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!

2&.(3-$*&#!4&#*$&%*#5!!

!

! %-!

D-',.1#-01%(<;!'*-0-$*0(!&#22,.1!',.!(,-4:1%.3!3,-*1,.*-4!*&!-,1!0()0<&!0/0*(08(%V!*1!$0-!
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,.! (%&&!08#-+0-1! .017%.! 170-!3,.%!,.! (%&&!+%1%$108(%! BhIY.*%-;!Y0*((*%;!W.#%4%.;!]!
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*-+*/*+#0(&C;!8%!.0.%!B%-+0-4%.%+;!)*+%(<!+*&2%.&%+;!(,)!+%-&*1<C;!,.!20.1&!,'!17%*.!(*'%!

$<$(%&!30<!8%!*32,&&*8(%!1,!,8&%./%V!&#$7!0&!30-<!30.*-%!0-*30(&!BQ7022(%;!X(%*&&;!
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.%2.%&%-1! 17%! ,-(<! ,.! 3,&1! '%0&*8(%! 022.,0$7! 1,! 0$S#*.*-4! %&&%-1*0(! *-',.301*,-5!

60*(,.*-4!2.0$1*$0(!0-+!0-0(<1*$0(!3%17,+&! ',.!2,2#(01*,-!3,-*1,.*-4! 1,! 17%!&2%$*'*$!

&2%$*%&! *-! ',$#&! *&!%&2%$*0((<!/*10(! ',.!$.<21*$!&2%$*%&;!4*/%-!17%!#-*S#%!$70((%-4%&!
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+%2%-+&!,-T!17%!.0-4%;!3,8*(*1<!0-+!8%70/*,#.!,'!17%!&2%$*%&;!%-/*.,-3%-1;!1%..0*-;!
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2.1.2.1(Invasive and non-invasive methods 
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B2.,2,.1*,-!,'!17%!30N*3#3!.0-4%!)*+17C5!!

!

>-$.%3%-10(!0.%0!0-0(<&%&!)%.%!$,-+#$1%+!*-!E0-4%&!U5c!',.!%0$7!2,(<4,-!1<2%!1,!

*-+*$01%!7,)!0$$#.01%(<!17%!-#38%.!,'!(,$01*,-!'*N%&!.%2.%&%-1%+!17%!0/%.04%!1%..*1,.<!

&*m%5!h-%!1%..*1,.<!01!W0*2*2*!)0&!.%3,/%+!'.,3!17%&%!0-0(<&%&!+#%!1,!70/*-4!fKO!

3,.%!(,$01*,-&!170-!17%!,17%.!1%..*1,.*%&!8%$0#&%!,'!17%!7*47%.!-#38%.!,'!8*.+&!)*17*-!



!

6/%%*$&%7!4-..*#5!!

!

! '*!

1701!1%..*1,.<;!)7*$7!8*0&%+!17%!0/%.04%5!!

A"6"#$M2,,(+89$08($838E=2,,(+89$&,22+&32+,*$

Q,-/%N!BLKKOC!2,(<4,-&!)%.%!#&%+!1,!$,320.%!8.%%+*-4!0-+!-,-:8.%%+*-4!1%..*1,.<!

&*m%!0-+!,/%.(02!*-!E0-4%&!U5c5!Z,$01*,-!+010!)0&!$01%4,.*&%+!*-1,!8.%%+*-4!Bd#(<!:!

d0-#0.<C!0-+!-,-:8.%%+*-4!BR%8.#0.<!:!d#-%C5!6),!%N1.%3%!,#1(*%.&!)%.%!.%3,/%+;!

8,17!'.,3!'%30(%!8*.+&!01!W0*2*2*!B+#%!1,!8%*-4!L5M!:!LJ5f!&10-+0.+!+%/*01*,-&!'.,3!

30N*3#3!.0-4%!,'!0((!*-+*/*+#0(&!01!W0*2*2*C;!8#1!,17%.!3,/%3%-1&!,#1&*+%!%&1*301%+!

1%..*1,.<!8,#-+0.*%&!)%.%!*-$(#+%+!1,!.%2.%&%-1!17%!.0-4%!,'!1.0-&3*11%+!*-+*/*+#0(&!

3,&1!0$$#.01%(<!+#.*-4!8,17!2%.*,+&5!a((!1%..*1,.*%&!'.,3!W0*2*2*!0-+!D(/0!>&(0-+!)%.%!

*-$(#+%+;!8%$0#&%!%/%-!*-!1%..*1,.*%&!)7%.%!-,!8.%%+*-4!011%321&!)%.%!.%$,.+%+;!*1!

)0&!-,1!2,&&*8(%!1,!.#(%!,#1!1701!8.%%+*-4!011%321&!70+!,$$#..%+5!!

67%! &*m%! ,'! $,-/%N! 2,(<4,-! BLKKOC! 8.%%+*-4! 0-+! -,-:8.%%+*-4! 1%..*1,.*%&! )0&!

$,320.%+!#&*-4!0!\*($,N,-!301$7%+!20*.! 1%&1! *-!E!/%.&*,-![5J5J! BE!g%/%(,23%-1!

Q,.%!6%03;!JKJLC5!E%&#(1&!)%.%!$,-&*+%.%+!&*4-*'*$0-1!)7%-!2!y!K5Kf5!

A"6"-$N,8*+&)$08($&,22+&32)$*+O,$

g%-&*1*%&!)%.%!%&1*301%+!#&*-4!17%!3,&1!$,33,-!3%17,+;!17%!-#38%.!,'!3022%+!

1%..*1,.*%&! ,.! 20*.&! +*/*+%+! 8<! 17%! &1#+<! 0.%0;! )7*$7! 2.,/*+%&! .%0&,-08(<! 0$$#.01%!

%&1*301%&!,'! 2,2#(01*,-! &*m%! BX.%4,.<!%1! 0(5;! JKK[V!W0&2%.;!"$7-%*+%.;!]!h(*/%*.0;!

JKL^V!67#-7*A,.-!%1!0(5;!JKL^C5!_&1*301%&!)%.%!4.,#2%+!8<!04%!B0+#(1;!&#80+#(1!0-+!

<,#-4!{9#/%-*(%&!0-+!$7*$A&|C!0-+!1.0-&3*11%.!$01%4,.<!B)*17!1.0-&3*11%.!,.!#-*+%-1*'*%+!

{D>g|T!.%$,.+%+!8#1!-,1!)*17!1.0-&3*11%.C5!\7*(%!1%..*1,.<!302&!)%.%!$.%01%+!#&*-4!,-(<!

8*.+&!)*17!0!1.0-&3*11%.!B"%$1*,-!P5J5LC;!+%-&*1<!%&1*301%&!0(&,!*-$(#+%+!D>g!8*.+&5!67%!

'*.&1!$01%4,.<!)0&!',.!0((!.0+*,:1044%+!*-+*/*+#0(&!zLMKK!4;!B0+#(1!0-+!&#80+#(1C;!17%!

&%$,-+!*-$(#+%+!0((!.0+*,:1044%+!)20!D>g!8*.+&!zLMKK!4!0-+!17%!(0&1!4.,#2!$,-10*-%+!

0((!.0+*,:1044%+!0-+!D>g!8*.+&!,'!0((!)%*471&!B*-$(#+*-4!9#/%-*(%&!0-+!$7*$A&C5!!

67%!1,10(!0.%0!#&%+!',.!+%-&*1<!%&1*301%&!'.,3!'*%(+:),.A%.&:%&1*301%&!)0&!10A%-!8<!

+.0)*-4!0-!%N1%.-0(!(*-%!0.,#-+!0((!17%!1%..*1,.*%&!BE,8%.1&,-!%1!0(5;!JKLMC5!>'!17%!&20$%!

8%1)%%-! 0+90$%-1! 1%..*1,.*%&! )0&! 4.%01%.! 170-! ef! 3! B&%%! "%$1*,-! P5J5PC;! 17%&%!

.%30*-%+! &%20.01%;! 0-+! 17%! &1#+<! 0.%0! )0&! $0($#(01%+! '.,3! #-$,--%$1%+!

$,32,-%-1&5!67%!%&1*301%!',.!17%!1,10(!&1#+<!0.%0!)0&!.%:$0($#(01%+!0&!17%!-#38%.!



!

+,-.$/%!8!

!

!'+!

,'! (,$01*,-!'*N%&!)0&!*-$.%0&%+;!2.,/*+*-4!17.%%!&%20.01%!%&1*301%&!',.!%0$7!,'! 17%!

$01%4,.*%&!,'!'*N%&!B&%%!"%$1*,-!P5J5JC5!6,!,810*-!0!1,10(!&1#+<!0.%0!'.,3!$,-/%N!0-+!

$,-$0/%!2,(<4,-&!>!#&%+!cfO!2,(<4,-&!1701!%-$,320&&%+!0((!17%!(,$01*,-!'*N%&!'.,3!

%/%.<!1%..*1,.<!B"#)0-.01;!JKLPC5!a&!0!.%&#(1!,'!70/*-4!-,-:0+90$%-1!1%..*1,.*%&!01!8,17!

W0*2*2*!0-+!,-!D(/0!>&(0-+;!0!cfO!2,(<4,-!)0&!+%%3%+!3,.%!&#*108(%!170-!0!LKKO!

2,(<4,-!',.!1,10(!0.%0;!1,!.%+#$%!17%!%''%$1!,'!17%!*-$(#&*,-!,'!%321<!&20$%&!8%1)%%-!

1%..*1,.*%&!*-1,!17%!1,10(!&1#+<!0.%0!&*m%5!!

67%!,/%.0((!&1#+<!0.%0!01!%0$7! (,$01*,-! *-$(#+%+!17%!0.%0!,'! 17%!1%..*1,.*%&!2(#&!0-!

0++*1*,-0(!H%321<I!0.%0!BR*4#.%&!LK!0-+!LLC!8%1)%%-!1%..*1,.*%&!1701!)0&!17,.,#47(<!

&#./%<%+! ',.! A*)*! *-! 17%! *-*1*0(! &104%&! ,'! 17%! 2.,9%$1! B0-+! (01%.! #&%+! 1,! %&108(*&7! 0!

$03%.0!1.022*-4!&#./%<T!&%%!Q7021%.&![!0-+!fC;!8#1!.0+*,:1044%+!1,A,%A0!)%.%!-,1!

',#-+!*-!17,&%!0.%0&5!67%!%321<!0.%0&!$,#(+!70/%!8%%-!*-$,.2,.01%+!*-1,!0+9,*-*-4!

1%..*1,.*%&;!',((,)*-4!17%!3%17,+&!,'!E,8%.1&,-!%1!0(5!BJKLMC5!=,)%/%.;!>!2.%'%..%+!1,!

(%0/%!17%!*-1%4.*1<!,'!3022%+!1%..*1,.*%&!*-10$1!1,!%-08(%!'#1#.%!$,320.*&,-&!,'!1%..*1,.<!

&*m%!0-+!1,!(%0/%!17%!H%321<!0.%0&I!&%20.01%5!

a/%.04%! 1%..*1,.<! &*m%! )0&! $0($#(01%+! 8<! +*/*+*-4! 17%! 1,10(! &1#+<! 0.%0! &*m%! 8<! 17%!

-#38%.! ,'! 1%..*1,.*%&! BE,8%.1&,-! %1! 0(5;! JKLe;! JKLMC! 0&! )%((! 0&! 0! 3,.%! &10-+0.+!

3%0&#.%!1701!+*/*+%&!17%!1,10(!&#3!,'!1%..*1,.<!&*m%&!8<!17%!-#38%.!,'!1%..*1,.*%&!B0-+!

17%.%',.%! +,%&! -,1! -%%+! 1,! 0$$,#-1! ',.! %321<! &20$%&! 8%1)%%-! -,-! 0+90$%-1!

1%..*1,.*%&C5!!

E%&#(1&!0.%!2.%&%-1%+!0&!3%0-&!}!&10-+0.+!%..,.!#-(%&&!,17%.)*&%!&101%+5! !



!

6/%%*$&%7!4-..*#5!!

!

! ',!

7"7#3+*-C,*##

R*'1<:'*/%!E0A*#.0!1,A,%A0!)%.%!$0#471!0-+!2.,$%&&%+!B3%0&#.%+;!)%*47%+;!04%+!]!

&%N%+C!Ba22%-+*N!a5JC5!R,.1<:%*471!0+#(1&!0-+!&#8:0+#(1&!70+!1.0-&3*11%.&!0110$7%+;!

17%!.%30*-*-4!8*.+&!)%.%!$7*$A&!,.!9#/%-*(%&!0-+!)%.%!.%(%0&%+!0'1%.!2.,$%&&*-45!

!

a-!0++*1*,-0(!%*471!0+#(1F&#80+#(1!8*.+&!1701!)%.%!-,1!$0#471!)%.%!*+%-1*'*%+!01!W0*2*2*!

0-+!,-!D(/0! >&(0-+! *-!A-,)-!1%..*1,.*%&!0-+!&,!$(0&&%+!0&!#-*+%-1*'*%+!BD>gC5!R,#.!

0++*1*,-0(! 9#/%-*(%&! 01! W0*2*2*! 0-+! 1),! ,-! D(/0! >&(0-+! )%.%! 0(&,! .%$,.+%+! *-! 17%!

3,-17&! ',((,)*-4! 17%! *-*1*0(!$01$7*-4!2%.*,+&!B,-%! 9#/%-*(%!01!W0*2*2*!)0&!$0#471! *-!

JKJK!0-+!&,!)0&!2.,808(<!0!D>g!$7*$A!*-!JKLcC!B608(%!JC5!

!

W*AF,#("#W@,#-7-*F#;.:A,6#7P#*/.F-#XIYV#+.A*/.F-#XKIYV#B.C,;%F,#XZY#*;/#2@%25#X)Y#
4*5%.6*#-757,5*#7A+,6C,/#*-#,*2@#F72*-%7;V#&%-@#-@,#;.:A,6#7P#*/.F-[+.A*/.F-#
A%6/+#-@*-#@*/#-6*;+:%--,6+#XW\Y#*--*2@,/V#76#&,6,#.;%/,;-%P%,/#X]LMY#XQ#̂ #P,:*F,V#
H#^#:*F,Y"#I/.F-+#*;/#+.A*/.F-+#_!JGG#<V#Z.C,;%F,+#JGG#`#!JGG#<#*;/#)@%25+#
aJGG#<"#

 Total No. birds A/SA TX A/SA (UID) J  C  
Kaipipi 43 26 (16F, 10M) 8 6  3  
Ulva Island 33 22 (10F, 12M) 8 2  1  

"

67%!3%0-!4.,#2!&*m%!,'!0+#(1!0-+!&#80+#(1!8*.+&!Bz!LMKK4;!'*11%+!)*17!1.0-&3*11%.!,.!

D>gC!)0&!P5M!}!L!01!W0*2*2*;!0-+!P5K!}!L!,-!D(/0!>&(0-+5!\*17!17%!0++*1*,-!,'!$7*$A&!

0-+!9#/%-*(%&!'.,3!JKLc!B2.%:8.%%+*-4!&%0&,-C!3%0-!4.,#2!&*m%!)0&![5M!}!J!01!W0*2*2*!

0-+!P5P!}!L!,-!D(/0!>&(0-+!B608(%!PC5!67%!30N*3#3!-#38%.!,'!0+#(1F&#80+#(1!BzLMKK!

4C!8*.+&!+%1%$1%+!*-!0!1%..*1,.<!)0&!&*N!01!W0*2*2*!0-+!',#.!,-!D(/0!>&(0-+5!

!

W*AF,#9"#W@,#:,*;#;.:A,6#7P#*/.F-[+.A*/.F-#:*F,+#XHY#*;/#P,:*F,+#XQY#&%-@#*#
-6*;+:%--,6V##]LM#*/.F-[+.A*/.F-+V#B.C,;%F,+#*;/#2@%25+#*;/#:,*;#<67.1#+%b,#1,6#
-,66%-760[@7:,#6*;<,#

 Adult M Adult F Adult UID Juvenile Chick 
Group 
size 

Kaipipi  1.1 ± 1 1.8 ± 1 0.9 ± 1 0.7 ± 1 0.3 ± 1 4.8 ± 2 
 Ulva Is. 1.1 ± 0 1.1 ± 1 0.8 ± 0 0.2 ± 0 0.1 ± 0 3.3 ± 1 

"

!

!



!

+,-.$/%!8!

!

!(.!

a+#(1!0-+!&#80+#(1!A*)*!)*17! 1.0-&3*11%.&!)%.%! 1.0$A%+! ',.!0-!0/%.04%!,'!PeP!}!c^!

+0<&!01!W0*2*2*!0-+!Pce!}!^P!+0<&!,-!D(/0!>&(0-+5!>-!1),!$0&%&!01!W0*2*2*;!+.,22%+!

1.0-&3*11%.&!)%.%!',#-+!01!&*4-*'*$0-1!+*&10-$%&!'.,3!17%!A-,)-!1%..*1,.*%&!,'!*-+*/*+#0(!

'%30(%&!BP5J!A3!0-+!L5P!A3!'.,3!17%!$(,&%&1!(,$01*,-!'*N;!&%%!R*4#.%!LK!8%(,)C5!

Y%1)%%-!R%8.#0.<!JKLc!0-+!G0<!JKJK;! >!,810*-%+!0! 1,10(!,'!M[K! (,$01*,-! '*N%&! ',.!

1.0-&3*11%+!8*.+&;![ee!'.,3!W0*2*2*!0-+!P^P!'.,3!D(/0!>&(0-+5!67%.%!)0&!0!&(*471(<!

7*47%.!2%.$%-104%!,'! '%30(%!$,320.%+!1,!30(%! (,$01*,-!'*N%&!'.,3!W0*2*2*!B^JO!R;!

PMO!GC;!(*A%(<!0&!0!.%&#(1!,'!70/*-4!3,.%!'%30(%&!)*17!1.0-&3*11%.&!170-!30(%&;!0-+!

0!3,.%!%/%-!&2.%0+!0$.,&&!17%!&%N%&!,-!D(/0!>&(0-+!B[MO!R;!fJO!GC5!67%!-#38%.!

,'!(,$01*,-!'*N%&!,810*-%+!+#.*-4!17%!8.%%+*-4!&%0&,-!Bd#(<!:!d0-#0.<C!)0&!(,)%.!170-!

17%!-#38%.!,810*-%+!+#.*-4!17%!-,-:8.%%+*-4!&%00&,-!BR%8!:!d#-%C!',.!8,17!(,$01*,-&!

BW0*2*2*! PcO! /%.&#&! ^LO;! D(/0! >&(0-+;! PeO! /%.&#&! ^POC5! 67%! 3%0-! -#38%.! ,'!

(,$01*,-!'*N%&!2%.!*-+*/*+#0(!E0A*#.0!1,A,%A0!)0&!Lc!}!e!01!W0*2*2*!0-+!Le!}!f!,-!D(/0!

>&(0-+5!67%!3%0-!-#38%.!,'!(,$01*,-!'*N%&!2%.!1%..*1,.<!)0&!fL!}!JJ!B.0-4%!Jc!n!LKPC!

01!W0*2*2*!0-+!P^!}!Le!B.0-4%!LP!n!^KC!,-!D(/0!>&(0-+5!!

A"A"!$G,22+&32+,*$

>!.%$,.+%+!-*-%!1%..*1,.*%&!*-!0!LMK!70!0.%0!01!W0*2*2*!BR*4#.%!LKC!0-+!1%-!1%..*1,.*%&!*-!

LJM!70!,-!D(/0!>&(0-+!BR*4#.%!LLC5!?,1!0((!1%..*1,.*%&!70+!z![K!'*N%&!+#%!1,!(,)!-#38%.&!

,'! 8*.+&! )*17! 0! 1.0-&3*11%.;! +.,22%+! 1.0-&3*11%.&! ,.! (*3*1%+! 1.0$A*-4! ,$$0&*,-&V! 01!

W0*2*2*;!PFc!70+!(%&&!170-!',.1<!'*N%&!*-!1,10(!BJc;!Pf;!PcC!0-+!,-!D(/0!>&(0-+;!^FLK!70+!

(%&&!170-!',.1<!'*N%&!BLP;!Lf;!Lc;!P[;!Pf;!PeC5!=,)%/%.;!*+%-1*'<*-4!022.,N*301%(<!MK!n!

cKO!,'!1%..*1,.<!&*m%!.%S#*.%+!Je!n!JM!'*N%&!',.!8,17!(,$01*,-&!B&%%!"%$1*,-!P5P5fC5!

!



!

6/%%*$&%7!4-..*#5!!

!

! (-!

!

6-/*%$(7M3(?)-"-"-(+#*0&(+-#$>(@#$.)%#(A+,)20>(+54.-2/(2-2$(;)9-*%)(#494$9)(#$%%-#4%-$+(
:4*#,-2$0( -2(.5-#$<>(.-#5( B-$,0V.4%9$%+V$+#-1)#$(=4*20)%-$+3(85$( c$1"#&()%$)d(.5-C5(
.)+( -2C,*0$0( -2( #5$( #4#),( +#*0&()%$)(4B(7TM(5)( -+( #5$(=,)C9(=)C9/%4*20( %$C#)2/,$3(
K4,4*%$0( 04#+( 0$24#$( ,4C)#-42( B-'$+( B%41( ),,( #5$( 1$1=$%+( -2( )( #$%%-#4%&>( 0-BB$%$2#(
C4,4*%+(-20-C)#$(+$")%)#$(#$%%-#4%-$+3(H4#$(#5)#(#5$%$(-+(42$(-20-R-0*),(.54(14R$0(B%41(
#5$(,$B#(#4(%-/5#(=4##41(#$%%-#4%-$+()20(+4(%$0(04#+()%$("%$+$2#(-2(=4#53(85$%$(-+(42$(
,4C)#-42(4*#,-$%(:73E91(B%41(#5$(2$)%$+#(#$%%-#4%&(=4*20)%&>(=4##41(,$B#(C4%2$%<3(

!



!

+,-.$/%!8!

!

!(%!

!

6-/*%$( 773( Q,R)( A+,)20( +#*0&( +-#$>( @#$.)%#( A+,)20>( +54.-2/( #$2( ;)9-*%)( #494$9)(
#$%%-#4%-$+(:4*#,-2$0(-2(.5-#$<(.-#5(B-$,0V.4%9$%+V$+#-1)#$(=4*20)%-$+3(85$(c$1"#&()%$)d(
.5-C5(.)+(-2C,*0$0(-2(#5$(#4#),(+#*0&()%$)(4B(7ET(5)(-+(#5$(=,)C9(=)C9/%4*20(+5)"$(
-2(#5$(C$2#%$(4B(#5$(-+,)203(K4,4*%$0(04#+(0$24#$(,4C)#-42(B-'$+(B%41(),,(#5$(1$1=$%+(
-2()(#$%%-#4%&>(0-BB$%$2#(C4,4*%+(-20-C)#$(+$")%)#$(#$%%-#4%-$+3((

(

"1#+<!0.%0!&*m%&!'.,3!$,-/%N!0-+!$,-$0/%!2,(<4,-!1%..*1,.*%&!)%.%!3#$7!(0.4%.!170-!

'.,3!'*%(+:),.A%.&:%&1*301%!1%..*1,.*%&!B608(%![C5!!

!

!

!

!

!



!

6/%%*$&%7!4-..*#5!!

!

! (&!

W*AF,# >"# W7-*F# +-./0# *6,*# +%b,# X@*Y# *-# $*%1%1%# *;/# 7;# ]FC*# L+F*;/# .+%;<# _# >G#
F72*-%7;# P%R,+# *;/# -@6,,# :,-@7/+# P76# -,66%-760# A7.;/*6%,+3# P%,F/U&765,6+U
,+-%:*-,V#:%;%:.:#27;C,R#X!GGcY#*;/#27;2*C,#17F0<7;+"#

 Study area (ha) 
Method Kaipipi  Ulva Island 
Territory mapping 180 128 
Convex 100% 287 208 
Concave 242 195 

!

g*/*+*-4!17%!&1#+<!0.%0!8<!17%!-#38%.!,'!1%..*1,.*%&!40/%!0-!0/%.04%!1%..*1,.<!&*m%!,'!

JK!70!01!W0*2*2*!0-+!LJ5M!70!,-!D(/0!>&(0-+5!g*/*+*-4!17%!&#3!,'!1%..*1,.<!&*m%&!8<!17%*.!

-#38%.!*-&1%0+!&#44%&1%+!0-!0/%.04%!1%..*1,.<!&*m%!01!W0*2*2*!)0&!L^5f!}!P!70!0-+!

LK5[!}!f!70!,-!D(/0!>&(0-+5!67%!'#.17%&1!+*&10-$%!8%1)%%-!1),!(,$01*,-!2,*-1&!B&20-C!

,'!0-!*-+*/*+#0(!.-#5-2!*1&!1%..*1,.<!)0&!MfP!3!01!W0*2*2*!B3%0-!^[^!}!L[f!3C!0-+!^^J!

3!B3%0-![^M!}!LLP!3C!,-!D(/0!>&(0-+5!!

a/%.04%! 1%..*1,.<! &*m%! #&*-4! LKKO! 3*-*3#3! $,-/%N! 2,(<4,-&! BGQbC! ',.! 1%..*1,.<!

8,#-+0.*%&!)%.%!&*3*(0.!1,!.%&#(1&!'.,3!'*%(+:),.A%.&:%&1*301%!BR\_C!BW0*2*2*!GQbT!

LM5c70;!R\_T!JK!70!0-+!D(/0!>&(0-+;!GQbT!LL5^!70;!R\_T!LJ5M!70C5!Q,-$0/%!2,(<4,-!

1%..*1,.*%&!)%.%!17%!&30((%&1!,'!17%!17.%%!3%17,+&!',.!8,17!(,$01*,-&!BW0*2*2*!L^5J!70;!

D(/0!>&(0-+;!LK!70C!BR*4#.%!LJC5!

!

6-/*%$(7E3(85$()R$%)/$(#$%%-#4%&(+-e$("$%(/%4*"(4B(;)9-*%)(#494$9)()#(?)-"-"-()20(42(
Q,R)(A+,)20(*+-2/(#5$(1)'-1*1(2*1=$%(4B(,4C)#-42(B-'$+(:f(SM<()20(#5%$$(1$#540+(B4%(
#$%%-#4%&(=4*20)%-$+g(B-$,0V.4%9$%+V$+#-1)#$>(C42R$'(:7MMh<()20(C42C)R$("4,&/42+(i(
+#)20)%0($%%4%3(

K

f

LK
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R*%(+!),.A%.& Q,-/%N!LKKO Q,-$0/%

6%
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+,-.$/%!8!

!
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!

Q,-/%N! 2,(<4,-! 1%..*1,.*%&! 0.%! &*3*(0.! *-! 022%0.0-$%! 1,! 17%! '*%(+:),.A%.&:%&1*301%!

1%..*1,.*%&;! 7,)%/%.;! 8,17! 2,(<4,-! 3%17,+&! &7,)! 17%! +%4.%%! ,'! ,/%.(02! 8%1)%%-!

(,$01*,-!2,*-1&!*-!-%*478,#.*-4!1%..*1,.*%&!1701!*&!.%3,/%+!',.!'*%(+:),.A%.&:%&1*301%&!

BR*4#.%!LP;!R*4#.%!L[C5!

(

!

6-/*%$(7N3(K42R$'(7MMh(:)<()20(C42C)R$(:=<("4,&/42+(B4%()R$%)/$(#$%%-#4%&(+-e$+(4B(
2-2$(/%4*"+(4B(;)9-*%)(#494$9)()#(?)-"-"-3((

(

!

6-/*%$(7S3(K42R$'(7MMh(:)<()20(C42C)R$(:=<("4,&/42+(B4%()R$%)/$(#$%%-#4%&(+-e$+(4B(
#$2(/%4*"+(4B(;)9-*%)(#494$9)(42(Q,R)(A+,)203(

!

a b

500m 500m

500m500m

a b
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6/%%*$&%7!4-..*#5!!

!

! ((!

A"A"6$N,8*+&)$,*&+;0&,*$

67%!+%-&*1<!B-#38%.!,'!8*.+&!2%.!7%$10.%C!,'!E0A*#.0!1,A,%A0!01!W0*2*2*!0-+!,-!D(/0!

>&(0-+!80&%+!,-!'*%(+:),.A%.&:%&1*301%&!,'!1%..*1,.<!&*m%!)0&!&*3*(0.;!)*17!D(/0!>&(0-+!

&(*471(<!7*47%.!B608(%!fC5!

!

W*AF,#8"#M,;+%-0#,+-%:*-,+#XA%6/+#1,6#@*Y#P76#4*5%.6*#-757,5*#*-#$*%1%1%#*;/#7;#
]FC*#L+F*;/#.+%;<#-@6,,#2*-,<76%,+d#*/.F-+#*;/#+.A*/.F-+#&%-@#*#-6*;+:%--,6#XW\YV#
*/.F-+#*;/#+.A*/.F-+#.;%/,;-%P%,/#X]LMY#76#&%-@#*#-6*;+:%--,6V#*;/#-@,#16,C%7.+#
<67.1#&%-@#-@,#*//%-%7;#7P#]LM#B.C,;%F,+#*;/#2@%25+"#

  Kaipipi Ulva Island 
Density adult/subadult (TX) 0.14 0.17 
Density adult/subadult (TX/UID) 0.19 0.23 
Density adult/subadult (TX/UID) and young (UID) 0.24 0.26 

!

Q,-&*+%.*-4! 17%! &(*471! +*''%.%-$%! *-! %&1*301%&;! 17%.%! )0&! 0! 30N*3#3! ,'! ,-%!

0+#(1F&#80+#(1!2%.!e!70!01!W0*2*2*!0-+!,-%!2%.!^!70!,-!D(/0!>&(0-+5!!

a&!0! .%&#(1!,'! 17%! (0.4%.!&1#+<!0.%0&;!+%-&*1<!%&1*301%&! '.,3!$,-/%N!0-+!$,-$0/%!

2,(<4,-!1%..*1,.*%&!)%.%!(,)%.!170-!'.,3!'*%(+:),.A%.&:%&1*301%!1%..*1,.*%&!BR*4#.%!LfC5!!

!

!
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!

6-/*%$(7[3(85$(0$2+-#&(:2*1=$%(4B(=-%0+("$%(5)<(4B()0*,#P+*=)0*,#(;)9-*%)(#494$9)(
*+-2/(f(SM(,4C)#-42(B-'$+()20(#5%$$(1$#540+(B4%($+#-1)#-2/(#$%%-#4%&(=4*20)%-$+g(B-$,0V
.4%9$%+V$+#-1)#$>(1-2-1*1(C42R$'(:7MMh<()20(C42C)R$("4,&/42+3(

(

A"A"A$%'24,)$('20&+38$$

>-$.%0&*-4!17%!-#38%.!,'!(,$01*,-!'*N%&!2%.!1%..*1,.<!$0#&%+!0-!*-$.%0&%!*-!17%!&*m%!,'!

3022%+! 1%..*1,.*%&!0-+!,/%.0((! &1#+<!0.%0! ',.!8,17!W0*2*2*!0-+!D(/0! >&(0-+5!a&! 17%!

-#38%.!,'!(,$01*,-!'*N%&!2%.!1%..*1,.<!*-$.%0&%+;!+%-&*1<!%&1*301%&!+%$.%0&%+!BR*4#.%!

L^C5!

K

K5L

K5J

6%..*1,.<!3022*-4 Q,-/%N!LKKO Q,-$0/%
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6/%%*$&%7!4-..*#5!!

!

! (*!

!

6-/*%$( 7_3( :)<( !R$%)/$( #$%%-#4%&( +-e$( "$%( /%4*"( 4B( ;)9-*%)( #494$9)( i( +#)20)%0(
0$R-)#-42>(:=<(+#*0&()%$)(+-e$>()20(:C<(0$2+-#&(:2*1=$%(4B(#494$9)("$%(5)<(4B()0*,#()20(
+*=)0*,#(;)9-*%)(#494$9)(*+-2/(-2C%$)+-2/(2*1=$%+(4B(,4C)#-42(B-'$+("$%(#$%%-#4%&()#(
?)-"-"-()20(42(Q,R)(A+,)20(*+-2/(B-$,0V.4%9$%+V$+#-1)#$+3(

(

!
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+,-.$/%!8!

!

!(+!

67%! +%-&*1<! ,'! 0+#(1&F&#80+#(1&! 01! W0*2*2*! 0-+! ,-! D(/0! >&(0-+! %&1*301%+! #&*-4!

3*-*3#3!BLK!n!JKC!(,$01*,-!'*N%&!)0&!7*47%.!170-!)*17!17%!30N*3#3!Bz![KC!(,$01*,-!

'*N%&!B608(%!^C5!Q,-/%.1*-4!+%-&*1*%&!1,!17%!-#38%.!,'!8*.+&!2%.!A3$%&7,)&!7,)!17%&%!

+*''%.%-$%&!$,#(+!8%!*-1%.2.%1%+!)*17*-!0!&*1%!B608(%!^C5!

!

W*AF,#D"#W@,#/,;+%-0#X;.:A,6#7P#*/.F-[+.A*/.F-#4*5%.6*#-757,5*#1,6#@*Y#*;/#-@,#
;.:A,6#7P#*/.F-[+.A*/.F-#4*5%.6*#-757,5*#1,6#5:! #*-#$*%1%1%#*;/#7;#]FC*#L+F*;/#
.+%;<#%;26,*+%;<#;.:A,6+#7P#F72*-%7;#P%R,+#1,6#-,66%-760"#

 
Density  
(per ha) 

Adults/subadults per 
km2 

  Kaipipi Ulva Island Kaipipi Ulva Island 

10 - 20 fixes 0.25 0.32 20 25 
20 - 40 fixes 0.22 0.27 17 20 
> 40 fixes 0.19 0.23 14 17 

!

A"A"#$M2,,(+89$4,2*'*$838E=2,,(+89$$

6%..*1,.*%&!+#.*-4!17%!8.%%+*-4!&%0&,-!Bd#-%!:!d0-#0.<C!)%.%!&30((%.!170-!+#.*-4!17%!

-,-:8.%%+*-4!&%0&,-!01!W0*2*2*!B3%0-!c5f!0-+!Lf5P!70!.%&2%$1*/%(<;!2(~!c;!b!~!K5f;!

\*($,N,-!301$7%+!20*.!1%&1C!0-+!,-!D(/0!>&(0-+!B3%0-![!0-+!LL5c!70;!2!~!LK;!b!~!

K5fC5! G,.%! (,$01*,-! '*N%&! )%.%! $021#.%+! +#.*-4! 17%! -,-:8.%%+*-4! &%0&,-! 170-! 17%!

8.%%+*-4!&%0&,-!01!8,17!(,$01*,-&!B608(%!eC5!

!

W*AF,# N"# W@,# ;.:A,6# 7P# F72*-%7;# P%R,+# 27FF,2-,/# /.6%;<# -@,# A6,,/%;<# XZ.F0# U#

Z*;.*60Y#*;/#;7;UA6,,/%;<#XQ,A6.*60#U#Z.;,Y#+,*+7;+#P76#4*5%.6*#-757,5*#*-#

$*%1%1%#*;/#7;#]FC*#L+F*;/5!

!

## S6,,/%;<## e7;UA6,,/%;<# W7-*F#
$*%1%1%# LMf! JcJ! [ee!

]FC*#L+F*;/# LPf! JJM! P^P!

!

>-! 3,&1! *-&10-$%&! BL^! ,#1! ,'! LcC! 8.%%+*-4! 0-+! -,-:8.%%+*-4! 1%..*1,.*%&! 4.%01(<!

,/%.(022%+!BW0*2*2*T!3%0-!eMO!,/%.(02;!.0-4%![e!n!LKKOC;!BD(/0!>&(0-+T!3%0-!cJO;!

.0-4%! MK! n! LKKOC5! >-! ,-%! *-&10-$%! 01! W0*2*2*! 0-+! 1),! ,-! D(/0! >&(0-+;! 8.%%+*-4!



!

6/%%*$&%7!4-..*#5!!

!

! (,!

1%..*1,.*%&! )%.%! 1,10((<! %-$,320&&%+! )*17*-! -,-:8.%%+*-45! =,)%/%.;! *-! 17.%%!

*-&10-$%&!01!W0*2*2*;!8.%%+*-4!0-+!-,-:8.%%+*-4!1%..*1,.*%&!,-(<!,/%.(022%+!8%1)%%-!

[f!n!^KO5!!

!

67%!&702%!,'! 1%..*1,.*%&!8%1)%%-!8.%%+*-4!0-+!-,-:8.%%+*-4!&%0&,-&!)0&!&(*471(<!

+*''%.%-1!BR*4#.%!Le;!R*4#.%!LMC5!67%!2.,2,.1*,-!,'!8.%%+*-4!.0-4%!1701!)0&!)*17*-!17%!

-,-:8.%%+*-4!1%..*1,.<!)0&!7*47%.!,-!0/%.04%!01!W0*2*2*!B3%0-![JO;!.0-4%!e!:!^JOC!

170-!,-!D(/0!>&(0-+!B3%0-!J^O;!.0-4%![!:!fMOC5!

!

!

!

6-/*%$( 7`3( O-2-1*1( K42R$'( Z4,&/42+( :7MMh<( 4B( 4R$%,)""-2/( =%$$0-2/( )20( 242V
=%$$0-2/(#$%%-#4%-$+(4B(;)9-*%)(#494$9)()#(?)-"-"-3(X)C5(")-%(4B("4,&/42+(%$"%$+$2#-2/(
)(#$%%-#4%&()%$(+54.2(-2()(0-BB$%$2#(C4,4*%>()20(),.)&+(4R$%,)"($)C5(4#5$%3(

!

!



!

+,-.$/%!8!

!

!).!

!

6-/*%$( 7T3( O-2-1*1( K42R$'( Z4,&/42+( :7MMh<( 4B( 4R$%,)""-2/( =%$$0-2/( )20( 242V
=%$$0-2/( #$%%-#4%-$+( 4B( ;)9-*%)( #494$9)( 42( Q,R)( A+,)203( X)C5( ")-%( 4B( "4,&/42+(
%$"%$+$2#-2/()(#$%%-#4%&()%$(+54.2(-2()(0-BB$%$2#(C4,4*%>()20(),.)&+(4R$%,)"($)C5(4#5$%3(

(

A"A"-$P8:2,;,8&0?$02,0$080?)*+*$

>-$.%3%-10(!0.%0!0-0(<&*&!B>aaC!.%&#(1&!)%.%!&*3*(0.!',.!W0*2*2*!0-+!D(/0!>&(0-+5!R,.!

$,-$0/%!0-+!$,-/%N!0-0(<&%&;!JM!(,$01*,-!'*N%&!01!W0*2*2*!)%.%!.%S#*.%+!1,!.%0$7!MK!

n!MfO!,'!17%!3%0-!1%..*1,.<!&*m%!.%&2%$1*/%(<;!)7%.%!*1!&108*(*&%+!#-1*(!.%0$7*-4!LKKO!

01!fL!n!f[!'*N%&5!R,.!D(/0!>&(0-+;!Je!n!Jc!(,$01*,-!'*N%&!)%.%!.%S#*.%+!1,!.%0$7!cKO!

,'!3%0-!1%..*1,.<!&*m%;!)7%.%!*1!&108*(*&%+!#-1*(!.%0$7*-4!LKKO!01!f^!n!fe!'*N%&!B&%%!

a22%-+*N!a5P!',.!>aa!'*4#.%&C5!

!



!

6/%%*$&%7!4-..*#5!!

!

! )-!

7";#H%*1-**%69#

A"#"!$G,22+&32)$=3'8(02)$08($02,0$;,&/3(*$

>-! 17*&!&1#+<;! 1%..*1,.*%&!+%'*-%+!8<!$,-/%N!8,#-+0.*%&!0-+! '*%(+:),.A%.&:%&1*301%&!

)%.%!0!&*3*(0.!&*m%5!6<2*$0((<;!$,-/%N!2,(<4,-&!2.,/*+%!(0.4%.!%&1*301%&!,'!1%..*1,.<!

&*m%!170-!,17%.!3%17,+&;!*-$(#+*-4!',.!?>YW;!+#%!1,!17%*.!1%-+%-$<!1,!*-$(#+%!(0.4%!

0.%0&!1701!30<!-,1!8%!#1*(*&%+!BW%-)0.+;!JKKKV!G$Z%--0-!%1!0(5;!LcMeC5!=,)%/%.;!0!

'%)! &1#+<! +%&*4-! '%01#.%&! 2.,808(<! 0$$,#-1! ',.! 17%! &*3*(0.*1<5! "1.0*471! (*-%&! )%.%!

*-$,.2,.01%+! *-1,! 8,17! 1<2%&! ,'! 1%..*1,.<! 8,#-+0.*%&! B3,.%! $,33,-(<! 0! $,-/%N!

2,(<4,-!3%17,+C;!17%!0/%.04%!1%..*1,.<!&*m%!30<!70/%!8%%-!*-'(#%-$%+!8<!17%!%321<!

&20$%&! 8%1)%%-! 1%..*1,.*%&! *-$(#+%+! *-! %&1*301%&! ,'! &1#+<! 0.%0;! 0-+! '*%(+:),.A%.&:

%&1*301%! 8,#-+0.*%&! )%.%! ',.3%+! $,-&%./01*/%(<5! a(17,#47! 17%! %&1*301%&! )%.%!

&*3*(0.;!$,-/%N!2,(<4,-&!)%.%!(%&&!&#89%$1*/%!1,!022(<5!!

R*%(+:),.A%.&:%&1*301%&! 8,#-+0.*%&! 30<! 8%! 17%! 3,&1! 8*,(,4*$0((<! .%(%/0-1! 3%17,+!

BG0$+,-0(+!%1!0(5;!LcMKC!0-+!3,.%!0$$#.01%(<!.%2.%&%-1!17%!0.%0!0$1#0((<!#1*(*&%+!8<!

0-*30(&!BG$Z%--0-!%1!0(5;!LcMeC5!=,)%/%.;!30-#0((<!+.0)*-4!8,#-+0.*%&!80&%+!,-!

'*%(+!A-,)(%+4%!0-+!*-1%.2.%101*,-!*&!0!&#89%$1*/%!2.0$1*$%5!>-!17*&!&1#+<;!,-(<!+*.%$1!

(,$01*,-&! ,'! 8*.+&! )*17! .0+*,:1.0-&3*11%.&! )%.%! #&%+! 1,! %&108(*&7! 1%..*1,.<! &*m%! 0-+!

&702%5!=,)%/%.;!*-!,17%.!&1#+*%&!1701!1%..*1,.<!302!A*)*!%&1*301%+!B*-+*.%$1C!(,$01*,-&!

'.,3!$0((&!0-+!&*471*-4&!,'!#-:#-1044%+!,.!#-*+%-1*'*%+!8*.+&!30<!0(&,!8%! *-$(#+%+!

BE,8%.1&,-!%1!0(5;!JKLMC5!b%.702&!17*&!),#(+!8%!#-(*A%(<!1,!70/%!0!&*4-*'*$0-1!*320$1!

,-! 1%..*1,.<! 8,#-+0.*%&;! 8#1! ',.! 1%..*1,.<! 3022*-4! 1,! 8%! 0-! %''%$1*/%! 3%17,+! ',.!

2,2#(01*,-!3,-*1,.*-4;!3%17,+&!-%%+!1,!8%!$,-&*&1%-1!,/%.!1*3%!0-+!8%1)%%-!&*1%&!

BY*88<!%1!0(5;!JKKKV!X.%4,.<!%1!0(5;!JKK[C;!0-+!%&1*301*-4!17%!(,$01*,-!,'!#-*+%-1*'*%+!

8*.+&!*&!+*''*$#(1!1,!30*-10*-!$,-&*&1%-1(<5!x%0.&!,'!+010!*-!)7*$7!,8&%./%.&!$70-4%+!,.!

3%17,+&! +%/*01%+! 70/%! 8%%-! +*&$0.+%+! '.,3! &,3%! &1#+*%&! BY*88<! %1! 0(5;! JKKKC!

8%$0#&%!&032(*-4!%'',.1!$0-!70/%!0!&*4-*'*$0-1!*320$1!,-!.%&#(1&!BX*.0.+!%1!0(5;!JKKJC!

0-+!8%$0#&%!17%!3%17,+&!)%.%!-,1!$,-&*&1%-1!,.!.%2(*$08(%5!!

?,-%!,'!17%!3%17,+&!0.%!&101*&1*$0((<!.*4,.,#&;!8#1;!,/%.0((;!2,(<4,-!3%17,+&!0.%!(%&&!

&#89%$1*/%!0-+!%0&*%.!1,!$,320.%!8%1)%%-!&1#+*%&!B=0..*&!%1!0(5;!LccKC5!!>32,.10-1(<;!

GQb&! 0.%! .%(*08(%! ',.! $,320.*&,-&! 8,17! )*17*-! 0-+! 8%1)%%-! &1#+*%&! 8%$0#&%! 17%!

8,#-+0.*%&! 0.%! #&#0((<! 80&%+! &,(%(<! ,-! (,$01*,-! '*N%&5! R,.! 17*&! .%0&,-;! *1! *&! ,'1%-!

.%$,33%-+%+!1,!*-$(#+%!17%*.!%&1*301*,-!*-!0-<!7,3%!.0-4%!%&1*301%&!B=0..*&!%1!0(5;!

LccKV!Z0/%.!]!W%((<;!JKKMC5!>-!17*&!&1#+<!GQb&!)%.%!)%((!&#*1%+!1,!17%!+010!0&!17%.%!



!

+,-.$/%!8!

!

!)%!

)%.%!/%.<! '%)!,#1(*%.&!0-+!%N1.%3%!$0&%&!)%.%! .%3,/%+5!G$Z%--0-!%1!0(5! BLcMeC!

#&%+!8,17!'*%(+:),.A%.&:%&1*301%&!0-+!GQb&!',.!?>YW;!.%(<*-4!,-!17%!(011%.!)7%-!17%<!

70+!(,)!-#38%.&!,'!(,$01*,-!'*N%&;!*-+*$01*-4!17%<!8%(*%/%+!GQb&!)%.%!3,.%!.%(*08(%!
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W*AF,# J"# )*-,<76%,+# P76# /*%F0# F7&V# *C,6*<,# *;/# @%<@# -,:1,6*-.6,+# X/,<6,,+#
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Temperature (C) Precipitation (mm) 

< 11 0 

11 - 16 0 - 10 

16 - 20 10 - 20 

> 20 20 - 30 

- > 32 
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W*AF,#="#W@,#;.:A,6#7P#2*:,6*#/*0+#1,6# F72*-%7;#*;/#+.6C,0#1,6%7/#*-# P7.6#
+-./0#+%-,+#7;#K-,&*6-#L+F*;/V#e,&#f,*F*;/"#

!!
K.::,6#

(G!J#
g%;-,6#
(G!J#

K.::,6#
(G!=#

g%;-,6#
(G!=#

K.::,6#
(G(G# W7-*F#

H*+7;#S*0# M^! ^f! [fc! LMJ! JL[! LKK^!
$*%1%1%# K! f[! M[K! JL[! Lc^! LPK[!
E76-#I/C"# JLM! ee! ^MM! Jee! K! LJ^K!
]FC*#L+F*;/# Mc! ^K! JLe! LP[! L[P! ^[P!
W7-*F# PK[! Lc^! LcMe! ^eP! [LK! >(!9#

!
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W*AF,#!G"#W@,#-7-*F#7C,6*FF#2*:,6*#-6*1#6*-,#X)W4Y#7P#4*5%.6*#-757,5*#*-# P7.6#
F72*-%7;+#7;#K-,&*6-#L+F*;/#P67:#P%C,#+,*+7;*F#+.6C,0#1,6%7/+"#)W4#^#;.:A,6#
7P#%;/,1,;/,;-#5%&%#2*1-.6,+[;.:A,6#7P#2*:,6*#/*0+#R#!GG"#

!! )*:,6*#/*0+#
L;/,1,;/,;-#5%&%#

/,-,2-%7;+# )W4#
H*+7;#S*0# LKK^! Le[! Le5P!
$*%1%1%# LPK[! Lec! LP5e!
E76-#I/C,;-.6,# LJ^K! L^[! LP5K!
]FC*#L+F*;/## ^[P! [J! ^5f!
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170-!G0&,-!Y0<;!b,.1!a+/%-1#.%!0-+!W0*2*2*!B608(%!LLC;!8#1!17%!+*''%.%-$%!)0&!-,1!
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W*AF,# !!"# H,*;# )W4# P76# ,*2@# +,*+7;*F# +.6C,0# *-# P7.6# F72*-%7;+# 7;# K-,&*6-#
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K.::,6#

(G!J#
g%;-,6#
(G!J#

K.::,6#
(G!=#

g%;-,6#
(G!=#

K.::,6#
(G(G#

H*+7;#S*0# Lf5^! LJ5f! L^5c! Le5f! Lc5^!
$*%1%1%# ?Fa! L[5M! L[5P! Lf5M! c5P!
E76-#I/C,;-.6,# LJ5e! JL5J! LK5L! ?Fa! LJ5e!
]FC*#L+F*;/# ^5e! f5P! [5M! P5[! e5[!
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## H*R"#)W4# H%;"#)W4# H,*;#)W4# KT#

H*+7;#S*0# [[5K! L5c! Lf5e! P5f!

$*%1%1%# J^5^! f5f! LJ5c! J5J!

E76-#I/C,;-.6,# Jf5f! P5e! LJ5^! J5K!

]FC*#L+F*;/# LJ5M! K5K! f5c! L5e!
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924.2( #$%%-#4%-$+( :W( j( ?)-"-"->( \( j( Q,R)( A+,)20<>( .-#5( ,)%/$%( C-%C,$+( %$"%$+$2#-2/( )(
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*-+*/*+#0(&!70+!-,!*-$#801*,-!&*4-0(!B608(%!JfC5!67*&!$,#(+!70/%!,$$#..%+!8%$0#&%!
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W*AF,# (8"# )7;P%6:,/# ;,+-# A.667&+# 7P# 4*5%.6*# -757,5*# *-# -&7# F72*-%7;+# 7;#
4*5%.6*#Xe,+-YV#&%-@#-@,#;.:A,6#7P#*/.F-+[+.A*/.F-+#&%-@#-6*;+:%--,6+#XW\YV#-@,#
-7-*F# ;.:A,6# 16,+,;-# %;# A6*25,-+# X-7-*FYV# *;/# -@,# ;.:A,6# 7P# A%6/+# &%-@#
-6*;+:%--,6+#-@*-#@*/#*-#F,*+-#7;,#%;+-*;2,#7P#%;2.A*-%7;#:7/,#Xe7"#Le)Y"#W@,#
P7FF7&%;<#27F.:;+#+@7&#-@,#;.:A,6#7P#P,:*F,+#XQY#*;/#:*F,+#XHY#-@*-#&,;-#%;-7#
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! ! ! Le)# e7;ULe)# k*-2@#
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W0*2*2*!BLC! [!B[C! [! J! "! K! #! L! $!
W0*2*2*!BJC! J!BPC! J! "! #! K! #! K! #!
W0*2*2*!BPC! P!BPC! J! $! $! #! L! L! #!
W0*2*2*!B[C! J!BPC! K! #! #! J! #! K! #!
W0*2*2*!BfC! [!B^C! J! $! $! L! L! K! !#
W0*2*2*!B^C! J!BPC! K! #! #! K! $! K! #!
D(/0!>&5!BLC! J!BPC! J! $! $! K! #! LBNJC! !#
D(/0!>&5!BJC! P!B[C! J! "! #! K! L! L! #!
D(/0!>&5!BPC! P!BPC! L! #! $! L! L! L! K!
D(/0!>&5!B[C! L!BPC! L! #! $! K! #! K! #!
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)%-1!*-1,!>?Q!3,+%!1)*$%;!0-+!17%!.%30*-*-4!)%-1!*-1,!>?Q!3,+%!,-$%!+#.*-4!17%!

-%&1*-4!2%.*,+5!67%!-#38%.!,'!+0<&!1701!*-+*/*+#0(&!)%.%!*-!>?Q!3,+%!/0.*%+!'.,3!L!
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Q7*$A!6*3%.!%&1*301%+!701$7!+01%&!',.!17%!$7*$A&!1701!)%.%!)*17*-!P!0-+!f!+0<&!,'!17%!
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E0A*#.0! 1,A,%A0!)%.%!$,-&*+%.08(<!+*''%.%-1! 1,!-,-:8.%%+*-4!2011%.-&;!0&! 17%!+010!

0/0*(08(%!',.!17%!-,-:8.%%+*-4!2%.*,+!,-(<!&20--%+!0!&7,.1!2%.*,+!Bi!J!:!c!.%$,.+&C!

2.*,.! 1,! 0-+! 2,&1! -%&1*-45! E%40.+(%&&;! 17%.%! )%.%! &,3%! *-+*$01*,-&! ,'! 2.,808(%!

-%&1*-4!8%70/*,#.5!R,.!6h_;!^FJ^!-%&1*-4!*-+*/*+#0(&!)*17!1.0-&3*11%.&!BG!0-+!RC!A%21!

0!$,-&*&1%-1!B)*17*-!J!7,#.&C!6h_!17.,#47,#1!17%!)7,(%!2%.*,+!17%<!)%.%!3,-*1,.%+;!

)7*(%!',.!L^!8*.+&;!17%<!70+!01!(%0&1!J!,$$0&*,-&!)7%.%!17%!6h_!)0&![!7,#.&!+*''%.%-1!

'.,3! 17%*.! -,.30(! 6h_5! G,&1! $,33,-(<! ',.! 17%&%! 8*.+&;! 17%! 6h_! 8%$03%! %..01*$!

+#.*-4!17%!2%.*,+!,'!*-$#801*,-;!)*17!-,!$,-&*&1%-1!7,#.!,'!%3%.4%-$%5!

!

67%! H-,.30(I! 03,#-1! ,'! 0$1*/*1<! ',.! E0A*#.0! 1,A,%A0! )0&! ,/%.! LK! 7,#.&! 0! +0<;!

0$$,.+*-4!1,!17%!&30((!03,#-1!,'!+010!2.%!0-+!2,&1!8.%%+*-4!&%0&,-5!67%!0$1*/*1<!,'!

JJFJ^! 8*.+&! +.,22%+! 8%(,)! LK! 7,#.&! B608(%! J^C! +#.*-4! *-$#801*,-;! 8#1! 4%-%.0((<;!

0$1*/*1<!)0&!7*47%.!170-!*&!%N2%$1%+!'.,3!,17%.!A*)*!&2%$*%&;!0-+!,-(<![!8*.+&!%/%.!
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W*AF,# (D"# W@,# ;.:A,6# 7P# 4*5%.6*# -757,5*# &%-@# -6*;+:%--,6+# -@*-# +@7&,/#
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I2-%C%-0## e7"#7P#A%6/+#
LK!7.&! JJ!
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^!7.&! LL!
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!

!
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6.3.1.2(Burrow cameras and nest burrows 
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6.3.2.1(Radio-telemetry and nest fate 
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6.3.2.2(Burrow cameras and nest fate 
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B;)##*+(24%R$/-C*+>(;)##*+(%)##*+C;!0-+!)%A0!BF),,-%),,*+()*+#%),-+(+C4##-C!)%.%!2.%&%-1!01!
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&%-@#+.+1,2-,/#;,+-#7.-27:,+#%;#%-*F%2+"#

!

H7;-@# I2-%C%-0#5%&%# I2-%C%-0#7-@,6#
e,+-#!#U#$*%1%1%#

"%21%38%.! E%4#(0.!0$1*/*1<;!0220.%-1!-%&1*-4F*-$#801*,-! 2,&&#3&!*-&*+%!8#..,);!.01&!
h$1,8%.! E%4#(0.!0$1*/*1<;!0220.%-1!-%&1*-4F*-$#801*,-! 2,&&#3&!*-&*+%!8#..,);!.01&;!$01!
?,/%38%.! >-$.%0&*-4!08&%-$%;!&,3%!+0<&!08&%-1!$,32(%1%(<! >-$.%0&*-4F'.%S#%-1!2,&&#3&!*-&*+%!8#..,);!$01;!A*11%-!
g%$%38%.! ?,!A*)*5!Q03%.0!.%3,/%+! !
@*+"$C#$0(4*#C41$U(H$+#(B)-,*%$>("%4=)=,$("4++-=,$("4++*1(0-+#*%=)2C$(4%("%$0)#-42(
e,+-#(#U#]FC*#L+F*;/#

"%21%38%.! E%4#(0.!0$1*/*1<;!0220.%-1!-%&1*-4F*-$#801*,-! )%A0!
h$1,8%.! E%4#(0.!0$1*/*1<;!0220.%-1!-%&1*-4F*-$#801*,-! )%A0!*-&*+%!8#..,)!
?,/%38%.! E%4#(0.!0$1*/*1<;!0220.%-1!-%&1*-4F*-$#801*,-! )%A0!*-&*+%!8#..,)!
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6.3.3.1(Radio-telemetry and chick survival 

>-!1,10(;! 17%.%!)%.%!%(%/%-!$7*$A&!0/0*(08(%!',.!3,-*1,.*-4!&#./*/0(5!?*-%!70+!1.0-&3*11%.&!

BW0*2*2*! -! ~! [;! D(/0! >&(0-+! -! ~! fC;! 0-+! 1),! 0++*1*,-0(! $7*$A&! )%.%! +%1%$1%+! ,-! 8#..,)!

$03%.0&!01!W0*2*2*!B608(%!JMC5!!

!

W*AF,# (J"# ?72*-%7;V# +,RV# *;/# -7-*F# ;.:A,6# 7P# 4*5%.6*# -757,5*# 2@%25+# 6,276/,/# 7;#
A.667&#2*:,6*+#*;/#&%-@#-6*;+:%--,6+#*--*2@,/#XW\Y"#

!! e7"#2@%25+# e7"#W\# Q,:*F,# H*F,#

$*%1%1%# ^! [! J! J!
]FC*#L+F*;/# f! f! J! P!

!

!

6),!3,.10(*1*%&!)%.%!+%1%$1%+!8<!1.0$A*-4!$7*$A&!)*17!1.0-&3*11%.&;!)7*$7!0((,)%+!17%!&$%-%!

1,!8%!%/0(#01%+!0-+!17%!.%30*-&!1,!8%!0-0(<&%+!1,!+%1%.3*-%!$0#&%!,'!+%0175!h-%!3,.10(*1<!

)0&!01!W0*2*2*!0-+!,-%!,-!D(/0!>&(0-+5!67%!+%$%0&%+!$7*$A!B&%N!#-A-,)-C!,-!D(/0!>&(0-+!

)0&!$0#471!0-+!0!1.0-&3*11%+!0110$7%+!,-!PKFLKFJKLc!',.04*-4!-%0.!17%!-%&1!8#..,);!)7%.%!

*1!022%0.%+!*-!0!.%0&,-08(%!$,-+*1*,-!0-+!)%*471!BJcf!4C!',.!*1&!%&1*301%+!04%!,'!LK!+0<&5!

R*/%!)%%A&!(01%.;!,-!17%!KcFLJFLc!17%!$7*$A!)0&!',#-+!iLK!3!'.,3!17%!-%&1!8#..,)!*-!17%!

,2%-;!'.%&7(<!+%0+!)*17!1),!)%A0!-%0.8<5!Z,$01*-4!17%!$7*$A&!3%0-1!17%<!$,#(+!8%!&%-1!',.!

-%$.,2&<V!17%!2.,/*&*,-0(!+*04-,&*&!)0&!2.%+01*,-!8<!)%A0;!)*17!&%/%.%!+,.&0(!(#380.!0-+!

17,.0$*$! 1.0#30! )*17! &#8$#10-%,#&! 0-+! 2(%#.0(! 7%3,..704%! 0-+! %/*&$%.01*,-! ,'! 17%!

08+,3%-!/*0! 17%!$(,0$0! Ba22%-+*N!g5JC5!?,108(<;! 17%!$7*$A!70+!m%.,!8,+<! '01! .%&%./%&;!

*-+*$01*-4!&10./01*,-;!0-+! 17%! (#-4&!)%.%!&%/%.%(<!$,-4%&1%+;!&*4-*'<*-4! 1701! *1!70+! (*A%(<!

8%%-!*-!0!2,,.!0-+!)%0A%-%+!&101%5!>1!)%*47%+!JcK!4!3*-#&!17%!/*&$%.0;!+%3,-&1.01*-4!*1!

70+!40*-%+!01!(%0&1!&,3%!)%*471!&*-$%!*1!70+!(0&1!8%%-!70-+(%+5!!

!

67%!3,.10(*1<!01!W0*2*2*!,$$#..%+!3#$7!(01%.!*-!17%!&%0&,-5!67%!+%$%0&%+!$7*$A!B0!'%30(%C!

)0&!',#-+!,-!LcFKfFJKJK!01!0-!%&1*301%+!^!3,-17&!,(+;!022.,N*301%(<!fec!3!'.,3!17%!-010(!

1%..*1,.<!8,#-+0.<;!*-!0-!0.%0!)7%.%!*1!70+!-,1!8%%-!1.0$A%+!8%',.%!B-,.!0-<!,'!*1&!A-,)-!

1%..*1,.<!$,708*10-1&C5!67%!$7*$A!)0&!(0&1!70-+(%+!,-!17%!JcFKJFJK!',.!0!1.0-&3*11%.!$70-4%;!

)7%-!*1!)%*47%+!^Jf!4;!70/*-4!40*-%+!LKf!4!'.,3!3%0&#.%3%-1&!',#.!)%%A&!2.*,.5!>1!)0&!



!

?&#*$&%*#5!7&(#5!@*A*!!

!

! -)*!

(0&1!1.0$A%+!,-!17%!LMFKPFJKJK;!0'1%.!)7*$7!'*%(+!),.A!)0&!&#&2%-+%+!+#%!1,!17%!QhU>g:Lc!

.%(01%+! (,$A+,)-5! \7%-! '*%(+),.A! .%&#3%+;! 17%! $7*$A! )0&! ',#-+! +%$%0&%+5! >1! )0&!

*33%+*01%(<! &%-1! ',.! -%$.,2&<! 01! \*(+80&%! b017,(,4<! BG0&&%<! D-*/%.&*1<;! b0(3%.&1,-!

?,.17C;!)7%.%!2017,(,4*&1&! ',#-+! *1&!$,-+*1*,-!1,,!+%1%.*,.01%+!1,!+%1%.3*-%!17%!$0#&%!,'!

+%017!8#1!.%2,.1%+!1701!*1!70+!0+%S#01%!'01!.%&%./%&!0-+!17%.%!)%.%!-,!,8/*,#&!*-+*$01*,-&!

,'!1.0#30!B&%%!a22%-+*N!g5PC5!!
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