ODULQH (QYLURQPHQWDO 5HVHDUFK

journal homepag e: http://www .elsevier.com /locate/ma renvrev

$YDLODEOH RQOLQH ODUFK
< (OVHYLHU /WG $0O0 ULJKWV UHVHUYHG

- | " #
!
"HS #" % &' &()'*$
+ #,% "
! - - ** % 0"
~ 1 2 1! 1 3 % 2 4 .'11) 0 ,
0o ! 5, % .60)'/ (/1.
~ ! 7 &8 9 )*/'&
$ % L ( + $ $
5 I ! 0 1 ! 1
3 3! 4 1 1
5 / 1/ 26 ! 1 ) 7
| 1 | - / ) 1
< 1 1
1
! 3! 28 ! ol
/ =,9 !
1 1 5 . 5 1
1 1 1 4
! % ! 4 | 1 4 4
5 1 4 = =
4 4 22 ! 5 2
5 | |
@9 . 5 I 3!
$ ! 1 1 ! 14 5 ! 1 2,-<<
2 ( ! ! 1 & 2,-<=8 2,-->2 !
1 ! 4 4 C
6 / 2,--,.6 2,-<.: /4 ! ! 1 1 5
. 2,--= 2,-<s8 2,-->2 1" ( ,-,-:F 2,-<B2
) 1 ! 1 /1 4 ! ) * )*
6 2 5 1
,-<;1 6 4 1 + | L -<- 2+ 1 |
! 2,--= ! ? /,--, / 2,-<@ ! ! 2,--D6 8
A 2,--; ) [ 2,-<; L, & 2,--E8 2,-<@2
! 2<==B5 C ( 1E9 !
1 1 2 ! /
-<<s" (-, ! 2,-<;:8 2,--@2% ,--=2 !
! 2) % % 10 1 / I % 2
0 ; I F 2 2 2
GHH 2 H<-2<-<>HC2 2,-,<2<-;E-;
B? S, <) L=, < <<) -, <


mailto:gimenez.verdugo@gmail.com
www.sciencedirect.com/science/journal/01411136
https://http://www.elsevier.com/locate/marenvrev
https://doi.org/10.1016/j.marenvres.2021.105305
https://doi.org/10.1016/j.marenvres.2021.105305
https://doi.org/10.1016/j.marenvres.2021.105305
http://crossmark.crossref.org/dialog/?doi=10.1016/j.marenvres.2021.105305&domain=pdf

%

3! !
)* 2%
5/ . H 2 2
2,--; 6 |/ 2,-<< 88"H -7 0% '
1 8 2,-<B
14 =
)* 2%
4
4
5 ! ! )* 2%
| .
! !
2,-<D+ 2,--=+ 1 2,-<x
2,-,- 2
4
1 ! 0 0 1
? J=,H@EH K ol
/ 0 4
12 .0
1 % % 1 !
!
- /6 ? ® -
1 !
! H ! 12
1 <0
%% 6 ? !
23 | 4
1 !
/ 4
2,-<<2% ! 1
/o
! 3 ) 4
4
! ! ! ! 1 1!
! 5 !
1 ! !
,--E L 2,-,<2 1 )
! 5 4
)
2,--@2
! ! 1
! 1 ! ol ,oo - /
1 = = | 0 6
/! 2,-<, B . ! 5 /
1 U /
1
! ) .
14 5 M 2,-<D2
! n
1 22 2 ,-<@ !
C! . 1
? ® ! C 1
1 )* ! !
1 ! 14 4
! C!
! ! 5
3B
| 1 = =
!
/ 5 !
/ 4 | | -
! 1 [

ODULQH (QYLURQPHQWDO 5HVHDUFK

! (+) +
2
&=*=
$ )
! ) " <=DR !
2<==@ 5 12
45 +
| / >
+ , 4
! 1
~ ~ 6 ,--> ,--Dr
- - L 3! -<@
|
~ 2,--, 3 1 !
) + 2,--E
-~ L 3! ,-<BL 2,-,< 2%
+ 2
--@* 2,-<x>1L 2,-,< |
)
1 * 2,-<>L 2,-,<2 !
% ) ) %))
%0 '4))* $",-<B:,-<B:,-<B 4
2
$ . = =l # 4
( J NN<>--EK ( J ><,--E,K
4
!
1 ! 2" 4
5
! ! 1 X2
&=8&= ,
14 ! 4
! -
. ! 1!
2,-<B2* !
! . 14 ! ! 2
$ 4 ! !
1 1 !
1 ! ! ?
2,-<B2
&=.2
" 8 GHH 5 2
! 5 ! 2 "
8 15 1 ! % 4
5 1 % 5
21 2 ,-<D !
! . 1 5 1
12 5 !
5 . 2% ! !
! /5 1
! 2,-<x) 1 2,-<x" 2,-<;L
2,-<>=8 2,-<B iM 2,-<D2
" 8 1- B;9
,@ >B;9 E>
5 1! 1 M 2 ,-<D2
"l 1 5 5
1 M 2,-<D


https://globalfishingwatch.org

@ -

)" /2
! 1%
,-<E
5
-2-<4 !
"o 2
|
|
!
! 2
! !
! 6
2,--D2?
! G
1
% %

%

2%
L
2,-<D2
I 4
1
5
*0

%

/

12

%

ODULQH (QYLURQPHQWDO 5HVHDUFK

%
/| 4 !
+
?5
!
2
L I I 4
! 1 2
4 1
! =< E-9,
$ <2% 4
14 1
| ,- - |
! 1
1!
* L * 2
7" ! !
4 5 5 5
! 2) 7 !
1 C
2,--=2 ! 1
8 .73 /



$. 14 ! 1 5
2 % "
1 % - 6 " 6
! 2
* 9 !
E- E <
@- E
- X E
>- E @
% H E- E < !
%H @ - x
% H - E E 5
% H >- E @
5 1 E- E <
5 1 @ - x
5 1 - X E
5 1 >- E @
5 1 % H E- £ <
5 1 %H @- x
5 1 % H - E E
5 1 % H >- E @ '
4 C !
1 ! +
* g 2 < - - 1
) 7 '2 8 ! ! ! = =
! <-- 4 !
y 7" 31 1=+
! <-- 4 ! 2 1
*n ! 1 5  +&).
2,-<<2
+&) o1 * :
! y 7 )
2,-<- 2,-<<2% C :
5
1 ! 2,-<-2
!
! ' y--- % @@2=B
,<2D@9 !
1 $ , 2%
! / 1
2
1
!
I 4
2% !
1 1
4 ( EA4E 4 < 4
< 5 ! 1
1 1 " I E4E 4 < 4 < 2
$ ! : 1
1 ! % 2
+
! E,> @@2=B E>D= ,<2D@
"# E== i 2-E <E-> BD2<>
B,; <>D=;

1
/14 1
L T
% ! I 5!
= = 3!
!
5
2% /.
! !
! ! / 5
I < % 4 5 .
! 1
! 1 E @2
$ ' .- / 1
1 L T o
1 2 1
9 !
L 1
1 ! 5
! !
1 1 <==R 3! 1
5 L T
1
!
| 2
1
)
$
(I 4 5 .
2,-<@» o 51
!
1
! @
4 5 1
1
! = =1
! + 2,--EL
1 4
1 2,-<D !
! !
/ !
1" ( ,-<D $ " ,-<B2%
2,-<@e !
! 5
!
/2%
!
20 !
5
| 1 !
! 1 5
15 ] . 1
5 112
$ ! 5
5 1 %

ODULQH (QYLURQPHQWDO 5HVHDUFK

4

2E @ 2

" E 4 < 2

1*0

1



@+

ODULQH (QYLURQPHQWDO 5HVHDUFK

1 <--) 7 1
4
2,-<B2 4 1
1 2,-<,
4 1
5 1 1
6 / 2,-<s6 1 ,-<.:8
5 1
1



Planning Units

N

o
S | B
N1 Scenario )
@ A o
o
® B 31
8] ®c L2
o
- @9 D
o
e
o - o
S 0 S
© 8 3
o o
g1 g
w
N
o
=3
<
30 40 50 60
% Protection
1
[ !
2 4
1
! 2,-<B2%
1" | ? ,--DH;>H !
|
! !
2,-<B%%
( !
!
= = +
4 2%
! 1 5 ! .
! ! 5
! 12
! 1 5 5
! [
--E& * 2,-<@2
3!
12 1
1! !
[ L=< 1 +
<) ! 2,--= 1 2,-<-2
! 1 5
! ! !
! ! !
! 3! 2 1
! ! 1
C! 1
! o
%
|
! 5
1 1
! ! 2%
"8 5
. !
! ! ! % 0 b 3
5 ! N

% Protection

%

12

30 40 50 60

Real % Protection

ODULQH (QYLURQPHQWDO 5HVHDUFK

0 |
©
o
©
o |
w0
o
Yo}
w |
<
30 40 50 60
% Protection
2 *
1 )
1 4 15
|
1 ! 2%. !
/
!
26 4
1 |
!
2,-<D2)
!
! 1 4
2
1
|
1
/
! 1
2
! ! %
! 4,
& #
* &
- & ~ !
#
& ~ !
| 2



0 , $ ~ 26 *2 2-->2 4 !
! G 2
2 2) 2D<E,B2
$ ! ! . / c - 26 *2 2--D2 | 4
) $ &+( ' C 45 1 ! ) / . G
" " | * * " + 4 2 2 2@E-=EE<2 GHH 2 H
<-2EE;@H 2--BE
) $ 2% - 2L 31 2 2-<@2 ! /
/. 1 1"! & * 3! * ~# 8) G 5 1 1
- * 2 92 * C J &,-<<4, . @E%L 4 ! 2;222D 2<BD<;; <>,2 GHH 2 H<-2<-<>HC2
- - -<
% J&%" -B' $H H---BE,'K 1 . §’L<§@!2 2 2-<B2 G
$ ! )! 1 V' # J&%" -," $H HD®<-K2! ! ! ! ! )
1 1 (o) ( 4 ? 2* %% 2 ! 2( 2<@<€->E<D |
1% )4 %W 7,-<=4---=,D4 K2 : g re o v
/ ? 2M " 8 ,-;E,-BR
. % ! 1 % ! / &'%$ M - 2 2,---2%
1 | 1 5 4 ! 45 . +
' ' . 2) 2) 2 x>;,<E;, =2 GHH 2 H<-2<<<<H
! [ ! ! C2<B@D4B>=,2,---2 --=@D?2
1%/ 1 %" 8 ~ 2 27 20 3! 26 *2 2--;2
6 G
& mem2% I'?2 1 ! . 231 2 2) 2" .2
5 ! 1 2; @=;,<2 GHH 2 H<-2<--21 3 2>D=
5 1 2 1. /1?2 2 | 828282 L282A2 28® 1M 28 2% 1 1?22,--22
* L | 12 * C 1 ! 2
" Xx- E;,;<2 GHH 2 H<-2<<<<HC2<@>B42=B=2,--D2--E<;?
! 2( 282+ 4 &2? *2 # 4 24 2
## 1 ## 9% ! 41 2+ "2+ 1 4 2+ 2+ "2 1 24
)2 ? )2 " 2)21 %P )2 4) 2 5 *2
2 +2L "2L 2% 2,--D2 G
! 1 ! GHH 2 2 22 2<@D@D=2 GHH 2 H<-2<<<<HC2<@><4
H<-2<-<>HC?2 2,-,22<-,E-; -,@D2,--D2-<Xx>>2
)2 )2 Y2 2) t#2) 2% 72P! 2
. 2 &2 %% )2 2%! 26 2N 22
*11?22,-<@2 1G ! 5
! ! 2" 2 2<;@<B==@2 GHH 2 H<-2<-<>HC2
8282"2--;2 " # ) 2% 5 2,-<@2-22-<E
) * -2 ! 2'2+ M2 . 28 +2,-<>% 5
% 2 2" )2 2 # "2,-<D2 % ! > ( <<
1 12 2+ E, -<;D,@D2 GHH 2 H<-2<EB<HC ! 2 2-<;D,@D
<@E®*@@B2 GHH 2 H<-2<<<<k2 2<E<;@ ? 2& 128 %g ! ! 28& 2 * 2L 2
1 $2<==B2 * ( 2 & 2%2-<B2
*1 ! 0 2 " . G ! 1?2
2 28 2 I2*1122,-<<2 5 <=;-4 2*  %¥%@<B; , D@2 GHH 2 H<-2<-<>HC2 22,-<B2-:2--E
,-<- G 2 2 2<-B<E<E>2 GHH 2 H 2 | 2 2+2-,2% ! 1 G
<-2<-<>HC25 2,-R-2<-2-<> .2) 2 12 B@@D;2
2 2 62*M 22-<-2% G * 6 / /I )2 & &2 2)2 62 % )2) 2 2+ 22
L 2% 5) 1 L + 2 201 *2 2 2,-<@<2 ! G
<> * 2..2 2 2 ; . | 2 (
! )2 ? "2 $2 ! "2722 $26 22 =<<;2 GHH 2 H<-2<EB<HC ! 2 2-<<<=<E
L2 )2 )y2+2 2?2 "2 $2,-<B2 " ( ,-<D8 ) + /" 2 2" ( 2<B2
/ G ! 1 (2% B 8 " 310 -200 1
! ! 1 - P 2* 2 2 2" ( 2,->2 GHH 2 H<-2@->-H =,,=
D,=D<-E2 GHH 2 H<-2<-<>HC2 2,-<B2-;2-<, " 2<=DB2 22 2
! )2 2+ /2 ! L2,-<B2 2E@<B@sB;2
! ! G 1l 2 2 ' 1M2 2 2<==D2 ! !
%% 2 ! 2( 2<@< B2 GHH 2 H<-2<-<>HC2 22,-<B2-;2--, <==<4<9=,2) 2 < @@ > @ D=
+ %2 *2 62*2---2% G Lx2D2) G ? 0 "2 2 2)2,--E2 5 1 1 G 5 1
1 2 ) 1 + ) 3 2 2<D@@®;;2 GHH 2 H<-2<-<>H -<>=4.E@B
* /0 12 2 P! + ! 2 --<D=2B
+ %22 62*3 )2 2,--=2 G . /! 2M /2L 1oL2x 1 *2M 2% A2
w G * PG M /o2 2% 1 2) 2 ,-<,2 1 !
) ! $ 7 0 1 ( 2<D;<=2 1 5 1 Q3! 2
+ ‘2 2M 2 2--=2 1 2) 2" .2 1 2, B>BB;2 GHH 2 H<-2<--,23 2, BE
2 2& 2 ,->,<;2 GHH 2 H<-2<<<<HC2<B;;4 2 -~ 2 # "2 %2 # 4% 2" 4
,>E72,--=2---B<2 ) 2 22 2,-<B% 4 5
+ 2,--E2 ) ! ! % %0 & !
$ 2 ) 2) 2 2% 2 2>B<==z,<-2
+ 2 22 4 4 2 * 2 - 2" 2 2) R 2 # 4% )2 # 4+ %2 2 2 4
)l +2,--E2 1 ! 4 ) 2 2 )2+2 2,-<D2 1
? ! ) 2) 2EE,, @.;.2 ) G 5
+ 2" 2 22 ~ 2" 2,--@2 ! ! 2 2) 2 E@E>x;@2 GHH 2 H
* 4+ ? ) 2 <-2<<<<H 22@ @,
(+) + 2 &2) $2M [ 2+ 2)2 )2 ! 2,-,-2
) [ 2 2<=- ) 1
+ 1 62&2!C A28 )2 2* 62*2-<>2 ) 1 2 2 2 2<>- GHH 2 H<-2<-<>HC2
. 2 2) 2E,D<@,2 2,-,-2<-:-EE
GHH 2 H<-2<-<>HC?2 22,-<>2-,2--; 1 2)2 27?7 . 2+ |/ 22 1 g2 1" 2
2 2% &28 /I M2 2+2 / 26 2 4o 2,-<,2 o
2 ,-<: % 4 1 ! 1 2 2 2 2@=@B@D-2 GHH 2 H<-2<<<<HC2<E>;4
! ! 2 2 2 %% ,<@E;B2 GHH 2 H >S>@2,-<,2-,2,<2
<-2<-<>HC2 ,2,-<2@2<-2--D 6 +2 B 2 2,--,2) 2 2
& 2E><E>2

ODULQH (QYLURQPHQWDO 5HVHDUFK


https://doi.org/10.1016/j.marenvres.2021.105305
https://doi.org/10.1016/j.marenvres.2021.105305
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref1
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref1
https://doi.org/10.1111/cobi.13154
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref3
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref3
https://doi.org/10.1016/j.fishres.2010.10.016
https://doi.org/10.1016/j.fishres.2010.10.016
http://www.pacmara.org
https://doi.org/10.1016/j.marpol.2017.05.012
https://doi.org/10.1016/j.dsr2.2017.05.002
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref8
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref8
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref8
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref9
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref9
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref9
https://doi.org/10.1111/j.1755-263X.2009.00071.x
https://doi.org/10.1111/j.1755-263X.2009.00071.x
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref11
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref11
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref12
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref12
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref12
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref13
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref13
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref13
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref13
https://doi.org/10.1016/j.ecolmodel.2016.02.005
https://doi.org/10.1016/j.dsr2.2014.10.008
https://doi.org/10.1016/j.dsr2.2014.10.008
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref16
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref16
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref16
https://doi.org/10.3354/esr00073
https://doi.org/10.3354/esr00073
https://doi.org/10.1016/j.biocon.2014.07.018
https://doi.org/10.1016/j.biocon.2014.07.018
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref20
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref20
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref20
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref21
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref21
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref21
https://doi.org/10.1111/j.1748-7692.2000.tb00948.x
https://doi.org/10.1111/j.1748-7692.2000.tb00948.x
https://doi.org/10.1002/aqc.689
https://doi.org/10.1111/j.1467-2979.2008.00315.x
https://doi.org/10.1111/j.1461-0248.2008.01166.x
https://doi.org/10.1111/j.1461-0248.2008.01166.x
https://doi.org/10.1016/j.fishres.2014.01.013
https://doi.org/10.1016/j.fishres.2014.01.013
https://doi.org/10.1371/journal.pone.0158248
https://doi.org/10.1016/j.dsr2.2017.05.003
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref28
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref28
https://doi.org/10.1371/journal.pone.0111913
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref30
https://doi.org/10.4060/ca9229en
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref32
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref32
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref33
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref33
https://doi.org/10.1016/S0169-5347(03)00189-7
https://doi.org/10.1016/S0169-5347(03)00189-7
https://doi.org/10.1002/aqc.2273
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref36
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref36
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref36
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref36
https://doi.org/10.1111/mms.12442
https://doi.org/10.1111/mms.12442
https://doi.org/10.1016/j.marenvres.2020.105033
https://doi.org/10.1016/j.marenvres.2020.105033
https://doi.org/10.1111/j.1365-2664.2012.02121.x
https://doi.org/10.1111/j.1365-2664.2012.02121.x
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref40
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref40

ODULQH (QYLURQPHQWDO 5HVHDUFK

6 +2 2 2& . 229 22" )2 M 2M® M2 P! ) + 12 4L LA ]
)2 2 ! 2 2 2,-<;2 2,=<E-2
2 ( <- -<<BD>E2 GHH 2 H<-2<EB<HC | #2 "2 )2 2+ 2 2 2,-<D2 !
2-<<BR2>E ! ) 1 !
6 L2M )2 2,-<, 0 1 2 2 2D<@DB<2GHH 2 H<-2<-EDH @<;=R4-<DA4EF
5 2 2 2<@B, ;=2 1 827 . 2 2,-<-2 ! 6
GHH 2 H<-2<-<>HC2 22,-<,2-<2-,- + | * ' " . N G 2
6 4 1! (2 + 1! 2"2-<-3 3 2 2) 2" .2 1 2- <-><<>2 GHH 2 H<-2<2--,H 3
1 2 E,D<;,E<;, 2 . 2 82" M 2 T2 "2 R 2" R $2
6 / 2)2+ | $2)2 |/ $262 2,--;2 )2 2" |2 ! 62 21/ +2 8 2 26! $2
G 2 2 R,E,=2 GHH & .2 62 2 1 *2M2 2 02
2 H<-2<<<<HC2<@><4-,@D2,--@2-->D>2 " /)2 ™ &2 282" 1L2 B 28 | +2
6 / 2 - 261 M2 2% 2 2,-<<2 & ?2 M2 ! *2" 1 2 2,--=2
)/ o 2 2 ! 122!\ @>@B@B;2 GHH 2 H<-2;B;<H 4
2<E,-E,<D2 GHH 2 H<-2EE;@H --E,, -E<D-4<@2,E,
6 2202 22 +2 21 2 262 +2 2 ! M2&2 ! 2)2 2%2 2?73 262<==B2
2?2 122 &2( )2%2<,2 1 ! 1 4 ! G
1 C 1 2" | @D=-;2 3! 22N EB>,<>E2
GHH 2 H<-2<-EDH2 ! <<<<D ?2+2 2$3B )2 2 . 2 2% 62*2-<<2
61 2,-<,2%)0G * 8 ? * G8 ! 2 2) 2
6 / 6 * 2 ! 2 , > <@QE@@@<2 GHH 2 H<-2<-<>HC2 22,-<<2-D2--,
%! 4))* $",-<B 2 %)) 2"! ! %)) 22 . *222 A2 2%2-D2 !
%0 ' 2 H8 * ) 2) * 2 $ /v 2 ) ) * ! 2% 2) 2 2>
%! 4))* $",-<B 2 ! %)) 2"! ! <Dx=@
%)) %0 ' 2 H8 * ) 2) 2 $ / $ " ,-<B%® G / V] (5
" 2 ! 0 &! 2 GHH 2 H<-2,B>2HD=B;;=
%! 4))* $",-<B 2 %)) 2"! ! %)) 82~ T2? ! & 2N 28 )2 M2
%0 ' 2 H8 * ) 2) 2 $ /" 2 12 ! *2" 2 &2) )2 L2
/ 2'2 &2,--=2 1 2 /. 2 )2 ! 62 2 02,-<<8 G
+ 2 2<@,<>><B@2 GHH 2 H<-2<-<>HC2 22,--=2-@2-<> 1 . 2 @-BEB><2 GHH 2 H
M ?72 21 26 $2) ‘2 2+ M2 "2 <-2<--BH <E,D-4-<24-<D;4
8 2+ +28 $2722 [/+2 B *2 1 +2 ! 02 & L282A2 ?2?3% &8 2 2N ?22 ! 8282
28 +2,-<Dg |/ 5 2 D@ &2" %2)2 2?2 2 2% 11?22,-<;B
E;==-@-R . . 5 2 2 2; GHH 2 H
& * 27 2L 2,-<@RP! 5 G! ! <-2<-EDH D@D<
! . 0% ',-<,2 ! !
5 1 C (2 ) 2DBD<=2 GHH 2 H<-2<-<>HC2 HL ! !
2,-<E2<-22<D 2% @% ' ! ) 2< <, @
& 62ME ?22*2 1 | 4+ 2 1 %2722 ! 8282&2&2 L 3! 22 ~ 2) # 4 2& 2% C )2 L5 *2
2?22 )2 + ‘2 + ?2+ 2&2 &2 )2 + 2)2,-<@2 ! !
+S )2 +1 2)2 22 2 L2 )2 2! 2%2 2)
"l 22 2 )2 2) |/ 2)y 11 (2" 2 [ 1) 2
( 4 2 1 s%2" 22 . 2 A24 2 2 $2 2)2 L 2)r 1 2 2 27?21/ M28&2 + 2% 22 2
)2 ! 2 /2 2L 2L / 28 | '2?28 +2,-<=2 L 2 2,-,<% )
C 5 G! / 31 2
2* 2 2 2 02 2%> GHH 2 H<-2<-BEH 2) 2" .2 1 &,B2 GHH 2 H<-2<--,2 3 2E;ED
J<=--<=@<g=>B<,=<,2 L )2 )2 2" "2) "2( 2 2,-<>2
&! 2* | 2 2 2722 2,--EZ2 ! ) 05 ! / 22) <, 0,- 0.2
G 2 2 2<E2 E4 B L 2 ! 2% &2 )2 <==@2 / 1
) ! "2 2 *2 268 *2 Z 2 2,--=% ! 4(
! 1! ! 1 8) 22) 21 2E;,;-2
% . 2 2 2* 2 2ED<=BE<-2 8 2M 2 1 2*117?22,--@p 5 G
GHH 2 H<-2EE;@R -BD=E ! 122 " 2 <>DxBB2 GHH 2 H<-2<<<<HC2<@>B/
) $ 2 62*2 2?22+ |/ 2M [ 2,-<@® . G ,=B=2,--@2--2@,2
! 5 1 8 2 2)2! 1'2 ?2+8 |/ )2 ,-<@R
2 ( = <-@@D=2GHH 2 H<-2<EB<HC ! 2 2 ! <, >BBE2 GHH 2 H<-2<-EDH
2-<-@@D= | <E=@8B
) 1222 /1)2&Z ! 22 221 "2638 2 2,-<;2 8 )2 2+ %2 2. 2 2M 2 28 M2 /I 2& ! 2
) ! G 2 D-E@B2 GHH 2 M & 2* 62*2--=2 . N G .
H<-2<<,>H 22::>@< 4 41 2 2) 2 . ,@
) 11 +27?2282 *2 ! +2+ +2 /1 2 2 <;<E<;,<2 GHH 2 H<-2<-<>HC2 22,--=2->2--,
6 5)2 + M2 ! 17?22 B *2 ! +2+ +2 8 )2 2 2 2) $2 M 22 2% 62*2
/1 2 26 5)2 + M 28 +2,-<>2 ,-<B21 2% & &
/ 2 E;<<<@®b<;2 1 2,<<,,B2
' "2 )2 2L 21 1 2,-<;2 5 8 $2722 2+M ?2 2+ [+2 2 2 & 2 22
! % 2> ( <- -<E-B@>2 GHH 2 H<-2<EB<HC ! 2 )2) "2) ! 1?2 2-<B2
2-<E-B2@ > / 2 2 2,-B>@B<2
! +2 2 2 2,-<<3 I ! GHH 2 H<-2<-<>HC2 22,-<B2-<2--=
5 1 1 2 8 +2,-<>2 ! !
+ 2 2,- <D,«<DE;2 GHH 2 H<-2<--BH <-;E®Q4-<<4-->E4B Q3! 2 2) 2" .2 1 2>ED2
* ?2)! +2L 2L 2" 1 2+ 2+ % 2 ! 2 GHH 2 H<-2<--,123 2,><=
2 $2 2 2M ?22& ? !/ M2 8 +2& 62M2 2+2 | 27?2 122 | 26 +2 2
) 2)r 1 2 2Y S/ 2+ 2,-<>% G < /I M2 2 ] 2+2 2 2) "2 22 . 22
% 8 / o 4 / 8 2& 62Mp "2x 1 22 2 / M2 2
? Q 2) ? 8 / C . 2 3B 2,-->% 1 1
1 2% % 2 GHH 2 H<-2<E<@-H 22%2QBEA<2E-@B 2 E<@DB=<2 GHH 2 H<-2<<,>H 2 2<<E,, =@
,-<>2 A ‘2 M M2 1 ! 26 A 2% /2 $2,--;2
* ?2 27? )2 ,-<B8 / " 4 ! 1 I 2) 2* 12! 2<>;D>>D2 GHH 2
! 1z * 2 ( 4" 3118 * H<-2<-<>HC2 12,-22-@2-,>
2 N ?2*11?2,--B2 ! 5 /10
* 62+ %2 2,---2 <B <=;-4,--;"22 2 2 <;<>D2 GHH 2 H<-2,E-BH
1 .1 2% G 2+ )2 2 @,>,=;2<


https://doi.org/10.1371/journal.pone.0117863
https://doi.org/10.1371/journal.pone.0117863
https://doi.org/10.1016/j.biocon.2012.01.020
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref43
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref43
https://doi.org/10.1111/j.1461-0248.2004.00686.x
https://doi.org/10.1111/j.1461-0248.2004.00686.x
https://doi.org/10.3354/esr00322
https://doi.org/10.1038/nature11118
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref47
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref47
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref48
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref48
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref49
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref49
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref49
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref50
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref50
https://doi.org/10.1016/j.biocon.2009.04.016
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref52
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref52
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref52
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref52
https://doi.org/10.1016/j.ocecoaman.2013.10.018
https://doi.org/10.1016/j.ocecoaman.2013.10.018
https://doi.org/10.1073/pnas.1900194116
https://doi.org/10.1073/pnas.1900194116
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref55
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref55
https://doi.org/10.3354/meps07893
https://doi.org/10.1371/journal.pone.0104489
https://doi.org/10.1371/journal.pone.0104489
https://doi.org/10.1126/science.1255641
https://doi.org/10.1126/science.1255641
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref59
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref59
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref59
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref59
https://doi.org/10.1371/journal.pone.0130746
https://doi.org/10.1371/journal.pone.0130746
https://doi.org/10.1007/s10531-011-0063-7
https://doi.org/10.13140/RG.2.1.4801.3047
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref63
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref63
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref63
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref64
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref64
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref64
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref64
https://doi.org/10.1038/s41598-018-33237-w
https://doi.org/10.1002/aqc
https://doi.org/10.5751/ES-03180-140232
https://doi.org/10.5751/ES-03180-140232
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref68
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref68
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref68
https://doi.org/10.1016/j.envsoft.2011.08.002
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref70
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref70
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref70
https://doi.org/10.2760/897559
https://doi.org/10.1007/s13280-011-0185-x
https://doi.org/10.1007/s13280-011-0185-x
https://doi.org/10.1038/srep08481
https://doi.org/10.1038/srep08481
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref74
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref74
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref74
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref75
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref75
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref75
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref75
https://doi.org/10.1002/aqc.3538
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref77
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref77
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref78
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref78
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref78
https://doi.org/10.1111/j.1467-2979.2004.00142.x
https://doi.org/10.1111/j.1467-2979.2004.00142.x
https://doi.org/10.1038/nature13947
https://doi.org/10.1038/nature13947
https://doi.org/10.1016/j.envsoft.2009.06.005
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref82
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref82
http://refhub.elsevier.com/S0141-1136(21)00061-1/sref82
https://doi.org/10.1016/j.biocon.2017.01.009
https://doi.org/10.1002/aqc.2619
https://doi.org/10.1126/science.1132294
https://doi.org/10.1016/j.marpolbul.2005.04.026
https://doi.org/10.1016/j.marpolbul.2005.04.026
https://doi.org/10.2307/42629521
https://doi.org/10.2307/42629521

Supplementary Material

Expanding protected areas to encompass the conservation of the endangered common doleipl{inus

delphig in the Alboran Sea

Joan Girdnez Ana Cafiadafkenaud de StephaniBrancisco Ramirez



a) & - 3 2 EX b) &

IS
@

YL

=

{
1]
!

36°30°
36°30°
367301

.
Scenario A1 / ¥ Scenario B1
5 Afs 5 A
8 te 8 s
8 ‘ 2 8 8
5 J 5 5 B
Scenario A2 j/ Scenario B2
& i i
& ] 5
] = ] ] ]
Scenario A3 j/ Scenario B3
5 5 5 5 5
g ‘

— B B 3

Scenario A4 f Scenario B4
[ = _—a

36
36
36
36°

IS
&
A

) d)

&
&

36°30
«
u
e
2
36730
36°30°
| | L -
& 4 L o
\ \
{
'
)
!i
3630

Seenario C1 Scenario D1

) 3
ar
ar

o

3630 5 36°30
] [} 1
Y A
{ {
¢ '
¢ «
330 a7 6 3630
3630 5 6" 36°30
|
‘ A
r
{
. .
| I
ECE .S

36°30°

36"

Scenario C2 Scenario D2

36
367
3

36"

Scenario C3 Scenario D3

3
T

11 J\

8

] ]
Scenario C4 Scenario D4 '

& i ks

3 3 3

i i o

3 8 8

5o 0w

8 8 8

& £ Bl

Figure SIMARXAN best solution output for each scenaBioenario Ao D (see table 1)Subscenarios 1 to 4: 30 to
60 % of common dolphin abundance protection.
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