&."-A$-*6)&:(.%"$-&3"%"&9"B(.6+&6C2!&"6&
!$*!,"B&2.066$-*6+&,(.(&$-29C3(3&(1(-&%!0C*!&%!(B&,(.(&-0%&."-A(3&#B&:;<=&
#(2"C6(&%!(B&,(.(&3((/(3&$/70.%"-%&$-&%!(&20-%(H%&05&%!$6&6%C3B)&N!(6(&3"%"&9"B(.6&
,(.(&*$1(-&"&620.(&#"6(3&0-&620.(6&50.&20/7"."#9(&3"%"&9"B(.6)&J((&%!(&5C99&/(%!036&
.(70.%&$-&!""#$%&'()&50.&"&9$6%&05&"99&7"."/(%(.6+&6C#7"."/(%(.6&"-3&%!($.&/"H$/C/&
"990,"#9(&1"9C(6)&&
&
N!(&/06%&C7E%0E3"%(&OP:&3"%"&"1"$9"#9(&5.0/&:090."30&J%"%(&M"%.09&,(.(&C6(3&50.&"99&
67(2$(6&(H2(7%&/0C-%"$-&9$0-+&#9"2A&#(".&"-3&9B-H)&Q0.&%!(6(&%!.((&67(2$(6+&"&
6(7"."%(&3"%"6(%&/"$-%"$-(3&#B&:;<=&,"6&C6(3&"6&%!$6&3"%"6(%&$-29C3(6&"99&2099(2%(3&&&
.0"3A$99&$-2$3(-%6&50.&%!(6(&67(2$(6+&-0%&RC6%&%!06(&,$%!&"&,.$%%(-&"22$3(-%&.(70.%)&
O-$/"9E1(!$29(&2099$6$0-&3"%"&2099(2%(3&5.0/&#0%!&"*(-2$(6&,(.(&.(9"%(3&%0&%!(&
-(".(6%&STS?%!&/$9(&"-3&6C//(3&%0&0#%"$-&%!(&%0%"9&-C/#(.&05&OP:6&7(.&STS?%!&/$9()&&
&
8-&%!(&U8J+&%!(6(&!"#$%"%&1"9C(6&,(.(&.(9"%(3&%0&"&#C55(.(3&9"B(.&05&8EV?&.(59(2%$-*&%!(&
#0C-3".$(6&05&0C.&6%C3B&".("+&3$1$3(3&$-%0&STS?%!&/$9(&6(*/(-%6)&L"2!&STS?%!&/$9(&
6(*/(-%&%!(-&.(2($1(3&"&%0%"9&620.(&#"6(3&0-&%!(&6C/&05&"99&%!(&7"."/(%(.6&
022C..$-*&$-&%!"%&6(*/(-%+&"-3&6/00%!(3&,$%!&%!(&%,0&"3R"2(-%&6(*/(-%6&%0&
"2A-0,9(3*(&%!"%&0-(&6(*/(-%&$6&9$A(9B&$-59C(-2(3&#B&$%6&-($*!#0.$-*&6(*/(-%6&
'WC$R6(.&(%&"9)&>??@4)&X"6(3&0-&%!(&6/00%!(3&620.(6+&%!(&>?%!+&Y?%!+&Z?%!+&@?%!+&"-3&
S??%!&7(.2(-%$9(6&,(.(&2"92C9"%(3)&&
&
<-2(&%!(&7.$0.$%$D"%$0-&05&STS?%!&/$9(&6(*/(-%6&,"6&20/79(%(3+&%!(&-(H%&6%(7&,"6&%0&
"779B&"&6(%&05&3(2$6$0-&.C9(6&%0&7.01$3(&"&20-6$6%(-%&7.02(66&50.&3(9$-("%$-*&
$-3$1$3C"9&[8\6E>?SS&,$%!$-&%!(&:0..$30.)&N!(&50990,$-*&6C$%(&05&3(2$6$0-&.C9(6&,(.(&
"779$(3&%0&3(5$-(&[8\6E>?SS]&

• N!(&/$-$/C/&9(-*%!&50.&"&[8\&$6&^&/$9(&'$)()+&5$1(&STS?%!&/$9(&6(*/(-%64_&
• O-B&P(.B&W$*!&0.&W$*!&STS?%!&/$9(&.0"3&6(*/(-%&'$)()+&Z?ES??%!&7(.2(-%$9(4&$6&

"C%0/"%$2"99B&$-29C3(3&$-&"&[8\_&
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• !"#$%#&#'()*#%+#,%-$(-.%./#0*1(.'234-5*1#3%41#/*6'*-$/#7892:9$;#

"*3,*-$()*<#43*#(-,).1*1#(-#4#=>?#(+#/.33%.-1*1#@A#B*3A#C(6;#%3#C(6;234-5*1#

3%41#/*6'*-$/D#

• E#/(-6)*#FGF9$;#'()*#=%H#"3(%3($A#3%41#/*6'*-$#7@*)%H#$;*#89$;#"*3,*-$()*<#(/#

(-,).1*1#(-#4#=>?#%-)A#(+#($#(/#/.33%.-1*1#@A#B*3A#C(6;#%3#C(6;#3%41#/*6'*-$/#

%3#H($;(-#4-#(-,).1*1#0*1(.'234-5*1#/*6'*-$D#

• E#=%H#"3(%3($A#3%41#/*6'*-$#IGF9$;#'()*#)%-6#%3#63*4$*3#'435/#$;*#*-1#%+#4#

=>?D#

• E#=>?#'4A#,3%//#@(%3*6(%-/J##

#

=>?/2I9FF#H*3*#$;*-#+.3$;*3#3*+(-*1#$%#*K,).1*#;*4L()A#1*L*)%"*1#43*4/#4)%-6#$;*#

;(6;H4A#,%33(1%3J#E*3(4)#('46*3A#H4/#./*1#$%#,%-1.,$#$;(/#3*+(-*'*-$#(-/$*41#%+#$;*#

M>N#)4-1#./*G)4-1#,%L*3#)4A*3O#H;(,;#,%43/*)A#6*-*34)(P*/#)4-1#./*J#>-#$;(/#'4--*3O#

'4Q%3#1*L*)%"*1#43*4/#4)%-6#$;*#R%33(1%3O#/.,;#4/#$;*#S%H-#%+#B4()O#H*3*#*K,).1*1O#

H;()*#/$())#(-,).1(-6#%$;*3#3*/(1*-$(4)#43*4/#H;*3*#H()1)(+*#'4A#/$())#"4//#7*J6JO#)%H2

'*1(.'#1*-/($A#3*/(1*-$(4)#43*4/<J#S;(/#4-4)A/(/#"3%,*//#4-1#$;*#3*/.)$(-6#

,%--*,$(L($A#P%-*/#.-1*3H*-$#4#$;%3%.6;#3*L(*H#"3%,*//#@A#$;*#E=>BT#,%''($$**O#

)*41(-6#$%#/*L*34)#3*L(/(%-/#4-1#($*34$(%-/#@*+%3*#$;*#+(-4)#=>?/2I9FF#H*3*#

,%-+(3'*1J#

#

!/(-6#$;(/#4-4)A/(/#"3%,*1.3*O#FU#1(/$(-,$#,%--*,$(L($A#P%-*/#3*"3*/*-$(-6#+%.3#%+#

$;*#+(L*#@(%3*6(%-/#H*3*#(1*-$(+(*1#4)%-6#$;*#>2U9#0%.-$4(-#R%33(1%3#704"/#8#V#U<J#

S;*#4)"(-*#@(%3*6(%-O#$;*#%-)A#%-*#-%$#3*"3*/*-$*1#(-#$;*#=>?/2I9FFO#(/#%-)A#$H%#

'()*/#)%-6#4-1#$;*3*#(/#4#)4-1#@3(16*#%L*3#$;*#(-$*3/$4$*#+%3#'%/$#%+#($/#)*-6$;#H;*3*#

>2U9#$34L*)/#$;3%.6;#$;*#T(/*-;%H*3GW%;-/%-#S.--*)/#.-1*3#$;*#R%-$(-*-$4)#X(L(1*J#

E,3%//#$;*#R%33(1%3O#$;*#"3('43A#"434'*$*3/#H($;#$;*#63*4$*/$#(-+).*-,*#%-#;%H#$;*#

=>?/2I9FF#H*3*#1*+(-*1#43*Y#*)5O#'.)*#1**3O#)A-KO#4-1#EBR#,%.-$/J#Z($;(-#4#=>?2

I9FFO#4-A#/"*,(*/#"434'*$*3#$;4$#/,%3*1#;4)+#%3#'%3*#%+#$;*#'4K('.'#/,%3*#

"%//(@)*#+%3#$;4$#"434'*$*3#4,3%//#4$#)*4/$#;4)+#%+#$;*#43*4#*-,%'"4//*1#@A#$;4$#=>?#

H4/#(1*-$(+(*1#4/#4#"3('43A#$436*$#/"*,(*/#+%3#$;4$#=>?J#[$;*3#/"*,(*/#%,,.33(-6#

H($;(-#$;*#=>?O#@.$#H($;#)*//#(-+).*-,*#%-#1*+(-(-6#$;*#=>?#43*#,%-/(1*3*1#/*,%-143A#

$436*$#/"*,(*/J#\%3#4#+.))#1*/,3("$(%-#%+#$;*#"3('43A#"434'*$*3/#$;4$#13%L*#$;*#

(1*-$(+(,4$(%-#%+#(-1(L(1.4)#=>?/2I9FFO#/**#$;*#+.))#4-4)A/(/#'*$;%1/#3*"%3$#(-#

!""#$%&'()J#]3('43A#4-1#/*,%-143A#$436*$#/"*,(*/#+%3#*4,;#=>?#H*3*#3*L(*H*1#@A#
RX[Z#@(%)%6(/$/#4-1#41Q./$*1#4/#4""3%"3(4$*#$%#4,,%''%14$*#,%--*,$(L($A#-**1/#

+%3#$;*#1(L*3/($A#%+#H()1)(+*O#(-,).1(-6#$;%/*#H;(,;#'4A#-%$#@*#/.++(,(*-$)A#,4"$.3*1#

@A#$;*#=>?2I9FF#4-4)A/(/#1.*#$%#4#"4.,($A#%+#14$4J#\%3#*K4'")*O#'.)*#1**3#H4/#

."6341*1#$%#4#"3('43A#$436*$#/"*,(*/#4$#=>?#TO#X%H1/#W.-,$(%-O#@*,4./*#$;(/#(/#4#

,3($(,4)#"%(-$#(-#$;*#1**3#'(634$(%-#,%33(1%3D#'%.-$4(-#)(%-O#4#;4@($4$#6*-*34)(/$#

('"%3$4-$#"3*14$%3#/"*,(*/#+%3#H;(,;#$;*3*#(/#)($$)*#/"4$(4))A#*K")(,($#14$4O#H4/#411*1#

4/#4#/*,%-143A#$436*$#/"*,(*/#$%#/*L*34)#=>?/2I9FF#H($;#('"%3$4-$#"3*A#/"*,(*/#

;4@($4$J##

#

E#,%'"43(/%-#%+#$;*#I9FF#4-1#I998#=>?/#1*'%-/$34$*/#)%,4$(%-/#(1*-$(+(*1#(-#@%$;#

4-4)A/*/#4/#H*))#4/#/*L*34)#$;4$#H*3*#%-)A#(1*-$(+(*1#(-#%-*#%3#$;*#%$;*3J#R%'"43*1#

$%#$;*#=>?/2I998O#$;*#=>?2I9FF#4-4)A/(/#(1*-$(+(*1#'%3*#1(/,3*$*#,%--*,$(L($A#P%-*/J#



 

 26 

!
!"#$%&!"#$%&'())!*+!,-.!/.%,.0+!120,*2+!23!,-.!%,456!70.7!3028!92,%.02!,2!:7%,!;7*<!=7%%>!?40@42*%.!24,<*+.5!70.7%!5.3*+.!,-.!"#$%&
'())A!B7CDE024+5!C2<20%!0.10.%.+,!,-.!07+D*+E!23!)F)(,-!8*<.!0275/76!%.E8.+,%>!!



 

 27 

!
!"#$%&!"#$%&'())!*+!,-.!./%,.0+!120,*2+!23!,-.!%,456!/0./!3027!8211.0!924+,/*+:;-..<.0!=4+>,*2+!,2!?2<5.+@!A40B42*%.!24,<*+.5!
/0./%!5.3*+.!,-.!"#$%&'())C!D/>EF024+5!>2<20%!0.10.%.+,!,-.!0/+E*+F!23!):)(,-!7*<.!02/5G/6!%.F7.+,%@!!



 

 28 

!
!"#$%&!"#$%&'())!*+,-.!/012,-34!5635%7!,-!183!93%136-!+/61,/-!/:!183!%104;!5635<!:6/=!>/1%36/!1/!?5%1!@5,2!A5%%!9,18!%0==34!5-,=52&
B38,C23!C/22,%,/-!C/0-1%!,-!183!D5C.E6/0-4F!



 

 29 

!
!"#$%&!"#$%&'())!*+,-.!/012,-34!5635%7!,-!183!35%136-!+/61,/-!/9!183!%104:!5635!96/;!</++36!=/0-15,->?833236!@0-A1,/-!1/!B/243-!C,18!
%0;;34!5-,;52&D38,A23!A/22,%,/-!A/0-1%!,-!183!E5A.F6/0-4G!



 

 30 

!"#"$%""$&'()*+&,-#"./$0&122.-3/41%"56&78&4/5"*+&9"."&/:"$%/;/":&/$&%<"&=>88&
1$156*/*+&,-421.":&%-&8?&@-$"*&"$,-421**/$0&A7&4/5"*&/$&=>>BC&D<"&=>>B&1$156*/*&
15*-&/$,5E:"*&%9-&'()*&;-.&9</,<&*EFG*"04"$%*&9"."&/:"$%/;/":+&*2",/;/,1556+&'()&A&1&H&
F+&IJ22".&1$:&'-9".&K"*%&L1/5&M1**N&1$:&'()&O&1&H&F&I'1*P"6&1$:&Q14/5%-$&RE5,<&%-&
S"1:&T--$&RE5,<NC&K</5"&F-%<&1$156*"*&/$,-.2-.1%":&41$6&-;&%<"&*14"&%62"*&-;&:1%1&
516".*+&%<"&'()G=>>B&2.-,"**&91*&F1*":&-$&"32".%&1**"**4"$%&-;&%<"&1#1/51F5"&:1%1&
516".*C&($&1::/%/-$+&%<"&*2",/;/,*&-;&%<"&'()G=>>B&1$156*/*&2.-,"**&1."&$-%&9"55&
:-,E4"$%":+&1$:&*-&%<"&2.-,"**&/*&$-%&."2"1%1F5"&9/%<&4-."&E2G%-G:1%"&:1%1*"%*C&
D1F5"&?&2.-#/:"*&1&*/:"GF6G*/:"&,-421./*-$&-;&%<"&'()*&/:"$%/;/":&/$&"1,<&1$156*/*&
IU12*&V&H&ONC&&
&
&
!"#$%&'(&T-421./*-$&-;&=>88&1$:&=>>B&'()*C&W-.&"1,<&'()G=>88+&%<"&122.-3/41%"56&
,-.."*2-$:/$0&'()G=>>B&/*&5/*%":C&($&*-4"&,1*"*+&%<"."&/*&1&'()&/:"$%/;/":&/$&-$"&1$156*/*&%<1%&
91*&$-%&/:"$%/;/":&/$&%<"&-%<".C&($&-%<".&,1*"*+&%9-&'()*G=>88&416&,-.."*2-$:&%-&1&*/$05"&
'()G=>>B+&1*+&/$&0"$".15+&5-$0".&*"04"$%*&9"."&/:"$%/;/":&/$&%<"&=>>B&1$156*/*&9</5"&%<"&
=>88&1$156*/*&:";/$"*&4-."&,-$,/*"&@-$"*C&

)*+,-.//& 01$%23454& )*+,-..6& 01$%23454&
)-$"&X&IS-%*".-N& 8?>COG8?8C?& '()&8&IS-%*".-N& 8?8CBG8?BC7&
YZX& & '()&=&I[105"&X/.2-.%&%-&

D-9$&-;&[105"N&
8B=C>G8B7C?&

)-$"&\&IK-5,-%%&K"*%N& 878C=G87BC8& '()&?&I[105"&%-&K-5,-%%N& 8B]C?G87?CA&
)-$"&T&IK-5,-%%N& 877C?G87AC?& '()&B&IK-5,-%%&%-&X#-$N& 87BCBG8AAC7&
)-$"&S&IK-5,-%%&[1*%N& 87]C8G&87OCA& '()&B&IK-5,-%%&%-&X#-$N& 87BCBG8AAC7&
)-$"&[&IS-9:*&^E$,%/-$N& 8AOCBG8]=CV& '()&7&IS-9:&T1$6-$N& 8AOC7G8]=C?&
)-$"&W&IL1/5&G&[1*%N& 8]ACVG8V>C8& YZX& &
)-$"&R&IR-."&T.""PN& 8V>COG8V=C8& YZX& &
)-$"&Q&IK"*%&L1/5&M1**N& 8V=COG8VVC8& '()&A1HF&IK"*%&L1/5&M1**N& 8V8C]G8VVC7&
)-$"&(&I[1*%&L1/5&M1**N& 8O8CVG8OBC=& '()&]&I[1*%&L1/5&M1**&%-&

T-22".N&
8O>CBG8OBC>&

)-$"&^&IK<""5".&^E$,%/-$N& 8O7C=G8O7CV& '()&V&I_;;/,".`*&RE5,<Z_95&
T1$6-$N&

8O7C7G=>>CO&

)-$"&a&I'1*P"6&RE5,<N& =>]C?G&=>O& '()&O1&I'1*P"6&RE5,<N& =>]C>G=>OC]&
)-$"&'&IQ14/5%-$&RE5,<N& =88CAG=8=CB& '()&OF&IQ14/5%-$&RE5,<&%-&

S"1:&T--$&RE5,<N&
=8>C]G=8=CA&

)-$"&U&I\1P".#/55"N& =8ACBG==]C8& '()&8>&IQ".41$&RE5,<&%-&
\1P".#/55"N&

=8AC]G==>CV&

)-$"&Y&I[42/."&^E$,%/-$N& =?8CAG=?=CO& '()&88&I[1*%&-;&[42/."&-$&
J!&B>N&

(G]>&[3/%&=?=&

YZX& & '()&8=&IW155&b/#".N& =?]C=G=?VC=&
)-$"&_&IT5"1.&T.""P&
^E$,%/-$N&

=B?C>G=BBCO& YZX& &

)-$"&M&I\"1#".&\.--PN& =B7C7G=7>C=& '()&8?&IU%&L".$-$&T1$6-$N& =BAC7G=7VC8&
)-$"&c&IU%&L".$-$&T.""PN& =7=CVG=7]CA& '()&8?&IU%&L".$-$&T1$6-$N& =BAC7G=7VC8&



 

 31 

!
!"#$%&!"#$%&'())!*+,-.,/0%1!/,+20314!5-15%6!5%!7/895-14!+/!+:1!"#$%&'((;!*9,-921!:5%:14!5-15%6!03!+:1!<1%+1-3!9/-+0/3!/=!+:1!%+,4>!
5-15!=-/8!?/+%1-/!+/!@5%+!A502!B5%%C!D57EF-/,34!7/2/-%!-19-1%13+!+:1!-53E03F!/=!)G)(+:!8021!-/54<5>!%1F813+%C!



 

 32 

!
!"#$%&!"#$%&'())!*+,-.,/0%1!/,+20314!5-15%6!5%!7/895-14!+/!+:1!"#$%&'((;!*9,-921!:5%:14!5-15%6!03!+:1!15%+1-3!9/-+0/3!/<!+:1!%+,4=!5-15!
<-/8!>/991-!?/,3+503@A:1121-!B,37+0/3!+/!C/2413D!E57FG-/,34!7/2/-%!-19-1%13+!+:1!-53F03G!/<!)@)(+:!8021!-/54H5=!%1G813+%D!



 

 33 

!"!"#"$$ %&'()*+$,-../+)*0*)1$2-+()*-.3$
!"#$%&'%()*%+,-.*/(0%+,//*#(-$%1#%2-"+*%1#%()*%#"(1&#30%/&"4%#*(5&/6%5*/*%4*017#*4%
51()%()*%01#7,-"/%2,/2&0*%&'%4/"1#"7*%*''1+1*#+$8%51()&,(%/*7"/4%'&/%0(/*"9%+)"##*-%
+&#(1#,1($%&/%'10)%2"00"7*%:;&/9"##%*(%"-%<==>?@%A)*%&BC*+(1.*%'&/%()10%+&92&#*#(%&'%
()*%DEF=%G+&EH&71+"-%I/&C*+(%5"0%(&%+&#4,+(%"%2/*-191#"/$%"00*009*#(%(&%4*(*/91#*8%
'1/0(8%5)*/*%+&##*+(1.1($%'&/%'10)%2"00"7*%10%#**4*4J%0*+&#48%5)*()*/%"%/&"4E0(/*"9%
+/&001#7%2/*0*#(0%"%B"//1*/%(&%'10)%2"00"7*%"(%()*0*%-&+"(1&#08%"#4%1'%0&8%14*#(1'$%()*%
'*"(,/*0%()"(%/*#4*/%()*%+/&001#7%"%B"//1*/J%"#48%'1#"--$8%4*(*/91#*%5)*()*/%()*%
+/&001#7%+"#%B*%/*(/&'1(%(&%192/&.*%'10)%2"00"7*%&/%1'%#*5%+/&001#7%0(/,+(,/*%10%
#**4*4%"(%()"(%-&+"(1&#@%A)10%($2*%&'%1#1(1"-%1#.*#(&/$%10%192&/("#(%'&/%2/1&/1(1K1#7%
0(/*"9%+/&001#70%()"(%B-&+6%"++*00%(&%"L,"(1+%)"B1("(08%192-*9*#(1#7%"22/&2/1"(*%
/*(/&'1(08%5)*/*%'*"01B-*8%"#4%4*017#1#7%#*5%/*2-"+*9*#(%+/&001#70%()"(%*#+&92"00%
()*%',--%/"#7*%&'%"L,"(1+%"#4%(*//*0(/1"-%+&##*+(1.1($%#**40%"(%"%71.*#%-&+"(1&#%
:M"-1'&/#1"%N*2"/(9*#(%&'%A/"#02&/("(1&#%<==F8%OPQP%<==R?@%Q&/%()*%2,/2&0*0%&'%()*%
DEF=%G+&EH&71+"-%I/&C*+(8%"L,"(1+%+&##*+(1.1($%'&+,0*0%&#%'10)%2"00"7*%"#4%4&*0%#&(%
+&#014*/%+&##*+(1.1($%#**40%'&/%&()*/%($2*0%&'%"L,"(1+%&/7"#1090@%
%
A5&%+/1(*/1"%5*/*%,0*4%(&%4*(*/91#*%5)*()*/%"%/&"4E0(/*"9%+/&001#7%10%"%2/1&/1($%
'&/%"L,"(1+%+&##*+(1.1($J%#"9*-$8%()*%2/*0*#+*%&'%"%("/7*(%02*+1*08%"#4%"#%"B0*#+*%&'%
1#(*#(1&#"-%B"//1*/0%"-&#7%()*%0(/*"9%0*79*#(@%N"("%&B("1#*4%'/&9%MNST%0(/*"9%
9&#1(&/1#7%0("(1&#0%5*/*%,0*4%(&%4*/1.*%"%-10(%&'%("/7*(%02*+1*0%"(%*"+)%/&"4E0(/*"9%
+/&001#7<@%D#%0&9*%+"0*08%"%0(/*"9%0"92-1#7%-&+"(1&#%5"0%#&(%41/*+(-$%&#%()*%0(/*"9%
1#%L,*0(1&#J%'&/%*U"92-*8%5)*/*%()*%/&"4E0(/*"9%+/&001#7%10%&#%"%(/1B,("/$%"#4%()*%
0"92-1#7%01(*%10%&#%()*%9"1#0(*9@%D#%()*0*%1#0("#+*0%()*%#*"/*0(%0"92-1#7%01(*%1#%()*%
0(/*"9%#*(5&/6%5"0%,0*4%(&%/*2/*0*#(%02*+1*0%2/*0*#+*%'&/%()*%0(/*"9%0*79*#(@%
T)*/*%()*/*%5"0%#&%0"92-1#7%01(*%51()1#%91-*0%,20(/*"9%&/%4&5#0(/*"9%&'%()*%
/&"4E0(/*"9%+/&001#7%()*%("/7*(%02*+1*0%10%-10(*4%"0%V,#6#&5#3@%%
%
D#(*#(1&#"-%B"//1*/0%1#%"%0(/*"9%#*(5&/6%2/&(*+(%2,/*8%#"(1.*%'10)%'/&9%)$B/141K1#7%
51()%0(&+6*4%&/%1#(/&4,+*4%0(/"1#08%"#4%2/&(*+(%"7"1#0(%()*%02/*"4%&'%1#."01.*%
02*+1*0%&/%410*"0*0%(&%()*0*%2,/*%2&2,-"(1&#0%:OPQP%<==R?@%D#'&/9"(1&#%&#%
1#(*#(1&#"-%9"#9"4*%"#4%#"(,/"-%B"//1*/0%(&%"L,"(1+%2"00"7*%&#%0(/*"90%51()1#%()*%
M&//14&/%5"0%&B("1#*4%'/&9%()*%1#41.14,"-%410(/1+(%B1&-&710(0%()"(%&.*/0**%*"+)%&'%
()*%5"(*/0)*40%1#%()*%2/&C*+(%"/*"8%"0%()10%1#'&/9"(1&#%10%#&(%"."1-"B-*%()/&,7)%"%
+*#(/"-1K*4%4"("B"0*@%W"//1*/0%"/*%0&9*(19*0%-&+"(*4%,20(/*"9%'/&9%()*%DEF=%/&"4E
0(/*"9%+/&001#78%1#%5)1+)%+"0*%+&##*+(1.1($%"(%()*%/&"4E0(/*"9%+/&001#7%9"$%&/%9"$%
#&(%B*%"%2/1&/1($@%P(/*"90%51()%B"//1*/0%"/*%-&+"(*4%&#%()*%9"1#0(*9%/"()*/%()"#%"(%
()*%1#.*#(&/1*4%(/1B,("/$%/*L,1/*%',/()*/%+&#0,-("(1&#%51()%MNST%"L,"(1+%B1&-&710(0%
(&%4*(*/91#*%5)*()*/%'10)%2"00"7*%10%"%2/1&/1($%"(%()"(%+/&001#7%-&+"(1&#@%P(/*"9%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
<%MNST%10%B$%0("(,(*%:M@X@P@%YYEZEZ=ZJ%YYEZEZ=>J%YYEZEZZ=:[??%()*%",()&/1("(1.*%0&,/+*%'&/%"--%"L,"(1+%
4"("%1#%()*%0("(*%"#4%()*%4"("%2/&.14*4%B$%MNST%10%()*%B*0(%"."1-"B-*%'10)%4"("%1#%M&-&/"4&@%P"92-1#7%
2/&(&+&-0%"(%*"+)%01(*%."/1*0%4*2*#41#7%&#%()*%2,/2&0*%&'%()*%+,//*#(%0"92-1#7%2/&C*+(@%P&9*(19*0%
&#-$%4"("%&#%02*+1'1+%02*+1*0%"/*%+&--*+(*4%5)1-*%&()*/%(19*0%()*%5)&-*%"00*9B-"7*%10%("/7*(*4%:\@%
]*/91--1&#8%MNST8%2*/0@%+&99@8%!"/+)%<=ZZ?@%!
 



 

 34 

!"#$"%&!'(%)"*'+,%!-)"*.&-,%'/,*'&0"'*"!&,*.&-,%',/'+(&&0*,.&'&*,(&'$.1'0.2"'.'%"3'
4.**-"*'-%&*,)(+")'-%'&0"'/(&(*"'&,'5*"!"*2"'&0"'+,%!"*2.&-,%'5,5(6.&-,%'-%'&0.&'
!"#$"%&7''
'
8%1'!-&"'3-&0'&.*#"&'!5"+-"!'5*"!"%&',*'(%9%,3%:'.%)'3-&0,(&'.%'-%&"%&-,%.6'4.**-"*'
3.!'+,%!-)"*")'.'5*-,*-&1'6,+.&-,%'/,*'/-!0'5.!!.#":'.6&0,(#0'!-&"!'3-&0'&.*#"&'
!5"+-"!'(%9%,3%'3-66'%"")'.))-&-,%.6'+,%!(6&.&-,%'3-&0';<=>'.%)?,*'!(*2"1!'&,'
+,%/-*$'!5"+-"!'5*"!"%+"7'@,*'".+0',/'&0"!"'6,+.&-,%!:'&0"')"#*""'&,'30-+0'.%'ABCD'
*,.)B!&*".$'+*,!!-%#'.+&!'.!'.'4.**-"*',*'/.+-6-&.&"!'/-!0'5.!!.#"'3.!')"&"*$-%")'
&0*,(#0'&0"'*,.)3.1'-%2"%&,*1'EF"+&-,%'G7H7G7I7'8J(.&-+'-%2"%&,*1'J("!&-,%!'3"*"'
)"!-#%")'&,'-)"%&-/1'!5"+-/-+'/".&(*"!:'!(+0'.!'%.&(*.6'!(4!&*.&"'+,%&-%(-&1:',(&6"&'
)*,5!:'5,,6-%#:'+0.%%"6-K.&-,%:'4.//6"!'.%)'!,',%:'.66,3-%#'&0"'*"!".*+0"*!'&,'.!!"!!'
/(%+&-,%.6-&1'/,*'/-!0'5.!!.#"7'>0-6"'+,$5*"0"%!-2"'$,)"6-%#'&,,6!'E"7#7:'LF@F'
@-!0M-%#!'F,/&3.*"I'.*"'.2.-6.46"'&,'#(-)"'!&*".$'!-$(6.&-,%')"!-#%!:'&0"'5(*5,!"',/'
&0-!'.!!"!!$"%&'3.!'!-$561'&,'-%-&-.661'"2.6(.&"'.J(.&-+'+,%%"+&-2-&1'+,%)-&-,%!'.&'
5*-,*-&-K")'6,+.&-,%!7'A%/,*$.&-,%'/*,$'&0"'*,.)3.1'-%2"%&,*1'/(*&0"*'0"65")'#(-)"'
&0"')"2"6,5$"%&',/'5*"6-$-%.*1'*"+,$$"%).&-,%!'/,*'"%0.%+-%#',*'*"!&,*-%#'/-!0'
5.!!.#"'.&'".+0'5*-,*-&1'*,.)B!&*".$'+*,!!-%#7''
 
 

!"#"$ %&''()*+,+*-$.()&//('01*+&'2$
'
;,%%"+&-2-&1'*"+,$$"%).&-,%!'3"*"')"2"6,5")'3-&0'&0"'#,.6',/'5*,2-)-%#'&0"'4"!&'
$-&-#.&-,%'-%'&0"'4"!&'56.+"!:'.!'.)2-!")'41'&0"'N+,BO,#-+.6'/*.$"3,*9'EP*,3%'
GDDQI:'.%)'$.-%&.-%-%#'.'+,%!-!&"%&'2-!-,%'/,*'+,%%"+&-2-&1'.+*,!!'&0"';,**-),*7'
R"+,$$"%).&-,%!'/,*'-$5*,2-%#'5"*$".4-6-&1'/,*'&"**"!&*-.6'3-6)6-/"'.*"'/,+(!")'-%'
&0"'OAS!BGDHH:'.6&0,(#0'.))-&-,%.6'$".!(*"!'$.1'4"'3.**.%&")'.&',&0"*'6,+.&-,%!'
&0*,(#0,(&'&0"';,**-),*7'P"!&'$.%.#"$"%&'5*.+&-+"!'5*,2-)"'#(-).%+"'/,*')"!-#%-%#'
.%)'"%0.%+-%#'+*,!!-%#'!&*(+&(*"!'*"#.*)6"!!',/'30"&0"*'.'6,+.&-,%'-!'3-&0-%',*'
,(&!-)"',/'.'OAS'EF"+&-,%'G7T7HI7'''
'
F5"+-/-+'!-&"!'/,*'6,+.&-%#'*"+,$$"%)")'3-6)6-/"'+*,!!-%#'!&*(+&(*"!'3"*"'
)"&"*$-%")'41'.'%($4"*',/'/.+&,*!7'U*-$.*1'+,%!-)"*.&-,%!'-%+6()")V'

• U*"!"%+"',/'.%'"W-!&-%#'+(62"*&',*'4*-)#"'&0.&'$.1'4"'*"&*,/-&:'-/'5,!!-46":',*'
*"56.+"):'-/'%"+"!!.*1X'

• O,+.6'&,5,#*.501'&0.&'$.1'/.+-6-&.&"'E"7#7:'*-)#"6-%"!',*')*.-%.#"!I',*'-$5")"'
3-6)6-/"'$,2"$"%&'E"7#7:'!0""*'+6-//!IX'

• R"+,$$"%)")'!5.+-%#'4"&3""%'!./"'5.!!.#"',55,*&(%-&-"!'4.!")',%'&.*#"&'
!5"+-"!X'

• NW-!&-%#',*'5,&"%&-.6'6.%)'5*,&"+&-,%'.%)'6.%)'(!"'.)Y.+"%&'&,'&0"'*,.)3.1'
.%)'3-&0-%'&0"'6.*#"*'6.%)!+.5"'+,**-),*7'

'
R"+,$$"%)")'!5.+-%#'4"&3""%'+*,!!-%#'!&*(+&(*"!'3-&0-%'.'OAS')"5"%)!',%'
+,%%"+&-2-&1'#,.6!'E"7#7:'#"%"&-+'+,%%"+&-2-&1:'!".!,%.6',*').-61'$,2"$"%&!'/,*'
-%)-2-)(.6',*'$(6&-56"'!5"+-"!I:'$,2"$"%&'4"0.2-,*'.%)'+.5.+-&1',/'&0"'&.*#"&'
!5"+-"!'E"7#7:'3-)"'*.%#-%#'2!7'6,3'$,4-6-&1I7';,%%"+&-2-&1'#,.6!'/,*'&0"'ABCD'
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!"#$%&'$()"**'+"*('$,-#+.(/*"0'+'$1(*"#%.2(3"*(2.&2"$&-(4'1*&%'"$25(&--"6'$1(
6'-+-'3.(67"2.(7"4.(*&$1.2(&*.(8'2.,%.+(%"(&,,.22(7&8'%&%("$(8"%7(2'+.2("3(%7.(*"&+5(
&$+(/*"0'+'$1("//"*%#$'%'.2(3"*(+'2/.*2'$1('$+'0'+#&-29(:#';2.*(.%(&-(<=>>?@("33.*2(&(
4.%7"+(3"*(,&-,#-&%'$1(%7.("/%'4&-(2/&,'$1(8.%6..$(,*"22'$1("//"*%#$'%'.2(8&2.+("$(
%7.(+'&4.%.*("3(&(2/.,'.2(7"4.(*&$1.(2'A.29(B-%'4&%.-C5(7"6.0.*5(2/&,'$1(
*.D#'*.4.$%2(+./.$+(#/"$(67.%7.*(,*"22E*"&+6&C(4"0.4.$%2(&*.(4'1*&%"*C5(
+'2/.*2&-("*(+&'-C('$($&%#*.5(&$+(7"6(%7.(*"&+(8'2.,%2(%7.(&$'4&-F2(7"4.(*&$1.(
<%7*"#17(%7.(4'++-.(029($.&*(%7.(.+1.@9(G//*"H'4&%.(7"4.(*&$1.(2'A.2(3"*(.&,7("3(
%7.(%&*1.%(2/.,'.2(6'%7'$(%7.(IEJ>(!"#$%&'$()"**'+"*(&*.(/*"0'+.+('$(!""#$%&'(!5(
67.*.(2#,7('$3"*4&%'"$(6&2(&0&'-&8-.9((
(
G$&-C2.2("3('$+'0'+#&-(7"4.(*&$1.2(&-"$1(%7.(IEJ>(!"#$%&'$()"**'+"*(6.*.($"%(
,"$+#,%.+(3"*(%7'2(/*";.,%9(I$2%.&+5(4"*.(1.$.*&-(*#-.2("3(%7#48(6.*.(&//-'.+(8&2.+(
"$(*.2.&*,7(2%#+'.2("3(0&*'"#2(2/.,'.2(%C/.29(I$(1.$.*&-5(6'-+-'3.(,*"22'$12(2/&,.+(&%(
"$.(4'-.("*(27"*%.*('$%.*0&-2(6'--(,&/%#*.(4"2%("3(%7.(4"0.4.$%($..+2(3"*(-&*1.(
&$'4&-2('$(K"*%7(G4.*',&(<L'22"$.%%.(&$+(G+&'*(=>>?@5(&22#4'$1(%7.(/*.2.$,.("3(
2#'%&8-.(7&8'%&%9()-.0.$1.*(.%(&-(<=>>M)@($"%.(%7&%(4.+'#4E2'A.+(&$'4&-2($..+(
2%*#,%#*.2(.0.*C(N>>EM>>>(3..%9(O4&--.*(&$'4&-25(2#,7(&2(0"-.25(4',.(&$+(2D#'**.-25(
%7&%(4"0.(27"*%.*(+'2%&$,.2(*.D#'*.(.0.$(4"*.(3*.D#.$%(,*"22'$125(2/&,.+(.0.*C(
MN>EP>>(3..%(<L&%.2(=>>P@5(&-%7"#17(O4'%7(<=>>P@($"%.2(%7&%(&(4&H'4#4(+'2%&$,.("3(
M5>QQ(3..%(<>9=(4'-.2@(8.%6..$(,*"22'$12(,"**.2/"$+2(%"(JNR(#2.(8C(24&--(
4&44&-29((!.&$67'-.5(MN>EP>>(3..%('2(%7.(*.,"44.$+.+(2/&,'$1(8.%6..$(,*"22'$12(
3"*(&4/7'8'&$2(&$+(*./%'-.25(+./.$+'$1("$(%7.(%&*1.%(2/.,'.2(<S#TC(=>>P@9(G--("3(
%7.2.(2/&,'$1(1#'+.-'$.2(4#2%(8.(/-&,.+('$(%7.(&//*"/*'&%.(-&$+2,&/.(,"$%.H%5(&2(
-&$+2,&/.2(%7&%(&*.(&-*.&+C(7'17-C(3*&14.$%.+("33.*(3.6(,*"22'$1("//"*%#$'%'.2(<'9.95(
8"%%-.$.,T2@5(67.*.&2('$(&$(#$3*&14.$%.+(U-"6(,"$%*&2%F(-&$+2,&/.(4"*.(6'-+-'3.(
,*"22'$1("//"*%#$'%'.2(&*.($..+.+(<)-.0.$1.*(&$+(:#';2.*(=>MM@9(V"*(%7.(/#*/"2.2(
"3(+.%.*4'$'$1(2/&,'$1(8.%6..$(6'-+-'3.(,*"22'$1("//"*%#$'%'.2("$(IEJ>5(%7.2.(
*.,"44.$+.+(+'2%&$,.2(6.*.(,"48'$.+(6'%7(%7.(&,%#&-(-&$+2,&/.(,7&*&,%.*'2%',2(%"(
+.%.*4'$.(2/.,'3',(,*"22'$1(-",&%'"$2(&-"$1(%7.()"**'+"*9((
(
I$(&++'%'"$(%"(/-&,'$1(2%*#,%#*.2('$(%7.(*'17%(-",&%'"$5(,*"22'$1(2%*#,%#*.(+.2'1$(
*.D#'*.2(,&*.3#-(&%%.$%'"$(%"(.$2#*.(%7&%(2%*#,%#*.2(&*.(3#$,%'"$&-(3"*(%7.(%&*1.%(
2/.,'.29(I$(+.%.*4'$'$1(%7.(8.2%(,*"22'$1(2%*#,%#*.(%C/.(3"*(&(1'0.$(-",&%'"$5(WXY2(
4#2%(,"$2'+.*(%"/"1*&/7',(2#'%&8'-'%C(<.9195(#$+.*/&22(029("0.*/&22@(&$+(.$1'$..*'$1(
,"$2%*&'$%2(&$+(,"2%(.33','.$,'.25(&2(6.--(&2(%&*1.%(2/.,'.2(/*.3.*.$,.29(O"4.(2/.,'.2(
<.9195(24&--(/*.C(&$'4&-2@(*.D#'*.(2%*#,%#*.2(6'%7(&+.D#&%.(,"0.*5(67'-.("%7.*2(<.9195(
.-T@(*.D#'*.(0.*C("/.$(2%*#,%#*.2(6'%7(,-.&*(-'$.2("3(2'17%(<)*&4.*(.%(&-(=>MM*@5(&$+(
2%'--("%7.*2(<.9195(8'17"*$(27../@(4&C(*.D#'*.("0.*/&22(2%*#,%#*.2(%"(4"0.(8"%7(
4&-.2(&$+(3.4&-.2('$(&(/"/#-&%'"$(<!,Z'$$.C(&$+(O4'%7(=>>Q@9(Y"(&,,"44"+&%.(
4#-%'/-.(2/.,'.2(%C/.25(&(+'0.*2'%C("3(,*"22'$1(2%*#,%#*.(%C/.2(<"0.*/&22.25(8*'+1.25(
&*,7(,#-0.*%25(.%,@(27"#-+(8.(&0&'-&8-.(6'%7'$(&(,"$$.,%'0'%C(A"$.(<)-.0.$1.*(&$+(
[&-%7"(=>>N\()-.0.$1.*(&$+(:#';2.*(=>MM@9(
(
Y7.(3'$&-(+,-.(/0$$#12&3&24(5#1066#$%)2&0$7(<!""#$%&'(8@(6.*.(+.0.-"/.+(8C(
&//-C'$1(%7.2.(1#'+.-'$.2(3*"4(,#**.$%(*.2.&*,7(%"(2/.,'3',(2'%.2(6'%7'$(%7.(]I^2E
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!"##$%&'()*+,-%-./.%01'(%/2,%1'.-3.4%*56,5/'14%3.7%*5/,81.+%/'%/2,%
1,9'((,5-./*'57%-,6,+')(,5/%)1'9,77:%.5-%3.7%9'()+,(,5/,-%3*/2%/2,%2.;*/./%
.5-%<=&%-./.%+.4,17%/'%-,/,1(*5,%7*/,>7),9*0*9%5,,-7$%?./.%01'(%/2,%9.(,1.%
('5*/'1*58%.5-%/2,%@>A"%B*+-+*0,%B./92%3,;7*/,%3,1,%C7,-%/'%0C1/2,1%1,0*5,%/2,%
1,9'((,5-./*'57%;4%)1'6*-*58%),1/*5,5/%*50'1(./*'5%.;'C/%3*+-+*0,%)1,7,59,%.5-%
.9/*6*/4%./%7),9*0*9%+'9./*'57%.+'58%/2,%&'11*-'1$%D'1%,.92%E@F>!"##:%/2,%G),9*,7%
H'6,(,5/%IC*+-7%'0%,.92%/.18,/%7),9*,7%3*/2*5%/2./%E@F%.1,%+*7/,-:%.7%/2,7,%8C*+-7%9.5%
;,%C7,-%*5%J*,1%!%)+.55*58%/'%1,0*5,%(*/*8./*'5%7/1./,8*,7%/'%9.1,0C++4%9'57*-,1%/2,%
;,2.6*'1%.5-%)1,0,1,59,7%'0%,.92%/.18,/%7),9*,7%KL*5/792%.5-%&1.(,1%!"##M$%
%
B2,1,6,1%0,.7*;+,:%1,9'((,5-./*'57%0'1%*()1'6*58%/2,%,N*7/*58%1'.-3.4%
*501.7/1C9/C1,%/'%)1'('/,%3*+-+*0,%).77.8,%.1,%)1'6*-,-:%.5-%*59+C-,%*()1'6,(,5/7%
7C92%.7%1,/1'0*//*58%,N*7/*58%;1*-8,7%.5-%9C+6,1/7:%'1%9'5-C9/*58%(.*5/,5.59,%
.9/*6*/*,7:%7C92%.7%9+,.1*58%6,8,/./*'5%'1%1,('6*58%7,-*(,5/:%/'%1,5-,1%7/1C9/C1,7%
('1,%0C59/*'5.+%0'1%3*+-+*0,%).77.8,$%J2,7,%.1,%+'3>9'7/%.9/*6*/*,7%/2./%(.4%;,%
9'5-C9/,-%'C/7*-,%'0%)1'O,9/7$%<%0C++%+*7/%'0%/2,7,%PQ.1+4%Q52.59,(,5/%R))'1/C5*/*,7S%
*7%.6.*+.;+,%*5%G,9/*'5%T$#$%B2,1,%5'%7C92%,52.59,(,5/%'))'1/C5*/*,7%.1,%.6.*+.;+,:%
1,9'((,5-./*'57%0'1%5,3%3*+-+*0,%91'77*58%7/1C9/C1,7%.1,%)1'6*-,-$%J2,%9'()+,/,%!"
#$%&'(()*+,-,+.%/)*'00)(12+,'(3:%.6.*+.;+,%.7%;'/2%.%C/*+*/.1*.5%7)1,.-72,,/%.5-%.7%
.%1,.-.;+,%3'1-%-'9C(,5/%K455)(1,6%7M:%.1,%1,0,1,59,-%*5%/2,%E@F7>!"##%.5-%
3*+-+*0,%*56,5/'14%+'9./*'57%-./.%+.4,1%'5%/2,%&GG%(.)%7,16,1:%.5-%.1,%,.7*+4%+*5U,-%
/'%;4%C7,17%'0%/2,%&GG%3,;7*/,$%%
%
B*+-+*0,%0,59*58%*7%.5%,00,9/*6,%9'()+,(,5/%/'%91'77*58%7/1C9/C1,7:%-*1,9/*58%.5*(.+7%
C50.(*+*.1%3*/2%.%7/1C9/C1,%/'3.1-7%/2,%).77.8,3.4%K&+,6,58,1%.5-%B.+/2'%!""":%
&+,6,58,1%,/%.+%!""#8:%?'--%!""A*M$%B2*+,%3*+-+*0,%0,59*58%.+'5,%9.5%,00,9/*6,+4%
1,-C9,%<=&%1./,7%KVC*O7,1%,/%.+%!""WM:%*/%*7%5'/%1,9'((,5-,-%.7%.%7/.5->.+'5,%
(*/*8./*'5%(,.7C1,$%&'5/*5C'C7%3*+-+*0,%0,59*58%*591,.7,7%/2,%'6,1.++%;.11*,1%,00,9/%
'0%.%1'.-3.4:%+,.-*58%/'%)')C+./*'5%*7'+./*'5%*0%0,59*58%*7%5'/%*57/.++,-%*5%9'5OC59/*'5%
3*/2%7C*/.;+,%3*+-+*0,%91'77*58%7/1C9/C1,7%KVC*O7,1%,/%.+%!""X:%VC*O7,1%,/%.+%!""WM$%D'1%
/2,%@>A"%H'C5/.*5%&'11*-'1:%72'1/%7/1,/92,7%'0%3*+-+*0,%0,59*58%KY%#%(*+,M%-,7*85,-%/'%
8C*-,%3*+-+*0,%/'%91'77*58%7/1C9/C1,7%*7%1,9'((,5-,-%'6,1%9'5/*5C'C7%0,59*58:%./%
7C;7/.5/*.++4%+'3,1%9'7/:%,N9,)/%*5%.1,.7%32,1,%(C+/*)+,%7/1C9/C1,7%*5%9+'7,%
)1'N*(*/4%9.5%;,%9'55,9/,-%6*.%0,59*58$%B2,1,%+*(*/,-%91'77*58%'))'1/C5*/*,7%.1,%
.6.*+.;+,%*5%/2,%Z!>(*+,%0,59,-%7,8(,5/%*5%/2,%3,7/,15%)'1/*'5%'0%/2,%7/C-4%.1,.:%
5,3%91'77*587%72'C+-%;,%)1*'1*/*[,-%/'%1,-C9,%/2,%'6,1.++%;.11*,1%.5-%)1'6*-,%7.0,%
91'77*587$%%
%
@5%*()+,(,5/*58%/2,%9'55,9/*6*/4%1,9'((,5-./*'57%*/%*7%*()'1/.5/%0'1%J*,1%!%)1'O,9/%
/,.(7%/'%9'57*-,1%/2,%)1*(.14%.5-%7,9'5-.14%/.18,/%7),9*,7%0'1%,.92%E@F%.5-%2'3%
/2,4%*50+C,59,-%/2,%E@F%*-,5/*0*9./*'5%)1'9,77:%.7%*/%*7%)'77*;+,%/2./%'5,%/.18,/%7),9*,7%
-1'6,%1.5U*587%*5%'5,%)'1/*'5%'0%/2,%E@F%32*+,%.%-*00,1,5/%7),9*,7%-1'6,%/2,%1.5U*58%
*5%.5'/2,1%)'1/*'5%'0%/2,%E@F$%B2*+,%/2,%,5/*1,%E@F>!"##%*7%*()'1/.5/%0'1%3*+-+*0,%
9'55,9/*6*/4:%*/%*7%)'77*;+,%/2./%5'/%.++%/.18,/%7),9*,7%5,,-%/'%;,%,\C.++4%9'57*-,1,-%./%
.++%(*/*8./*'5%7*/,7%/21'C82'C/%/2,%E@F$%<--*/*'5.+%7),9*,7%/2./%(.4%5'/%2.6,%;,,5%
.-,\C./,+4%9.)/C1,-%/21'C82%/2,%E@F>!"##%.5.+47*7%)1'9,77%3*++%.+7'%3.11.5/%
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!"#$%&#'()*+,-&#.$,)*/'0,&1-'+"#2&3+'-"#,*4'5,&#'6'71.**,*4'7#)(&++&+'+%)"1-'+&&8'$)'
#&!,*&'+7&(,&+'()*+,-&#.$,)*+'.$'+7&(,!,('+,$&+'$)'(.7$"#&'$%&'9)2&9&*$'*&&-+')!'.11'
+7&(,&+'.$'$%.$'+,$&:'.+'.77#)7#,.$&/'
'
0"$"#&'-&2&1)79&*$'.1)*4'$%&';)##,-)#'<.+'*)$'()*+,-&#&-',*'$%&'-&2&1)79&*$')!'
()**&($,2,$3'#&()99&*-.$,)*+/'=*4),*4'()11.>)#.$,2&'7#)(&++&+'.#&'$%&#&!)#&'
&++&*$,.1'!)#'())#-,*.$&-'71.**,*4'<,$%'1)(.1'()99"*,$,&+'.1)*4'$%&'?@AB'C)"*$.,*'
;)##,-)#/';)97.$,>1&'1.*-'"+&'.*-'D)*,*4',*'.#&.+'.-E.(&*$'$)'$%&',*$&#+$.$&'.*-'
<,$%,*'1.*-+(.7&'9)2&9&*$'.#&.+'#&F",#&+:'!,#+$:'$%.$'()"*$3'.*-'9"*,(,7.1'
71.**&#+'.#&',*!)#9&-')!'<,1-1,!&'9,$,4.$,)*'71.*+'.$'$%&'%,4%<.3',*$&#!.(&/'G">1,('
1.*-')<*&#+%,7:'7#,2.$&'7#&+&#2&+')#'()*+&#2.$,)*'&.+&9&*$+'.#&'.11'()97.$,>1&'
<,$%'<,1-1,!&'(#)++,*4'+$#"($"#&+:'%)<&2&#:'$%&'9.*.4&9&*$')!'$%&+&'1.*-+'9"+$'.1+)'
>&'()97.$,>1&'<,$%'<,1-1,!&'.($,2,$3/'H#.D,*4:'9,*&#.1'&I$#.($,)*:'9)$)#,D&-'
#&(#&.$,)*:'-&2&1)7&-'#&(#&.$,)*:'.*-')$%&#'%,4%@-&*+,$3'#&(#&.$,)*'.($,2,$,&+'+%)"1-'
>&'.2),-&-',*'$%&'.77#).(%&+'$)'<,1-1,!&'(#)++,*4'+$#"($"#&+'$)'9,*,9,D&'%"9.*'
,*("#+,)*+'.*-',97.($+'$)'<,1-1,!&'%.>,$.$'.*-'!.(,1,$.$&'<,1-1,!&'"+&')!'$%&+&'
+$#"($"#&+/'JK",&$L'#&(#&.$,)*'"+&+:'+"(%'.+'%,8,*4:'9)"*$.,*'>,8,*4:'+*)<+%)&,*4:'
.*-'>.(8()"*$#3'+8,,*4M#,-,*4'+%)"1-'.1+)'>&'1,9,$&-',*'$%&',99&-,.$&'.77#).(%'$)'
.'-&-,(.$&-'<,1-1,!&'(#)++,*4/''
'
?*'+)9&'(.+&+:'()99"*,$,&+'.*-'N=5+'9.3'()*+,-&#',*+$.11,*4'<,1-1,!&'(#)++,*4+',*'
.#&.+'<,$%)"$'-&+,4*.$&-'7#)$&($,)*+'.+'()*$,*")"+13'7#)$&($&-'1.*-+'.#&'1,9,$&-',*'
9.*3'7)#$,)*+')!'$%&';)##,-)#/'0)#'&I.971&:'$%&'C$'O&#*)*';#&&8'P?Q'RKS'.*-'
T&.2&#'T#))8'P?Q'RGS'$#.2&#+&'.19)+$'&*$,#&13'7#,2.$&'1.*-+:'&I(&7$'!)#')*&'.#&.'
)<*&-'.*-'9.*.4&-'>3'N&*2&#'G.#8+/'5%#)"4%'9"(%')!'$%&+&'.#&.+:'%)9&+'.#&'
<,-&13'+7.(&-'.*-'&18'.*-'-&&#'%&#-+'.+'<&11'.+'(.#*,2)#&+'9)2&'#&4"1.#13'$%#)"4%'
$%&'%,11+/';)97.$,>1&'D)*,*4'$)'7#&2&*$'%,4%&#'-&*+,$3'-&2&1)79&*$'9.3'>&'
+"!!,(,&*$'$)'.(()99)-.$&'<,1-1,!&'*&&-+',*'$%,+'.#&.:'.*-'*&<'<,1-1,!&'(#)++,*4'
+$#"($"#&+'<)"1-'4)'.'1)*4'<.3'$)<.#-+'#&-"(,*4'$%&'%,4%'UO;'#.$&+'(%.#.($&#,+$,('
)!'$%&+&'P?Q+/''
'
V&()99&*-.$,)*+'!)#'#&+$)#,*4')#',97#)2,*4'()*-,$,)*+'!)#'!,+%'7.++.4&'.$'#).-@
+$#&.9'(#)++,*4+'<&#&'+,9,1.#13'-&2&1)7&-'!)#'.*3'+$#&.9'<,$%'$.#4&$'+7&(,&+'
()*!,#9&-'7#&+&*$')#'"*8*)<*/'?*'4&*&#.1:',$',+'#&()99&*-&-'$%.$'7.++.4&'>&'
7#)2,-&-'.$'.*3'+$#&.9'<,$%'.'%,+$)#3')!')#'7)$&*$,.1'!)#'+"77)#$,*4'*.$,2&'!,+%'
RWX0X'6BBYS:'"*1&++'$%&#&',+'.'-,+$,*($'#&.+)*'!)#'7#&2&*$,*4'7.++.4&'.$'(&#$.,*'
1)(.$,)*+:'!)#'&I.971&'$)'7#)$&($'*.$,2&'("$$%#).$'$#)"$'7)7"1.$,)*+')#'$)'7#&2&*$'$%&'
+7#&.-')!'<%,#1,*4'-,+&.+&:'<%,(%',+'!)"*-',*'.'*"9>&#')!'+$#&.9+')*'$%&'Z&+$&#*'
X1)7&/'5%&')>E&($,2&')!'$%&'.F".$,('()**&($,2,$3'#&()99&*-.$,)*+'.#&'$)'9,9,('$%&'
*.$"#.1'+$#&.9'7#)(&++&+'.*-'"7+$#&.9'.*-'-)<*+$#&.9'()*-,$,)*+',*+,-&'$%&'
+$#"($"#&'$)'$%&'4#&.$&+$'&I$&*$'7)++,>1&'RC.++.(%"+&$$+'N&7.#$9&*$')!'
5#.*+7)#$.$,)*'6B[BS/';)*$#)11,*4'<.$&#'2&1)(,$3'.*-'9,*,9,D,*4')"$1&$'-#)7'.#&'
9.E)#'!.($)#+',*!1"&*(,*4'+"((&++!"1'$%#)"4%@7.++.4&'R;.%))*'&$'.1'6BBAS:'.*-'<&#&'
,-&*$,!,&-'.+'()*+$#.,*$+'.$'.'*"9>&#')!'#).-@+$#&.9'(#)++,*4+',*'$%&';)##,-)#/'
G#)2,-,*4'+"!!,(,&*$'!1)<'-&7$%'.*-'.--,*4'*.$"#.1'+">+$#.$&'$)'("12&#$+'<&#&'.1+)'
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!"##"$%&'()*$+(,(*)'$**)-.'/0*1*2*1'3441"41(3+*5'+0*'1*!"##*$)3+("$-'31*'
)*-(6$*)'+"'($+*613+*'+*11*-+1(3%'3$)'3783+(!'!"$$*!+(2(+&'$**)-'3+'3'-(+*.''
'
9(*1':'!"$-()*13+("$'",'+0*-*'3783+(!'!"$$*!+(2(+&'1*!"##*$)3+("$-';(%%'1*78(1*'
3))(+("$3%'!"$-8%+3+("$';(+0'<=>/'?("%"6(-+-'+"'*$-81*'+03+'41"@*!+A%*2*%')*-(6$-'
3!!"8$+',"1'-4*!(3%'!"$-()*13+("$-',"1'-4*!(,(!'-4*!(*-'"1'%(,*'-+36*-'+03+'3,,*!+'
+01"860A43--36*'3?(%(+(*-'-8!0'3-'#3B(#8#'+"%*13?%*';3+*1'2*%"!(+&'3$)'@8#4($6'
0*(60+'CD(%6"1*'*+'3%':EFEG.'H8+81*'4%3$$($6'-0"8%)',81+0*1'!"$-()*1'*3!0'1"3)A
-+1*3#'!1"--($6'($'+0*'!"$+*B+'",'+0*'*$+(1*';3+*1-0*)'3$)'+0*'%"!3+("$'",'"+0*1'
?311(*1-'($'+0*'-+1*3#'$*+;"1I.'J'K"$+3$3'-+8)&'",'3'-+1*3#'$*+;"1I',"8$)'3'2*1&'
%";'41"?3?(%(+&'+03+'3$'($)(2()83%',(-0'!"8%)'-8!!*--,8%%&'43--'+01"860'3%%'+0*'
!8%2*1+-'($'+0*'$*+;"1I5'*2*$';0*$'*3!0'!8%2*1+'($)*4*$)*$+%&';3-'-0";$'+"'?*'
43--3?%*5'($)(!3+($6'+0*'(#4"1+3$!*'",'!8#8%3+(2*'(#43!+-'C<30""$'*+'3%':EELG.'
'
'
!"#"$"% &'(()*+,-,+.%/0,1)2,()3%
M$'3))(+("$'+"'-(+*A-4*!(,(!'"1'NMOA-4*!(,(!'1*!"##*$)3+("$-5'3'!"#41*0*$-(2*'-8(+*'
",'68()*%($*-',"1'(#41"2($6'4*1#*3?(%(+&',"1'+*11*-+1(3%'3$)'3783+(!';(%)%(,*';3-'
)*2*%"4*)'+"'($,"1#'41"@*!+-'+01"860"8+'+0*'<"11()"15'1*631)%*--'",';0*+0*1'"1'$"+'
+0*&',3%%';(+0($'3$'()*$+(,(*)'NMO.'90*'68()3$!*'($!%8)*-'413!+(!*-',"1'-(+($6'3$)'
)*-(6$($6'4(4*-5'!8%2*1+-'3$)'?1()6*-'+"',3!(%(+3+*';(%)%(,*'43--36*5'3$)'($!%8)*'
68()*%($*-',"1'1*+1",(++($6'*B(-+($6'-+18!+81*-'3-';*%%'3-'!"$-+18!+("$'68()*%($*-'+"'
#($(#(P*'(#43!+-'+"';(%)%(,*'3$)'03?(+3+'!"$$*!+(2(+&.'
'
90*-*'68()*%($*-5'*$+(+%*)'!"#$%&'()*+(,*-%./0%1,23,4(,5%6(+)+(.*%7*08*39(+(:;'
C<==*,)(>%?G5';*1*',(1-+'!"$!*(2*)'?&'<=>9'?("%"6(-+-'31"8$)':EEQ.'90*&';*1*'+0*$'
1*2(-*)5'84)3+*)'3$)'*B43$)*)'($':EFEA:EFF'3-'3'431+'",'+0*'MALE'R!"AN"6(!3%'
S1"@*!+5'($!%8)($6'+0*'3))(+("$'",'68()*%($*-',"1',(-0'43--36*.'90(-'1*2(-("$';3-'
!"#4(%*)',1"#'3'-&$+0*-(-'",'?*-+'#3$36*#*$+'413!+(!*-'($'8-*'?&'-+3+*'3$)',*)*13%'
36*$!(*-'3$)'1*!"##*$)*)'?&'1*-*31!0'-+8)(*-'3!1"--'+0*'$3+("$5'3$)';3-'
1*2(*;*)'?&'1"3)'*!"%"6&'!"%%*368*-'($'-*2*13%'-+3+*-.'90*'68()*%($*-'31*'$"+'%(#(+*)'
+"'344%(!3+("$';(+0($'+0*'NMO-A:EFFT'($)**)'+0*&'#3&'?*'1*,*1*$!*)',"1'3$&'
+13$-4"1+3+("$'41"@*!+5'431+(!8%31%&'+0"-*';0*1*'3'?1()6*'"1'!8%2*1+'(-'?*($6'($-+3%%*)'
"1'1*4%3!*)'+"'($!"14"13+*';(%)%(,*A,1(*$)%&'!0313!+*1(-+(!-'($+"'3%%'$*;'-+18!+81*-.'
U"1'31*'+0*'68()*%($*-'-4*!(,(!'+"'MALET'+0*&'31*'$"+'%"!3+("$'-4*!(,(!'3$)'#3&'?*'
344%(*)'+"'41"@*!+-'+01"860"8+'<"%"13)".'''
'
90*'4814"-*'",'MALE'R!"AN"6(!3%'S1"@*!+'(-'+"'($,"1#'<"11()"1A;()*'4%3$$($6'3$)'
,**)'($+"'41"@*!+-'3-'9(*1':'4%3$$($6'41"!*--*-'!"##*$!*.'J!!"1)($6%&5'+0*'!"#$%
@/,,*4:(A(:;%B*4/88*,)3:(/,-'3$)'&'()*+(,*-%./0%1,23,4(,5%6(+)+(.*%7*08*39(+(:;'
",,*1'413!+(!3%'68()3$!*'+"',**)'($+"'41"@*!+A%*2*%'4%3$$($6'3$)')*-(6$.'H"1'#"1*'
)*+3(%-'"$'-(+($6'3$)')*-(6$($6'*,,*!+(2*';(%)%(,*'!1"--($6'-+18!+81*-'3$)'"+0*1'
#(+(63+("$'#*3-81*-'+0*'1*-*31!0*1-'1*!"##*$)'3'$8#?*1'",'1*-"81!*-'C-**'V"BG5'
;(+0'3'!38+("$'+"'1*3)*1-'+03+'-"#*'#(+(63+("$'-"%8+("$-'#3&'$"+'?*'2(3?%*'
+*!0$(78*-',"1'(#4%*#*$+3+("$'"$'3'0(60'2"%8#*'($+*1-+3+*'-8!0'3-'MALE.''
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!"#"$%&'"()*+$"(&,)+&&
-"(./0.0/&1.#2#.,"&3+)((.0/&!%+*$%*+"(&

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

o !"#$#%&#'()*+),+)-%.)/+),+)01234#'+)5677+)82"."29#):';442%&)4<'1:<1'#)

=-%.>;;?@).#42&%)-%.)#$-"1-<2;%)2%)A;'<=)*B#'2:-+)C#D;'<)<;)<=#)E#.#'-")

02&=F-G)*.B2%24<'-<2;%+),1>"2:-<2;%)A;+)E08*H!EIJKLH77H66M+)8#4<#'%)

K'-%4D;'<-<2;%)N%4<2<1<#()O;P#B-%()/;%<-%-+)

H =<<D@JJFFF+:9"=.+&;$JD';&'-B4J<#:=L#$#";DB#%<JF2"."29#J))

H K=24)'#D;'<)<;)E08*)2%:"1.#4).#<-2"#.)0;<)Q=##<4).#4:'2>2%&)4D#:2#4H

4D#:292:)&12.#"2%#4)9;')#-:=);9)<=#).299#'#%<)4<'1:<1'#)<GD#4+))

)

o *'2P;%-)R-B#)-%.)E24=)L#D-'<B#%<+)566S+)R12.#"2%#4)9;')O'2.&#)

!;%4<'1:<2;%);')/-2%<#%-%:#)<;)*::;BB;.-<#)E24=)-%.)82"."29#)/;$#B#%<)

-%.),-44-&#+)Arizona Game and Fish Department, Habitat Branch, Phoenix, AZ. 
H FFF+-P&9.+&;$J=&24JD.94JO'2.&#R12.#"2%#4+D.9))

)

o 82"."29#)-%.)C;-.4)8#>42<#)

H T99#'4).#:242;%)B-?2%&)&12.-%:#)-%.)'#4;1':#4);%)#$-"1-<2%&)<=#)14#)

-%.)#99#:<2$#%#44);9)F2"."29#):';442%&)4<'1:<1'#4+)

H =<<D@JJF2"."29#-%.';-.4+;'&)))

)

o /-44-:=14#<<4)L#D-'<B#%<);9)K'-%4D;'<-<2;%+)5676+)L#42&%);9)O'2.&#4)-%.)

!1"$#'<4)9;')82"."29#),-44-&#)-<)E'#4=F-<#')Q<'#-B4+)/-44-:=14#<<4)

L#D-'<B#%<);9)K'-%4D;'<-<2;%+)O;4<;%()/*+)

H =<<D@JJFFF+B=.+4<-<#+B-+14J.;F%";-.4JD';3L#$JL#42&%UO'2.&#4U!

1"$#'<4U82"."29#U,-44-&#U755V76+D.9))

)

o W2%<4:=()X+)-%.),+)!+)!'-B#'+)5677+),#'B#->2"2<G);9)#Y24<2%&)4<'1:<1'#4)9;')

<#''#4<'2-")F2"."29#@)-)D-44-&#)-44#44B#%<)4G4<#B+)C#4#-':=)C#D;'<)A;+)8*H

CL)VVV+7+)8-4=2%&<;%)L#D-'<B#%<);9)K'-%4D;'<-<2;%+)T"GBD2-()8*+))

H K=#),-44-&#)Z%=-%:#B#%<)K;;">;Y):;BD2"#.)9;')<=24)'#D;'<)D';$2.#4)

D=;<;)#Y-BD"#4);9)#%=-%:#B#%<4)<=-<):-%)>#)B-.#)<;)#Y24<2%&)

4<'1:<1'#4)<;)'#%.#')<=#B)B;'#)91%:<2;%-")9;')F2"."29#)D-44-&#+))

H =<<D@JJFFF+F4.;<+F-+&;$JC#4#-':=JC#D;'<4JV66JVVV+7+=<B))

!
!"#$%&#'%()*+,)1#(2)3/((/4%)

o [QL*)E;'#4<)Q#'$2:#)4<'#-B):';442%&)&12.#"2%#4)

H =<<D@JJFFF+94+9#.+14J#%&JD1>4JD.9JQ<'#-BQ2B1"-<2;%J2%.#Y+4=<B"))

)

o /-44-:=14#<<4)L#D-'<B#%<);9)E24=)-%.)R-B#)4<'#-B):';442%&)=-%.>;;?)

H =<<D@JJFFF+B-44+&;$J.9F#"#J.#'J9'#4=F-<#'J'2$#':;%<2%12<GJ&12.-

%:#.;:+=<B))

)
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!"#$%&'()( (
(
*+,-./01+-2(+3(/('451+-/6(&7+282049(*:/94;+:<=(
>-045:/01?4($6/--1-5(
!
!
"#$%&!'()(!(*'!(*(%+,$,!(-&!.-$)$.(%!&%&/&*),!$*!$*01-/&'2!&.1,+,)&/34(,&'!'&.$,$1*!
/(5$*62!,1!)11!(-&!)#&!,)(5&#1%'&-!7-1.&,,&,!)#()!7-18$'&!(!0-(/&91-5!01-!
$*)&6-()$8&!7%(**$*6:!;#&!<3=>!?.13@16$.(%!A-1B&.)!4C$%)!C71*!)#&!&D$,)$*6!EFF!
7-1.&,,!(*'2!,7&.$0$.(%%+2!)#&!G@<H?!.1//$))&&:!G!.1/7%&)&!%$,)!10!G@<H?!.1//$))&&!
/&/4&-,!(*'!(00$%$()$1*,!(,!10!I>JJ!$,!(8($%(4%&!$*!!""#$%&'():!;#&!6&*&-(%!7-1B&.)!
(77-1(.#2!)(,5,!(*'!1C).1/&,!9&-&!,)&&-&'!4+!)#&!G@<H?!(6&*.$&,!(*'!
,)(5&#1%'&-,:!<*!)#$,!9(+2!)#&!<3=>!?.13@16$.(%!A-1B&.)!('8(*.&'!)#&!'&8&%17/&*)!10!
/&.#(*$,/,!01-!$*)&6-()$*6!.1**&.)$8$)+!.1*.&-*,!$*)1!)-(*,71-)()$1*!7%(**$*6!01-!
)#&!<3=>!K1C*)($*!E1--$'1-2!(,!1C)%$*&'!$*!)#&!G@<H?!K&/1-(*'C/!10!
L*'&-,)(*'$*6!MI>>NO:!;#&,&!/&.#(*$,/,!(-&!'&,$6*&'!)1!0(.$%$)()&!&(-%+!
$*.1-71-()$1*!10!)&--&,)-$(%!(*'!(PC()$.!.1**&.)$8$)+!$*!&(.#!%$0&!.+.%&!7#(,&!10!)#&!
7%(**$*6!7-1.&,,!(*'!$/7-18&!7-&'$.)(4$%$)+!$*!)#&!&*8$-1*/&*)(%!-&8$&9!7-1.&,,:!
;#&!0$8&!%$0&!.+.%&!7#(,&,!(-&Q!JO!.1--$'1-!7%(**$*62!IO!7-1B&.)!'&8&%17/&*)2!RO!
7-1B&.)!'&,$6*2!SO!7-1B&.)!.1*,)-C.)$1*2!(*'!TO!17&-()$1*,2!/($*)&*(*.&!(*'!
/1*$)1-$*6!MU$6:!VO!
!

!
*&+,-#(.Q!U$8&!%$0&!.+.%&!7#(,&,!10!(!)-(*,71-)()$1*!7-1B&.)!MEWX;!I>JJO!
!
Y&6C%(-!/&&)$*6,!(*'!&/($%!.1//C*$.()$1*!4&)9&&*!)#&!G@<H?!.1//$))&&!(*'!)#&!
7-1B&.)!)&(/2!(,!9&%%!(,!,C43.1//$))&&!/&&)$*6,!7-18$'&'!)#&!0-(/&91-5!01-!
('8$,$*62!.-$)$PC$*6!(*'!-&8$,$*6!)#&!7-1B&.)!.1/71*&*),2!(/1*6!)#&/!)#&!
$'&*)$0$.()$1*!10!)#&!@<Z,3I>JJ!(*'!)#&!'&8&%17/&*)!10!,7&.$0$.!-&.1//&*'()$1*,!
01-!/&&)$*6!7&-/&(4$%$)+!61(%,!9$)#$*!&(.#!10!)#1,&![1*&,:!<*!(''$)$1*2!)#&!7-1B&.)!
)&(/!91-5&'!.%1,&%+!9$)#!EWX;!(*'!)#&!.1*)-(.)1-!01-!)#&!EFF!7-1.&,,!ME\IK!
\<@@O!)1!$*)&6-()&!.1**&.)$8$)+!'()(!(*'!-&.1//&*'()$1*,!'$-&.)%+!$*)1!)#&!9&43
4(,&'!EFF!]C$'(*.&!K(*C(%!M#))7Q^^$=>/)*.1--$'1-.,,:.1/^O2!(!1*&3,)17!,#17!01-!
EWX;!7-1B&.)!/(*(6&-,!(*'!1)#&-!/&/4&-,!10!7%(**$*6!(*'!'&,$6*!)&(/,!)1!14)($*!
7&-)$*&*)!$*01-/()$1*!-&%()$*6!)1!(!6$8&*!#$6#9(+!,&6/&*):!G,!(!.&*)-(%$[&'!
$*01-/()$1*!'&71)!01-!)#&!<3=>!K1C*)($*!E1--$'1-2!)#&!EFF!9&4,$)&!(%,1!7-18$'&,!
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!"#$%&'(!()*+,)$+-.'&/)0$")%/"&#1)%##+2&0%3-")0+)0$")#+,")4%-2"()%/,"".)25+&)'&)
0$")677)5,+#"((8))
)
9$")677):2'.%&#");%&2%-)'&#-2."()(0%&.%,.)."('/&)(+-20'+&(<)$'(0+,'#)#+&0"=0<)%&.)
."#'('+&)!%>'&/)5,+#".2,"()0+)3")2(".)%0)"%#$)-'*")#1#-")5$%(")+*)5,+?"#0)
."4"-+5!"&0<)*,+!)5-%&&'&/)%&.)."('/&)0$,+2/$)#+&(0,2#0'+&<)+5",%0'+&(<)
!%'&0"&%&#")%&.)!+&'0+,'&/8)@)AB"%-0$1)C&4',+&!"&0D)'()+&")+*)"'/$0)#+,")4%-2"()
'."&0'*'".)31)(0%>"$+-.",().2,'&/)0$")677)5,+#"((8)9$")+20#+!"()+*)0$")EFGH)C#+F
I+/'#%-)J,+?"#0).',"#0-1)'&*+,!)0$")K'-.-'*")("#0'+&)+*)0$")677)/2'.%&#")*+,)%)B"%-0$1)
C&4',+&!"&08)9$")%##"(('3'-'01)+*)0",,"(0,'%-)%&.)%L2%0'#):E7).%0%)%&.)#+&&"#0'4'01)
,"#+!!"&.%0'+&()4'%)0$")677)!%5)(",4",)"&(2,"()0$%0)0$'()'&*+,!%0'+&)'(),"%.'-1)
%4%'-%3-")0+)5,+?"#0)0"%!()%0)0$")+20("0)+*)5,+?"#0)(#+5'&/)%&.)#%&)3")%55-'".)%()
5,+?"#0()!+4")*,+!)+&")-'*")#1#-")5$%(")0+)0$")&"=08)7'."3%,()+&)0$")K"3('0")5,+4'.")
"%(1)%##"(()0+)>"1).+#2!"&0()2&.",)0$")$"%.'&/)A;2(0)7""<);2(0)M+D8)E&#-2.".)'&)
0$'()('."3%,)%,")-'&>()0+)0$")IENFOHPP),"#+!!"&.%0'+&()%&.)0$")0",,"(0,'%-)%&.)
%L2%0'#)#+&&"#0'4'01)/2'."-'&"(<)%()K"--)%()0$")@IEQC)E!5-"!"&0%0'+&);%0,'=)
R7"#0'+&)S8PT8)@)("#+&.)('."3%,)5,+4'."()-'&>()0+)AU'#")0+)V&+KD)'&*+,!%0'+&<)
'&#-2.'&/)0$")EFGH)W'-.-'*")W%0#$)K"3('0"8)9$")K"3('0")'()!%&%/".)31)6MX9)%&.)
%&&2%-)25.%0"()K'--)3")!%.")0+)>""5)0$")('0")#2,,"&0)K'0$)0$")-%0"(0)'&*+,!%0'+&<)
.%0%)%&.)0++-(8))
)
)
!"#"$ %&'()$'*+,-*-./0/12.$30/415$
)
9+)*2,0$",)(255+,0)0$")+3?"#0'4"()+*)"#+(1(0"!F3%(".)5-%&&'&/)%&.)#++,.'&%0'+&)
%!+&/)%/"&#'"()%&.)(0%>"$+-.",(<)0$")5,+?"#0)0"%!)*%#'-'0%0".)%)(23F#+!!'00"")+*)
%/"&#1)%&.)#+!!2&'01)(0%>"$+-.",()0+)#,"%0")%&)E!5-"!"&0%0'+&);%0,'=)0+)'."&0'*1)
(5"#'*'#)#+&('.",%0'+&()*+,)K'-.-'*")%0)"%#$)5$%(")+*)5+0"&0'%-)'&*,%(0,2#02,")
'!5,+4"!"&0(8)9$'()5,+#"((<)3%(".)+&)0$")#+&("&(2()+*)(0%>"$+-.",(<)(0,"&/0$"&()
0$")@IEQC)5,+#"(()31)'!5-"!"&0'&/)0$")/+%-()+*)0$");XY)0+)!'&'!'Z")'!5%#0()0+)
K'-.-'*")0$,+2/$+20)0$")EFGH);+2&0%'&)6+,,'.+,8)9$")!%0,'=)K%()!+."-".)%*0",)%)
('!'-%,)!%0,'=)."4"-+5".)31)0$")7WCCJ)#+!!'00"")0+)#%,,1)+20)0$")/+%-()+*)0$"',)
;XY8)
)
9$")52,5+(")+*)0$")@IEQC)E!5-"!"&0%0'+&);%0,'=)K%()0+)5,+4'.")%)*,%!"K+,>)*+,)
'!5-"!"&0'&/)0$")@IEQC);XY)31)/'4'&/)%..'0'+&%-)(0,2#02,")%&.)/2'.%&#")'&)
%..,"(('&/)#+&&"#0'4'01)#+&#",&()%()5,+?"#0()+&)0$")6+,,'.+,)!+4")'&0+)9'",)O)
5-%&&'&/8)9$")!%0,'=)K%()."4"-+5".)31)%)K+,>'&/)/,+25)0$%0)'&#-2.".)!"!3",()
*,+!)6MX9<)6MXW<)Y7[7<)Y7[W7<)C6XF,"(+-20'+&(<)II6<)\+#>1);+2&0%'&)W'-.)%&.)
6-"%,)6,"">)6+2&018)X4",)0$")#+2,(")+*)('=)!+&0$()0$")K+,>'&/)/,+25)!"0)%&.)
#+,,"(5+&.".)0+)."4"-+5)%)*'&%-).,%*0);%0,'=<)K$'#$)K%()0$"&),"4'"K".)%&.)
%55,+4".)31)0$")*2--)@IEQC)#+!!'00""8)
)
9$")@IEQC)E!5-"!"&0%0'+&);%0,'=)+20-'&"()(5"#'*'#)'&520()R"8/8<)K'-.-'*")%&.)-%&.)2(")
.%0%T<)#+&('.",%0'+&()R"8/8<)K$%0)+55+,02&'0'"()"='(0)0+)'!5,+4"<)5,+0"#0)+,),"(0+,")
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!"#$"%&'(')*+%,-+.%&')%)+/0$!0,",)1234+%,-+05)/0$"1+6"7874+%90'-%,/"+%,-+
$')'8%)'0,+1)#%)"8'"13+,"/"11%#*+:0#+/0,1'-"#%)'0,+%)+"%/.+0:+)."+:'9"+(':"+/*/("+
!.%1"1+).%)+%#"+,""-"-+)0+'$!#09"4+!#0)"/)4+0#+#"1)0#"+!"#$"%&'(')*+:0#+;'(-(':"+%,-+
'$!0#)%,)+.%&')%)+/0$!0,",)14+%1+!5)+:0#).+',+)."+<=>?@+ABC+6D%&("+E37+<1+
%/)'9')'"1+',+)."+F0##'-0#+$09"+:#0$+/0##'-0#+!(%,,',8+)0+!#0G"/)+-"9"(0!$",)+%,-+
-"1'8,+%,-+10+0,4+)."+05)/0$"1+:#0$+)."+!#"9'051+!.%1"+&"/0$"+',!5)1+:0#+)."+
15&1"H5",)+!.%1"7+D.'1+%!!#0%/.+'1+/0,1'1)",)+;').+)."+=':"+F*/("+I.%1"1+%,-+JKL)"!+
I#0/"11+',+)."+FLL+M5'-%,/"+:0#+)."+>KNO+A05,)%',+F0##'-0#+6FPBD+QORR37++
+
D.'1+$%)#'S+:5#)."#+%!!('"1+)."+@/0K=08'/%(+:#%$";0#T+&*+'$!("$",)',8+)."+$%',+
0&G"/)'9"+0:+)."+<=>?@+ABC+;.'/.+'1+)0+U',/#"%1"+)."+!"#$"%&'(')*+0:+)."+>KNO+
F0##'-0#+)0+)"##"1)#'%(+%,-+%H5%)'/+1!"/'"17+D.'1+',/(5-"1+-"9"(0!$",)+0:+
$%,%8"$",)+1)#%)"8'"1+).%)+;'((+#"15()+',+)."+(0,8K)"#$+!#0)"/)'0,+%,-+#"1)0#%)'0,+
0:+;'(-(':"+(',T%8"+%#"%1+).%)+',)"#1"/)+)."+>KNO+F0##'-0#4+'$!#09"+.%&')%)+
/0,,"/)'9')*4+%,-+!#"1"#9"+"11",)'%(+"/01*1)"$+/0$!0,",)1V+6<=>?@+ABC+QOOW37+
D."+<=>?@+>$!("$",)%)'0,+A%)#'S+'1+%(10+-'#"/)(*+%//"11'&("+)0+FPBD4+#"105#/"+
%8",/'"1+%,-+0)."#+1)%T".0(-"#+8#05!1+9'%+)."+FLL+;"&1')"7++
+
X.'("+,"')."#+)."+FLL+;"&1')"+,0#+)."+>$!("$",)%)'0,+A%)#'S+85%#%,)""+%,+
',)"8#%)'9"+!#0/"114+)."1"+%#"+'$!0#)%,)+)00(1+)0+85'-"+FPBD4+)."+#"105#/"+%8",/'"14+
(0/%(+/0$$5,')'"14+%,-+0)."#+',)"#"1)"-+!%#)'"1+',+&%(%,/',8+%((+0:+)."+F0##'-0#+
9%(5"1+).%)+$%*+&"+%::"/)"-+&*+!#0!01"-+F0##'-0#+!#0G"/)17+>,+).'1+;%*4+)."+FLL+'1+%,+
"S!#"11'0,+0:+FPBDY1+/0$$')$",)+)0+0!",+%,-+/0((%&0#%)'9"+!#0/"11"1+0,+)."+
F0##'-0#+6I7+Z0[',1T'4+FPBD4+!"#10,%(+/0$$5,'/%)'0,4+\097+QORO37+
+
L)%T".0(-"#+",8%8"$",)+:0#+D'"#+Q+!#0G"/)+!(%,,',8+;'((+&"+',+)."+:0#$+0:+I#0G"/)+
="%-"#1.'!+D"%$1+/0$!01"-+0:+FPBD+%,-+(0/%(+#"!#"1",)%)'9"1+:#0$+"%/.+0:+)."+
#"105#/"+%8",/'"14+/0$$5,')'"1+%,-+1)%T".0(-"#+8#05!1+%::"/)"-+&*+)."+!#0!01"-+
!#0G"/)7+D."1"+)"%$1+%#"+,0)+-"/'1'0,K$%T',8+&0-'"14+&5)+%+:0#5$+:0#+0!",+
/0((%&0#%)'0,+-5#',8+!#0G"/)+9'1'0,',8+%,-+!(%,,',84+;').+)."+%&'(')*+)0+!#09'-"+',!5)+
%1+9%#'051+%()"#,%)'9"1+%#"+"9%(5%)"-7+D."+="%-"#1.'!+D"%$1+$%*+&"+%-9'1"-+&*+%+
D"/.,'/%(+D"%$+0#+>115"1+D%1T+]0#/"+%1+,""-"-+6>KNO+A05,)%',+F0##'-0#+FLL+QORO37+
+
<=>?@+%,-+LX@@I+/0$$'))""1+%#"+/0$$'))"-+)0+/0,)',5"+.0(-',8+%,,5%(+$"")',81+
)0+"9%(5%)"+!"#:0#$%,/"+%,-+%--#"11+5!/0$',8+!#0G"/)1+).%)+$%*+:%((+05)1'-"+0:+)."+
!5#9'";+0:+)."+I#0G"/)+="%-"#1.'!+D"%$14+15/.+%1+)."+#"!(%/"$",)+0:+1.05(-"#+
&%##'"#1+0#+9%#'051+$%',)",%,/"+!#0G"/)1+).%)+$%*+0::"#+0!!0#)5,')'"1+)0+("11",+
&%##'"#1+)0+;'(-(':"+$09"$",)+05)1'-"+0:+(%#8"#+/0,1)#5/)'0,+!#0G"/)17+D."1"+%,,5%(+
$"")',81+%(10+!#09'-"+%,+0!!0#)5,')*+:0#+5!-%)',8+%,-+%$",-',8+)."+
>$!("$",)%)'0,+A%)#'S+%1+,""-"-+)0+",15#"+')1+0,80',8+%!!('/%&'(')*+%,-+51":5(,"117+
FPBD+.%1+:5#)."#+/0$$'))"-+)0+!#09'-',8+H5%#)"#(*+5!-%)"1+)0+$"$&"#1+0:+&0).+
/0$$'))""1+#"8%#-',8+:5)5#"+!#0G"/)1+&'8+%,-+1$%((+)0+",15#"+).%)+1)%T".0(-"#+
!%#)'/'!%)'0,+/0,)',5"1+',+)."+:5)5#"7+
+
+



 

 43 

!"#$%&'!"#$%&'"%()*+(+,-.-/0,"1.-2/3"
" ()**+,)*&-$"..+./& -*)0%12&3%4%$)56%.2& -*)0%12&3%7+/.& -*)0%12&().72*812+).& 95%*"2+).7:&

;"+.2%.".1%&".,&
;).+2)*+./&

<=>3>=?@&
(9AA@(!=B=!C&
DA3&EDF=!D!&
"
456+7-/8+9"
To increase the 
permeability of 
the I-70 Corridor 
to terrestrial and 
aquatic species, 
including the 
development of 
management 
strategies that will 
result in the long-
term protection 
and restoration of 
wildlife linkage 
areas that intersect 
the I-70 Corridor, 
improve habitat 
connectivity, and 
preserve essential 
ecosystem 
components. 
(MOU Purpose 
and Intent)"

%,):-;9""
• </*=*/>+"=.-.""
• $.,=":;+"/,>02(.-/0,"

?/,7*!"*07.*"*.,=":;+@"
ABCB"(.,.D+(+,-")*.,;@"
E$1@"+-7!F"

• 4G,+2;H/)"=.-."?/,7*!"
)2/8.-+"*.,=;F"

• '3/;-/,D"$%I".,="'70J
*0D/7.*"/,>02(.-/0,".,="
2+70((+,=.-/0,;""

K0,;/=+2.-/0,;"
• <H.-"0))02-:,/-/+;"+3/;-"

-0"/()208+@")20-+7-"02"
2+;-02+")+2(+.5/*/-L".,="
H.5/-.-"70()0,+,-;M"

• N0G"H.8+"G/*=*/>+"
H.5/-.-".,=")0):*.-/0,;"
7H.,D+=";/,7+"-H+"
02/D/,.*"02"*.;-":)=.-+="
.,.*L;+;M"

• <H.-"-L)+;"0>"7H.,D+;"/,"
G/*=*/>+"H.5/-.-@"
)0):*.-/0,;"02"
(08+(+,-;"(/DH-"077:2"
/,"-H+"2+.;0,.5*L"
>02+;++.5*+">:-:2+M"
"
"
"

"?70,-/,:+="0,",+3-").D+F"
"

%,):-;"
• O.2D+-";)+7/+;"

(08+(+,-;".,="H.5/-.-;""
• </*=*/>+"D:/=+*/,+;".,="

E1P;"?%JQR"S:/=+*/,+;"
>02"',H.,7/,D"</*=*/>+"
P+2(+.5/*/-LF"

• #80/=.,7+".,="
(/-/D.-/0,";-2.-+D/+;"?%J
QR"K0,,+7-/8/-L"
T+70((+,=.-/0,;F"

• '3/;-/,D"2+708+2L"+>>02-;"
?ABC<BUKV4<F"

• K002=/,.-/0,"G/-H"
KV4<@"ABC<B@"ABCB@"
E$1@"*07.*"D08+2,(+,-;@"
0-H+2";-.W+H0*=+2;"

K0,;/=+2.-/0,;"
• #2+"-H+2+")+2(+.5/*/-L"

70,7+2,;"0:-;/=+"0>"
/=+,-/>/+="$%I;M"

• <H+2+".2+"-H+2+"+3/;-/,D"
5.22/+2;"-0"G/*=*/>+"
(08+(+,-M"

• <H.-"0))02-:,/-/+;"+3/;-"
-0"/()208+@")20-+7-"02"
2+;-02+")+2(+.5/*/-L".,="
H.5/-.-"70()0,+,-;M"
"

"
?70,-/,:+="0,",+3-").D+F"

%,):-;"
• B)+7/+;";)+7/>/7"

,++=;".,="
70().-/5*+")206+7-"
=+;/D,;"

• O+2(;".,="
70,=/-/0,;">20("
E/0*0D/7.*"4)/,/0,@"
/>".))*/7.5*+"

K0,;/=+2.-/0,;"
• </**")206+7-"=+;/D,;"

/()208+"02"2+;-02+"
H.5/-.-".,="
)+2(+.5/*/-LM"

• </**")206+7-"=+;/D,;"
(/,/(/X+"/().7-;"-0"
H.5/-.-".,="
)+2(+.5/*/-L"=:2/,D"
70,;-2:7-/0,M"

• </**")206+7-"=+;/D,;"
(/,/(/X+"/().7-;"-0"
H.5/-.-".,="
)+2(+.5/*/-L"=:2/,D"
0)+2.-/0,;".,="
(./,-+,.,7+M"
"
"
"
"
"

?70,-/,:+="0,",+3-"
).D+F"

%,):-;"
• O+2(;".,="

70,=/-/0,;">20("
E/0*0D/7.*"4)/,/0,@"
/>".))*/7.5*+"

• Y+G";)+7/+;"Z"
H.5/-.-"=.-.";/,7+"
PBZ'"2+*.-/8+"-0".**"
-.2D+-";)+7/+;"?02"
,+G"-.2D+-";)+7/+;F"
J"Y'P#"2+J
+8.*:.-/0,"

K0,;/=+2.-/0,;"
• #2+"-H+2+"

:,>02+;++,"/;;:+;"
.>>+7-/,D"H.5/-.-"Z"
)+2(+.5/*/-L"=:2/,D"
70,;-2:7-/0,M"

• #2+"-H+2+"7H.,D+;"
-0"-H+"70,;-2:7-/0,"
-/(+*/,+"-H.-"70:*="
.>>+7-"H.5/-.-"Z"
)+2(+.5/*/-LM"

4:-70(+;".,="P20=:7-;"
• 1/-/D.-/0,"

(0=/>/7.-/0,;"
"
&

%,):-;"
• %()*+(+,-.-/0,".,="

10,/-02/,D"P*.,"
• O+2(;".,="

70,=/-/0,;">20("
E/0*0D/7.*"4)/,/0,@"
/>".))*/7.5*+"

K0,;/=+2.-/0,;"
• #2+"-H+"(/-/D.-/0,;"

;:77+;;>:*"2+*.-/8+"
-0"-H+")+2(+.5/*/-L"
D0.*;";+-"=:2/,D"
7022/=02")*.,,/,D"
.,=")206+7-"
=+8+*0)(+,-M"
J <H.-"70:*="5+"

=0,+"
=/>>+2+,-*LM"

J N0G"70:*="."
;-2:7-:2+"5+"
5:/*-"5+--+2@"
7H+.)+2",+3-"
-/(+M"

4:-70(+;".,="P20=:7-;"
• 10,/-02/,D"2+;:*-;"
• $+;;0,;"*+.2,+="
&
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! !"##$%"#&'()**$*+& '#",-./&0-1-("23-*/& '#",-./&0-4$+*& '#",-./&!"*4/#5./$"*& 62-#)/$"*47&
8)$*/-*)*.-&)*%&
8"*$/"#$*+&

9:;0;:<=&
!6>>=!?:@:?A&
B>0&CBD:?B?&
"#$%&'%()*+!

,(&#$-).!/%*!01$*(#&.!

• 2*)%&'34!-)/.(1/56)!

7)1-)/5'6'&4!8$/6.!3$1!

&9)!#$11'*$1!

• :;$'*/%#)!.&1/&)8').!

<'&'8/&'$%!.&1/&)8').!"2=

>?!@$%%)#&';'&4!

A)#$--)%*/&'$%.+!

• A);'.)*!$1!1)3'%)*!B2C!

'%3$1-/&'$%!3$1!&9/&!

#$11'*$1!.)8-)%&!"B2C.=

D?EE+!

• 2*)%&'34!7/1&%)1.9'7!/%*!

/#F('.'&'$%!$1!)/.)-)%&!

$77$1&(%'&').!

"7)1-/%)%&!71$&)#&'$%!

$77$1&(%'&').!3$1!

/*G/#)%&!9/5'&/&+!

@$%.'*)1/&'$%.!"#$%H&+!

• I$J!9/;)!J'6*6'3)!

9/5'&/&!/%*!7$7(6/&'$%.!

#9/%8)*!.'%#)!&9)!

$1'8'%/6!$1!6/.&!(7*/&)*!

/%/64.).K!

• L9/&!&47).!$3!#9/%8).!'%!

J'6*6'3)!9/5'&/&M!

7$7(6/&'$%.!$1!

-$;)-)%&.!-'89&!$##(1!

'%!&9)!1)/.$%/564!

3$1).))/56)!3(&(1)K!

• N$!$77$1&(%'&').!)O'.&!&$!

)%9/%#)!1)#$;)14!)33$1&.!

")P8PM!/771$;)*!A)#$;)14!

06/%.!3$1!QR:=6'.&)*!

.7)#').!/%*!R&/&)!

/%/6$8+K!

• N$).!&9)!&/18)&!.7)#').!

6'.&!'%#6(*)!QR:=6'.&)*!

STQ!.7)#').M!.7)#').!$3!

.&/&)!)#$%$-'#!

'-7$1&/%#)M!URVR!/%*!

WB<!.)%.'&';)!.7)#').M!

URVR!<2RM!T!.&/&)!.77P!$3!

#$%#)1%K!

• :1)!&9)1)!7$&)%&'/664!

#$%36'#&'%8!

-'&'8/&'$%XW<0.!/#&'$%.!

"#1$..J/6Y!71$7$.)*!

-'&'8/&'$%.+!

!

"#$%&'%()*!$%!%)O&!7/8)+!

@$%.'*)1/&'$%.!"#$%H&+!

• :1)!&9)1)!

7$&)%&'/664!

#$%36'#&'%8!

-'&'8/&'$%XW<0.!

/#&'$%.!"#1$..J/6Y!

71$7$.)*!

-'&'8/&'$%.+!

,(&#$-).!/%*!01$*(#&.!

• V'%/6!06/%!

R7)#'3'#/&'$%.!/%*!

Q.&'-/&).!"'P)PM!3'%/6!

*).'8%.+!'%#6(*'%8!

.7)#'3'#!-'&'8/&'$%!

-)/.(1).!

• <$%'&$1'%8!76/%M!

).&'-/&).!/%*!

'*)%&'3')*!3(%*'%8!

3$1!-$%'&$1'%8!T!

$%8$'%8!

-/'%&)%/%#)!

! !
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! !"##$%"#&'()**$*+& '#",-./&0-1-("23-*/& '#",-./&0-4$+*& '#",-./&!"*4/#5./$"*& 62-#)/$"*47&
8)$*/-*)*.-&)*%&
8"*$/"#$*+&

! ! "#$%&'()!*+,!-.&,#%$)!
• /0&1&20%*1!34*1#*$0&+!

56787!)(+)0$04(!)99:;<!
/0&1&20%*1!=))())'(+$!
56787;<!/0&1&20%*1!
"90+0&+!5678>7;<!
/0&1&20%*1!?(9&.$!56787;!
@ A,(+$0BC!9.&D(%$@

)9(%0B0%!'0$02*$0&+!
)$.*$(20()!.(1*$04(!$&!
*11!$*.2($!)9(%0()!

@ 3)$*E10)F!
%&''0$'(+$!$&!
'&+0$&.0+2!

! ! !

9:;6<8=>96:&
:??0@&=:0&
A'0=>?@&
!
"ED(%$04(G!
A,(+$0BC!*+,!
*%H#0.(!
0+B&.'*$0&+!
+((,(,!$&!0+B&.'!
,(%0)0&+@'*I0+2!
*+,!&#$%&'()!*$!
(*%F!10B(!%C%1(!
9F*)(:!!
!

• JF*+20+2!*+,!)F0B$0+2!
F*E0$*$)!*+,!K01,10B(!
9&9#1*$0&+)!

• "+2&0+2!LAM!.(40)0&+)!

• N(+(.*1!*+,!)9(%0()@
)9(%0B0%!/O-)!

• 79(%0()@)9(%0B0%!*+,!
)0$(@)9(%0B0%!
'&+0$&.0+2!+((,)!P!
KF*$!9.&$&%&1)!
)F&#1,!E(!
0'91('(+$(,!$&!
(4*1#*$(!$F(!
B#+%$0&+*10$C!&B!
'0$02*$0&+!
'(*)#.()Q!

• 7#.4(C)!9.0&.!$&!
0'91('(+$*$0&+!

• =.(!$F(.(!+(K!&.!
0'9.&4(,!
'&+0$&.0+2!
$(%F+0H#()!KF0%F!
%&#1,!9.&40,(!
2.(*$(.!(BB0%0(+%C!
*+,!(BB(%$04(+())!0+!
'&+0$&.0+2Q!
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!"#$%&'()( (
(
*+,-.+./01/2(3('.214/3-(&546760.+(893+.:49;(4/(0<.(
*=>?(@4A/031/(!4991B49(
!
"#$%&'($)*%!+,(##)#&!+'-*).%/!(!#%0%//('1!2-3#.($)-#!2-'!4567!(#.!4-'').-'!
/$(8%9-,.%'/!)#!):+,%:%#$)#&!(#!%0-/1/$%:!(++'-(09;!<3$!$9%/%!+'-0%//%/!(,-#%!
0(##-$!%#/3'%!/300%//!($!%(09!,%*%,!-2!+,(##)#&=!>%*%'(,!(..)$)-#(,!'%/-3'0%/!9(*%!
<%%#!0-:+),%.!(/!+('$!-2!$9%!"?@A!B0-?C-&)0(,!D'-E%0$!$-!/3++-'$!):+,%:%#$($)-#!(/!
0-##%0$)*)$1!:)$)&($)-#/!('%!)#0-'+-'($%.!)#$-!%(09!/%F3%#$)(,!/$%+!-2!7)%'!G!+'-E%0$!
+,(##)#&=!>:(,,!/300%//%/!0(#!<%!<3),$!%(',1!<1!)#0-'+-'($)#&!,-H!0-/$!%#9(#0%:%#$!
-++-'$3#)$)%/!$9'-3&9-3$!$9%!4-'').-';!,%*%'(&)#&!-$9%'!-++-'$3#)$)%/!(#.!
0-:+,%:%#$)#&!$9%!0-#/$'30$)-#!-2!#%H!H),.,)2%!0'-//)#&!/$'30$3'%/!I>%0$)-#!J=KL=!
D%'2-':(#0%!:%(/3'%/!+'-:+$)#&!+'-E%0$!+,(##%'/!H)$9!F3%/$)-#/!(#.!,(1)#&!-3$!
:),%/$-#%/!9%,+!&(3&%!+'-&'%//!(#.!.%$%':)#%!/300%//!($!%(09!/$%+!-2!+'-E%0$!
+,(##)#&!(#.!):+,%:%#$($)-#!I>%0$)-#!J=GL=!D'%?!(#.!+-/$?0-#/$'30$)-#!:-#)$-')#&!
)/!%//%#$)(,!$-!:%(/3')#&!$9%!%22%0$)*%#%//!-2!#%H!(#.!'%$'-2)$$%.!/$'30$3'%/;!
.)'%0$)#&!(.(+$)*%!:(#(&%:%#$!#%%./!(#.!)#2-':)#&!23$3'%!:)$)&($)-#!.%/)&#/!2-'!
$9%!&'%($%/$!0-/$?%22)0)%#01!(#.!%22%0$)*%#%//!2-'!H),.,)2%!+(//(&%=!!!
!
!

)CDC( &39-7(&/<3/5.+./0(E,,490A/101.6(
!
79'-3&9!$9%!'-(.H(1!)#*%#$-'1;!$9%!'%/%('09%'/!H%'%!(<,%!$-!%*(,3($%!%M)/$)#&!
<').&%/!(#.!03,*%'$/!'%,($)*%!$-!$9%)'!23#0$)-#(,)$1!(/!+-$%#$)(,!H),.,)2%!0'-//)#&/=!
N9),%!)#!/-:%!0(/%/!$9%!%M)/$)#&!/$'30$3'%!:3/$!<%!'%+,(0%.!H)$9!(!#%H!/$'30$3'%!$-!
(00-::-.($%!$9%!$('&%$!H),.,)2%!)#!(#!('%(;!)#!-$9%'/;!$9%!%M)/$)#&!/$'30$3'%!:(1!<%!
:-.)2)%.!$-!<%$$%'!(00-::-.($%!H),.,)2%!+(//(&%!IO)#$/09!(#.!4'(:%'!GAKKL=!"#!
.%*%,-+)#&!$9%!23,,!/3)$%!-2!:)$)&($)-#!'%0-::%#.($)-#/!2-'!'-(.?/$'%(:!0'-//)#&/!
(#.!C"P/?GAKK!)#!$9%!4-'').-';!H9%'%*%'!+-//)<,%;!$9%!'%/%('09%'/!9)&9,)&9$%.!
-++-'$3#)$)%/!2-'!/309!):+'-*%:%#$/!$-!$9%!%M)/$)#&!)#2'(/$'30$3'%=!!
!
79%/%!Q%(',1!%#9(#0%:%#$!-++-'$3#)$)%/R!('%!,-H?0-/$!:%(/3'%/!$9($!0(#!<%!
0-#.30$%.!-3$/).%!-2!+'-E%0$/!(#.!9(*%!$9%!+-$%#$)(,!$-!):+'-*%!$9%!23#0$)-#(,)$1!-2!
(#!%M)/$)#&!/$'30$3'%!2-'!+(//(&%!<1!/-:%!-'!(,,!-2!$9%!$('&%$!/+%0)%/!)#!(#!('%(=!B(',1!
%#9(#0%:%#$!-++-'$3#)$)%/!:(1!)#0,3.%!:()#$%#(#0%!(0$)*)$)%/;!'%$'-2)$/!$-!%M)/$)#&!
/$'30$3'%/;!-'!$9%!(..)$)-#!-2!&3).%!2%#0)#&!($!(#!%M)/$)#&!<').&%!-'!03,*%'$=!S1!
).%#$)21)#&!H9%'%!%(',1!%#9(#0%:%#$!-++-'$3#)$)%/!('%!2%(/)<,%!(,-#&!$9%!4-'').-';!
/:(,,!0-##%0$)*)$1!):+'-*%:%#$/!0(#!:-*%!2-'H('.!H)$9-3$!9(*)#&!$-!H()$!2-'!
:(E-'!)#2'(/$'30$3'%!+'-E%0$/!$-!0-::%#0%=!4-#/%F3%#$,1;!):+,%:%#$)#&!%(',1!
%#9(#0%:%#$!-++-'$3#)$)%/!('%!%M0%,,%#$!:%09(#)/:/!2-'!<3),.)#&!/300%//!%(',1!
$9'-3&9!/:(,,!+'-E%0$/!(#.!.%:-#/$'($)#&!%22)0)%#$!3/%!-2!$'(#/+-'$($)-#!.-,,('/!$-!
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+5/+'/,&'1,&.&*+'"*'+5&'1,)O&0+'/,&/'/*$'.&/.)*/#'2/,"/+")*.'"*'3.&7'P5&.&'1,&F
0)*.+,30+")*'$/+/'0/*'5&#1'/*.4&,'E3&.+")*.'/<)3+'5/<"+/+'/*$',)/$4/6'%&/+3,&.'
+5/+'"*%#3&*0&'/*"(/#'()2&(&*+.'=8)*+/*/'Q&1/,+(&*+')%'P,/*.1),+/+")*'@AA@CD'
/*$'"*%),('1,)O&0+'$&."-*.'%),'(/J"(3('&%%"0/06'<&%),&'0)*.+,30+")*'<&-"*.7''
'
N).+F0)*.+,30+")*'()*"+),"*-'".'&..&*+"/#'%),'&2/#3/+"*-'.300&..D'45"05'0/*'$,"2&'
.311),+'%),'/$$"+")*/#'1,)O&0+.R'"*%),("*-'+5&'$&."-*')%'*&4'0,).."*-'.+,30+3,&.R'
/*$'$&+&,("*"*-'/$/1+"2&'(/*/-&(&*+'*&&$.7'N).+F0)*.+,30+")*'()*"+),"*-'
/0+"2"+"&.'.5)3#$'<&'0)*$30+&$'%),'/'("*"(3(')%'+4)'6&/,.'/*$D'"$&/##6D'%),'+5,&&'),'
(),&'6&/,.')2&,'/##'.&/.)*.7'S&.&/,05'5/.'$&()*.+,/+&$'+5/+'+5&,&'".')%+&*'/'#/-'
1&,")$'/.'.1&0"&.'<&0)(&'/003.+)(&$'+)'/'*&4'0,).."*-'.+,30+3,&'=>#&2&*-&,'/*$'
!/#+5)'@AATD'Q)$$'&+'/#'@AAUC7'8)*"+),"*-'/0+"2"+"&.'"*'?/*%%'$&()*.+,/+&$'+5/+'
$&&,'3./-&')%'+5&'4"#$#"%&'0,).."*-'.+,30+3,&.'0)*+"*3&$'+)'"*0,&/.&')2&,'/'%"2&F6&/,'
1&,")$D'45"#&'&#;'3./-&'#&2&#&$')%%D'/*$'&2&*'$&0,&/.&$'.#"-5+#6'"*'+5&'%"%+5'6&/,'
=>#&2&*-&,'/*$'!/#+5)'@AATC7'P5&.&'+,&*$.'"*'3./-&'/,&')*#6'$".0&,*/<#&'"*'/'
1,)-,/('+5/+'".'$&$"0/+&$'+)'()*"+),"*-'3./-&')2&,'(3#+"1#&'6&/,.D'/*$'(3.+'<&'
0)*."$&,&$'4"+5',&-/,$.'+)')+5&,'/**3/#'+,&*$.'/*$'1/++&,*.')%'3.&'"*%#3&*0"*-'
1)13#/+")*'$&()-,/15"0.7'P5&'1)13#/+")*F#&2&#'&%%&0+.')%'/'*&4'</,,"&,'),'
("+"-/+")*')%'/*'&J".+"*-'</,,"&,'(/6'+/;&'.&2&,/#'-&*&,/+")*.'+)'<&')<.&,2&$D'
&.1&0"/##6'%),'4"$&F,/*-"*-'.1&0"&.'+5/+')003,'"*',&#/+"2&#6'#)4'$&*."+"&.'/*$'5/2&'
#)4',&1,)$30+"2&',/+&.'=>#&2&*-&,'&+'/#'@AA@!C7'
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!
"#$%&#'%$(!#)*+,&%-+.!/0.&!)+!,1+2'13!4+5%$+4!5'#/!&6+!#0&.+&7!&6+.+!#)*+,&%-+.!8%11!
&6+$!(0%4+!862&!42&2!$++4.!&#!)+!,#11+,&+4!2$4!86%,6!&+,6$%90+.!.6#014!)+!0.+4!
:;<=<!>??@AB!C!-2'%+&3!#5!/#$%&#'%$(!&+,6$%90+.!2'+!2-2%12)1+!'+90%'%$(!-2'3%$(!
1+-+1.!#5!%$-+.&/+$&!%$!&%/+!2$4!+90%D/+$&!:.++!E+.#0',+.!F#G!)+1#8AB!H6+.+!
&+,6$%90+.!%$,104+!&'2,I!)+4.J!,2/+'2.!2$4!-%4+#!/#$%&#'%$(7!,#112'%$(!
'+D'+.+$&2&%-+!/+/)+'.!#5!2!D#D012&%#$7!2$4!KLC!2$213.%.!#5!62%'!#'!.,2&B!"#&%#$M
&'%((+'+4!,2/+'2.!2'+!,#//#$13!0.+4!%$!2!$0/)+'!#5!.&04%+.J!%$,104%$(!&6%.!#$+J!2.!
2!,#.&M+55+,&%-+!/+2$.!5#'!4+&+,&%$(!.D+,%+.!D'+.+$,+!2$4!4+&+'/%$%$(!D2..2(+!'2&+.!
:+B(BJ!N'2/+'!>?OOJ!N'2/+'!+&!21!>?OO!AB!F#$2I+'!:>??@A!,20&%#$.!&62&!/01&%D1+!
/#$%&#'%$(!&+,6$%90+.!2'+!)+.&!0.+4!%$!,#$*0$,&%#$!2.!#$+!&+,6$%90+!%.!1%I+13!&#!
,2D&0'+!.D+,%+.!2,&%-%&3!&62&!2$#&6+'!&+,6$%90+!/%..+.B!!
!
!

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

&
!"#$%"&$#'()&"**$#'(+%&,-%,&.*(/"&(0.&&.*%&$12(3$242$/.(

o N1+-+$(+'J!CB!PB!2$4!"B!PB!Q0%*.+'B!>?OOB!R%141%5+!,'#..%$(!.&'0,&0'+!
62$4)##IS!4+.%($!2$4!+-2102&%#$!%$!L#'&6!C/+'%,2B!E+D#'&!&#!&6+!=+4+'21!
Q%(6823!C4/%$%.&'2&%#$B!P0)1%,2&%#$!L#B!=QRCMN=TUHKMOOM??VB!R+.&+'$!
H'2$.D#'&2&%#$!W$.&%&0&+J!F#X+/2$J!"#$&2$2B!
M <++!N62D&+'!YS!"#$%&#'%$(!H+,6$%90+.J!K2&2!W$&+'D'+&2&%#$!2$4!

Z-2102&%#$.!
M 6&&DSUU888B,5164B(#-UD'#('2/.U&+,6K+-+1#D/+$&U8%141%5+U!!

"
!"#$%"&$#'(5"146+%&.17()&"**$#'*(/"&(8$*9(:1**1'.(

o Q2''%.J!EB!EB!>??YB!"#$%&#'%$(!&6+!+55+,&%-+$+..!#5!,01-+'&!5%.6!D2..2(+!
'+.&#'2&%#$![!=%$21!E+D#'&B!N+$&+'!5#'!=#'+.&'3J!;$%-+'.%&3!#5!N21%5#'$%2B!
F+'I+1+3J!NCB!
M 6&&DSUU5#'+.&'3B)+'I+1+3B+40U,#/D\D'#*UK=]U"#$%&#'%$(^>?&6+^>?

Z55+,&%-+$+..^>?#5^>?N01-+'&^>?=%.6^>?P2..2(+^>?E+.&#'2BD45!
!

&
!
Z55+,&%-+$+..!/#$%&#'%$(!%.!2$!%$&+('21!,#/D#$+$&!#5!242D&%-+!/2$2(+/+$&J!86%,6!
211#8.!24*0.&/+$&.!&#!)+!/24+!&#!/2$2(+/+$&!2,&%#$.!)2.+4!#$!/#$%&#'%$(!'+.01&.B!
H6+!.,%+$,+!2$4!D'2,&%,+!#5!8%141%5+!,'#..%$(.!%.!.&%11!2$!+/+'(%$(!5%+14J!2$4!&6+!
D'%$,%D1+.!#5!242D&%-+!/2$2(+/+$&!2'+!+..+$&%21!%$!+$.0'%$(!&62&!+2,6!$+8!
/%&%(2&%#$!/+2.0'+!)+$+5%&.!5'#/!211!D'+-%#0.!+55#'&.J!)#&6!.0,,+..501!2$4!
0$.0,,+..501B!W$!&0'$J!+2,6!$+8!1#,2&%#$!8%&6!/#$%&#'+4!/%&%(2&%#$.!,#$&'%)0&+.!&#!
&6+!('#8%$(!I$#81+4(+)2.+J!6+1D%$(!,#$.+'-2&%#$%.&.J!$2&0'21!'+.#0',+!/2$2(+'.!
2$4!&'2$.D#'&2&%#$!+$(%$++'.!21%I+!4+&+'/%$+!862&!8#'I.J!5#'!86%,6!.D+,%+.J!2$4!
86+'+B!Q%.&#'%,2113J!2!12,I!#5!2-2%12)1+!%$5#'/2&%#$!#$!&6+!+55+,&%-+$+..!#5!-2'%#0.!
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!"#"$%#"&'(!)%*+,)*(-.&!"'(%'/(0"**&')##)(12234(%'/(5"6/6"7)(/%#%(8%*(
*"$'"7"9%'#6:(8%!;),)/(#8)(9&'*#,+9#"&'(&7()77)9#"<)(5"6/6"7)(9,&**"'$*=(0+#(#8"*(#,)'/(
"*(98%'$"'$(%*()<"/)'9)/(>:(&'$&"'$()77&,#*("'(?%'%/%(-?6)<)'$),()#(%6(@AA@!4B(
C&'#%'%(-D%,/:()#(%6(@AAE4B(F,"G&'%(-H&//()#(%6(@AA24(%'/()6*)58),)=((
((
I&(!"#"$%#"&'(!)%*+,)("*(6"J)6:(#&(%98")<)(&')K8+'/,)/(;),9)'#()77)9#"<)')**(
-!)%*+,)/(%*(;,&;&,#"&'(&7(*+99)**7+6(9,&**"'$(%'/L&,(/)9,)%*)("'(%'"!%6K<)8"96)(
9&66"*"&'*4B('&,("*(*+98(%'(%99&!;6"*8!)'#(')9)**%,:(7&,(*+99)**(-D%,/:()#(%6(@AAE4=(
M)#(%(5)66K9&'9)"<)/(!&'"#&,"'$(%'/(%/%;#"<)(!%'%$)!)'#(*#,%#)$:("*(%'()**)'#"%6(
9&!;&')'#(&7(/)*"$'"'$(%'/("!;6)!)'#"'$(!"#"$%#"&'(!)%*+,)*(7&,(5"6/6"7)(#&(
)'*+,)(#8)",($,)%#)*#(7+'9#"&'%6"#:(;&**">6)=((
(
N'(%//"#"&'(#&(#8)(&<),%66(9&'#,">+#"&'*(#&(#8)(*9")'9)(%'/(;,%9#"9)(&7(,&%/()9&6&$:B(
6&'$K#),!(!&'"#&,"'$(&77),*(;,&O)9#K*;)9"7"9(>)')7"#*(#8%#(9%'(8)6;(;,)<)'#(#8)('))/(
7&,(9&*#6:(,)#,&7"#*("'(#8)(7+#+,)B(58"6)(8)6;"'$(#&(7"')K#+')(!"#"$%#"&'(!)%*+,)*(
#8,&+$8(%/%;#"<)(!%'%$)!)'#(-.+)/"$),(%'/(H"P"&,$"&(@AAE4=(C&'"#&,"'$(')5(
!"#"$%#"&'(*#,%#)$")*(%'/()Q;),"!)'#%6(/)*"$'*(;,&<"/)*(9,+9"%6("'7&,!%#"&'(7&,(
HRS*(/)#),!"'"'$(58)#8),(*+98(*#,%#)$")*(!%:(>)(,);6"9%#)/()6*)58),)=(T"'%66:B(#8)(
)<"/)'9)(;,&<"/)/(>:(!&'"#&,"'$()77&,#*(&'(#8)()77)9#"<)')**(&7(!"#"$%#"&'(!)%*+,)*(
"*(%'("!;&,#%'#(#&&6("'(!%"'#%"'"'$(%$)'9:(%'/(;+>6"9(*+;;&,#(7&,(5"6/6"7)(9,&**"'$*(
-?6)<)'$),(%'/(C9P+",)(@AA1U(.+)/"$),(%'/(H"P"&,$"&(@AAE4=(
!
!
"#$#! %&'()*+,&'!
(
?HRSV*(9&!!"#!)'#(#&(9&66%>&,%#"<)(;6%''"'$(7&,(#8)(NKEA(C&+'#%"'(?&,,"/&,(
;,)*)'#)/(%(+'"W+)(&;;&,#+'"#:(#&("!;6)!)'#(%(.)$"&'%6(X9&*:*#)!(T,%!)5&,J=(
S8)(NKEA(X9&KY&$"9%6(Z,&O)9#("*(%(*:*#)!*(6)<)6(%;;,&%98(#&(*#,%#)$"9(!"#"$%#"&'(
;6%''"'$(7&,(#8)(;+,;&*)(&7($+"/"'$(;,&O)9#K6)<)6(;6%''"'$(%*(?HRS()!>%,J*(&'(#8)(
')Q#(*#%$)(&7(;6%''"'$B(/)*"$'(%'/(9&'*#,+9#"&'(&'(#8)(?&,,"/&,=(F'(%**)**!)'#(&7(
5"6/6"7)(;,"&,"#")*(%'/(!"#"$%#"&'(&;#"&'*(9&!>"')/(5"#8(%$,))/K+;&'(*#%J)8&6/),(
;,&9)**)*(9%'()Q;)/"#)()'<",&'!)'#%6(,)<")5(>:(7+67"66"'$(,)$+6%#&,:(&>6"$%#"&'*("'(
%/<%'9)(&7(7"'%6(/)*"$'(%'/(9&'*#,+9#"&'B(,)!&<"'$(;&#)'#"%6([*+,;,"*)*V("'(#8)(
,)<")5(;,&9)**(7&,(%66(%$)'9")*(-D%,/:(%'/(\%!>%98(@AA24(
(
S8)(1E("/)'#"7")/(YN]*K@A11(%'/(%W+%#"9(9&'')9#"<"#:(6&9%#"&'*(,)76)9#(#8)(9+,,)'#(
+'/),*#%'/"'$(&7(5"6/6"7)(!&<)!)'#('))/*(%9,&**(#8)("'#),*#%#)B(%'/(#8)*)(9%'(>)(
)%*"6:(+;/%#)/(%*(')5(/%#%(>)9&!)*(%<%"6%>6)B(7&,()Q%!;6)B(7&,(*;)9")*(7&,(58"98(
*;%#"%6(/%#%*)#*(%,)(9+,,)'#6:(6%9J"'$=(\8"6)(9&!;"6"'$(/%#%(%'/(;,&/+9"'$(')5(/%#%(
9%'(>)(%(#"!)K9&'*+!"'$()'/)%<&,B(*+98(/%#%(9&66)9#"&'()77&,#*(7&,!(#8)(>%9J>&')(
&7(*+;;&,#(7&,(/)9"*"&'K!%J"'$=(0:(8%<"'$(#8)*)(/%#%(&'K8%'/B(%$)'9")*('&(6&'$),(
'))/*(#&(98&&*)(>)#5))'(;&*#;&'"'$(;,&O)9#K6)<)6(/)9"*"&'*(7&,(6%9J(&7(/%#%(&,(
!%J"'$(/)9"*"&'*(>%*)/(&'(%(;%+9"#:(&7(/%#%=(
(
F*(#8)(NKEA(5"6/6"7)(/%#%(%'/(,)9&!!)'/%#"&'*(%,)('&5("'#)$,%#)/("'#&(#8)(?^^(
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!"#$%&"'()*+,"-&(./0/1"*$($""(-+00"-&%2%&3(-+0-"*0$(45/11"6("/-7(&%."(/(0"!(
)*+,"-&(+2"*5/)$(/0(%6"0&%4%"6(89:'(4/-%5%&/&%01(-+0$%6"*/&%+0$(+4(&7"$"(-+0-"*0$(4*+.(
&7"("/*5%"$&($&/1"$(+4()*+,"-&(2%$%+0%01(/06()5/00%01;(<7"(*"-+.."06/&%+0$(
)*+2%6"6(+44"*(%0%&%/5(1=%6/0-"(4+*(*"$&+*%01()"*."/#%5%&3(4+*(!%565%4"(/-*+$$(&7"(
%0&"*$&/&";(>$("01%0""*%01($+5=&%+0$("?)/06(/06(*"$"/*-7(7"5)$(=$(5"/*0(!7/&(!+*@$(
/06(!7/&(6+"$0A&(!+*@(4+*(6%44"*"0&($)"-%"$'(&7"$"()*"5%.%0/*3(*"-+.."06/&%+0$(
-/0(#"(&/%5+*"6(+*("2"0(*"2%$"6(&+()*+2%6"(&7"(#"$&(-+00"-&%2%&3($+5=&%+0(/&(/(1%2"0(
5+-/&%+0;(B7%5"(&7"(CDD(6/&/#/$"(/06(&7"(E-+F8+1%-/5(6/&/#/$"(!"*"()*")/*"6(
$)"-%4%-/553(4+*(&7"(9FGH(I+=0&/%0(C+**%6+*'(&7"(*"$+=*-"$(-+0&/%0"6(&7"*"%0(./3(
/5$+(#"(/--"$$"6(4+*(&7"()=*)+$"(+4(-+.)/&%#5"()=#5%-(5/06(./0/1"."0&(+*(-+=0&3(
J+0%01(/06(&*/0$)+*&/&%+0()5/00%01;(((
(
<7"(9FGH(E-+F8+1%-/5(K*+,"-&(7/$(6".+0$&*/&"6(&7"(2/5="(+4(!"55F6"4%0"6(
$&/@"7+56"*("01/1"."0&()*+-"6=*"$(/06(=)F4*+0&(6/&/(-+.)%5/&%+0("44+*&$(&+(
$=))+*&(&*/0$)+*&/&%+0()5/00%01(&7/&(-+0$%6"*$(&7"(4=55(5/06$-/)"(-+0&"?&(L(#+&7(
"-+5+1%-/5(/06(7=./0;(M3(./@%01(&7%$(%04+*./&%+0(4=553(/--"$$%#5"(&+()*+,"-&(
"01%0""*$(/$(!"55(/$(%0&"*"$&"6()/*&0"*$(+=&$%6"(+4(CNO<'(&7"(*"$)+0$%#%5%&3(4+*(
"-+5+1%-/5F#/$"6(6"-%$%+0F./@%01("?&"06$(#"3+06(/1"0-3(#%+5+1%$&$(/06()*+2%6"$(/(
4+=06/&%+0(4+*(%0&"1*/&%2"()*+,"-&$(/06($=$&/%0/#5"(&*/0$)+*&/&%+0(%04*/$&*=-&=*";(90(
&7%$(!/3'(&7"(9FGH(E-+F8+1%-/5(K*+,"-&(4*/."!+*@(./@"$(%&("/$%"*(&+(1+(/#+2"(/06(
#"3+06(*"1=5/&+*3(*"P=%*"."0&$(%0()*+&"-&%01(/06(*"$&+*%01(-+00"-&%2%&3(4+*(
!%565%4"(!7%5"(/66*"$$%01(&7"($=#$&/0&%/5(%04*/$&*=-&=*"(/06(-+01"$&%+0(-7/55"01"$(
)*"$"0&(%0(&7"(C+**%6+*;(9FGH(!/$(+*%1%0/553(-+0$&*=-&"6(!%&7+=&(&7"(#"0"4%&(+4(/0(
"-+$3$&".$(/))*+/-7;(Q/&7"*(&7/0(/&&".)&%01(&+(.%&%1/&"(&7"(%.)/-&$(+4(/66%&%+0/5(
%04*/$&*=-&=*"(+0(/()*+,"-&F#3F)*+,"-&(#/$%$'(&7"(9FGH(Q"1%+0/5(E-+$3$&".(
R*/."!+*@(0+!(+44"*$($&*/&"1%-(1=%6/0-"(4+*(%.)*+2%01(-+00"-&%2%&3(/06(
6%.%0%$7%01(&7"(#/**%"*("44"-&(/5+01(&7"(9FGH(I+=0&/%0(C+**%6+*;((
(
(
(
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!"#"!"$%"&'
'

!"#$%&'!&"()*+,(-.&"./.0&#)/.)1234&25&$(06.*&%,2+4+1.7&827-2).)1+9&

:.723()*67&25&;)*.3+1()*<)=&>&?@@A>&!--.)*<B&%&<)&1C.&D#EF@&:26)1(<)&

8233<*23&G<)(0&H32=3(77(1<,&%)/<32)7.)1(0&#7-(,1&I1(1.7.)1>J&82023(*2&

K.-(317.)1&25&L3()+-231(1<2)&()*&G.*.3(0&M<=CN(4&!*7<)<+13(1<2)O&?@PP>&

K.)/.3O&8Q>&
&

R(,C.3ES3.+2,TO&U>&()*&U>&I>&I,CN(3V.3>&?@@W>&%,2E"2=<,(0X&()&.,2+4+1.7&(--32(,C&12&

*./.02-<)=&13()+-231(1<2)&-32Y.,1+&<)&(&,C()=<)=&.)/<32)7.)1>&H(=.+&FZ[EFA\&<)&

H>&U>&](=).3O&K>&^.0+2)O&()*&%>&:633(4&'.*+9>&H32,..*<)=+&25&1C.&?@@W&

#)1.3)(1<2)(0&82)5.3.),.&2)&%,202=4&()*&L3()+-231(1<2)>&8.)1.3&523&

L3()+-231(1<2)&()*&1C.&%)/<32)7.)1O&^231C&8(320<)(&I1(1.&;)</.3+<14>&_(0.<=CO&

^8>&
&

R()TO&G>&S>O&8>&">&#3N<)O&S>&">&%/<)TO&:>&%>&S3(4O&I>&M(=22*O&U>&_>&`<)(3O&!>&"./4O&K>&

H(60+2)O&R>&_6.*<=.3O&()*&_>&:>&I(6/(Y21>&?@@?>&]<0*0<5.&M(a<1(1&82)).,1</<14&

!,32++&%632-.()&M<=CN(4+>&G.*.3(0&M<=CN(4&!*7<)<+13(1<2)>&!0.B()*3<(O&$!>&

C11-Xbb<)1.3)(1<2)(0b5CN(>*21>=2/bN<0*0<5.cN.a>C17&
&

R(3)67O&I>&!>&?@@@>&I677(34&25&()<7(0E/.C<,0.&,200<+<2)+&5327&S0.)N22*&I-3<)=+&12&

1C.&:233<+2)&.B<1>&;)-6a0<+C.*&_.-231>&82023(*2&K.-(317.)1&25&L3()+-231(1<2)>&

K.)/.3O&8Q>&
&

R(3)67O&I>&?@@[>&#*.)1<54<)=&1C.&a.+1&02,(1<2)+&12&-32/<*.&+(5.&C<=CN(4&,32++<)=&

2--2316)<1<.+&523&N<0*0<5.>&H(=.+&?dZE?\?&<)&8>"&#3N<)O&H>&S(33.11O&()*&`>&H>&

:,K.37211&'.*+9>&#)1.3)(1<2)(0&82)5.3.),.&2)&%,202=4&()*&L3()+-231(1<2)&

H32,..*<)=+>&8.)1.3&523&L3()+-231(1<2)&()*&1C.&%)/<32)7.)1O&^231C&8(320<)(&

I1(1.&;)</.3+<14O&_(0.<=CO&^8>&&
&

R(3)67O&I>O&`>&_.<)C(31O&()*&:>&%0a32,C>&?@@F>&M(a<1(1O&C<=CN(4&5.(163.+O&()*&
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TERRESTRIAL TARGET SPECIES  Bioregion 
   

Species 
Guild Common Name* Scientific Name Home Range 

Size 

Western 
Slope 

Foothills 
(6,000-
7600 ft) 

Western 
Slope 

Montane 
(7,600-

9,000 ft) 

Subalpine                          
(9,000-

11,400 ft) 

Alpine (> 
11,400 ft) 

Eastern 
Slope 

Montane 
(7,600-

9,000 ft) 

Eastern 
Slope 

Foothills                          
(6,000-
7600 ft) 

Low Mobility 
Fauna 

Northern Leopard 
Frog Rana pipiens 

< 0.5 mi 
movements 
between ponds/ 
hibernacula 

x x x   x x 

  Boreal Toad  Bufo boreas 

< 0.5 mi 
movements 
between ponds/ 
hibernacula 

  x x       

  Greater sage 
grouse 

Centrocercus 
urophasianus   x x     x x 

  White-tailed 
ptarmigan Lagopus leucurus     x x x x   

Mobile Small 
Fauna 

Midget faded 
rattlesnake 

Crotalus oreganos 
concolor < 1 mile x           

  Common garter 
snake 

Thamnophis 
sirtalis .01 sq mi           x 

  Preble's meadow 
jumping mouse 

Zapus hudsonius 
preblei 0.0003  sq mi x         x 

  White-tailed 
prarie dog Cynomys leucurus 0.023 sq mi x x     x x 

  Pygmy shrew Sorex hoyi 
montanus       x x     

  American Marten Martes americana 0.3 sq mi     x x     

  River otter Lontra canadensis 
1.2 mi (along a 
river); mean HR 
is 20 mi long 

x x x       

  Red Fox Vulpes vulpes 
up to 23 sq mi (2 
sq mi in urban 
areas) 

x x x x x x 
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    Bioregion   

Species 
Guild Common Name* Scientific Name Home Range 

Size 

Western 
Slope 

Foothills 
(6,000-
7600 ft) 

Western 
Slope 

Montane 
(7,600-

9,000 ft) 

Subalpine                          
(9,000-

11,400 ft) 

Alpine (> 
11,400 ft) 

Eastern 
Slope 

Montane 
(7,600-

9,000 ft) 

Eastern 
Slope 

Foothills                          
(6,000-
7600 ft) 

Highly 
Mobile 
Adaptive 
Fauna 

Coyote Canis latrans  4 sq mi (mean) x x x x x x 

  Black Bear  Ursus americanus 
14 sq mi 
(resident 
females) 

x x x   x x 

  Canada Lynx Lynx canadensis 28 sq mi 
(females)   x x   x   

  Bobcat Lynx rufus 3 sq mi (females) x x     x x 
High Mobile 
High 
Openess 
Large Fauna 

Mountain Lion Felis concolor 15 sq mi 
(females) x x x x x x 

Adaptive 
Ungulates Moose Alces alces 2 sq mi x x x   x x 

  Mule Deer Odocoileus 
hemionus 

< 1 sq mi 
seasonally with 
up to 60+ mile 
migrations 
between summer 
and winter range. 

x x x   x x 

Very High 
Openness 
Fauna 

Bighorn Sheep Ovis canadensis 3 mile seasonal 
movements   x x x x   

  Elk Cervus elaphus 
4 km (migration 
for non-resident 
herds)  

x x x   x x 
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!
AQUATIC  TARGET SPECIES 
!
Common Name Scientific Name Conservation Status Watershed 
All aquatic macroinvertebrates all spp. USFSMIS   

Bluehead sucker Catostomus discobolus 

USFSSS, USFSMIS, 
FWS Candidate 
Species Colorado River 

Colorado River cutthroat trout Oncorhynchus clarki pleuriticus USFSSS, USFSMIS 

Colorado River, 
Eagle River, Blue 
River 

Flannelmouth sucker Catostomus latipinnis 

USFSSS, USFSMIS, 
FWS Species of 
Concern Colorado River 

Greenback cutthroat trout Oncorhynchus clarki stomias FT, USFSMIS Clear Creek 

Lake chub Couesius plumbeus USFSSS Clear Creek 
Mountain sucker Catostomus platyrhynchus USFSSS Colorado River 
Roundtail chub Gila robusta Candidate species   

Sculpin  Various spp.     
!
!
!
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APPENDIX C 
 
Roadway Inventory Data Field Descriptions 
 
 
The roadway inventory was conducted during the summer of 2009, with some follow-up in 2010 
and 2011. All bridges and culverts one meter in diameter or larger found were inventoried. Fill 
slopes bisecting natural drainages and some potential at-grade crossing areas were also 
inventoried. Data was collected at 126 locations in total. This included 13 bridges, 27 divided 
bridges, 1 overpass, 26 concrete box culverts, 50 pipes, 13 fill slopes, and 5 at-grades.  
 
Each site was assigned a unique identification number and its location was recorded using a 
hand-held GPS unit. For each location, two worksheets were filled out to record information on 
the site’s terrestrial and road segment characteristics. Where appropriate, an additional worksheet 
was filled out to document aquatic features.  
 
Terrestrial information 
A worksheet was filled out for each inventoried location to document the terrestrial 
characteristics of the site. All structural dimension measurements are in meters and most were 
made using a 100-meter open reel measuring tape or a Nikon Forestry 550 Hypsometer 
Rangefinder. Large areas, such as the imprint of a fill slope or length of an at-grade, were 
measured by pacing. Some measurements, such as length of culverts, were unobtainable in the 
field. These measurements were estimated later using the ruler tool in Google Earth. Table 1 
describes the variety of information collected on terrestrial characteristics at each location.  
 
 
Table 1: Information collected on the Terrestrial Worksheet 

LABEL DESCRIPTION 
Location ID Unique ID for each location. 
MP Mile post for each location. 
GPS ID Unique ID recorded with a GPS unit usually the same as Location ID. 
Situation Situation type at location. Includes checkbox for structure, at-grade or fill. 
STRUCTURE Information on structure situation types. 
Structure Type If situation type is structure, then structure type at location. Includes checkbox 

for divided bridge, bridge, concrete box culvert, corrugated metal pipe, metal 
plate arch, other or pipe culvert. 

Water If present, water type at structure. Includes checkbox for perennial, ephemeral, 
wetland or none. If perennial or ephemeral water present, aquatic worksheet 
filled out. 

% Terrestrial Percent of structure available for terrestrial use at location. Documented by 
circling one of the following percentages: 0%, <10%, 10-25%, 26-50%, 51-
75%, 76-100%. 

Description 1 Describes to which side (north/south; inlet/outlet) structure measurements 
below refer. Noted on side. 
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Width 1  Width of structure as measured parallel to the roadway. Width 1 is measured 
from the inlet/outlet, north/south side of roadway, or for divided bridges, the 
east/westbound lanes of traffic. Terrestrial structures are measured from 
perspective of an animal moving through the structure. 

Length 1 Length of structure as measured perpendicular to the roadway. For divided 
bridges, length 1 corresponds to either the east- or westbound lanes of traffic. 
Terrestrial structures are measured from perspective of an animal moving 
through the structure. 

Height 1 Height of structure measured from the inlet/outlet, north/south side of roadway, 
or for divided bridges, the east/westbound lanes of traffic. For aquatic 
structures, height measured to water line where full structure height not 
measurable. Terrestrial structures are measured from perspective of an animal 
moving through the structure.  

Diameter 1 Diameter of structure measured from inlet/outlet or north/south side of 
roadway. 
 

Description 2 Describes to which side (north/south; inlet/outlet) structure measurements 
below refer. Noted on side. 

Width 2 Width of structure as measured parallel to the roadway. If different, width 2 is 
measured from the inlet/outlet, north/south side of roadway or for divided 
bridges, the east/westbound lanes of traffic not measured for width 1. 
Terrestrial structures are measured from perspective of an animal moving 
through the structure. 

Length 2 Length of structure as measured perpendicular to the roadway. For divided 
bridges, length 2 is measured from the east/westbound lanes of traffic not 
measured for length 1. Terrestrial structures are measured from perspective of 
an animal moving through the structure. 

Height 2 If different, height of structure measured from the inlet/outlet, north/south side 
of roadway, or for divided bridges, the east/westbound lanes of traffic not 
measured for height 1. For aquatic structures, height measured to water line 
where full structure height not measurable. Terrestrial structures are measured 
from perspective of an animal moving through the structure. 

Diameter 2 Diameter of structure measured from the inlet/outlet or north/south side not 
measured for diameter 1. 

Skew from 
Road 

Degree structure is skewed from roadway. If structure is a bridge, skew from 
road was recorded as 0. The road is the structure, so the structure cannot be 
skewed from road. However, the channel below the bridge may be skewed from 
road. 

Substrate Type of material on floor of structure. Includes checkbox for vegetation, dirt, 
concrete, water, bedrock or other. 

Road Type of road through structure. Includes checkbox for dirt, paved, private or 
none. 

Human Use Amount of human use at structure. Includes checkbox for light, moderate, 
heavy or none. 

Use Type Type of human use at structure. Includes checkbox for foot, horse, cattle, 
bicycle, motorized and/or other. 
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FILL SLOPE Information on fill slope situation types. 
Height Height estimated as distance between the highest and lowest point of the fill 

slope.  
Imprint Length measured across the widest part of fill slope where it intersects th 

roadway  
Side measured North/south side of highway from which fill slope is measured noted by check 

box. 
Describe Detailed description of fill slope. 
AT-GRADE Information on at-grade situation types. 

BMP Mile post at which at-grade begins, measured to the nearest 1/10th mile. 
EMP Mile post at which at-grade ends, measured to the nearest 1/10th mile. 
Length Length measured across the widest part of at-grade that is parallel to the 

roadway.  
Describe Detailed description of at-grade. 

GENERAL Information collected for all locations. 
Tracks Animal tracks present at location. Checkbox provided for several species. 
Scat Animal scat present at location. Checkbox provided for several species. 
Game trails Description, including direction, of game trails present at location. 
N - Vegetation Vegetation present within 100 meters of north side of roadway. Includes 

checkbox for forest, grassland, shrub, riparian, pasture, bare ground, wetland 
and/or other. 

S - Vegetation Vegetation present within 100 meters of south side of roadway. Includes 
checkbox for forest, grassland, shrub, riparian, pasture, bare ground, wetland 
and/or other. 

N Side < 1m 
high 

Percentage of vegetation within 100 meters of north side of roadway that is less 
than 1 meter high. Percentage categories recorded as: 1 = 0%, 2 = < 10%, 3 = 
10-25%, 4 = 26-50%, 5 = 51-75%, or 6 = 76-100%. 

S Side < 1m 
high 

Percentage of vegetation within 100 meters of south side of roadway that is less 
than 1 meter high. Percentage categories recorded as: 1 = 0%, 2 = < 10%, 3 = 
10-25%, 4 = 26-50%, 5 = 51-75%, or 6 = 76-100%. 

N Side > 1 m 
high 

Percentage of vegetation within 100 meters of north side of roadway that is 
greater than 1 meter high. Percentage categories recorded as: 1 = 0%, 2 = < 
10%, 3 = 10-25%, 4 = 26-50%, 5 = 51-75%, or 6 = 76-100%. 

S Side > 1 m 
high 

Percentage of vegetation within 100 meters of south side of roadway that is 
greater than 1 meter high. Percentage categories recorded as: 1 = 0%, 2 = < 
10%, 3 = 10-25%, 4 = 26-50%, 5 = 51-75%, or 6 = 76-100%. 

Structures Structures, if any, present within 100 meters of north or south side of roadway. 
Side of roadway noted by check box. See Roadway Segment worksheet for 
information on type of structures present. 

Open Water Open water, if any, present within 100 meters of north or south side of 
roadway. Open water defined as greater than 10 meters wide and 1 meter deep 
as estimated by researcher. Side of roadway noted by check box. 

N – Roadside 
Slope 

Slope measured immediately adjacent to the end of the north side roadway 
shoulder. Measured in degrees. 
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S – Roadside 
Slope 

Slope measured immediately adjacent to the end of the south side roadway 
shoulder. Measured in degrees. 

N – Adjacent 
Slope 

Slope measured approximately 10 meters out from the end of the north side 
roadway shoulder. Measured in degrees. 

S – Adjacent 
Slope 

Slope measured approximately 10 meters out from the end of the south side 
roadway shoulder. Measured in degrees. 

WB In-Line 
Visibility 

Estimated distance researchers could see looking both into and away from 
oncoming traffic when standing on shoulder for westbound lanes of traffic.   

EB In-Line 
Visibility 

Estimated distance researchers could see looking both into and away from 
oncoming traffic when standing on shoulder for eastbound lanes of traffic.   

WB Visibility 
from 10m 

Estimated distance researchers could see looking both into and away from 
oncoming traffic when standing 10 meters from shoulder for westbound lanes 
of traffic.   

EB Visibility 
from 10m 

Estimated distance researchers could see looking both into and away from 
oncoming traffic when standing 10 meters from shoulder for eastbound lanes of 
traffic.   

Photo Points Documentation of photo points taken in the field. In the least, includes photos 
from north and south side of roadway looking towards and away from the road. 

General 
Comments 

Additional information not captured in above documentation. 

 
 
Road Segment information 
A worksheet was filled out for each inventoried location to document the characteristics of the 
site within 1/10th mile on either side of the identified location. All measurements are in meters 
and most were made using a small tape measure or the Nikon Forestry 550 Hypsometer 
Rangefinder (Nikon, Inc., Melville, NY, USA). Table 2 describes the variety of information 
collected at each location.  
 
 
Table 2: Information collected on the Road Segment Worksheet 

Label Description 
Road Segment ID Unique ID for each road segment. 
Corresponding Location ID(s) Location ID(s), as documented on the Terrestrial 

worksheet(s), for which the Road Segment worksheet is 
being completed.  

Name/Landmark Nearby landmark or name associated with location. 
BMP Mile post at which road segment begins 1/10th mile from the 

inventoried location. 
BGPS GPS point for segment beginning. Not documented for this 

project. 
EMP Mile post at which road segment ends 1/10th mile from the 

inventoried location. 
EGPS GPS point for segment end. Not documented for this project. 
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Road Footprint Width of road as measured perpendicular to flow of traffic. 
Measurement includes both directions of traffic, and when 
appropriate, highway on/off-ramps, chain-up stations, etc. 

Uneven Lanes Documentation that east/westbound lanes are not even with 
the other noted by Y/N checkbox. 

Frontage Road Presence of frontage roads, if any, within 100 meters of north 
or south side of roadway. Side of roadway noted by 
checkbox.   

Railroad Presence of railroad, if any, within 100 meters of north or 
south side of roadway. Side of roadway noted by checkbox.  

Buildings Type of buildings present, if any, within 100 meters of north 
or south side of roadway. Includes checkbox for commercial, 
residential, barn and/or other. Side of roadway noted by 
circling N or S. 

Segment Comments Additional information about road segment not captured in 
above documentation. 

WESTBOUND/EASTBOUND Information on east- and westbound lanes of traffic 
# Lanes Number of lanes of traffic for either the east- or westbound 

direction of traffic. 
Road Width Width of road as measured perpendicular to flow of traffic. 

Measurement includes either the east- or westbound lanes of 
traffic, and when appropriate, highway on/off-ramps, chain-
up stations, etc. 

Climbing Lane Presence of climbing lane for either the east- or westbound 
lanes of traffic noted by Y/N checkbox. 

Shoulder Barrier Type Type of shoulder barrier present, if any, in road segment for 
either the east- or westbound lanes of traffic. Includes 
checkbox for none, jersey wall, guard rail or wire fence.  

Barrier Height Height of barrier present measured at the tallest point of the 
barrier within the road segment. 

Photo id ID number for any photos of barriers taken. 
Barrier Contiguous Through 
Segment 

Documentation of whether the barrier continues through 
entire road segment noted by Y/N checkbox.  

ROW Fencing Presence of fencing, if any, within the right-of-way. Includes 
checkbox for 4-strand, 8’ wildlife fencing, chain link or 
sound wall.  

Retaining Wall Presence of retaining walls, if any, within 100 meters of 
roadway. Upslope or downslope noted by checkbox. 

Slope Cut > 45! Presence of a slope cut greater than 45 degrees within 100 
meters of roadway noted by checkbox.  

Slope Fill < 45! Presence of a slope fill less than 45 degrees within 100 
meters of roadway noted by checkbox. 

Exit/Entrance Presence of on/off-ramp within the road segment noted by 
marking Y/N. 
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Rest Areas Presence of a rest area within the road segment noted by 
marking Y/N. 

Pull Outs Presence of a pull out within the road segment noted by 
marking Y/N. 

Chain-up Station Presence of chain-up station within the road segment noted 
by marking Y/N. 

Roadway Lighting Presence of roadway lighting within the road segment noted 
by marking Y/N. 

Other Additional items present within the road segment not 
documented above. 

Photo ID ID number for any photos taken of items in this section. 
MEDIAN Information on the roadway median 

Median Width Width of median as measured perpendicular to flow of 
traffic. Measurement begins at the end of the eastbound lanes 
of traffic and ends at westbound lanes (or vice versa 
depending from which side it is measured). 

Median Barrier Presence of barrier within the median noted by Y/N 
checkbox. 

Undivided Information on undivided highway road segments. 
Barrier Type Type of barrier present in median, if any. Includes checkbox 

for guard rail, jersey wall or wire fence. 
Barrier Height Height of barrier present measured at the tallest point of the 

barrier. 
Photo id ID number for any photos of barriers taken. 

Divided Information on divided highway road segments. 
WB Barrier Type Type of barrier present in median, if any, for westbound 

traffic lanes. Includes checkbox for guard rail, jersey wall or 
wire fence. 

WB Barrier Height Height of barrier present measured at the tallest point of the 
barrier. 

Photo id ID number for any photos of barriers taken. 
EB Barrier Type Type of barrier present in median, if any, for eastbound 

traffic lanes. Includes checkbox for guard rail, jersey wall or 
wire fence. 

EB Barrier Height Height of barrier present measured at the tallest point of the 
barrier. 

Photo id ID number for any photos of barriers taken. 
Comments Additional information about road segment not captured in 

above documentation. 
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Aquatic Information 
An Aquatics worksheet was filled out for each inventoried location identified as having a 
structure with perennial or ephemeral water to document the aquatic characteristics of the site. 
All structural dimension measurements are in meters and most were made using a small tape 
measure or the Nikon Forestry 550 Hypsometer Rangefinder. In some cases, the lengths of 
culverts were unobtainable from the field. These measurements were estimated later using the 
measurement tool in Google Earth. Table 3 describes the variety of information collected at each 
location.  
 
 
Table 3: Information collected on the Aquatics Worksheet 

Label Description 
Location ID Unique ID for each location. Same as Terrestrial worksheet. 
MP Mile post for each location. 
GPS ID Unique ID recorded with a GPS unit. 
Stream Name Name of stream, if known, flowing through structure. 
Watershed Name of watershed in which stream is found. 
Shape Shape of structure. Includes checkbox for bridge, box, pipe, 

flat-bottomed pipe or arch. 
Material Material on floor of structure or the material an animal 

experiences underfoot. If bottomless (e.g., bridge or 3-sided 
culvert), then ‘natural’ selected. Includes checkbox for 
corrugated metal, concrete, PVC, smooth metal, natural or 
other.  

Culvert Skew from Stream 
Channel 

Degree structure is skewed from the stream channel as it flows 
into/out of the structure at the inlet/outlet. 

Inlet Elevation Elevation at inlet. Not recorded for this project. 
Culvert Length Length of culvert as measured perpendicular to the roadway. 

See Terrestrial worksheet for additional measurements on non-
culvert structures. 

Outlet Elevation Elevation at outlet. Not recorded for this project. 
Continuity of Substrate through 
Culvert 

Presence of substrate through majority of culvert noted by Y/N 
checkbox. 

Baffles, Weirs, Other Internal 
Structures 

Presence of internal structures noted by Y/N checkbox. 

Debris in Culvert Presence of debris within structure noted by Y/N checkbox. 
Shallow Water/Bank Edge 
through Culvert 

Presence of shallow water or bank edge through culvert noted 
by Y/N checkbox. 

Riprap/Bank Armoring Presence of riprap or bank armoring within structure noted by 
Y/N checkbox. 

Water Flowing Under Culvert Presence of water flowing under culvert instead of through 
noted by Y/N checkbox. 

Fill Eroding Documentation of fill erosion around structure noted by Y/N 
checkbox. 
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Inlet Information on inlet of structure 
Stream Level Classification Classification of stream at inlet based on the Rosgen 

Classification Scheme (Rosgen 1994, Rosgen 1996). 
Substrate Type of substrate present at inlet. Includes checkbox for 

bedrock, boulders, cobble, gravel, sand and/or silt/clay. 
Type Characteristics of inlet. Includes checkbox for natural, mitered, 

wingwall, headwall, apron and/or other. 
Pool Presence, if any, of pooling water at inlet noted by Y/N 

checkbox. 
Pool Size Approximate length and width of pool if present at inlet. 
Culvert Slope Slope measured immediately at culvert inlet. Measured in 

degrees. 
Channel Slope 10m from 
Inlet/Outlet 

Slope measured approximately 10 meters out from inlet. 
Measured in degrees. 

Trashrack/Screen Presence, if any, of trashrack or screen at inlet noted by Y/N 
checkbox.  

Debris Plugging Inlet Presence of debris obstructing inlet noted by Y/N checkbox. 
Ratio of Inlet Width to Channel 
Width 

Ratio of structure width at inlet to channel width at inlet. 

Photo Points Documentation of photo points taken in the field. In the least, 
includes photos looking towards the inlet and away. 

Comments Additional information about inlet not captured in above 
documentation. 

Outlet Information on inlet of structure 
Stream Level Classification Classification of stream at outlet based on the Rosgen 

Classification Scheme (Rosgen 1994, Rosgen 1996). 
Substrate Type of substrate present at outlet. Includes checkbox for 

bedrock, boulders, cobble, gravel, sand and/or silt/clay. 
Configuration Characteristics of outlet. Includes checkbox for at grade, 

projecting, freefall into pool/riprap, cascade into riprap, apron 
and/or other. 

Culvert Slope Slope measured immediately at culvert outlet. Measured in 
degrees. 

Channel Slope 10m from 
Inlet/Outlet 

Slope measured approximately 10 meters out from outlet. 
Measured in degrees. 

Drop Presence, if any, of drop at outlet noted by checkbox. 
Drop distance Height of drop if present at outlet. 
Pool Presence, if any, of pooling water at outlet noted by Y/N 

checkbox. 
Pool Size Approximate length and width of pool if present at outlet. 
Photo Points Documentation of photo points taken in the field. In the least, 

includes photos looking towards the outlet and away. 
Comments Additional information about outlet not captured in above 

documentation. 
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Passage Evaluation 

Assessment of the degree to which a crossing resembles the 
adjacent stream form and function. Evaluation made relative to 
connectivity function only. Includes checkbox for resembles 
natural channel, adequate, indeterminate or inadequate. 

Multiple Structures at Site 

Documentation of other structures at same site. Includes line 
for # of identical openings, # of different openings (with ID for 
additional worksheet filled out for different openings), or # 
overflow pipes.  
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Barriers Mapping 
 
To map barriers throughout the corridor, we noted the presence of a barrier in the median or 
within 100 meters of the roadside for each 1/10th mile road segment in our study area. 1/10th mile 
road segments were defined by the starting point of a given 1/10th mile segment, such that, for 
example, MP 140 represents from 140 – 140.1 or MP 228.9 = 228.9 – 229.0. Barriers cataloged 
include natural barriers such as cliffs, sound walls, and retaining walls. 
 
Driving both east and west through the study area, we manually noted whether a barrier was 
present for each 1/10th mile road segment on spreadsheet created for the task. For each 1/10th 
mile segment, we marked one of three columns on the spreadsheet: ‘Up’ ‘Down’ and ‘No’ to 
denote an upslope barrier, a downslope barrier or no barrier, respectively. An ‘X’ signified 
natural barriers, ‘SW’ meant soundwalls and ‘RW’ meant retaining walls. Following any mark 
with ‘(Median)’ signified that the barrier existed in the median.  
 
This information was then converted to GIS using a CDOT road layer split into 1 mile-long 
segments using milepost as the dividing point. This process relied on the CDOT milepost layer, 
which was compiled for an invasive weeds mapping project based on the physical roadside 
milepost signs. However, the weedsmilepost layer does not include points for a stretch of 
roadway near Evergreen. Instead, for this section, we used a different CDOT milepost layer 
derived from a calculation of mileposts in a GIS using a linear referencing system. These are not 
the actual physical milepost locations, but, in most cases, they lie within close proximity to the 
physical milepost locations and provided a suitable surrogate where the weeds-mileposts data 
was not available. In addition, in the Officer’s Gulch section, the on the ground mileposts (MP 
197-199) are not 1 mile apart (198-199 going westbound is > 1 mile; and 199-200 going 
westbound is < 1 mile). This section was mapped in the GIS using the weedsmilepost layer.  
 
Once the roadway was divided into mile-long segments, these were further split into 1/10th mile 
segments using the divide tool in ArcGIS. The attributes for this new layer were then manually 
filled in to mirror what was noted in the field.  
 
Wildlife Fencing  
 
We mapped all wildlife fencing that has been installed in the corridor as of July 2011. Installed 
fencing currently occurs solely in the western portion of the study area. Mapping was done by 
driving east and west through the study area and taking a GPS point at each point where fencing 
begins and ends. This includes each time fencing terminated resulting in a gap such as at an on-
ramp/off-ramp. We did not map each time the fencing starts and ends at a structure (i.e. bridge or 
culvert) with no resulting gap nor did we map when fencing ends in a cliff wall and starts up 
again a few tenths of a mile up the road.  One-way deer gates and jump-outs have also not been 
mapped. 
 
To create a GIS line layer, a CDOT road layer was split at each GPS point and each resulting line 
segment was defined as either fencing or not. Additional attributes for this layer include a 
description of the start and end point for each fencing segment and which side of the interstate 
the segment is found.  
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INTRODUCTION 
 
The I-70 Eco-logical Project is designed to field test the ecosystem approach developed by the 
Federal Highway Administration (Brown 2006) The Regional Ecosystem Framework applies an 
ecosystem-based approach to developing transportation infrastructure by protecting and restoring 
aquatic and terrestrial connectivity while also improving predictability in environmental review. 
The ultimate objective of the project is to develop solutions for restoring and mitigating 
transportation impacts on wildlife habitat connectivity (including animal-vehicle collisions) for 
terrestrial and aquatic species in each bioregion along the I-70 Mountain Corridor from Golden 
(MP 258) to west of Dotsero (MP 130).  
 
The scope of work is composed of five tasks:  
 

1) Compile inventory data, spatial layers, and research studies on aquatic and terrestrial 
wildlife and their connectivity needs along the I-70 Mountain Corridor including a) 
validate and refine Linkage Interference Zones (LIZs), and b) identify aquatic 
connectivity zones.  

 
2) Monitor wildlife use of existing culverts and activity along the roadway. 
 
3) Conduct multi-agency and stakeholder meetings to establish and review work 

products. 
 
4) Integrate conservation priorities into the transportation planning process for the I-70 

Mountain Corridor. 
 
5) Avoid, minimize and mitigate both current and future impacts by identifying and 

prioritizing methods to reduce impacts on an ecosystem scale, specifically by 1) 
identifying and prioritizing mitigation options, 2) identifying a process for 
implementing early action conservation measures, and 3) providing criteria for 
evaluating the conservation effectiveness of implemented measures.  
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This report outlines the methods for validating and refining the LIZs first mapped by the ALIVE 
Committee (CDOT 2004), an interagency program convened by CDOT to support environmental 
streamlining for the I-70 PEIS (Solomon 2007). As a part of the I-70 Eco-logical Project and in 
an effort to update the LIZs first mapped in 2004 with the most current wildlife data available, 
we developed a consistent and transparent process for identifying terrestrial connectivity zones 
within each bioregion along the I-70 Mountain Corridor. Recommendations for improving 
permeability for terrestrial wildlife will be focused in these revised LIZs (LIZ-2011), although 
additional measures may be warranted throughout the I-70 Mountain Corridor. 
 
 
ANALYSIS METHODS 
 
The analysis process for reassessing LIZs was comprised of three primary steps, detailed in the 
following sections: 

1) For each bioregion within the study area (Table 1), identify at least one discrete priority 
zone based on identified primary criteria;  

2) For each analysis segment, tally presence/absence of primary parameters; 
3) Apply decision rules for delineating LIZs within each bioregion; apply secondary criteria 

as appropriate.  
 

Table 1: Bioregions along the I-70 Mountain Corridor (CDOT 2004) 
Bioregion Mileposts 

Western Slope Foothills MP 130 – 170 
Western Slope Montane MP 170 – 182 
Subalpine MP 182 – 214 & MP 216 – 226 
Alpine MP 214 – 216 
Eastern Slope Montane MP 226 – 255 

 
Wildlife habitat data were compiled for each target species within the I-70 Mountain Corridor for 
which spatial data were available. To determine which data layers to include in the analysis from 
all those present in the study area, we started with any threatened and endangered, sensitive, and 
other special status species found in the Corridor. From there, we added any other species 
presenting a safety, barrier, or habitat fragmentation concern in the context of the I-70 Mountain 
Corridor (see Table 2 for a list of all primary parameters). Appendix C details additional layers 
that are present in the study area but were not included in this analysis. 
 
All primary parameters were ranked on a standardized scale so that all values at a given location 
could be summed (Table 2). Each parameter (i.e., target species or AVC data) was given a 
maximum score to avoid one parameter having an unreasonable weight within an analysis 
segment. This also helps maintain a balance between parameters that have more or less sub-
parameters, or available habitat and movement data layers. Federal and state threatened and 
endangered species were given a higher maximum possible score than the more common game 
species. Canada lynx, Preble’s meadow jumping mouse and boreal toad were each allowed a 
maximum score of 20, the highest possible. Lynx and Preble’s are both listed as threatened under 
the Endangered Species Act, and boreal toad is a state endangered species and was on the 
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candidate species list until the mid-2000s. River otter was given a maximum score of 12 because 
of their state threatened status.  
 
For each focal species parameter, subparameters were identified, representing the different 
habitat values for that species. Available data layers for a given focal species were included in 
the analysis only if the habitat was identified as important habitat (e.g., winter range, movement 
corridor) for that species. In general, CDOW rankings (2008) for priority wildlife habitat for 
economic species and species at risk were used as a guideline for prioritizing and scoring 
subparameters (Appendix B).  
 
In determining scores for each subparameter, habitat for species identified as ‘sensitive’ (e.g., 
boreal toad and Canada lynx) and more sensitive habitat types (e.g. boreal toad breeding sites) 
were given a higher individual score than more general habitat types (e.g. overall range), unless 
the CDOW rankings (2008) used for guidance dictated otherwise. Modeled wildlife linkages 
(SREP 2008) were given the highest individual sub-parameter score because they indicate areas 
of the landscape that are specifically important for wildlife movement and incorporate a variety 
of information (e.g. local and regional expertise, landscape characteristics, wildlife habitat 
preferences). 
 
Similarly, the modeled wildlife linkages (SREP 2008) were given the highest subparameter score 
for common species such as bighorn sheep and mule deer because these data layers relate 
directly to movement areas for these species. Sensitive habitat types were given an individual 
subparameter score based on the CDOW rankings (2008).  Certain data layers, such as highway 
crossings, were included even though they were not ranked by CDOW because they were 
deemed important in the context of this study. These data layers were given a score based on 
scores for comparable data layers (Appendix B). 
 
The most up-to-date AVC data available from Colorado State Patrol were used for all species 
except mountain lion, black bear and lynx. For these three species, a separate dataset maintained 
by CDOW was used as this dataset includes all collected roadkill incidents, not just those with a 
written accident report. Animal-vehicle collision data collected from both agencies were related 
to the nearest 1/10th mile and summed to obtain the total number of AVCs per 1/10th mile. Each 
AVC incident for all species except mountain lion, black bear and lynx were given a score of 1 
with maximum score of 20 per 1/10th mile segment. This ensured that nearly all (> 99%) possible 
AVC per 1/10th mile values were captured, while preventing AVC values from exerting 
excessive influence in the identification of connectivity zones. Because black bear, mountain lion 
and Canada lynx are priority species for CDOW, a subparameter score of 6 was given to the first 
AVC per species in a given 1/10 mile segment. Each additional AVC for a given species in the 
same 1/10th mile segment was given a score of 3 (applicable only to mountain lion in one 1/10th 
mile segment). The AVCs per 1/10th mile layer was then given a ! mile buffer so that it could be 
overlaid with the wildlife habitat subparameters for analysis purposes.  
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Table 2: Primary criteria used to prioritize roadway segments. Highlighted rows indicate 
parameters, with subparameters listed beneath. Each parameter has a maximum possible score, 
such that the sum of multiple subparameters at a given location cannot have a value greater than 
the maximum score possible for that parameter.  

PARAMETER MAXIMUM 
SCORE 

Subparameter Source Decision Rule Individual Score 
AVC 20 

AVC CSP (1993 to 
June 2006) 

 1-20 AVCs per tenth of 
a mile 

1-20 

BIGHORN SHEEP 10 
Bighorn Sheep - LCL 
Modeled Wildlife 
Linkages 

CNE 2008 Presence/absence 5 

Bighorn Sheep – 
Migration Corridor* 

CDOW 2010 Presence/absence 4 

Bighorn Sheep – 
Production Areas* 

CDOW 2010 Presence/absence 4 

Bighorn Sheep – Severe 
Winter Range* 

CDOW 2010 Presence/absence  4 

Bighorn Sheep – Summer 
Concentration Area* 

CDOW 2010 Presence/absence 3 

Bighorn Sheep – Winter 
Concentration Area* 

CDOW 2010 Presence/absence 4 

Bighorn Sheep – Winter 
Range 

CDOW 2010 Presence/absence 2 

BLACK BEAR 10 
Black Bear - AVC CDOW (Sept 

1994 to Jan 
2010) 

Presence/absence 6 

Black Bear – Fall 
Concentration* 

CDOW 2010 Presence/absence 3 

Black Bear – Summer 
Concentration* 

CDOW 2010 Presence/absence 2 

BOREAL TOAD 20 
Boreal Toad – Breeding 
Sites** 

CDOW 2006 Presence/absence. Points 
buffered by 100m. 

10 

Boreal Toad – 
Observations** 

CDOW 2006 Presence/absence. Points 
buffered by 100m. 

6 

Boreal Toad – Survey 
Sites** 

CDOW 2006 Presence/absence. Points 
buffered by 100m. 

6 

ELK 10 
Elk – Highway Crossings CDOW 2010 Presence/absence 4 
Elk - LCL Modeled CNE, 2008 Presence/absence 5 
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Wildlife Linkages 
Elk – Migration Corridor* CDOW 2010 Presence/absence 4 
Elk – Production Area*  CDOW 2010 Presence/absence 4 
Elk – Resident Population 
Area 

CDOW 2010 Presence/absence 4 

Elk – Severe Winter 
Range* 

CDOW 2010 Presence/absence 3 

Elk – Winter 
Concentration* 

CDOW 2010 Presence/absence 3 

Elk – Winter Range* CDOW 2010 Presence/absence 2 
LYNX 20 

Lynx AVC CDOW (July 
1999 to July 
2008) 

Presence/absence 6 

Lynx – Denning, Winter 
and/or Other Habitat** 

USFS 2003 Presence/absence 6 

Lynx - LCL Modeled 
Wildlife Linkages 

CNE 2008 Presence/absence 10 

Lynx – Potential 
Habitat** 

CDOW 2006 Presence/absence 6 

MOOSE 7 
Moose – Concentration 
Area* 

CDOW 2010 Presence/absence 4 

Moose – Summer Range* CDOW 2010 Presence/absence 1 
Moose – Winter Range CDOW 2010 Presence/absence 2 

MOUNTAIN LION 9 
Mountain Lion – AVC – 
1st record 

CDOW (Sept 
1994 to Jan 
2010) 

Presence/absence 6 

Mountain Lion – AVC – 
2nd record 

CDOW (Sept 
1994 to Jan 
2010) 

Presence/absence 3 

MULE DEER 10 
Mule Deer – 
Concentration Area 

CDOW 2010 Presence/absence 4 

Mule Deer – Critical 
Winter Range* 

CDOW 2010 Presence/absence 4 

Mule Deer – Highway 
Crossings 

CDOW 2010 Presence/absence 4 

Mule Deer - LCL 
Modeled Wildlife 
Linkages 

CNE 2008 Presence/absence 5 

Mule Deer – Migration 
Corridor* 

CDOW 2010 Presence/absence 4 

Mule Deer – Resident CDOW 2010 Presence/absence 4 
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Population Area 
Mule Deer – Severe 
Winter Range* 

CDOW 2010 Presence/absence 3 

Mule Deer – Winter 
Concentration Area* 

CDOW 2010 Presence/absence 3 

Mule Deer – Winter 
Range* 

CDOW 2010 Presence/absence 2 

NORTHERN LEOPARD FROG 4 
Northern Leopard Frog – 
Potential Habitat 

SWREGAP 
2005 

Presence/absence 4 

PREBLE’S MEADOW JUMPING MOUSE 16 
Preble’s – Occupied 
Habitat** 

FEMA/FWS 
2010  

Presence/absence 10 

Preble’s – Overall 
Range** 

CDOW 2010 Presence/absence 6 

RIVER OTTER 12 
River Otter – 
Concentration Area* 

CDOW 2010 Presence/absence 6 

River Otter – Overall 
Range* 

CDOW 2010 Presence/absence 6 

*Priority wildlife habitat for economic species and species at risk (rare, threatened and endangered) for HB 1298 
Species Impact Assessment as identified by CDOW, updated Jan. 29, 2008. Scores for this analysis correspond to 
CDOW’s habitat ranking system (Appendix B): ‘Very High’ = 4; ‘High’ = 3; ‘Moderate’=2 and ‘Low’ = 1  
**High priority wildlife habitat for other species at risk (rare, threatened and endangered) 
 
 
GIS Analysis Process 
The first step in the GIS analysis process involved determining which wildlife habitat types, or 
subparameters, are present in the study area. To facilitate this process, a ! mile buffer was 
mapped around a CDOT roads layer to define the study area around I-70. The ! mile buffer was 
based on methodologies from the original LIZ identification process, which also used a ! mile 
buffer to evaluate habitat data adjacent to the roadway. Using this buffered study area layer, a 
screen was run on several existing data layers to determine which wildlife habitat types of the 
identified parameters are present in the study area (Table 2).  

For the next step, all of the subparameters present were clipped to the ! mile buffered study area 
and assigned scores as detailed in Table 2. Each 1/10th mile segment in the buffered AVC layers 
were also given their appropriate score. All of the clipped and scored layers were merged into 
one data layer using the union tool in ArcGIS. A total score for each parameter was then 
calculated as the sum of the subparameters for each polygon in the study area (numerous 
polygons were created as a result of the summation process of all the data layers). All parameter 
totals were then checked and changed so that no parameter scored greater than its maximum 
possible score for a given polygon. A final score for each polygon was then determined by 
summing all of the scores across all parameters for that polygon. 

The CDOT road layer was then split into 1 mile-long segments using mileposts as the dividing 
point. This process relied on the CDOT milepost layer, which was compiled for an invasive 
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weeds mapping project based on the physical roadside milepost signs. However, the weeds-
milepost layer does not include points for a stretch of roadway near Evergreen. Instead, for this 
section, we used a different CDOT milepost layer derived from a calculation of mileposts in a 
GIS using a linear referencing system. These are not the actual physical milepost locations, but, 
in most cases, they lie within close proximity to the physical milepost locations and provided a 
suitable surrogate where the weeds-mileposts data were not available. Once the roadway was 
divided into mile-long segments, these were further split into 1/10th mile segments using the 
divide tool in ArcGIS. This line layer was then buffered by a ! mile to correspond to the defined 
study area. Due to complexities in the GIS calculations, only the eastbound alignment was used 
as the basis for buffering. Next, the acreage for each buffered 1/10th mile segment was calculated 
– referred to through the remainder of this report as a “slice”.  This slice layer was then unioned 
with the layer containing the merged subparameters and total scores. 

The polygons within the new unioned layer were dissolved within a given 1/10th mile segment 
based on their total scores. To normalize the polygon scores and to prevent small polygons with 
a high total score from exerting excessive influence on the final rank of a slice, the acreage of 
these new polygons – defined by their common total scores – was calculated within each slice. 
The acreage of each polygon was then divided by the total acreage of the slice so that a 
percentage could be assigned to each polygon, representing the area of a slice occupied by that 
polygon. This percentage and the total score for each polygon were multiplied together. This 
layer was then dissolved into the 1/10th mile segments and the total scores of each individual 
polygon in a 1/10th mile segment were summed together to obtain a final score for each slice.  

At this point, the dbf file for the summed slices layer was exported and opened in Excel. In 
Excel, the data were smoothed by summing a slice’s total score with that of the two adjacent 
slices. This process acknowledges that one segment is likely influenced by its two neighboring 
segments (Huijser et al, 2008). The slices at each end of the analysis corridor are biased in this 
case because there is only one adjacent slice with which to smooth.   

Based on these new, smoothed scores, the 0-20, 20-40, 40-60, 60-80 and 80-100 percentiles were 
calculated. The table was then imported back into the GIS, rejoined to its spatial layer, and 
exported as a new layer depicting the final analysis layer – total value per 1/10th mile slice. 
 
 
Decision Rules for Defining Linkage Interference Zones Within Each Bioregion 
Once the prioritization of 1/10th mile segments was completed, the next step was to create a set 
of decision rules to provide a consistent process for delineating individual LIZs within the 
highway corridor. The following suite of decision rules were applied to define LIZs: 

 
• The minimum length for a LIZ is ! mile (i.e., five 1/10th mile segments) 
• Any Very High or High 1/10th mile road segments (i.e., 60-100th percentile) are 

automatically included in a LIZ. 
• Up to ! mile of continuous Medium-ranked road segments (40-60th percentile) are 

included in a LIZ if surrounded by Very High or High-ranked road segments.  
• A 1/10th mile Low priority road segment (below the 40th percentile) is included in a LIZ 

only if surrounded by Very High or High road segments or within an included Medium-
ranked segment.  
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• A Low priority road segment 2/10th mile long or greater marks the end of a LIZ. 
• A LIZ may cross bioregion boundaries.  

 
Secondary (refining) Criteria 
LIZs were then further refined to exclude heavily developed areas along the highway corridor. 
Aerial imagery was used to conduct this refinement instead of the GIS land use/land cover layer, 
whose classification generalizes land use. In this manner, we were able to exclude major 
developed areas along the Corridor, while still including other residential areas where wildlife 
may still pass (e.g., low-medium density residential areas). 
 
 
ANALYSIS RESULTS 
 
Using this analysis procedure, 17 distinct connectivity zones were identified along the I-70 
Mountain Corridor. These zones, by agreement of the ALIVE Committee, are called Linkage 
Interference Zones-2011 (LIZs-2011), to distinguish them from the LIZs identified in the 
original assessment in 2004. Mileposts listed below indicate the starting point of a given 1/10th 
mile segment, such that, for example, MP 140 represents from 140 – 140.1. Each LIZ, and the 
parameters that define it, is further described in Table 3. 
 
Western Slope Foothills Bioregion (MP 130 – 170) 

LIZ-2011 Name Mileposts Range 
Zone A Dotsero 130.9-131.3 
Zone B Wolcott West 151.2-154.1 
Zone C Wolcott 155.3-156.3 
Zone D Wolcott East 157.1- 159.6 

 
Western Slope Montane Bioregion (MP 170 – 182) 
Note: This bioregion includes the town of Vail, through which much of the roadway was ranked 
Very High and High priority. These areas were excluded from consideration as LIZs despite the 
high habitat values of the landscape because the extensive development in this area immediately 
adjacent to the roadway precludes effective implementation of highway mitigation measures.   

LIZ-2011 Name Mileposts Range 
Zone E Dowds Junction 169.4-172.8 
Zone F Vail (East) 176.8-180.1 
Zone G Gore Creek 180.9-182.1 

 
Subalpine Bioregion (MP 182 – 214) 

LIZ-2011 Name Mileposts Range 
Zone H West Vail Pass 182.9 – 188.1 
Zone I East Vail Pass 191.8-194.2 
Zone J Wheeler Junction 195.2-195.8 
Zone K Laskey Gulch 207.3 – 209.0 
Zone L Hamilton Gulch 211.6-212.4 
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Alpine Bioregion (MP 214 – 216)  
This bioregion has an existing land bridge over the interstate where the Eisenhower and Johnson 
Tunnels cross under the Continental Divide. No LIZs were identified in this bioregion.  
 
Subalpine Bioregion (MP 216 – 226) 

LIZ-2011 Name Mileposts Range 
Zone M Bakerville 216.4 – 227.1 

 
Eastern Slope Montane (MP 226 – 255) 

LIZ-2011 Name Mileposts Range 
Zone N Empire Junction 231.6 - 232.9 
Zone O Clear Creek Junction 243.0 – 244.9 
Zone P Beaver Brook 245.5-250.2 
Zone Q Mt. Vernon Creek 252.8 – 257.6 

 
 
Table 3: Primary parameters driving how each LIZ-2011 was defined and mapped. 
Subparameters for each primary parameter that are present are listed below each parameter. 
Additional parameters that are present in the LIZ but had less influence on the total score are also 
listed.  

LIZ-2011 MILE POSTS PRIMARY PARAMETERS* ADDITIONAL 
PARAMETERS 

A – Dotsero 130.9-131.3 Elk: 
- LCL modeled wildlife linkage 
- Highway crossing 
- Severe winter range 
- Winter range 

Mule deer: 
- Critical winter range 
- Severe winter range 
- Winter concentration area 
- Winter range 

AVCs, bighorn 
sheep, northern 
leopard frog, 
river otter 

B – Wolcott West 151.2-154.1 Animal-vehicle collisions 
Elk: 

- LCL modeled wildlife linkage 
- Highway crossing 
- Winter concentration area 
- Winter range 

Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 

Mule deer: 
- Concentration area 
- Critical winter range 
- Highway crossing 
- Migration corridor 
- Severe winter range 
- Winter concentration area 
- Winter range 

Northern leopard 
frog, river otter 
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C – Wolcott 155.3-156.3 Elk: 
- LCL modeled wildlife linkage 
- Highway crossing 
- Production area 
- Winter concentration area 
- Winter range 

Mule deer: 
- Critical winter range 
- Highway crossing 
- Migration corridor 
- Severe winter range 
- Winter concentration area 
- Winter range 

AVCs, black 
bear, lynx, 
moose, mountain 
lion, northern 
leopard frog, 
river otter 

D – Wolcott East 157.1-159.6 Animal-vehicle collisions 
Elk:  

- LCL modeled wildlife linkage 
- Highway crossing 
- Migration corridor 
- Severe winter range 
- Winter concentration area 
- Winter range 

Mule deer: 
- Critical winter range 
- Highway crossing 
- Migration corridor 
- Severe winter range 
- Winter concentration area 
- Winter range 

Black bear, lynx, 
moose, northern 
leopard frog, 
river otter 

E – Dowd Junction 169.4-172.8 Elk: 
- LCL modeled wildlife linkage 
- Production area 
- Severe winter range 
- Winter concentration area 
- Winter range 

Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter, and/or other 

habitat 

AVCs, black 
bear, moose, 
mule deer, 
northern leopard 
frog, river otter 

F – Vail (East) 176.8-180.1 Animal-vehicle collisions 
Lynx: 

- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

Bighorn sheep, 
black bear, boreal 
toad, elk, moose, 
northern leopard 
frog, river otter 

G – Gore Creek 180.9-182.1 Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, black 
bear, elk, moose, 
northern leopard 
frog, river otter 
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H – West Vail Pass  182.9-188.1 Lynx: 
- AVC 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, elk, 
moose, northern 
leopard frog 

I – East Vail Pass 191.8-194.2 Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, elk, 
moose, northern 
leopard frog 

J – Wheeler Junction 195.2-195.8 Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, moose, 
northern leopard 
frog, river otter 

K – Laskey Gulch 207.3-209 Elk: 
- Highway crossing 
- Migration corridor 
- Resident population area 
- Severe winter range 
- Winter range 

Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, black 
bear, moose, 
mule deer, 
northern leopard 
frog, river otter 

L – Hamilton Gulch 211.6-212.4 Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, black 
bear, moose, 
northern leopard 
frog  

M – Bakerville 216.4-227.1 Lynx: 
- AVC 
- LCL modeled wildlife linkage 
- Potential habitat 
- Denning, winter and/or other 

habitat 

AVCs, bighorn 
sheep, black bear, 
boreal toad, elk, 
mountain lion, 
northern leopard 
frog 

N – Empire Junction 231.6-232.9 Lynx: 
- LCL modeled wildlife linkage 
- Potential habitat 

AVCs, bighorn 
sheep, black bear, 
elk, mule deer, 
northern leopard 
frog 

O – Clear Creek 
Junction 

243.0-244.9 Elk: 
- LCL modeled wildlife linkage 
- Winter range 

Mule deer: 
- LCL modeled wildlife linkage 
- Critical winter range 
- Highway crossing 

AVCs, bighorn 
sheep, lynx, 
mountain lion, 
Preble’s meadow 
jumping mouse 
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- Winter concentration area 
- Winter range 

P – Beaver Brook 245.5-250.2 Animal-vehicle collisions 
Elk: 

- LCL modeled wildlife linkage 
- Highway crossing 
- Resident population area 
- Winter concentration area 
- Winter range 

Mule deer: 
- LCL modeled wildlife linkage 
- Critical winter range 
- Highway crossing 
- Severe winter range 
- Winter range 

Black bear, lynx, 
mountain lion, 
northern leopard 
frog, Preble’s 
meadow jumping 
mouse 

Q – Mt. Vernon 
Creek 

252.8-257.6 Animal-vehicle collisions 
Elk: 

- Highway crossing 
- Resident population area 
- Winter concentration area 
- Winter range 

Mule deer: 
- Concentration area 
- Critical winter range 
- Highway crossing 
- Resident population area 
- Winter concentration area 
- Winter range 

Black bear, lynx, 
mountain lion, 
Preble’s meadow 
jumping mouse 

* Primary parameters drive the identification of LIZs-2011. A parameter is considered to be a primary driver if the 
parameter scores half or more of the maximum score possible for that parameter across at least half of the area 
encompassed by that LIZ. CSP AVC data were a primary parameter when the total AVCs within the LIZ scored 20 
or higher. 
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A comparison of the 2011 and 2004 LIZs shows some locations identified in both analyses as 
well as several that were only identified in one or the other. Seventeen LIZs were identified in 
the 2011 analysis, compared to 13 in 2004. The 2004 analysis includes two LIZs for which sub-
segments were also identified, specifically, LIZ 6 a & b (Upper and Lower West Vail Pass) and 
LIZ 9 a & b (Laskey Gulch and Hamilton to Dead Coon Gulch). While both analyses 
incorporated many of the same types of data layers, the LIZ-2004 process used a variety of 
techniques to delineate LIZs, including expert opinion, which was not used in the LIZ-2011 
process. In addition, the specifics of the LIZ-2004 analysis process are not well documented, and 
so the process is not replicable with more up-to-date datasets. Table 4 provides a side-by-side 
comparison of the LIZs identified in each analysis.  
 
Table 4: Comparison of 2011 and 2004 LIZs. For each LIZ-2011, the approximately 
corresponding LIZ-2004 is listed. In some cases, there is a LIZ identified in one analysis that has 
not identified in others. In other cases, two LIZs-2011 may correspond to a single LIZ-2004, as, 
in general, longer segments were identified in the 2004 analysis.  

LIZ-2011 Mileposts LIZ-2004 Mileposts 
Zone A (Dotsero) 130.9-131.3 LIZ 1 (Dotsero) 131.4-134.5 
N/A  LIZ 2 (Eagle Airport to 

Town of Eagle) 
142.0-145.3 

Zone B (Wolcott West) 151.2-154.1 LIZ 3 (Eagle to Wolcott) 147.3-153.6 
Zone C (Wolcott) 155.3-156.3 LIZ 4 (Wolcott to Avon) 154.4-166.5 
Zone D (Wolcott East) 157.1- 159.6 LIZ 4 (Wolcott to Avon) 154.4-166.5 
Zone E (Dowds Junction) 169.4-172.8 LIZ 5 (Dowd Canyon) 169.5-172.3 
Zone F (Vail - East) 176.8-180.1 N/A  
Zone G (Gore Creek) 180.9-182.1 N/A  
Zone H (West Vail Pass) 182.9-188.1 LIZ 6a&b (West Vail 

Pass) 
181.7-188.5 

Zone I (East Vail Pass) 191.8-194.2 LIZ 7 (East Vail Pass to 
Copper) 

190.4-194.0 

Zone J (Wheeler 
Junction) 

195.2-195.8 LIZ 8 (Officer’s 
Gulch/Owl Canyon) 

195.5-200.9 

Zone K (Laskey Gulch) 207.3- 209 LIZ 9a (Laskey Gulch) 207.0-209.7 
Zone L (Hamilton Gulch) 211.6-212.4 LIZ 9b (Hamilton Gulch 

to Dead Coon Gulch) 
210.7-212.6 

Zone M (Bakerville) 216.4-227.1 LIZ 10 (Herman Gulch to 
Bakerville) 

216.7-220.8 

Zone N (Empire 
Junction) 

231.6-232.9 LIZ 11 (East of Empire 
on US 40) 

I-70 Exit 232 

N/A  LIZ 12 (Fall River) 237.2-238.2 
Zone O (Clear Creek 
Junction) 

243.0-244.9 N/A  

Zone P (Beaver Brook) 245.5-250.2 LIZ 13 (Mt Vernon 
Canyon) 

246.5-258.1 

Zone Q (Mt Vernon 
Creek) 

252.8-257.6 LIZ 13 (Mt Vernon 
Canyon) 

246.5-258.1 
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Appendix A: GIS Data Definitions 
 

Data Source Definition 
Animal-vehicle 
collisions (AVC) 

CSP (1993 to 
June 2006) 

Animal-vehicle collision data reported to Colorado State Patrol 
from 1993 to June 2006. These data are maintained by Colorado 
Department of Transportation. Records for mountain lion and 
black bear were removed from this dataset to avoid duplication of 
the CDOW AVC data used for those species. 

Bighorn Sheep – 
Migration Corridor 

CDOW 2010 Migration corridor shows a specific, mappable site through which 
large numbers of animals migrate, and the loss of which would 
change migration routes. 

Bighorn Sheep – 
Production Areas 

CDOW 2010 Production area shows production (lambing) areas for bighorn 
sheep in Colorado.  Production areas are defined as that part of 
the overall range occupied by pregnant females during a specific 
time period in the spring.  This time period is May 1 to June 30 
for Rocky Mtn bighorn sheep, and February 28 to May 1 for 
desert bighorn sheep. Only known production areas are mapped. 

Bighorn Sheep – 
Severe Winter 
Range 

CDOW 2010 Severe winter range shows the part of the winter range where 
90% of the individual animals are located when the annual 
snowpack is at its maximum and/or temperatures are at a 
minimum in the two worst winters out of ten. Not all populations 
exhibit migratory behavior during severe winters, many will stay 
within the defined winter range regardless of conditions.  Thus, 
some populations may not have a mapped severe winter range 
distribution. 

Bighorn Sheep – 
Summer 
Concentration Area 

CDOW 2010 Summer concentration is defined as those areas where bighorn 
sheep concentrate from mid-June through mid-August.  High 
quality forage, security, and lack of disturbance are generally 
characteristic of these areas to meet the high energy demands of 
lactation and lamb rearing. 

Bighorn Sheep – 
Winter 
Concentration Area 

CDOW 2010 Winter concentration shows the part of the winter range where 
animal densities are at least 200% greater than the surrounding 
winter range density during the same period used to define the 
winter range, in the average five winters out of ten. 

Bighorn Sheep – 
Winter Range 

CDOW 2010 Winter range shows the part of the overall range where 90% of 
the individuals are located during the average five winters out of 
ten, from the first heavy snowfall to spring green-up, or as a 
specific period which may defined for each unit. 

Black Bear - AVC CDOW (Sept 
1994 to Jan 
2010) 

Animal-vehicle collision data for black bear collected by the 
Colorado Division of Wildlife from September 1994 to January 
2010. 

Black Bear – Fall 
Concentration 

CDOW 2010 Fall concentration areas are defined as those parts of the overall 
range that are occupied from August 15 until September 30 for 
the purpose of ingesting large quantities of mast and berries to 
establish fat reserves for the winter hibernation period. 

Black Bear – 
Summer 
Concentration 

CDOW 2010 Summer concentration areas are defined as those parts of the 
overall range where activity is greater than the surrounding 
overall range during that period from June 15 to August 15. 

Boreal Toad – 
Breeding Sites 

CDOW 2006 Breeding sites are actual sites where breeding has occurred in 
recent history (since 1998).  
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Boreal Toad – 
Observations 

CDOW 2006 Observations are reports sent into Tina Jackson at CDOW about 
boreal toad observations. 

Boreal Toad – 
Survey Sites 

CDOW 2006 Survey sites are locations where people have done surveys, either 
for boreal toads or habitat. The layer gives information about the 
site visited and whether or not toads were observed. It does not 
assess habitat quality. Only sites where toads were observed were 
included. 

Elk – Highway 
Crossings 

CDOW 2010 Highway crossing is defined as those areas where elk movements 
traditionally cross roads, presenting potential conflicts between 
elk and motorists. 

Elk – Migration 
Corridor 

CDOW 2010 Migration corridor is defined as a specific mappable site through 
which large numbers of animals migrate and loss of which would 
change migration routes. 

Elk – Production 
Area 

CDOW 2010 Production area represents that part of the overall range of elk 
occupied by the females from May 15 to June 15 for calving.  
Only known areas are mapped and this does not include all 
production areas for the Data Analysis Unit. 

Elk – Resident 
Population Area 

CDOW 2010 Resident population Area is defined as an area used year-round 
by a population of elk.  Individuals could be found in any part of 
the area at any time of the year; the area cannot be subdivided 
into seasonal ranges.  It is most likely included within the overall 
range of the larger population. 

Elk – Severe 
Winter Range 

CDOW 2010 Severe winter range represents that part of the overall range of 
elk where 90% of the individuals are located when the annual 
snowpack is at its maximum and/or temperatures are at a 
minimum in the two worst winters out of ten.  The winter of 
1983-1984 is a good example of a severe winter. 

Elk – Winter 
Concentration  

CDOW 2010 Winter concentration area represents that part of the winter range 
of elk where densities are at least 200% greater than the 
surrounding winter range density during the average five winters 
out of ten from the first heavy snowfall to spring green-up, or 
during a site specific period of winter as defined for each Data 
Analysis Unit. 

Elk – Winter Range CDOW 2010 Elk winter range is the part of the overall range of elk where 90% 
of the individuals are located during the average five winters out 
of ten from the first heavy snowfall to spring green-up, or during 
a site specific period of winter as defined for each Data Analysis 
Unit. 

LCL (Linking 
Colorado’s 
Landscapes) 
Modeled Wildlife 
Linkages 

SREP, 2008 LCL modeled wildlife linkages are areas of the landscape that are 
important for wildlife movement based on local and regional 
expertise and modeling of landscape characteristics (e.g. 
topography), wildlife habitat preferences and movement patterns.  

Lynx - AVC CDOW (July 
1999 to July 
2008) 

Animal-vehicle collision data for lynx collected by the Colorado 
Division of Wildlife from July 1999 to July 2008. 

Lynx – Denning, 
Winter and/or 
Other Habitat 

USFS 2003 Lynx denning, winter and/or other habitat as mapped by USFS.  

Lynx – Potential CDOW 2006 Potential habitat is defined as those areas having the highest 
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Habitat potential of lynx occurrences in the state. These areas usually 
contain positive, probable, or possible reports. 

Moose – 
Concentration Area 

CDOW 2010 Concentration area is defined as the part of the range of a species 
where densities are 200% higher than the surrounding area during 
a specific season. 

Moose – Summer 
Range 

CDOW 2010 Summer range is defined as that part of the overall range where 
90% of the individuals are located during the summer months. 
This summer time frame will be delineated with specific start/end 
dates for each moose population within the state (i.e.: May 1 to 
Sept 15). Summer range is not necessarily exclusive of winter 
range. 

Moose – Winter 
Range 

CDOW 2010 Winter range shows that part of the overall range where 90% of 
the individuals are located during the winter months. This winter 
time frame will be delineated with specific start/end dates for 
each moose population within the state (i.e.: November 15 to 
April 1). 

Mountain lion - 
AVC 

CDOW (Sept 
1994 to Jan 
2010) 

Animal-vehicle collision data for mountain lion collected by the 
Colorado Division of Wildlife from September 1994 to January 
2010. 

Mule Deer – 
Concentration Area 

CDOW 2010 Concentration area shows that part of the overall range where 
higher quality habitat supports significantly higher densities than 
surrounding areas.  These areas are typically occupied year round 
and are not necessarily associated with a specific season.  
Includes rough break country, riparian areas, small drainages, and 
large areas of irrigated cropland. 

Mule Deer – 
Critical Winter 
Range 

CDOW 2010 Critical winter range is a delineation of those parts of mule deer 
winter range that CDOW considers to be of highest priority for 
protection from disturbance from development.  Protection of 
these parts of mule deer winter range is considered critical to 
sustain mule deer populations across Colorado.  
 
Mule deer critical winter range was created by combining subsets 
of mule deer winter concentration areas, high-density mule deer 
severe winter range, and Deer Data Analysis Units (DAUs). 
  
The high density severe winter range was created by calculating 
the 2006 post-hunt population estimate divided by the total winter 
range for each DAU.  This was used to map to identify a "higher" 
and "lower" density threshold.  A logical breakpoint was 7 deer 
per square km because a natural break occurred at this point and 
it was near the mean density.  We then used this breakpoint in 
selecting those parts of the severe winter range where high deer 
densities increase the importance of the habitat. 

Mule Deer – 
Highway Crossings 

CDOW 2010 Highway crossing shows those areas where mule deer 
movements traditionally cross roads or railroads, presenting 
potential conflicts between mule deer and motorists/trains. (More 
than six highway mortalities per mile of highway or railroad per 
year is a guide that may be used to indicate highway crossings). 

Mule Deer – 
Migration Corridor 

CDOW 2010 Migration corridors shows a specific mappable site through 
which large numbers of animals migrate and loss of which would 
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change migration routes. 
Mule Deer – 
Resident 
Population Area 

CDOW 2010 Resident population area shows an area that provides year-round 
range for a population of mule deer.  The resident mule deer use 
all of the area all year; it cannot be subdivided into seasonal 
ranges although it may be included within the overall range of the 
larger population. 

Mule Deer – 
Severe Winter 
Range 

CDOW 2010 Severe winter range shows that part of the overall range where 
90% of the individuals are located when the annual snowpack is 
at its maximum and/or temperatures are at a minimum in the two 
worst winters out of ten. 

Mule Deer – 
Winter 
Concentration Area 

CDOW 2010 Winter concentration area shows the part of the winter range 
where densities are at least 200% greater than the surrounding 
winter range density during the same period used to define winter 
range in the average five winters out of ten. 

Mule Deer – 
Winter Range 

CDOW 2010 Winter range shows that part of the overall range where 90% of 
the individuals are located during the average five winters out of 
ten from the first heavy snowfall to spring green-up, or during a 
site specific period of winter as defined for each Date Analysis 
Unit. 

Northern Leopard 
Frog – Potential 
Habitat 

SWREGAP 
2005 

This data layer is a product of the Southwest Regional Gap 
Analysis Project. It depicts the predicted habitat for northern 
leopard frog. The following assumptions are associated with this 
GAP vertebrate habitat model1: 1. Species are assumed to occur 
within a polygon representing potential habitat but are not 
predicted to occur at any particular point within that polygon. 2. 
Species are assumed to be present within a polygon, but no 
assumptions are made about the abundance of the species in the 
polygon. 3. Species are assumed to be present in a polygon at 
least once in the last 10 years but need not be present every year 
in the last decade. 4. Species are assumed to be present during 
some portion of their life history, not necessarily during the entire 
year. 

Preble’s Meadow 
Jumping Mouse – 
Occupied Habitat 

FEMA/FWS 
2010 

This layer depicts the 100-year floodplain of Beaver Brook with a 
300 foot buffer. FWS verified that Preble’s meadow jumping 
mouse has been trapped in this area, and it is considered occupied 
habitat. A 300 foot buffer was applied to the 100-year floodplain 
to be consistent with how FWS determines impacts for section 7 
consultation (Alison Michael, FWS, pers. comm.). The 100-year 
floodplain was determined by using the Flood Zone X (FEMA, 
pers. comm.) attribute from the FEMA GIS data layer titled 
S_Fld_Haz_Ar which depicts the location and attributes flood 
insurance risk zones on the DFIRM. 

Preble’s Meadow 
Jumping Mouse – 
Overall Range 

CDOW 2007 Overall range is defined as the area which encompasses the 
probable range of Preble's meadow jumping mouse along the 
Front Range of Colorado below 7600' elevation eastward to 
include those hydrounits identified by the Preble's Technical 
Working Group. Preble's meadow jumping mouse is primarily 

                                                
1 Csuti, B. and P. Crist.  1998.  Methods for Assessing Accuracy of Animal Distribution Maps, Gap Analysis 
Program, University of Idaho, Moscow, Idaho.  http://www.gap.uidaho.edu/  
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associated with riparian corridors of small intermittent and 
perennial streams where riparian herbaceous and riparian shrub 
(primarily willow) dominate. 

River Otter – 
Concentration Area 

CDOW 2010 Concentration areas are defined as areas where river otters are 
known to concentrate; otter sightings and signs of otter activity 
are more frequent in these areas than in their overall range. 

River Otter – 
Overall Range 

CDOW 2010 Overall range is defined as those areas encompassing all mapped 
seasonal activity areas within the observed range of a population 
of river otters. 

Data Source Definition 
Animal-vehicle 
collisions (AVC) 

CSP (1993 to 
June 2006) 

Animal-vehicle collision data reported to Colorado State Patrol 
from 1993 to June 2006. These data are maintained by Colorado 
Department of Transportation. Records for mountain lion and 
black bear were removed from this dataset to avoid duplication of 
the CDOW AVC data used for those species. 

Bighorn Sheep – 
Migration Corridor 

CDOW 2010 Bighorn Migration Corridors shows a specific, mappable site 
through which large numbers of animals migrate, and the loss of 
which would change migration routes. 

Bighorn Sheep – 
Production Areas 

CDOW 2010 Bighorn Production Area shows production (lambing) areas for 
bighorn sheep in Colorado.  Production areas are defined as that 
part of the overall range occupied by pregnant females during a 
specific time period in the spring.  This time period is May 1 to 
June 30 for Rocky Mtn bighorn sheep, and February 28 to May 1 
for desert bighorn sheep. Only known production areas are 
mapped. 

Bighorn Sheep – 
Severe Winter 
Range 

CDOW 2010 Bighorn Severe Winter shows the part of the winter range where 
90% of the individual animals are located when the annual 
snowpack is at its maximum and/or temperatures are at a 
minimum in the two worst winters out of ten. Not all populations 
exhibit migratory behavior during severe winters, many will stay 
within the defined winter range regardless of conditions.  Thus, 
some populations may not have a mapped severe winter range 
distribution. 

Bighorn Sheep – 
Summer 
Concentration Area 

CDOW 2010 Bighorn Summer Concentration is defined as those areas where 
bighorn sheep concentrate from mid-June through mid-August.  
High quality forage, security, and lack of disturbance are 
generally characteristic of these areas to meet the high energy 
demands of lactation and lamb rearing. 

Bighorn Sheep – 
Winter 
Concentration Area 

CDOW 2010 Bighorn Winter Concentration shows the part of the winter range 
where animal densities are at least 200% greater than the 
surrounding winter range density during the same period used to 
define the winter range, in the average five winters out of ten. 

Bighorn Sheep – 
Winter Range 

CDOW 2010 Bighorn Winter Range shows the part of the overall range where 
90% of the individuals are located during the average five winters 
out of ten, from the first heavy snowfall to spring green-up, or as 
a specific period which may defined for each unit. 

Black Bear - AVC CDOW (Sept 
1994 to Jan 
2010) 

Animal-vehicle collision data for black bear collected by the 
Colorado Division of Wildlife from September 1994 to January 
2010. 

Black Bear – Fall CDOW 2010 Fall Concentration Areas are defined as those parts of the overall 
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Concentration range that are occupied from August 15 until September 30 for 
the purpose of ingesting large quantities of mast and berries to 
establish fat reserves for the winter hibernation period. 

Black Bear – 
Summer 
Concentration 

CDOW 2010 Summer Concentration Areas are defined as those parts of the 
overall range where activity is greater than the surrounding 
overall range during that period from June 15 to August 15. 

Boreal Toad – 
Breeding Sites 

CDOW 2006 Breeding Sites are actual sites where breeding has occurred in 
recent history (since 1998).  

Boreal Toad – 
Observations 

CDOW 2006 Observations are reports sent into Tina Jackson at CDOW about 
boreal toad observations. 

Boreal Toad – 
Survey Sites 

CDOW 2006 Survey Sites are locations where people have done surveys, either 
for boreal toads or habitat. The layer gives information about the 
site visited and whether or not toads were observed. It does not 
assess habitat quality. Only sites where toads were observed were 
included. 

Elk – Highway 
Crossings 

CDOW 2010 Highway Crossing is defined as those areas where elk movements 
traditionally cross roads, presenting potential conflicts between 
elk and motorists. 

Elk – Migration 
Corridor 

CDOW 2010 Migration Corridors is defined as a specific mappable site 
through which large numbers of animals migrate and loss of 
which would change migration routes. 

Elk – Production 
Area 

CDOW 2010 Elk Production Area represents that part of the overall range of 
elk occupied by the females from May 15 to June 15 for calving.  
Only known areas are mapped and this does not include all 
production areas for the Data Analysis Unit. 

Elk – Resident 
Population Area 

CDOW 2010 Elk Resident Population Area is defined as an area used year-
round by a population of elk.  Individuals could be found in any 
part of the area at any time of the year; the area cannot be 
subdivided into seasonal ranges.  It is most likely included within 
the overall range of the larger population. 

Elk – Severe 
Winter Range 

CDOW 2010 Elk Severe Winter Range represents that part of the overall range 
of elk where 90% of the individuals are located when the annual 
snowpack is at its maximum and/or temperatures are at a 
minimum in the two worst winters out of ten.  The winter of 
1983-1984 is a good example of a severe winter. 

Elk – Winter 
Concentration  

CDOW 2010 Elk Winter Concentration Area represents that part of the winter 
range of elk where densities are at least 200% greater than the 
surrounding winter range density during the average five winters 
out of ten from the first heavy snowfall to spring green-up, or 
during a site specific period of winter as defined for each Data 
Analysis Unit. 

Elk – Winter Range CDOW 2010 Elk Winter Range is the part of the overall range of elk where 
90% of the individuals are located during the average five winters 
out of ten from the first heavy snowfall to spring green-up, or 
during a site specific period of winter as defined for each Data 
Analysis Unit. 

LCL (Linking 
Colorado’s 
Landscapes) 
Modeled Wildlife 

CNE, 2008 Modeled areas of the landscape that are important for wildlife 
movement based on local and regional expertise and modeling of 
landscape characteristics (e.g. topography), wildlife habitat 
preferences and movement patterns.  
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Linkages 
Lynx - AVC CDOW (July 

1999 to July 
2008) 

Animal-vehicle collision data for lynx collected by the Colorado 
Division of Wildlife from July 1999 to July 2008. 

Lynx – Denning, 
Winter and/or 
Other Habitat 

USFS 2003 Lynx Denning, Winter and/or Other habitat as mapped by USFS.  

Lynx – Potential 
Habitat 

CDOW 2006 Potential Habitat is defined as those areas having the highest 
potential of lynx occurrences in the state. These areas usually 
contain positive, probable, or possible reports. 

Moose – 
Concentration Area 

CDOW 2010 Moose Concentration Area is defined as the part of the range of a 
species where densities are 200% higher than the surrounding 
area during a specific season. 

Moose – Summer 
Range 

CDOW 2010 Moose Summer Range is defined as that part of the overall range 
where 90% of the individuals are located during the summer 
months. This summer time frame will be delineated with specific 
start/end dates for each moose population within the state (i.e.: 
May 1 to Sept 15). Summer range is not necessarily exclusive of 
winter range. 

Moose – Winter 
Range 

CDOW 2010 Moose Winter Range shows that part of the overall range where 
90% of the individuals are located during the winter months. This 
winter time frame will be delineated with specific start/end dates 
for each moose population within the state (i.e.: November 15 to 
April 1). 

Mountain lion - 
AVC 

CDOW (Sept 
1994 to Jan 
2010) 

Animal-vehicle collision data for mountain lion collected by the 
Colorado Division of Wildlife from September 1994 to January 
2010. 

Mule Deer – 
Concentration Area 

CDOW 2010 Mule Deer Concentration Area shows that part of the overall 
range where higher quality habitat supports significantly higher 
densities than surrounding areas.  These areas are typically 
occupied year round and are not necessarily associated with a 
specific season.  Includes rough break country, riparian areas, 
small drainages, and large areas of irrigated cropland. 

Mule Deer – 
Critical Winter 
Range 

CDOW 2010 Mule Deer Critical Winter Range is a delineation of those parts of 
Mule Deer Winter Range that CDOW considers to be of highest 
priority for protection from disturbance from development.  
Protection of these parts of Mule Deer Winter Range is 
considered critical to sustain mule deer populations across 
Colorado.  
 
Mule Deer Critical Winter Range was created by combining 
subsets of Mule Deer Winter Concentration Areas, high-density 
Mule Deer Severe Winter Range, and Deer Data Analysis Units 
(DAUs). 
  
The high density severe winter range was created by calculating 
the 2006 post-hunt population estimate divided by the total winter 
range for each DAU.  This was used to map to identify a "higher" 
and "lower" density threshold.  A logical breakpoint was 7 deer 
per square km because a natural break occurred at this point and 
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it was near the mean density.  We then used this breakpoint in 
selecting those parts of the severe winter range where high deer 
densities increase the importance of the habitat. 

Mule Deer – 
Highway Crossings 

CDOW 2010 Mule Deer Highway Crossing shows those areas where mule deer 
movements traditionally cross roads or railroads, presenting 
potential conflicts between mule deer and motorists/trains. (More 
than six highway mortalities per mile of highway or railroad per 
year is a guide that may be used to indicate highway crossings). 

Mule Deer – 
Migration Corridor 

CDOW 2010 Mule Deer Migration Corridors shows a specific mappable site 
through which large numbers of animals migrate and loss of 
which would change migration routes. 

Mule Deer – 
Resident 
Population Area 

CDOW 2010 Mule Deer Resident Population Area shows an area that provides 
year-round range for a population of mule deer.  The resident 
mule deer use all of the area all year; it cannot be subdivided into 
seasonal ranges although it may be included within the overall 
range of the larger population. 

Mule Deer – 
Severe Winter 
Range 

CDOW 2010 Mule Deer Severe Winter Range shows that part of the overall 
range where 90% of the individuals are located when the annual 
snowpack is at its maximum and/or temperatures are at a 
minimum in the two worst winters out of ten. 

Mule Deer – 
Winter 
Concentration Area 

CDOW 2010 Mule Deer Winter Concentration Area shows the part of the 
winter range where densities are at least 200% greater than the 
surrounding winter range density during the same period used to 
define winter range in the average five winters out of ten. 

Mule Deer – 
Winter Range 

CDOW 2010 Mule Deer Winter Range shows that part of the overall range 
where 90% of the individuals are located during the average five 
winters out of ten from the first heavy snowfall to spring green-
up, or during a site specific period of winter as defined for each 
Date Analysis Unit. 

Northern Leopard 
Frog – Potential 
Habitat 

SWREGAP 
2005 

This data layer is a product of the Southwest Regional Gap 
Analysis Project. It depicts the predicted habitat for Northern 
Leopard Frog. The following assumptions are associated with this 
GAP vertebrate habitat model2: 1. Species are assumed to occur 
within a polygon representing potential habitat but are not 
predicted to occur at any particular point within that polygon. 2. 
Species are assumed to be present within a polygon, but no 
assumptions are made about the abundance of the species in the 
polygon. 3. Species are assumed to be present in a polygon at 
least once in the last 10 years but need not be present every year 
in the last decade. 4. Species are assumed to be present during 
some portion of their life history, not necessarily during the entire 
year. 

Preble’s Meadow 
Jumping Mouse – 
Occupied Habitat 

FEMA/FWS 
2010 

This layer depicts the 100-year floodplain of Beaver Brook with a 
300 foot buffer. FWS verified that Preble’s Meadow Jumping 
Mouse has been trapped in this area, and it is considered 
occupied habitat. A 300 foot buffer was applied to the 100-year 
floodplain to be consistent with how FWS determines impacts for 

                                                
2 Csuti, B. and P. Crist.  1998.  Methods for Assessing Accuracy of Animal Distribution Maps, Gap Analysis 
Program, University of Idaho, Moscow, Idaho.  http://www.gap.uidaho.edu/  
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section 7 consultation (Alison Michael, FWS, pers. comm.). The 
100-year floodplain was determined by using the Flood Zone X 
(FEMA, pers. comm.) attribute from the FEMA GIS data layer 
titled S_Fld_Haz_Ar which depicts the location and attributes 
flood insurance risk zones on the DFIRM. 

Preble’s Meadow 
Jumping Mouse – 
Overall Range 

CDOW 2007 Overall Range is defined as the area which encompasses the 
probable range of Preble's Meadow Jumping Mouse along the 
Front Range of Colorado below 7600' elevation eastward to 
include those hydrounits identified by the Preble's Technical 
Working Group. Preble's Meadow Jumping Mouse is primarily 
associated with riparian corridors of small intermittent and 
perennial streams where riparian herbaceous and riparian shrub 
(primarily willow) dominate. 

River Otter – 
Concentration Area 

CDOW 2010 Concentration Areas are defined as areas where river otters are 
known to concentrate; otter sightings and signs of otter activity 
are more frequent in these areas than in their overall range. 

River Otter – 
Overall Range 

CDOW 2010 Overall Range is defined as those areas encompassing all mapped 
seasonal activity areas within the observed range of a population 
of river otters. 
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Appendix B: GIS Data Score Justification  
 
 

Data Score Justification of Score 
AVC 

1-20 

The actual AVC number was used up to a maximum of 
20. This ensured coverage of a substantial proportion (> 
99%) of possible AVC values while preventing AVC 
values from exerting excessive influence in the 
identification of connectivity zones. This layer was not 
ranked in House Bill 1298 Species Impact Assessment 
(CDOW 2008). 

Bighorn - LCL Modeled 
Wildlife Linkages 

5 

Modeled wildlife linkages for bighorn sheep were given 
the highest individual sub-parameter score because they 
indicate areas of the landscape that are important for 
wildlife movement and incorporate a variety of 
information (e.g. local and regional expertise, landscape 
characteristics, wildlife habitat preferences). This layer 
was not ranked in House Bill 1298 Species Impact 
Assessment (CDOW 2008). 

Bighorn Sheep – Migration 
Corridor 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4.  

Bighorn Sheep – Production 
Areas 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Bighorn Sheep –Severe 
Winter Range 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Bighorn Sheep – Summer 
Concentration Area 

3 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 3. 

Bighorn Sheep – Winter 
Concentration Area 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Bighorn Sheep – Winter 
Range 

2 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was identified as 
key wildlife habitat by CDOW and CDOT (2004). The 
score given to this layer for this analysis corresponds to 
that given to elk and mule deer winter range which is 2. 
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Black Bear – AVC 

6 

Because black bear is are priority species for CDOW, a 
sub-parameter score of 6 was given to the first AVC per 
species in a given 1/10 mile segment. This layer was not 
ranked in House Bill 1298 Species Impact Assessment 
(CDOW 2008). 

Black Bear – Fall 
Concentration 

3 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 3.  

Black Bear – Summer 
Concentration 

2 

This layer was ranked as a ‘Moderate’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 2. 

Boreal Toad – Breeding 
Sites 

10 

Boreal toad breeding sites were given the highest 
individual sub-parameter score for boreal toads because 
they indicate the most sensitive areas for this species. 
This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). 

Boreal Toad – Observations 

6 

Boreal toad observations were treated like suitable habitat 
for the species and given a score of 6, the same score 
given to the lynx potential habitat layer (which was 
ranked in House Bill 1298). This layer was not ranked in 
House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Boreal Toad – Survey Sites 

6 

Boreal toad survey sites were treated like suitable habitat 
for the species and given a score of 6, the same score 
given to the lynx potential habitat layer (which was 
ranked in House Bill 1298). This layer was not ranked in 
House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Elk – Highway Crossings 

4 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was deemed 
important to the context of this study. The score given to 
this layer for this analysis is 4 which corresponds to that 
given to other “Very High” priority layers. 

Elk - LCL Modeled Wildlife 
Linkages 

5 

Modeled wildlife linkages for elk were given the highest 
individual sub-parameter score because they indicate 
areas of the landscape that are important for wildlife 
movement and incorporate a variety of information (e.g. 
local and regional expertise, landscape characteristics, 
wildlife habitat preferences). This layer was not ranked in 
House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Elk – Migration Corridor 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
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corresponding score for this analysis is 4. 
Elk – Production Area 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Elk – Resident Population 
Area 

4 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was deemed 
important to the context of this study. The score given to 
this layer for this analysis is 4 which corresponds to that 
given to other “Very High” priority layers. 

Elk – Severe Winter Range 

3 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 3. 

Elk – Winter Concentration  

3 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 3. 

Elk – Winter Range 

2 

This layer was ranked as a ‘Moderate’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 2. 

Lynx – AVC 

6 

Because Canada lynx are priority species for CDOW, a 
sub-parameter score of 6 was given to the first AVC per 
species in a given 1/10 mile segment. This layer was not 
ranked in House Bill 1298 Species Impact Assessment 
(CDOW 2008). 

Lynx – Denning, Winter 
and/or Other Habitat 

6 

Lynx denning, winter and/or other habitat was considered 
similar to the lynx potential habitat layer. Therefore, it 
was given the same score for this analysis as the potential 
habitat layer (see below). This layer was not ranked in 
House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Lynx - LCL Modeled 
Wildlife Linkages 

10 

Modeled wildlife linkages for lynx were given the highest 
individual sub-parameter score because they indicate 
areas of the landscape that are important for wildlife 
movement and incorporate a variety of information (e.g. 
local and regional expertise, landscape characteristics, 
wildlife habitat preferences). Because lynx are an ESA 
threatened species, this layer was given a score double of 
that of more common species. This layer was not ranked 
in House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Lynx – Potential Habitat 6 This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 



Rocky Mountain Wild and ECO-resolutions, LLC 

Appendix D: LIZ-2011 Analysis Methods 27 

priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 6 (the common 
species score doubled because lynx are an ESA 
threatened species). 

Moose – Concentration Area 

4 

This layer was ranked as a ‘Moderate’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). Normally, that 
should mean the corresponding score for this analysis is 
2. However, in the context of this study, it was deemed 
that this layer should get more weight and was, therefore, 
given a score of 4, like that of the concentration area layer 
for mule deer. 

Moose – Summer Range 

1 

This layer was ranked as a ‘Low’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 1. 

Moose – Winter Range 

2 

This layer was not ranked in House Bill 1298 
Species Impact Assessment (CDOW 2008). However, 
this layer was included in this analysis because it was 
deemed important to the context of this study. 
The score given to this layer for this analysis corresponds 
to that given to elk and mule deer winter range which is 2. 

Mountain lion - AVC 

6/3 

Because mountain lion is priority species for CDOW, a 
sub-parameter score of 6 was given to the first AVC per 
species in a given 1/10 mile segment. Each additional 
AVC for a given species in the same 1/10 mile segment 
was given a score of 3. This layer was not ranked in 
House Bill 1298 Species Impact Assessment (CDOW 
2008). 

Mule Deer – Concentration 
Area 

4 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was deemed 
important to the context of this study. The score given to 
this layer for this analysis is 4 which corresponds to that 
given to other “Very High” priority layers. 

Mule Deer – Critical Winter 
Range 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Mule Deer – Highway 
Crossings 

4 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was deemed 
important to the context of this study. The score given to 
this layer for this analysis is 4 which corresponds to that 
given to other “Very High” priority layers. 

Mule Deer - LCL Modeled 5 Modeled wildlife linkages (CNE 2008) for mule deer 
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Wildlife Linkages were given the highest individual sub-parameter score 
because they indicate areas of the landscape that are 
important for wildlife movement and incorporate a 
variety of information (e.g. local and regional expertise, 
landscape characteristics, wildlife habitat preferences). 
This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). 

Mule Deer – Migration 
Corridor 

4 

This layer was ranked as a ‘Very High’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 4. 

Mule Deer – Resident 
Population Area 

4 

This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). However, this layer 
was included in this analysis because it was deemed 
important to the context of this study. The score given to 
this layer for this analysis is 4 which corresponds to that 
given to other “Very High” priority layers. 

Mule Deer – Severe Winter 
Range 

3 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 3. 

Mule Deer – Winter 
Concentration Area 

3 

This layer was ranked as ‘High’ in House Bill 1298 
Species Impact Assessment (CDOW 2008) for priority 
wildlife habitat for economic species and species at risk 
(rare, threatened and endangered). The corresponding 
score for this analysis is 3. 

Mule Deer – Winter Range 

2 

This layer was ranked as a ‘Moderate’ priority in House 
Bill 1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 2. 

Northern Leopard Frog – 
Potential Habitat 

4 

Northern leopard frog potential habitat was included 
because this species is a UFSF Sensitive Species. Because 
this is a modeled habitat layer and a sensitive species, it 
received a score double that of the more general habitat 
layer for common species (i.e. mule deer winter range). 
This layer was not ranked in House Bill 1298 Species 
Impact Assessment (CDOW 2008). 

Preble’s Meadow Jumping 
Mouse – Occupied Habitat 

10 

Preble’s meadow jumping mouse occupied habitat was 
given the highest individual sub-parameter score for 
Preble’s because it indicates the most sensitive areas for 
this species. This layer was not ranked in House Bill 1298 
Species Impact Assessment (CDOW 2008). 

Preble’s Meadow Jumping 
Mouse – Overall Range 

6 

Preble’s meadow jumping mouse overall range was given 
a score of 6, the same score given to the lynx potential 
habitat layer (which was ranked in House Bill 1298). This 
layer was not ranked in House Bill 1298 Species Impact 
Assessment (CDOW 2008). 
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River Otter – Concentration 
Area 

6 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 6 (the common 
species score doubled because river otters are a state 
threatened species). 

River Otter – Overall Range 

6 

This layer was ranked as a ‘High’ priority in House Bill 
1298 Species Impact Assessment (CDOW 2008) for 
priority wildlife habitat for economic species and species 
at risk (rare, threatened and endangered). The 
corresponding score for this analysis is 6 (the common 
species score doubled because river otters are a state 
threatened species). 
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Appendix C: GIS Data Excluded from Ranking Process 
 
 
These data are found in the study area but were excluded from the analysis for the reasons listed 
in the table. 
 
Data Reason for Exclusion 
Element Occurrence Records - Colorado 
Natural Heritage Program 

Data are points and there is no consistent way to include them 
in the ranking process (i.e. what buffer should be used, etc.).  

Land type data (i.e. State Wildlife Areas, 
Roadless Areas, CNHP Potential 
Conservation Areas) 

Data layers are not wildlife movement related. 

SWREGAP data The only species for which these data are included is northern 
leopard frog because no other data are available for this 
species. For all other species, either other data are available, or 
the species is not on the list of focal species. 

Bird data  The only bird species considered for inclusion in this analysis 
is greater sage-grouse because they move on the ground as 
well as fly. However, only historic data intersects with the 
study area, so this species was also not included. Otherwise, 
avian species are an acknowledged gap in this project. 

Fish data Fish data will be included in our aquatic connectivity section. 
Therefore, no fish species are included in this analysis to 
refine the LIZs because they are a terrestrial designation. 

Mountain lion – CDOW mapped overall 
range, peripheral range and human conflict 
areas 

Overall range was not included because it is too general. 
Peripheral range and human conflict areas were not included 
because the data definitions do not fit into the scope of this 
project. 

Preble’s meadow jumping mouse – 
trapping points 

The author of this data is unknown. Tina Jackson at CDOW 
does not think PMJM’s are an issue in our study area. Alison 
Michael at USFWS is aware that PMJM have been 
successfully trapped near Beaver Brook so a data layer was 
included for that area. 

Boreal toad – current range This data layer is based on watersheds and is too general. Tina 
Jackson at CDOW thought that the breeding sites should be 
sufficient for this species.  Survey sites and observation points 
are also being included. 

Canada lynx – BLM/FS lynx linkages and 
BLM/FS mapped LAUs 

The lynx linkage data are not included because the LCL 
habitat linkages are already included in the analysis. The 
BLM/FS lynx linkages were used to create the LCL data. 
LAUs are not included because mapped denning, winter and 
other habitat is being used instead. These layers are more 
specific than the LAU layer. 

Migration patterns for mule deer, bighorn 
and elk 

These data layers are lines, not polygons, and the LCL linkage 
and CDOW migration corridor data are already included. 

Abert’s squirrel – overall range This data layer is too general, and “while the highway does 
present a barrier to the squirrel, it isn’t a special concern from 
a connectivity or habitat fragmentation point-of-view due to 
the amount of available habitat, the large populations on both 
sides of the highway and their behavior patterns” (Jeff 
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Peterson, CDOT, personal communication). 
Bighorn sheep – overall and summer range Not included because too general and including several other 

sensitive habitat types for this species. 
Black bear – overall range and human 
conflict area 

Overall range is not included because it is too general. Human 
conflict area is not included because the data definitions do 
not fit into the scope of this project. 

Elk – overall range, summer concentration 
and summer range 

Not included because too general and including several other 
sensitive habitat types for this species. 

Moose – overall range Not included because too general 
Mountain goat – migration corridor, overall 
and summer range 

Not including because not a focal species that presents a 
connectivity issue and there are areas where connectivity is 
NOT desired for this species (CDOT 2004). 

Mule deer – overall and summer range Not included because too general and including several other 
sensitive habitat types for this species. 

White-tail prairie dog Not including because the only data layer to intersect is 
internal CNE data of which the original author is unknown. 
No CDOW data either intersects or is to the north and south 
(inferring a potential connectivity issue) of the study area. 

Black-tail prairie dog – overall range Not including because too general and only at the very eastern 
edge of the study area. 
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.*37!'1+%.31)!E(!&,0'%+3):!.*,!E1D!+2'G,&.!%)6!
030,!M%Y2%.3+!73.,!UQ<<_S!83.*!%!E&36:,!
70%))3):!E1.*!.*,!&1%6!%)6!7.&,%-?!X,7.1&,!.*,!
&30%&3%)!+*%)),'!%)6!+1)7.&2+.!(,%&@&12)6!6&(!
0%.*8%(7!.*&12:*!7.&2+.2&,?!!

T1!
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!
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!"#$%&$'()*+$,-./01(.!
!
9&:#"0828#!$%&'(!)!$"*'+$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!,-.!
?+@(?#$B2<#!/'0!123-.!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
456575!896:! ;75<=2>-!?2@A!BCD232=9!E5F65!
G3H! I-J9!?2@A!K<-66-..!E5F65!
BF3-!L--J! ;75<=2>-!M6@F35=-.!
!
D#10$%7;4(C7;B#2(D"#1&#8( (
N35OH!N-5J! 456575!896:!
BCC.-! BCF6=526!82C6!
PCJ=A-J6!8-C<5J7!EJC@! Q2>-J!K==-J!
!
!$&67:,F#<&1:#(/0::&8&0$8#!Q56@-!RJC1!BC7-J5=-!=C!?2@A!
!
D272>8(0G(!%H71#$2(?7$%8#!MSEST!S=5=-!8567!NC5J7T!567!4LKU!V2=A!.C1-!<J2>5=-!567!
O2=9!3567!5=!=A-!-5.=!-67!CR!8WX!
!
D&2#(I&81>88&0$#!S=--<!.3C<-.!=AJCF@A!-5.=-J6!<CJ=2C6!CR!8WX'!YCJ-!4J--HT!VA2OA!R--7.!
26=C!=A-!G5@3-!Q2>-J!5=!=A-!V-.=-J6!-67!CR!=A-!8WXT!JF6.!<5J533-3!=C!=A-!26=-J.=5=-!
=AJCF@A!=A2.!.-@1-6='!Y51-!R-6O26@!C6!DC=A!.27-.!CR!26=-J.=5=-!=AJCF@A!-5.=-J6!A53R!
CR!=A-!ZC6-'!
!
!"##$%&'('&)*+$%",,$#-.&'"#/*
[A-!J-OC11-675=2C6.!<JC>27-7!D-3CV!J-35=-!=C!=A-!OFJJ-6=!JC57V59!532@61-6='!
;3=-J65=2>-39T!2R!=A-!26=-J.=5=-!2.!=F66-3-7!5JCF67!=A2.!3CO5=2C6!\RJC1!5<<JC:215=-39!
B]!$%&'+!)!$"*'/^T!=A-6!J-OC11-67!J-.=CJ26@!65=2>-!A5D2=5=!=AJCF@A!=A-!8WX!567!
OCCJ7265=-!V2=A!=A-!ECJ-.=!S-J>2O-!=C!1565@-!=A-!5.!5!V23732R-!OCJJ27CJ!\567!1565@-!
AF156!5O=2>2=2-.!5OOCJ726@39^'!
!
!
!

!

21034253/161/$73/(883.*901(.+$
!(/:$;$ <=$ 2103$'3+/>1501(.$ 73/(883.*901(.+$ %%?@$

_]`(+a! $"`! 4C6OJ-=-!DC:!
OF3>-J=!V2=A!
1C=CJ2Z-7!5OO-..!=C!
UA2.H-9!4J--H!
[J523A-57!C6!.CF=A!
.27-!CR!Wb"`'!
?2@AV59!%!<5..-.!
211-725=-39!26!RJC6=!
CR!6CJ=A!-6=J56O-'!!

]J-R-JJ-7!Q-OC11-675=2C6#!Q-<35O-!.=JFO=FJ-!
V2=A!35J@-!DJ27@-!F67-J<5..!=A5=!VCF37!533CV!
562153.!=C!OJC..!.5R-39!F67-J!Wb"`!567!?V9!%'!
4J-5=-!5!6-V!<5JH26@!5J-5!5V59!RJC1!=A-!
DJ27@-!=C!533CV!<-C<3-!=C!5OO-..!=A-!UA2.H-9!
4J--H![J523A-57'!Q-.=CJ-!A5D2=5=!F67-J!DJ27@-!
567!5=!DC=A!5<<JC5OA-.T!3-5726@!533!=A-!V59!
7CV6!=C!=A-!G5@3-!Q2>-J!C6!=A-!6CJ=A!.27-'!

PC!
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#$%&"'! ()%! *+,-!+.!+/01-2! 3454,6,!7-80,,-59+:405;!!7-,01-!<!=-.:0=-!
94=:!>+=?45@!+=-+!45!A=05:!0A!.06:B!-5:=+58-!+59!
>=-1-5:!8+=.C:=68?.!A=0,!9=4145@!:B=06@B!:B-!
.:=68:6=-2!D41-=:!:=+4E!6.-=.!:0!>+=?!05!:B-!50=:B!
-59!0A!:B-!.:=68:6=-2!F99!.-94,-5:!/+AAE-.!+59!
,+45:+45!.-94,-5:!>+:BG+H!:B=06@B!:B-!
.:=68:6=-2!7-.:0=-!1-@-:+:405!+=0659!.06:B!.49-!
-5:=+58-!+59!+99!G4E9E4A-!8=0..45@!G+=545@!
.4@5.!+59!=6,/E-!.:=4>.!:0!IGH!J!+:!:B-!50=:B!
-5:=+58-2!F54,+E.!+=-!5+:6=+EEH!A655-E-9!/-E0G!
:B-!BGH!E-1-E!+:!:B4.!E08+:405K!A-5845@!,+H!50:!
/-!5-8-..+=HL!+E:B06@B!:B4.!M6-.:405!=-M64=-.!
A6=:B-=!451-.:4@+:4052!N5!E4-6!0A!A-5845@L!
805.49-=!+9945@!+!8058=-:-!.B06E9-=!/+==4-=!:0!
:B-!50=:B!.49-!0A!:B-!B4@BG+HL!-O:-5945@!
/-H059!GB-=-!:B-!9=+45+@-!=-+8B-.!:B-!.+,-!
E-1-E!+.!:B-!=0+9G+H2!

P-.!

5C+! ()%2Q! R+==0G!9=+45+@-!
/4.-8:-9!/H!NS)%!

F99!(%O(%T!/0O!86E1-=:!A0=!8+=5410=-.!UV%%&!
WNX!=-80,,-59+:405Y!

R0!

#$%&)'! ()(2(! W+=@-!/=49@-!
.>+5545@!VSE+5-!
=0+9L!Z+@E-!741-=!
+59!77!U50!E05@-=!45!
6.-Y2![4-9!45:0!
G4E9E4A-!A-5845@!05!
-+.:!.49-K!IGH!-O4:!
=+,>.!4,,-94+:-EH!
:0!G-.:!0A!.:=68:6=-2!
[=+AA48!05!IGH!J!
>=-8E69-.!.0,-!
G4E9E4A-!,01-,-5:L!
/6:!E+=@-!.>+5!0AA-=.!
E+=@-!+=-+!A0=!
G4E9E4A-!:0!:=+1-=.-!
05!-+.:!.49-!0A!=41-=2!
36E-!9--=!6.-!0A!
:B4.!.:=68:6=-!B+.!
458=-+.-9!.458-!:B-!
:=+45.!B+1-!.:0>>-9!
=65545@2!\=-M6-5:!
B6,+5!+8:414:H!+E.0!
0886=.!05!:B4.!.49-!
0A!:B-!=41-=2!

]05.:=68:!9=HL!AE+:!>+:BG+H.!U^_T!G49-Y!:B=06@B!
:B-!=4>=+>!.E0>-.!05!/0:B!.49-.!0A!:B-!=41-=!+59!
8055-8:45@!:0!:B-!+9`+8-5:!B+/4:+:2!7-.:0=-!
5+:6=+E!.:=-+,!/+5?.!:B=06@B!:B-!.:=68:6=-!+59!
E-+945@!659-=!:B-!+9`+8-5:!/=49@-!:0!50=:B2!

P-.!

#$%&J! ()(2_! a=49@-!01-=!b0=-!
]=--?!+59!/4?-!>+:B2!
*:=68:6=-!:4-9!45:0!
-O4.:45@!G4E9E4A-!
A-5845@!

$=-A-==-9!7-80,,-59+:405;!c49-5!.:=68:6=-!:0!
=-.:0=-!5+:6=+E!.:=-+,!/+5?.!:B=06@B!:B-!
.:=68:6=-2!

R0!
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!

#$%&'(!$)*%)+,-,).!/001&.2)3.(!
45)63+%.,7!83'6'39,!-1)3.1&3):!+1)62+.,6!%.!73.,!

;<=>?! @A@BC! D%-,!%7!%E1F,! G3)3-2-!H,+1--,)6%.31)I!J1)7.&2+.!6&(K!9'%.!
0%.*8%(7!LMCN!836,O!.*&12:*!.*,!&30&%0!
%E2.-,).7!1)!E1.*!736,7!19!.*,!&3F,&!+1)),+.3):!
.1!%6P%+,).!*%E3.%.B!!

Q,7!

;<=>R4! @A@BS! J1)+&,.,!E1T!
+2'F,&.!83.*!-,63%)!
7U('3:*.V!E3U,0%.*!
+&177,7!1F,&*,%6!%.!
712.*!736,!,).&%)+,B!
W3,6!3).1!83'6'39,!
9,)+3):B!D,63-,).!
E%99',7!+&,%.,!%!63&.!
0%.*8%(!.*&12:*!
.*,!',):.*!19!.*,!
7.&2+.2&,B!D.&2+.2&,!
37!+&3.3+%'!91&!
7,%71)%'!-2',!6,,&!
-3:&%.31)K!%'.*12:*!
3.!37!%!&,+1:)3X,6!
E1..',),+UB!
D.&2+.2&,!37!.11!'1):!
%)6!)%&&18!91&!,'UK!
%'.*12:*!71-,!
3)63F362%'7!
61+2-,).,6!
L72++,7792'!0%77%:,7!
%)6!&,0,'7O!

H,0'%+,!7.&2+.2&,!83.*!'%&:,!E&36:,!2)6,&0%77!
L0&,9,&&,6O!1&!'%&:,!%&+*!+2'F,&.!.1!E,..,&!
%++1--16%.,!.%&:,.!70,+3,7B!W*37!37!%)!
,T+,'',).!'1+%.31)!91&!%!'%&:,!6,63+%.,6!83'6'39,!
+&1773):!+1)),+.3):!YDZD!'%)67B!H,7.1&,!
)%.2&%'!*%E3.%.!2)6,&!E&36:,B!59!5[A=!37!
2'.3-%.,'(!.2)),',6!2)6,&!.*,!$'U!G12).%3)7!.1!
.*,!)1&.*K!36,%''(!.*37!7,:-,).!19!&1%68%(!
812'6!E,!,).3&,'(!&,-1F,6!%)6!&,7.1&,6B!
D*12'6!3.!&,-%3)!%7!%)!%++,77!&1%6K!%!E&36:,!
2)6,&0%77!37!&,+1--,)6,6!%.!.*37!73.,!.1!
0&,F,).!E1..',),+U3):!19!-3:&%.1&(!-1F,-,).7B!

\1!
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"#!

!"#$%&$'()*$+,(-./$!
!
9&:#"0828$!"%&'(!)!"(#'"$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!*+,!
?+@(?#$B2<$!-'.!/01+,!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
234353!6748! 953:;0<+!=0>?!@AB010;7!C3D43!
!
D#10$%7;4(C7;B#2(D"#1&#8( (
E13FG!E+3H! EAH+31!IA35!
J1G! @AA,+!
@AD4;304!60A4! KAH;?+H4!6+A:3H5!CHA>!
!
!$&67:,F#<&1:#(/0::&8&0$8$!L34>+,!MHA/!6AN!;A!O+H7!=0>?!
!
D272>8(0G(!%H71#$2(?7$%8$!@A,;17!:H0<3;+P!,A/+!F0;7!1345!Q>A1M!FADH,+R!
!
D&2#(I&81>88&0$$!IA:A>H3:?7!3HAD45!ST%#!0,!,1A:+5!;?HAD>?!6SU'!I?+H+!3H+!4A!
,;HDF;DH+,!,D0;3B1+!MAH!;3H>+;!,:+F0+,!:3,,3>+!04!;?0,!6SU'!
!
!"##$%&'('&)*+$%",,$#-.&'"#/*
S4,;311!3;!1+3,;!A4+!13H>+!BH05>+!D45+H:3,,!345!;NA!13H>+!3HF?!FD1<+H;!D45+H:3,,+,!;A!
3FFA//A53;+!311!:H0/3H7!345!,+FA453H7!;3H>+;!,:+F0+,!04!;?0,!6SU'!2A4,;HDF;!10/0;+5!
(V!?0>?!N01510M+!M+4F04>!;A!>D05+!340/31,!;A!FHA,,04>,!QH3;?+H!;?34!FA4;04DAD,!
M+4F04>!;?HAD>?!6SUR'!2A4,05+H!FA44+F;04>!,;HDF;DH+,!N0;?!M+4F04>!A417!0M!;?+7!3H+!
1+,,!;?34!"!/01+!3:3H;'!W?+4!H+FA4,;HDF;04>!04;+H,;3;+P!04,;311!3550;0A431!:0:+!
FD1<+H;,!;A!3FFA//A53;+!:3,,3>+!MAH!,/311!345!/+50D/T,0X+5!/3//31,!345!
3/:?0B034,'!
!
!
!

!

0).120314)5)4$61478819:(.)79-$
!74;$<$ =>$ 0).1$?1-4@)3.)79$ 61478819:(.)79-$ ,,AB$
YZ".[! "%%'.! EH05>+!N0;?!:3<+5!

HA35!345!,05+N31G\!
04;+H,+F;0A4\!
MHA4;3>+!HA35!
0//+503;+17!04!MHA4;!
AM!,AD;?!+4;H34F+'!

]:+4!D:!BH05>+!345!43;DH310X+!,05+!,1A:+,\!355!
50H;!AH!<+>+;3;+5!:3;?N37'!^0>4!3;T>H35+!
FHA,,04>!A<+H!:3H311+1!MHA4;3>+!HA35!Q,;A:!,0>4,!
3;!04;+H,+F;0A4!G++:!;H3MM0F!,:++5,!1AN!3;!;?0,!
1AF3;0A4R!

*+,!

4_3! "%%'(! K3;DH31!BH+3G!04!
F10MM,!A4!4AH;?!,05+\!
M++5,!04;A!>A1M!
FADH,+!A4!,AD;?!,05+!

2A4,;HDF;!4+N!13H>+!3HF?!FD1<+H;!AH!BH05>+!
D45+H:3,,!MAH!1748P!5++H!345!+1G'!955!10/0;+5!
>D05+!M+4F04>!;A!50H+F;!340/31,!;A!,;HDF;DH+'!
L+,;H0F;!?D/34!3FF+,,!;?HAD>?!FHA,,04>'!
L+`D0H+,!3550;0A431!/0;0>3;0A4!3;!,AD;?!,05+!
MHA4;3>+!HA35'!2AAH5043;+!N0;?!IAN4!AM!O301!
Q>A1M!FADH,+R'!

KA!
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#$%&'(!$)*%)+,-,).!/001&.2)3.(!
45)63+%.,7!83'6'39,!-1)3.1&3):!+1)62+.,6!%.!73.,!

;<=>?! "@>A=! B11.*!C&,,D!030,!

+2'E,&.!+*%)),'7!

'%&:,!6&%3)%:,!9&1-!

)1&.*A!C2'E,&.!

+&177,7!2)6,&!)1&.*!

9&1).%:,!&1%6!%)6!5F

@=A!

G,0'%+,!83.*!'%&:,&!7.&2+.2&,H!72+*!%7!I&36:,!

2)6,&0%77!1&!%&+*A!J,8!7.&2+.2&,!7*12'6!I,!%.!

',%7.!KL!M0&,9,&%I'(!"=LN!*3:*!%)6!?=L!836,!

M70%)NA!O18!+',%&%)+,!-%(!),+,773.%.,!&%373):!

&1%6I,6A!!

J1!

)P%! "@>A?! B1&,%'!.1%6!

I&,,63):!73.,!

C11&63)%.,!83.*!CQ/R!.1!6,.,&-3),!39!

+1)),+.3E3.(!91&!I1&,%'!.1%6!37!),,6,6!3)!.*37!

%&,%A!S1!+1)),+.!.1%6!*%I3.%.!)1&.*!%)6!712.*!

19!.*,!3).,&7.%.,H!3)7.%''!70,+3%'3T,6!+2'E,&.7!.*%.!

0&,7,&E,!+&3.3+%'!%-I3,).!+1)63.31)7!.*&12:*!

.*,!+2'E,&.A!

J1!

)P%! "@>AUP!

AV!

O,%7.!6,E,'10,6!

01&.31)!19!.*,!O5WA!

G1%6!'3:*.3):!I,:3)7!

%.!3).,&+*%):,!%&,%!

3--,63%.,'(!.1!,%7.A!

5)7.%''!7,+1)6!+%&)3E1&,!+&1773):!*,&,!1&!%.!

;<=>?A!

J1!
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!

"#!

!"#$%&$%'()$*())+$!
!
9&:#"0828$!"%&'(!)!"%#'"$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!*+,!
?+@(?#$B2<$!"'-!./0+,!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
123242!5637! 8429:/;+!</=>!?@A/0/:6!B2C32!
!
D#10$%7;4(C7;B#2(D"#1&#8( (
D02EF!D+2G! H0F!
?@@,+! ?@C3:2/3!5/@3!
I@G:>+G3!5+@92G4!BG@=! J/;+G!K::+G!
!
!$&67:,F#<&1:#(/0::&8&0$8$!?@4+G2:+!! !
!
D272>8(0G(!%H71#$2(?7$%8$!?@,:06!9G/;2:+!
!
D&2#(I&81>88&0$$!L0@9+4!:+GG2/3'!1@..C3/:6!@M!H2,:!N2/0!+7:+34,!:>G@C=>!:>/,!5OP!
,@C:>!@M!OQR&'!
!
!"##$%&'('&)*+$%",,$#-.&'"#/*

SH2G06!H3>23E+.+3:!K99@G:C3/:6!

,-.)/,0)1-2-1$3)1'44)567.-'58$
!'19$:$ ;<$ ,-.)$=)81(-0.-'5$ 3)1'44)567.-'58$ >>?@$
TU&%(! "%"'&! V/;/4+4!,923!AG/4=+!

W/:>!,:++9!,0@9+,!:@!
3@G:>!234!H2,:!N2/0!
3+/=>A@G>@@4!:@!
,@C:>'!1>2/3!0/3F!
M+3E+!2EG@,,!:>+!
,@C:>!+3:G23E+!:@!
:>+!AG/4=+!0/F+06!
/3,:200+4!2,!2!
.+2,CG+!:@!F++9!
W/040/M+!@C:!@M!:>+!
3+/=>A@G>@@4'!!

L:GCE:CG+!,923,!32:CG20!>2A/:2:!234!@MM+G,!23!
+7E+00+3:!92,,2=+!A+3+2:>!:>+!/3:+G,:2:+!M@G!200!
:69+,!@M!W/040/M+'!<@W+;+GX!:>+!M+3E/3=!
,CGG@C34/3=!:>+!24Y2E+3:!3+/=>A@G>@@4!
9G+;+3:,!23/.20,!MG@.!2EE+,,/3=!244/:/@320!
>2A/:2:!:@!:>+!,@C:>'!H790@G+!@99@G:C3/:/+,!W/:>!
:>+!3+/=>A@G>@@4!:@!4+;+0@9!2EE+9:2A0+!
.+2,CG+,!:>2:!W@C04!200@W!W/040/M+!:@!2EE+,,!
>2A/:2:!@3!:>+!,@C:>!,/4+!@M!:>+!3+/=>A@G>@@4X!
E@.90+:/3=!:>+!3@G:>Q,@C:>!E@33+E:/@3!@3!
+/:>+G!,/4+!@M!OQR&'!OM!W/040/M+!92,,2=+!:>G@C=>!
@G!2G@C34!3+/=>A@G!>@@4!E23!A+!2EE@..@42:+4!
:>+3!/3,:200!=C/4+!M+3E/3=!:@!4/G+E:!W/040/M+!
:@W2G4,!:>+!,:GCE:CG+'!

I@!

TU&Z-! "%#! 52G=+!4/;/4+4!,923!
AG/4=+!@;+G![@G+!
1G++F!234!<W6!Z!
\4+24!+34,]'!DG/4=+!
E@33+E:,!B@G+,:!
0234,X!:>@C=>!.CE>!
@M!5OP!/,!9G/;2:+06!
@W3+4'!
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/+&/!1'-8-'J-!,'4/4,&(!&.G4-*/!,2*74/42*8!
/+'23;+!/+-!,3(J-'/B!

H2!

<=@AC! ">NB?! F'47;-!2J-'!O-'.&*!
P3(,+!-Q4/B!

6.1'2J-!94(7(4:-!1&88&;-!&/!-Q48/4*;!G'47;-!
8/'3,/3'-!G)!21-*4*;!31!&!*&/3'&(!83G8/'&/-!
1&/+9&)!&7R&,-*/!/2!/+-!'2&79&)!/2!-*,23'&;-!
*4;+//4.-!38-!2:!/+-!8/'3,/3'-B!S77!84;*&;-!/2!
4*:2'.!7'4J-'8!2:!12/-*/4&(!94(7(4:-!&,/4J4/)!
T4*/-',+&*;-!/'&::4,!48!8(29!.2J4*;!&*7!
'-I34'-7!/2!8/21!&'23*7!/+48!8/'3,/3'-UB!

V-8!

*W&! ">NBA! F2'-&(!/2&7!
G'--74*;!84/-!

X22'74*&/-!94/+!XY0Z!/2!7-/-'.4*-!4:!
,2**-,/4J4/)!:2'!G2'-&(!/2&7!48!*--7-7!4*!/+48!
&'-&B!K2!,2**-,/!/2&7!+&G4/&/!*2'/+!&*7!823/+!
2:!/+-!4*/-'8/&/-L!4*8/&((!81-,4&(4M-7!,3(J-'/8!/+&/!
1'-8-'J-!,'4/4,&(!&.G4-*/!,2*74/42*8!/+'23;+!
/+-!,3(J-'/B!

H2!

*W&! ">CB>[
""@B?!

\2'-8/-7!&'-&!
G-/9--*!,+&4*[31!
8/&/42*8!

X2*8/'3,/!94(7(4:-!G'47;-!G-/9--*!]=!">CB>!
&*7!""@B?!TG-/9--*!,+&4*[31!8/&/42*8UB!6*8/&((!
;347-!:-*,4*;!/2!74'-,/!&*4.&(8!/29&'78!/+-!
8/'3,/3'-B!X22'74*&/-!94/+!/+-!S^H\B!

H2!

*W&! ""@BN! F2'-&(!/2&7!
G'--74*;!84/-!

X22'74*&/-!94/+!XY0Z!/2!7-/-'.4*-!4:!
,2**-,/4J4/)!:2'!G2'-&(!/2&7!48!*--7-7!4*!/+48!
&'-&B!K2!,2**-,/!/2&7!+&G4/&/!*2'/+!&*7!823/+!
2:!/+-!4*/-'8/&/-L!4*8/&((!81-,4&(4M-7!,3(J-'/8!/+&/!
1'-8-'J-!,'4/4,&(!&.G4-*/!,2*74/42*8!/+'23;+!
/+-!,3(J-'/B!

H2!

<=@A>5! "">BN! _29!:4((!8(21-!&*7!
;&1!G-/9--*!,(4::!
8-,/42*8!2*!*2'/+!
847-B!X(-&'!X'--`!
'3*8!1&'&((-(!/2!
823/+B!!

Y4;!23/!:4((!8(21-!&*7W2'!'&48-!/+-!'2&7G-7!82!
/+&/!&*!&',+!,3(J-'/!,&*!G-!4*8/&((-7!&/!/+48!
(2,&/42*B!6*8/&((!;347-!:-*,4*;!/2!74'-,/!&*4.&(8!
/29&'78!/+-!8/'3,/3'-B!

H2!

<=>@"5! ""aB?! F'47;-!2J-'1&88!
2J-'!6[A@!94/+!"[
(&*-!1&J-7!'2&7B!
O9)!b!:'2*/&;-!'2&7!
4..-74&/-()!/2!
823/+B!cD\D!&,,-88!
/2!*2'/+B!!

X2*J-'/!2*-!(&*-!2:!/+-!G'47;-!/2!J-;-/&/4J-!
;'&88W8+'3G!,2J-'B!6*J-8/4;&/-!&774*;!&*!&/[
;'&7-!94(7(4:-!,'2889&(`!2J-'!O4;+9&)!b!&/!/+48!
(2,&/42*!2'!2/+-'!.-,+&*48.8!/2!8(29!/'&::4,!
&*7!.&`-!7'4J-'8!&9&'-!2:!12/-*/4&(!94(7(4:-!
,'2884*;B!6*8/&((!;347-!:-*,4*;!/2!74'-,/!&*4.&(8!
&9&)!:'2.!/+-!+4;+9&)!&*7!/29&'78!/+-!
8/'3,/3'-B!

V-8!

<=@A?! ""?B@! F'47;-!2J-'!O9)!b!
94/+!,2*,'-/-!847-!
9&((8!&*7!8.&((!74'/!
1&/+8!2*!-4/+-'!847-!
2:!'2&7B!

S/!.4*4.3.L!21-*!31!&*7!*&/3'&(4M-!847-!
8(21-8!&*7!'2&7!8+23(7-'8!/2!-*,23'&;-!
*4;+//4.-!94(7(4:-!38-B!c(/4.&/-()L!'-1(&,-!94/+!
&!G'47;-!8/'3,/3'-!81&**4*;!/+-!-*/4'-!7'&4*&;-!
T4*,(374*;!,'--`!&/!<=@A#UB!
!

V-8!
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!"#$%&$'()*+,$-./01*2/$!
$%&!'(! )*+,-.!/0123,41! ! !
$ !
9&:#"0828(!"5678!9!"5"7:$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!'4!
?+@(?#$B2<(!67;!*,<.=!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
>?1?@?!$A1B! C@?+3,D.!E,FG!H4I,<,3A!J?01?!
!
D#10$%7;4(C7;B#2(D"#1&#8( (
K,FG4-1!LG..+M! K<?2N!K.?-!
)<N! H0<.!O..-!
'4-3G.-1!$.4+?-@!J-4F! !
M)?=3PQ.=3!*4D.*.13!?2-4==!E,FGQ?A!;R!,=!*4-.!,*+4-3?13!S4-!K,FG4-1!=G..+!3G?1!2411.23,D,3A!
?2-4==!%PTR7!!
!
!$&67:,F#<&1:#(/0::&8&0$8(!E,FG!
!
D272>8(0G(!%H71#$2(?7$%8(!H4=3<A!+-,D?3.U!=4*.!24013A!
!
D&2#(I&81>88&0$(!>41S<0.12.!4S!3Q4!<?-F.!@-?,1?F.=!V><.?-!>-..N!?1@!3G.!W.=3!J4-NX!
?1@!Y0123,41!Q,3G!E,FGQ?A!;R7!$,N.<A!3G.=.!3Q4!@-?,1?F.=!+-4D,@.@!G,=34-,2?<!
*4D.*.13!+?3GQ?A=!S4-!*?1A!=+.2,.=7!%13.-2G?1F.!?1@!43G.-!,1S-?=3-0230-.!2-.?3.!
?!<?-F.!I?--,.-!?3!3G,=!241S<0.12.7!><.?-!>-..N!G?=!S4-2.@!*.?1@.-=!?-401@!G,FGQ?A!
,1S-?=3-0230-.U!-.,1S4-2.@!IA!-,+-?+!I?1N=!3G-40FG403!3G,=!=.F*.13!
!
!"##$%&'('&)*+$%",,$#-.&'"#/*
>44-@,1?3.!D,=,41,1F!?1@!+<?11,1F!S4-!3G,=!=.F*.13!Q,3G!D,=,41,1F!?1@!+<?11,1F!S4-!
E,FGQ?A!;R7!Z-.S.--.@!?<3.-1?3,D.!,=!34!241=3-023!?1!.B3.1=,D.!=+?1!I-,@F.!?1@!
-?,=.@!,13.-2G?1F.!3G-40FG!3G,=!=.23,41!34!?224**4@?3.!3.--.=3-,?<!?1@!?[0?3,2!
+?==?F.!I.3Q..1!3G.!3Q4!@-?,1?F.=!?1@!-.=34-.!3G.!S<4Q!4S!><.?-!>-..N!?1@!,3=!
-,+?-,?1!I?1N=!34!?!*4-.!1?30-?<!241@,3,417!C<3.-1?3,D.<AU!241=3-023!1.Q!2-4==,1F!
=3-0230-.=!?3!*,<.+4=3=!"567"!V/ZR8;!P!Y0=3!I.A41@!Q.=3!.1@!4S!$%&X!?1@!"5678P"567:7!
%1D.=3,F?3.!0=,1F!Y.-=.A!I?--,.-=!4-!43G.-!I?--,.-!=3-0230-.=!34!N..+!=G..+!?Q?A!
S-4*!%PTR!-4?@!.@F.!41!14-3G!=,@.!V"RR;!$%&!-.24**.1@?3,41X7!
!
3*1,43),0*5*0$6,02((,/781*2/9$
!20:$;$ <=$ 3*1,$>,90+*)1*2/$ 6,02((,/781*2/9$ ''?@$
/ZR8;! "567"! ><.?-!>-..N!

2412-.3.!I4B!
20<D.-37!\03=,@.!4S!
$%&U!I03!+4==,I<.!
<42?3,41!S4-!?!<?-F.-!
2-4==,1F!=3-0230-.7!

].+<?2.!Q,3G!?!I-,@F.!=3-0230-.!?1@!-.=34-.!
-,+?-,?1!I?1N=7!K-,@F.!=G40<@!G?D.!?!Q,@.!
.140FG!=+?1!34!,12<0@.!@-A!+?3GQ?A=!S4-!
3.--.=3-,?<!=+.2,.=!41!I43G!=,@.=!4S!3G.!2-..N7!
%1=3?<<!<,*,3.@!F0,@.!S.12,1F!34!@,-.23!?1,*?<=!
34Q?-@=!=3-0230-.!?1@!,1D.=3,F?3.!0=.!4S!=2.13!
<0-.=!34!?33-?23!<A1B!34Q?-@=!=3-0230-.7!
!

'4!
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!

$%&'()!%*+&*,-.-*/!0112'/3*4/)!
56*74,&/-8!94(7(4:-!.2*4/2'4*;!,2*73,/-7!&/!84/-!

<=>##! "?"@?! A(-&'!A'--B!
,2*,'-/-!C2D!
,3(E-'/@!F/'3,/3'-!
;2-8!3*7-'!/'&::4,!
(&*-8!&*7!-&8/C23*7!
2*G'&.1@!!

H2*-@!F--!1'-:-''-7!&(/-'*&/4E-@! H2!

*I&! "?J@#G
"?J@K!

H2!-D48/4*;!
8/'3,/3'-!

67-*/4:)!&!(2,&/42*!/2!4*8/&((!&!*-9!(&';-!&',+!
,3(E-'/!4*!/+48!8-;.-*/!834/&C(-!:2'!()*DL!-(BL!
7--'!&*7!C-&'@!6*8/&((!(4.4/-7!;347-!:-*,4*;!/2!
74'-,/!&*4.&(8!/29&'78!8/'3,/3'-!&*7!
4*E-8/4;&/-!38-!2:!8,-*/!(3'-8!/2!&//'&,/!()*D!
/29&'78!8/'3,/3'-@!!

H2!

*I&! M9)!N>! H2!-D48/4*;!
8/'3,/3'-!!

67-*/4:)!&!(2,&/42*!&*7!,2*8/'3,/!&*!2E-'1&88!
:2'!C4;+2'*!8+--1!2E-'!M9)!N>!O">>N!P6Q!
'-,2..-*7&/42*R!

H2!
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!"#$%&$'()*+$'+)),$-./0123/$!
$ !
9&:#"0828$!"%&'(!)!"%%'*$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!+,!
?+@(?#$B2<$!"!-./01!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
2/3! 4056!7.89!:;0<<011!=>?<>!
@?/0!A005! BC>;D.E0!F<8?/>D01!
!
D#10$%7;4(C7;B#2(D"#1&#8( (
G.89,5<!H900;! I><>C>!J6<K!
@,?<D>.<!J.,<! L50M/0N1!O?-;.<8!@,?10!
!
!$&67:,F#<&1:#(/0::&8&0$8$!J,P!D,!@,C05>D0/6QJ,P!
!
D272>8(0G(!%H71#$2(?7$%8$!L5.E>D0!
!
D&2#(I&81>88&0$$!7.89P>6!RSI/0>5!I5003!I><6,<!T<D05U9><80'!V01D05<!L,5D.,<!,W!JTX!
;>5>//0/1!I/0>5!I5003Y!0>1D05<!;,5D.,<!>1U0<C1!=/,6C!7.//'!!
!
!"##$%&'('&)*+$%",,$#-.&'"#/*
J><C!M5.C80!,E05!ZP.<!Z?<<0/1![?1D!M06,<C!JTX!D,!D90!P01D'!2K.1D.<8!M5.C801!,E05!
I/0>5!I5003!;5,E.C0!/.DD/0!,;;,5D?<.D6!W,5!D05501D5.>/!;>11>80'!Z9050!.1!>!;5,;,1>/!.<!
D90!=.<>/!L2TH!D,!D?<<0/!0>1DM,?<C!/><01!W5,-!-./0;,1D!"%&'\!D,!"%\'(!D,!50-,E0!D90!
19>5;!U?5E0!>D!D90!M,DD,-!,W!=/,6C!7.//Y!V01DM,?<C!/><01!P,?/C!U,<D.<?0!,<!D90!
U?550<D!>/.8<-0<D'!!Z9.1!D?<<0/.<8!,;D.,<!->6!,WW05!D90!,;;,5D?<.D6!D,!-.<.-.]0!D90!
5,>CP>6!W,,D;5.<D!D95,?89!D9.1!108-0<D'!
!
421)546)02720$8)0399)/:*123/;$
!30<$=$ >?$ 421)$@);0+26123/$ 8)0399)/:*123/;$ AA%B$
OL^&^! "%&'(! A.E.C0C!M5.C80!>D!

I0<D5>/!I.D6!0K.D!
P.D9!>CC.D.,<>/!
M5.C801!D,!<,5D9!
_0K.D!5>-;!><C!/,U>/!
5,>C`'!2KD0<1.E0!
5.;5>;!?<C05!>//!
M5.C801'!A.5D!;>D9!
P.D9!"-!U/0>5><U0!
?<C05!9P6!M5.C801'!

:;0<!?;!D05501D5.>/!;>D9P>6!?<C05!9.89P>6!
M5.C801!_;>5D.U?/>5/6!,<!P01D!1.C0!,W!U5003`!><C!
501D,50!<>D?5>/!1D50>-!M><31'!a0QC01.8<!0K.D!
5>-;!D,!;5,E.C0!850>D05!U/0>5><U0!?<C05!
M5.C80'!=>U./.D>D0!>DQ85>C0!U5,11.<8!,E05!/,U>/!
5,>C!?<D./!D9>D!M5.C80!U><!>/1,!M0!50;/>U0C!P.D9!
>!/>5805!1D5?UD?50!0<U,-;>11.<8!5.;>5.><!M><31!
><C!;5,E.C.<8!C56!D05501D5.>/!;>D9P>61'!

+,!

OL(^#! "%%'"! A.E.C0C!M5.C80!P.D9!
U,<U50D0!1?;;,5D!
P>//1!>D!7P6!R!
[?<UD.,<'!H;><1!
I/0>5!I5003!><C!M.30!
;>D9'!!

:;0<!?;!<,5D9!1.C0!,W!0>1DM,?<C!1D5?UD?50!M6!
50;/>U.<8!P>//1!P.D9!;.//>5!1?;;,5D1'!:;0<!?;!
><C!501D,50!5.;>5.><!M><31!,<!M,D9!1.C01!,W!D90!
U5003!_.<U/?C.<8!/,P!U,E05!W,5!L50M/0N1![?-;.<8!
-,?10`'!I/.WW1!>UD!>1!<>D?5>/!W?<<0/!D,P>5C1!
1D5?UD?50'!
!
!

+,!
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$%&'()!%*+&*,-.-*/!0112'/3*4/)!
56*74,&/-8!94(7(4:-!.2*4/2'4*;!,2*73,/-7!&/!84/-!

<=>?@5! "??AB! C4((!8(21-D!E9)!?>!
:'2*/&;-!'2&7!
1&'&((-(!&*7!F-(29!
4*/-'8/&/-!/2!
*2'/+G-&8/!!

H2*8/'3,/!F'47;-!94(7(4:-!,'2884*;!I!12884F()!
&(82!3*7-'!E9)!?>A!J-(2,&/-!74'/!13((I23/!/2!
'-73,-!'2&79&)!:22/1'4*/!&/!/+48!(2,&/42*!&*7!/2!
748,23'&;-!+3.&*!&,/4K4/)A!6*8/&((!(4.4/-7!;347-!
:-*,4*;A!

L2!
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!"#$%&$'()*(+$'+,,-$!
(
9&:#"0828$!"%&'&!(!"&)'"$ )7;:4()$<7$1#6#$2(=""0;2>$&2&#8(&$(?+@A!!!*+,!
?+@(?#$B2<$!%'-!./0+,!
!

C7;B#2(D"#1&#8( D"#1&#8(903#6#$2(E>&:%8(
102! 3+45!6/78!9:+;;+,,!<=>;=!

?>0+!@++4! AB=:C/D+!E;7>0=C+,!

!

D#10$%7;4(C7;B#2(D"#1&#8( (
F0=G2!F+=4! H=;=B=!I5;J!

?K>;C=/;!I/K;! LK4C8+4;!I+K:=4B!<4K7!

M4+N0+O,!P>.:/;7!?K>,+! !

!

!$&67:,F#<&1:#(/0::&8&0$8$!3+45!6/78!
!

D272>8(0G(!%H71#$2(?7$%8$!M4/D=C+!
!

D&2#(I&81>88&0$$!QRS)!/,!C4=D+4,/;7!C84K>78!C8+!TKKC8/00,!/;!C8/,!IQU'!L>.+4K>,!T/00!
,0K:+,!KGG>4!V8+4+!C8+!8/78V=5!G4K,,+,!B4=/;=7+,'!W=00!GK;G4+C+!.+B/=;!N=44/+4!

XY'YO!8/78Z!/,!:4+,+;C!K;!C8+!V+,C!,/B+!KT!<0K5B!6/00[!T4K.!./0+:K,C!"%&'&!CK!C8+!+J/C!=C!

./0+:K,C!"%\'\'!

!

!"##$%&'('&)*+$%",,$#-.&'"#/*
HK;,C4>GC!;+V!G4K,,/;7!,C4>GC>4+,!V8+4+!B4=/;=7+,!=4+!N/,+GC+B!N5!QRS)'!Q;D+,C/7=C+!

K::K4C>;/C/+,!CK!/;,C=00!=!G4K,,/;7!,C4>GC>4+!K;!C8+!V+,C!,/B+!KT!<0K5B!6/00!N+CV++;!

./0+:K,C,!"%&'&!=;B!"%S'&'!HKK4B/;=C+!V/C8!0KG=0!0=;BKV;+4,!=;B!C8+!GK>;C5!K;!

]K;/;7!/;!C8/,!IQU!CK!.=;=7+!]K;/;7!=;B!B+D+0K:.+;C!=;B!CK!KNC=/;!GK;,+4D=C/K;!

+=,+.+;C,!K;!2+5!:4K:+4C/+,!=B^=G+;C!CK!;+V!G4K,,/;7!,C4>GC>4+,'!!

!

!

!

!

!

!

!

!

./0(1.2(3/4/3$5(3,66(78)0/,79$
!,3:$;$ <%$ ./0($=(93+/20/,7$ 5(3,66(78)0/,79$ >>?@$
;_=! "%&'&! `.=00!B4=/;=7+'!

9:+;!=4+=!CK!,K>C8[!

T/00!,0K:+!CK!;K4C8'!

`G=CC+4+B!8K.+,!CK!

,K>C8!

Q;D+,C/7=C+!K::K4C>;/C5!CK!/;,C=00!G4K,,/;7!

,>/C=N0+!TK4!B++4!=;B!+02!=C!C8/,!0KG=C/K;'!

HK;,/B+4!6V5!%)!:=4=00+0!CK!;K4C8'!

LK!

;_=! "%\'&! H>C!,0K:+,!^>,C!V+,C!

KT!8/78V=5!+J/C!

Q;D+,C/7=C+!K::K4C>;/C5!CK!N>/0B!V/0B0/T+!

KD+4:=,,!KD+4!/;C+4,C=C+!=;B!6V5!%)'!

LK!
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$%&'()!%*+&*,-.-*/!0112'/3*4/)!
56*74,&/-8!94(7(4:-!.2*4/2'4*;!,2*73,/-7!&/!84/-!

<=>"#! ?@ABC! D2'/+!E'&*,+!
E-&F-'!E'22GB!!
='-H(-I8!2,,314-7!
+&H4/&/!&*7!-(G!
,'2884*;!&'-&B!

='4.&')!'-,2..-*7-7!,'2884*;!(2,&/42*!4*!J6KB!
L-1(&,-!141-!94/+!H'47;-!2'!(&';-!&',+!,3(F-'/!
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APPENDIX F 
 
Guidelines for Improving Connectivity for Terrestrial and 
Aquatic Wildlife on the I-70 Mountain Corridor 
 
 

I. CONSIDERATIONS FOR TERRESTRIAL PERMEABILITY 
 
 
Medium and Large-Sized Box or Arch Culverts and Bridges 
 
A) CREATE OR MAINTAIN FUNCTIONAL WILDLIFE CROSSINGS FOR 
MEDIUM-SIZED AND LARGE ANIMALS AT AN AVERAGE INTERVAL OF 1 
MILE OR LESS ALONG THE I-70 MOUNTAIN CORRIDOR, DEPENDING ON 
ANIMAL MOVEMENT PATTERNS, TOPOGRAPHY AND HABITAT FEATURES 
TO PROVIDE PASSAGES FOR MEDIUM AND LARGE-SIZED ANIMALS. TO 
ACCOMPLISH THIS: 
 
 
1. Where a drainage structure (culvert, concrete box culverts (CBC) or bridge) is 
needed as part of the highway system, install, modify or maintain existing drainage 
structures to accommodate wildlife movement 
  
Where terrain permits and where it is practical: 
 

a) Install the largest bridge (preferably) or culvert practicable for any given location 
or terrain. 

b) Replace a bridge with a bridge of equal size or larger. Replace a culvert with a 
bridge, arch culvert, box culvert, or buried-bottom pipe of equal size or larger.1 

c) Install the shortest structure practicable for a given roadway width, while 
maximizing structure width (span) to maximize openness and avoid a ‘tunnel 
effect’. Make structures wider rather than taller. Wide underpasses allow animals 
to have a broad viewing area, which makes them feel less vulnerable. 

d) Consider two shorter underpasses with a median or ‘atrium’ instead of one long 
structure under four or more traffic lanes. 

e) Ensure visibility from one end of a structure to the other.  

                                                
1 For species-specific design and dimensional specifications, use the following references: 
Clevenger, A. P. and M. P. Huijser. 2011. Wildlife crossing structures handbook: design and 
evaluation in North America. Federal Highway Administration Report No. FHWA-CFL/TD-11-
003. Lakewood, CO. [see Chapter 4] 
Kintsch, J. and P. Cramer. 2011. Permeability of existing structures for wildlife: developing a 
passage assessment system. Washington Department of Transportation Report No. WA-RD 
756.1. Olympia, WA. [see Tables 1 & 2] 
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f) Maintain a natural substrate underneath the bridge. If concrete is necessary to 
prevent scour, then it is recommended to cover the concrete with a natural 
substrate. Install baffles to retain sediment and prevent scour.  

g) Use flooring of native material. For passages with perennial or ephemeral water 
flow, design structures to be wide enough to provide a dry pathway at least 3’ 
wide for animals to use on one or both sides of the waterway.  

h) Engineer structures to minimize traffic noises for animals inside of or at the 
entrance to a structure (e.g., use noise-absorbing surfaces inside underpasses to 
reduce resonating noise, and/or use quiet pavement to reduce the extent of a 
road’s noise disturbance zone).  

i) Limit roadway lighting where crossing structures are located. 
j) Use vegetated ‘green screens’ or other mechanisms along the sides of over-

crossings to reduce highway noise and lights from animals on the structure.  
k) Solid bridge railings should be installed immediately above under crossings to 

reduce highway noise and lights for animals crossing below.  
l) Remove barriers at structure entrances that could prevent wildlife passage 

including, fencing or gates, boulders, rip-rap, or provide a pathway for wildlife 
through the obstruction.  

m) Maintain or restore native vegetation immediately adjacent to the structure at each 
entrance to encourage wildlife activity, provide natural cover and filter traffic 
light and noise. Use native vegetation seed to encourage wildlife use, promote 
establishment and suppress weedy species.  

n) Avoid using rip-rap or boulders to maintain aprons at the culvert entrances as 
these may be difficult for hooved animals to negotiate. If a rip-rap apron must be 
used, consider placing topsoil over the rip-rap along the edges so as to create a 
natural path or game trail.  

o) Design passage characteristics for both mobile species as well as limited-mobility 
species (e.g., pile up stumps or boulders along the inside wall of a large underpass 
to provide small mammal cover). 
 
 

2. Locate additional structures at points where "Linear Wildlife Guideways" 
intersect I-70, where wildlife prefer to cross 
 
Linear Wildlife Guideways are natural travelways defined as topographical ridges or 
drainages, sharply delineated changes in vegetation, or vegetation forming a peninsula. 
The intersection of a linear guideway with a roadway often creates a well-defined, 
intensely used crossing zone.  
 

a) Maintain vegetated ridges and drainages or other sharply defined changes in 
vegetation inside, and if possible outside the Right of Way. 

b) Use fencing to direct animals toward underpass crossings and away from road 
approaches. 

c)  Reduce distance to cover by maintaining natural vegetation around the inflow 
and outflow of drainage structures, preferably in the form of vegetated peninsulas. 

d) Secure lands adjacent to crossing structures for long-term habitat protection.  
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3. Construct CBCs and bridges using natural colors and textures 
 

a) Construct sloped side supports instead of vertical walls. Use the lowest angle 
possible and natural substrate for abutment slopes. 

b) If support slopes are steep and/or rip-rap must be used for abutment slopes, 
construct a flat, dry pathway at least 5’ wide cut into each slope.  

c) Use open support pillars instead of walls for structures with a long span. 
d) Avoid the use of mesh erosion control netting, which may ensnare snakes. 

 
 
4. Design and maintain fencing to prevent wildlife from crossing at high-risk areas 
and to lead them to Wildlife Road Crossings 
 

a) Fencing for large mammals should be at least 8' high, with a mesh size less than 
10cm x 15cm, without gaps between the fence and the ground and, where 
required to prevent animals from digging underneath, seated at least 15cm into the 
ground. 2 

b) Avoid constructing fencing for > 1 mile without providing suitable safe crossing 
opportunities.  

c) Fencing should be placed the entire length between structures and in medians 
between culvert/bridge openings to prevent animals from entering the roadway 
from the median.  

d) Ensure that fencing is fully connected to structures without gaps.  
e) Minimize “natural ladders” adjacent to the fence which could facilitate an animal 

climbing over the fence (e.g. trees, large bushes, etc.). 
f) Construct and/or reposition wildlife fencing such that all culvert outlets (large and 

small culverts) are located outside of the ROW.  
g) Construct escape ramps at regular intervals to provide escape routes for animals 

trapped inside of the ROW.  
h) Use control mechanisms such as double cattle guards and electric mats to prevent 

animals from entering the ROW through gaps in the fencing (e.g., at 
interchanges). 

i) Curve fence ends back into the landscape away from the ROW and/or use boulder 
piles at fence ends to discourage wildlife from crossing the roadway at fence ends. 

j) Provide human access through fencing in areas where access is important to 
prevent people from damaging the fencing (e.g., ladders over the fencing, small 
angular passageways through the fence where a human could walk through but an 
animal could not, or, for private land access only, gates).  

 
 
                                                
2 For fencing specification, refer to: 
California Department of Transportation Wildlife Crossing Guidance Manual (p. 61): 
http://dap3.dot.ca.gov/hq/env/bio/wildlife_crossings/ 
Arizona Department of Transportation Wildlife Funnel Fencing Summary: 
http://www.azdot.gov/highways/EPG/EPG_Common/PDF/Technical/Wildlife_Connectivity/Wil
dlife_Funnel_Fencing/Wildlife_Funnel_Fencing_Summary.pdf 
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5. Where guard rails, regaining walls or jersey barriers or steep road cuts are 
required, keep in mind that barrier ends tend to funnel animals onto the roadway 
 

a) Locate the ends of barriers where there is a good line of sight to give motorists 
adequate time to avoid animals that enter the roadway at these locations.  

b) Consider locating wildlife crossings at the end of barriers where appropriate, 
based on wildlife movement patterns, topography and habitat features. 

 
 
6. Avoid offsetting culverts and bridges where multiple structures are needed under 
a divided highway or where two roads run parallel to one another so that animals 
have a straight line of sight through all of the structures 
 
 
7. Install features to minimize or prevent human use of wildlife crossing structures 
such as signs or barriers at potential access points 
 
 
8. Install bird poles along wetlands or bridges to force birds to fly higher over the 
roadway 
 
 
9. Add features to bridges to promote day and night roosting for bats, where 
appropriate 
 

a) To function as day roosts, bridges should be greater than 10’ above the ground, 
have vertical crevices 0.5 to 1.25” wide, have vertical crevices 12 inches or 
greater in depth, be sealed from rainwater and debris entering from above, have 
full sun exposure, and not be situated over a busy roadway passing underneath the 
structure.  

b) To function as a night roost, bridges constructed from pre-stressed concrete girder 
spans, cast in place spans, or steel I-beams are best. Bats alo prefer vertical 
concrete surfaces located between beams that provide protection from wind and 
remain warm at night.  

 
 
10. Develop wildlife-friendly maintenance practices, such as lead paint recovery and 
timing of operations 
 
 
11. Conduct monitoring of wildlife use of new and retrofitted structures (e.g., 
remotely-triggered cameras, track beds) to assess effectiveness of mitigation 
measures for the purpose of making appropriate adjustments as needed and 
improving designs of future mitigation measures
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Small Box or Pipe Culverts 
 
 
A) CREATE OR MAINTAIN FUNCTIONAL WILDLIFE CROSSINGS AT AN 
AVERAGE INTERVAL OF 1/4 MILE OR LESS ALONG THE I-70 MOUNTAIN 
CORRIDOR TO PROVIDE PASSAGES FOR SMALL MAMMALS. TO 
ACCOMPLISH THIS: 
 
 
1. Where a drainage structure (culvert, concrete box culverts (CBC) or bridge) is 
needed as part of the highway system, install, modify or maintain existing drainage 
structures to accommodate wildlife movement.  
 
Where terrain permits and where it is practical: 
 

a) Replace small drainage culverts with culverts of no less than 3’ diameter for 
small-bodied animals or 4’ for medium-bodied animals (e.g., coyotes and 
bobcats), unless terrain does not permit. When installing equalizer pipes between 
wetlands with small mammal ramps, pipes must be minimum 4’ diameter.  

b) Install concrete pipes rather than corrugated steel, as the concrete provides a 
better surface for wildlife movement and absorbs some moisture, which can 
facilitate movement for some species.  

c) Consider installing a low-gradient dry culvert for wildlife passage adjacent to a 
steep gradient drainage culvert.  

d) Culverts should be built or modified with dry ledges for use by water-shy 
organisms; these ledges should be constructed to be able to withstand flood 
events. 

e) Routine maintenance of culverts is essential to maintain culvert functionality for 
wildlife movement to remove accumulated sediment or other obstructions inside 
the culvert or at the culvert entrances.  

f) Maintain natural vegetation cover, including low-stature cover for amphibians.  
g) Avoid using rip-rap or boulders to maintain aprons at the culvert entrances as 

these may be difficult for some small animals to negotiate. If a rip-rap apron must 
be used, consider placing topsoil over the rip-rap along the edges so as to create a 
natural path or game trail.  

h) Integrate fencing and structures to guide animals to crossing structures. Fencing at 
small culverts used by medium-bodied animals (e.g., coyotes and bobcats) should 
be 3-6’ high, while fencing for small-bodied animals should be at least 3’ high 
with a small mesh size and entrenched into the ground several inches to prevent 
animals from digging under. For reptiles and amphibians, a fine mesh fence, 
concrete walls, or aluminum flashing may be used. Remove and maintain trees, 
brush, etc that could allow an animal to climb over the fence.  

i) Construct and/or reposition wildlife fencing such that all culvert outlets are 
located outside of the ROW.  
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2. Enhance existing and new structures with the installation of small mammal 
ramps or rock walkways that extend the length of a culvert so that small mammals 
can cross even in wet conditions. Small mammal ramps in culverts are particularly 
recommended where the roadway bisects a wetland or riparian zone 3 
 
 
3. Where possible, use cable median and shoulder barriers instead of jersey-style 
walls. Where concrete median or shoulder barriers are required, install jersey 
barriers with ‘scuppers’ or small openings on the bottom, or barriers with 
intermittent gaps to allow small mammals to pass through (note: the effectiveness of 
such gaps has not yet been proven or disproven). 
 
 
 

                                                
3 For small mammal ramp guidelines, refer to: 
Montana Department of Transportation Small Mammal Ramp Guidelines. 
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II. CONSIDERATIONS FOR FISH PASSAGE 
 
 

A) MAINTAIN OR RESTORE STRUCTURAL AND FUNCTIONAL 
CONNECTIVITY FOR FISH SPECIES (BOTH ADULTS AND JUVENILES) AT ALL 
ROAD-STREAM CROSSINGS. TO ACCOMPLISH THIS: 
 
 
1. Design new structures at road-stream crossings to facilitate fish passage 
 
Where practical: 
 

a) Retain, restore or mimic the existing physical and morphological conditions in the 
stream and floodplain to the greatest extent possible. Use stream simulation 
techniques and appropriate reference reaches to guide the design and construction 
of new or replacement structures, with the aim of creating conditions inside the 
structure as similar as possible to the stream channel in both structure and 
function (refer to: http://stream.fs.fed.us/fishxing/aop_pdfs.html)  

b) Replace a culvert with an oversized arch culvert, 3-sided box culvert, open-
bottomed pipe culvert, or entrenched pipe culvert that is wide enough to prevent 
channel constriction by accommodating the full channel width and allow for 
design flows (i.e., natural substrate through culvert, bottom surface of structure 
should be flush with grade, no drop-offs or plunge pools, and minimize turbulence 
and channel constriction).  

c) A bridge overpass alignment should encompass the natural floodplain, including 
meanders and riparian banks, and allow for minimal use of bank armoring 
strategies such as riprap or concrete wall bridge supports.   

d) Minimize culvert length to the greatest extent possible within the natural course of 
the stream. Where a stream crosses an extended highway footprint and associated 
infrastructure (e.g., highway on/off ramps, frontage roads, adjacent developed 
areas), install multiple shorter culverts rather than one long culvert. 

e) Minimize the degree of forced changes in flow direction, by installing a wider 
structure that accommodates a natural stream meander as it passes under the road 
or by installing a curved culvert to better preserve inlet and outlet channel 
alignments and to prevent bank scour, undercutting or structural failure.  

f) Design culverts such that water velocity, depth and grade through the structure is 
consistent with upstream and downstream channel conditions.  

g) Design passages with consideration of the impacts of both high and low flows on 
fish passage. Design velocity criteria to provide passage for the weakest 
swimming individual (e.g., juveniles) during a range of flow conditions.   

h) Provide low-flow channels in culverts where needed by installing the invert of the 
culvert below the grade of the natural substrate of the stream to ensure that a 
minimum water depth can be preserved through the culvert as flow levels 
fluctuate (e.g., in streams where flow depth may seasonally drop below the 
minimum depth required for fish passage). 
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i) Decrease maximum flow velocity through a culvert as culvert length increases 
and provide rest areas for fish moving through the culvert. 

j) Daylight long culverts as much as practically possible while providing best 
management practices and natural riparian vegetation for controlling for the 
inflow sediment and runoff from the roadway.  

k) Plant and maintain native riparian vegetation at the inlets and outlets of all 
crossings. 

l) Maintain road sand traps to prevent the siltation and pollution of streams and 
provide regular maintenance to prevent sediment build-up or debris accumulation 
at culverts.  

m) Construct wetlands along the highway right-of-way wherever practical to reduce 
nonpoint source pollution into receiving streams and funnel roadway sediment 
and runoff to sediment traps or vegetated buffer areas away from stream channels.  

n) Install flared end sections on culverts to reduce erosion at the inlets and outlets of 
water conveyance structures. 

 
 
2. Retrofit existing culverts that are not due for immediate replacement to facilitate 
fish passage. 
 

a) Install securely anchored baffles (corner or side) or rock weirs and provide 
streambed substrate inside the culvert to add roughness, reduce flow velocity, 
increase flow depth through the culvert, and create pools that can act as resting 
areas for fish moving through the culvert where flow criteria allows for reduced 
culvert capacity. Design baffle heights and profiles with consideration for high 
and low flows. 

b) Install weirs to concentrate low flows into multiple pools with narrower, deeper 
channels where needed to ensure that a minimum water depth can be preserved 
through the culvert as flow levels fluctuate (e.g., in streams where flow depth may 
seasonally drop below the minimum depth required for fish passage). Use 
tailwater control weirs outside of the culvert barrel to increase flow depths in the 
culvert during periods of low flow. 

c) Use rocks in culverts to simulate the grade-stabilizing functions of embedded 
debris.  

d) Improve transitions at culvert inlets and outlets to accommodate for forced 
changes in flow direction due to skewed culverts.  

e) Balance control measures by installing flared end sections or control weirs for 
slowing flow velocities and excessive turbulence at culvert inlets  

f) Repair perched outfalls by constructing step/pool structures with natural materials 
to allow for aquatic connectivity. Provide a sufficient pool depth at outlets where 
fish have to jump to enter a culvert. Design jump height for specific species of 
concern. 

g) Maintain culvert improvements to prevent them from becoming clogged with 
sediment or debris.  

h) Plant and maintain native riparian vegetation at the inlets and outlets of all 
crossings. 
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3. Integrate aquatic and terrestrial connectivity goals at all road-stream crossings as 
appropriate (e.g., include dry pathways for terrestrial species, as needed) 
  

a) Oversize crossing structures to accommodate both aquatic and terrestrial species. 
b) Install multiple crossings at varying invert elevations that can perform as dry 

crossings for terrestrial species and low flow crossings for aquatic species while 
improving the morphological characteristics of the floodplain and allowing for 
increased flow capacity during high runoff events. Note that multiple structures at 
one site may have higher maintenance demands than a single larger structure, and 
the main crossing structure must be large enough to accommodate flows, 
sediment and debris. 
 

 
4. Coordinate with the Colorado Division of Wildlife 
 

a) Aquatic connectivity is not always desirable. Install or maintain aquatic barriers 
where needed to control the spread of invasive species or disease and/or to protect 
pure populations of native species. Likewise, remove barriers that no longer serve 
their intended purpose.  

b) Obtain information on the types of species occupying specific streams and design 
the range of flow velocities, water depth and other attributes for those specific 
species and life stages. Where such information is lacking, unless there is an 
explicit need for an aquatic barrier, design road-stream crossings to facilitate fish 
and aquatic organism passage.  

c) To determine the most cost-effective use of funds for constructing new structures 
or retrofitting existing structures, consider the road-stream crossing relative to the 
entire stream network, including how it relates to other road-stream crossings or 
barriers.  

 
 
5. Minimize impacts to aquatic species during construction 
 

a) Concentrate construction activities during periods of low flow to avoid critical 
time periods such as fish migration and spawning seasons, and to minimize direct 
impacts to wildlife and their habitat. 

b) Minimize disturbance to the length of the natural stream channel and natural flow 
of water as well as to the riparian banks and vegetation, and restore areas that 
have been disturbed using local materials and seed.  

c) Clean all equipment and gear before and after they are exposed to the stream to 
prevent the transmission of aquatic nuisance species or aquatic diseases into or 
out of the drainage.  

d) Remove temporary fills and structures once construction is complete.  
e) Install and maintain all best management structures to reduce sedimentation into a 

stream during construction and remove all temporary BMP’s once natural 
vegetation has been re-established. 
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ALIVE COMMITTEE MEMBERSHIP 
Organization Name Email 

BLM Fresques, Tom tom_fresques@co.blm.gov 
CDOT Attardo, Chuck Chuck.attardo@dot.state.co.us 
CDOT Brown, Kevin Kevin.brown@dot.state.co.us 
CDOT Cox, Russel Russel.cox@dot.state.co.us 
CDOT Durkin, Paula Paula.durkin@dot.state.co.us 
CDOT Eller, David David.eller@dot.state.co.us 
CDOT Elsen, Joe Joseph.elsen@dot.state.co.us 
CDOT Guevara, Bernie Bernardo.guevara@dot.state.co.us 
CDOT Kozinski, Peter Peter.kozinski@dot.state.co.us 
CDOT Miller, Martha Martha.miller@dot.state.co.us 
CDOT Peterson, Jeff  Jeff.peterson@dot.state.co.us 
CDOT Smith, Tammie Tammie.smith@dot.state.co.us 
CDOT Spinuzzi, Gary Gary.spinuzzi@dot.state.co.us 
CDOW Andree, Bill  Bill.andree@state.co.us 
CDOW Shepherd, Sean Sean.shepherd@state.co.us 
CH2M HILL Vobejda, Mary Jo Maryjo.vobejda@ch2m.com 
Clear Creek County Enright, Fran franenright@earthlink.net 
Clear Creek County Sorensen, Jo Ann  jsorensen@co.clear-creek.co.us 
Clear Creek County Springer, Adam aspringer@co.clear-creek.co.us 
Colorado Watershed Assembly Crane, Jeff jeffcrane@coloradowater.org 
ECO-resolutions, LLC Kintsch, Julia  julia@eco-resolutions.com 
FHWA Pavlik, Monica Monica.pavlik@fhwa.dot.gov 
Pat Noyes & Associates Noyes, Pat pat@patnoyes.com 
Rocky Mountain Wild Singer, Paige paige@rockymountainwild.org 
Town of Georgetown Hall, Tom gtownadmin@earthlink.net 
Town of Vail Salli, Chad csalli@vailgov.com 
US Fish & Wildlife Service Michael, Alison  Alison_michael@fws.gov 
USFS Chambers, Carl cchambers@fs.fed.us 
USFS Kruse, Carol  Ckruse@fs.fed.us 
USFS Magwire, Wendy wmagwire@fs.fed.us 
USFS Nettles, Ashley anettles@fs.fed.us 
  Krawzoff, George gkrawzoff@yahoo.com 
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