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Figure 2. Proportion of Aspect Categories for all Trap Lines
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Figure 3. Proportion of Aspect Categories for Individual Trap Lines
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Figure 4. Proportion of Topography Categories for 
Individual Trap Lines

Routeburn

Sylvan

Caples

Daleys

%

Slope 

H-$1"88:%*+$%6"\31)*;%34%.)*$.%<$1$%5$$6$5%48"*:%43883<$5%9;%635$1"*$%",5%.*$$/%.83/$.=%A31%

),5)-)57"8%*1"/%8),$.%LA)#=%[M:%N"8$;.%+"5%631$%48"*%*1"/%.)*$.=%G"/8$.%4$"*71$5%631$%#$,*8;%.83/),#%

.)*$.%97*%"8.3%+"5%*+$%63.*%5"*"%36)**$5%431%.83/$%08"..)4)0"*)3,=%B;8-",%03,*"),$5%*+$%+)#+$.*%,769$1%

34%635$1"*$%.83/$.%<+)8$%D37*$971,%+"5%*+$%.*$$/$.*%.83/$.=%

0

0.1

0.2

0.3

0.4

0.5

Flat Gentle Moderate Steep Vertical Omitted

P
ro

po
rt

io
n

Slope

Figure 5. Proportion of Slope Categories for Individual Trap Lines
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Figure 6. Proportion of Drainage Categories for 
Individual Trap Lines
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Figure 7. Average Ground Cover for Individual Trap Lines
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Figure 8. Proportion of Cavities Below Ground for all Trap 
Lines
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Figure 9. Proportion of Average Boulder Size for Individual 
Trap Lines
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Canopy Beech Species – Tier 1 
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Figure 10. Dominant Canopy Species for Individual Trap Lines
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Figure 11. Average Abundance Rank for Understory Vegetation for All Trap 
Lines (0=absent - 4=dominant)
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Ground Cover Vegetation (< 30cm) – Tier 3%%
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Figure 12. Average Abundance Rank for Ground Cover Vegetation for All Trap 
Lines (0=absent - 4=dominant)
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Canopy Beech Species – Tier 1 
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Identifying the Best Model – Akaike Information Criterion 

O"98$%V%.+3<.%*+$%P2")2$%>,4316"*)3,%G1)*$1)3,%LP>GM%6$*+35%431%.$8$0*),#%*+$%9$.*%635$8%7.),#%*+$%

83#E8)2$8)+335%34%"88%34%*+$%4)**$5%635$8.=%P%83<$1%P>G%-"87$%),5)0"*$.%"%631$%/"1.)63,)37.%635$8=%

O+$%9$.*%635$8%".%)5$,*)4)$5%9;%*+$%P>G%01)*$1)3,%<".%431%O)$1%V%5"*"%<+)0+%),0875$5%1$5%",5%

637,*"),%9$$0+%",5%.6"88E8$"-$5%03/13.6"=%K$,0$%*+).%635$8%.+3785%9$%03,.)5$1$5%/1)6"1)8;%),%

"**$6/*),#%*3%/1$5)0*%*1"/%0"/*71$%/139"9)8)*;=%O+$%O)$1%V%./$0)$.%),*$1"0*)3,.%635$8%<".%*+$%.$03,5E

63.*%/"1.)63,)37.%635$8%97*%*+$%4),"8%635$8%5)5%,3*%03,*"),%.)#,)4)0",*%/1$5)0*31%-"1)"98$.:%

*+$1$431$%),*$1/1$*"*)3,%).%8)6)*$5=%O3/3#1"/+;%",5%#137,5%03-$1%635$8.%<$1$%*+$%,$J*%9$.*%635$8.%

97*%4$"*71$5%"%03,.)5$1"98$%),01$".$%),%P>G%-"87$%4136%*+$%O)$1%V%635$8.=%O+$%<31.*%635$8%<)*+%

1$#"15.%*3%*+$%P>G%635$8%.$8$0*)3,%<".%5$-$83/$5%<+$,%*1"/%8),$%<".%*+$%3,8;%/1$5)0*31=%%

)

)

)

)

)

)

)

)



!"#$%&%QQ%%

8,96#)K7)FE,'E#)/0?1-+,&'10)B-'&#-'10)SF/BT)L#5%6&5)?1-)*,&'5?,$&1-.)312#657)

*%-(#.)
B,&#<1-.)

312#6) D1<Q
D'E#6'4112)1?)
?'0,6)+12#6)
S@#(',0$#T)

>%+9#-)1?)
=,-,+#&#-5)

F/B) *'<0'?'$,0&)
;,-',96#5)'0)
M'0,6)312#6)

8'#-)K) D$5%n%I37,*"),%n%B6"88E
03/13.6"%

QV=Y['% T% VS=Y['% o$.%

8'#-)K) P88%O)$1%V%),*$1"0*)3,.% U[=SY[% QV% S'=SY[% ?3%
81A1<-,A4.) B83/$%n%51"),"#$%n%

*3/3#1"/+;%
'ST=[TT% [% QYT=[TT% o$.%

81A1<-,A4.) O3/3#1"/+;%J%*1"/%8),$%
),*$1"0*)3,.%

'XS=TQX% QY% QYS=TQX% o$.%

H-1%02)B1(#-) h137,5%03-$1%J%*1"/%8),$%
),*$1"0*)3,.%

QQX=SU'% S% QUU=SU'% o$.%

H-1%02)B1(#-) P88%#137,5%03-$1%
),*$1"0*)3,.%

QVX=V[Z% [% QUX=V[Z% o$.%

8'#-)J) D$5%n%I37,*"),%n%B)8-$1%n%
B6"88E03/13.6"%

QVX=UZ[% [% QUX=UZ[% ?3%

8'#-):) O)$1%'%J%*1"/%8),$%
),*$1"0*)3,.%

QVT=ZV[% Z% Q[Q=ZV[% ?3%

H-1%02)B1(#-) g".078"1%n%I3..% QUS=VUS% V% Q[[=VUS% o$.%
8-,A)6'0#) P88%0369),"*)3,.% QXX=ST'% U% QZU=ST'% o$.%

)

@'5$%55'10)1?)L#5%6&5)

O+$%9$,$4)0)"8%$44$0*.%34%*+$%9$$0+%6".*%;$"1.%34%QYYYcQYY'%431%135$,*.%.+3785%+"-$%5)6),).+$5%9;%

i",7"1;%QYYV%<+)0+%<".%*+$%.*"1*%34%*+$%1"*%0"/*71$%5"*"%431%*+$%0711$,*%","8;.).=%R),#%",5%I388$1%

L'SSZM%437,5%*+"*%.+)/%1"*%"97,5",0$%<".%7.7"88;%83<%571),#%3,$%*3%*<3%;$"1.%"4*$1%.)#,)4)0",*%9$$0+%

.$$54"88=%O+$1$431$:%*+$%)6/8)0"*)3,.%34%9$$0+%6".*),#%03785%/139"98;%9$%5).1$#"15$5%431%*+$%/1$.$,*%

),*$1/1$*"*)3,=%

N$./)*$%*+$%.)#,)4)0",*%-3876$%34%5"*"%),%678*)/8$%0"*$#31)$.%),%*+).%","8;.).:%*+$1$%<$1$%3,8;%"%4$<%

1$.78*.%*+"*%^7"8)4)$5%431%471*+$1%),*$1/1$*"*)3,=%>,)*)"8%$J/831"*31;%),-$.*)#"*)3,%.7##$.*$5%*+$%63.*%

.700$..478%*1"/%8),$.%<$1$%B;8-",%",5%N"8$;.%),%*$16.%34%*+$%+)#+$.*%6$",%0"/*71$%1"*$%3-$1%*+$%$,*)1$%

*)6$%/$1)35=%%I35$8%4)**),#%.7##$.*$5%*+"*%*+$%B;8-",%*1"/%8),$%+"5%*+$%+)#+$.*%/139"9)8)*;%34%0"/*71$%

3-$1"88:%036/"1$5%*3%*+$%3*+$1%*1"/%8),$.=%O+$%D37*$971,%*1"/%8),$%+"5%*+$%83<$.*%6$",%0"/*71$%1"*$=%

B*75+386$%LQYYYM%.7##$.*$5%*+"*%1"*.%<$1$%01;/*)0%<+$,%/1$.$,*%),%83<%,769$1.%",5%*+$%*1"/%8),$.%

<)*+%83<$1%0"/*71$%/139"9)8)*)$.%03785%.)6/8;%9$%"%1$48$0*)3,%34%83<%/3/78"*)3,%.)_$=%B*75+386$%

LQYYYM%.*"*$5%*+"*%.+)/%1"*%,769$1.%4870*7"*$5%63.*%),%9$$0+%431$.*.%",5%*+"*%*+$)1%"97,5",0$%03785%9$%

8),2$5%*3%.$$54"88=%K3<$-$1%*+$%"7*+31%"8.3%)6/8)$5%*+"*%)*%<".%,3*%08$"1%<+$*+$1%1"*.%"0*7"88;%"*$%



!"#$%&%QV%%

9$$0+%.$$5%31%)4%9$$0+%6".*.%"1$%),%4"0*%",%),5)0"*)3,%34%3*+$1%$,-)13,6$,*"8%03,5)*)3,.%4"-371"98$%*3%

1"*.=%>5$"88;:%"%4$<%34%*+$%p3*+$1W%4"-371"98$%03,5)*)3,.%+"-$%9$$,%)5$,*)4)$5%),%*+$%43883<),#%

","8;.$.=%

P./$0*%<".%,3*%"%7.$478%/1$5)0*31%34%*1"/%0"/*71$%),%*+$%83#).*)0%1$#1$..)3,%","8;.).=%B;8-",%4$"*71$5%

631$%,31*+E4"0),#%.)*$.%97*%*+$%6"\31)*;%34%.71-$;.%<$1$%48"*%.)*$.=%G+1).*)$%et al. L7,/798).+$5M%437,5%

"%#1$"*$1%/139"9)8)*;%34%1"*%0"/*71$%<)*+%",%),01$".),#%$".*$18;%"./$0*%431%3,$%/3530"1/E913"58$"4%.)*$%

),%?$<%@$"8",5=%K3<$-$1%5$./)*$%7,."*).4"0*31;%635$8%4)**),#%431%*+$%"./$0*%0"*$#31;:%*+$%*1"/%8),$.%

<)*+%*+$%+)#+$.*%6$",%0"/*71$%1"*$%LN"8$;.%",5%B;8-",M%+"5%5)44$1),#%536),",*%"./$0*%0"*$#31)$.=%

B;8-",%+"5%631$%,31*+E4"0),#%.)*$.%<+)8$%N"8$;.%+"5%631$%48"*%",5%<$.*E4"0),#%.)*$.=%O+$.$%

5)44$1$,0$.%<3785%"8.3%.7##$.*%"./$0*%).%7,1$8"*$5%*3%*1"/%0"/*71$%/139"9)8)*;=%%%

H-$1"88:%63.*%.)*$.%<$1$%08"..)4)$5%".%`.83/$a%431%*+$%*3/3#1"/+;%.$0*)3,:%036/"1$5%*3%*$11"0$:%1)5#$%

31%#788;=%O+$%6"\31)*;%34%B;8-",%.)*$.%<$1$%.83/$.%<+$1$".%N"8$;.%+"5%631$%*$11"0$%.)*$.=%I35$8%

4)**),#%.7##$.*$5%*+"*%.83/$%",5%*3/3#1"/+;%<$1$%)6/31*",*%),%*1"/%0"/*71$%/1$5)0*)3,=%G+1).*)$%et al=%

LQYYXM%437,5%,3%$44$0*%34%.83/$%),%*+$)1%","8;.).%34%6)013E+"9)*"*%4"0*31.%",5%.+)/%1"*%",5%.*3"*%

0"/*71$%.700$..=%K3<$-$1%3*+$1%.*75)$.%LG+1).*)$%et al=:%7,/798).+$5e)R),#%et al=:%'SSXM%39.$1-$5%*+"*%

1"*%0"/*71$%/139"9)8)*;%$.0"8"*$5%<)*+%),01$".),#%.83/$%*+37#+%*+"*%<".%,3*%),5)0"*$5%9;%*+).%.*75;W.%

4),5),#.=%O+$%/1$.$,*%.*75;%3,8;%+"5%*<3%2$;%1$.78*.%),%*$16.%34%.83/$%<+)0+%),5)0"*$5%"%83<$1%

/139"9)8)*;%34%1"*%0"/*71$%3,%#$,*8$%.83/$.%036/"1$5%*3%48"*%.)*$.=%P,"8;.).%),-38-),#%),*$1"0*)3,.%<)*+%

*1"/%8),$%.7##$.*$5%.*$$/%.83/$.%"83,#%*+$%D37*$971,%+"5%"%83<$1%0"/*71$%/139"9)8)*;%036/"1$5%*3%48"*%

.)*$.%"83,#%*+$%G"/8$.%8),$=%O+$%D37*$971,%8),$%4$"*71$5%*+$%.*$$/$.*%.)*$.%"83,#%<)*+%83<$.*%3-$1"88%

0"/*71$%.700$..=%B),0$%0"/*71$%/139"9)8)*;%<".%,3*%.)#,)4)0",*%431%.*$$/%.83/$.%3,%*+$%3*+$1%*1"/%8),$.:%

*+$1$%6";%9$%3*+$1%4"0*31.%"*%*+$%D37*$971,%*+"*%"1$%"44$0*),#%*1"/%.700$..%.70+%".%+)#+$1%-".078"1%

#137,5%03-$1%LA)#=%ZM%",5%/331%51"),"#$%LA)#=%XM=%G3J% et al.%LQYYYM%$6/+".).$5%*+"*%)*%).%)6/31*",*%*3%

03,.)5$1%93*+%8"1#$%",5%4),$E.0"8$%4"0*31.%),%315$1%*3%),*$1/1$*%830"8%/"**$1,.%34%98"02%L.+)/M%1"*%

5).*1)97*)3,=%G+1).*)$%et al=%LQYYXM%.7##$.*$5%*+"*%6)013E+"9)*"*%5"*"%0",%/13-)5$%7.$478%/1$5)0*31.%34%

*1"/%0"/*71$%.700$..=%O+$%0711$,*%","8;.).%)6/8)$.%*+"*%)6/31*",*%/1$5)0*31.%"1$%/139"98;%.)*$%",5%

.0"8$E./$0)4)0%",5%)*%6";%3,8;%9$%/3..)98$%*3%1$8"*$%.70+%4),5),#.%*3%*1"/%/8"0$6$,*%),%*+$%),5)-)57"8%

"1$"%34%","8;.).=%

H4%"88%*+$%*1"/%8),$.:%*+$%G"/8$.%8),$%+"5%*+$%63.*%<$88E51"),$5%*1"/%.)*$.%LA)#=%XM%97*%3,$%34%*+$%83<$1%

6$",%0"/*71$%1"*$.%LA)#=%'M=%G+1).*)$%et al=%LQYYXM%437,5%"%5$01$".$5%0"/*71$%/139"9)8)*;%<)*+%/3318;E

51"),$5%.)*$.%<+)0+%<".%),03,.).*$,*%<)*+%*+$%G"/8$.%8),$=%!331%51"),"#$%"*%+)#+$1%"8*)*75$%830"*)3,.%

6";%9$%",%),5)0"*)3,%34%8$..%4$1*)8$%.3)8.%",5%*+$1$431$:%3,8;%./$0)"88;E"5"/*$5%/8",*%./$0)$.%



!"#$%&%QU%%

LC$"*+<)02:%QYYVM%",5%.79.*",5"15%4335%1$.3710$.%431%1"*.%LG+1).*)$%et al=:%QYYXM=%O+).%6";%8$"5%*3%"%

83<$1%1"*%"97,5",0$%",5%03,.$^7$,*8;:%*1"/%0"/*71$%.700$..%),%+)#+$1%"8*)*75$%830"*)3,.%.70+%".%*+$%

d//$1%G"/8$.%31%*+$%D37*$971,=%O+$1$%<".%"%+)#+$1%0"/*71$%/139"9)8)*;%431%#335c6$5)76%51"),"#$%

.)*$.%"*%B;8-",%036/"1$5%*3%/3318;E51"),$5%G"/8$.%.)*$.=%b$**$1E51"),$5%.)*$.%03785%+"-$%/13-)5$5%

631$%1$.3710$.%"00315),#%*3%C$"*+<)02W.%LQYYVM%.*"*$6$,*%"93-$%97*%*+$%1$8$-",0$%34%51"),"#$%",5%

*1"/%/8"0$6$,*%*3%"%8"1#$8;%"1931$"8%",)6"8%6";%,3*%9$%.)#,)4)0",*=%G+1).*)$%et al=W.%L7,/798).+$5M%

03,087.)3,%*+"*%),01$".$5%0"/*71$%/139"9)8)*;%300711$5%"*%631$%<"*$183##$5%.)*$.%6";%.7//31*%*+$%

G"/8$.%4),5),#%97*%5)."#1$$.%<)*+%*+$%B;8-",%4),5),#=%O+$1$431$:%/$1+"/.%036/"1).3,%34%*1"/%8),$.%).%

)11$8$-",*%",5%3,8;%$J"6),"*)3,%34%"%.),#8$%"1$"%"*%"%*)6$%.+3785%9$%0"11)$5%37*%<)*+%1$./$0*%*3%

.)#,)4)0",*%/1$5)0*31.%34%*1"/%.700$..%",5%$,.7),#%*1"/%/8"0$6$,*=%

g".078"1%#137,5%03-$1%<".%#1$"*$1%"*%*+$%D37*$971,%",5%N"8$;.%*1"/%8),$.:%<+)8$%B;8-",%+"5%*+$%63.*%

63..%#137,5%03-$1=%g".078"1%",5%63..%03-$1%<$1$%93*+%1$*"),$5%),%4),"8%635$8%"8*+37#+%3,8;%

-".078"1%03-$1%<".%.)#,)4)0",*=%G"/*71$%/139"9)8)*;%<".%83<$1%<)*+%),01$".$5%-".078"1%03-$1=%

O+$1$431$:%)*%).%"%/3..)9)8)*;%*+"*%),01$".$5%63..%03-$1%"*%B;8-",%L<+$1$%0"/*71$%/139"9)8)*;%<".%

+)#+$1%#$,$1"88;M:%6$",.%"%+)#+$1%0"/*71$%/139"9)8)*;=%O+$%1$.78*.%.$$6%*3%9$%-$1;%.)*$E./$0)4)0:%".%

5$63,.*1"*$5%9;%*+$%4),5),#%*+"*%.)*$.%<)*+%631$%8)**$1%"*%N"8$;.%+"5%"%+)#+$1%0"/*71$%/139"9)8)*;%

<+$,%036/"1$5%*3%G"/8$.=%>,%N3<5),#%",5%I71/+;W.%L'SSUM%2"71)%431$.*%.*75;:%"0*)-$%1"*.%<$1$%

437,5%3,%*+$%#137,5%631$%34*$,%*+",%),%*1$$.=%O+$%"7*+31.%./$078"*$5%*+"*%1$".3,.%431%*+).%9$+"-)371%

03785%+"-$%9$$,%57$%*3%*+$%3/$,:%./"1.$%7,5$1.*31;:%31%9$0"7.$%*+$%6"),%4335%.3710$%<".%3,%*+$%

#137,5=%O+$1$431$:%/$1+"/.%),01$".$5%4335%1$.3710$.%"..30)"*$5%<)*+%63..;%#137,5%).%3,$%1$".3,%431%

#1$"*$1%0"/*71$%/139"9)8)*;%"*%B;8-",=%>*%).%/3..)98$%*+"*%*+$%),-$1*$91"*$.%"..30)"*$5%<)*+%63..%

/13-)5$%"%#335%4335%.3710$%431%.+)/%1"*.=%%

G3J%et al=%LQYYYM%.7##$.*$5%*+"*%5$,.$%6)013+"9)*"*%/13-)5$5%"97,5",*%",5c31%"00$..)98$%1$.3710$.:%

",5%",%),01$".$5%"9)8)*;%*3%"-3)5%/1$5"*31.%",5%036/$*)*)3,=%O+$1$%6";%9$%0+"1"0*$1).*)0.%34%B;8-",%

*+"*%$,"98$%.+)/%1"*.%*3%4),5%4335%",5%"-3)5%/1$5"*)3,%",5%036/$*)*)-$%),*$1"0*)3,.%631$%$".)8;%*+",%

*+$%3*+$1%*1"/%8),$.=%!8",*%6"**$1%03,*1)97*$.%*3%"137,5%TY]%34%.+)/%1"*%5)$*%"137,5%*+$%<3185%LR),#:%

'SSYM%<+)0+%)6/8)$.%*+"*%"%536),",0$%34%-".078"1%#137,5%03-$1%<3785%;)$85%#1$"*$1%0"/*71$%.700$..=%

K3<$-$1%*+$%1$.78*.%"*%N"8$;.%L631$%$J/3.$5%.)*$.%+"5%#1$"*$1%0"/*71$%/139"9)8)*;M%",5%B;8-",%

L63..;%.)*$.%"0+)$-$5%631$%.700$..M%.7##$.*%*+$%4$"*71$.%"*%$"0+%.)*$%-"1;%<)*+%1$./$0*%*3%.+)/%1"*%

+"9)*"*%/1$4$1$,0$%",5%*1"//"9)8)*;=%

G3J%et al=%LQYYYM%437,5%1"*.%/1$4$11$5%"1$".%<)*+%5$$/%8$"4%8)**$1%"*%?31*+%K$"5:%?$<%B37*+%("8$.%

<+$1$".%K"1/$1%et al.%LQYY[M%5).03-$1$5%*+"*%.+)/%1"*%"97,5",0$%5)5%,3*%-"1;%<)*+%*+$%"637,*%34%



!"#$%&%Q[%%

431$.*%8)**$1%3,%B*$<"1*%>.8",5=%G"/*71$%/139"9)8)*;%<".%.8)#+*8;%+)#+$1%<+$,%*+$1$%<".%631$%8$"4%8)**$1%

3-$1"88=%P8*+37#+%8$"4%8)**$1%6";%6$",%631$%),.$0*.%L",5%4335%431%.+)/%1"*.M%)*%53$.%,3*%"//$"1%*3%9$%"%

536),",*%4"0*31%03,*1)97*),#%*3%*1"/%0"/*71$%.700$..=%

G"-)*)$.%7,5$1%133*%.;.*$6.%<$1$%1"1$%",5%","8;.).%5)5%,3*%.7##$.*%.70+%5"*"%<$1$%7.$478%/1$5)0*31.%

34%*1"/%0"/*71$%/139"9)8)*;=%K3<$-$1%97113<),#%).%631$%0+"1"0*$1).*)0%34%?31<";%1"*.%1"*+$1%*+",%.+)/%

1"*.%LR),#:%'SSYM%.3%0"-)*;%"-")8"9)8)*;%31%41$^7$,0;%6";%,3*%9$%".%0170)"8%431%.+)/%1"*.%),%*+$)1%+"9)*"*%

7.$%31%63-$6$,*%0+3)0$=%D$5%9$$0+%/13-)5$.%6",;%0"-)*)$.%".%)*.%133*%.;.*$6.%/7.+%"93-$#137,5%

LC"<1$,0$:%/$1.=%0366=M=%O+$1$431$%3,$%<3785%$J/$0*%*+"*%"%536),",0$%34%1$5%9$$0+%<3785%/13-)5$%

631$%7,5$1E133*%0"-)*)$.%",5%03,.$^7$,*8;:%+)#+$1%0"/*71$%/139"9)8)*;=%D$5%9$$0+%536),"*$5%*+$%

0",3/;%L)=$=%6"*71$%./$0)6$,.M%431%*+$.$%*1"/%8),$.%97*%,3*%7,5$1.*31;%31%#137,5%03-$1%-$#$*"*)3,=%

K3<$-$1:%","8;.).%34%*+$%*+1$$%9$$0+%./$0)$.%"83,$%),5)0"*$5%*+$%0",3/;%./$0)$.%5"*"%<".%,3*%"%7.$478%

/1$5)0*31%34%*1"/%0"/*71$%/139"9)8)*;=%(+$1$%3-$1"88%0"/*71$%/139"9)8)*;%<".%+)#+$.*%LB;8-",M:%1$5%",5%

637,*"),%9$$0+%<$1$%),%.)6)8"1%/13/31*)3,.%),%*+$%0",3/;=%(+$,%),*$1"0*)3,.%<)*+%*1"/%8),$.%<$1$%

),*13570$5%),*3%*+$%","8;.).:%"%+)#+$1%/139"9)8)*;%34%0"/*71$%$J).*$5%<+$,%1$5%9$$0+%536),"*$5%"*%

B;8-",:%036/"1$5%<)*+%G"/8$.=%>,,$.%L'SSYM%437,5%"%/3.)*)-$%0311$8"*)3,%9$*<$$,%.+)/%1"*%5$,.)*;%

",5%*+$%/13/31*)3,%34%1$5%9$$0+%),%"%431$.*%<+)0+%6";%+"-$%9$$,%*+$%0".$%"*%B;8-",%97*%"8.3%03785%

300711$5%"*%*+$%3*+$1%*1"/%8),$.:%<+$1$%1$5%9$$0+%536),"*$5%*+$%0",3/;%LA)#=%'YM=%>,%*1$$.:%1"*.%4$$5%

3,%",;%"-")8"98$%48"*%.714"0$:%".%<$88%".%),%8)69%013*0+$.%LR),#:%'SSTM=%>*%).%/3..)98$%*+"*%*+$%.*170*71$%

34%6"*71$%1$5%9$$0+%L",5c31%637,*"),%9$$0+M%/13-)5$.%"6/8$%4$$5),#%/8"*4316.%431%.+)/%1"*.=%%

I37,*"),%9$$0+%<".%*+$%63.*%"97,5",*%7,5$1.*31;%./$0)$.%LA)#=%''M=%D$5%9$$0+:%.)8-$1%9$$0+%",5%

.6"88E8$"-$5%03/13.6"%<$1$%*+$%,$J*%63.*%"97,5",*%./$0)$.%34%,3*$=%O+$%7,5$1.*31;%./$0)$.%5"*"%

<$1$%,3*%7.$478%/1$5)0*31.%34%*1"/%0"/*71$%/139"9)8)*;:%97*%*+$%6"\31)*;%34%./$0)$.%L'[%),%*3*"8%431%

","8;.).M%<$1$%$8)6),"*$5%57$%*3%83<%,769$1.=%P00315),#%*3%B"863,%L'STYM%.37*+$1,%9$$0+%431$.*%

4316.%5$,.$%.*",5.%34%*1$$.%<)*+%^7)*$%./"1.$%7,5$1#13<*+%34%.6"88$1%*1$$.%",5%.+179.=%K$,0$%",%

","8;.).%34%7,5$1.*31;%./$0)$.%6";%,3*%9$%1$8$-",*%31%.)#,)4)0",*%431%","8;.).%34%*1"/%0"/*71$%

0+"1"0*$1).*)0.%),%9$$0+%431$.*:%"8*+37#+%*+$%9$+"-)371%34%1"*.%.+3785%"8.3%9$%*"2$,%),*3%"0037,*=%

P,"8;.).%34%/8",*%./$0)$.%),%./"1.$%7,5$1#13<*+%6";%8$"5%*3%",%),01$".$5%0+",0$%34%6"2),#%"%O;/$%>%

$1131%<+$1$%","8;.).%4),5.%.)#,)4)0",0$%<+$1$%),%4"0*%*+$1$%).%,3,$=%K3<$-$1%*+$%."6$%03785%9$%.")5%

431%*+$%3*+$1%#137/.%34%5"*"%),%*+$%0711$,*%","8;.).:%<+$1$%1$0315.%34%`_$13$.a%31%`P9.$,*a%31%`?3,$a%

<$1$%41$^7$,*=%



!"#$%&%QX%%

b3785$1.%<$1$%"8.3%1"1$%),%*+$%.71-$;.%",5%*+$%83<%,769$1%34%0".$.%431%","8;.).%LVXM%<".%/139"98;%

7,.7)*"98$%431%","8;.).=%>5$,*)4)0"*)3,%34%93785$1.%<".%5)44)078*%<+$,%*+$;%<$1$%03-$1$5%9;%-$#$*"*)3,%

",5%6";%+"-$%9$$,%631$%41$^7$,*%97*%5)44)078*%*3%.$$%<)*+%*+$%,"2$5%$;$=%%

G+1).*)$%et al=%LQYYXM%437,5%",%),01$".$5%0"/*71$%/139"9)8)*;%<)*+%.+31*$1%.79E0",3/;%431$.*=%!$1+"/.%

*+$%+$)#+*%34%*+$%O)$1%Q%./$0)$.%<3785%+"-$%9$$,%7.$478%",5%03785%+"-$%9$$,%1$8"*$5%*3%1$47#$%

3//31*7,)*)$.:%#137,5%0"-)*;%41$^7$,0;%31%*;/$:%31%.3)8%03,5)*)3,=%R),#%et al=%L'SSXM%+;/3*+$.).$5%*+"*%

.+)/%1"*.%/1$4$11$5%631$%036/8$J)*;%),%*+$%.*170*71$%34%),5)#$,37.%431$.*.%),%?$<%@$"8",5=%O+$1$431$:%

",%),5$J%34%5)-$1.)*;%"*%-"1)37.%+$)#+*%8$-$8.%03785%9$%34%7.$%),%/1$5)0*),#%.+)/%1"*%"97,5",0$%",5%

/3*$,*)"88;%*1"/%0"/*71$%/139"9)8)*;=%%

H-$1"88:%"*%#137,5%8$-$8%LO)$1%VM%637,*"),%9$$0+%<".%*+$%536),",*%./$0)$.%3,0$%631$%LA)#=%'QM=%

B;8-",%+"5%*+$%63.*%637,*"),%9$$0+%"*%#137,5%8$-$8%<+)0+%.7##$.*.%"%/3..)98$%8),2%9$*<$$,%+)#+$1%

0"/*71$%/139"9)8)*;%",5%"97,5",0$%34%637,*"),%9$$0+=%O+).%+;/3*+$.).%<".%.7//31*$5%9;%*+$%","8;.).%

*+"*%),5)0"*$5%"%+)#+$1%/139"9)8)*;%34%0"/*71$%<+$,%637,*"),%9$$0+%<".%"97,5",*:%97*%,3*%536),",*=%

O+$1$%<".%"8.3%"%+)#+$1%/139"9)8)*;%34%*1"/%0"/*71$%.700$..%<+$,%*+$1$%<$1$%"%4$<%.6"88E8$"-$5%

03/13.6"%),5)-)57"8.%"*%#137,5%8$-$8=%C"<1$,0$%",5%K"15;%L7,/798).+$5M%437,5%03/13.6"%*3%9$%

"..30)"*$5%<)*+%5"6/%"1$".%<)*+%8)#+*%/$,$*1"*)3,%",5%"00315),#8;:%9132$,c6"*71$%9$$0+%0",3/;%"*%

C"2$%B;8-",=%B70+%4"0*31.%6";%9$%)6/31*",*%*3%.+)/%1"*%+"9)*"*%.$8$0*)3,%",5%03785%9$%"55)*)3,"8%

/1$5)0*31%-"1)"98$.%),%47*71$%","8;.).=%%O+$%0711$,*%.*75;%),5)0"*$5%63.*%*1"/%.)*$.%+"5%#335%51"),"#$%

LA)#=%XM%97*%/$1+"/.%5"6/,$..%3,%",3*+$1%6$".71$6$,*%.0"8$%<3785%;)$85%631$%"0071"*$%1$.78*.=%

H#0#-,6)@'5$%55'10)

P%/3..)98$%48"<%/1$.$,*%),%*+$%.*75;%<".%*+"*%*+$%5"*"%0388$0*$5%<$1$%8"1#$8;%.79\$0*)-$=%N"*"%<$1$%

6"),8;%036/1).$5%34%\75#$6$,*.%34%*+$%/+;.)0"8%"//$"1",0$%",5%6"2$7/%34%*+$%.71137,5),#.%"*%$"0+%

*1"/%.)*$=%G388$0*)3,%34%^7",*)*"*)-$%6$".71$6$,*%5"*"%<3785%+"-$%9$$,%*33%*)6$E03,.76),#%431%*+$%

.03/$%34%*+).%1$/31*=%G+1).*)$%et al.Ws%L7,/798).+$5M%/13/3.$5%*+"*%5"*"%0388$0*$5%),%"%.*",5"15).$5%

6",,$1%",5%-)"%",%$J/$1)6$,*"8%5$.)#,%41"6$<312%<3785%+"-$%631$%.)#,)4)0",0$=%G+1).*)$%et al=%

LQYYXM%1$0366$,5$5%*+$%7.$%34%03,*),737.%-"1)"98$.%",5%.*",5"15).$5%6)013E+"9)*"*%-"1)"98$.%*3%

$,"98$%036/"1).3,%9$*<$$,%"1$".=%G$1*"),8;%*+$%7.$%34%03,*),737.%-"1)"98$.%<3785%+"-$%$,"98$5%

$".)$1%),*$1/1$*"*)3,%34%83#).*)0%1$#1$..)3,%635$8.%".%*+$%03$44)0)$,*.%/13570$5%1$48$0*%*+$%6"#,)*75$%

31%%),487$,0$%"%/"1*)078"1%-"1)"98$%+".%3,%*+$%37*036$=%>,%"55)*)3,:%N3<5),#%",5%I71/+;%L'SSUM%

.7##$.*$5%*+"*%3*+$1%4"0*31.%6";%0"7.$%-"1)"*)3,%),%1"*%*1"/%0"*0+%.700$..:%.70+%".%+36$%1",#$%.)_$:%

4335%"-")8"9)8)*;%",5%*1"//"9)8)*;=%O+$%0711$,*%","8;.).%+".%.7##$.*$5%3,8;%"%4$<%$,-)13,6$,*"8%

0+"1"0*$1).*)0.%*+"*%6";%9$%34%7.$%431%*1"/%/8"0$6$,*%3,8;%),%./$0)4)0%"1$".=%



!"#$%&%QZ%%

O+$%.700$..%1"*$.%431%$"0+%","8;.).%<$1$%#$,$1"88;%^7)*$%83<%L[YEZY]M=%O+$%08"..)4)0"*)3,%*"98$%

<)*+),%*+$%B!BB%37*/7*%.+3<.%*+$%/$10$,*"#$%34%0".$.%0311$0*8;%"8830"*$5%9;%*+$%635$8%LK"11"<";:%

QYYXM=%C3<%.700$..%1"*$.%6";%),5)0"*$%3,8;%0".7"8%),*$1/1$*"*)3,%34%*+$%5$-$83/$5%635$8.=%K3.6$1%

",5%C$6$.+3<%LQYYYM%.7##$.*$5%*+"*%`*+$%08"..)4)0"*)3,%*"98$%).%3,8;%"//13/1)"*$%<+$,%08"..)4)0"*)3,%

).%"%.*"*$5%#3"8%34%*+$%","8;.).e%3*+$1<).$%)*%.+3785%3,8;%.7//8$6$,*%631$%1)#3137.%6$*+35.%34%

"..$..6$,*.%34%4)*a%L/=%'XYM=)

O<3%/$3/8$%<$1$%),-38-$5%),%5"*"%0388$0*)3,%3-$1%*+$%4371%*1"/%8),$.:%",5%)5$"88;:%3,$%/$1.3,%<3785%

+"-$%0388$0*$5%*+$%$,*)1$%5"*".$*%*3%$,.71$%03,.).*$,0;=%P,3*+$1%/3..)98$%","8;.).%03785%),0875$%*+$%

+76",%$8$6$,*%<)*+%*+$%5"*"%0388$0*31%".%",%"55)*)3,"8%4"0*31=%O+$%$,$1#;%8$-$8.:%$J/$1)$,0$:%*)6$%34%

5";%",5%7,5$1.*",5),#%34%*+$%.71-$;%)*$6.%"1$%.36$%4"0*31.%*+"*%03785%+"-$%5)44$1$5%431%*+$%*<3%

/$3/8$%<+3%0"11)$5%37*%*+$%.71-$;.=%

G+1).*)$%et al=%LQYYXM%03785%,3*%5$*$16),$%<+$*+$1%.6"88E.0"8$%4"0*31.%.70+%".%-$#$*"*)3,%.*170*71$%

",5%+"9)*"*%036/8$J)*;%<$1$%0170)"8%*3%1"*%0"/*71$%.700$..=%G3J%et "8=%LQYYYM%.7##$.*$5%93*+%4),$%",5%

8"1#$E.0"8$%./"*)"8%4"0*31.%.+3785%9$%*"2$,%),*3%"0037,*%431%),*$1/1$*"*)3,%34%.+)/%1"*%5).*1)97*)3,%

/"**$1,.=%O+$1$431$:%*+$%0711$,*%.*75;%6";%3,8;%03,*"),%"%.,"/.+3*%34%*+$%03,5)*)3,.%1$8$-",*%*3%.+)/%

1"*.%",5%*1"/%/8"0$6$,*=%O+$1$%"1$%8)2$8;%*3%9$%4"0*31.%"*%93*+%.0"8$.%*+"*%<$1$%$J0875$5%;$*%6";%9$%

)6/31*",*%*3%.+)/%1"*%+"9)*"*%.$8$0*)3,%",5%7.$=%>*%"8.3%.$$6.%"//"1$,*%4136%*+$%","8;.).%*+"*%+"9)*"*%

4$"*71$.%*+"*%"1$%.)#,)4)0",*%"*%0$1*"),%.)*$.%"1$%./$0)4)0%*3%*+"*%.)*$=%>*%).%/3..)98$%*+"*%8"1#$1E.0"8$%

4"0*31.%<3785%9$%631$%"//8)0"98$%431%*+$%<)5$1%"1$"%L03-$1),#%"88%*1"/%8),$.M=%C"<1$,0$%",5%

HWN3,,$88%L'SSSM%437,5%*+"*%8),$.%34%A$,,%*1"/.%4")8$5%*3%/13*$0*%63+7"%4136%.*3"*.%036/"1$5%*3%"%

#1)5%8";37*%),%*+$%D37*$971,:%K"<53,%",5%N"1*%-"88$;.=%>5$"88;:%",%$J/$1)6$,*"8%5$.)#,%<+$1$%*1"/%

/8"0$6$,*%31%.*170*71$%-"1)$5%),%*+$%4371%"1$".%),%*+$%/1$.$,*%.*75;%6";%),5)0"*$%*+"*%*1"/%8";37*%).%

",3*+$1%4"0*31%"44$0*),#%0"/*71$%.700$..=%

O+$%*)6),#%34%*1"//),#%31%*1"//),#%$4431*%6";%6$",%0"/*71),#%5)44$1$,*%.+)/%1"*%.79E/3/78"*)3,.=%>*%

6";%"8.3%9$%*17$%*+"*%.+)/%1"*%+"9)*"*%/1$4$1$,0$.%",5%7.$%"1$%3-$1"88:%^7)*$%7,/1$5)0*"98$=%(+$,%

b8"02<$88%et al=%LQYY'M%635$88$5%135$,*%",5%/1$5"*31%/3/78"*)3,%5;,"6)0.:%-"1)"*)3,%),%4335%

"-")8"9)8)*;%<".%*+$%/1)6"1;%/130$..%*+"*%),487$,0$5%135$,*%/3/78"*)3,%$17/*)3,.=%B*3"*%,769$1.%6";%

9$%",3*+$1%4"0*31%),487$,0),#%.+)/%1"*%/3/78"*)3,.%"8*+37#+%N)82.%et al=%LQYYVM%437,5%*+"*%*+$%/1$.$,0$%

34%"9.$,0$%34%.*3"*%03,*138%+"5%8)**8$%$44$0*%3,%",%),01$".$%),%1"*%,769$1.=%R),#%L'STVM%437,5%*+"*%.+)/%

1"*.%<$1$%63.*%"97,5",*%),%631$%5)-$1.$%431$.*.=%O+$%5;,"6)0.%34%6)0$%",5%.*3"*.%"137,5%6".*),#%

/$1)35.%).%"8.3%8)2$8;%*3%0+",#$%*+$%9$+"-)371%",5%5).*1)97*)3,%34%.+)/%1"*.%".%<$88%".%",;%03,*138%

"0*)-)*;%300711),#=%N)82.%et al=%LQYYVM%.7./$0*$5%*+"*%+)#+%1"*%,769$1.%),%6",;%B37*+%>.8",5%"1$".%),%



!"#$%&%QT%%

QYYY%",5%QYY'%<$1$%),487$,0$5%9;%#335%08)6"*)0%03,5)*)3,.%",5%4335%"-")8"9)8)*;%1"*+$1%*+",%",;%

1$.*1)0*)-$%$44$0*%34%/1$5"*)3,%9;%.*3"*.=%R),#%L'STVM%.*"*$5%*+"*%.+)/%1"*%0"/*71$%1"*$.%4870*7"*$5%

<)5$8;%),%9$$0+%431$.*%),%1$8"*)3,%*3%),41$^7$,*%",5%)11$#78"1%.$$54"88.=%>*%6";%,3*%9$%/3..)98$%*3%

/1$5)0*%*1"/%0"/*71$%.700$..%<+$,%9$$0+%6".*),#%$-$,*.%<)88%036/8)0"*$%/1$5"*31E/1$;%5;,"6)0.%),%

9$$0+%431$.*%.;.*$6.=%H*+$1%4"0*31.%6";%*1)##$1%"%1).$%),%135$,*%,769$1.:%.70+%".%",%),01$".$%),%8)**$1E

4$$5),#%),-$1*$91"*$.%*+"*%"1).$%"4*$1%.$$54"88:%431%$J"6/8$%LA)*_#$1"85%et al=:%'SSXM=%

I"8$%.+)/%1"*.%+"-$%8"1#$1%+36$%1",#$.%*+",%4$6"8$.%L!1;5$%et al=:%QYY[M%",5%)*%<3785%9$%),*$1$.*),#%

*3%2,3<%*+$%.$J%1"*)3%34%.+)/%1"*.%0"7#+*%),%*+$%0"/*71$%5"*"%7.$5%431%*+).%","8;.).=%>,01$".$5%

2,3<8$5#$%34%.+)/%1"*%9$+"-)371%6";%9$%0170)"8%),%*1"/%/8"0$6$,*%.*1"*$#)$.=%N3<5),#%",5%I71/+;%

L'SSUM%.7##$.*$5%*+"*%6"8$%.+)/%1"*.%"*$%/3).3,%4".*$1%*+",%4$6"8$.%L"8*+37#+%*+$%."6/8$%.)_$%<".%

.6"88M%",5%+"-$%"%8"1#$1%+36$%1",#$%<+)8$%91$$5),#=%O+$%+$"-)$1%*1)##$1%6$0+",).6%34%A$,,%*1"/.%

/139"98;%.$8$0*.%"#"),.*%8)#+*$1:%;37,#$1%",)6"8.%L>,,$.%et al=:%QYY'M%",5%$44$0*.%3,%*+$%1"*%/3/78"*)3,%

<3785%9$%-"87"98$%),4316"*)3,%<+$1$%03,*138%7.),#%A$,,%*1"/.%).%),*$,.$=%>,,$. et al=%LQYY'M%437,5%

.+)/%1"*%,769$1.%1$937,5$5%"4*$1%03,*138%3/$1"*)3,.%"*%",;%*)6$%34%*+$%;$"1:%97*%/"1*)078"18;%),%./1),#%

",5%.766$1%63,*+.=%O+$1$431$:%.$J:%<$)#+*%",5%*)6$%34%;$"1%03785%9$%3*+$1%7.$478%-"1)"98$.%),%

","8;.).%34%*1"/%0"/*71$%.700$..=%

B+)/%1"*.%"1$%#$,$1"88;%"..76$5%*3%9$%7,)43168;%./1$"5%),%.7)*"98$%+"9)*"*%L>,,$.:%'SSYM:%<+)0+%

.7##$.*.%","8;.).%34%/3..)98$%4"0*31.%/1$5)0*),#%*+$)1%+"9)*"*%7.$%*3%9$%47*)8$=%>4%1"*.%"1$%/"*0+)8;%

5).*1)97*$5%",5%*+$%/"*0+$.%0",%9$%)5$,*)4)$5:%*+$,%03,*138%3/$1"*)3,.%0",%4307.%3,%*+$.$%"1$".%

LG+1).*)$%et al=:%7,/798).+$5M=%G+1).*)$%et al=%LQYYXM%"#1$$5%*+"*%*+$%4307.%431%*+).%*;/$%34%","8;.).%

.+3785%9$%3,%"./$0*.%431%<+)0+%5$4),)*$%/1$5)0*)3,.%0",%9$%6"5$%"937*%*+$%6$0+",).6.%9$+),5%

/1$5"*31%+"9)*"*%7.$=%>4%3,$%.+)/%1"*%5)."//$"1.:%"%,$)#+9371%<)88%.33,%*"2$%3-$1%*+$%-"0",*%1",#$%

<+)0+%.7##$.*.%83,#E*$16%03,*138%.*1"*$#)$.%"1$%,3*%7.$478%),%03,*),737.%+"9)*"*%L>,,$.%",5%

B2)/<31*+:%'STVM=%K3<$-$1%B*75+386$%LQYYYM%437,5%.)#,)4)0",*%",,7"8%-"1)"*)3,%),%.+)/%1"*%

"97,5",0$%),%<+)0+%),5)0"*$.%.+31*E*$16%03,*138%.*1"*$#)$.%<3785%9$%),$44$0*)-$=%K3<$-$1%*+$%1$"8)*;%

).%*+"*%*+$1$%+".%9$$,%8)6)*$5%),-$.*)#"*)3,%),*3%.+)/%1"*%*1"/%0"*0+%5"*"%LG+1).*)$ et al=:%QYYXM%",5%.+)/%

1"*%/3/78"*)3,%9)383#;%),%9$$0+%431$.*%LB*75+386$:%QYYYM=%B70+%),4316"*)3,%0",%3,8;%/13-)5$%9$**$1%

7,5$1.*",5),#%34%),-".)3,%34%/1$5"*31.%),*3%,"*71"8%$,-)13,6$,*.:%+)#+8)#+*),#%/3*$,*)"8%3-$18"/.%

<)*+%,"*)-$%L/1$;M%./$0)$.%",5%+$8/%"88$-)"*$%",;%,$#"*)-$%03,.$^7$,0$.%9;%5$-$83/),#%03,*138%

/13#1"66$.%LG3J%et al=:%QYYYM=%

)

)



!"#$%&%QS%%

B10$6%5'105)

P8*+37#+%*+$1$%<$1$%4$<%.)#,)4)0",*%1$.78*.%4136%*+$%","8;.$.:%*+$%63.*%1$8$-",*%03,087.)3,.%4136%*+$%

.*75;%1$8"*$%*3%*1"/%/8"0$6$,*%),%*+$%<)5$1%("2"*)/7%"1$"%".%<$88%".%<)*+),%$"0+%*1"/%8),$=%H-$1"88:%

*1"/.%.+3785%9$%/8"0$5%),%.)*$.%<+$1$%*+$1$%).c"1$j%

 C$..%-".078"1%#137,5%03-$1%

 I31$%8$"4%8)**$1%"*%#137,5%03-$1%8$-$8%

 A8"**$1%.)*$.%

 A")18;%"97,5",*%637,*"),%9$$0+%"*%O)$1%V%L %VY06M%

 P%4$<%.6"88E8$"-$5%03/13.6"%),5)-)57"8.%"*%O)$1%V%L %VY06M%

%

A31%*+$%D37*$971,%*1"/%8),$:%*1"/.%.+3785%9$%/8"0$5%3,%48"*%31%#$,*8$%.83/$.%)4%/3..)98$=%A31%*+$%N"8$;.%

*1"/%8),$:%*1"/.%.+3785%9$%/8"0$5%<+$1$%*+$1$%).%631$%8$"4%8)**$1%"*%#137,5%03-$1%8$-$8=%A31%B;8-",:%

*1"/.%.+3785%)5$"88;%9$%/8"0$5%"*%51;$1%",5c31%63..)$1%.)*$.%L)4%.70+%"%0369),"*)3,%0",%9$%437,5M=%%

O+$%G"/8$.%*1"/%8),$%<".%*1$"*$5%".%*+$%1$4$1$,0$%0"*$#31;%431%*+$%","8;.).:%.3%7,431*7,"*$8;%8)**8$%

),*$1/1$*"*)3,%).%/3..)98$=%I3+7"%/1$5"*)3,%).%8)2$8;%*3%9$%*+$%63.*%),*$,.$%),%*+$%.766$1%43883<),#%"%

9$$0+%6".*%LHWN3,,$88%",5%!+)88)/.3,:%'SSXM%.3%*1"/%/8"0$6$,*%.*1"*$#;%03785%9$%471*+$1%

03,0$,*1"*$5%571),#%.70+%/$1)35.%<)*+),%9$$0+%431$.*:%<+$,%637.$:%.*3"*%",5%1"*%,769$1.%.71#$=%

=15&)*$-'A&)

B),0$%*+).%","8;.).%<".%03,570*$5%",5%4),5),#.%1$/31*$5:%*<3%"55)*)3,"8%4"0*31.%+"-$%"1).$,%<+)0+%

<3785%+"-$%9$$,%),*$1$.*),#%*3%),0875$%),%*+$%","8;.).=%O+$%*<3%4"0*31.%"1$%"8*)*75$%",5%/$1)35%<)*+),%

6".*%0;08$=%b"11;%C"<1$,0$%"*%N3G%("2"*)/7%6";%7,5$1*"2$%471*+$1%","8;.).%34%*+).%5"*"%<)*+%*+$%

"93-$%4"0*31.%),0875$5%",5%"%/"1*)078"1%4307.%3,%<+$1$%1"*.%"1$%437,5%"*%*+$%83<$.*%/+".$%34%"%6".*%

0;08$=%P8*)*75$%<)88%+"-$%"44$0*$5%1"*%,769$1.%),%.36$%*1"/%8),$.%631$%*+",%3*+$1.:%<+$1$%4$<$1%1"*.%

<)88%9$%437,5%),%*+$%7//$1%G"/8$.%",5%D37*$971,:%431%$J"6/8$=%D"*.%"1$%.0"10$1%"*%+)#+%"8*)*75$.%

LR),#:%'SSYM%",5%0"/*71$%/139"9)8)*;%#$,$1"88;%5$01$".$.%<)*+%),01$".),#%"8*)*75$%LG+1).*)$%et al.:%

QYYXM=%O+$%B;8-",%*1"/%8),$%).%#$,$1"88;%"*%"%83<$1%"8*)*75$%LC"<1$,0$:%/$1.=%0366=M=%O)6),#%34%6".*%

0;08$.%6";%"8.3%"44$0*$5%1"*%,769$1.%",5%)5$"88;:%*+).%*)6),#%<)88%"8.3%9$%97)8*%),*3%47*71$%","8;.$.%34%

$,-)13,6$,*"8%-"1)"98$.%",5%*1"/%.700$..=%

)

)



!"#$%&%VY%%

F$E01R6#2<#+#0&5)

>%<).+%*3%*+",2%b"11;%C"<1$,0$:%F8"),$%I71/+;%",5%P,51$<%C3,)$%4136%*+$%N$/"1*6$,*%34%

G3,.$1-"*)3,:%".%<$88%".%*+$%.*"44%"*%*+$%N3G%h8$,310+;%4)$859".$%431%*+$)1%"..).*",0$%",5%4"0)8)*"*)3,=%

O+",2.%"8.3%*3%R"*)$%d,5$1<335%431%5"*"%0388$0*)3,%",5%i3+,%K"11"<";%",5%b1)",%?)-$,%431%

.*"*).*)0"8%"5-)0$=%

L#?#-#0$#5)

P*2),.3,:%>=P=F=%'SZV=%B/1$"5%34%*+$%.+)/%1"*%LRattus r. Rattus%C=M%),%?$<%@$"8",5=%Journal of the 

Royal Society of New Zealand 3j%U[ZEUZQ=%

P*2),.3,:%>=P=F=e%I388$1:%K=%'SSY=%R)31$=%Inj R),#:%G=I=%LF5)*31M=%The Handbook of New Zealand 

Mammals.%HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%

b"),:%K=%QYYX=%H/$1"*)3,%P12%01",2.%7/=%Forest and Bird 322j%T=%%

b8"02<$88:%h=C=e%!3**$1:%I=P=e%I),3*:%F=H=%QYY'=%D35$,*%",5%/1$5"*31%/3/78"*)3,%5;,"6)0.%),%",%

$17/*)-$%.;.*$6=%Ecological Modelling 25j%QQZEQU[=%

b8"02<$88:%h=C=e%!3**$1:%I=P=e%I0C$,,",:%i=P=e%I),3*:%F=H=%QYYV=%O+$%138$%34%/1$5"*31.%),%.+)/%1"*%

",5%+37.$%637.$%/3/78"*)3,%$17/*)3,.j%51)-$1.%31%/"..$,#$1.q%Oikos 100j%XY'EX'V=%%

G"6$13,:%b=h=e%-",%K$$_)2:%o=e%I"83,$;:%D=A=e%B$553,:%!=i=e%K"11"<";:%i=P=%QYY[=%>6/13-),#%

/1$5"*31%0"/*71$%1"*$.j%","8;.).%34%1)-$1%6"1#),%*1"/%.)*$%5"*"%),%*+$%(")*"2)%b".),:%?$<%

@$"8",5=%New Zealand Journal of Ecology 29j%''ZE'QT=%

G+1).*)$:%i=F=e%R$6/:%i=e%D)02"15:%G=e%I71/+;:%F=G=%QYYX=%I$".71),#%.*3"*%LMustela emineaM%",5%.+)/%

1"*%LRattus rattusM%0"/*71$%.700$..%"#"),.*%6)013E+"9)*"*%4"0*31.=%New Zealand Journal of 

Ecology 30j%UVE['=%

G+1).*)$:%i=F=e%b13<,:%N=i=e%($.*91332$:%>=e%I71/+;:%F=G=%Ld,/798).+$5T=)G",%5"*"%4136%8",5.0"/$%

.0"8$%/1$5"*31%03,*138%3/$1"*)3,.%9$%7.$5%*3%$J/831$%1$8"*)3,.+)/.%9$*<$$,%+"9)*"*%4"0*31.%",5%

.*3"*%LMustela emineaM%",5%.+)/%1"*%LRattus rattusM%0"/*71$%.700$..q%%

G8"12:%N=P=%'ST'=%A31"#),#%/"**$1,.%34%98"02%1"*.%"013..%"%5$.$1*E63,*",$%431$.*%#1"5)$,*%),%*+$%

h"8"/"#3.%>.8",5.=%Biotropica 13j%'TQE'SU=%



!"#$%&%V'%%

G3J:%I=!=h=e%N)026",:%G=D=e%G3J:%(=h=%QYYY=%d.$%34%+"9)*"*%9;%*+$%98"02%1"*%LRattus rattusM%"*%

?31*+%K$"5:%?$<%B37*+%("8$.j%",%39.$1-"*)3,"8%",5%$J/$1)6$,*"8%.*75;=%Animal Ecology 25j%

VZ[EVT[=%

N$/"1*6$,*%34%G3,.$1-"*)3,=%QYYX=%Operation%Ark ramps up rat control=%+**/jcc<<<=530=#3-*=,_c%

*$6/8"*$.c,$<.="./Jq)5mUQQZY:%Q%i78;%QYYX=%

N)82.:%!=e%()88",.:%I=e%!1;5$:%I=e%A1".$1:%>=%QYYV=%C"1#$%.0"8$%.*3"*%03,*138%*3%/13*$0*%63+7"%

LMohoua ochrocephalaM%",5%2"2"%LNestor meridionalisM%),%*+$%F#8),#*3,%g"88$;:%A)3158",5:%

?$<%@$"8",5=%New Zealand Journal of Ecology 27j%'ES=%

N3<5),#:%i=F=e%I71/+;:%F=G=%'SSU=%F0383#;%34%.+)/%1"*.%LRattus rattusM%),%"%2"71)%LAgathis australisM%

431$.*%),%?31*+8",5:%?$<%@$"8",5=%New Zealand Journal of Ecology 18j%'SEQT=%

F<$1:%D=A=%'SZ'=%O+$%9)383#;%",5%9$+"-)371%34%"%41$$E8)-),#%/3/78"*)3,%34%98"02%1"*.%LRattus rattusM=%

Animal Behaviour Monographs 4j%'QZE'ZU=%Inj%R),#:%G=I=%LF5)*31M=%The Handbook of New 

Zealand Mammals.%HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%

A)*_#$1"85:%b=I=e%N",)$8:%I=i=e%A)*_#$1"85:%P=F=e%R"18:%b=i=e%I$"5.:%I=i=e%?3*6",:%!=D=%'SSX=%A"0*31.%

"44$0*),#%*+$%,769$1.%34%+37.$%6)0$%LMus musculusM%),%+"15%9$$0+%LNothofagus truncataM%

431$.*=%Journal of the Royal Society of New Zealand 26j%QVZEQUS=%

K"1/$1:%h=P=e%N)02),.3,:%R=i=I=e%B$553,:%!=i=%QYY[=%K"9)*"*%7.$%9;%*+1$$%1"*%./$0)$.%LRattus%.//=M%3,%

B*$<"1*%>.8",5cD"2)71":%?$<%@$"8",5=%New Zealand Journal of Ecology 29j%Q['EQXY=%

K"11"<";:%i=%QYYX=%BOPOQUQcVUQ%I78*)-"1)"*$%B*"*).*)0"8%I$*+35.=%C$0*71$%?3*$.:%d,)-$1.)*;%34%

H*"#3=%

K3.6$1:%N=(=e%C$6$.+3<:%B=%QYYY=%Applied Logistic Regression: Second Edition=%i3+,%()8$;%r%

B3,.:%>,0=:%?$<%o312:%dBP=%

>,,$.:%i=h=e%B2)/<31*+:%i=!=%'STV=%K36$%1",#$.%34%.+)/%1"*.%),%"%.6"88%?$<%@$"8",5%431$.*%".%

1$-$"8$5%9;%*1"//),#%",5%*1"02),#=%New Zealand Journal of Zoology 10j%SSE''Y=%

>,,$.:%i=h=%'SSY=%B+)/%D"*=%Inj%R),#:%G=I=%LF5)*31M=%The Handbook of New Zealand Mammals.%

HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%

>,,$.:%i=e%("1971*3,:%b=e%()88)"6.:%N=e%B/$$5:%K=e%b1"54)$85:%!=%'SS[=%C"1#$E.0"8$%/3).3,),#%34%.+)/%

1"*.%LRattus rattusM%),%),5)#$,37.%431$.*.%34%*+$%?31*+%>.8",5:%?$<%@$"8",5=%New Zealand 

Journal of Ecology 19j%[E'Z=%



!"#$%&%VQ%%

>,,$.:%i=h=e%R),#:%G=I=e%A87J:%I=e%R)69$18$;:%I=H=%QYY'=%!3/78"*)3,%9)383#;%34%*+$%.+)/%1"*%",5%

?31<";%1"*%),%!71$31"%A31$.*%!"12:%'STVETZ=%New Zealand Journal of Zoology 28j%[ZEZT=%

R),#:%G=I=%'STV=%O+$%1$8"*)3,.+)/.%9$*<$$,%9$$0+%LNothofagus sp.M%.$$54"88%"5%/3/78"*)3,%34%6)0$%

LMus musculusM:%",5%*+$%5$63#1"/+)0%",5%5)$*"1;%1$./3,.$.%34%.*3"*.%LMustela ermineaM:%),%

*+1$$%?$<%@$"8",5%431$.*.=%Journal of Animal Ecology 52j%'U'E'XX=%%

R),#:%G=I=%'STU=%Immigrant killers: Introduced predators and the conservation of birds in New 

Zealand. HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%

R),#:%G=I=%'SSY=%The Handbook of New Zealand Mammals.%HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%%

R),#:%G=I=e%>,,$.:%i=h=e%A87J:%I=e%R)69$18$;:%I=H=e%C$"*+<)02:%i=D=e%()88)"6.:%N=B=%'SSX=%

N).*1)97*)3,%",5%"97,5",0$%34%.6"88%6"66"8.%),%1$8"*)3,%*3%+"9)*"*%),%!71$31"%A31$.*%!"12=%

New Zealand Journal of Ecology 20j%Q'[EQUY=%

R),#:%G=I=e%I388$1:%K=%'SSZ=%N).*1)97*)3,%",5%1$./3,.$%34%1"*.%Rattus rattus:%R. Exulans%*3%.$$54"88%

),%?$<%@$"8",5%9$$0+%431$.*.=%Pacific Conservation Biology 3j%'UVE'[[=%

C"<1$,0$:%b=C=e%HWN3,,$88:%G=A=i=%'SSS=%O1"/%./"0),#%",5%8";37*j%$J/$1)6$,*.%),%.*3"*%03,*138%),%*+$%

N"1*%g"88$;:%'SSQE'SS[=%Science for Conservation 118j%N$/"1*6$,*%34%G3,.$1-"*)3,:%

($88),#*3,=%

C"<1$,0$:%b=e%K"15;:%C=%Ld,/798).+$5M=%D$8"*)3,.+)/%9$*<$$,%63+7"%LMohoua ochrocephalaM%

91$$5),#%5$,.)*;%",5%-$#$*"*)3,%"*%"%3,$%+$0*"1$%.0"8$:%),%"%1$5%9$$0+%LNothofagus fuscaM%

431$.*:%),%.37*+$1,%?$<%@$"8",5=%

C$"*+<)02:%i=e%()8.3,:%h=e%D7*8$5#$:%N=e%("158$:%!=e%I31#",:%A=e%i3+,.*3,:%R=e%I0C$35:%I=e%

R)12/"*1)02:%D=%QYYV=%Land environments of New Zealand: Nga Taiao o Aotearoa.%N"-)5%

b"*$6",:%P7028",5=%

I331.:%!=i=%'SSY=%?31<";%D"*=%Inj R),#:%G=I=%LF5)*31M:%The Handbook of New Zealand Mammals.%

HJ4315%d,)-$1.)*;%!1$..:%P7028",5=%

HWN3,,$88:%G=A=i=%'SSV=%I3+7"%L;$883<+$"5M%1$03-$1;%/8",=%Threatened Species Recovery Plan 6. 

N$/"1*6$,*%34%G3,.$1-"*)3,:%($88),#*3,=%

HWN3,,$88:%G=A=i=%'SSX=%!1$5"*31.%",5%*+$%5$08),$%34%?$<%@$"8",5%431$.*%9)15.j%",%),*13570*)3,%),*3%

*+$%+38$E,$.*),#%9)15%",5%/1$5"*31%/13#1"66$=%New Zealand Journal of Zoology 23j%Q'VEQ'S=%



!"#$%&%VV%%

HWN3,,$88:%G=A=i=e%!+)88)/.3,:%B=I=%'SSX=%!1$5)0*),#%*+$%),0)5$,0$%34%63+7"%/1$5"*)3,%4136%*+$%

.$$54"88:%637.$:%",5%/1$5"*31%4870*7"*)3,.%),%9$$0+%431$.*.=%New Zealand Journal of Zoology 

23j%QTZEQSV=%%

H.*4$85:%D=B=e%R$$.),#:%A=%QYYY=%!78.$5%1$.3710$.%",5%03667,)*;%5;,"6)0.%34%03,.76$1.%),%

*$11$.*1)"8%$03.;.*$6.=%Trends in Ecology and Evolution 15j%QVQEQVZ=%

!$,#:%G=i=e%B3:%O=K=%QYYQ=%C3#).*)0%D$#1$..)3,%P,"8;.).%",5%D$/31*),#j%P%!1)6$1=%Understanding 

Statistics 1j%V'EZY=%

!1;5$:%I=e%N)82.:%!=e%A1".$1:%>=%QYY[=%O+$%+36$%1",#$%34%.+)/%1"*.%LRattus rattusM%),%9$$0+%431$.*%),%

*+$%F#8),#*3,%g"88$;:%A)3158",5:%?$<%@$"8",5j%"%/)83*%.*75;=%New Zealand Journal of 

Zoology 32j%'VSE'UQ=%

B"863,:%i=O=%'STY=%The Native Trees of New Zealand=%D$$5%C*5:%($88),#*3,=%

B*75+386$:%b=%QYYY=%B+)/%1"*%LRattus rattusM%)117/*)3,.%),%B37*+%>.8",5%9$$0+%LNothofagusM%431$.*=%

Conservation Advisory Science Notes No. 318=%N$/"1*6$,*%34%G3,.$1-"*)3,:%($88),#*3,=%

O"9"0+,)02:%b=h=e%A)5$88:%C=B=%QYY'=%Using Multivariate Statistics: Third Edition=%P88;,%",5%b"03,:%

I".."0+7.$**.:%dBP=%


