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'6W3)&!U*)37&!;)$(252&!hWU;iI!!!

S6&/(! &7/.3(&! %&! +)&7&%%&! '&! %*!U&)! &7! DEEm! Z.3! 8*! '$77&)! %6391.%/3$7!9*G&.)&! &7!

e)*7#&I! S&((&! )&7#$7()&:! Z.3! H*3(! /.3(&! *.! +)&7&%%&! '&! %6"783)$77&9&7(! '&! DEEl:! /6*)(3#.%&!

*.($.)!'&!%*!Z.&/(3$7!'.!'28&%$11&9&7(!'.)*=%&!'&/!&/1*#&/!#v(3&)/!&(!9*)3(39&/!H)*7[*3/I!

X%! 1$/&! %6$=G&#(3H! *9=3(3&.N! '&! #%*//&)! DEw! '&/! V$7&/! /$./! G.)3'3#(3$7! H)*7[*3/&! &7! (*7(!

Z.6WU;!Y!%6A$)3V$7!DEDEI!;$.)!%6A&.)&:!/3!%&/!&*.N!92()$1$%3(*37&/!/$7(!'2GY!#*(25$)3/2&/!&7!

WU;!Y!A*.(&.)!'&!DBIrw:!/&.%/!BIBrw!'&/!&*.N!'6k.()&TU&)!/$7(!#$.8&)(&/!1*)!%&!)2/&*.I!k):!

#&!/$7(!1)2#3/29&7(!%&/!&*.N!&N()*T92()$1$%3(*37&/!Z.3!)&1)2/&7(&7(!%*!1%./!5)*7'&!1*)(3&!'&!

%6&/1*#&!9*)3(39&!H)*7[*3/!h/$3(!mlwiI!W.!8.!'&!%62(&7'.&!'&!#&!'$9*37&!9*)3(39&:!/62%&8*7(!

Y!BB!EEE!EEE!'&!O9D!&(!&7!H*3/*7(! %&!'&.N3]9&!1%./!5)*7'!'$9*37&!9*)3(39&!9$7'3*%!*8&#!

'&/!1$//&//3$7/!'*7/!($./!%&/!$#2*7/!'&!%*!1%*7](&:!%*!(`#A&!'63'&7(3H3&)!'&/!V$7&/!#*7'3'*(&/!

*11*)*3(!'6*.(*7(!1%./!#$%$//*%&I!!

M$.(&H$3/!#&)(*37/!#$7#&1(/!&(!92(A$'$%$53&/!83/*7(!Y!'2/357&)!#&/!1$37(/!#A*.'/!'&!

%*!=3$'38&)/3(2!$7(!2(2!'28&%$112/!&7!1*)*%%]%&!'&!%*!1)3/&!'&!#$7/#3&7#&!'&!%*!72#&//3(2!'&!

93&.N!1)$(25&)!%&/!2#$/,/(]9&/I!!

!

BIDI!P$(/1$(!'&!=3$'38&)/3(2:!.7!$.(3%!*.!/&)83#&!'&!%*!#$7/&)8*(3$7!

*

01<101*@"-))"&#'*'(*465',%>>'9'&(*4/*#%&#'>(*

-&!#$7#&1(!'&/!a!A$(/1$(/!b!'&!=3$'38&)/3(2!*!2(2!37()$'.3(!1$.)!%*!1)&93])&!H$3/!1*)!

d$)9*7!U,&)/!Y!%*!H37!'&/!*772&/!jEI!e*#&!*.!#$7/(*(!Z.&!%&!7$9=)&!'6&/1]#&/!&7!8$3&!'&!



X7()$'.#(3$7!

 - 4 -  

'3/1*)3(3$7!$.()&1*//&!%*)5&9&7(!%&/!9$,&7/!93/!Y!'3/1$/3(3$7!1$.)!%&.)!1)$(&#(3$7:!3%!(&7(&!

'&!'28&%$11&)!.7&!*11)$#A&!83/*7(!Y!$1(393/&)!*.!93&.N!%6*)5&7(!378&/(3(!'*7/!%&/!/()*(253&/!

'&! #$7/&)8*(3$7!1$.)! #3=%&)! %&/! V$7&/!$x! %&/! &/1]#&/! &(! %&.)!93%3&.! &7! (3)&)$7(! %&!9&3%%&.)!

=272H3#&I! -*!=*/&!'&!#&((&!'29*)#A&!&/(!'$7#! %*!93/&!&7!283'&7#&!Y! %62#A&%%&!'.!5%$=&!'&!

V$7&/! )&%*(38&9&7(! )&/()&37(&/! &(! #$7#&7()*7(! .7&! A*.(&! '38&)/3(2! '6&/1]#&/:! 1%*7(&/! &(!

8&)(2=)2/:! 1)2/&7(*7(! .7! H$)(! &7'293/9&! &(! H*3/*7(! H*#&! Y! .7! )3/Z.&! 391$)(*7(! '&! 1&)(&!

'6A*=3(*(!hU,&)/!BmjjiI!S&((&!2(.'&!13$773])&:!H$#*%3/2&!/.)!%&/!H$)_(/!()$13#*%&/:!*!*37/3!93/!

&7!283'&7#&!BE!5)*7'/!A$(/1$(/!'&!=3$'38&)/3(2!)21*)(3/!/.)!%&/!r!#$7(37&7(/I!-&!1)37#31&!/.)!

%&Z.&%! /&! =*/&! #&((&!92(A$'&! &/(! '6$1(393/&)! %6&HH3#*#3(2! '&/!9&/.)&/! '&! #$7/&)8*(3$7! &7!

#$7#&7()*7(! %&/!&HH$)(/!&(! %&/!9$,&7/! /.)! #&/! V$7&/!Y! H$)(&!8*%&.)!=3$%$53Z.&!&(!738&*.!'&!

9&7*#&! ()]/! 2%&82! hU,&)/! &(! *%I! DEEEiI! >&! #&((&! H*[$7:! '*7/! #&/! 93%3&.N! #)3(3Z.&/:! %&!

93739.9! '6*)5&7(! 1&.(! _()&! 378&/(3(! 1$.)! 1)$(25&)! %&! 9*N39.9! '6&/1]#&/! &7! '*75&)!

'6&N(37#(3$7I!

S&((&! *11)$#A&:! Y! %*! H$3/! &HH3#*#&! &(! 92(A$'3Z.&:! *! '*7/! .7! 1)&93&)! (&91/! 2(2!

/.)($.(!*11%3Z.2&!*.N!93%3&.N!(&))&/()&/!hU,&)/!BmmE:!U&'*3%!u!y.&V&%!Bmml:!U3((&)9&3&)!&(!

*%I! Bmmj:!U,&)/!&(! *%I! DEEEiI! "%%&! /6&/(! &7/.3(&! 5272)*%3/2&!&(! %*!'2H373(3$7!'&/!A$(/1$(/!'&!

=3$'38&)/3(2!/6&/(!2(&7'.&!25*%&9&7(!Y!'&/!V$7&/!#$7#&7()*7(!.7&!H$)(&!'38&)/3(2!/12#3H3Z.&!

$.!.7!5)*7'!7$9=)&!'6&/1]#&/!)*)&/!$.!1)2/&7(*7(!.7!/(*(.(!'&!#$7/&)8*(3$7!1)2$##.1*7(!

he%*(A&)!&(!*%I!Bmmj:!+$.%'!DEEEiI!U*%5)2!%628$%.(3$7!&(!%62%*)53//&9&7(!'.!#$7#&1(!373(3*%:!%*!

92(A$'&! &/(! )&/(2&! &HH3#*#&! '*7/! %*! 1)3$)3/*(3$7! '&! V$7&/! #%2/! 1$.)! %*! =3$'38&)/3(2! h@&3'!

BmmjiI!"7H37:!*.!'2=.(!'&/!*772&/!DEEE:!%&!#$7#&1(!*!#$99&7#2!Y!_()&!*'*1(2!*.N!93%3&.N!

9*)37/!h@$=&)(/!&(!*%I!DEED:!Q$)9!&(!*%I!DEEC:!U$)*($!&(!*%I!DEBEiI!S&1&7'*7(:!%6*11%3#*(3$7!

'&! %*! (A2$)3&! '&/! A$(/1$(/! Y! .7! 93%3&.! #),1(3Z.&! #$99&! %6&/(! %6&783)$77&9&7(! 9*)37! *!

/$.%&82! '&! 7$.8&*.N! '2H3/I! "7! &HH&(:! 3%! &/(! =3&7! 1%./! '3HH3#3%&! 1*)! &N&91%&! '6,! 9&/.)&)! %*!

'38&)/3(2! '&/! (*N$7/! 37H2)3&.)/:! 1&.! 83/3=%&/! &(! ()]/! 9$=3%&/! '*7/! %&/! ()$3/! '39&7/3$7/I! -*!

72#&//3(2!'&!)&#$.)3)!Y!'&/!/.=/(3(.(/!/6&/(!'$7#!1&.!Y!1&.!391$/2&I!

!

01<1<1*2')*>$64"('/$)*)/>6$-'/$)7*')>;#')*8%#",')*>$-5-,6.-6')*

;%./! )2#&99&7(:! %&/! A$(/1$(/! 76$7(! 1%./! /&.%&9&7(! 2(2! 3'&7(3H32/! /.)! %*! =*/&! '6.7!

*//&9=%*5&! '6&/1]#&/! *11*)(&7*7(! Y! '3HH2)&7(/! 738&*.N! ()$1A3Z.&/:! 9*3/! /.)! %*! 1)2/&7#&!

'6.7&! $.! 1%./3&.)/! &/1]#&/! '&! 1)2'*(&.)/! /.12)3&.)/! hL&7! &(! *%I! DEEg:! P&*)7! &(! *%I! DEBE:!

0#$((!&(!*%I!DEBEiI!"7!&HH&(:! 3%!*11*)*3(!Z.&! %*!'38&)/3(2!$=/&)82&!'*7/! %&/!(*N$7/!/.12)3&.)/!
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&/(!()]/!#$))2%2&!Y!.7&!391$)(*7(&!'38&)/3(2!/12#3H3Z.&!h+*/($7!u!4%*#O=.)7!BmmriI!>&!1%./:!

%&/!1)2'*(&.)/! /.12)3&.)/!*11*)*3//&7(!#$99&!'&/! 37'3#*(&.)/!'&!=3$'38&)/3(2! 3'2*.N!'*7/!

%&/!V$7&/!$x!%*!'3/()3=.(3$7!'&/!&/1]#&/!&/(!1&.!'$#.9&7(2&:!#&!Z.3!&/(!&7!1*)(3#.%3&)!%&!#*/!

'&/!2#$/,/(]9&/!9*)37/I!"7!&HH&(:!%&/!1)2'*(&.)/!/.12)3&.)/:!1*)!%&.)!1$/3(3$7!'*7/!%&!)2/&*.!

()$1A3Z.&! &(! %*! '38&)/3(2! '&/! )v%&/! Z.63%/! )&91%3//&7(! '*7/! %62#$/,/(]9&:! /$7(! /$.8&7(!

#$7/3'2)2/!#$99&!'&!=$7/!37(25)*(&.)/!'&/!&/1]#&/!'&!738&*.!()$1A3Z.&!37H2)3&.)!h0&)53$!&(!

*%I! DEEgi! he35I! BiI! >*7/! %*! %3((2)*(.)&:! 3%! *! &HH&#(38&9&7(! 2(2! '29$7()2! Z.&! %6*3)&! '&!

'3/()3=.(3$7! '&/! 1)2'*(&.)/! /.12)3&.)/! &/(! /$.8&7(! %32&! Y! .7&! 391$)(*7(&! =3$'38&)/3(2!

h4)$$O/!&(!*%I!DEEB:!+*)/$7!&(!*%I!DEED:!0&)53$!&(!*%I!DEEriI!S6&/(!1$.)Z.$3!$7!1)_(&!/$.8&7(!

%&!)v%&!'6&/1]#&/!a!1*)*1%.3&!b!*.N!1)2'*(&.)/!/.12)3&.)/I!S&!#$7#&1(!)&1$/&!/.)!%6A,1$(A]/&!

Z.&!%*!1)2/&7#&!'6.7&!&/1]#&!'*7/!.7&!V$7&!'$772&!37'3Z.&!%*!1)2/&7#&!'6*.()&/!&/1]#&/I!

-6A*=3(*(! 1)2H2)&7(3&%! '6.7&! &/1]#&! 1*)*1%.3&! &/(! /.11$/2&! 8*/(&! &(! 5272)*%3/(&:! &(! '$7#!

/./#&1(3=%&!'6&75%$=&)! %&/!1)2H2)&7#&/!'6&/1]#&/!1%./!/12#3*%3/2&/!&(!9$7()*7(!.7&!*3)&!'&!

)21*)(3(3$7! 1%./! )&/()&37(&I! "7! #$7/2Z.&7#&! '&! Z.$3:! 1)$(25&)! %*! V$7&! .(3%3/2&! 1*)! #&((&!

&/1]#&! 1*)*1%.3&! /&)*! '$7#! 25*%&9&7(! =272H3Z.&! *.N! &/1]#&/! #$T$##.)&7(&/! ht*#A*)3*/!u!

@$HH!DEEBiI!!

 
Figure 1. Illustration des relations entre les différents niveaux trophiques dans l’Océan Austral!
!

-63'&7(3H3#*(3$7!'&!A$(/1$(/!'&!=3$'38&)/3(2!83*!'&/!1)2'*(&.)/!/.12)3&.)/!*!'$7#!2(2!

%*)5&9&7(! .(3%3/2&! #$99&! 1)$N,! '&! %*! =3$'38&)/3(2! 5%$=*%&I! S&((&! 92(A$'&! 1&)9&(:! &7!

2(.'3*7(!%*!'3/()3=.(3$7!'6.7!7$9=)&!)&/()&37(!'6&/1]#&/:!'&!'2%393(&)!.7&!V$7&!/./#&1(3=%&!

'6&75%$=&)! .7! 7$9=)&! =3&7! 1%./! 391$)(*7(! '6&/1]#&/! &(! *11*)*3(! '$7#! #$99&! .7!9$,&7!

3'2*%!'&!1)3$)3/&)!%&/!V$7&/!Z.3!72#&//3(&7(!%&!1%./!'&/!9&/.)&/!'&!#$7/&)8*(3$7I!!
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BICI!>.!#$7#&1(!Y!%6*11%3#*(3$7!<!'2H373(3$7!'6.7&!92(A$'$%$53&!*'*1(2&!!

*

01?101*2')*%$."&-)9')*-&('$&"(-%&"/B*"/*)'$5-#'*4'*,"*#%&)'$5"(-%&*

>&1.3/!Z.&%Z.&/!*772&/:!'&/!#)3(])&/!$7(!2(2!1)$1$/2/!1$.)!*3'&)!Y!A*)9$73/&)!#&/!

92(A$'&/!'&!/2%&#(3$7I!"7!DEEj:!Y!4$77!hW%%&9*57&i:!%*!S$78&7(3$7!'&/!;*)(3&/!'&!%*!S>4!*!

*37/3! *'$1(2! .7&! %3/(&! '&! /&1(! #)3(])&/! 1$.)! 3'&7(3H3&)! %&/! t$7&/! "#$%$53Z.&9&7(! &(!

43$%$53Z.&9&7(!X91$)(*7(&/!h"40W/i!*.!738&*.!9*)37!<!

BI @*)&(2!!

DI X91$)(*7#&!1*)(3#.%3])&!1$.)!.7!/(*'&!'6A3/($3)&!'&!83&!'&/!&/1]#&/!

CI X91$)(*7#&!1$.)! %6A*=3(*(!'6&/1]#&/!9&7*#2&/:!&7!8$3&!'&!'3/1*)3(3$7!$.!&7!

'2#%37!

FI R.%72)*=3%3(2:!H)*53%3(2:!/&7/3=3%3(2!$.!#*1*#3(2!'&!)&93/&!&7!2(*(!%&7(&!

rI ;)$'.#(383(2!=3$%$53Z.&!

gI >38&)/3(2!=3$%$53Z.&!

lI S*)*#(])&!7*(.)&%!

-6*11%3#*(3$7! '&/! )&#$99*7'*(3$7/! '&! %*! S4>! &/(! /.11$)(2&! 1*)! .7! 5)*7'! 7$9=)&!

'6373(3*(38&/! 37(&)7*(3$7*%&/I! ;*)93! &%%&/:! %6?73$7! X7(&)7*(3$7*%&! 1$.)! %*! S$7/&)8*(3$7! '&! %*!

d*(.)&! h?XSdi! &/(! .7&! $)5*73/*(3$7! 7$7! 5$.8&)7&9&7(*%&! Z.3! /6*((]%&! Y! 37H%.&7#&)! &(!

/$.(&73)! %&/! 2(*(/! '*7/! %*! 93/&! &7! 1%*#&! '&! %&.)/! /()*(253&/! '&! #$7/&)8*(3$7I! "%%&! &/(!

25*%&9&7(!%6$)5*73/9&!#$7/.%(*(3H!'.!S$93(2!'.!;*()39$37&!9$7'3*%!'&!%6?d"0Sk!&(!&%%&!&/(!

Y! %6$)3537&! '&! %*! #)2*(3$7! '&! %*! -3/(&! @$.5&! '&/! &/1]#&/! 9&7*#2&/I! S&((&! %3/(&! )2H2)&7#&:!

)25.%3])&9&7(!*#(.*%3/2&:!')&//&!%62(*(!'&/!%3&.N!'.!/(*(.(!'&!#$7/&)8*(3$7!5%$=*%!'&/!&/1]#&/!

1$.)!%&/Z.&%%&/!%&/!'$772&/!/$7(!/.HH3/*7(&/:!*3'*7(!%&/!*#(&.)/!'&!%*!#$7/&)8*(3$7!Y!9&(()&!

%6*##&7(!/.)!%&/!&/1]#&/!%&/!1%./!9&7*#2&/I!!

-*! +%$=*%! k#&*7! 43$'38&)/3(,! X73(3*(38&! h+k4Xi! Z.*7(! Y! &%%&! )2.73(! BC! 1*)(&7*3)&/!

391%3Z.2/! '*7/! %*! )&#A&)#A&! &(! %*! #$7/&)8*(3$7! '.! 93%3&.! 9*)37! h'$7(! %6?XSdiI! "%%&! *! 2(2!

'28&%$112&! &7! DEEj! 1$.)! *3'&)! %&/! 1*,/! Y! *((&37')&! %&.)/! $=G&#(3H/! &783)$77&9&7(*.N! &7!

'28&%$11*7(!'&/!G&.N!'&!'$772&/:!'&/!$.(3%/!&(!'&/!92(A$'$%$53&/!*H37!'63'&7(3H3&)!%&/!V$7&/!

'6391$)(*7#&!2#$%$53Z.&/!&7!9&):!=*/2/!/.)! %&/!#)3(])&/!"40W/I!"%%&!83/&!Y!H*3)&! %&!1$37(!/.)!

%&/!'$772&/!&(! (&#A73Z.&/!2(*=%3&/!$.!29&)5&7(&/!Z.3!1&.8&7(! H$.)73)! *.N!2(*(/! %&/!$.(3%/!

*H37!'&!9&(()&!&7!1%*#&!.7!)2/&*.!#$A2)&7(!'6WU;I!!
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?7! *.()&! '&/! 1*)(&7*3)&/! '.! +k4X:! 43)'-3H&! X7(&)7*(3$7*%:! *! 25*%&9&7(! '2H373! '&/!

%357&/! '3)&#()3#&/! *11%3Z.2&/! Y! .7! 5)$.1&! '6&/1]#&/! 1*)(3#.%3&)I! >*7/! %&! #*')&! '&! /$7!

;)$5)*99&!+%$=*%!1$.)!%&/!k3/&*.N!U*)37/:!'&/!#)3(])&/!$7(!2(2!H3N2/!1$.)!'2H373)!%&/!t$7&/!

X91$)(*7(&/!1$.)!%*!#$7/&)8*(3$7!'&/!k3/&*.N!hX4W/iI!-63'&7(3H3#*(3$7!'&/!#&/!V$7&/!&/(!=*/2&!

/.)!Bi!%&/!#$7#&7()*(3$7/!'637'383'./!A$)/!12)3$'&!'&!)&1)$'.#(3$7:!Di!%&/!V$7&/!.(3%3/2&/!1*)!

%&/!$3/&*.N!12%*53Z.&/:!Ci!%&/!&N(&7/3$7/!9*)37&/!'&/!#$%$73&/!&(!Fi!%&/!#$.%$3)/!'&!935)*(3$7!

h43)'-3H&!X7(&)7*(3$7*%!DEBEiI!-&/!V$7&/!#$9=37*7(!.7!$.!1%./3&.)/!'&!#&/!#)3(])&/!1&.8&7(!'&!

#&!H*3(!1*)H*3(&9&7(!/&)83)!'&!=*/&!Y!.7&!1)$1$/3(3$7!'6WU;!h-*/#&%%&/!&(!*%I!DEBDiI!

!

01?1<1*D')*96(+%4')*'&#%$'*"/*3"&#*4E'))"-**

S&1&7'*7(:! /3! %63'&7(3H3#*(3$7! '&! A$(/1$(/! '&! =3$'38&)/3(2! *! 5)*7'&9&7(! H*#3%3(2! %*!

'2(&)937*(3$7!'&!V$7&/T#*7'3'*(&/!1$.)!'&/!9&/.)&/!'&!#$7/&)8*(3$7:! 3%!/6*53(!9*%5)2!($.(!

'6.7!#$7#&1(!5272)*%!&(! %*!92(A$'$%$53&!'&9*7'&!&7#$)&!Y!_()&!/(*7'*)'3/2&I! X%!&N3/(&!&7!

&HH&(! .7! %*)5&! 1*7&%! '6$.(3%/! '3/1$73=%&/! 1$.)! *#Z.2)3)! '&/! '$772/! /.)! %*! '3/()3=.(3$7! '&/!

&/1]#&/!h$=/&)8*(3$7/!&7!9&):!(2%292()3&:!3/$($1&/!/(*=%&/i:!&(!1%./!&7#$)&!1$.)!%&/!*7*%,/&)!

h37'3#&/:! (&91/! 1*//2! 1*)! /&#(&.):! O&)7&%/:! 9$']%&/! '6A*=3(*(KiI! S&1&7'*7(:! Y! %6A&.)&!

*#(.&%%&:! 1&.! '62(.'&/! $7(! 1&)93/! '&! #$9=37&):! #$91*)&)! &(! (&/(&)! %6&HH3#*#3(2! '&! #&/!

92(A$'&/!h9*3/!8$3)!-$.V*$!&(!*%I!DEEm:!-&#$9(&!&(!*%I!DEBEiI!!

>&!1%./:!%&!#A$3N!'&/!9$']%&/!=3$%$53Z.&/!&/(!1)39$)'3*%!'*7/!#&!5&7)&!'62(.'&/I!"7!

&HH&(:!'*7/! %&!93%3&.!9*)37:! %*!1%.1*)(!'&/!&/1]#&/! /$7(!1&.!83/3=%&/! #*)!'3/1&)/2&/!'*7/! %*!

#$%$77&!'6&*.I! -6*#Z.3/3(3$7!'&!'$772&/!'&!'3/()3=.(3$7! /6*8])&!'$7#!'3HH3#3%&I! -&/!9$']%&/!

1)383%2532/!&7!9&)!/$7(!'$7#!%&/!9*993H])&/!9*)37/!Z.3!'$38&7(!)&($.)7&)!)25.%3])&9&7(!Y!

%*!/.)H*#&!'&!%6&*.!1$.)!)&/13)&):!&(!1%./!&7#$)&!%&/!$3/&*.N!9*)37/!Z.3!/$7(!83/3=%&/!&7!($.(&!

$##*/3$7I!>&!1%./:!%&!H*3(!Z.&!%&/!$3/&*.N!9*)37/!&(!%&/!1A$Z.&/!)&83&77&7(!Y!(&))&!1&7'*7(!%*!

12)3$'&! '&! )&1)$'.#(3$7! H*#3%3(&! 5)*7'&9&7(! %&.)! *##&//3=3%3(2! &(! $HH)&! 7$(*99&7(! %*!

1$//3=3%3(2!'&!%&/!2Z.31&)!'&!'3/1$/3(3H/!(2%292()3Z.&/!1$.)!2(.'3&)!%&.)!'3/()3=.(3$7!%$)/Z.63%/!

)&1*)(&7(!&7!9&)I!!

! >*7/!%62(.'&!'&/!A$(/1$(/!'&!=3$'38&)/3(2!&7!93%3&.!9*)37:!#&/!&/1]#&/!'&!1)2'*(&.)/!

/.12)3&.)/!*11*)*3//&7(!'$7#!#$99&!'&/!9$']%&/! 3'2*.N!1$.)! %62(.'&!'&! %&.)!'3/()3=.(3$7!

&7!9&)!&7!#$9=37*7(!83/3=3%3(2!&(!*##&//3=3%3(2!hP$$O&)!u!+&)=&)!DEEF:!P*))3/!&(!*%I!DEEl:!&I5I!

-&!S$))&!&(!*%I!DEBDiI!!

!
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BIFI!-*!12)3$'&!'&!)&1)$'.#(3$7!<!2(*1&!#).#3*%&!'*7/!%*!1A27$%$53&!'&/!&/1]#&/!

!

01A101*G:#,'*3-%,%.-H/'*'(*5/,&6$"3-,-(6*

M$.(&H$3/:! %&/!&/1]#&/!7&! /$7(!1*/!.73H$)929&7(!8.%72)*=%&/! /.)! %*! ($(*%3(2!'&! %&.)!

*3)&! '&! )21*)(3(3$7I! "7! &HH&(:! #&)(*37/! /&#(&.)/! (&%/! Z.&! %&/! /3(&/! '&! )&1)$'.#(3$7:!

'6*%39&7(*(3$7!$.!%&/!)$.(&/!'&!935)*(3$7!/$7(!'&/!V$7&/!1*)(3#.%3])&9&7(!#)3(3Z.&/!hP$$O&)!

u! +&)=&)! DEEFiI! >*7/! %*! 9&/.)&! $x! 3%! &/(! 37&783/*5&*=%&! '&! 1)$(25&)! .7&! &/1]#&! /.)! %*!

($(*%3(2!'&!/$7!*3)&!'&!'3/()3=.(3$7:!#&)(*37&/!&/1]#&/!1*)#$.)*7(!'&/!93%%3&)/!'&!O3%$9]()&/!

1*)!*7!h4&/(%&,!&(!*%I!DEEj:!Q&39&)/O3)#A!&(!*%I!DEBFi:!3%!&/(!*%$)/!G.'3#3&.N!'&!#3=%&)!#&/!V$7&/!

#)3(3Z.&/!'*7/!%&/!/()*(253&/!'&!#$7/&)8*(3$7I!!

S&)(*37&/!9&7*#&/!/$7(!&7!&HH&(!/12#3H3Z.&/!'&!/3(&/!1*)(3#.%3&)I!>&!#&!H*3(:!9_9&!/3!

.7&! &/1]#&! 7&! H)2Z.&7(&! #&/! V$7&/! Z.&! 1&7'*7(! .7&! 1*)(3&! '&! /$7! #,#%&! '&! 83&:! &%%&/!

)&1)2/&7(&7(! %6&N1$/3(3$7!9*G&.)&!Y!'&/! H*#(&.)/!'&!)3/Z.&I!>&!#&! H*3(:! %*!93/&!&7!1%*#&!'&!

9&/.)&/!'&!#$7/&)8*(3$7!#3=%*7(!#&/!V$7&/!1*)(3#.%3])&/!1&.(!_()&!5)*7'&9&7(!=272H3Z.&!Y!

#&((&! &/1]#&! hP$$O&)!u!+&)=&)! DEEFiI! ;*)! &N&91%&:! %&! #A$3N! '6.7! &91%*#&9&7(! 1$.)! .7&!

)2/&)8&!9*)37&!/&)*!'3HH2)&7(!/.38*7(!/3!%6&/1]#&!Z.3!72#&//3(&!'6_()&!1)$(252&!H*3(!H*#&!Y!'&/!

1&)(.)=*(3$7/! /.)! /$7! /3(&! '&! )&1)$'.#(3$7:! /3! &%%&! )&7#$7()&! .7! *11*.8)3//&9&7(! '&/!

)&//$.)#&/!/.)!/&/!/3(&/!'6*%39&7(*(3$7!$.!=3&7!/3!&%%&!&/(!&7!#$912(3(3$7!*8&#!'&/!1_#A&)3&/!

/.)!/$7!%3&.!'6A38&)7*5&I!

! >&! %*! 9_9&! H*[$7:! %&/! ()*3(/! '6A3/($3)&! '&! 83&! /$7(! ()]/! 8*)3*=%&/! '6.7! 5)$.1&!

(*N$7$93Z.&! Y! %6*.()&:! *8&#! '&/! #$7/2Z.&7#&/! /.)! %*! H3(7&//! '&/! &/1]#&/I! "7! &HH&(:! %*!

/()*(253&! '6A3/($3)&! '&! 83&! /&)*! '3HH2)&7(&! /.38*7(! %6`5&! '&! 1)&93])&! )&1)$'.#(3$7:! %*!

%$75283(2!9$,&77&:! %&! (*.N!'&!/.)83&! G.8273%&!&(!*'.%(&!9*3/!*.//3! %*!/&7/3=3%3(2!'.!(*.N!'&!

#)$3//*7#&! '6.7&! &/1]#&! '$772&! *.N! 1*)*9]()&/! '29$5)*1A3Z.&/! h0(&*)7/! BmlgiI! ;*)!

&N&91%&:!%&/!$3/&*.N!9*)37/!Z.3!9$7()&7(!.7!(*.N!'&!/.)83&!*'.%(&!()]/!2%&82:!.7&!9*(.)3(2!

/&N.&%%&!(*)'38&!&(!.7!(*.N!'&!)&1)$'.#(3$7!H*3=%&!/$7(!()]/!/&7/3=%&/!Y!%*!9$)(*%3(2!*'.%(&:!&(!

9$7()&7(!.7&!#*1*#3(2!H*3=%&!Y!/6*'*1(&)!)*13'&9&7(!Y!'&/!9$'3H3#*(3$7/!9*G&.)&/!'&! %&.)!

&783)$77&9&7(I!W!%6378&)/&!.7&!&/1]#&!'&!1$3//$7!1$7'*7(!'&/!93%%3$7/!'6n.H/!/&)*!/&7/3=%&!

*.!(*.N!'&!#)$3//*7#&!&(!Y! %*!/.)83&!'&/! G.8273%&/I!>&!#&!H*3(:! %&/!/()*(253&/!'&!#$7/&)8*(3$7!

'$38&7(! #3=%&)! %&/! H*#(&.)/!'&! )3/Z.&/!*//$#32/! *.N! ()*3(/!'6A3/($3)&!'&! 83&! %&/!1%./! #)3(3Z.&/!

1$.)!_()&!%&/!1%./!=272H3Z.&/!Y!%6&/1]#&!hP&11&%%!Bmmj:!@.//&%%!BmmmiI!

!
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01A1<1*2"*$'>$%4/#(-%&7*($"-(*4E+-)(%-$'*4'*5-'*46('$9-&"&(*

M$.(&H$3/:!#A&V!%&/!1)2'*(&.)/!/.12)3&.)/:! %*!12)3$'&!'&!)&1)$'.#(3$7!)&1)2/&7(&!.7!

/(*'&!#).#3*%!1$.)!%*!'29$5)*1A3&!'&/!&/1]#&/!&(!%*!H3(7&//!'&/!37'383'./!h03)3f*)'&7*!&(!*%I!

DEEEiI!S6&/(!.7&!*#(383(2!&N()_9&9&7(!#$.(&./&!27&)52(3Z.&9&7(!Z.3!*!'&/!#$7/2Z.&7#&/!Y!

%*! H$3/! /.)! %*! Z.*%3(2! 1A27$(,13Z.&! '&! %*! 1)$5273(.)&! hS*9! &(! *%I! DEECi:! 9*3/! *.//3! /.)! %*!

#$7'3(3$7!#$)1$)&%%&!&(! %*!/.)83&!'&/!*'.%(&/! h4$,'!&(!*%I!Bmmr:!+$%&(!&(!*%I!BmmjiI!"7!&HH&(:!

%6378&/(3//&9&7(! 27&)52(3Z.&! )&Z.3/! 1*)! %6*#(383(2! '&! )&1)$'.#(3$7! /&! H*3(! 5272)*%&9&7(! *.!

'2()39&7(!'&!%*!#$7'3(3$7!#$)1$)&%%&!'&/!*'.%(&/:!&7()*37*7(!.7&!'3937.(3$7!'&!%&.)/!#A*7#&/!

'&! /.)83&! &(! '&! %627&)53&! Z.3! 1$.))*! _()&! *%%$.2&! *.N! (&7(*(38&/! '&! )&1)$'.#(3$7/! H.(.)&/I!

S6&/(!'$7#!.7!/(*'&!$x! %&/! 37'383'./!/$7(!1%./!/&7/3=%&/!'.!H*3(!'&/!#$91)$93/!'6*%%$#*(3$7!

'&/!)&//$.)#&/!*.NZ.&%/!3%/!'$38&7(!H*3)&!H*#&I!!

S&!/(*'&!&/(!'6*.(*7(!1%./!#)3(3Z.&!1$.)!%&/!&/1]#&/!%$752838&/:!#&!Z.3!&/(!%&!#*/!'&!%*!

1%.1*)(! '&/! 1)2'*(&.)/! /.12)3&.)/I! S&/! &/1]#&/! Z.3! 1*)(*5&7(! '&/! #*)*#(2)3/(3Z.&/!

#$99.7&/:! (&%%&!Z.6.7&!(*3%%&! 391$)(*7(&!8$7(!25*%&9&7(!1)2/&7(&)!.7&!9*(.)3(2!/&N.&%%&!

'3HH2)2&! &(! 1)*(3Z.&)! '&/! /$37/! 1*)&7(*.N:! #&! Z.3! 8*! %393(&)! %&! 7$9=)&! '62827&9&7(/! '&!

)&1)$'.#(3$7!*.!#$.)/!'&!%&.)!83&!&(!'&!#&!H*3(:! %*!(*3%%&!'&!%&.)!'&/#&7'*7#&!h;3*7O*!BmlEiI!

;$.)! #&! (,1&! '6&/1]#&/! Z.3! 1)383%253&7(! %&.)! /.)83&! 1%.(v(! Z.&! %*! )&1)$'.#(3$7! Z.*7'! &%%&/!

)&7#$7()&7(!'&/!#$7'3(3$7/!'2H*8$)*=%&/:!%*!'2#3/3$7!$.!7$7!'&!/&!)&1)$'.3)&!&/(!/&7/3=%&!Y!

'&! 7$9=)&.N! 1*)*9]()&/! 1*)93! %&/Z.&%/! %*! #$7'3(3$7! #$)1$)&%%&:! %*! '3/1$73=3%3(2! %$#*%&! &7!

)&//$.)#&!$.!&7#$)&!%&!738&*.!'&!#$7(*937*(3$7!&7!1$%%.*7(/!$.!92(*.N!%$.)'/!hSA*/(&%!&(!*%I!

Bmmr:!;37*.'!u!Q&39&)/O3)#A!DEED:!M*)(.!&(!*%I!DEBCiI!

>&!#&!H*3(:!%&!(*.N!'&!/.)83&!*'.%(&!'&/!&/1]#&/!%$752838&/!*!'&!H$)(&/!#$7/2Z.&7#&/!

/.)! %*! '29$5)*1A3&! '&! %&.)/! 1$1.%*(3$7/! h+*3%%*)'! u! L$##$V! DEECiI! k):! %*! 12)3$'&! '&!

)&1)$'.#(3$7!&/(!.7!'&/!9$9&7(/!$x!%&/!*'.%(&/!)&1)$'.#(&.)/!/$7(!%&/!1%./!8.%72)*=%&/!&7!

)*3/$7! 7$(*99&7(! '.! )3/Z.&! '&! 1)2'*(3$7:! '&! #$7'3(3$7/! %$#*%&/! '2H*8$)*=%&/:! '&! %*!

1)2/&7#&!'&!1*)*/3(&/!/.)!%&/!#$%$73&/!$.!&7#$)&!'.!)3/Z.&!2%&82!'&!#*1(.)&!*##3'&7(&%%&!/.)!

%&.)/!V$7&/!'6*%39&7(*(3$7!hS*7'$%37!Bmmj:!U$.5&$(!u!4)&(*57$%%&!DEEE:!+*/($7!&(!*%I!DEED:!

SA3%8&)/!DEEjiI!>&!1%./:!%*!9$)(!'6.7!*'.%(&!)&1)$'.#(&.)!8*!7$7!/&.%&9&7(!/3573H3&)!%*!9$)(!

'&!/$7!G&.7&!'*7/!%*!9*G$)3(2!'&/!#*/:!9*3/!1&.(!25*%&9&7(!391*#(&)!%*!H3(7&//!'.!1*)(&7*3)&!

/.)838*7(!1.3/Z.&:!&7!1*)(3#.%3&)!#A&V!%&/!&/1]#&/!H3']%&/:!1%./3&.)/!*772&/!1&.8&7(!%.3!_()&!

72#&//*3)&/!*8*7(!'&!)2.//3)!Y!/6*11*)3&)!Y!7$.8&*.I!!
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W.! 8.! '&/! &7G&.N! Z.&! %*! 12)3$'&! '&! )&1)$'.#(3$7! )&1)2/&7(&:! 3%! *11*)*3(! '$7#!

&//&7(3&%! '6*##$)'&)! .7&! *((&7(3$7! 1*)(3#.%3])&! *.N! )3/Z.&/! Z.&! )&7#$7()&7(! %&/! *'.%(&/!

)&1)$'.#(&.)/!1$.)!%&!'28&%$11&9&7(!'&!9&/.)&/!'&!#$7/&)8*(3$7I!

!

01A1?1*2'*#")*>"$(-#/,-'$*4')*>$64"('/$)*)E",-9'&("&(*K*>"$(-$*4E/&'*>,"#'*#'&($",'*

-*!)&#A&)#A&!*%39&7(*3)&!&/(!.7&!*#(383(2!'2(&)937*7(&!Z.3!($.#A&!Y!($./!%&/!*/1&#(/!

'&! %6A3/($3)&! '&! 83&! '6.7! 37'383'.I! "7! &HH&(:! %6&HH3#*#3(2! '&! /*! /()*(253&! '&! )&#A&)#A&!

*%39&7(*3)&! 8*! '2(&)937&)! %627&)53&! Z.6.7! 37'383'.! 8*! )2.//3)! Y! &N()*3)&! '&! /$7!

&783)$77&9&7(! &(! 1$.8$3)! &7/.3(&! *%%$.&)! Y! /&/! '3HH2)&7(&/! H$7#(3$7/! 83(*%&/!<! #)$3//*7#&:!

/.)83&! &(! )&1)$'.#(3$7I! "7! 93%3&.! $#2*73Z.&! $x! %&/! )&//$.)#&/! /$7(! )*)&/! &(! /$.8&7(! 1&.!

1)283/3=%&/:! %&/! 1)2'*(&.)/! $7(! '28&%$112! ($.(&/! /$)(&/! '&! 92#*73/9&/! 1$.)! $1(393/&)!

%6&HH3#*#3(2! '&! %&.)! /()*(253&! '&! )&#A&)#A&! *%39&7(*3)&:! &7! .(3%3/*7(! 7$(*99&7(! %*!

929$)3/*(3$7! '&/! 1*(#A/! '&/! )&//$.)#&/:! %&! #$91$)(&9&7(! '&/! #$7/12#3H3Z.&/! $.! &7#$)&!

%6$'&.)! '&/! 9*//&/! '6&*.! h>*8$)&7! &(! *%I! DEEC:! d&83((! u! 4$7*'$77*! DEEr:! U*#A$8/O,T

S*1./O*!&(!*%I!DEBFiI!

?7&! #*)*#(2)3/(3Z.&! /12#3H3Z.&! *.N! $3/&*.N! 9*)37/! &(! *.N! 1A$Z.&/! &/(! Z.&! %*!

)&1)$'.#(3$7!*! %3&.!Y! (&))&!&(!Z.63%/!'$38&7(!*%%&)!&7!9&)!1$.)!/&!7$.))3)I!"7!#$7/2Z.&7#&:!

#&/!1)2'*(&.)/!9*)37/! /.12)3&.)/! /6*%39&7(&7(!Y!1*)(3)!'6.7&!1%*#&! #&7()*%&! hz#&7()*%!1%*#&!

H$)*5&)6i! 1&7'*7(! %*! 12)3$'&! '&! )&1)$'.#(3$7! h@$1&)(TS$.'&)(! &(! *%I! DEEF:! 0(*73%*7'! &(! *%I!

DEBEiI!S&!#$91$)(&9&7(!'&!)&#A&)#A&!*%39&7(*3)&!$##*/3$77&!'&!7$.8&%%&/!#$7()*37(&/!1$.)!

%&/!*'.%(&/!)&1)$'.#(&.)/!1.3/Z.63%/!/$7(!)&/()&37(/!'*7/!%&.)!V$7&!'&!1)$/1&#(3$7!1*)!%&!H*3(!

Z.63%/! '$38&7(! )25.%3])&9&7(! )&($.)7&)! #$.8&)! %&.)!n.H! $.! 7$.))3)! %&.)! G&.7&I! X%/! '$38&7(!

*%$)/!$1(393/&)!*.!93&.N! %*!=*%*7#&!&7()&! %627&)53&!72#&//*3)&!1$.)!*##2'&)!Y! %&.)/!1*(#A/!

'6*%39&7(*(3$7!&(!%&/!)&//$.)#&/!Z.63%/!8$7(!1$.8$3)!&7!&N()*3)&!h4&%%!BmmEiI!>*7/!#&!#$7(&N(&:!

%*!%$#*%3/*(3$7!'&/!V$7&/!'6*%39&7(*(3$7!8*!'21&7')&!'&!7$9=)&.N!H*#(&.)/!1*)93!%&/Z.&%/!%*!

(*3%%&!'&!%*!#$%$73&!h#6&/(TYT'3)&!%&!(*.N!'&!#$912(3(3$7!37()*T/12#3H3Z.&i:!%*!'3/(*7#&!&7()&!%&/!

*5)25*(3$7/! '&! 1)$3&/! $.! &7#$)&! %*! '3/1$73=3%3(2! $.! %*! 1)283/3=3%3(2! '&/! )&//$.)#&/!

*%39&7(*3)&/!hQ&39&)/O3)#A!&(!*%I!BmmF:!+)&#3*7!&(!*%I!DEBD:!MA*N(&)!&(!*%I!DEBDiI!W!%&.)!($.):!

#&/! H*#(&.)/! 8$7(! &7/.3(&! '2(&)937&)! %&! /.##]/! )&1)$'.#(&.)! hX7#A*./(3! &(! *%I! DEEC:!

Q&39&)/O3)#A!DEEliI!!!

-&!#$91$)(&9&7(!'&!1)2'*(&.)/!zY!1%*#&!#&7()*%&6!8*!'&!1%./!37H%.&7#&)!%*!%$#*%3/*(3$7!

'&/!A$(/1$(/I!W37/3:!$7!7&!)&()$.8&)*!1*/! %&/! 37'383'./!)&1)$'.#(&.)/!&(!7$7!)&1)$'.#(&.)/!
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'*7/!%&/!9_9&/!V$7&/!1.3/Z.&!%&/!7$7!)&1)$'.#(&.)/!7&!/$7(!1*/!#$7()*37(/!1*)!%&!=&/$37!'&!

)&($.)7&)! )25.%3])&9&7(! Y! %*! #$%$73&! hQ&39&)/O3)#A! &(! *%I! DEBFiI! >&! %*!9_9&! H*[$7:! #A&V!

#&)(*37&/! &/1]#&/:! %&/! *'.%(&/! 9$7()&7(! .7&! /25)25*(3$7! /&N.&%%&! '.)*7(! %*! /*3/$7! '&!

)&1)$'.#(3$7!1$.)!283(&)!%*!#$912(3(3$7!37()*T/12#3H3Z.&!h+$7V*%&VT0$%3/!&(!*%I!DEEE=:!;A3%%31/!

&(!*%I!DEEFiI!!

"7H37:! %&/!93%3&.N!'*7/! %&/Z.&%/!28$%.&7(! %&/!&/1]#&/!8$7(! H$)(&9&7(! 391*#(&)! %&.)/!

1*()$7/!'&!'3/()3=.(3$7I!W37/3:! %&/!$3/&*.N!/&!)&1)$'.3/*7(!'*7/!'&/!V$7&/!$x!%&/!)&//$.)#&/!

/$7(! 1)283/3=%&/:! #*)! *//$#32&/! Y! '&/! 1*)*9]()&/! /(*(3Z.&/! (&%/! Z.&! %*! =*(A,92()3&:! 8$7(!

9$7()&)!'&/!V$7&/!'6391$)(*7#&!)2#.))&7(&/!'6.7&!*772&!Y!%6*.()&!h+&7'&!u!035%&)!DEEgiI!W!

%6378&)/&:! '*7/! %&/! 93%3&.N! ()$13#*.N! $x! %&/! )&//$.)#&/! /$7(! (,13Z.&9&7(! )*)&/! &(!

391)2'3#(3=%&/:!%&/!37'383'./!8$7(!*'*1(&)!%&.)!/()*(253&!'&!)&#A&)#A&!*%39&7(*3)&!1$.)!#3=%&)!

'&/! /().#(.)&/! 21A29])&/! &(! ',7*93Z.&/! (&%%&/! Z.&! %&/! ($.)=3%%$7/! 1*)! &N&91%&! h&I5I!

Q&39&)/O3)#A!&(!*%I!DEEFiI!!

-*! 12)3$'&! '&! )&1)$'.#(3$7! &(! %&/! V$7&/! H)2Z.&7(2&/! '.)*7(! #&! /(*'&! /$7(! '$7#!

#)3(3Z.&/! 1$.)! %*! #$7/&)8*(3$7! '&/! &/1]#&/! '&! 1)2'*(&.)/! /.12)3&.)/I! "7! #$7/2Z.&7#&! '&!

Z.$3:!9_9&!&7!1)$(25&*7(!%&/!&/1]#&/!'*7/!.7!/&#(&.)!Z.63%/!7&!H)2Z.&7(&7(!Z.6.7&!1*)(3&!

'&! %6*772&:! $7! 1&.(! )2'.3)&! /3573H3#*(38&9&7(! %&.)! &N1$/3(3$7! Y! '&/! H*#(&.)/! '&! )3/Z.&:! &7!

1*)(3#.%3&)!%$)/Z.&!%*!V$7&!'&!1)$(&#(3$7!#$))&/1$7'!*8&#!.7!/(*'&!27&)52(3Z.&9&7(!#$^(&.N!

(&%!Z.&!%*!)&1)$'.#(3$7!h+*9&!&(!*%I!DEEmiI!M$.(&H$3/:!3%!&/(!391$)(*7(!'&!1)&7')&!&7!#$91(&!

%&/! #*)*#(2)3/(3Z.&/! /12#3H3Z.&/! h&I5I! 1)2/&7#&! '&! /25)25*(3$7! /&N.&%%&i! &(! '&/! 93%3&.N!

h*5)25*(3$7/!'&!1)$3&/!21A29])&/!8/I!)&//$.)#&/!1)283/3=%&/i!1$.)!#$91)&7')&!*.!93&.N!%*!

%$#*%3/*(3$7!'&!#&/!V$7&/!'6391$)(*7#&I!!

!

BIrI!M&))&/!*./()*%&/!&(!*7(*)#(3Z.&/!H)*7[*3/&/!<!.7&!V$7&!'&!#$7/&)8*(3$7!1)3$)3(*3)&!

! !

01M101*N&'*$-#+'))'*3-%,%.-H/'*$'9"$H/"3,'*

;*)93! %&/! 1$//&//3$7/! H)*7[*3/&/:! %&/! {%&/! Z.3! H$)9&7(! %&/! M&))&/! W./()*%&/! &(!

W7(*)#(3Z.&/!e)*7[*3/&/!/$7(!'&/! %3&.NT#%2!'*7/! %&!#,#%&!=3$%$53Z.&!'6.7!()]/!5)*7'!7$9=)&!

'6&/1]#&/I!S&/! {%&/!#$91)&77&7(! %&/! {%&/! ()$13#*%&/!'&/!"1*)/&/! h".)$1*:! \.*7!'&!d$8*:! {%&/!

+%$)3&./&/! &(! M)$9&%37! /3(.2&/! *.($.)! '&! U*'*5*/#*)i! '&! 9_9&! Z.&! '&.N! *)#A31&%/!

/.=*7(*)#(3Z.&/!hS)$V&(!&(!J&)5.&%&7i:!'&.N!{%&/!/.=()$13#*%&/!hW9/(&)'*9!&(!0*37(!1*.%i!&(!
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.7&! 1$//&//3$7! *7(*)#(3Z.&! h%*! M&))&! W'2%3&iI! "%%&/! *=)3(&7(! .7&! *83H*.7&! )&9*)Z.*=%&:! &7!

1*)(3#.%3&)!1&7'*7(!%*!12)3$'&!'&!)&1)$'.#(3$7:!'.)*7(!%62(2!*./()*%I!!

M)&7(&T#37Z! &/1]#&/! $7(! *37/3! 2(2! 3'&7(3H32&/! #$99&! 73#A&./&/! /.)! %6*)#A31&%! '&!

J&)5.&%&7:!&(! #&!'*7/!'&/!1)$1$)(3$7/!Z.3! H$7(!'&!#&/! {%&/!.7! %3&.!'&! )&1)$'.#(3$7!9*G&.)!

1$.)!1%./3&.)/!&/1]#&/!'&!9*7#A$(/:!12()&%/:!1)3$7/!&(!*%=*()$/!hQ&39&)/O3)#A!&(!*%I!BmjmiI!

>&!%*!9_9&!H*[$7:!%6*)#A31&%!'&!S)$V&(!*=)3(&!%*!1%./!5)*7'&!#$%$73&!'&!9*7#A$(/!)$,*.N!*.!

9$7'&! h>.)3&V! u! >&%$)'! DEBDi:! 9*3/! )*//&9=%&! 25*%&9&7(! '6391$)(*7(&/! 1$1.%*(3$7/!

'6*%=*()$/:! 12()&%/:! 1)3$7/! &(! $#2*73(&/I! W.! ($(*%:! #&/! {%&/! /.=*7(*)#(3Z.&/! #$91(&7(! g!

&/1]#&/!&7'293Z.&/!'6$3/&*.N!h>.)3&V!u!>&%$)'!DEBDiI!!

-&/!*)#A31&%/!'&!S)$V&(!&(!J&)5.&%&7!*=)3(&7(!25*%&9&7(!.7&!1*)(3&!391$)(*7(&!'&!'&.N!'&/!

Z.*()&! /$./T1$1.%*(3$7/!9$7'3*%&/! '62%21A*7(/! '&!9&)! '.! 0.'I! "7H37:! #6&/(! 25*%&9&7(! .7!

/3(&!'&!)&1)$'.#(3$7!1$.)!%&/!$(*)3&/!Y!H$.)).)&I!

>&! %&.)! #v(2:! %&/!"1*)/&/!A2=&)5&7(!25*%&9&7(!.7&!5)*7'&! )3#A&//&!=3$%$53Z.&I!;*)!

&N&91%&:!%6{%&!\.*7!'&!d$8*!#$7(3&7(!%*!1%./!5)$//&!#$%$73&!'&!/(&)7&/!H.%3537&./&/!'&!%6k#2*7!

X7'3&7! *8&#! 1)]/! '&! '&.N!93%%3$7/! '637'383'./! h-&! S$))&! u! \*Z.&9&(! DEEriI! -6{%&! '6".)$1*!

*##.&3%%&! Z.*7(! Y! &%%&! Z.&%Z.&/T.7&/! '&/! 1%./! 391$)(*7(&/! #$%$73&/! '&! H)25*(&/:! 1*3%%&T&7T

Z.&.&!&(!H$./!Y!13&'!)$.5&/!'&!%6k#2*7!X7'3&7I!!

!

01M1<1*D')*')>;#')*)'&)-3,')*

S&1&7'*7(:!%6A3/($3)&!'&!#&/!&/1]#&/!*!2(2!9*)Z.2&!1*)!%6391*#(!725*(3H!'&/!*#(383(2/!

*7(A)$13Z.&/! /.)! %&.)/! 1$1.%*(3$7/I! ;&7'*7(! '&/! '2#&773&/:! &7! 1*)(3#.%3&)! '.! Bm]9&! /3]#%&!

G./Z.6*.! 93%3&.! '.! DE]9&! /3]#%&:! %&/! #A*//&/! 1A$Z.3])&/! 1$.)! %*! 1)$'.#(3$7! '&! 1&*.N! &(!

'6A.3%&!$7(!'2#392! %&/!1$1.%*(3$7/!'6$(*)3&/!Y!H$.)).)&!&(!'62%21A*7(/!'&!9&)!'&!S)$V&(!&(!

J&)5.&%&7I! S&1&7'*7(:! %&/! 1$1.%*(3$7/! $7(! &7/.3(&! #$7(37.2! Y! '2#%37&):! &7! 1*)(3#.%3&)! Y!

S)$V&(:!$x!%*!1)2'*(3$7!'&/!G&.7&/!2%21A*7(/!'&!9&)!1*)!%&/!$)Z.&/!&/(!1%./!37(&7/&!h+.37&(!

&(! *%I! BmmDiI! W! %*!9_9&! 12)3$'&:! #$78$3(2/! &.N! *.//3! 1$.)! %&.)! 5)*3//&:! %&/!9*7#A$(/! $7(!

25*%&9&7(!1`(3!'6.7&!#A*//&!37(&7/38&I!!

-637()$'.#(3$7!'.!#A*(!Y!J&)5.&%&7!'*7/!%&/!*772&/!BmrE!*!25*%&9&7(!#*./2!%&!'2#%37!

'6.7! 5)*7'! 7$9=)&! '6&/1]#&/! '&! 12()&%/! 73#A*7(! &7! (&))3&)! 1*)! 1)2'*(3$7! '3)&#(&!

hQ&39&)/O3)#A! &(! *%I! BmjmiI! -637()$'.#(3$7! '.! )*(! Y! S)$V&(! *! 25*%&9&7(! 2(2! 72H*/(&! Y! #&/!

&/1]#&/:! %*!1)2'*(3$7!1*)! %&/! )*(/!2(*7(! )&#$77.&!#$99&!.7! H*#(&.)!'62#A&#! )&1)$'.#(&.)!

9*G&.)!1$.)!%&/!$3/&*.N!73#A&.)/!Y!S)$V&(!h\$.8&7(37!&(!*%I!DEECiI!-637()$'.#(3$7!'6A&)=38$)&/!
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(&%/! Z.&! %&/! %*137/:! )&77&/:! 9$.($7/! $.! &7#$)&! 9$.H%$7/! *! #$7/3'2)*=%&9&7(! 391*#(2! %*!

8252(*(3$7:! *8&#! '&/! #$7/2Z.&7#&/! 1$.)! %&/! 12()&%/! 73#A*7(! &7! (&))3&)/:! &7! )*3/$7! '&! %*!

'25)*'*(3$7!'&!%&.)/!A*=3(*(/!'&!)&1)$'.#(3$7!hSA*1.3/!&(!*%I!BmmFiI!!

"7H37:! #&! /$7(! %&/! *#(383(2/! '&! 1_#A&! Z.3! $7(! '2#392! %&/! 1$1.%*(3$7/! '&!

1)$#&%%*)33H$)9&/!Y!1*)(3)!'&!%6$.8&)(.)&!'&!%*!1_#A&)3&!Y!%*!%2537&!*./()*%&!'*7/!%&/!*772&/!lE!

hQ&39&)/O3)#A!u! \$.8&7(37!BmjliI! -*!93/&!&7!1%*#&!'&!9&/.)&/!'&! %393(*(3$7!'&/!#*1(.)&/!

*##3'&7(&%%&/! &7! Bmmr! *! #$7/3'2)*=%&9&7(! '3937.2! %*! 9$)(*%3(2! '&/! $3/&*.N! '*7/! %&/!

1*%*75)&/:!9*3/!#&((&!9$)(*%3(2!)&/(&!9*%5)2!($.(!&7#$)&!A*.(&!h>&%$)'!&(!*%I!DEEriI!!

>*7/! %&! S*7*%! '.!U$V*9=3Z.&:! %*!9&7*#&! 1)37#31*%&! Y! %*Z.&%%&! %&/! $3/&*.N!9*)37/!

'$38&7(! H*3)&! H*#&! &/(! )&1)2/&7(2&! 1*)! %&/! 1_#A&)3&/! 37'./()3&%%&/I! "7! &HH&(:! %*! 1_#A&! Y! %*!

1*%*75)&! &(! Y! %*! /&77&:! #3=%*7(! 1)37#31*%&9&7(! %&/! &/1]#&/! '&! (A$7/! &(! '6&/1*'$7! $7(!

1$(&7(3&%%&9&7(! '&/! &HH&(/! '3)&#(/! &(! 37'3)&#(/! /.)! %&/! 1$1.%*(3$7/! '6$3/&*.NI! -&/! &HH&(/!

'3)&#(/! /$7(! =3&7! #$77./:! &(! #$))&/1$7'&7(! *.N! #*1(.)&/! *##3'&7(&%%&/! /.)! %&/! %357&/:!

h1)37#31*%&9&7(! '6&/1]#&/! *./()*%&/i! *%$)/! Z.&! %&/! &HH&(/! 37'3)&#(/! /$7(! 1%./! '3HH3#3%&/! Y!

9&/.)&)I! X%! /6*53(!&7! %6$##.))&7#&!'&! %6391*#(:!1$(&7(3&%%&9&7(!')*9*(3Z.&:!'&! %*!'21%2(3$7!

'&/!&/1]#&/!1_#A2&/!/.)! %6&HH3#*#3(2!'&!)&#A&)#A&!*%39&7(*3)&!'&/!$3/&*.N!Z.3!/6*//$#3&7(!Y!

#&/!&/1]#&/!'&!1$3//$7/!1$.)!'2(&#(&)!&(!#*1(.)&)!%&.)/!1)$3&/!h>*7#Of&)(/!&(!*%I!DEBFiI!

>&! %&.)!#v(2:! %&/! {%&/!"1*)/&/!76$7(!1*/!7$7!1%./!2#A*112!Y! %637()$'.#(3$7!'6&/1]#&/!

378*/38&/!(&%%&/!Z.&!%&/!#A*(/:!)*(/!&(!#A]8)&/!h@.//&%%!u!-&!S$))&!DEEmiI!?7!391*#(!'3)&#(!'&!

#&/!&/1]#&/!*!'2GY!2(2!9$7()2!/.)!%&/!/(&)7&/!H.%3537&./&/!Y!\.*7!'&!d$8*!&(!%&/!1*3%%&/T&7T

Z.&.&!)$.5&/!Y!".)$1*!h-&!S$))&!Bmmj:!;&#O!&(!*%I!DEEjiI!!

"7H37:!%&/!n.H/!&(!%&/!*'.%(&/!'&!#&)(*37&/!&/1]#&/!'6$3/&*.N!9*)37/!/$7(!)2#$%(2/!1*)!

%&/! 1$1.%*(3$7/! %$#*%&/! &(! .(3%3/2/! #$99&! /$.)#&! '&! 1)$(237&/:! &7! 1*)(3#.%3&)! %&/!n.H/! '&!

/(&)7&/! Z.3! $7(! 2(2! 1)2%&82/! 37(&7/38&9&7(! 1&7'*7(! '&/! '2#&773&/I! S&/! 1)2%]8&9&7(/:!

/$.8&7(!3%%25*.N:!/$7(!1*)H$3/!9_9&!&/(392/!7&!1*/!_()&!83*=%&/!*.!/&37!'&!#&)(*37&/!#$%$73&/!

he&*)&!&(!*%I!DEEliI!>&!1%./:!%6*927*5&9&7(!'&!8*/(&/!V$7&/!1$.)!%6&N1%$3(*(3$7!'&/!#$#$(3&)/!

'*7/!%&/!{%&/!'.!#*7*%!*!9&72!Y!%*!'&/().#(3$7!'&!#&)(*37&/!#$%$73&/!'&!/(&)7&/I!!!

M$./! #&/! H*#(&.)/! H$7(! '&/! (&))3($3)&/! *./()*.N! H)*7[*3/! '&/! V$7&/T#%2! 1$.)! %*!

#$7/&)8*(3$7I! -*! )3#A&//&! '&/! &/1]#&/:! '$7(! %*! 1%.1*)(! 1)2/&7(&7(! .7! /(*(.(! 1)2$##.1*7(:!

*//$)(3&! Y! %*! 1)&//3$7! *7(A)$13Z.&! Z.&! )&1)2/&7(&7(! 7$(*99&7(! %&/! *#(383(2/! '&! 1_#A&!

&N35&7(!.7&!9&3%%&.)&!#$77*3//*7#&!Y! %*!H$3/!'&/!&/1]#&/!&(!'&!%&.)!2#$/,/(]9&!1$.)!52)&)!

*.!93&.N!%6*8&73)!'&!#&/!1$1.%*(3$7/I!!
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BIgI!k=G&#(3H/!'&!%*!(A]/&!<!!!!

!

S6&/(! '*7/! #&! #$7(&N(&! Z.&! 83&7(! /&! 1%*#&)! #&! ()*8*3%! '&! (A]/&I! -*! 72#&//3(2! '&!

'2(&)937&)!'&/!A$(/1$(/!'&!=3$'38&)/3(2!'*7/!#&/!(&))3($3)&/!/&!)28]%&!'$7#!#).#3*%&!&7!)*3/$7!

'&! %*! #$&N3/(&7#&! '6.7&! )3#A&//&! =3$%$53Z.&! &N()*$)'37*3)&! &(! '6*#(383(2/! A.9*37&/!

1$(&7(3&%%&9&7(!72H*/(&/!1$.)! %62Z.3%3=)&!'&!#&/!2#$/,/(]9&/I!d$./!7$./!/$99&/!'$7#! 3#3!

*((*#A2/! Y! '2H373)! '&/! V$7&/! '6391$)(*7#&! 1$.)! %&/! 1)2'*(&.)/! /.12)3&.)/! *.! 738&*.! '&/!

M&))&/! W./()*%&/! &(! W7(*)#(3Z.&/! e)*7[*3/&/! hMWWe/iI! d$./! *8$7/! #A&)#A2! Y! '2H373)! %&!

1)$($#$%&!%&!1%./!*'*1(2!1$.)!9&(()&!&7!283'&7#&!#&/!V$7&/!'6391$)(*7#&!*.!()*8&)/!'&!#*/!

'62(.'&! *8&#! '3HH2)&7(&/! 92(A$'&/! '6*#Z.3/3(3$7! '&! '$772&/! h(2%292()3&:! $=/&)8*(3$7! &7!

9&)! 1*)! =*(&*.! $.! *83$7i:! '3HH2)&7(&/! 2#A&%%&/! /1*(3*%&/! h83*! %*! 1)2#3/3$7! '&/! '3/1$/3(3H/!

(2%292()3Z.&/i:!'3HH2)&7(&/!2#A&%%&/!2#$%$53Z.&/!h'&!%6&/1]#&!Y!%*!#$99.7*.(2i!&(!'3HH2)&7(/!

2#$/,/(]9&/!h/.=*7(*)#(3Z.&!&(!()$13#*%iI!!

;$.)!)21$7')&!Y!#&/!Z.&/(3$7/:!7$./!*8$7/!#A$3/3!'&!()*8*3%%&)!/.)!1%./3&.)/!&/1]#&/!

'&!1)2'*(&.)/!h$3/&*.N!&(!9*993H])&/!9*)37/i!1)2/&7(*7(!'&/!*3)&/!'&!'3/()3=.(3$7!2(&7'.&/!

*H37!'&!1$.8$3)!2#A*7(3%%$77&)!%*)5&9&7(!%&/!A*=3(*(/!'3/1$73=%&/!'*7/!%&/!'3HH2)&7(&/!V$7&/!

'62(.'&I!d$./!7$./!/$99&/!37(2)&//2/!&7!1*)(3#.%3&)!Y!'&/!&/1]#&/!'&!5)*7'&!(*3%%&!*H37!'6&7!

H*#3%3(&)!%6$=/&)8*(3$7!&(!%62Z.31&9&7(!(2%292()3Z.&!%&!#*/!2#A2*7(I!!

!

W.!#$.)/!'&!#&((&!(A]/&:!7$./!*8$7/!(&7(2!'&!)21$7')&!*.N!Z.&/(3$7/!/.38*7(&/!<!

Ra b25IA! AG>E! I5A! 34Ac25A! F4KKL35>E45IA! 1AAGC4LA! U! I,5AVWC5N! 12! A5H5! 5E! 12! AE1F5!

F,D4AEG435!F5!X45!F5!F52H!5AVWC5A!A4@4I1435A!5HVGAL5A!12H!C1VE235A!1CC4F5>E5II5A!d!

d$./! *8$7/! .(3%3/2! .7&! #$9=37*3/$7! '&! '3HH2)&7(/! '3/1$/3(3H/! (2%292()3Z.&/:!

1&)9&((*7(!%6*#Z.3/3(3$7!'&!'$772&/!Y!'&/!2#A&%%&/!(&91$)&%%&/!8*)32&/!h'.!()*G&(!*%39&7(*3)&!

Y! %*! '3/()3=.(3$7! *77.&%%&i! &(! 1)2/&7(*7(! '&/!'&5)2/!'&!1)2#3/3$7!'3HH2)&7(/! h'.!9]()&! Y! %*!

#&7(*37&!'&!O3%$9]()&/i!Y!()*8&)/!.7&!2(.'&!*11%3Z.2&!<!%&!)&#$.8)&9&7(!&7()&!%*!'3/()3=.(3$7!

'&! '&.N! &/1]#&/! '&! 12()&%/! 52*7(/! &(! %&/! 5)*7'&/! 1_#A&)3&/! '&! %6k#2*7! X7'3&7! 0.'I! S&/!

'$772&/! $7(! 1&)93/! '6378&/(35.&)! %&/! 1*()$7/! '&! '3/()3=.(3$7! '&/! 37'383'./! '.)*7(! &(! &7!

'&A$)/! '&! %*! /*3/$7! '&! )&1)$'.#(3$7! *.//3! =3&7! Z.&! 1&7'*7(! %*! 1A*/&! '&! '3/1&)/3$7! '&/!

G.8273%&/! &(! %6391%3#*(3$7! '&! #&/! '3HH2)&7#&/! 1*)! )*11$)(! *.! )3/Z.&! '637(&)*#(3$7! *8&#! %&/!

1_#A&)3&/I!!
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Figure 2. Localisation des Îles Eparses dans l'Océan Indien Sud-Ouest. 
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Figure 3. La réserve naturelle de l’archipel de Crozet!
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Figure 4. La réserve naturelle de l’archipel de Kerguelen!
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Figure 5. Protocole de comptage sur transect en bande par bateau. Les cercles bleus représentent les 

individus comptés et les cercles blancs, les individus ignorés. 
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Figure 6. Protocole de comptage sur transect en bande par avion. Les cercles bleus représentent les 

individus comptés et les cercles blancs, les individus ignorés. 
 
 

" U2(A$'&!'.!'3/(*7#&!/*91%375!

;$.)!1*%%3&)!Y!%*!'3HH2)&7#&!'&!'2(&#(3$7!'&/!37'383'./!/.38*7(!%&.)!'3/(*7#&!*.!/.11$)(!

'6$=/&)8*(3$7:!%*!92(A$'&!'.!'3/(*7#&!/*91%375!&/(!*11%3Z.2&!1$.)!#$))35&)!#&!=3*3/I!"7!&HH&(:!

%&/!37'383'./!1)$#A&/!'.!/.11$)(!*.)$7(!1%./!'&!#A*7#&!'6_()&!'2(&#(2/!1*)!%6$=/&)8*(&.)!Z.&!

%&/!37'383'./!Z.3!/$7(!%&!1%./!2%$3572/I!S6&/(!&7!1)&7*7(!&7!#$91(&!#&!H*#(&.)!Z.&!%*!92(A$'&!

'.!'3/(*7#&!/*91%375!*11%3Z.&!*.N!#$91(*5&/!.7&!H$7#(3$7!'&!'2(&#(3$7!'3937.*7(!*8&#!%*!

'3/(*7#&:!1$.)!#$))35&)!%&!7$9=)&!'6$=/&)8*(3$7/!&/(392&/!H37*%!h4.#O%*7'!&(!*%I!DEEBiI!!

" !W8*7(*5&/!&(!%393(*(3$7/!!

-6*8*7(*5&!1)37#31*%!'&/!#*91*57&/!'6$=/&)8*(3$7/!&7!9&)!&/(!'&!H$.)73)!.7&!39*5&!

'&!%6&7/&9=%&!'6.7&!#$99.7*.(2!Y!.7!37/(*7(!(:!9&((*7(!&7!283'&7#&!%&/!*//$#3*(3$7/!&7()&!

&/1]#&/! &(! %&/! #$91$)(&9&7(/! h()*7/3(! 8/I! *%39&7(*(3$7iI! S&((&! 92(A$'&! *! 2(2! %*)5&9&7(!

.(3%3/2&! '*7/! %&/! 2(.'&/! '&! '3/()3=.(3$7! &7! 9&)! '6$3/&*.N:! '&! 5)*7'/! 1$3//$7/! &(! '&!

9*993H])&/!9*)37/!Y!'3HH2)&7(&!2#A&%%&/!(&91$)&%%&/!&(!/1*(3*%&/!h\$3)3/!DEEE:!\*Z.&9&(!&(!

*%I!DEEF:!U*77$##3!&(!*%I!DEBFiI!!

-&/! 1)37#31*%&/! %393(*(3$7/! '&! #&((&!92(A$'&! )&1$/&7(! /.)! %&/! '3HH2)&7#&/! %32&/! *.N!

$=/&)8*(&.)/:! %&/! H*#(&.)/! 92(2$)$%$53Z.&/! Z.3! &91_#A&7(! 1*)H$3/! %*! )2*%3/*(3$7! '&/!

#$91(*5&/!h7.*5&/:!)&H%&(/:!2(*(!'&!%*!9&)iI!>&!1%./!%&!#$91$)(&9&7(!'&/!$3/&*.N!H*#&!Y!.7!

/.11$)(!'6$=/&)8*(3$7!76&/(!1*/!/,/(29*(3Z.&9&7(!7&.()&:!*8&#!'&/!&/1]#&/!*,*7(!(&7'*7#&!

*!_()&!*((3)2&/!$.!*.!#$7()*3)&!)&1$.//2&/!1*)!%*!1)2/&7#&!'6.7!=*(&*.!$.!'6.7!*83$7:!#&!Z.3!

'$77&!%3&.!Y!'&/!=3*3/!'6&/(39*(3$7I!-&!#A$3N!'&!%*!1%*(&H$)9&!'6$=/&)8*(3$7:!=*(&*.!$.!*83$7:!

$HH)&!'&/!*8*7(*5&/!&(!'&/!37#$78273&7(/!'3HH2)&7(/I!-&/!#*91*57&/!1*)!=*(&*.!1&)9&((&7(!



U*(2)3&%!u!92(A$'&/!
 

 - 32 -  

'&/! %$75.&/! 12)3$'&/! '6$=/&)8*(3$7! &(! *.($)3/&7(! .7&! 1%./! 5)*7'&! 1)2#3/3$7! '*7/!

%63'&7(3H3#*(3$7!'&/!&/1]#&/I!S&1&7'*7(!%&/!/.)8$%/!*2)3&7/!/$7(!9$37/!#$.(&.N!&(!1&)9&((&7(!

'&!#$.8)3)!'&!5)*7'&/!/.)H*#&/!1%./!)*13'&9&7(!9*%5)2!.7&!*.($7$93&!%393(2&!hS*91A.,/&7!

&(!*%I!DEEFiI!

!

<1?1<1*W-%,%..-&.*

-&! =3$%$55375! &/(! %&! 8$%&(! '&! %62#$%$53&! Z.3! /637(2)&//&! Y! %*!9&/.)&! '&/! 1*)*9]()&/!

=3$%$53Z.&/!'637'383'./!/*.8*5&/!5)`#&!Y!%6.(3%3/*(3$7!'&!'3/1$/3(3H/!2%&#()$73Z.&/!9373*(.)3/2/I!

-&! (&)9&:! 37()$'.3(! &7!DEEF:! #$))&/1$7'!Y! %*! #$7()*#(3$7!'&/! (&)9&/!*75%*3/! z=3$%$53#*%6! &(!

z%$553756:! %&! /&#$7'! (&)9&! 2(*7(! .7! '2)382! '&! %6*11&%%*(3$7! '&/! ($.(! 1)&93&)/! '3/1$/3(3H/!

'6&7)&53/()&9&7(!hd*3($iI!-&/!'2=.(/!'&!#&((&!'3/#31%37&!$7(!%3&.!Y!%*!H37!'&/!*772&/!rE:!*8&#!

%&!'28&%$11&9&7(!'&!)*'3$T()*7/9&((&.)/!9373*(.)3/2/!1$.)!.7!./*5&! 37(&)7&!*.N!*739*.N!

h-&U.7,*7!&(!*%I!BmrmiI!S&!/$7(!&7/.3(&!'&/!'3/1$/3(3H/!&N(&)7&/:!H3N2/!/.)!'&/!A*)7*3/!$.!'&/!

#$%%3&)/:!Z.3!$7(!2(2!.(3%3/2/!1$.)!'2(&)937&)!%&!'$9*37&!83(*%!'&!1&(3(/!9*993H])&/!hS$#A)*7!

u! -$)'!BmgCiI! "7H37:! Y!1*)(3)! '&/! *772&/!lE:! %&/! 2(.'&/!'&!=3$%$55375! /$7(!'2GY! %*)5&9&7(!

)21*7'.&/I!!

-&! =3$%$55375! $HH)&! .7! 5)*7'! 7$9=)&! '&! 1$//3=3%3(2/! *.N! 2(.'&/! /.)! %&/! *739*.N!

/*.8*5&/! h@$1&)(TS$.'&)(! u! Q3%/$7! DEEriI! S&((&! =)*7#A&! *.($)3/&! &7! &HH&(! %*! #$%%&#(&!

'637H$)9*(3$7! /.)! '&/! 1*)*9]()&/! *.//3! 8*)32/! Z.&! %&! ),(A9&! #*)'3*Z.&:! %*! 1)$H$7'&.)! '&!

1%$752&:! %6375&/(3$7! '&! 1)$3&/! $.! &7#$)&! %*! 9$)(*%3(2! '&/! 37'383'./! hQ$*O&/! &(! *%I! Bmmr:!

Q3%/$7!&(!*%I!Bmmg:!W7#&%!&(!*%I!Bmml:!P$)7375!u!U&%%3/A!DEEDiI!!

-*!(2%292()3&!&7!1*)(3#.%3&)!)&1)2/&7(&!.7&!'&/!*11%3#*(3$7/!9*G&.)&/!'.!=3$%$55375I!

"%%&! *! &7! &HH&(! )28$%.(3$772! %62(.'&! '&! %*! '3/()3=.(3$7! &7! 1&)9&((*7(! %*! #$%%&#(&!

'637H$)9*(3$7/! &7! #$7(37.! /.)! %&/! '21%*#&9&7(/! '637'383'./! '6`5&:! '&! /&N&:! '&! /(*(.(!

)&1)$'.#(&.)! &(! '&! 1)$8&7*7#&! #$77./:! 1&)9&((*7(! %6378&/(35*(3$7! 1%./! 1)2#3/&! '&! %*!

/()*(253&! '&! )&#A&)#A&! *%39&7(*3)&:! '&!935)*(3$7! $.! '&! '3/1&)/3$7! Y! %62#A&%%&! 37'383'.&%%&I!

;%./3&.)/!(,1&/!'&!'3/1$/3(3H/! (2%292()3Z.&/!$7(!2(2!'28&%$112/!*.!#$.)/!'&! %6&N1*7/3$7!'&!

#&((&! '3/#31%37&!<! %*! RPe! hR&),! P35A! e)&Z.&7#,i! &7! *! 2(2! %&! 1)2#.)/&.)! /.383&! '&!

'28&%$11&9&7(! '&! %*! (&#A7$%$53&! W@+k0! ! '*7/! %&/! *772&/! jE! h\$.8&7(37!u!Q&39&)/O3)#A!

BmmE=i:! 1.3/! '&! %6.(3%3/*(3$7! '&/! +-0! &(! '&/! +;0! ! '*7/! %&/! 2(.'&/! '&! '3/()3=.(3$7I! S&/!

'3HH2)&7(/! '3/1$/3(3H/! 1)2/&7(&7(! '&/! *8*7(*5&/! &(! '&/! 37#$78273&7(/! 37A2)&7(/! Y! %*!

(&#A7$%$53&!.(3%3/2&I!!



U*(2)3&%!u!92(A$'&/!
 

 - 33 -  

" +-0!h+%$=*%!-$#*(3$7!0&7/375i!

• ;)37#31&!

-6.(3%3/*(3$7!'&!+-0! )&1$/&! /.)! %&! #*%#.%!'&! %*! %$753(.'&!&(!'&! %*! %*(3(.'&!Y!1*)(3)!'&!

#$.)=&/! '&! %.93])&! *9=3*7(&! &7)&53/()2&/! 1*)! %&! #*1(&.)! 1A$($/&7/3=%&! 37#%./! '*7/! %&!

'3/1$/3(3H!hQ3%/$7!&(!*%I!BmmD:!WH*7*/,&8!DEEFiI!+)`#&!Y!.7&!A$)%$5&!37(&)7&:!%*!%$753(.'&!&/(!

&/(392&!Y!1*)(3)!'&! %6A&.)&!'.!93'3!&(!'.!937.3(! %$#*%! (*7'3/!Z.&! %*! %*(3(.'&!&/(!&/(392&!Y!

1*)(3)! '&! %*! '.)2&! '.! G$.)! he35I! liI! -&! +-0! H$.)73(! *37/3! '&.N! %$#*%3/*(3$7/! 1*)! G$.)!

h#$))&/1$7'*7(!*.!93'3!&(!937.3(iI!

!

Figure 7. Exemple de courbe de niveau de lumière issue d’un capteur GLS!
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Figure 8. Illustration de l’effet Doppler utilisé par le système ARGOS pour localiser les balises 
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Figure 9. Illustration du calcul de la localisation tridimensionelle par un récepteur GPS 
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Figure 10. Exemple de calcul d’estimation de densité. Les kernels rouge, orange et jaune représentent 

respectivement la probabilité de trouver 25%, 50% et 75% des localisations. !
!
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Figure 11. Exemple de calcul de temps passé par secteur. Les couleurs claires représentent les faibles 
pourcentages de temps passé dans chaque cellule et les couleurs foncées, les pourcentages plus élevés.!
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Figure 12. Illustration de l’hyper-volume à n dimensions représentant la niche écologique selon 

Hutchinson.!
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(&91/!1*//2!1*)!/&#(&.)!$.!'&!'&7/3(2iI!

-&/!+-U!93N(&/!h+-UU/i!/$7(!.7&!&N(&7/3$7!'&/!+-U/!Z.3!1&)9&((&7(!'637(25)&)!*.!

9$']%&!.7! H*#(&.)! *%2*($3)&:! &7! %6$##.))&7#&! %6&HH&(! '&! %637'383'.I! S&! H*#(&.)! *%2*($3)&! '$3(!

/.38)&!.7&!'3/()3=.(3$7!7$)9*%&I!!

-&!1)37#31*%!1)$=%]9&!1$.8*7(!)2/.%(&)!'&/!+-U/!&/(!%*!1)2/&7#&!'&!8*%&.)/!&N()_9&/!

'*7/!%*!V$7&!'62(.'&I!"7!&HH&(:!#$99&!#&!(,1&!'&!9$']%&!)&1$/&!/.)!'&/!)&%*(3$7/!%372*3)&/:!

&(! Z.&! #&/! )&%*(3$7/! /$7(! #*%#.%2&/! Y! 1*)(3)! '.! 1*7&%! '&! 8*%&.)/! '&/! 1*)*9]()&/! Z.3! /$7(!

a!2#A*7(3%%$772&/!b! 1*)! %637'383'.:! /3! 3%! &N3/(&! '*7/! %6&783)$77&9&7(! '&/! 8*%&.)/! &N()_9&/!

1$.)! #&/! 1*)*9]()&/:! %&/! 1)2'3#(3$7/! /&)$7(! *%$)/! (3)2&/! 1*)! #&/! 8*%&.)/:! )2/.%(*7(! '*7/! %*!

#)2*(3$7!'6*)(&H*#(/!'&!9$'2%3/*(3$7I!!

" +WU!

-&/!U$']%&/!W''3(3H/!+272)*%3/2/! h+WU/i!/$7(!.7&!*'*1(*(3$7!'&/!9$']%&/!*''3(3H/I!

X%/!)&1)2/&7(&7(!.7&!92(A$'&!'&!)25)&//3$7!7$7T1*)*92()3Z.&!1&)9&((&7(!'&!9$'2%3/&)!'&/!

)&%*(3$7/! 7$7! %372*3)&/! &7()&! %*! 8*)3*=%&! )21$7/&! &(! %&/! 8*)3*=%&/! &N1%3#*(38&/! hP*/(3&! u!

M3=/A3)*73! BmjgiI!>&! #&! H*3(:! %&/!+WU/!1&)9&((&7(!'6*7*%,/&)!'&/! )&%*(3$7/!1%./! #$91%&N&/!

&7()&!%&/!37'383'./!&(!%&.)!&783)$77&9&7(I!>&!%*!9_9&!H*[$7!Z.&!%&/!+-U:!%&/!+WU!1&.8&7(!

/6*G./(&)!Y!'&/!'3/()3=.(3$7/!=37$93*%&/!$.!'3/#)](&/I!!

-6*G$.(! '6.7!1*)*9]()&! '&! %3//*5&! *.N! 8*)3*=%&/! &N1%3#*(38&/! 1&)9&(! '&! #$7()v%&)! %&!

'&5)2!'&!%3=&)(2!*8&#!%&Z.&%!%&!9$']%&!8*!/6*G./(&)!Y!%*!'3/()3=.(3$7!$=/&)82&I!X#3:!%&!'&5)2!'&!

%3=&)(2! *! 2(2! H3N2! Y! C! #&! Z.3! /3573H3&! Z.&! %&/! +WU! $7(! 2(2! (&/(2/! *8&#:! *.!9*N39.9:! '&/!

1$%,7v9&/!'&!/&#$7'!'&5)2:!1&)9&((*7(!'&!#&!H*3(!.7&!37(&)1)2(*(3$7!2#$%$53Z.&!1%./!/391%&!

'&/!)&%*(3$7/!3'&7(3H32&/I!-&/!+WU/!93N(&/!h+WUU/i:!&N(&7/3$7!'&!%*!92(A$'&:!1&)9&((&7(!



U*(2)3&%!u!92(A$'&/!
 

 - 42 -  

%*! 1)3/&! &7! #$91(&! '6.7! H*#(&.)! *%2*($3)&! '*7/! %&! 9$']%&I! X%! /6*53//*3(! '*7/! 7$()&! #*/! '&!

%6&HH&(!'&!%637'383'.I!!

-&!1)37#31*%!)3/Z.&!*8&#!%6.(3%3/*(3$7!'&/!+WU/!&/(!%&!/.)T*G./(&9&7(!h$.!$8&)H3((375iI!

"7!&HH&(:!#$99&!%&!1*)*9]()&!'&!%3//*5&!37(25)2!'*7/!%&/!+WU/:!/3!3%!76&/(!1*/!%393(2:!1&)9&(!

*.N!9$']%&/! '&! /6*G./(&)! 1*)H*3(&9&7(! Y! %*! '3/()3=.(3$7!'&/!'$772&/:! %*! )&%*(3$7! 3'&7(3H32&!

1*)!%&!9$']%&!'&83&7(!(&%%&9&7(!/12#3H3Z.&!Y!%62#A*7(3%%$7!.(3%3/2!Z.63%!&/(!391$//3=%&!&7/.3(&!

'&!%*!()*7/1$/&)!*.N!'$772&/!'6.7!7$.8&%!2#A*7(3%%$7I!X%!&/(!'$7#!&//&7(3&%!'&!'2(&)937&)!'&!

H*[$7!1&)(37&7(&!%&!7$9=)&!'&!'&5)2/!'&!%3=&)(2!*11%3Z.2!*.N!1*)*9]()&/!'6.7!+WU!*H37!Z.&!

%&/!9$']%&/!'28&%$112/!)&/(&7(!5272)*%3/*=%&/I!

" UW@0!

-*! @25)&//3$7! U.%(38*)32&! 1*)! 01%37&! W'*1(*(38&! hUW@0i! &/(! .7&! H$)9&! '&!

9$'2%3/*(3$7!7$7T1*)*92()3Z.&!Z.3!)&1)2/&7(&!.7&!&N(&7/3$7!'&/!)25)&//3$7/!%372*3)&/I!>*7/!

.7! 1)&93&)! (&91/:! #&((&! 92(A$'&! '2H373(! '&/! H$7#(3$7/! '&! =*/&/! Z.3! )&1)2/&7(&7(! '&/!

()*7/H$)9*(3$7/! /(*(3/(3Z.&/! '&/! 1*)*9]()&/:! 1&)9&((*7(! '&! 1)&7')&! &7! #$91(&! %*! 7$7T

%372*)3(2!&(!%&/!37(&)*#(3$7/!&7()&!#&/!1*)*9]()&/I!>*7/!.7!/&#$7'!(&91/:!'&/!9$']%&/!=*/2/!

/.)! %*! 92(A$'&! '&/! 9$37')&/! #*))2/! /$7(! '28&%$112/! 5)`#&! Y! #&/! H$7#(3$7/! '&! =*/&!

h>&3#A9*77!&(!*%I!DEEDiI!-*!92(A$'&!UW@0!1&)9&(!*37/3!'&!()*7/H$)9&)!'&/!)21$7/&/!7$7T

%372*3)&/!&7!.7&!/2)3&!'&!/&59&7(/!&7()&!%&/Z.&%/!%&/!).1(.)&/!'&!1&7(&!/$7(!'2H373&/!1*)!'&/!

7n.'/! '*7/! .7! 9$']%&! Z.3! /6*'*1(&! '6*=$)'! 1*)H*3(&9&7(! *.N! '$772&/! *8*7(! '6_()&!

/391%3H32!'6*1)]/!.7!1)$#&//./!H$)f*)'s=*#Of*)'!'&!8*%3'*(3$7!#)$3/2&!1*)!2(*1&!h-&*(Af3#O!

&(!*%I!DEEriI!

S&((&!92(A$'&:!Y!%*!H$3/!1.3//*7(&!&(!H%&N3=%&!&/(!'$772&/T$)3&7(2&!he)3&'9*7!BmmBiI!

-&!7$9=)&!'&/!H$7#(3$7/!'&!=*/&!'2H373&/!'&!9_9&!Z.&!%&.)/!1*)*9]()&/!*//$#32/!/$7(!*37/3!

'2(&)9372/! 1*)! %&! G&.! '&! '$772&/I! y.3! 1%./! &/(:! #&((&! 92(A$'&! )&7'! 1$//3=%&! %6*7*%,/&!

/39.%(*72&! '&/! )&%*(3$7/! &7()&! 1%./3&.)/! &/1]#&/! &(! %&.)! &783)$77&9&7(I! M$.(&H$3/:! %*!

92(A$'&! UW@0! &/(! *//&V! /&7/3=%&! *.N! $.(%3&)/! &(! Y! %*! #$%372*)3(2! &7()&! %&/! 8*)3*=%&/!

h>&3#A9*77!&(!*%I!DEEDiI!

" SMW!

-&/! 92(A$'&/! '&! #%*//3H3#*(3$7! )&1$/&7(! /.)! '&/! (&#A73Z.&/! /(*(3/(3Z.&/! 7$7T

1*)*92()3Z.&/! Z.3! 1&)9&((&7(! '&! '2(&)937&)! '&/! )]5%&/! '&! #%*//3H3#*(3$7:! =37$93*%&! $.!

9.%(37$93*%&I!S&/!)]5%&/!1&.8&7(!_()&!'2H373&/!/.)!%*!=*/&!'&/!#$77*3//*7#&/!'.!1A27$9]7&!

9$'2%3/2:!$.!'2(&)9372&!'&!H*[$7!&913)3Z.&I!-6W7*%,/&!'&/!W)=)&/!'&!S%*//3H3#*(3$7!hSMWi!&7!
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1*)(3#.%3&)! 7&! )&1$/&! 1*/! /.)! '&/! A,1$(A]/&/! 1$/2&/! "* >$-%$-! /.)! %&/! )&%*(3$7/! &7()&! %&/!

8*)3*=%&/! &(! %*! )21$7/&! 9*3/! '2'.3(! '&/! )]5%&/! '&! #%*//3H3#*(3$7! Y! 1*)(3)! '&/! '$772&/!

$=/&)82&/!&%%&/T9_9&/!h4)&39*7!&(!*%I!BmjFiI!!

-*!92(A$'&!'&/!SMW!#$7/3/(&!!Y!&HH&#(.&)!'&/!1*)(3(3$7/!)2#.)/38&/!'&!%6&/1*#&!'2H373!

1*)!%&/!1*)*9]()&/!&783)$77&9&7(*.N:!1&)9&((*7(!*37/3!'&!#)2&)!'&/!5)$.1&/!A32)*)#A3Z.&/!

'&! '$772&/! 1)2/&7(*7(! %*! 1%./! H*3=%&! 8*)3*=3%3(2! 1$//3=%&I! -6*)=)&! '&! #%*//3H3#*(3$7! &/(! *37/3!

#$7/().3(! &7!'383/*7(! %&/!'$772&/!'&! H*[$7! )212(2&!Y!1*)(3)! '6.7&! )]5%&!'2H373&! 5)`#&!Y!.7!

/&.%! 1*)*9]()&I! W! #A*Z.&! 2(*1&:! %&/! '$772&/! /$7(! 1*)(*52&/! &7()&! '&.N! 5)$.1&/! *.//3!

A$9$5]7&/! Z.&! 1$//3=%&:! %*! %$75.&.)! '&! %6*)=)&! 2(*7(! '2H373&! *.! 1)2*%*=%&! hMA.3%%&)! &(! *%I!

DEECiI!S&((&!92(A$'&!&/(!()]/!H%&N3=%&!1.3/Z.6&%%&!1&.(!/6*'*1(&)!Y!'3HH2)&7(&/!#*(25$)3&/!'&!

8*)3*=%&/! *.! /&37! '6.7&!9_9&! *7*%,/&! h#$7(37.&/:! 7$937*%&/! $.! $)'37*%&/iI! "7H37:! %&/! SMW!

1&)9&((&7(!'6*7*%,/&)!%&/!37(&)*#(3$7/!#$91%&N&/!&7()&!8*)3*=%&/!%Y!$x!%&/!*.()&/!92(A$'&/!

'&! #%*//3H3#*(3$7! $7(! (&7'*7#&! Y! %&/! $9&(()&! '*7/! .7! /$.#3! '&! /391%3#3(2! hS*91!u! 0%*((&),!

DEEDiI!M$.(&H$3/:!%*!92(A$'&!1&.(!*=$.(3)!Y!'&/!9$']%&/!'3HH3#3%&/!Y!37(&)1)2(&)I!!

" U>W!

-6*7*%,/&!'3/#)3937*7(&!93N(&!hU>Wi!1&.(!_()&!#$7/3'2)2&!#$99&!.7&!&N(&7/3$7!'&/!

*7*%,/&/!'3/#)3937*7(&/!%372*3)&/I!"%%&!&/(!=*/2&!/.)!%&!1$/(.%*(!Z.&!%&/!'$772&/!)&1)2/&7(&7(!

'&/!#%*//&/!'&!8*)3*=%&/!1)2/&7(*7(!.7!92%*75&!'&!'3/()3=.(3$7/!5*.//3&77&/!#$))&/1$7'*7(!

&%%&/T9_9&/!Y!'&/!/$./T#%*//&/!!hP*/(3&!&(!*%I!BmmFiI!!

-*! U>W! 9$'2%3/&! *37/3! %*! '&7/3(2! 9.%(3T8*)32&! '&/! 1*)*9]()&/! Y! %637(2)3&.)! '6.7!

5)$.1&!'$772!#$99&!2(*7(!%*!/$99&!9$,&772&!'&!1%./3&.)/!'3/()3=.(3$7/!7$)9*%&/!he)*%&,!

u!@*H(&),!DEEDiI!"7!1)&7*7(!&7!#$91(&!%*!7$7T%372*)3(2!&(!%*!7$7T7$)9*%3(2!'&/!'3/()3=.(3$7/:!

#&((&! 92(A$'&! 1&.(! '$7#! 1&)9&(()&! '&! )2*%3/&)! '&/! #%*//3H3#*(3$7/! 1%./! 1)2#3/&/! Z.&! %&/!

*.()&/!92(A$'&/!'&!#%*//3H3#*(3$7!#$78&7(3$77&%%&/I! -&!#)3(])&!'637H$)9*(3$7!=*,&/3&7! h4XSi!

#*%#.%2!1$.)!#A*Z.&!9$']%&!1&.(!1&)9&(()&!'&!'2(&)937&)!%&!7$9=)&!'&!#$91$/*7(&/!/$./T

G*#&7(/!Y!%*!'3/()3=.(3$7!$=/&)82&!'*7/!#A*Z.&!5)$.1&!h@*./#A!u!J&%%&,!DEEmiI!S&!7$9=)&!'&!

#$91$/*7(&/!1&.(!25*%&9&7(!_()&!H3N2!'&!H*[$7!1)2*%*=%&I!!

M$.(&H$3/:!#&((&!92(A$'&!1&.(!9&7&)!Y!'&/!1)$=%]9&/!'&!#$78&)5&7#&:!&7!1*)(3#.%3&)!

%$)/Z.&!%&!7$9=)&!'&!'3/()3=.(3$7/!37()*T5)$.1&/!&/(!()$1!391$)(*7(I!!

" Wdd!

-&!@2/&*.!'&!d&.)$7&/!W)(3H3#3&%/!hWddi!&/(!.7&!92(A$'&!'&!#%*//3H3#*(3$7!37/13)2&!'&!

%6$=/&)8*(3$7!'.! H$7#(3$77&9&7(!'.!#&)8&*.!A.9*37:!$x! %&/! 37H$)9*(3$7/!/$7(! ()*3(2&/!1*)!
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'&/!93%%3$7/!'&!7&.)$7&/!&7!1*)*%%]%&!h@31%&,!BmmgiI!"%%&!&/(!=*/2&!/.)!.7!)2/&*.!'&!7n.'/!

37(&)#$77&#(2/:! )&1)2/&7(*7(! %&/! 7&.)$7&/:! Z.3! 1&.8&7(! #*%#.%&)! '&/! 8*%&.)/! Y! 1*)(3)! '&/!

'$772&/!37#$)1$)2&/!*.!9$']%&I!

S&!)2/&*.!&/(!#$91$/2!'&!'3HH2)&7(&/!#$.#A&/!#$91)&7*7(!.7&!#$.#A&!'&!7n.'/!&7!

&7()2&:! .7&! Y! ()$3/! #$.#A&/! #*#A2&/! &(! .7&! #$.#A&! &7! /$)(3&I! SA*Z.&! #$.#A&! #$91)&7'!

1%./3&.)/!7n.'/:!&(!#A*Z.&!7n.'!&/(!#$77&#(2!*.N!7n.'/!'&/!#$.#A&/!*'G*#&7(&/!1*)!.7&!

8*%&.)!Z.3!)&1)2/&7(&!.7!1$3'/!/(*(3/(3Z.&!hQ*75!DEECiI!-6Wdd!&/(!&7()*372&!/.)!.7!/&(!'&!

'$772&/!G./Z.6Y!#&!Z.&!%6&))&.)!&7()&!%*!)21$7/&!9$'2%3/2&!&(!%*!)21$7/&!)2&%%&!1*//&!/$./!

.7!/&.3%!1)2*%*=%&9&7(!'2(&)9372I!!

-6Wdd!&/(!25*%&9&7(!.7&! (&#A73Z.&!$)3&7(2&!1*)! %&/!'$772&/:!Z.3!7&!72#&//3(&!1*/!

'6A,1$(A]/&/!1)2*%*=%&/:!&(!&%%&!&/(!'$7#!5272)*%&9&7(!H*#3%&9&7(!*'*1(*=%&!Y!($.(!(,1&!'&!

'$772&/!h'1*.1!Z.*%3(*(3H:!Z.*7(3(*(3HiI!!

" +4U!

-&/!9$']%&/! =$$/(2/! 5272)*%3/2/! h+4Ui! )&1)2/&7(&7(! .7! &7/&9=%&! '&!9$']%&/! '&!

#%*//3H3#*(3$7! 83/*7(! Y! *92%3$)&)! %*! 1&)H$)9*7#&! '.!9$']%&! 9$,&772! )2/.%(*7(! h@3'5&f*,!

BmmmiI! X%! /6*53(! '&! 5272)&)! '&! H*[$7! )212(2&! '&/! *)=)&/! '&! '2#3/3$7:! &(! '&! %&/! 1$7'2)&)!

&7/.3(&!1*)!%&.)!#*1*#3(2!Y!=3&7!1)2'3)&!%&/!'$772&/I!!

"7!1)&93&)!%3&.:!&7!.(3%3/*7(!.7&!'&/!8*)3*=%&/:!%*!92(A$'&!8*!1&)9&(()&!'&!'383/&)!%&!

G&.! '&! '$772&/! ($(*%! &7! '&.N! 5)$.1&/I! ?7&! *.()&! 8*)3*=%&! 8*! &7/.3(&! _()&! .(3%3/2&! 1$.)!

/.='383/&)! %&/! '&.N! 5)$.1&/! *37/3! '2H373/! 1*)! %*! #$9=37*3/$7! '&/! '&.N! 8*)3*=%&/! .(3%3/2&/I!

"7()&! 1%./3&.)/! 1*)(3(3$7/! 1$//3=%&/:! %&!9$']%&! 8*! #A$3/3)! #&%%&! Z.3!937393/&! %&/! &))&.)/! '&!

1)2'3#(3$7/I!-&!7$9=)&!'&!'383/3$7/!&/(!'2(&)9372!*.!1)2*%*=%&:!.7!7$9=)&!1%./! 391$)(*7(!

*.($)3/*7(!.7&!1%./!5)*7'&!#$91%&N3(2!'.!9$']%&!&(!.7!1%./!5)*7'!7$9=)&!'637(&)*#(3$7/I!

>*7/!#&((&!92(A$'&:!%&!7$9=)&!'63(2)*(3$7/!)2*%3/2&/!&/(!'2(&)9372!1*)!'&/!)]5%&/!Z.3!83/&7(!

Y!9*N393/&)!%&/!1&)H$)9*7#&/!'&!1)2'3#(3$7/!'.!9$']%&!hU#S*HH)&,!&(!*%I!DEEFiI!!

-&/! +4U! )&1)2/&7(&7(! .7&! 92(A$'&! H%&N3=%&! Z.3! 1&)9&(! '&! ()*3(&)! '&/! '$772&/!

#$7(37.&/:!7$937*%&/!$.!$)'37*%&/!*.//3!=3&7!Z.&!'&/!G&.N!'&!'$772&/!#$7(&7*7(!'&/!8*%&.)/!

9*7Z.*7(&/! &(! Z.3! 1&.(! ()*3(&)! *.//3! =3&7! '&/! )21$7/&/! 7$7! %372*3)&/! Z.&! %&/! 37(&)*#(3$7/!

&7()&!%&/!8*)3*=%&/I!

" @e!

-*! e$)_(! '6*)=)&/! W%2*($3)&/! h@ei! )&1$/&! /.)! .7! *%5$)3(A9&! Z.3:! Y! %*! '3HH2)&7#&! '&/!

*)=)&/! '&! '2#3/3$7! #%*//3Z.&/! Z.3! /$7(! #*%#.%2/! Y! 1*)(3)! '.! G&.! '&! '$772&/! #$91%&(:! 8*! /&!
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=*/&)! /.)! %*! 5272)*(3$7! '6*)=)&/! '&! '2#3/3$7! #*%3=)2/! /.)! .7&! 1*)(3&! '.! G&.! '&! '$772&/! &(!

8*%3'2/!/.)!%&/!'$772&/!)&/(*7(&/!1$.)!'2(&)937&)!%&!9&3%%&.)!9$']%&!1$//3=%&I!!

-&/! *)=)&/!'&!'2#3/3$7!'&! %*! H$)_(! /$7(!'2H373/! '&! /$)(&!Z.&! #A*Z.&!*)=)&!'21&7'&!

'6.7!8&#(&.)!'&!8*%&.)/!2#A*7(3%%$772&/!37'21&7'*99&7(!&(!Z.&!%*!'3/()3=.(3$7!'&/!'$772&/!
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Figure 13. Procédure de modèle averaging utilisée pour la sélection, la calibration et la prédiction 

appliquées aux modèles de distribution. 
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Figure 14. Schéma d’une palangre pélagique 

 
 

-&/! &/1]#&/! '&! 1)$#&%%*)33H$)9&/! &7! 1*)(3#.%3&)! $7(! 1*,2! .7! %$.)'! ()3=.(! '*7/! %&/!

%357&/! '&/! 1*%*75)3&)/! '&! %6k#2*7! W./()*%! *8&#:! 1*)! &N&91%&:! .7! 7$9=)&! '&! #*1(.)&/!



;*)(3&!B!<!X'&7(3H3#*(3$7!'&/!V$7&/!'6*%39&7(*(3$7!Y!%62#A&%%&!'&!%6&/1]#&!
!

 - 51 -  

/62%&8*7(!Y!Dg!ggj!&7()&!DEEB!&(!DEEC!.73Z.&9&7(!'*7/! %&/!V$7&/!2#$7$93Z.&/!&N#%./38&/!

'&! S)$V&(! &(! J&)5.&%&7! h>&%$)'! &(! *%I! DEEri:! $x! %6&HH$)(! '&! 1_#A&! Y! %*! %2537&! *./()*%&! &/(!

1*)(3#.%3])&9&7(! 2%&82! he35I! BriI! -&/! 1)37#31*%&/! &/1]#&/! #*1(.)2&/! *##3'&7(&%%&9&7(! 2(*7(!

%&/!12()&%/!Y!9&7($7!=%*7#:!%&/!12()&%/!5)3/:!%&/!12()&%/!52*7(/:!%&/!*%=*()$/!Y!/$.)#3%/!7$3)/!&(!

&7H37!%&/!*%=*()$/!Y!(_(&!5)3/&I!!

!

 
Figure 15. Répartition de l’effort de pêche à la palangre entre 2008 et 2010 (en nombre d’hameçons 

déployés) au sein des principales commissions de pêche mondiales 
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Figure 16. Tendance de population des pétrels géants subantarctiques (trait plein) et antarctiques 

(pointillés) nichant sur les archipels de Crozet et Kerguelen.!
!
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/&.%/!Y!.(3%3/&)! %&/!#v(&/!'&! %*!;*(*5$73&:!'&! %6WH)3Z.&!'.!0.'!&(!'&! %6W./()*%3&!&(! /&.%&/! %&/!

H&9&%%&/!'&/!'&.N!&/1]#&/!.(3%3/&7(! %&/!&*.N!'&! %*!9&)!'&!M*/9*7&I! X%!/&9=%&)*3(!'$7#!Z.&!

%&/!1)293#&/!'&!%*!/25)25*(3$7!52$5)*1A3Z.&!$=/&)82&!#A&V!%&/!*'.%(&/!*11*)*3//&7(!']/!%&/!

1)&93&)/!9$3/!'&/!G.8273%&/I!!

!

-&/!V$7&/!'6391$)(*7#&!1$.)! %&/!'&.N!&/1]#&/! G.9&%%&/!'&!12()&%/!52*7(/!/$7(!'$7#!

%$#*%3/2&/!'*7/!'&/!V$7&/!'3HH2)&7(&/!&7!H$7#(3$7!'&!%6&/1]#&:!'.!/&N&!&(!'.!/(*'&I!"7!#&!Z.3!

#$7#&)7&!%&/!0k+;:!-&/!V$7&/!%&/!1%./!.(3%3/2&/!/&!()$.8&7(!'*7/!%&/!&*.N!&783)$77*7(/!%&.)!

{%&!&(!'*7/!'&/! %*(3(.'&/!A*.(&/:!*.N!*=$)'/!'&/!#v(&/!'&! %6W7(*)#(3Z.&I!-&/! H&9&%%&/!dk+;!

.(3%3/&7(!1%.(v(! %&/!&*.N!/.=()$13#*%&/!'&! %6k#2*7!X7'3&7I!-&/!9`%&/!dk+;!Z.*7(!Y!&.N!/$7(!

#$7#&7()2/!*.($.)!'&/!#v(&/!'&!%&.)/!{%&/I!"7H37:!%&/!G.8273%&/!/&!'3/1&)/&7(!%*)5&9&7(!*.($.)!

'&! %6W7(*)#(3Z.&! &(! .(3%3/&7(! %*)5&9&7(! %&/! {%&/! /.=*7(*)#(3Z.&/! &(! %&/! #v(&/! '&/! #$7(37&7(/!

=$)'*7(!%6k#2*7!!W./()*%I!!

!

S&/! '3HH2)&7#&/! '&! 1*()$7/! '&! '3/()3=.(3$7! &7()&! &/1]#&! $7(! '&/! 391%3#*(3$7/! &7!

(&)9&/!'&!)&#$.8)&9&7(!*8&#!%&/!1_#A&)3&/I!!

-&/!0k+;!&7!&HH&(:!Z.3!/&!'3/()3=.&7(!'*7/!%&/!%*(3(.'&/!%&/!1%./!A*.(&/:!/6*%39&7(&7(!

'&!#&!H*3(!'*7/!'&/!V$7&/!$x!%6&HH$)(!'&!1_#A&!Y!%*!1*%*75)&!&/(!)&%*(38&9&7(!H*3=%&I!>&!1%./:!

9`%&/! &(! H&9&%%&/! $7(! .7&! *%39&7(*(3$7! 9*G$)3(*3)&9&7(! 12%*53Z.&:! &(! $7(! (&7'*7#&! Y!

#A&)#A&)!%&.)!7$.))3(.)&!%$37!'&/!V$7&/!2#$7$93Z.&/!&N#%./38&/!'&!%&.)/!{%&/:!283(*7(!*37/3!%&/!

V$7&/!%&/!1%./!Y!)3/Z.&!*.!/&37!'&!%&.)!'3/()3=.(3$7!he35I!BliI!!

-&/!dk+;!&7!)&8*7#A&!.(3%3/&7(!'&/!&*.N!1%./!/.=()$13#*%&/I!-*!V$7&!'&!'3/()3=.(3$7!

'&/!H&9&%%&/!&7!1*)(3#.%3&)!)&#$.8)&!%*)5&9&7(!%&/!V$7&/!$x!%*!1_#A&!&/(!%*!1%./!37(&7/38&!<!*.!

%*)5&!'&/!#v(&/!'&! %6WH)3Z.&!'.!0.':!&(!'*7/! %6k#2*7! X7'3&7!0.'!$x!$1])&7(! %&/!1*%*75)3&)/!

#3=%*7(! 1)37#31*%&9&7(! '&/! &/1]#&/! '&! (A$7/I! -&/!9`%&/:! Z.*7(! Y! &.N:! )&/(&7(! %*! 9*G&.)&!

1*)(3&! '.! (&91/! '*7/! .7! 12)39]()&! %393(2! *.($.)! '&! %&.)! {%&:! %&/! &N1$/*7(! %*)5&9&7(! *.N!

1*%*75)3&)/!$12)*7(!'*7/! %&/!&*.N!(&))3($)3*%&/!'&/!*)#A31&%/!'*7/! %&!#*')&!'&! %*!1_#A&!Y! %*!

%2537&!*./()*%&I!!

-&/! G.8273%&/! &7H37! 1*//&7(! .7&! 1)$1$)(3$7! '&! (&91/! 391$)(*7(&! Y! 1)$N393(2! '&/!

#v(&/!*./()*%&/!&(!*.($.)!'&/!*)#A31&%/!/.=*7(*)#(3Z.&/!Z.63%/!)&7#$7()&7(!'.)*7(!%&/!()*G&(/!



;*)(3&!B!<!X'&7(3H3#*(3$7!'&/!V$7&/!'6*%39&7(*(3$7!Y!%62#A&%%&!'&!%6&/1]#&!
!
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#3)#.91$%*3)&/!Z.63%/!&HH&#(.&7(!*1)]/!%6&78$%I!X%/!1*//&7(!'$7#!=&*.#$.1!'&!(&91/!'*7/!'&/!

&*.N!Z.3!*=)3(&7(!.7&!1_#A&!37(&7/38&!hW77&N&!B!T!e35I!jiI!!

!

 
Figure 17. Carte du recouvrement entre le domaine vital des pétrels géants subantarctiques (haut) et 

antarctiques (bas) et l’effort de pêche cumulé (en nombre d’hameçons déployés) durant la période de suivi. 
Le domaine vital est défini comme le contour des noyaux de densité rassemblant 95% des localisations. 

Les contours de ces domaines sont représentés en bleu pour les mâles et en rouge pour les femelles.!
!

!

CIFI!S$7#%./3$7!u!;&)/1&#(38&/!

!

>&1.3/! Bmmr:! '&/! 9&/.)&/! '&! 93(35*(3$7! $7(! 2(2! 93/&/! &7! 1%*#&! '*7/! %&/! &*.N!

(&))3($)3*%&/!H)*7[*3/&/!&7($.)*7(!%&/!*)#A31&%/!'&!S)$V&(!&(!J&)5.&%&7I!;*)93!&%%&/:!%&!%&/(*5&!

'&/!%357&/!Z.3!'3937.&!%&!%*1/!'&!(&91/!$x!%&/!*11`(/!/$7(!'3/1$73=%&/!1$.)!%&/!$3/&*.N!%$)/!

'&! %*!93/&! Y! %6&*.:! %637/(*%%*(3$7!'&!=*7'&)$%&/! '6&HH*)$.#A&9&7(!Z.3! 2%$357&7(! %&/!$3/&*.N!

'&/!%357&/:!%*!1)2/&7#&!Y!=$)'!'&!#$7()v%&.)/!'&/!1_#A&/!Z.3!'$38&7(!$=/&)8&)!.7!Z.*)(!'&/!



;*)(3&!B!<!X'&7(3H3#*(3$7!'&/!V$7&/!'6*%39&7(*(3$7!Y!%62#A&%%&!'&!%6&/1]#&!
!
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93/&/! &7! 1%*#&! '&! %357&/! &(! &7H37:! %*! H&)9&(.)&! '&! %*! 1_#A&! 1&7'*7(! %*! 1%&37&! 12)3$'&! '&!

)&1)$'.#(3$7!hSSWU-@!DEBC=:!*iI!

"7!)&8*7#A&:!&7!'&A$)/!'&/!t""/:!%&/!9&/.)&/!'&!93(35*(3$7!=3&7!Z.&!#$7/&3%%2&/!/$7(!

/$.8&7(! 1&.! $.! 1*/! /.383&/I! >&! 1%./:! %*! 1)2/&7#&! '&! #$7()v%&.)/! '&/! 1_#A&/! 76&/(! 1*/!

391$/2&I!-&!)3/Z.&!1$.)!%&/!$3/&*.N!'6_()&!#*1(.)2/!'*7/!%&/!5)*7'&/!1_#A&)3&/!(A$73])&/!'&!

%6k#2*7!X7'3&7!*11*)*3(!'$7#!1%./!391$)(*7(!Z.6*.!/&37!'&/!t""/!H)*7[*3/&/I!!

;*)! #$7/2Z.&7(:! 9_9&! /3! %&/! 9`%&/! dk+;! 1)2/&7(&7(! %&! )&#$.8)&9&7(! %&! 1%./!

391$)(*7(!*8&#!.7!&HH$)(!'&!1_#A&!37(&7/&:!%&.)!)3/Z.&!'6_()&!#*1(.)2/!*##3'&7(&%%&9&7(!&/(!

)&%*(38&9&7(! =*/! &7! )*3/$7! '&/!9&/.)&/! '&!93(35*(3$7! 391$/2&/! *.N! 1*%*75)3&)/! $12)*7(/!

'*7/! %&/! &*.N! H)*7[*3/&/I! W! %6378&)/&:! #&! /$7(! 1)37#31*%&9&7(! %&/! H&9&%%&/! dk+;! &(! %&/!

G.8273%&/!'&/!'&.N!&/1]#&/!Z.3!/$7(!%&!1%./!/./#&1(3=%&/!'6_()&!#*1(.)2/!'*7/!%&/!1*%*75)&/!'&!

A*.(&!9&):!'.!H*3(!'&! %&.)!'3/()3=.(3$7!&(!'.!#$91$)(&9&7(!7*�H!'&/! G.8273%&/!'.)*7(! %&.)/!

1)&93])&/!*772&/!'&!83&I!!

!

;$.)!#$91%2(&)!#&((&!2(.'&:!3%!/&)*3(!37(2)&//*7(!'&!()*8*3%%&)!Y!.7&!2#A&%%&!/1*(3*%&!&(!

(&91$)&%%&!1%./!H37&:!1$.)!3'&7(3H3&)!*.!/&37!'.!)3/Z.&!'&!)&#$.8)&9&7(!*8&#!%&/!1_#A&)3&/:!%&!

)3/Z.&!)2&%!'637(&)*#(3$7I!;$.)!/&!H*3)&:!'&/!+;0!1$.))*3&7(!_()&!'21%$,2/!/.)!'&/!37'383'./!'&!

#A*Z.&!&/1]#&:!/&N&!&(!/(*'&!*H37!'&!#$7H)$7(&)!%&.)/!()*G&(/!Y!H37&!2#A&%%&!*8&#!'&/!'$772&/!

RU0! 3//.&/!'&/!1*%*75)3&)/!$12)*7(!'*7/! %&/! V$7&/! H)2Z.&7(2&/!1*)! %&/!$3/&*.N!1&7'*7(! %*!

12)3$'&!'6$.8&)(.)&! '&! %*! 1_#A&I!>&!1%./:! 1$.)! Z.*7(3H3&)! %6391$)(*7#&!'&! %6.(3%3/*(3$7! '&/!

'2#A&(/! '&! 1_#A&! &(! '&/! *11`(/! *(()*12/! /.)! %&/! %357&/! '*7/! %*! /()*(253&! *%39&7(*3)&! '&/!

12()&%/!52*7(/:!.7&!2(.'&! 3/$($13Z.&!1&)9&(()*3(!1$(&7(3&%%&9&7(!'&!'3/#)3937&)! %*!1*)(!'&!

#&/! )&//$.)#&/! '6$)3537&! *7(A)$13Z.&!'*7/! %&! )2539&!*%39&7(*3)&! '&! #&/! $3/&*.NI! "7H37:! %&/!

92#*73/9&/!Z.3!#$7'.3/&7(!Y!%6.(3%3/*(3$7!#$99.7&!'&!#&)(*37&!V$7&/!Y!%*!H$3/!1*)!%&/!12()&%/!

52*7(/!1*)! %&/!=*(&*.N!'&!1_#A&! )&/(&7(!Y!'2(&)937&)!*H37!'&!'2H373)! /3! %&/!$3/&*.N!#3=%&7(!

1)2H2)&7(3&%%&9&7(!#&/!V$7&/!&7!)*3/$7!'&!%*!1)2/&7#&!'&/!7*83)&/!$.!&7!)*3/$7!'&!#$7'3(3$7/!

&783)$77&9&7(*%&/!H*8$)*=%&/!Y!%*!1)2/&7#&!'&!%&.)/!1)$3&/!7*(.)&%%&/I! !



!
!
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(D1V4E35!/0!
!
!
!
!
!

613E45!P!:!#GEAVGE!F5![4GF4X53A4EL!VG23!2>5!
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!
!
!

 
X,3"($%)*K*Q%/$#-,)*@%-$)*'(*a%$8%/)*!"#"$%&-)*4"&)*,"*#%,%&-'*9-B('*4/*G"&:%&*4')*Q%/$#-,)*@%-$)7*U'$./','&7*

\'$$')*X/)($",')*'(*X&("$#(-H/')*^$"&_"-)')*

`*2"/$-'*\+-'$)*

!



!
!
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/0! a! #'"%6'"! &$! 9/'&/0$)%/"$! 6'-)! -.$! ('77-.*-"$! &$! 6)$&*"$-)%!

%-6$)/$-)%!
!

FIBI!X7()$'.#(3$7!

!

-6*)#A31&%!'&!J&)5.&%&7!&/(!.7&!V$7&!'&!)&1)$'.#(3$7!9*G&.)&!1$.)!.7!5)*7'!7$9=)&!

'6&/1]#&/! '6$3/&*.N! &(! '&! 9*993H])&/! 9*)37/! '*7/! %6k#2*7! W./()*%I! ;*)93! &.N:! '&!

7$9=)&./&/!&/1]#&/!1)2/&7(&7(!'&/!/(*(.(/!'&!#$7/&)8*(3$7!1)2$##.1*7(/!Y!%*!/.3(&!'&!%&.)!

&N1%$3(*(3$7!%$)/!'&/!5)*7'&/!#A*//&/!1A$Z.3])&/!'.!Bm]9&!/3]#%&!$.!&7!)*3/$7!'&/!1)$=%]9&/!

1%./! )2#&7(/! '&! #*1(.)&/! *##3'&7(&%%&/! '*7/! %&/! 1*%*75)3&)/! $12)*7(! /.)! %&! 1%*(&*.! '&!

J&)5.&%&7!h>&%$)'!&(!*%I!DEEriI!!

?7&!)2/&)8&!(&))&/()&!37(25)*%&!*!'2GY!2(2!93/&!&7!1%*#&!Y!J&)5.&%&7!&7!DEEg!'*7/!%&!

#*')&!'&!%*!#)2*(3$7!'&!%*!@2/&)8&!d*(.)&%%&!'&/!MWWe/!'*7/!%&!=.(!'&!1)$(25&)!#&/!&/1]#&/!

/&7/3=%&/! /.)! %&.)/! %3&.N! '&! )&1)$'.#(3$7I! S&1&7'*7(:! %6&N(&7/3$7!9*)37&! '&! #&((&! )2/&)8&!

)&/(&! ()]/! %393(2&! *%$)/! 9_9&! Z.&! %*! 1%.1*)(! '&/! &/1]#&/! /6*8&7(.)&7(! =3&7! *.T'&%Y! '&/!

H)$7(3])&/!'&!#&((&!V$7&!'&!1)$(&#(3$7!1$.)!/6*%39&7(&)!'.)*7(! %*!12)3$'&!'&! )&1)$'.#(3$7!

hSA&)&%!u!Q&39&)/O3)#A!Bmmr:!SA*))*//37!&(!*%I!DEEF:!>)*5$7!&(!*%I!DEBEiI!"7!$.()&:!#6&/(!&7!

9&)!Z.&!%&/!&/1]#&/!)&7#$7()&7(! %&!1%./!'&!9&7*#&/:!7$(*99&7(!&7!)*3/$7!'&!%*!1)2/&7#&!

'&/! 1_#A&)3&/! 37'./()3&%%&/! #3=%*7(! 1)37#31*%&9&7(! %&/! &/1]#&/! '&! (A$7/I! -&/! *#(383(2/! '&!

1_#A&! 3%%25*%&/:! 7$7! )&1$)(2&/! &(! 7$7! )25.%2&/! hXddi! &7! 1*)(3#.%3&)! /$7(! ()]/! '28&%$112&/!

*.($.)!'&! %6*)#A31&%!'&!J&)5.&%&7:!*8&#!'&/!&/(39*(3$7/!'&!1)3/&/!/62%&8*7(!Y!DD!($77&/!'&!

%2537&/!&7!DEBE!hSSWU-@!DEBC=i:!H*3/*7(!'&/!&*.N!'&!%6*)#A31&%:!'&/!V$7&/!Y!)3/Z.&/!1$.)!%&/!

&/1]#&/!&7!37(&)*#(3$7!$.!&7!#$912(3(3$7!*8&#!#&/!1_#A&)3&/I!!

;$.)!%6&7/&9=%&!'&!#&/!)*3/$7/:!%6*)#A31&%!'&!J&)5.&%&7!*!2(2!3'&7(3H32!#$99&!.7!/3(&!

1$(&7(3&%!1$.)!.7&!WU;!13%$(&!*.!#$.)/!'.!Q$)O/A$1!/.)! %&/!WU;!'&!A*.(&!9&)!Z.3! /6&/(!

(&7.! Y!U*%*5*! &7! DEEC! h+G&)'&! u! 4)&3'&! DEECiI! S&1&7'*7(:! *H37! '&! '2H373)! %&/! H)$7(3])&/!

'6.7&!)2/&)8&:! 3%!&/(!&//&7(3&%!'&!'2(&)937&)! %&/!V$7&/!'6391$)(*7#&!1$.)! %6&7/&9=%&!'&! %*!

#$99.7*.(2! '6&/1]#&/! Z.3! /6,! )&1)$'.3(! #A*Z.&! *772&I! >&/! 2(.'&/! $7(! '2GY! 1&)93/!

'63'&7(3H3&)!%&/!V$7&/!'6*%39&7(*(3$7!.(3%3/2&/!Y!%62#A&%%&!'6.7&!/&.%&!&/1]#&!hQ&39&)/O3)#A!&(!

*%I! Bmjj:! +.37&(! &(! *%I! DEEBi:! 9*3/! &7#$)&! *.#.7&! 76*! 1&)93/! '&! '2(&)937&)! %&/! V$7&/!

.(3%3/2&/! 1*)! 1%./3&.)/! &/1]#&/! 1)2/&7(*7(! '&/! #$91$)(&9&7(/! '&! )&#A&)#A&! *%39&7(*3)&!

#$7()*/(2/!&(!'&/!)2539&/!'3HH2)&7(/:!&(!#&!Y!%*)5&!2#A&%%&!(&91$)&%%&I!!



;*)(3&!D!<!P$(/1$(!'&!=3$'38&)/3(2!1$.)!.7&!#$99.7*.(2!'&!1)2'*(&.)/!/.12)3&.)/!
!
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d$./! 7$./! 1)$1$/$7/! 3#3! '6.(3%3/&)! %&/! '$772&/! (2%292()3Z.&/! '6$3/&*.N! &(! '&!

9*993H])&/! 9*)37/! #$%%&#(2&/! *.! #$.)/! '&/! DE! '&)73])&/! *772&/! Y! 1*)(3)! '&/! /3(&/! '&!

)&1)$'.#(3$7!1)37#31*.N!'&!%6*)#A31&%I!d$./!*8$7/!'$7#!*7*%,/2!'&/!%$#*%3/*(3$7/!1)$8&7*7(!

'6$3/&*.N!8$%*7(/:!)&1)2/&7(2/!1*)!%&!5)*7'!*%=*()$/!D-%9'4'"*'B/,"&):! %6*%=*()$/!Y!/$.)#3%/!

7$3)/! \+","))"$#+'* 9',"&%>+$-):! %&! 12()&%! Y! 9&7($7! =%*7#! [$%#',,"$-"* "'H/-&%#(-",-)! &(! %&!

#$)9$)*7!'&!J&)5.&%&7!2'/#%#"$3%*5'$$/#%)/)*�!'6$3/&*.N!1%$75&.)/!*8&#!%&!9*7#A$(!)$,*%!

X>('&%4:(')* >"(".%&-#/):! %&! 9*7#A$(! 1*1$.! [:.%)#',-)* >">/"! &(! %&! 9*7#A$(! 9*#*)$73!

b/4:>(')* #+$:)%,%>+/):! &(! &7H37! '&! 9*993H])&/! 9*)37/! 3%%./()2/! 1*)! %62%21A*7(! '&! 9&)!

*./()*%!!-$%/&."*,'%&-&"!&(!%6$(*)3&!Y!H$.)).)&!'&!J&)5.&%&7!X$#(%#'>+",/)*."T',,"!hM*=%&I!BiI!

!

Tableau 1 Récapitulatif du statut de conservation de 9 espèces se reproduisant sur l’archipel de Kerguelen 

!

!

;$.)! '2(&)937&)! %&/! V$7&/! '6391$)(*7#&! 1$.)! #&((&! #$99.7*.(2! '&! 1)2'*(&.)/!

9*)37/!/.12)3&.)/:!.7&!*7*%,/&!37'383'.&%%&!'.!(&91/!1*//2!1*)!/&#(&.)!*!2(2!)2*%3/2&!*H37!'&!

)&1)2/&7(&)!%*!'3/()3=.(3$7!5%$=*%&!'&/!&/1]#&/!/.383&/!&(!'63'&7(3H3&)!%&/!V$7&/T#%2/!1$.)!#&/!

&/1]#&/I! >*7/! .7! /&#$7'! (&91/:! #&/! 8*%&.)/! '&! M;;0! $7(! 2(2! /$992&/! 1$.)! )&1)2/&7(&)!

%6.(3%3/*(3$7!5%$=*%&!'&! %*!V$7&!'62(.'&!1*)! %6&7/&9=%&!'&/!&/1]#&/!/.383&/I!"7H37:!=*/2/!/.)!
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Figure 18. Carte de temps passé par secteur (TPPS) cumulé standardisé pour les 9 espèces suivies dans la 

zone d’étude. 
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Figure 19. Carte de la moyenne des prédictions de présence pour les 4 espèces de prédateurs supérieurs de 

l’archipel de Kerguelen (BBAL, KIPE, SAFS, WAAL)  
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Figure 20. Carte de situation des colonies d’origine des individués suivis par télémétrie depuis l’archipel 

de Kerguelen 
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Figure 21. Zones de pêche couvertes par les palangriers ciblant la légine australe dans la ZEE de 

l’archipel de Kerguelen entre 1999 et 2009 (à partir de Duhamel et al. 2011). 
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Figure 22. Floc de frégates, sternes et fous profitant des proies chassées par un thon jaune. 
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Figure 23. Carte de recouvrement des zones favorables pour les 4 différents groupes d’espèces 
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!

gIBI!"(.'&!'&!%*!'3/()3=.(3$7!&7!9&)!

!

C10101*X#H/-)-(-%&*4')*4%&&6')**

U*%5)2! %&/!1)$5)]/! (&#A73Z.&/!Z.6$7(! #$77./! %&/!'&)73])&/!'2#&773&/:! %62(.'&!'&! %*!

'3/()3=.(3$7!&7!9&)!'&/!&/1]#&/!'&!1)2'*(&.)/!/.12)3&.)/!)&/(&!.7!'2H3!9*G&.)I!!

?7! 5)*7'! 7$9=)&! '&! (&#A7$%$53&/! /$7(! *.G$.)'6A.3! '3/1$73=%&/! 1$.)! *#Z.2)3)! '&/!

37H$)9*(3$7/! /.)! %*! '3/()3=.(3$7! '&/! &/1]#&/! 9*)37&/:! *8&#! %&! '28&%$11&9&7(! &(! %*!

'29$#)*(3/*(3$7! '&/! /,/(]9&/! W@+k0:! +-0! &(! +;0! hQ&39&)/O3)#A! &(! *%I! DEEC=:! @$1&)(T

S$.'&)(!u!Q3%/$7!DEEriI!S&1&7'*7(!*.#.7&!'&!#&/!92(A$'&/!7&!/6&/(!391$/2&!1*)!)*11$)(!

*.N!*.()&/!'*7/!%&/!2(.'&/!(2%292()3Z.&/:!#*)!#A*#.7&!'6&%%&!#$91$)(&!=3&7!283'&99&7(!Y!%*!

H$3/! '&/! *8*7(*5&/! &(! '&/! 37#$78273&7(/:! %*! %393(*(3$7! 1)37#31*%&! '&! %*! (2%292()3&! 2(*7(! %*!

72#&//3(2! '6.7&! =*%*7#&! &7()&! %6*.($7$93&! '&/! *11*)&3%/:! %&.)! #$^(:! %*! 1)2#3/3$7! &(! %*!

H)2Z.&7#&!'&/!'$772&/!#$%%&#(2&/I!"7H37!#&/!#A$3N!(&#A7$%$53Z.&/!'21&7'&7(!25*%&9&7(!'&/!

&/1]#&/! #3=%2&/! &(! '&! %&.)! (*3%%&:! *37/3! Z.&! '.! /(*(.(! '&/! 37'383'./:! 1*)! &N&91%&! 1$.)! %*!

1%.1*)(! '&/! &/1]#&/! '6$3/&*.N! 9*)37/! /.383/:! %&/! &HH$)(/! /&! /$7(! 1$)(2/! /.)! %&/! *'.%(&/
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)&1)$'.#(&.)/! $.! 1$/(T)&1)$'.#(&.)/:! *%$)/! Z.&! %&/! 399*(.)&/! )&1)2/&7(&7(! #A&V! %&/!

&/1]#&/! %$752838&/! .7&! 1)$1$)(3$7! 391$)(*7(&! '&! %*! 1$1.%*(3$7:! 9*3/! 72#&//3(&7(! '&/!

(&#A73Z.&/!'&!/.383/!'3HH2)&7(/!'&!#&%%&/!.(3%3/2&/!1$.)!%&/!*'.%(&/I!!

>6.7! *.()&! #v(2:! %*! 92(A$'&! ()*'3(3$77&%%&! 1$.)! $=(&73)! '&/! 37H$)9*(3$7/! /.)! %*!

'3/()3=.(3$7! '&/! &/1]#&/! '&9&.)&! %*! )2*%3/*(3$7! '6$=/&)8*(3$7/! &7! 9&):! Z.6&%%&/! /$3&7(!

)2*%3/2&/! Y! 1*)(3)! '6.7! =*(&*.! $.! '6.7! *83$7I! "%%&! )&/(&! &7#$)&! %*)5&9&7(! .(3%3/2&! 1$.)! %*!

1$//3=3%3(2!Z.6&%%&!$HH)&!'6$=(&73):!Y!%62#A&%%&!'6.7!93%3&.:!.7&!)&1)2/&7(*(3$7!37/(*7(*72&!'&!

%*!#$99.7*.(2!'6&/1]#&/!&(!'&!%&.)/!37(&)*#(3$7/!h&I!5I!4*%%*7#&!&(!*%I!Bmml:!\*Z.&9&(!&(!*%I!

DEEF:!U*77$##3!&(!*%I!DEBFiI!S&((&!92(A$'&!)&/(&!($.(&H$3/!()]/!#$.(&./&!#*)!&%%&!72#&//3(&!

%*! 93/&! &7! 1%*#&! '&! 9$,&7/! Y! %*! 9&)I! -*! 1%.1*)(! '.! (&91/:! #&/! #*91*57&/! /$7(! '$7#!

$11$)(.73/(&/!&(!#$.1%2&/!Y!'&/!#*91*57&/!$#2*7$5)*1A3Z.&/:! )&7'*7(! %62(*=%3//&9&7(!'&!

1)$($#$%&/!/,/(29*(3Z.&/!'3HH3#3%&/!Y!9&(()&!&7!1%*#&I!!

-&! #A$3N! '&! %6.7&! $.! %6*.()&! '&! #&/! 92(A$'&/! 1$.)! *#Z.2)3)! '&/! '$772&/! '&!

'3/()3=.(3$7! &/(! *%$)/! #$7'3(3$772! 1*)! %&! (,1&! '62(.'&!93/! &7!n.8)&:! Y! /*8$3)! %&/! &/1]#&/!

#3=%2&/!*37/3!Z.&! %62#A&%%&! (&91$)&%%&!&(!/1*(3*%&!'&! %62(.'&I!>*7/!7$()&!#*/:! %6.(3%3/*(3$7!'&!

#A*#.7&!'&!#&/!92(A$'&/!/6&/(!)282%2&!1)$H3(*=%&!'*7/!%*!'2(&)937*(3$7!'&/!A*=3(*(/!.(3%3/2/!

1*)!7$/!&/1]#&/!'637(2)_(:!9*3/!/.)($.(:!&%%&/!/&!/$7(!)282%2&/!#$91%29&7(*3)&/I!!

"7!&HH&(:! %&/!#*91*57&/!'6$=/&)8*(3$7/!&7!9&)!'*7/! %&!S*7*%!'.!U$V*9=3Z.&!7$./!

$7(! *11$)(2! '&/! 37H$)9*(3$7/! 5%$=*%&/! /.)! %*! '3/()3=.(3$7! '&/! #2(*#2/:! 1$.)! %&/Z.&%/! %&/!

2(.'&/!(2%292()3Z.&/!/$7(!'3HH3#3%&/!Y!9&(()&!&7!n.8)&!Y!5)*7'&!2#A&%%&!h9*3/!8$3)!4*%9&)!&(!

*%I! DEBFi:!9*3/! *.//3! 1$.)! %&/! $3/&*.N!9*)37/! 1)$8&7*7(! '&! ($.(&/! %&/! #$%$73&/! '&! %*! V$7&!

'62(.'&I! >&! 1%./:! %&/! $=/&)8*(3$7/! &7! 9&)! H$.)73//&7(! '&/! 37H$)9*(3$7/! 37&/(39*=%&/! /.)!

%6*//$#3*(3$7! &7! (&91/! )2&%! '&/! &/1]#&/! '*7/! %&/! *5)25*(3$7/! '6*%39&7(*(3$7:! #&! Z.&! %*!

(2%292()3&!7&!1&)9&(!Z.&!'&!1)2/.9&)!$.!'6*=$)'&)!'&!H*[$7!1*)(3&%%&!h7$(*99&7(!5)`#&!Y!

%6.(3%3/*(3$7!'&!#*92)*/iI!!

>6.7!*.()&! #v(2:! %6.(3%3/*(3$7!'&! %*! (&#A7$%$53&!W@+k0!*!2(2!1)2#3&./&!1$.)!$=(&73)!

'&/! 1*()$7/! '&! '3/()3=.(3$7! Y! H37&! 2#A&%%&! /1*(3*%&! &(! /62(&7'*7(! /.)! 1%./3&.)/! /&9*37&/! Y!

1%./3&.)/!9$3/I!>&!1%./:! /*7/!#&/!2Z.31&9&7(/:! %*! #$%%&#(&!'&/!'$772&/!'&! %$#*%3/*(3$7!'&/!

12()&%/! 52*7(/! G.8273%&/! 76*.)*3(! 1*/! 2(2! 1$//3=%&! 1.3/Z.&! %&/! 37'383'./! 7&! )&8&7*7(! Y! %&.)!

#$%$73&!Z.&!1%./3&.)/!*772&/!*1)]/! %&.)!&78$%!'.!73':! 3%!*.)*3(!'&!#&! H*3(!2(2! 391$//3=%&!'&!

)2#.12)&)!%&/!=*%3/&/I!!!
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-6&N()_9&!*.($7$93&!'&/!+-0:!Z.*7(!Y!&.N:!7$./!*!1&)93/!'6$=(&73)!'&/!37H$)9*(3$7/!

372'3(&/!/.)!%*!'3/()3=.(3$7!A38&)7*%&!'&/!*'.%(&/!12()&%/!52*7(/!/&!)&1)$'.3/*7(!'*7/!%6k#2*7!

X7'3&7! 0.':! Z.3! /$7(! 1&.! *##&//3=%&/! '.)*7(! #&((&! 12)3$'&I! -&! 9*7Z.&! '&! 1)2#3/3$7! '&/!

%$#*%3/*(3$7/!$=(&7.&/!#$))352!5)`#&!Y!%*!#$))&#(3$7!'&/!%*(3(.'&/!1*)! %*!(&912)*(.)&!*!*37/3!

)&7'.!1$//3=%&!%*!'&/#)31(3$7!Y!%*)5&!2#A&%%&!'&!%&.)/!9$.8&9&7(/!($.(!*.!%$75!'&!%6*772&I!

S&/!()*8*.N!'&!(A]/&:!&(!&7!1*)(3#.%3&)! %&!SA*13()&!C:!$7(!1&)93/! %*!#$91*)*3/$7!'&/!

)2/.%(*(/! 3//./!'&!1%./3&.)/! (&#A73Z.&/!'6*#Z.3/3(3$7:! #&!Z.3! *!&7#$)&!2(2! )&%*(38&9&7(!1&.!

'$#.9&7(2! '*7/! %*! %3((2)*(.)&! h9*3/! 8$3)! 4)355/! &(! *%I! Bmjr=:! S*91A.,/&7! &(! *%I! DEEF:!

0$.(A*%%!&(!*%I!DEEriI!>&!1%./:!7$/!2(.'&/!$7(!9$7()2!%6*11$)(!1)2#3&.N!'&!%*!#$9=37*3/$7!'&!

#&/!'3HH2)&7(&/!92(A$'&/!'6*#Z.3/3(3$7!'&!'$772&/!'*7/! %&/!2(.'&/!'&!'3/()3=.(3$7!&7!9&)I!!

"7!%&/!*//$#3*7(!G.'3#3&./&9&7(!3%!&/(!*%$)/!1$//3=%&!'&!(3)&)!%&!9&3%%&.)!1*)(3!'&/!37H$)9*(3$7/!

Z.6&%%&/!1&.8&7(!H$.)73)!h&I5I!P,)&7=*#A!&(!*%I!DEEg:!-$.V*$!&(!*%I!DEEm:!S*91A.,/&7!&(!*%I!

DEBDi! /*7/! _()&! %393(2! 1*)! %&.)/! 37#$78273&7(/! h9*7Z.&! '6*.($7$93&:! '&! 1)2#3/3$7:! #$^(!

2%&82KiI! S&/! 2(.'&/! )&7'&7(! *37/3! 1$//3=%&! Y! %*! H$3/! %*! '2(&)937*(3$7! '&! %6A*=3(*(! .(3%3/2! Y!

%62#A&%%&! '6.7&! &/1]#&! 5)`#&! *.N! $=/&)8*(3$7/! &7!9&):! (*7'3/! Z.&! %&/! /.383/! (2%292()3Z.&/!

1&)9&((&7(! %*!93/&! &7! 283'&7#&!'&! V$7&/! '6*%39&7(*(3$7!1)2#3/&/! Y! %62#A&%%&! '&/! 37'383'./!

h-$.V*$!&(!*%I!DEEmiI!X%!&/(!25*%&9&7(!1$//3=%&!'&!'2(&)937&)!%&/!V$7&/!'6*%39&7(*(3$7!'6.7&!

&/1]#&!'$772&!5)`#&!*.N!37H$)9*(3$7/!#$91$)(&9&7(*%&/!)&%&82&/!1&7'*7(!%&/!$=/&)8*(3$7/!

&7!9&):! (*7'3/! Z.&! %*! (2%292()3&!1&)9&(!&7/.3(&!'&!'2H373)! %*! 1)$8&7*7#&!'&/!$3/&*.N!Z.3!

.(3%3/&7(!#&/!'3HH2)&7(&/!V$7&/!hS*91A.,/&7!&(!*%I!DEBDiI!-*!#$9=37*3/$7!'&!1%*(&H$)9&/!&/(!

'&!#&!H*3(!37'3/1&7/*=%&!1$.)!#$.8)3)!Y!%*!H$3/!%62#A&%%&!37'383'.&%%&!&(!/12#3H3Z.&!*.!/&37!'6.7&!

9_9&!2(.'&I!!

!

C101<1*\$"-('9'&(*4')*4%&&6')**

-&/!92(A$'&/!'6*7*%,/&!'&/!'$772&/!'&!'3/()3=.(3$7!/$7(!8*)32&/:!&(!7$./!&7!*8$7/!

.(3%3/2! ()$3/!&7!1*)(3#.%3&)!'*7/!#&((&!2(.'&I!"7!#&!Z.3! #$7#&)7&! %&/!92(A$'&/!'&/#)31(38&/:!

7$./!*8$7/!1)383%2532!%6*7*%,/&!'&!O&)7&%/!'&!'&7/3(2!&(!%&!#*%#.%!'.!(&91/!1*//2!1*)!/&#(&.)I!

-*!9$'2%3/*(3$7!Z.*7(!Y!&%%&!*!2(2!.(3%3/2&!1$.)!1)2'3)&!%*!'3/()3=.(3$7!'&/!&/1]#&/!2(.'32&/I!!

-6*7*%,/&! '&/! O&)7&%/! '&! '&7/3(2! *! 2(2! )2*%3/2&! 1$.)!9&(()&! &7! 283'&7#&! %&/! V$7&/!

391$)(*7(&/!'*7/!%*!'3/()3=.(3$7!'&/!&/1]#&/I!S&((&!92(A$'&!'&!)&1)2/&7(*(3$7:!=*/2&!/.)!%&!

#*%#.%!'&!1)$=*=3%3(2!'&!()$.8&)!%&/!37'383'./!'*7/!.7!12)39]()&!'$772:!1&)9&(!'6*8$3)!.7&!

83/3$7!5%$=*%&!Y!%*!H$3/!'&!%62(&7'.&!'.!'$9*37&!83(*%!'&!%6&/1]#&:!9*3/!*.//3!'&/!V$7&/T#%2!*.!
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/&37! '&! #&! '$9*37&I! S&((&! 92(A$'&! &/(! 1*)(3#.%3])&9&7(! *'*1(2&! *.N! '$772&/!

(2%292()3Z.&/!Z.3! $7(! .7&! H)2Z.&7#&! )25.%3])&:! '6*.(*7(! 1%./! Z.&! %6*7*%,/&!'&/! O&)7&%/! 7&!

)&Z.3&)(!1*/!%637'21&7'*7#&!'&/!'$772&/!h>&!0$%%*!&(!*%I!BmmmiI!"%%&!/&!1)_(&!7$(*99&7(!()]/!

=3&7!1$.)!%&/!%$#*%3/*(3$7/!3//.&/!'&/!+-0:!'6*.(*7(!1%./!Z.&!%&!#*%#.%!'&/!O&)7&%/!7&!72#&//3(&!

1*/! .7&! 5)*7'&! 1)2#3/3$7! '&/! '$772&/! 5)`#&! Y! %*! '2(&)937*(3$7! '.! H*#(&.)! '&! %3//*5&! Z.3!

1&)9&(!'&!1)&7')&!&7!#$91(&!#&!1*)*9]()&I!W37/3:!1$.)! %6*7*%,/&!'&/!'$772&/!'&/!12()&%/!

52*7(/:! %&! #*%#.%! '&! O&)7&%/! '&! '&7/3(2! /6&/(! )282%2! 3'2*%! %Y! $x! '&/! *7*%,/&/! 1%./! H37&/!

76*.)*3&7(!1*/!2(2!1&)(37&7(&/!*.!8.!'&!%6391)2#3/3$7!'&/!'$772&/I!>&!1%./:!%6.(3%3/*(3$7!'&/!

O&)7&%/!'*7/!%6*7*%,/&!'&!%*!'3/()3=.(3$7!'&/!$3/&*.N!9*)37/!1&.(!/&!)282%&)!*.//3!&HH3#*#&!Z.&!

'&/! 92(A$'&/! 1%./! #$91%&N&/! (&%/! Z.&! %&/! /(*(&! /1*#&! 9$'&%/! $.! %&! H3)/(! 1*//*5&! (39&:!

1.3/Z.&! #&/! ()$3/! 92(A$'&/! )&1$/&7(! /.)! %*! 9_9&! A,1$(A]/&:! Y! /*8$3)! Z.6.7&! 83(&//&!

9$37')&!$=/&)82&!#A&V!.7!37'383'.!#$))&/1$7'!Y!.7&!1%./!391$)(*7(&!&N1%$3(*(3$7!'.!93%3&.!

hM*7#&%%!&(!*%I!DEBCiI!S&1&7'*7(:!'*7/!%&!#*/!'&/!=*%3/&/!W@+k0!H$7#(3$77*7(!&7!'.(,T#,#%&:!

#&((&!)&1)2/&7(*(3$7!76&/(!1*/!*'*1(2&!1.3/Z.6&%%&!/.)&/(39&!%&/!V$7&/!83/3(2&/!1&7'*7(! %&/!

12)3$'&/!'&!()*7/93//3$7!*%$)/!Z.&!#&%%&/!Z.3!/$7(!H)2Z.&7(2&/!1&7'*7(!%&/!12)3$'&/!kee!7&!

/$7(!1*/!)&1)2/&7(2&/I!

"7!)&8*7#A&:!%&!#*%#.%!'&!(&91/!1*//2!1*)!/&#(&.)!&/(!($.(!Y!H*3(!*'*1(2!'*7/!#&!#*/!

1.3/Z.63%!)&1$/&!/.)!.7&!37(&)1$%*(3$7!%372*3)&!'&/!%$#*%3/*(3$7/!1$.)!)&#)2&)!%&/!()*G&#($3)&/I!

>&!1%./:!#&((&!)&1)2/&7(*(3$7!5)3%%2&!'&/!()*G&(/!37'383'.&%/!1&)9&(!7$(*99&7(!'&!9&(()&!&7!

283'&7#&!&(!'&!#$91*)&)!%6.(3%3/*(3$7!'&!%6A*=3(*(!&7()&!5)$.1&/!$.!&7()&!&/1]#&/I!-&!#*%#.%!

'.!M;;0!*!*37/3!2(2!()]/!.(3%&!'*7/!%*!)&1)2/&7(*(3$7!'.!)3/Z.&!'637(&)*#(3$7!&7()&!%&/!12()&%/!

52*7(/!&(!%&/!1_#A&)3&/!Y!%*!1*%*75)&!*.!%*)5&!'&!S)$V&(:!$.!&7#$)&!'*7/!%63'&7(3H3#*(3$7!'&/!

V$7&/! %&/! 1%./! .(3%3/2&/! 1*)! %*! #$99.7*.(2! '&! 1)2'*(&.)/! '&! %6*)#A31&%! '&! J&)5.&%&7I!

M$.(&H$3/:! '*7/! %&! #*')&! '&! %62(.'&! '&! %*! '3/()3=.(3$7:! #&((&! 92(A$'&! 7&! /&! 1)_(&!

#$))&#(&9&7(!Z.6*.N!'$772&/!(2%292()3Z.&/!1.3/Z.6&%%&!72#&//3(&!'&/!'$772&/!/$./!H$)9&!

'&!()*G&#($3)&/:!*37/3!&%%&!76*!1*/!1.!_()&!*11%3Z.2&!*.N!$=/&)8*(3$7/!)2*%3/2&/!'*7/!%&!S*7*%!

'.!U$V*9=3Z.&I!!

>*7/!($.(&/!#&/!2(.'&/:! %*!9$'2%3/*(3$7:!Z.6&%%&!/$3(!'&/#)31(38&!$.!1)2'3#(38&:!*!2(2!

.7!$.(3%!1)2#3&.N!1$.)!#$91)&7')&! %&/!H*#(&.)/! 37H%.&7[*7(! %*!)21*)(3(3$7!'&/!&/1]#&/!'*7/!

%&.)!93%3&.I! -*! 8*)32(2!'&/! (&#A73Z.&/!'&!9$'2%3/*(3$7!'3/1$73=%&/! h8$3)!P&5&%! &(! *%I! DEBEi!

)&7'!#&(!$.(3%!/(*(3/(3Z.&!*'*1(*=%&!Y!.7!5)*7'!7$9=)&!'&!#*/:!%.3!1&)9&((*7(!'&!/6*G./(&)!Y!

($.(! (,1&!'&! )21$7/&!'&! %637'383'.!Y! /$7!&783)$77&9&7(I! -*!1.3//*7#&!'&/!9$']%&/! )2/3'&!
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'*7/! %*!1$//3=3%3(2!'6&N()*1$%&)! %&/!A*=3(*(/! H*8$)*=%&/!1$.)!.7&!&/1]#&!'$772&!Y!1*)(3)!'&!

()*G&(/!$.!'6$=/&)8*(3$7/!%393(2/!'*7/!%&!(&91/!&(!'*7/!%6&/1*#&I!S&/!9$']%&/!7$./!$7(!*37/3!

1&)93/! '&! '2#)3)&! &(! 1)2'3)&! %&/! V$7&/! '6391$)(*7#&! 1$.)! #&/! &/1]#&/! Y! %62#A&%%&! '&! 7$/!

V$7&/!'62(.'&I!

M$.(&H$3/:!3%!&/(!391$)(*7(!'&!5*)'&)!Y!%6&/1)3(!Z.&!%&/!9$']%&/!1)2'3#(3H/!'28&%$112/!

1$.)! %&/! &/1]#&/! 2(.'32&/! *.! #$.)/! '&! #&/! ()*8*.N! '&! (A]/&! #$))&/1$7'&7(! Y! %6A*=3(*(!

'3/1$73=%&:!&(!7$7!1*/!72#&//*3)&9&7(!Y!%6A*=3(*(!.(3%3/2!1*)!#&/!&/1]#&/I!"7!&HH&(:!%&!#$7#&1(!

'&!%*!73#A&!2#$%$53Z.&!/6&/(!8.!)*HH372!'&1.3/!%*!'2H373(3$7!$)3537&%%&!'&!P.(#A37/$7!hBmrli!&(!

%*!'3/(37#(3$7!&/(!'2/$)9*3/!H*3(&!&7()&!%*!73#A&!H$7'*9&7(*%&:!Z.3!)&5)$.1&!%&/!1*)*9]()&/!

H*8$)*=%&/!Y!%*!1)2/&7#&!'6.7&!&/1]#&:!&(!%*!73#A&!)2*%3/2&:!$x!%6&/1]#&!&/(!#$912(3(38&9&7(!

'$937*7(&! h;.%%3*9! DEEEiI! >&/! 1*)*9]()&/! #$91%&N&/! (&%/! Z.&! %*! #$912(3(383(2! 37()*! $.!

37(&)/12#3H3Z.&!)253//&7(!%*!1)2/&7#&!'&/!&/1]#&/!'*7/!%&/!A*=3(*(/!Z.3!%&.)!/$7(!H*8$)*=%&/I!

U_9&! /3! 3%! &/(! '3HH3#3%&! 1*)H$3/! '6$=(&73)! %&/! 37H$)9*(3$7/! )&%*(38&/! Y! %*! '3/()3=.(3$7! '&/!

&/1]#&/!$.!1$1.%*(3$7/!#$912(3()3#&/:!1$.)!_()&!*.!1%./!1)]/!'&! %*! )2*%3(2:! %&/!9$']%&/!'&!

'3/()3=.(3$7!'&/!&/1]#&/!'&8)*3&7(!%&/!1)&7')&!&7!#$91(&I!!!

"7H37:!%*!7*(.)&!',7*93Z.&!'.!93%3&.!9*)37!=)$.3%%&!H)2Z.&99&7(!%*!#$91)2A&7/3$7!

'&/! )&%*(3$7/! Z.3! .73//&7(! %&/! $)5*73/9&/! Y! %&.)! &783)$77&9&7(:! 7$(*99&7(! &7! )*3/$7! '.!

%*1/!'&!(&91/!&N3/(*7(!&7()&!%*!8*)3*(3$7!'6.7!1*)*9]()&!&(!%*!)21$7/&!'&!%637'383'.I!"7!&HH&(:!

%&/!'$772&/!/*(&%%3(*3)&/!7&!7$./!$HH)&7(!/$.8&7(!Z.&!'&/!1)$N,/!'&!%*!'3/()3=.(3$7!'&/!1)$3&/:!

Y!/*8$3)! %&/!'$772&/!'&!#$7#&7()*(3$7!&7!#A%$)$1A,%%&!":!*%$)/!Z.&!%&/!&/1]#&/!#$7/3'2)2&/!

'*7/! #&/! ()*8*.N! '&! (A]/&! /$7(! '&/! 1)2'*(&.)/! /.12)3&.)/! &(! /&! 7$.))3//&7(! '*7/! '&/!

#$91*)(39&7(/! /&! ()$.8*7(! %*! 1%.1*)(! '.! (&91/! Y! 1%./3&.)/! 738&*.N! ()$1A3Z.&/! '&! %*!

1)$'.#(3$7! 1)39*3)&I! X%! &N3/(&! =3&7! 283'&99&7(! .7! %*1/! '&! (&91/! 72#&//*3)&! *8*7(! Z.6.7!

=%$$9! 1A,($1%*7#($73Z.&! 7&! /$3(! &N1%$3(2! 1*)! '&/! #$7/$99*(&.)/! 1)39*3)&/! Z.3! /&)$7(!

&7/.3(&!&.NT9_9&/!#$7/$992/!1*)!'&/!1)2'*(&.)/!1)39*3)&/!Z.3!)&1)2/&7(&7(!/$.8&7(! %&/!

1)$3&/!'&!7$/!&/1]#&/!'637(2)_(I!>&!1%./:!3%!*!2(2!9$7()2!Z.&!%&/!37'383'./!1&.8&7(!)21$7')&!

'3HH2)&99&7(! *.N! 1*)*9]()&/! &783)$77&9&7(*.N! &7! H$7#(3$7! '&! %62#A&%%&! (&91$)&%%&!

#$7/3'2)2&! hP,)&7=*#A!u!R&3(!DEECiI!S6&/(!1$.)Z.$3!'*7/! %&!93%3&.!$#2*73Z.&!1%./!&7#$)&!

Z.6&7!93%3&.! (&))&/()&:! 3%! &/(! &//&7(3&%! '&!1)&7')&!&7! #$91(&! %*! 8*)3*=3%3(2!'&/!1*)*9]()&/!

&783)$77&9&7(*.N! &(! '&! /,/(29*(3Z.&9&7(! #$.1%&)! '&/! #*)(&/! '637#&)(3(.'&! *.N! #*)(&! '&!

1)2'3#(3$7/!5272)2&/!1*)!%&/!9$']%&/!'&!'3/()3=.(3$7I!

!



>3/#.//3$7!5272)*%&!
!

 - 83 -  

gIDI!>2(&)937*(3$7!'&!A$(/1$(/:!H$)#&/!&(!H*3=%&//&/!

!

>*7/!.7!#$7(&N(&!$x! %&!'2#*%*5&!&7()&! %*!72#&//3(2!'&!1)$(25&)!'&/!&/1]#&/!&(!'&/!

93%3&.N!($.G$.)/!1%./!9&7*#2/!&(! %&/!9$,&7/! %$53/(3Z.&/!&(! H37*7#3&)/!93/!&7!n.8)&!/$7(!Y!

%&.)! 1*)$N,/9&:! %*! '2(&)937*(3$7! '&! A$(1$(/! *11*)*3(! #$99&! .7&! 92(A$'&!

1*)(3#.%3])&9&7(! *'*1(2&! *.N! &7G&.N! '&! #$7/&)8*(3$7! *#(.&%/I! W11%3Z.2&! Y! #&/! ()*8*.N! '&!

(A]/&!1*)!&N&91%&:! %*!'2(&)937*(3$7!'&!A$(/1$(/!*!2(2!&N()_9&9&7(!.(3%&!1$.)!9&(()&!&7!

283'&7#&!%&/!V$7&/!'6391$)(*7#&!1$.)!%&/!1)2'*(&.)/!/.12)3&.)/!*.//3!=3&7!&7!93%3&.!()$13#*%!

Z.&!/.=*7(*)#(3Z.&I!!

!

C1<101*P9>%$("&#'*4')*')>;#')*)6,'#(-%&&6')*

M$.(&H$3/:! %6.(3%3/*(3$7! '&/! A$(/1$(/! '&! 1)2'*(&.)/! #$99&! 1)$N,! '&! %*! =3$'38&)/3(2!

($(*%&!&/(!Y!#$7/3'2)&)!*8&#!1)2#*.(3$7!'*7/!%&/!1$%3(3Z.&/!'&!#$7/&)8*(3$7I!"7!&HH&(:!'*7/!'&!

7$9=)&./&/! 2(.'&/:! .7&! &/1]#&! $.! .7! 5)$.1&! H$7#(3$77&%! &/(! .(3%3/2! 1$.)! 28*%.&)! %*!

=3$'38&)/3(2! 5%$=*%&! '6.7! 93%3&.:! $)! %*! 9&/.)&! '&! =3$'38&)/3(2! ($(*%&! )&1$/&! /$.8&7(!

.73Z.&9&7(!/.)!.7!7$9=)&!%393(2!'6*.()&/!5)$.1&/:!/&7/2!&.NT9_9&/!%*!)&1)2/&7(&)!h0&)53$!

&(! *%I! DEEgiI!>&! #&! H*3(:! $7!1&.(! 39*537&)!Z.6&7! %6*=/&7#&!'6.7! )&#&7/&9&7(!&NA*./(3H! '&/!

&/1]#&/! '&! #&/! 93%3&.N:! %*! #$7#$)'*7#&! &7()&! %&/! A$(/1$(/! '6&/1]#&/! '&! 1)2'*(&.)/!

37'3#*()3#&/!&(!'&/!5)$.1&/! (*N$7$93Z.&/! 37H2)3&.)/!1$.))*3&7(!'3HH2)&)! /.38*7(! %&! #A$3N!'&!

#&/!5)$.1&/!$.!9_9&!/.38*7(!%62#A&%%&!52$5)*1A3Z.&!hS*=&V*!&(!*%I!DEEjiI!>&!1%./:!#&)(*37&/!

2(.'&/! .73Z.&9&7(! H$#*%3/2&/! /.)! Z.&%Z.&/! 5)*7'/! 5)$.1&/! (*N$7$93Z.&/! h*91A3=3&7/:!

)&1(3%&/:! 37/&#(&/Ki! $7(! 1*)H$3/!9$7()2! 1&.! '&! )&#$.8)&9&7(! &7()&! %&/! A$(/1$(/! 3'&7(3H32/!

1$.)!#A*#.7!'&!#&/!5)$.1&/!h@&3'!BmmjiI!

X%!*11*)*3(!'$7#!Z.&! %&!#A$3N!'&/!&/1]#&/T#3=%&/!'*7/! %*!'2(&)937*(3$7!'&/!A$(/1$(/!

'&! =3$'38&)/3(2! &/(! #).#3*%I! ;$.)! )&1)2/&7(&)! *.! 93&.N! %*! '38&)/3(2! '&/! A*=3(*(/! '6.7&!

#$99.7*.(2! &7(3])&! '6&/1]#&/:! 3%! &/(! &7! &HH&(! 1)39$)'3*%! '&! #A$3/3)! '&/! &/1]#&/! Z.3!

1)2/&7(&7(!'&/!*3)&/!'&!'3/()3=.(3$7!2(&7'.&/:!'&/!1)2H2)&7#&/!'6A*=3(*(!5272)*%3/(&/!&(!Z.3!

/$7(! H*#3%&/! Y! $=/&)8&)! $.! 2Z.31&)! '&! '3/1$/3(3H/! (2%292()3Z.&/I! -&/! $3/&*.N! /$7(! .7! #A$3N!

1*)(3#.%3])&9&7(! *'*1(2:! '6*.(*7(! 1%./! Z.&! %&.)! #*1*#3(2! Y! a!#*1(.)&)!b! %*! '3/()3=.(3$7!

'6*.()&/!&/1]#&/!*!2(2!'29$7()2&!'*7/!1%./3&.)/!2(.'&/! h4)$$O/!&(!*%I!DEEB:!+*)/$7!&(!*%I!

DEED:! U*)5.%&/! &(! *%I! DEEDiI! >&! #&! H*3(:! '&! 7$9=)&./&/! 2(.'&/! /&! /$7(! =*/2&/! /.)! %*!
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'3/()3=.(3$7!'&/!$3/&*.N!9*)37/!1$.)!9&(()&!&7!283'&7#&!'&/!WU;/!1$(&7(3&%%&/!hP*))3/!&(!*%I!

DEEl:!-&!S$))&!&(!*%I!DEBD:!MA*N(&)!&(!*%I!DEBDiI!

>&!1%./:! %*! #$77*3//*7#&!'&/! 37(&)*#(3$7/! 37(&)/12#3H3Z.&/!&(!'.! H$7#(3$77&9&7(!'&!

%62#$/,/(]9&!1&.(!_()&!1)2#3&./&!'*7/!%&!#A$3N!'&/!&/1]#&/!Y!/.38)&:!=*/2!/.)!'&/!A,1$(A]/&/!

2#$%$53Z.&/!1%.(v(!Z.&!/.)!%*!#*1*#3(2!1)2/.92&!'6.7!5)$.1&!(*N$7$93Z.&!Y!)&1)2/&7(&)!%&/!

*.()&/! 5)$.1&/! 1)2/&7(/! '*7/! %&! 93%3&.I! W37/3:! '*7/! %6*7*%,/&! 9&72&! '*7/! %&! S*7*%! '.!

U$V*9=3Z.&:!7$./!7$./!/$99&/!*11.,2/!/.)! %6*//$#3*(3$7!()$1A3Z.&!*((&/(2&!'&/!&/1]#&/!

'&!1)2'*(&.)/!Z.&!7$./!*8$7/!2(.'32&/I!W37/3:!%*!)&#A&)#A&!'6.7!A*=3(*(!H*8$)*=%&!#$99.7!Y!

'&/! &/1]#&/! /6*%39&7(*7(! /.)! %&/! 9_9&/! )&//$.)#&/! *11*)*3//*7(! #$99&! 2#$%$53Z.&9&7(!

1&)(37&7(I!>&! %*!9_9&! H*[$7:!'*7/! %*!'2(&)937*(3$7!'&/! V$7&/!'6391$)(*7#&!*.!738&*.!'&!

%6*)#A31&%! '&! J&)5.&%&7:! /2%&#(3$77&)! '&/! &/1]#&/! 1)2/&7(*7(! '&/! )2539&/! *%39&7(*3)&/!

#$7()*/(2/!&(!9$7()*7(!'3HH2)&7(&/!2(&7'.&/!'*7/!%&.)/!*3)&/!'&!)&#A&)#A&!*%39&7(*3)&!7$./!

*!1&)93/!'6*8$3)!.7!*1&)[.!5%$=*%!'&/!V$7&/!'6*%39&7(*(3$7!/2%&#(3$772&/!&(!1*)!&N(&7/3$7:!

'&!%*!)21*)(3(3$7!'&/!'3HH2)&7(&/!#$91$/*7(&/!'.!)2/&*.!()$1A3Z.&!'&!#&!93%3&.I!

!

C1<1<1*]%()>%(*5'$)/)*#%9>,69'&("$-(6**

-&! #$7#&1(! $)3537&%! '&/! A$(/1$(/! '&! =3$'38&)/3(2:! #$99&! .(3%3/2! 1*)! U,&)/!

/6*11%3Z.*3(!Y!%6&7/&9=%&!'.!5%$=&:!1$.)!3'&7(3H3&)!'&/!V$7&/!'$7(!%62(&7'.&!1$.8*3(!#$.8)3)!

#&%%&!'6.7&!7*(3$7!hU,&)/!Bmjj:!BmmEiI!>.!H*3(!'&!%62(&7'.&!52$5)*1A3Z.&!'&!%*!V$7&!'62(.'&:!

3%! &N3/(*3(! .7! )&#$.8)&9&7(! ()]/! H*3=%&! &7()&! %&/! &/1]#&/!93/&/!&7!283'&7#&!*.! /&37!'&! #&/!

A$(/1$(/I! S&1&7'*7(:! %&! #$7#&1(! *.G$.)'6A.3! .(3%3/2! '*7/! %&/! /()*(253&/! '&! #$7/&)8*(3$7!

#$7#&)7&!'&/!V$7&/!=&*.#$.1!1%./!)&/()&37(&/I!-$)/Z.6$7!#$7/3'])&!.73Z.&9&7(!%*!)3#A&//&!

/12#3H3Z.&! *.! /&37! '6.7&! V$7&! '62(.'&:! %&/! A$(/1$(/! Z.3! 1&.8&7(! *11*)*{()&! /$7(!

1$(&7(3&%%&9&7(!'&/!V$7&/!Z.3!#$91$)(&7(!%&/!9_9&/!*//&9=%*5&/!'6&/1]#&/:!*.!'2()39&7(!

'6&/1]#&/! 1%./! )*)&/! '$7(! %*! '3/()3=.(3$7! 7&! /&! )&#$.8)&! 1*/! *8&#! %&/! A$(/1$(/! 3'&7(3H32/!

h-$9=*)'!DEBBiI!>&!#&!H*3(:!%6.(3%3/*(3$7!'&!A$(/1$(/!'&!=3$'38&)/3(2!1$.)!3'&7(3H3&)!'&/!V$7&/!

#*7'3'*(&/! Y! %*! 93/&! &7! 1%*#&! '&! 9&/.)&! '&! #$7/&)8*(3$7! 1&.(! 9&7&)! Y! .7&!

/.))&1)2/&7(*(3$7!'&/!&/1]#&/!%*)5&9&7(!'3/()3=.2&/I!

?7&!*%(&)7*(38&!Y!%63'&7(3H3#*(3$7!'&!A$(/1$(:!#$7[.&!1$.)!)2/$.')&!%&!1)$=%]9&!'&/!

&/1]#&/!/$./T)&1)2/&7(2&/:!&/(! %&!#$7#&1(!'&!%*!#$91%29&7(*)3(2!Z.3!*!8.!%&! G$.)!*.!'2=.(!

'&/!*772&/!mE:!37()$'.3(!1*)!R*7&TQ)35A(!&(!#$%%*=$)*(&.)/!hBmmBiI!"7!*'9&((*7(!Z.&!($.(&/!

%&/!&/1]#&/!#$&N3/(&7(!)*)&9&7(!*.!9_9&!&7')$3(:!#&((&!*11)$#A&!)&1$/&!/.)!%*!/2%&#(3$7!'&!
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V$7&/!1)2/&7(*7(!'&/!#$99.7*.(2/!'6&/1]#&/!()]/!'3HH2)&7(&/!1%.(v(!Z.&!'&/!V$7&/!$HH)*7(!

%*!'38&)/3(2!/12#3H3Z.&!9*N39*%&I!"7!#$7/2Z.&7#&:!%&/!V$7&/!#$91%29&7(*3)&/!&75%$=&7(!.7!

7$9=)&! '6&/1]#&/! 1%./! 391$)(*7(! Z.&! %&/! A$(/1$(/! '&! =3$'38&)/3(2I! -&! 1)37#31&! /(*(3/(3Z.&!

)&1$/&!/.)!%63'&7(3H3#*(3$7!'6.7&!V$7&!'&!H$)(&!'38&)/3(2:!1.3/:!%63'&7(3H3#*(3$7!'6.7&!/&#$7'&!

V$7&!'&!'38&)/3(2!1*)93! %&/!&/1]#&/!7$7!&7#$)&!)&1)2/&7(2&/!'*7/! %&!1)&93])&:!&(!*37/3!'&!

/.3(&!G./Z.6Y!*((&37')&!%*!#$91%29&7(*)3(2!($(*%&!hR*7&TQ)35A(!&(!*%I!BmmBiI!!

"7! &HH&(:! &7! #$91*)*3/$7! *8&#! %&/! A$(1$(/! '2(&)9372/! /.)! %*! =*/&! '&! %*! )3#A&//&!

/12#3H3Z.&! $.! /.)! %*! )*)&(2! '&/! &/1]#&/:! %&/! V$7&/! #$91%29&7(*3)&/! $7(! 9$7()2! .7&!

9&3%%&.)&! #*1*#3(2! Y! &75%$=&)! %*! ($(*%3(2!'&/! &/1]#&/!'6.7&! )253$7!'$772&! hQ3%%3*9/!&(! *%I!

BmmgiI!k7! 1&.(! H*#3%&9&7(! &N1%3Z.&)! #&! #$7/(*(! 1*)! %&! H*3(! Z.&! %*! '3/()3=.(3$7! '&/! &/1]#&/!

)*)&/! &/(! )*)&9&7(! 37#%./&! '*7/! #&%%&! '&/! &/1]#&/!93&.N! )&1)2/&7(2&/I! X%! *! 25*%&9&7(! 2(2!

'29$7()2! Z.6&7! /2%&#(3$77*7(! .7! )2/&*.! #$91%29&7(*3)&! '&! V$7&/! *=)3(*7(! .7! #&)(*37!

5)$.1&! (*N$7$93Z.&:! 3%! 2(*3(! 1$//3=%&! '6&75%$=&)! %*! #$91%29&7(*)3(2! '6*.()&/! 5)$.1&/!

(*N$7$93Z.&/!hJ*(3!&(!*%I!DEEFiI!!

"7!1)&7*7(!%6&N&91%&!'&!%*!V$7&!'.!1%*(&*.!'&!J&)5.&%&7:!$x!.7&!)2/&)8&!&N3/(&!'2GY!

'*7/!%*!1$)(3$7!*./()*%3&77&!'&!%*!V$7&!52$5)*1A3Z.&!'*7/!%*Z.&%%&!7$()&!2(.'&!*!2(2!9&72&:!

.7&! *11)$#A&! #$91%29&7(*3)&! /&)*3(! &783/*5&*=%&I! W37/3:! '*7/! %&! =.(! '&! 9*N393/&)! %&!

7$9=)&! '6&/1]#&/! 1)$(252&/! *.! /&37! '.! 1%*(&*.! '&! J&)5.&%&7:! 3%! 1$.))*3(! _()&! 37(2)&//*7(!

'63'&7(3H3&)!Z.&%%&/!&/1]#&/!/$7(!1)$(252&/!1*)!%&/!%393(&/!'&!%*!)2/&)8&!'&!P&*)'TU#>$7*%'!

1$.)!/2%&#(3$77&)!%&/!&/1]#&/!7$7!)&1)2/&7(2&/!'*7/!%*!1)$1$/3(3$7!'&!)2/&)8&!*.!738&*.!'&!

%6*)#A31&%!'&!J&)5.&%&7I!;*)!&N&91%&:!()$3/!&/1]#&/!'6*%=*()$/!#%*//2&/!a!"7!'*75&)!b!/.38*7(!

%&/! #)3(])&/!?XSd!73#A&7(! /.)! %6*)#A31&%! '&!J&)5.&%&7! (*7'3/!Z.6&%%&/! /$7(! *=/&7(&/!'&/! {%&/!

P&*)'!&(!U#>$7*%'!<!%6*%=*()$/!H.%3537&.N!Y!'$/!/$9=)&:!%6*%=*()$/!Y!(_(&!5)3/&!&(!%6*%=*()$/!Y!

=&#! G*.7&I! "%%&/! )&1)2/&7(&)*3&7(! *37/3! '&/! &/1]#&/!1)383%2532&/! Y! 1)&7')&!&7! #$91(&!1$.)!
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Figure 24. Réserve marine des îles australiennes Heard et McDonald!
!
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Figure 25. Carte des Aires Marines Protégées et des Ecorégions Marines d’Afrique de l’Est.!
!
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Table S5. Ranked set of the best candidate models of time spent per square for adult birds. Estimates 
and standard deviation of the parameters, AIC, AAIC and Akaike weight (AICw) are presented for 
each model tested. TPPS.0 corresponds to presence probability index 

 

 
 

Table S6. Ranked set of the best candidate models of time spent per square for juvenile birds. Estimates 
and standard deviation of the parameters, AIC, AAIC and Akaike weight (AICw) are presented for each 
model tested. 

Integer TPPS.0 Fishing 

Effort Class 

Species Sex Fishing 

Effort 

Fishing 

Effort 

Species* Sex AIC DAIC AICw 

-1.03 ± 0.07 -90.24 ± 42.60 0.15 ± 0.04 0.22 ± 0.09 0.31 ± 0.09 -0.42 ± 0.07 - - 12316.68 0 0.45 

-0.99 ± 0.07 -91.29 ± 42.58 0.08 ± 0.05 0.20 ± 0.09 0.22 ± 0.09 -0.39 ± 0.07 0.15 ± 0.07 - 12317.26 0.58 0.34 

-1.0 ± 0.08 -90.92 ± 42.61 0.15 ± 0.04 0.16 ± 0.11 0.26 ± 0.10 -0.42 ± 0.07 - 0.14 ± 0.18 12319.58 2.9 0.11 

-0.96 ± 0.08 -92.11 ± 42.59 0.08 ± 0.05 0.14 ± 0.12 0.16 ± 0.11 -0.39 ± 0.07 0.15 ± 0.07 0.17 ± 0.18 12319.96 3.28 0.09 

-0.87 ± 0.06 -91.89 ± 42.62 0.15 ± 0.04 0.16 ± 0.11 - -0.42 ± 0.07 - - 12323.05 6.37 0.02 

-0.90 ± 0.07 -93.08 ±42.77 -0.08 ± 0.04 0.01 ± 0.09 0.18 ± 0.09 - 0.22 ± 0.07 - 12343.16 26.48 <0.01 

-0.80 0.05 -93.89 42.74 - - - - - - 12344.67 27.99 <0.01 

-0.9 ± 0.07 -92.50 ± 42.74 - -0.05 ± 0.11 0.27 ± 0.11 - - 0.13 ± 0.18 12345.37 28.69 <0.01 

-0.87 ± 0.08 -93.84 ± 42.78 -0.08 ± 0.04 -0.05 ± 0.11 0.12 ± 0.11 - 0.23 ± 0.07 0.16 ± 0.18 12345.94 29.26 <0.01 

-0.94 ± 0.07 -91.65 ± 42.84 0.01 ± 0.03 -0.01 ± 0.09 0.32 ± 0.09 - - - 12349.31 32.63 <0.01 

-0.92 ± 0.08 -92.21 ± 42.85 0.01 ± 0.03 -0.05 ±0.11 0.27 ± 0.11 - - 0.13 ±0.18 12352.38 35.7 <0.01 
 

Integer Fishing 
Effort Class 

Species Sex Fishing 
Effort 

Fishing Effort 
Class*Sex 

Species* 
Sex 

AIC DAIC AICw 

-0.74 ± 0.20 0.20 ± 0.04 0.04 ± 0.34 0.35 ± 0.38 - - 1.06 ± 0.73 4753.90 0 0.54 
-0.82 ± 0.21 0.21 ± 0.04 0.26 ± 0.31 0.63 ± 0.34 - - - 4755.15 1.25 0.29 

-0.74 ± 020 0.22 ± 0.04 0.04 ± 0.34 0.37 ± 0.38 - -0.05 ± 0.09 1.06 ± 0.73 4758.51 4.61 0.05 

-0.74 ± 0.20 0.21 ± 0.05 0.04 ± 0.34 0.35 ± 0.38 -0.01 ± 0.08 - 1.06 ± 0.73 4759.06 5.16 0.04 

0.82 ± 0.21 0.22 ± 0.04 0.26 ± 0.31 0.65 ± 0.34 - -0.05 ± 0.09 - 4759.78 5.88 0.03 
-0.82 ± 0.21 0.21 ± 0.05 0.26 ± 0.32 0.63 ± 0.34 -0.01 ± 0.08 - - 4760.32 6.42 0.02 
-0.63 ± 0.20 0.21 ± 0.05 0.20 ± 0.34 - -0.01 ± 0.08 - - 4761.30 7.4 0.01 

-0.74 ± 0.21 0.23 ± 0.05 0.04 ± 0.34 0.37 ± 0.38 -0.01 ± 0.08 -0.05 ± 0.10 1.06 ± 0.73 4763.59 9.69 <0.01 
-0.82 ± 0.21 0.23 ± 0.05 0.27 ± 0.05 0.65 ± 0.34 0.01 ± 0.08 -0.05 ± 0.10 - 4764.86 10.96 <0.01 

-0.66 ± 0.20 - 0.03 ± 0.33 0.35 ± 0.37 - - 1.08 ± 0.73 4777.49 23.59 <0.01 

-0.49 ± 0.15 - - - - - - 4777.89 23.99 <0.01 
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1. Introduction 10 

Over the last decades, marine organisms have been facing an increasing 11 

number of threats such as climate change, pollution, overfishing or introduced 12 

species (Derraik 2002, Bax et al. 2003, Coll et al. 2008, Hoegh-Guldberg & Bruno 13 

2010). Because of these fast changes, marine ecosystems are likely to know 14 

important disruptions in the near future, possibly leading to global biodiversity loss. 15 

Consequently, it has become essential to identify persistent areas of species 16 

concentration to design effective conservation measures.  17 

Setting up marine protected areas has become central part of marine 18 

conservation programs (Boudouresque et al. 2005, Cañadas et al. 2005, Harris et al. 19 

2007). However, prioritizing areas that most require special protection remains the 20 

turning point. To tackle this issue, designation of biodiversity hotspots has been 21 

increasingly used (Mittermeier et al. 1998, Myers et al. 2000, Worm et al. 2003, Allen 22 

2008). This strategy lied on the identification of areas where a large number of 23 

endemic species under conservation concern concentrate (Myers 1988). 24 

Large species such as mammals or birds are often considered as good 25 

predictor of others taxa (Reid 1998). These species often showed habitat 26 

preferences that are likely to encompass those of their preys. Because of their 27 
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common requirements, these large species also known as “umbrella” may be 28 

considered as surrogate of global biodiversity (Branton & Richardson 2011). As a 29 

consequence, top predators are privileged candidates in the identification of 30 

biodiversity hotspots. 31 

Here we studied marine top predator distribution during austral summer within 32 

the CCAMLR area of Kerguelen and Heard Island. We used long-term dataset for 33 

nine different top predator taxa from various trophic guilds and conservation status. 34 

We first established a picture of the available distribution data for these species, 35 

using telemetric data collected over two decades to map their distribution. Then we 36 

calculated index combining these data to highlight biodiversity hotspot. Moreover, we 37 

used habitat models to predict their distribution within the study area at a colony level. 38 

Finally, using these predictions, we drawed up a global map of the important at-sea 39 

areas for the top predator community of the Kerguelen archipelago.  40 

 41 

2. Methods 42 

2.1 Study species  43 

Study area encompassed CCAMLR areas 58.5.1 and 58.5.2 corresponding to 44 

the waters around the French Kerguelen archipelago and the Australian Heard Island 45 

respectively.  46 

Tracking data were collected on several species of top predators breeding in 47 

Kerguelen archipelago (Fig. S1) and including flying birds: wandering albatross 48 

Diomedea exulans (WAAL), black-browed albatross Thalassarche melanophris 49 

(BBAL), white-chinned petrel Procellaria aequinoctialis (WCPE), and Kerguelen shag 50 

Leucocarbo verrucosus (KECO), diving birds: king penguin Aptenodytes patagonicus 51 

(KIPE), gentoo penguin Pygoscelis papua (GEPE) and macaroni penguin Eudyptes 52 
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chrysolophus (MAPE), and marine mammals: southern Antarctic fur seal 53 

Arctocephalus gazella (SAFS) and southern elephant seal Mirounga leonine (SESE). 54 

Individuals were equipped with GPS or ARGOS Platform Terminal Transmitters, and 55 

all data used in this study were collected during the breeding season of the species 56 

named above except for the southern elephant seal which were equipped during their 57 

post-breeding stage. All species tracked during their breeding period are central 58 

place foragers that regularly performed trips between breeding and foraging ground 59 

to incubate the egg or feed their young. All birds were captured at nest by hand and 60 

tracking devices were fixed to the back feathers using Tesa tape (more details in 61 

Weimerskirch & Lys 2000). Elephant seals were captured with a canvas head-bag 62 

and anesthetized before deployment of CTD that were fixed on animal’s head (more 63 

details in Guinet et al. 2014). Fur seals were captured using a hoop net and 64 

restrained on a board before to be equipped with PTT (more details in Guinet et al. 65 

2001). 66 

 67 

2.2 Distribution 68 

Study area was divided into cells of 0.25°. Using the R package “trip”, time 69 

spend per square (TPPS) was calculated as the total amount of time spent by an 70 

individual in each cell of the grid during a single foraging trip. These values were then 71 

standardised within species as the proportion of trip duration spent in each cell, in 72 

order to make trips comparable. Finally, these values were summed by species. 73 

 74 

2.3 Habitat modelling 75 

Within our studied species, we used data from four of them to represent 76 

distribution range and foraging areas, namely black-browed and wandering albatross, 77 
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king penguin and Antarctic fur seal. Species we chosen on the basis of contrasted 78 

diet and foraging behaviour. Since tracking data only provides presence data, we 79 

generated pseudo-absence: for each trip, we choose a number of absence data 80 

equal to the number of presence data within an area delimitated by the mean 81 

maximum range of breeding individuals.  82 

Environmental variables were then extracted under both cells where animals 83 

were present and pseudo-absence cells. We used dynamic variables that are 84 

Chlorophyll a concentration (Chloa), Sea Surface Temperature (SST), Sea Level 85 

Anomaly (SLA) and associated gradients as well as fixed variables that are 86 

bathymetry (Bathy) and its gradient (Bathy_grad), and Distance to the colony (DCol).  87 

We used functions of the Biomod2 package to built ensemble modelling for 88 

each species of our chosen panel. As Biomod2 do not allow for taking into account 89 

individual as random effect, we preliminary check for the capability of our available 90 

set of individuals to represent the whole species distribution. To do this, for each 91 

species, we ran 1000 simulations for different steps from 5 individuals to the total 92 

numbers of individuals available and we calculated for each of these steps the mean 93 

numbers of visited cells according to the number of individuals considered (Fig. S2-94 

S5). If a plateau is reached, it can be assumed that the number of individuals 95 

available is sufficient to represent the whole distribution of the species and that the 96 

pattern observed is not biased toward individual strategies. 97 

Biomod2 allow for the use of nine modelling process that are GLM, GAM, RF, 98 

ANN, MARS, SRE, GBT, CT, FDA (see Hegel et al. 2010 for review), Each modelling 99 

technique was run 50 times, and only models with ROC value over 0.70 were kept to 100 

calculate the average model. Predictions were finally performed using weighted 101 

parameters calculated on the basis of the performance of each remaining models. 102 
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Using predictions calculated for each species of the panel, a map of mean presence 103 

probability was then generated to determine common area within our four species.  104 

 105 

3. Results 106 

3.1 Distribution 107 

3.1.1 Procellariiforms 108 

3.1.1.1 Black-browed albatross 109 

During breeding season, Black-browed albatross were widely distributed over 110 

the study area (Fig. 1). However, birds mainly concentrated on the Kerguelen plateau, 111 

along the shelf-break. Highest values of time spent per square occurred on eastern 112 

and southern slopes close to the colony.  113 

 114 

3.1.1.2 Wandering albatross 115 

Wandering albatrosses tracked from both Kerguelen and Crozet archipelagos 116 

were present in the study area. Individuals breeding in Kerguelen performed large 117 

oceanic foraging trips spread over a wide part of the study area (Fig.2). However, it 118 

appears that the southern and the western part are less used. Shelf edges of the 119 

Kerguelen plateau concentrate highest values of time spent per square, mainly in the 120 

northern and eastern part of the plateau. The vicinity of the colony is of course highly 121 

used by birds tracked. Individuals from Crozet travelled over wide distance to forage 122 

in the northern and nortwestern part of the Kerguelen plateau (Fig. S2).  123 

 124 

3.1.1.3 White-chinned petrel 125 

During the chick rearing period when they were tracked, white-chinned petrels 126 

alternated short (~1 day) and long (~9 days) foraging trips (Péron et al. 2010). Here 127 
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we only considered shorts foraging trips (less than 3 days long). Trips are mainly 128 

directed toward South-West and most of the presence cells are restricted to the peri-129 

insular plateau (Fig. 3). Area that was the most visited by birds tracked is located 130 

southward from the colony, at the intersection of the Polar Front and the shelf-break 131 

of the plateau.  132 

 133 

3.1.1.4 Kerguelen shag 134 

Kerguelen shags presented short-range foraging trips compared to the others 135 

species of this study (Fig. 4). All tracks recorded were restricted to the colony cell.  136 

 137 

3.1.2 Penguins 138 

3.1.2.1 King penguin 139 

Breeding King penguins from the Courbet Peninsula performed trips that are 140 

mainly directed toward South-West (Fig.5). Most of them are located on the 141 

Kerguelen plateau. Highest values of time spent per square mostly occurred between 142 

colony and the Polar Front.  143 

 144 

3.1.2.2 Macaroni penguin 145 

Most of Macaroni penguins breeding trips are directed toward South-East (Fig. 146 

6). There were tracks both over and outside the insular plateau. Time spent per 147 

square was higher on the Polar Front, near the colony and offshore, eastward from 148 

the colony.  149 

 150 

3.1.2.3 Gentoo penguin 151 
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Gentoo penguin showed coastal foraging trips (Fig. 7). Cells where individuals 152 

were present are comprised between colony and eastward 500m line slope of the 153 

plateau.  154 

 155 

3.1.3 Marine mammals 156 

3.1.3.1 Southern elephant seal  157 

During the post-breeding season, after the weaning of the pups, female 158 

southern elephant seals performed long foraging trip broadly exceeding study area 159 

boundaries. They dispersed widely around Kerguelen archipelago, mostly toward 160 

South and East (Fig. 8). A very few trips crossed Sub-Antarctic Front. Vicinity of the 161 

colony represented the most used area for elephant seals.  162 

 163 

3.1.3.2 Antarctic fur seal 164 

Antarctic fur seals were tracked from three different colonies (Fig. 9). They 165 

seemed to forage indifferently on and out insular plateau of Kerguelen archipelago. 166 

Individuals from Kerguelen mainland colonies showed trips directed toward South-167 

East. On the contrary, trips of individuals tracked from the colony of Iles Nuageuses 168 

are directed westward. Highest values of time spent per square occurred close to the 169 

colonies and on the bathymetric slope, west of these colonies. 170 

 171 

3.1.4 All species combined 172 

TPPS of each species was standardised within species and summed, each 173 

species having the same weight, to highlight most used zones over the study area. 174 

Highest values occurred in the vicinity of the eastern island’s coasts (Fig. 10). High 175 

predicted presence probability also occurred over low bathymetry area, in the south-176 
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eastern part of the Kerguelen plateau, and in a lesser extent, oceanic waters 177 

eastward from the plateau. Most of these values are comprised between Kerguelen’s 178 

coasts and the Polar Front.  179 

 180 

3.2 Predictions 181 

Presence probability predictions were generated for 4 of the studied species that 182 

are BBAL, WAAL, KIPE and SAFS (Fig. 11, Fig S2-S4). To investigate the colony 183 

effect on these species distribution, we also modelled predictions for two major 184 

colonies of BBAL from which telemetric data were not available. 185 

3.2.1 BBAL 186 

It appears that predictions of presence probability for BBAL are concordant with 187 

distribution pattern observed from telemetric data (Fig. 11). It can thus be assumed 188 

that the model developed is relevant. Highest values are located in the middle part of 189 

the Kerguelen plateau, in the vicinity of the Canyon des Sourcils Noirs colony, along 190 

the western and eastern shelf edges and, in a lesser extent, in the oceanic waters 191 

nearby these slopes.  192 

 When applied to the two main others colonies of BBAL in the Kerguelen 193 

archipelago, Cap Français and Heard Island, predicted probabilities show a very 194 

contrasted pattern between the colonies which are respectively located in the 195 

northern part of Kerguelen and in the Australian island of Heard, in the southern 196 

extremity of the plateau (Fig. 12). Predictions for these two sites showed very little 197 

overlap, but share the same pattern that predictions from Canyon des Sourcils Noirs, 198 

with the highest values concentrated in the plateau and along shelf edges.  199 

 200 

3.2.2 Panel species 201 
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Highest probabilities occurred in the central part of the plateau and along eastern 202 

and western slopes (Fig. 13). Most of the high values are located between eastern 203 

coasts of Kerguelen and Polar Front. Some high presence probabilities are predicted 204 

outside the plateau and are mostly located in the eastern part of the study area. 205 

Values showed a quite high overlap between habitats suitable for our four species.  206 

 207 

4. Discussion 208 

Top predators species studied here presented contrasted distribution patterns. 209 

There were differences in range, extent and use of the oceanographic features.  210 

As expected, colony has a strong effect on species distribution patterns 211 

(Garthe 1997). As central place foragers, breeding individuals performed foraging 212 

trips whose colony is the center. Similarly, surroundings of colonies are important 213 

areas as it represents migratory corridors for animals moving to offshore waters. As a 214 

consequence, breeding colony and surroundings are crossing areas that concentrate 215 

high number of animals and high species diversity. In this study, most of the colonies 216 

where individuals were equipped are located on the eastern coast of the main island, 217 

leading to high values of TPPS in the vicinity of these colonies. Models outputs for 218 

the three main colonies of BBAL, which are located in very distant locations, well 219 

illustrated the influence of colony on this species distribution, with very different areas 220 

highlighted by each model predictions. Model predictions for Heard Island are 221 

otherwise very similar with results from a previous study carried out in Heard Island 222 

by Hindell and colleagues (Hindell et al. 2011).  223 

Slopes of the Kerguelen plateau appeared also to be driving factor in the 224 

distribution of the majority of the study species, especially for BBAL which is known 225 

for foraging in neritic waters of the shelf-break (Cherel et al. 2000), but also for 226 
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WCPE that used slopes during short foraging trips (Catard et al. 2000), as well as 227 

WAAL and SAFS (Croxall & Wood 2002, Weimerskirch et al. 2002). 228 

 In this study, the Polar front is preferentially targeted by king and macaroni 229 

penguins as it was showed in previous studies (Bost et al. 1997, Guinet et al. 1997, 230 

Barlow & Croxall 2002, Pütz 2002) and supported by diet analyses (Ridoux 1994). 231 

This preference could be explained by the preferential prey of King and Macaroni 232 

penguins, respectively myctophid fish and krill, that are largely distributed over the 233 

Polar Front Zone, but tend to concentrate in the front itself (Pakhomov et al. 1994, 234 

Pakhomov & McQuaid 1996). Because of their inner characteristics in term of 235 

temperature, salinity and density but also because of convergence processes, fronts 236 

often show increased productivity and biomass. As a consequence, frontal zones had 237 

long been recognized as important areas for foraging predators (Schneider 1982, 238 

Jahncke et al. 2005, Bost et al. 2009).  239 

 The zone East and South-East from the Kerguelen mainland zone appeared to 240 

be highly exploited by both seabird and marine mammal species in this study, 241 

particularly diving predators such as penguins and fur seals. This area corresponds 242 

to the Kerguelen plume, an area of high levels of primary production within the 243 

Southern Ocean (Moore & Abbott 2000). This structure is produced by high primary 244 

productivity of the plateau, probably due to the natural fertilization of this water mass 245 

by iron inputs (Blain et al. 2001), taken away by the eastward Antarctic Circumpolar 246 

Current. 247 

In this study, the results from  TPPS analysis have allow the validation of our 248 

panel species to predict area of importance around Kerguelen archipelago as both 249 

cumulated TPPS for all species and predicted presence probability for the 4 species 250 

highlighted central part of the Kerguelen plateau, next to the colonies from where 251 
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most of the studied individuals were tracked. As a consequence, it can be supposed 252 

that the analyses outputs are biased toward areas from where most of the telemetric 253 

studies were undertaken, although they are major colonies for species of interest.  254 

Further work is thus needed to complete this study. If the plateau is approached 255 

by our representativeness analysis, it is not reached, suggesting than more tracking 256 

data are needed for all the four species modelled here. Moreover, to correct the 257 

colony bias, the predicted presence map should include predictions for all major 258 

colonies of each species included in this analysis. Finally, as the species selected for 259 

our predicted map of presence do not represent all trophic guilds within the top 260 

predator community of the Kerguelen archipelago, it could be valuable to include 261 

data for species that feed on lower trophic levels (e.g. small petrels species), in the 262 

aim of determining overall distribution of resources from the maximum numbers of 263 

trophic levels in the study area. 264 

In this study, predictions generated from Biomod2 package for a panel of species 265 

selected on their foraging habits are concordant with the observed pattern for all nine 266 

species tracked. It appears that the monitoring of a few relevant species may be 267 

sufficient to identify important areas at-sea for the whole top predator community of 268 

the Kerguelen archipelago. This modelling method is a powerful tool as it allows 269 

testing for several types of modelling techniques, and thus different shape of 270 

response. Only the best ones are kept in the final analysis as a ROC threshold is 271 

used to discriminate models that are able to explain data distribution. We can expect 272 

that the different bias associated with each technique compensate and allow for 273 

predictions as accurate as possible. 274 

The average output from four species of contrasted foraging strategies highlight the 275 

central part of the plateau and the eastern and western slopes. In the aim of setting a 276 
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Marine Protected Area within the CAMMLR area of Kerguelen island, this area could 277 

be valuable to include within potential reserve limits.  278 

 279 
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 382 

Fig.1 Standardised time spent per square from BBAL tracking data. Contours of the 383 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 384 

and Front zones (dashed lines) are represented. 385 

 386 

Fig.2 Standardised time spent per square from WAAL tracking data. Contours of the 387 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 388 

and Front zones (dashed lines) are represented. 389 

 390 
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 391 

Fig.3 Standardised time spent per square from WCPE tracking data from short 392 

foraging trips. Contours of the Kerguelen Plateau, Colony (green point) and Exclusive 393 

Economic Zones (solid lines) and Front zones (dashed lines) are represented. 394 

 395 

Fig.4 Standardised time spent per square from KECO tracking data. Contours of the 396 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 397 

and Front zones (dashed lines) are represented. 398 
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 399 

Fig.5 Standardised time spent per square from KIPE tracking data. Contours of the 400 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 401 

and Front zones (dashed lines) are represented. 402 

 403 

 404 

Fig.6 Standardised time spent per square from MAPE tracking data. Contours of the 405 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 406 

and Front zones (dashed lines) are represented.  407 
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 408 

Fig.7 Standardised time spent per square from GEPE tracking data. Contours of the 409 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 410 

and Front zones (dashed lines) are represented. 411 

 412 

Fig.8 Standardised time spent per square from SESE tracking data. Contours of the 413 

Kerguelen Plateau, Colony (green point) and Exclusive Economic Zones (solid lines) 414 

and Front zones (dashed lines) are represented. 415 

 416 
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 417 

Fig.9 Standardised time spent per square from SAFS tracking data. Contours of the 418 

Kerguelen Plateau, Colonies (green point) and Exclusive Economic Zones (solid 419 

lines) and Front zones (dashed lines) are represented. 420 

 421 

Fig.10 Sum of the standardised time spent per square from all species tracking data. 422 

Contours of the Kerguelen Plateau, Exclusive Economic Zones (solid lines) and Front 423 

zones (dashed lines) are represented 424 

 425 
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 426 

Fig 11 Predicted presence probability for BBAL. Contours of the Kerguelen Plateau 427 

are represented.  428 

 429 

 430 

Fig 12. Predicted presence probability for BBAL from A) Cap Français colony and B) 431 

Heard Island colony. Contours of the Kerguelen Plateau are represented.  432 

 433 
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 434 

Fig.13 Sum of the predicted presence probabilities for 4 species (BBAL, WAAL, KIPE, 435 

SAFS). Contours of the Kerguelen Plateau and Front zones (dashed lines) are 436 

represented.437 
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Fig S1. Map of the colonies from where individuals of all nine species were tracked. 
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Fig. S2. Number of cells visited by BBAL according to the number of individuals 

considered. Mean ± 95% confidence interval. 

 

Fig. S3. Number of cells visited by WAAL according to the number of individuals 

considered. Mean ± 95% confidence interval. 
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Fig. S4. Number of cells visited by KIPE according to the number of individuals 

considered. Mean ± 95% confidence interval. 

 

Fig. S5. Number of cells visited by SAFS according to the number of individuals 

considered. Mean ± 95% confidence interval. 
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Fig. S6. Standardised time spent per square for WAAL tracked from Crozet 

archipelago. Contours of the Kerguelen Plateau, Colonies (green point) and 

Exclusive Economic Zones (solid lines) and Front zones (dashed lines) are 

represented 

 

Fig S7. Predicted presence probability for WAAL. Contours of the Kerguelen Plateau 

and Front zones (dashed lines) are represented 
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Fig S8. Predicted presence probability for KIPE. Contours of the Kerguelen Plateau 

and Front zones (dashed lines) are represented 

 

Fig S9. Predicted presence probability for SAFS. Contours of the Kerguelen Plateau 

and Front zones (dashed lines) are represented 
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Figure S1. Map of the frigatebird trips collected from September to October 2003, 

September to October 2008 and September to December 2011. White rectangles 

represent the breeding colony in Europa Island and the wintering ground in the 

Comoros. 
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Figure S2. Output of species distribution models for frigatebirds including DCol. 

Climatology of mean presence probability (a) from frigatebirds in October (based on 

tracking data from 2003 and 2011) and (c) vessel-based observations and (b, d) 

associated uncertainty map (standard deviation of monthly predictions).  

 

Table S1. Threshold of maximised sensibility and specificity for vessel-based models.  

7GF5I! "D35ADGIF! %5>A4[4I4E^! %V5C4K4C4E^!
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Table S2. Ranked set of best candidates frigatebirds tracking model and average 

model integrating distance to the colony (DCol). Corrected Akaike Information 

Criterion (AICc), measure of each model AIC relative to the best one (d) and Akaike 
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Weight (w) are presented. Values are mean ± SD.  

Model INT Chloa SST SLA Bathy DCol 
SST_ 

Grad 

SLA_ 

grad 

Bathy

_grad 
AICc d w 

1 
-0.39 
± 0.09 

-0.19 
± 0.05 

  
0.52 ± 
0.04 

-2.49 
± 0.07 

 
0.18 ± 
0.03 

 5404.13 0 0.35 

2 
-0.4 ± 
0.09 

-0.16 
± 0.05 

0.1 
± 
0.05 

 
0.48 ± 
0.05 

-2.46 
± 0.07 

 
0.19 ± 
0.03 

 5404.74 0.6 0.26 

3 
-0.39 
± 0.09 

-0.18 
± 0.05 

  
0.51 ± 
0.05 

-2.5 ± 
0.07 

 
0.18 ± 
0.03 

0.03 ± 
0.04 

5407.63 3.49 0.06 

4 
-0.39 
± 0.09 

-0.19 
± 0.05 

 
-0.02 
± 0.04 

0.52 ± 
0.04 

-2.48 
± 0.07 

 
0.17 ± 
0.04 

 5407.8 3.67 0.06 

5 
-0.4 ± 
0.09 

-0.16 
± 0.05 

0.12 
± 
0.06 

 
0.48 ± 
0.05 

-2.45 
± 0.07 

0.05 ± 
0.05 

0.19 ± 
0.03 

 5407.83 3.7 0.06 

6 
-0.4 ± 
0.09 

-0.15 
± 0.05 

0.1 
± 
0.05 

 
0.47 ± 
0.05 

-2.47 
± 0.07 

 
0.19 ± 
0.03 

0.04 ± 
0.04 

5408.02 3.88 0.05 

7 
-0.39 
± 0.09 

-0.19 
± 0.05 

  
0.52 ± 
0.04 

-2.49 
± 0.07 

0.01 ± 
0.05 

0.18 ± 
0.03 

 5408.07 3.94 0.05 

8 
-0.41 
± 0.09 

-0.16 
± 0.05 

0.1 
± 
0.05 

-0.03 
± 0.04 

0.48 ± 
0.05 

-2.45 
± 0.07 

 
0.18 ± 
0.04 

 5408.21 4.08 0.05 

9 
-0.4 ± 
0.09 

-0.15 
± 0.05 

0.12 
± 
0.06 

 
0.47 ± 
0.05 

-2.46 
± 0.07 

0.05 ± 
0.05 

0.19 ± 
0.04 

0.04 ± 
0.04 

5411.09 6.96 0.01 

Average
d model 

-0.4 ± 
0.09 

-0.17 
± 0.05 

0.1 
± 
0.03 

-0.03 
± 0.02 

0.5 ± 
0.25 

-2.47 
± 6.21 

0.03 ± 
0.03 

0.18 ± 
0.04 

0.03 ± 
0.02 

   

 

Table S3. Ranked set of best candidates frigatebirds tracking model and average 

model. Corrected Akaike Information Criterion (AICc), measure of each model AIC 

relative to the best one (d) and Akaike Weight (w) are presented. Values are mean ± 

SD.  

Model INT Chloa SST SLA Bathy 
SST_ 
grad 

SLA_ 
grad 

Bathy_ 
grad 

AICc d w 

1 
0.24 ± 
0.11 

-0.8 ± 
0.08 

0.61 ± 
0.03 

-0.22 ± 
0.03 

0.3 ± 
0.03 

  
-0.54 ± 
0.03 

8080.51 0 0.73 

2 
0.24 ± 
0.11 

-0.79 ± 
0.08 

0.6 ± 
0.04 

-0.22 ± 
0.03 

0.3 ± 
0.03 

-0.02 ± 
0.03 

 
-0.54 ± 
0.03 

8083.98 3.46 0.13 

Average
d model 

0.24 ± 
0.11 

-0.8 ± 
0.79 

0.61 ± 
0.36 

-0.22 ± 
0.08 

0.3 ± 
0.1 

-0.02 ± 
0.03 

0 ± 0 
-0.54 ± 
0.03 

   

!

 

Table S4. Ranked set of best candidates frigatebirds at-sea observations model and 

average model. Corrected Akaike Information Criterion (AICc), measure of each 

model AIC relative to the best one (d) and Akaike Weight (w) are presented. Values 

are mean ± SD.  
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Model INT Chloa SST SLA Bathy DCol 
SST_ 
grad 

SLA_ 
grad 

Bathy_
grad 

AICc d w 

1 
-2.791 
± 0.34 

-0.59 ± 
0.29 

  
1.13 ± 
0.30 

-2.77 ± 
0.50 

   237.1 0 0.2 

2 
-2.627 
± 0.309 

   
0.95 ± 
0.28 

-2.65 ± 
0.48 

   238.11 1.01 0.12 

3 
-2.823 
± 0.345 

-0.57 ± 
0.29 

 
-0.26 ± 
0.19 

1.2 ± 
0.31 

-2.83 ± 
0.51 

   239.15 2.05 0.07 

4 
-2.863 
± 0.511 

 
0.75 ± 
0.51 

 
1.05 ± 
0.32 

-3.36 ± 
0.67 

   239.52 2.42 0.06 

5 
-2.889 
± 0.356 

-0.66 ± 
0.31 

0.31 ± 
0.24 

 
1.20 ± 
0.32 

-3.05 ± 
0.57 

   239.54 2.44 0.06 

6 
-2.668 
± 0.316 

  
-0.29 ± 
0.19 

1.04 ± 
0.3 

-2.73 ± 
0.49 

   239.79 2.69 0.05 

7 
-2.949 
± 0.363 

-0.67 ± 
0.31 

0.4 ± 
0.25 

-0.32 ± 
0.19 

1.31 ± 
0.34 

-3.20 ± 
0.59 

   240.72 3.62 0.03 

8 
-2.81 ± 
0.35 

-0.57 ± 
0.3 

  
1.15 ± 
0.31 

-2.8 ± 
0.51 

-0.15 ± 
0.23 

  240.76 3.66 0.03 

9 
-2.76 ± 
0.33 

  
-0.4 ± 
0.2 

1.19 ± 
0.32 

-2.89 ± 
0.51 

-0.40 ± 
0.26 

  241.07 3.97 0.03 

10 
-2.81 ± 
0.35 

-0.56 ± 
0.3 

  
1.15 ± 
0.31 

-2.82 ± 
0.54 

 
0.06 ± 
0.18 

 241.08 3.98 0.03 

11 
-2.66 ± 
0.32 

   1 ± 0.29 
-2.7 ± 
0.49 

-0.23 ± 
0.22 

  241.1 4 0.03 

12 
-2.78 ± 
0.34 

-0.58 ± 
0.29 

  
1.09 ± 
0.34 

-2.76 ± 
0.50 

  
0.08 ± 
0.27 

241.11 4.01 0.03 

13 
-2.7 ± 
0.33 

   
1.03 ± 
0.3 

-2.82 ± 
0.53 

 
0.16 ± 
0.18 

 241.39 4.29 0.02 

14 
-2.9 ± 
0.5 

 
0.81 ± 
0.56 

-0.29 ± 
0.2 

1.12 ± 
0.33 

-3.39 ± 
0.68 

   241.52 4.42 0.02 

15 
-2.89 ± 
0.36 

-0.52 ± 
0.3 

 
-0.4 ± 
0.2 

1.29 ± 
0.33 

-2.95 ± 
0.53 

-0.31 ± 
0.26 

  241.72 4.62 0.02 

16 
-2.62 ± 
0.31 

   
0.9 ± 
0.31 

-2.65 ± 
0.48 

  
0.12 ± 
0.25 

241.96 4.86 0.02 

17 
-2.75 ± 
0.34 

  
-0.29 ± 
0.19 

1.12 ± 
0.32 

-2.92 ± 
0.54 

 
0.17 ± 
0.18 

 242.96 5.86 0.01 

18 
-2.88 ± 
0.49 

 
0.63 ± 
0.49 

 
1.08 ± 
0.32 

-3.36 ± 
0.68 

-0.18 ± 
0.25 

  243.04 5.94 0.01 

19 
-2.85 ± 
0.35 

-0.53 ± 
0.3 

 
-0.27 ± 
0.19 

1.24 ± 
0.33 

-2.91 ± 
0.55 

 
0.08 ± 
0.18 

 243.07 5.97 0.01 

20 
-2.81 ± 
0.35 

-0.55 ± 
0.29 

 
-0.26 ± 
0.19 

1.15 ± 
0.35 

-2.83 ± 
0.51 

  
0.09 ± 
0.28 

243.14 6.04 0.01 

21 
-2.84 ± 
0.51 

 
0.77 ± 
0.51 

 
0.98 ± 
0.34 

-3.35 ± 
0.67 

  
0.15 ± 
0.27 

243.31 6.21 0.01 

22 
-2.89 ± 
0.36 

-0.64 ± 
0.31 

0.3 ± 
0.24 

 
1.21 ± 
0.32 

-3.06 ± 
0.57 

-0.11 ± 
0.23 

  243.42 6.32 0.01 

23 
-2.88 ± 
0.36 

-0.65 ± 
0.31 

0.33 ± 
0.25 

 
1.14 ± 
0.36 

-3.06 ± 
0.57 

  
0.12 ± 
0.28 

243.46 6.36 0.01 

24 
-2.66 ± 
0.32 

  
-0.29 ± 
0.19 

0.97 ± 
0.32 

-2.73 ± 
0.49 

  
0.14 ± 
0.25 

243.58 6.48 0.01 

25 
-2.9 ± 
0.36 

-0.64 ± 
0.32 

0.31 ± 
0.24 

 
1.22 ± 
0.33 

-3.09 ± 
0.6 

 
0.04 ± 
0.19 

 243.59 6.49 0.01 

26 
-2.86 ± 
0.52 

 
0.76 ± 
0.56 

 
1.05 ± 
0.33 

-3.35 ± 
0.67 

 
-0.01 ± 
0.20 

 243.6 6.5 0.01 

27 
-2.98 ± 
0.37 

-0.6 ± 
0.32 

0.37 ± 
0.25 

-0.39 ± 
0.2 

1.38 ± 
0.35 

-3.26 ± 
0.59 

-0.27 ± 
0.26 

  243.7 6.61 0.01 

28 
-2.94 ± 
0.46 

 
0.53 ± 
0.56 

-0.41 ± 
0.22 

1.23 ± 
0.34 

-3.39 ± 
0.73 

-0.37 ± 
0.28 

  243.77 6.67 0.01 
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29 
-2.76 ± 
0.34 

  
-0.43 ± 
0.2 

1.10 ± 
0.33 

-2.91 ± 
0.52 

-0.44 ± 
0.26 

 
0.23 ± 
0.25 

244.38 7.28 0.01 

30 
-2.83 ± 
0.35 

  
-0.4 ± 
0.2 

1.25 ± 
0.33 

-3.03 ± 
0.56 

-0.39 ± 
0.26 

0.14 ± 
0.18 

 244.56 7.46 0.01 

31 
-2.72 ± 
0.33 

   
1.06 ± 
0.30 

-2.84 ± 
0.53 

-0.21 ± 
0.23 

0.14 ± 
0.18 

 244.59 7.46 0.01 

32 
-2.93 ± 
0.36 

-0.66 ± 
0.31 

0.42 ± 
0.26 

-0.33 ± 
0.19 

1.23 ± 
0.37 

-3.21 ± 
0.59 

  
0.14 ± 
0.29 

244.61 7.51 0.01 

33 
-2.8 ± 
0.35 

-0.55 ± 
0.3 

  
1.09 ± 
0.34 

-2.79 ± 
0.51 

-0.17 ± 
0.24 

 
0.11 ± 
0.27 

244.69 7.59 <0.01 

34 
-2.97 ± 
0.37 

-0.64 ± 
0.32 

0.4 ± 
0.25 

-0.33 ± 
0.19 

1.34 ± 
0.35 

-3.27 ± 
0.62 

 
0.06 ± 
0.19 

 244.72 7.62 <0.01 

35 
-2.65 ± 
0.32 

   
0.93 ± 
0.31 

-2.70 ± 
0.49 

-0.25 ± 
0.23 

 
0.164 ± 
0.244 

244.75 7.65 <0.01 

36 
-2.82 ± 
0.35 

-0.55 ± 
0.31 

  
1.17 ± 
0.31 

-2.84 ± 
0.54 

-0.14 ± 
0.23 

0.05 ± 
0.19 

 244.79 7.7 <0.01 

Average
d model 

-2.79 ± 
0.36 

-0.59 ± 
0.47 

0.53 ± 
0.28 

-0.31 ± 
0.14 

1.11 ± 
1.20 

-2.89 ± 
8.64 

-0.26 ± 
0.11 

0.1 ± 
0.03 

0.117 ± 
0.046 

   

 

Table S5. Ranked set of best candidates frigatebirds at-sea observations model and 

average model. Corrected Akaike Information Criterion (AICc), measure of each 

model AIC relative to the best one (d) and Akaike Weight (w) are presented. Values 

are mean ± SD.  

Model INT Chloa SST SLA Bathy SST_grad SLA_grad Bathy_grad AICc d W 

1 
-1.743 
± 0.347 

-0.585 ± 
0.286 

      276.259 0 0.174 

2 
-1.792 
± 0.327 

-0.733 ± 
0.313 

    
-0.353 ± 
0.193 

 276.402 0.143 0.162 

3 
-1.649 
± 0.356 

       278.06 1.801 0.071 

4 
-1.774 
± 0.568 

-0.662 ± 
0.34 

0.717 ± 
0.523 

   
-0.431 ± 
0.208 

 278.89 2.63 0.047 

5 
-1.759 
± 0.351 

-0.623 ± 
0.298 

 
-0.148 
± 0.166 

    279.518 3.259 0.034 

6 
-1.659 
± 0.767 

 
1.12 ± 
0.471 

   
-0.401 ± 
0.208 

 279.804 3.545 0.03 

7 
-1.804 
± 0.33 

-0.756 ± 
0.319 

 
-0.128 
± 0.174 

  
-0.347 ± 
0.196 

 279.93 3.671 0.028 

8 
-1.731 
± 0.446 

-0.554 ± 
0.303 

0.308 ± 
0.494 

     279.944 3.685 0.028 

9 
-1.746 
± 0.361 

-0.635 ± 
0.3 

  
0.112 ± 
0.209 

   280.027 3.768 0.026 

10 
-1.633 
± 0.611 

 
0.691 ± 
0.443 

     280.046 3.787 0.026 

11 
-1.797 
± 0.319 

-0.722 ± 
0.313 

    
-0.373 ± 
0.198 

-0.096 ± 
0.196 

280.219 3.96 0.024 

12 
-1.743 
± 0.346 

-0.594 ± 
0.291 

   
0.039 ± 
0.192 

  280.271 4.012 0.023 

13 
-1.743 
± 0.346 

-0.583 ± 
0.289 

     
-0.007 ± 
0.187 

280.311 4.051 0.023 

14 
-1.666 
± 0.345 

     
-0.228 ± 
0.184 

 280.381 4.122 0.022 
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15 
-1.793 
± 0.332 

-0.751 ± 
0.32 

  
0.05 ± 
0.205 

 
-0.348 ± 
0.195 

 280.411 4.151 0.022 

16 
-1.794 
± 0.328 

-0.73 ± 
0.314 

   
-0.026 ± 
0.204 

-0.357 ± 
0.196 

 280.453 4.194 0.021 

17 
-1.795 
± 0.625 

-0.7 ± 
0.358 

0.889 ± 
0.525 

-0.213 
± 0.181 

  
-0.442 ± 
0.212 

 281.602 5.343 0.012 

18 
-1.657 
± 0.358 

  
-0.105 
± 0.165 

    281.692 5.433 0.011 

19 
-1.651 
± 0.347 

   
-0.101 ± 
0.178 

   281.773 5.513 0.011 

20 
-1.652 
± 0.349 

      
-0.072 ± 
0.183 

281.939 5.68 0.01 

21 
-1.649 
± 0.355 

    
-0.037 ± 
0.188 

  282.06 5.801 0.01 

22 
-1.777 
± 0.599 

-0.623 ± 
0.343 

0.813 ± 
0.536 

   
-0.473 ± 
0.217 

-0.143 ± 
0.207 

282.471 6.212 <0.01 

23 
-1.676 
± 0.823 

 
1.267 ± 
0.486 

-0.203 
± 0.175 

  
-0.413 ± 
0.213 

 282.544 6.285 <0.01 

24 
-1.674 
± 0.804 

 
1.242 ± 
0.483 

   
-0.475 ± 
0.22 

-0.22 ± 
0.205 

282.612 6.353 <0.01 

25 
-1.748 
± 0.512 

-0.592 ± 
0.325 

0.504 ± 
0.504 

-0.202 
± 0.172 

    282.661 6.402 <0.01 

26 
-1.645 
± 0.673 

 
0.854 ± 
0.458 

-0.192 
± 0.167 

    282.809 6.55 <0.01 

27 
-1.775 
± 0.565 

-0.681 ± 
0.354 

0.701 ± 
0.527 

 
0.038 ± 
0.217 

 
-0.426 ± 
0.21 

 282.94 6.68 <0.01 

28 
-1.772 
± 0.574 

-0.665 ± 
0.341 

0.733 ± 
0.531 

  
0.028 ± 
0.213 

-0.428 ± 
0.209 

 282.952 6.693 <0.01 

29 
-1.768 
± 0.373 

-0.701 ± 
0.317 

 
-0.175 
± 0.171 

0.161 ± 
0.219 

   283.04 6.781 <0.01 

30 
-1.667 
± 0.764 

 
1.136 ± 
0.478 

 
-0.159 ± 
0.194 

 
-0.433 ± 
0.21 

 283.184 6.925 <0.01 

31 
-1.759 
± 0.353 

-0.628 ± 
0.303 

 
-0.151 
± 0.168 

   0.02 ± 0.19 283.573 7.314 <0.01 

32 
-1.759 
± 0.351 

-0.621 ± 
0.3 

 
-0.149 
± 0.172 

 
-0.008 ± 
0.204 

  283.583 7.324 <0.01 

33 
-1.67 ± 
0.335 

   
-0.156 ± 
0.179 

 
-0.259 ± 
0.186 

 283.664 7.404 <0.01 

34 
-1.735 
± 0.458 

-0.61 ± 
0.315 

0.309 ± 
0.475 

 
0.121 ± 
0.211 

   283.685 7.425 <0.01 

35 
-1.807 
± 0.341 

-0.791 ± 
0.329 

 
-0.143 
± 0.178 

0.086 ± 
0.215 

 
-0.337 ± 
0.198 

 283.848 7.589 <0.01 

36 
-1.807 
± 0.323 

-0.745 ± 
0.319 

 
-0.116 
± 0.176 

  
-0.364 ± 
0.201 

-0.075 ± 
0.199 

283.866 7.606 <0.01 

37 
-1.659 
± 0.768 

 
1.121 ± 
0.479 

  
0.005 ± 
0.211 

-0.401 ± 
0.21 

 283.87 7.611 <0.01 

38 
-1.73 ± 
0.465 

-0.566 ± 
0.309 

0.363 ± 
0.512 

  
0.076 ± 
0.2 

  283.872 7.612 <0.01 

39 
-1.811 
± 0.334 

-0.751 ± 
0.32 

 
-0.146 
± 0.182 

 
-0.075 ± 
0.218 

-0.359 ± 
0.2 

 283.887 7.628 <0.01 

40 
-1.672 
± 0.332 

     
-0.259 ± 
0.19 

-0.136 ± 
0.19 

283.891 7.631 <0.01 

41 
-1.636 
± 0.609 

 
0.7 ± 
0.445 

    
-0.076 ± 
0.186 

283.924 7.664 <0.01 

42 
-1.636 
± 0.599 

 
0.676 ± 
0.449 

 
-0.067 ± 
0.187 

   283.971 7.711 <0.01 

43 
-1.731 
± 0.446 

-0.552 ± 
0.307 

0.309 ± 
0.496 

    
-0.009 ± 
0.188 

284.009 7.749 <0.01 

44 
-1.748 
± 0.359 

-0.634 ± 
0.299 

  
0.138 ± 
0.229 

  
-0.059 ± 
0.212 

284.015 7.755 <0.01 
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45 
-1.632 
± 0.626 

 
0.727 ± 
0.458 

  
0.048 ± 
0.198 

  284.043 7.783 <0.01 

46 
-1.746 
± 0.361 

-0.642 ± 
0.304 

  
0.111 ± 
0.209 

0.036 ± 
0.193 

  284.059 7.799 <0.01 

47 
-1.801 
± 0.327 

-0.758 ± 
0.319 

  
0.106 ± 
0.224 

 
-0.371 ± 
0.199 

-0.137 ± 
0.22 

284.075 7.815 <0.01 

48 
-1.672 
± 0.348 

  
-0.093 
± 0.171 

  
-0.224 ± 
0.186 

 284.142 7.883 <0.01 

49 
-1.668 
± 0.343 

    
-0.085 ± 
0.196 

-0.243 ± 
0.188 

 284.239 7.979 <0.01 

50 
-1.798 
± 0.32 

-0.721 ± 
0.313 

   
-0.01 ± 
0.207 

-0.375 ± 
0.2 

-0.095 ± 
0.198 

284.297 8.038 <0.01 

Averaged 
model 

-1.738 
± 0.404 

-0.658 ± 
0.528 

0.758 ± 
0.552 

-0.153 
± 0.054 

0.043 ± 
0.029 

0.002 ± 
0.032 

-0.367 ± 
0.192 

-0.078 ± 
0.038 

   

 

Table S6. Ranked set of best candidates terns at-sea observations model and 

average model. Corrected Akaike Information Criterion (AICc), measure of each 

model AIC relative to the best one (d) and Akaike Weight (w) are presented. Values 

are mean ± SD.  

Model INT Chloa SST SLA Bathy DCol 
SST_gra
d 

SLA_gra
d 

Bathy_gra
d 

AICc d w 

1 
1.43 ± 
0.16 

   
-0.83 ± 
0.2 

-0.98 ± 
0.22 

  0.78 ± 0.23 278.18 0 
0.4
8 

2 
1.44 ± 
0.17 

0.16 ± 
0.16 

  
-0.9 ± 
0.22 

-0.97 ± 
0.22 

  0.78 ± 0.23 281.25 
3.0
7 

0.1 

3 
1.41 ± 
0.16 

 
0.14 ± 
0.18 

 
-0.85 ± 
0.21 

-0.94 ± 
0.23 

  0.78 ± 0.24 281.65 
3.4
7 

0.0
9 

4 
1.42 ± 
0.17 

   
-0.83 ± 
0.2 

-0.98 ± 
0.22 

 
0.03 ± 
0.16 

0.79 ± 0.23 282.22 
4.0
4 

0.0
6 

5 
1.43 ± 
0.16 

  
0.01 ± 
0.15 

-0.83 ± 
0.21 

-0.98 ± 
0.22 

  0.78 ± 0.23 282.25 
4.0
7 

0.0
6 

6 
1.43 ± 
0.16 

   
-0.83 ± 
0.2 

-0.98 ± 
0.22 

-0.01 ± 
0.17 

 0.78 ± 0.24 282.26 
4.0
8 

0.0
6 

7 
1.43 ± 
0.17 

0.15 ± 
0.17 

0.11 ± 
0.18 

 
-0.91 ± 
0.2 

-0.93 ± 
0.22 

  0.78 ± 0.24 284.97 
6.7
9 

0.0
2 

8 
1.44 ± 
0.17 

0.17 ± 
0.17 

  
-0.9 ± 
0.22 

-0.97 ± 
0.22 

 
0.06 ± 
0.16 

0.8 ± 0.24 285.19 
7.0
1 

0.0
1 

9 
1.44 ± 
0.17 

0.18 ± 
0.17 

  
-0.9 ± 
0.22 

-0.97 ± 
0.22 

-0.05 ± 
0.17 

 0.8 ± 0.24 285.26 
7.0
8 

0.0
1 

10 
1.44 ± 
0.17 

0.17 ± 
0.17 

 
0.03 ± 
0.15 

-0.91 ± 
0.22 

-0.96 ± 
0.21 

  0.78 ± 0.23 285.3 
7.1
2 

0.0
1 

11 
1.41 ± 
0.17 

 
0.13 ± 
0.18 

 
-0.85 ± 
0.21 

-0.94 ± 
0.23 

 
0.02 ± 
0.16 

0.78 ± 0.24 285.73 
7.5
5 

0.0
1 

12 
1.41 ± 
0.16 

 
0.14 ± 
0.18 

 
-0.85 ± 
0.21 

-0.94 ± 
0.23 

-0.01 ± 
0.17 

 0.78 ± 0.25 285.74 
7.5
6 

0.0
1 

Average
d model 

1.43 ± 
0.16 

0.16 ± 
0.08 

0.13 ± 
0.09 

0.01 ± 
0.11 

-0.84 ± 
0.88 

-0.97 ± 
1.14 

-0.01 ± 
0.11 

0.04 ± 
0.09 

0.78 ± 0.58    

 

Table S7. Ranked set of best candidates boobies at-sea observations model and 

average model. Corrected Akaike Information Criterion (AICc), measure of each 
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model AIC relative to the best one (d) and Akaike Weight (w) are presented. Values 

are mean ± SD.  

Model INT Chloa SST SLA Bathy DCol 
SST_ 
grad 

SLA_grad 
Bathy_ 
grad 

AICc d w 

1 
-2.27 ± 
0.24 

 
0.44 ± 
0.2 

  
-1.17 ± 
0.32 

 
-0.58 ± 
0.25 

 235.94 0 0.1 

2 
-2.18 ± 
0.22 

    
-0.92 ± 
0.26 

 
-0.5 ± 
0.24 

 236.46 0.51 0.07 

3 
-2.32 ± 
0.25 

 
0.45 ± 
0.21 

  
-1.24 ± 
0.34 

0.277 ± 
0.17 

-0.55 ± 
0.25 

 237.53 1.59 0.04 

4 
-2.22 ± 
0.23 

0.37 ± 
0.17 

   
-1.26 ± 
0.28 

   237.7 1.76 0.04 

5 
-2.31 ± 
0.25 

0.3 ± 
0.19 

0.41 ± 
0.2 

  
-1.3 ± 
0.33 

 
-0.52 ± 
0.26 

 237.74 1.8 0.04 

6 
-2.23 ± 
0.23 

0.31 ± 
0.18 

   
-1.06 ± 
0.28 

 
-0.45 ± 
0.25 

 237.85 1.9 0.04 

7 
-2.16 ± 
0.23 

    
-1.09 ± 
0.27 

   237.89 1.94 0.04 

8 
-2.21 ± 
0.23 

    
-0.95 ± 
0.26 

0.28 ± 
0.17 

-0.48 ± 
0.24 

 238.1 2.16 0.03 

9 
-2.31 ± 
0.25 

 
0.47 ± 
0.21 

  
-1.38 ± 
0.37 

 
-0.51 ± 
0.26 

0.29 ± 
0.22 

238.33 2.39 0.03 

10 
-2.27 ± 
0.25 

 
0.4 ± 
0.21 

  
-1.4 ± 
0.34 

   238.36 2.42 0.03 

11 
-2.36 ± 
0.26 

 
0.43 ± 
0.2 

 
0.33 ± 
0.27 

-1.47 ± 
0.43 

 
-0.55 ± 
0.26 

 238.46 2.52 0.03 

12 
-2.32 ± 
0.25 

0.38 ± 
0.18 

0.38 ± 
0.21 

  
-1.54 ± 
0.35 

   238.47 2.53 0.03 

13 
-2.21 ± 
0.23 

    
-1.14 ± 
0.27 

0.309 ± 
0.165 

  238.78 2.83 0.02 

14 
-2.26 ± 
0.24 

   
0.31 ± 
0.25 

-1.2 ± 
0.37 

 
-0.48 ± 
0.24 

 238.87 2.93 0.02 

15 
-2.35 ± 
0.26 

 
0.47 ± 
0.22 

  
-1.67 ± 
0.39 

  
0.4 ± 
0.21 

239 3.06 0.02 

16 
-2.34 ± 
0.26 

 
0.41 ± 
0.22 

  
-1.49 ± 
0.36 

0.309 ± 
0.162 

  239.13 3.19 0.02 

17 
-2.22 ± 
0.28 

    
-1.28 ± 
0.32 

  
0.37 ± 
0.21 

239.14 3.19 0.02 

18 
-2.2 ± 
0.22 

    
-1.05 ± 
0.29 

 
-0.46 ± 
0.24 

0.24 ± 
0.21 

239.23 3.29 0.02 

19 
-2.3 ± 
0.29 

   
0.43 ± 
0.27 

-1.48 ± 
0.4 

   239.25 3.31 0.02 

20 
-2.4 ± 
0.28 

 
0.4 ± 
0.21 

 
0.44 ± 
0.28 

-1.81 ± 
0.45 

   239.84 3.9 0.01 

21 
-2.25 ± 
0.23 

0.34 ± 
0.17 

   
-1.39 ± 
0.31 

  
0.29 ± 
0.21 

239.96 4.01 0.01 

22 
-2.27 ± 
0.24 

 
0.44 ± 
0.21 

-0.04 
± 0.2 

 
-1.18 ± 
0.32 

 
-0.57 ± 
0.25 

 239.99 4.05 0.01 

23 
-2.25 ± 
0.24 

0.31 ± 
0.18 

   
-1.27 ± 
0.29 

0.235 ± 
0.175 

  240.09 4.15 0.01 

24 
-2.38 ± 
0.26 

0.33 ± 
0.18 

0.42 ± 
0.22 

  
-1.75 ± 
0.39 

  
0.34 ± 
0.22 

240.2 4.26 0.01 

25 
-2.35 ± 
0.25 

0.23 ± 
0.2 

0.42 ± 
0.21 

  
-1.33 ± 
0.35 

0.224 ± 
0.177 

-0.51 ± 
0.26 

 240.33 4.39 0.01 

26 
-2.25 ± 
0.23 

0.25 ± 
0.18 

   
-1.07 ± 
0.29 

0.225 ± 
0.178 

-0.44 ± 
0.25 

 240.44 4.49 0.01 
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27 
-2.18 ± 
0.22 

  
0.04 ± 
0.19 

 
-0.92 ± 
0.26 

 
-0.5 ± 
0.24 

 240.49 4.55 0.01 

28 
-2.35 ± 
0.25 

0.27 ± 
0.19 

0.44 ± 
0.21 

  
-1.46 ± 
0.38 

 
-0.47 ± 
0.26 

0.25 ± 
0.22 

240.55 4.61 0.01 

29 
-2.35 ± 
0.26 

 
0.47 ± 
0.21 

  
-1.39 ± 
0.39 

0.233 ± 
0.17 

-0.5 ± 
0.26 

0.22 ± 
0.23 

240.72 4.78 0.01 

30 
-2.39 ± 
0.27 

 
0.44 ± 
0.21 

 
0.26 ± 
0.28 

-1.48 ± 
0.44 

0.24 ± 
0.173 

-0.52 ± 
0.26 

 240.73 4.79 0.01 

31 
-2.37 ± 
0.26 

0.31 ± 
0.19 

0.39 ± 
0.21 

  
-1.58 ± 
0.36 

0.235 ± 
0.173 

  240.84 4.9 0.01 

32 
-2.24 ± 
0.23 

0.29 ± 
0.18 

   
-1.17 ± 
0.31 

 
-0.41 ± 
0.25 

0.22 ± 
0.21 

240.87 4.92 0.01 

33 
-2.29 ± 
0.25 

0.3 ± 
0.18 

  
0.26 ± 
0.28 

-1.47 ± 
0.38 

   240.89 4.94 0.01 

34 
-2.28 ± 
0.25 

   
0.255 ± 
0.25 

-1.19 ± 
0.38 

0.246 ± 
0.176 

-0.46 ± 
0.24 

 241.14 5.2 0.01 

35 
-2.31 ± 
0.27 

   
0.35 ± 
0.28 

-1.46 ± 
0.4 

0.264 ± 
0.174 

  241.17 5.23 0.01 

36 
-2.39 ± 
0.27 

 
0.46 ± 
0.22 

  
-1.7 ± 
0.4 

0.24 ± 
0.169 

 
0.33 ± 
0.22 

241.18 5.24 0.01 

37 
-2.37 ± 
0.27 

0.24 ± 
0.2 

0.41 ± 
0.2 

 
0.23 ± 
0.28 

-1.48 ± 
0.43 

 
-0.51 ± 
0.26 

 241.19 5.25 0.01 

38 
-2.28 ± 
0.25 

0.25 ± 
0.19 

  
0.21 ± 
0.26 

-1.24 ± 
0.4 

 
-0.44 ± 
0.25 

 241.28 5.33 0.01 

39 
-2.24 ± 
0.26 

    
-1.28 ± 
0.31 

0.25 ± 
0.18 

 
0.29 ± 
0.23 

241.34 5.39 0.01 

40 
-2.23 ± 
0.23 

    
-1.05 ± 
0.3 

0.25 ± 
0.18 

-0.45 ± 
0.24 

0.19 ± 
0.22 

241.49 5.55 0.01 

41 
-2.44 ± 
0.28 

 
0.41 ± 
0.22 

 
0.37 ± 
0.29 

-1.81 ± 
0.46 

0.27 ± 
0.17 

  241.59 5.64 0.01 

42 
-2.4 ± 
0.28 

0.3 ± 
0.19 

0.38 ± 
0.21 

 
0.29 ± 
0.3 

-1.78 ± 
0.45 

   241.62 5.67 0.01 

43 
-2.32 ± 
0.25 

 
0.44 ± 
0.21 

0.02 ± 
0.21 

 
-1.24 ± 
0.34 

0.28 ± 
0.17 

-0.55 ± 
0.25 

 241.62 5.68 0.01 

44 
-2.22 ± 
0.23 

0.37 ± 
0.17 

 
0.02 ± 
0.19 

 
-1.26 ± 
0.28 

   241.77 5.82 0.01 

45 
-2.31 ± 
0.25 

0.3 ± 
0.19 

0.42 ± 
0.2 

-0.04 
± 0.21 

 
-1.3 ± 
0.33 

 
-0.52 ± 
0.26 

 241.79 5.85 0.01 

46 
-2.36 ± 
0.27 

 
0.45 ± 
0.21 

 
0.23 ± 
0.29 

-1.53 ± 
0.44 

 
-0.51 ± 
0.26 

0.21 ± 
0.24 

241.82 5.87 0.01 

47 
-2.16 ± 
0.23 

  
0.04 ± 
0.19 

 
-1.09 ± 
0.27 

   241.91 5.96 0.01 

48 
-2.23 ± 
0.23 

0.31 ± 
0.18 

 
0.02 ± 
0.2 

 
-1.06 ± 
0.28 

 
-0.45 ± 
0.25 

 241.92 5.97 0.01 

49 
-2.22 ± 
0.23 

  
0.1 ± 
0.2 

 
-0.96 ± 
0.27 

0.3 ± 
0.17 

-0.48 ± 
0.24 

 241.94 5.99 0.01 

50 
-2.31 ± 
0.31 

   
0.31 ± 
0.29 

-1.51 ± 
0.41 

  
0.28 ± 
0.24 

242.05 6.1 0.01 

51 
-2.41 ± 
0.28 

 
0.45 ± 
0.22 

 
0.27 ± 
0.31 

-1.86 ± 
0.46 

  
0.32 ± 
0.24 

242.32 6.37 <0.01 

52 
-2.31 ± 
0.25 

 
0.48 ± 
0.22 

-0.06 
± 0.2 

 
-1.38 ± 
0.38 

 
-0.51 ± 
0.26 

0.29 ± 
0.22 

242.33 6.39 <0.01 

53 
-2.27 ± 
0.25 

 
0.41 ± 
0.22 

-0.05 
± 0.2 

 
-1.41 ± 
0.34 

   242.36 6.42 <0.01 

54 
-2.26 ± 
0.26 

   
0.25 ± 
0.27 

-1.23 ± 
0.38 

 
-0.45 ± 
0.25 

0.17 ± 
0.24 

242.42 6.48 <0.01 

55 
-2.32 ± 
0.25 

0.38 ± 
0.18 

0.39 ± 
0.21 

-0.06 
± 0.2 

 
-1.54 ± 
0.35 

   242.47 6.53 <0.01 

56 
-2.36 ± 
0.26 

 
0.44 ± 
0.21 

-0.06 
± 0.2 

0.34 ± 
0.27 

-1.48 ± 
0.44 

 
-0.54 ± 
0.26 

 242.48 6.54 <0.01 
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57 
-2.22 ± 
0.23 

  
0.09 ± 
0.19 

 
-1.15 ± 
0.27 

0.32 ± 
0.17 

  242.63 6.69 <0.01 

58 
-2.35 ± 
0.26 

 
0.49 ± 
0.23 

-0.08 
± 0.2 

 
-1.69 ± 
0.39 

  
0.41 ± 
0.21 

242.9 6.96 <0.01 

59 
-2.26 ± 
0.24 

  
0.01 ± 
0.19 

0.31 ± 
0.25 

-1.2 ± 
0.37 

 
-0.48 ± 
0.24 

 242.95 7 <0.01 

60 
-2.27 ± 
0.24 

0.29 ± 
0.18 

   
-1.38 ± 
0.31 

0.19 ± 
0.18 

 
0.25 ± 
0.22 

243.01 7.07 <0.01 

61 
-2.22 ± 
0.28 

  
-0.01 
± 0.2 

 
-1.28 ± 
0.32 

  
0.37 ± 
0.22 

243.21 7.26 <0.01 

62 
-2.34 ± 
0.26 

 
0.42 ± 
0.22 

-0.01 
± 0.2 

 
-1.49 ± 
0.36 

0.31 ± 
0.16 

  243.21 7.27 <0.01 

63 
-2.31 ± 
0.3 

  
-0.03 
± 0.2 

0.44 ± 
0.27 

-1.48 ± 
0.41 

   243.3 7.36 <0.01 

64 
-2.2 ± 
0.22 

  
0.01 ± 
0.2 

 
-1.05 ± 
0.29 

 
-0.46 ± 
0.24 

0.24 ± 
0.21 

243.31 7.36 <0.01 

65 
-2.41 ± 
0.27 

0.28 ± 
0.19 

0.43 ± 
0.22 

  
-1.76 ± 
0.4 

0.18 ± 
0.18 

 
0.3 ± 
0.23 

243.36 7.42 <0.01 

66 
-2.31 ± 
0.26 

0.25 ± 
0.19 

  
0.22 ± 
0.28 

-1.45 ± 
0.39 

0.22 ± 
0.18 

  243.55 7.61 <0.01 

Average
d model 

-2.27 ± 
0.24 

0.32 ± 
0.11 

0.43 ± 
0.19 

-0.01 
± 0.01 

0.32 ± 
0.11 

-1.27 ± 
1.65 

0.27 ± 
0.08 

-0.51 ± 
0.3 

0.3 ± 
0.1 

   

 

Table S8. Ranked set of best candidates sub-surface predators at-sea observations 

model and average model. Corrected Akaike Information Criterion (AICc), measure of 

each model AIC relative to the best one (d) and Akaike Weight (w) are presented. 

Values are mean ± SD.  

Model INT SST SLA Bathy 
Chloa_ 
grad 

SST_ 
grad 

SLA_ 
grad 

Bathy_ 
grad 

AICc d w 

1 
-1.86 ± 
0.18 

0.56 ± 
0.16 

    
-0.56 ± 
0.23 

-0.42 ± 
0.2 

268.98 0 0.19 

2 
-1.81 ± 
0.17 

0.5 ± 
0.16 

    
-0.45 ± 
0.22 

 270.26 1.29 0.10 

3 
-1.56 ± 
0.17 

0.42 ± 
0.15 

      271.15 2.17 0.06 

4 
-1.78 ± 
0.17 

0.45 ± 
0.15 

     
-0.32 ± 
0.19 

272.1 3.12 0.04 

5 
-1.83 ± 
0.18 

0.53 ± 
0.16 

   
-0.25 ± 
0.18 

-0.48 ± 
0.22 

 272.11 3.13 0.04 

6 
-1.87 ± 
0.18 

0.59 ± 
0.16 

  
0.16 ± 
0.16 

 
-0.57 ± 
0.23 

-0.47 ± 
0.21 

272.21 3.23 0.04 

7 
-1.86 ± 
0.18 

0.56 ± 
0.16 

   
-0.14 ± 
0.19 

-0.56 ± 
0.23 

-0.37 ± 
0.21 

272.51 3.53 0.03 

8 
-1.87 ± 
0.31 

     
-0.34 ± 
0.22 

 272.63 3.65 0.03 

9 
-1.87 ± 
0.18 

0.56 ± 
0.16 

 
0.13 ± 
0.2 

  
-0.56 ± 
0.23 

-0.5 ± 
0.24 

272.64 3.66 0.03 

10 
-1.93 ± 
0.33 

     
-0.43 ± 
0.23 

-0.37 ± 
0.2 

272.76 3.78 0.03 

11 
-1.86 ± 
0.18 

0.58 ± 
0.16 

-0.1 ± 
0.18 

   
-0.55 ± 
0.23 

-0.42 ± 
0.2 

272.77 3.79 0.03 

12 
-1.86 ± 
0.3 

      
-0.28 ± 
0.19 

273.02 4.04 0.03 
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13 
-1.85 ± 
0.31 

    
-0.24 ± 
0.18 

  273.38 4.4 0.02 

14 
-1.77 ± 
0.17 

0.44 ± 
0.15 

   
-0.2 ± 
0.17 

  273.69 4.71 0.02 

15 
-1.91 ± 
0.33 

    
-0.3 ± 
0.19 

-0.4 ± 
0.223 

 273.76 4.78 0.02 

16 
-1.81 ± 
0.17 

0.52 ± 
0.16 

 
-0.1 ± 
0.17 

  
-0.46 ± 
0.22 

 273.97 4.99 0.02 

17 
-1.81 ± 
0.17 

0.52 ± 
0.16 

-0.1 ± 
0.17 

   
-0.44 ± 
0.22 

 274 5.02 0.02 

18 
-1.81 ± 
0.17 

0.51 ± 
0.16 

  
0.06 ± 
0.16 

 
-0.45 ± 
0.22 

 274.2 5.22 0.01 

19 
-1.76 ± 
0.17 

0.45 ± 
0.15 

-0.11 ± 
0.16 

     274.73 5.75 0.01 

20 
-1.76 ± 
0.17 

0.43 ± 
0.15 

  
0.06 ± 
0.16 

   275.06 6.08 0.01 

21 
-1.76 ± 
0.17 

0.43 ± 
0.15 

 
-0.06 ± 
0.17 

    275.09 6.11 0.01 

22 
-1.83 ± 
0.3 

 
-0.09 ± 
0.17 

     275.17 6.19 0.01 

23 
-1.82 ± 
0.3 

   
0.04 ± 
0.16 

   275.37 6.39 0.01 

24 
-1.84 ± 
0.18 

0.55 ± 
0.16 

-0.15 ± 
0.17 

  
-0.29 ± 
0.19 

-0.48 ± 
0.22 

 275.41 6.43 0.01 

25 
-1.82 ± 
0.3 

  
0.01 ± 
0.18 

    275.44 6.46 0.01 

26 
-1.79 ± 
0.17 

0.47 ± 
0.15 

  
0.14 ± 
0.16 

  
-0.36 ± 
0.21 

275.47 6.49 0.01 

27 
-1.94 ± 
0.33 

    
-0.21 ± 
0.2 

-0.46 ± 
0.23 

-0.29 ± 
0.21 

275.62 6.64 0.01 

28 
-1.79 ± 
0.17 

0.44 ± 
0.15 

 
0.15 ± 
0.2 

   
-0.41 ± 
0.24 

275.67 6.69 0.01 

29 
-1.87 ± 
0.18 

0.59 ± 
0.16 

  
0.16 ± 
0.15 

-0.15 ± 
0.19 

-0.58 ± 
0.23 

-0.41 ± 
0.22 

275.7 6.72 0.01 

30 
-1.79 ± 
0.17 

0.47 ± 
0.16 

-0.11 ± 
0.16 

    
-0.32 ± 
0.19 

275.73 6.75 0.01 

31 
-1.88 ± 
0.18 

0.62 ± 
0.17 

-0.13 ± 
0.18 

 
0.19 ± 
0.16 

 
-0.57 ± 
0.23 

-0.47 ± 
0.21 

275.75 6.78 0.01 

32 
-1.79 ± 
0.17 

0.45 ± 
0.15 

   
-0.11 ± 
0.18 

 
-0.27 ± 
0.2 

275.76 6.78 0.01 

33 
-1.83 ± 
0.18 

0.54 ± 
0.16 

  
0.09 ± 
0.15 

-0.27 ± 
0.18 

-0.48 ± 
0.23 

 275.86 6.88 0.01 

34 
-1.96 ± 
0.35 

  
0.2 ± 
0.21 

  
-0.43 ± 
0.23 

-0.48 ± 
0.25 

275.97 6.99 0.01 

35 
-1.88 ± 
0.32 

  
0.22 ± 
0.22 

   
-0.42 ± 
0.25 

275.98 7.01 0.01 

36 
-1.87 ± 
0.18 

0.55 ± 
0.16 

 
0.15 ± 
0.2 

 
-0.16 ± 
0.2 

-0.57 ± 
0.23 

-0.45 ± 
0.24 

276.06 7.08 0.01 

37 
-1.87 ± 
0.18 

0.58 ± 
0.16 

-0.13 ± 
0.18 

  
-0.17 ± 
0.2 

-0.56 ± 
0.23 

-0.36 ± 
0.21 

276.11 7.13 0.01 

38 
-1.83 ± 
0.18 

0.53 ± 
0.16 

 
-0.03 ± 
0.18 

 
-0.25 ± 
0.19 

-0.48 ± 
0.22 

 276.16 7.18 0.01 

39 
-1.86 ± 
0.31 

    
-0.17 ± 
0.19 

 
-0.21 ± 
0.2 

276.22 7.24 0.01 

40 
-1.87 ± 
0.18 

0.58 ± 
0.16 

 
0.05 ± 
0.23 

0.13 ± 
0.18 

 
-0.57 ± 
0.23 

-0.49 ± 
0.24 

276.25 7.27 0.01 

41 
-1.87 ± 
0.18 

0.57 ± 
0.16 

-0.1 ± 
0.18 

0.14 ± 
0.2 

  
-0.55 ± 
0.23 

-0.5 ± 
0.24 

276.39 7.41 0.01 

42 
-1.94 ± 
0.33 

   
0.1 ± 
0.16 

 
-0.43 ± 
0.23 

-0.4 ± 
0.21 

276.45 7.47 <0.01 
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43 
-1.88 ± 
0.32 

 
-0.09 ± 
0.18 

   
-0.34 ± 
0.22 

 276.46 7.48 <0.01 

44 
-1.88 ± 
0.33 

 
-0.17 ± 
0.18 

  
-0.29 ± 
0.19 

  276.54 7.56 <0.01 

45 
-1.87 ± 
0.31 

  
-0.03 ± 
0.18 

  
-0.34 ± 
0.22 

 276.64 7.67 <0.01 

46 
-1.87 ± 
0.31 

   
0.03 ± 
0.17 

 
-0.34 ± 
0.22 

 276.65 7.67 <0.01 

47 
-1.86 ± 
0.31 

   
0.11 ± 
0.16 

  
-0.31 ± 
0.2 

276.66 7.68 <0.01 

48 
-1.94 ± 
0.34 

 
-0.07 ± 
0.18 

   
-0.43 ± 
0.23 

-0.37 ± 
0.2 

276.68 7.7 <0.01 

49 
-1.95 ± 
0.36 

 
-0.2 ± 
0.19 

  
-0.36 ± 
0.2 

-0.42 ± 
0.23 

 276.76 7.78 <0.01 

50 
-1.86 ± 
0.31 

 
-0.08 ± 
0.17 

    
-0.28 ± 
0.2 

276.88 7.9 <0.01 

51 
-1.78 ± 
0.17 

0.47 ± 
0.157 

-0.15 ± 
0.16 

  
-0.23 ± 
0.18 

  276.9 7.92 <0.01 

52 
-1.85 ± 
0.32 

   
0.08 ± 
0.16 

-0.26 ± 
0.18 

  277.17 8.19 <0.01 

53 
-1.86 ± 
0.32 

  
0.08 ± 
0.19 

 
-0.26 ± 
0.19 

  277.22 8.25 <0.01 

54 
-1.82 ± 
0.18 

0.55 ± 
0.17 

 
-0.19 ± 
0.2 

0.16 ± 
0.19 

 
-0.47 ± 
0.22 

 277.41 8.43 <0.01 

55 
-1.77 ± 
0.17 

0.45 ± 
0.16 

  
0.09 ± 
0.15 

-0.21 ± 
0.17 

  277.42 8.44 <0.01 

56 
-1.92 ± 
0.33 

   
0.07 ± 
0.16 

-0.31 ± 
0.19 

-0.4 ± 
0.22 

 277.64 8.66 <0.01 

57 
-1.77 ± 
0.17 

0.44 ± 
0.15 

 
0.01 ± 
0.18 

 
-0.2 ± 
0.18 

  277.75 8.77 <0.01 

Average
d model 

-1.84 ± 
0.21 

0.52 ± 
0.27 

-0.11 ± 
0.04 

0.06 ± 
0.03 

0.12 ± 
0.03 

-0.22 ± 
0.08 

-0.5 ± 
0.31 

-0.4 ± 
0.22 
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Figure A1. Zones d’alimentation prédites pour les BBAL provenant de la colonie de Canyon des Sourcils 

Noirs. Les contours bathymétriques du plateau de Kerguelen sont représentés. 
 

 
Figure A2. Zones d’alimentation prédites pour les BBAL provenant de la colonie de Cap Français. Les 

contours bathymétriques du plateau de Kerguelen sont représentés. 
 

 
Figure A3. Zones d’alimentation prédites pour les BBAL provenant de la colonie de Heard Island. Les 

contours bathymétriques du plateau de Kerguelen sont représentés.
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