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L1 HREHEHW

1 E{RX (Marine Protected Area, AT MPA) 13§55 X 1L7- g cifa & # 25 11 - HIfR

TEIEMTETH L. ZoER, I 2R#E T 5 2 e 2 AL L HEE RSO %

ZEDPORELTEZ2 0w 5. —fHile LT, 1978 4F1CPEAE7E CBUE o FEYIIR % il

DAY ZEIRIC T M R R E BT E R FEIT I N7 — A% T 51 % (Johannes,

1978). % 0%, PHSHESMIEE 2 MEEH O —D L 3 2 WM —MICIER Y, Z O RHiH

b AK LT o 7=(Mcclenachan eral. 2013). L2>L, # OO AL, FFED

fafE, B IEE O E W EICR > THEITE N T Wz,

HAE, HBRGRIE(L K ORI e & OERBTE LSS, I v =7 LAEREREHHIC X Y

HIEOHEA v — Fi@mED 1000 fZLL Eic>TWnw 3 ERBIn, it ki

D F I R SR OMEEIRICEE L TWwad ((KE eral, 2004;ITUCNL v FVUY X}

2009 i) . —J7C, AR co NO D E &b i, KEZR T REHEREI S O cif 4

WKCEHAINTCE Tk Y, HAOBERKEYHERIT 1970 F£205 2003 F£T 2.5 fFLEiEL

TWw» % (FAO [Food balance sheets | ;EZMKEE [BRFEHLT]) .

% 2T, MPA D 4EVS MR EFEO L HIIEEEE A L T\ 5 fciEA, #7- i EPBER

ELTREINE. R, HEESTCOKERRD EIE & Fiehy 2o wTIEEH 2

EEo5TETWB. Hlz2E, 7 F ZKEBEEZICTX 244 X Z(Francois et al.  2006) 1

#€\> St.  Anns Bank MPA -° 2010 &I |3 dtAiith /7 ¢#) % € @ Tarium Niryutait MPA % &%
1



E &, ¥ 1A A7 (Delphinapterus leucas) 5 D 3 G IE O {7 4 <0 i 0 GE O i i) 72 1l
DABPIEE o7z, LL, MPA ZEICX > CZOHMWA R Y, EHHNICR 2 2 5H21T
bhTwa. Z2ofle LT, 7=7 CRENEEARENICE T 2 Ao R IFFEEIh T
W32, EFERER CRFRINTHE. —F, 2y F=T7 O ARICE W TIZHE
DA TN TWB (SR, 2013). L72285-C, @0 MPA 15 Ol I3 5% MPA #%7E D 77
AFIAVERVIEZ DT, BBEOHEL S 2 5.

HF s MPA OFFli 5k e LT3, ST TEIC TR D MICHE > Ty 2 (Russ 2002).

(1) X VRIS R OERE IS E 0 IcTE 22 L. (2) NREOHKES
Jov@mobnzce. Q) FHRESLEMBLIIVELTESZ L. (4) N AADBLY
BEicczrs . (5) ANCfHaoLEREL LY GOOLNE L.

=720, DR L & i, MPA OFRIINR & T 2 EROWE CREL AT - R IC X
DHEZRZLMEINTE~(Leah etal 2005). L 7228- T, MPA ® Y] 75 5l 2 3% 7€ 1T 13,
SR AR RIPROFHU AL 2 2 C L BIFHICHETH 5.

25 LT, MPASIR ORI K E { B Ich o s, —DoHIIE, Bif(empirical)
ICHD LK FETH D, BRI NAEYOKFERT — 2 %3 L, WU o A=Y EEHESY),
HEMA, WRMER, 777 by REER) 105 TREX L IFRFEIX & Lk L (Halpern .
2003), Z D%, MPA O FEfEic >N CEIFREZLAOHME % 1T > 72 (Halpern er al.  2002).
R W 72 1 Cld 7 <, 5E < F CMPA RO BEPRI & X < LT 2 & E R

L, FIFFICEFRET — X ZINE L T MPA ORI % 1T - 726178 D H % (Kerwath et
2



al. 2013). L2>L, MPA 2 AV E % KT T 720, RED T — X 2 Hic L 7= 5Hifiic (X RA

BB Y, RRUHBFHE»TH B LT REBNLOhmbNT. ZOHIE, ETMCEDLTT

ETH D, ZoHFEFEEREERECET 22 R e L THRE L T % 72 (Beverton et al.

1957) 23, 1990 ERFCIc D F —=IZEHINT I Aoz, BFHOEE, EFA 2T

W92 B AT 72 U (Fulton EA eral.  2015), [RE@EhE MK AREICIE MPA I X 2 Y% 5

HDREEDLE L v | FHofii(Botsford eral. 2003) 2357z, L L, %< O

FEEH IO I LT v (Guenette et al. 1999). € b, ETAHNDANT X — &

DA ZE R S T, RHERMEL R #E Y I X T &% 72729 TH % (Mapstone BD.

1996). & FMICHED CEAMKA L LTRIATH 5 0T, MPA D FHIICBI T 5 HF5E b % 721

FIHOEREICL EEoTWn 3.

AT TIZ, &9 LZBRITHREZEHLz0b, SAERRE 2 FET a1 EH

FiEDFHE & v S Bl 5, BB RN (Management Strategy Evaluation; B4 T

MSE) OFefl o CIEATEEIREE TV 2 FR L T T 2L — a3 ViT\w, 2R 7 MPA ©F%

BHEEERT L ERHNE L.

1.2 #ERREX (MPA) D2 & Bt

AR U 7= & 92, #ERREXIC O v Cid, ERR 2RI EOERIZIAE L 2 vs, EFEEA

RS (IUCN) 1, BB T<CON T T) —2EDTRO LS ICEHELT. 20

EFIT, [EE - iFOREX IMEEOMFEREN £ 72 3R IC B L, L2 1E
3



EHa EOMBETTEICL VYUY 2T o X<, 2oFoiERY/ ¥ 7-IihEOEYS

BV AR X SR CRE S 5. WIRE R BRI C, IR D KK & iEY), 31,

FESR), AL EEZ &, | TH 5 (Graeme K. 1999). X 5, {R#EMHIKEZ 6 20 H T

Y —ICpMEL .

# 1-1 TUCN Of{fEH I /48

AT TY — X3 N
oty BOEMRAEH, | TR L AR
7Y —
A E AR HEyE L CEH X2 ERiE IR
Arerof#ELL 7)) —vaviEE
AT —2 ESRVA/NIES
Hry & L CEH I N S Hil
. Rl 7z AR OR#EL FHIME LT
AT =3 KRG W)

EHLX 5 s
BMZMz 5z LickaRerEHMN
&L CHEH IS U

2Elof#EL L7V —>avEFEH

BT Y —4 | B LA S E B

717 3Y =5 BRI \
)& LCEBL X N 2
i} H R DAERE R OFb \THERIH 2 T H Y
BT T Y —6 IR ORE HhIs

& LCEB I NS I

Hih TUCN HARE S+ — 42— (http://www. iucn. jp/protection/reserve/reserve.

html July. 6" 2017.)

FD10, AR CIIFESTICESE2YC, #7aY)—4IcEHL, EMEMA S &

X322 THME LTEHEINS MPA ORE % 3Hfi$ 3.

1.3 EIRE T HGEHEE (MSE) o2 & 3
4



MSE &iE, ¥ Iab—vavizdl CERGRZIS 277ETH L. avra—xH
DL F VA ZHEL THNREFOHEZ HET 2720 0RIERELRD T AL —
7 4 v 7% 7 (Operating Mode;, AT OM) Z#5E L, #h4 BB GRS, EEAED
FERREE & BT 3 2 46150 &, ME SN AHEFEEDO T T X VR EHTIELIREST 5 C
LDHRETH 5.

OM %Z 72 MP OFIRTIRUTD L 5 2T v 72T,

(1) EHEELEEORE

(2) OM DfEEDHRIE & 4% E (Conditioning)

(3) ¥YIalL—vavofttkolE

(4) OM TIRAHBLE DFRL

(5) &HilliE 7 A% v CEIRELEE O HEE

(6) MP ORE®CY I 2L —Y 3 VIFEST

(7) Lo 4) ~ (6) D#VEL (M 1-1 0&R)

(8) AWM LRl 2 EHT IR ICAE

Z D729, AEEMICN L OEEZZEBTIEORIEE Hig L, 84 MSE % w7215t 5
EHINTE 2. RBFE T, MSE DA ey, MPA DRl 21T - 7. 7272 L, FHii€
TAEBOLTICERAE T — 2 2&REE LEMAT 2. 2o, BEATIBFETDON

% LRET 5235, MP 135 SR —[mIEH S N5 LET 5.
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H2E JTik
2.1  FEEWTIEN R AE

Yial—va v TRER, RESHAEFEDEYEN T A2 ERET D HERD
570, IKBOMENREHE L 2T IE R SR, RIFFETIZ 7 v A (Larimichthys
crocea) ZARMEMIEONR L T 5.

7 v A IR E A X ¥ H = _ELF 7T B o f (AE 2.5 TARTRKEE). (AR 50cm,
ROREEOEET2.3 500 1 U LEOEmSI S BcEbN 2 5E - gL > (WEB faX
W, 7 vueA). oA g, i, ENE, B i KPR 120em X DK WIE, WEL Y
JeF 72 13e % U WEic R (HAERERER). Wy FiFics »THICIESE 200 + H)

BDIKGT DD o 7228, IEFEIIFREENR K o7 (WEB A, 7 vt A4).

2.2 HGEWTICEE

7y A ZFEINENEECH Y, FICHICH Y FMFCEINT 5 (WEB fH#E, 77 4).
Z D7, FEINEN & RENHEROMIC 5T 2 B8 H 5. oA RE FEICHIFER L LT 2
s T ROE L7z (B 2-1). Areal |ZFON-CAHEMDS R £ 2 RO ERIR & OE L, Area2 11

JREE DA < ZAHDE CTH 5 A D ARz RE L 7.



Area 1 Area 2
CREVBEDEBL) (BRARDOEEE)

P X ¢X
Ooo©4 @4@4

B 2-1 AEENEiEE

DF D, KFFFETIE Areal ICEFTN/ZADPKEL TS Area2 ICBEIL2DOH 5. —77,

Area2 ICHEB L TW A A FEIFEH D & Areal IZF Y, D% 3 <IC Area2 ITR 5.

23 FARL—F 4 VIETILDREE

AWtgeCldfFintEiE e 7 v 2 R, B OBE 25 x - L cFme o cErnEno

HFREZEHET 209 OM Z2fEK L 7. Filinkige 7 V3 O AR I i S R -

ARETANOCBEEET MLV ER ZBREZMAL 220, YIHEREZ 5250

3 LFENICRL EEEMROBRBEZFE T 2 HETcH 5 (H, 1985) .

AWgeclx, FHAEERRD Beverton-Holt BUCHEVy, £ 2 &N L 7= A 23 R B X

CHRECIZ & o TED L 721, TERADERSHOEINRAICZ2 DL Lz, X 2-2

D &5, YINERE I FERBICIS U 2 BREIRE L RE L, BRIVICEFEOFRE %

AL T WIIEOBRELSMNC, OM IKh 725 Tk E/ 2 DDERE V2. T,

FOHRHCRITABDFEMICKS FTIC—ETHE L. b5 —2, FEMDAICHNT 2

LRI BEERMEIC KV R s 2 L.



&
RO_ Rl R2 R3 R4
N1,0. *N1,1 NI,2 NI1,3 NI4
1 "N22 N23  N24
N3,00 N31 N32 "N33 N34
N4,0 N41 N42 N43 “N44

i AR E
Z
2
Z
NS

2-2 HFiwkiEe 7 oG

REF A TIRAER C L OEHHAE N 34 4R AR E 72 3R R, HASET

M, S n AR C, WEEREIC 35 0 2 B8 LT 2 EAE P DBIfRS(N. DIichE S

& L7, WIAME I PEPRRE Ic e, N(INL2) TR L 72,

ok, BEOEFEPFIETE2L)IChot. L, "I A—2LLTHEZLN

HASETHE M CHEIREIC X 2 BEIERE P 2k, £ L OMARER, fERECosHH

ETE DL THB.

MAER, 2% 0 H4ERRIZ Beverton-Holt 7 V% vy, BHERTENEZZE L <E

K%/ (XR.1) . © 2T, Beverton-Holt EF L T®D a 1x 4h Ry/(5h-1)TH v ,b 1T Bo(1-

h)/(5h-1)T&» % (Haddon, 2011) .

¥

il

0%, FTLOHFFEBOFREIITRHDO XS IRT. £33, ADKRPHAEDFREN

\

TH5. Fhxt 3 2 AHEOKE L L {AHE W X Von Bertalanffy flkEE 7 VI X DEHEL

72(RG.1-G.3)(Hr, 1985). Kicld, MUNZETREN 2 RE T 2 AVETH 2. AN

Oldur Y27 4 7 ZRHERITHE Y, 50% D FEEDS LA L 72 FElivasy & 95% D A KA L 72 4F

Whags|C X 0, TRCOERICHT 2 RIS EENE (RGA) . 27 L, 0o fED
9



L0 TH B, Lo T, FTL0HFEBIZHX (B.1) ICXVFHEINTE L.

FEWCIXHERDOGTE AL TH 5. MERITREREO N CHEMOFEILCTHKIC L S
WY L7 bBEL T3, Flil OB TR T n P X7 4 7 ZHICHE 5 HEERE X
DEHE STz, VD ERR L FIRRIC, 50% O FBEEDIE & iz Flitasy & 95% D fFHEDN
&I N T Flivags & D T2 HAEMA OWIER Z 5 L 72 (C.1) . ARBFJE C I3 EES 234
FEORIXITITON DS L WO REIC XY, WML, BEEL Z TR L (C.2-
C4) .

Fewpl, R CibIE T A—ZRUOBRITILDOL > TH 3.

# 2-1 NFA—=XYRX}

=) fi AR

a 0 DA
ptus 14 FHEE L 72 R AR B
N Y
i i 7 5

t o

B s

R AR

M (AT

10



Lmin

mat
Qs

mat
Qgg

Ro

0.16

0.5821

0.1753

6.7645*107

2.7082

107

mEE

EZUES

B DR

JREDSHEIT S L 2 5 I 2 RET 5

Fln DM ERR I K & < 7 o 72 BRI iR

HICEBES 2 1A R

m/MER

RE N T X — &

RENNT X — X

FIH D OIRE

—AEOPEHDKE

50 % A A E D3 FA L 72t flin

95 % fEREL S HLEA L 7= SE i

THARIED AR I A D)

AT 4 =7 F A (0.2 fFOWHHE I

BRICHIGST 2 MARIZTh 5D R)
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By PR RE D F R

€R, FIEREBARIC 510 B A HESE M
Or, FERERIRIC 1) B A HEFE M
apreat 0.2 Areal 123 1F B A DAFHEF M
afrea 0.4 Area2 123 1F B A DFHEF M
asg 3 509 B A8 o IE & 172 2Rl
dos 5 9596l A HL S I & 7 4 il
Sa iff LSRR

q 0.0012

E S )

x 2-2 HAY AL

B A A D FHE

N.1 Nyie

L

M M M
kz {[Na,i, t—1€Xp (— 7) —Cape—1+ Ng_15¢-1€Xp (‘ 7) - Ca—l,i,t—l] exp (‘ ?> Pi,i} a= aplus)
7

R a=0
f M u ]
Z {[Na—l,i,t—l exp (— 7) - Ca—l,i,t—l] exp <— 7) Pi,i} Aprs >a>0 t

12



N,Z Ri,O a= 0 ]
Z{Na—l,i,o exp(—M) Pi,i} aplus >a>0
Na,i,O = { [ }

l Z {Na—l,i,o %Pi,i} a = Appys J

L

FHEPERALR

R.1 it
| (%) ﬁﬁ

Rijt+1 = Ro exp <€R -
(1—h) + Gh—1) (5) £o2
0

R, RE R UHEER

Lg = Lo + Lipin — Looexp[—k(a)]

G.1
G.2 WMW:Qﬁ
G.3 Wamia = az’a+0.5
G.4 0 ! >1
’ a = _ _ ,mat a=
RPNEERIES D
ags™ — agy™)
B R
B.1 B, = z z z 0. 5Na,i,j,t0awa,beg
a [ ]
e S O g IR
C.1 S = 1
' “” —In(19)(a — as,)
1+ ex
Pl (ags — asp) ]
M
C.2 Cayijt = Na,ijt€Xp <— 7) qSqE:
C.3 Ci,j,t = z Ca,i,j,tWa,mid
a

13



C4 _
Ct - Z Z Z Ca,i,j,tWa,mid
a i j

o, EMGEGIED —BRE L, mAFcAEE (Maximum Sustainable Yield; DA

MSY) &z D& Zo&EFHE (MSYL (MSY Level)) %#H#EE L2 F i wvid o, B 5 i

LNRICH T 5Pl 2 R EER (SY) L9528, LaioT, FifcdiERL Z D

L2 DHEIFREDOBRICHARSE 2009 &, RARFiAER MSY 2R CZ 5. Afff5ET

X, OM ¢ R EREE T A Z G, TXRTDOANT A — X BB E{RE X, A Inift

LS NHEZA L Tr o, SR EER L BERBOBREZYIO 21T L TMSY LV zgHRL

Tz. 72720, 2O BN AHETETH Y, HEOEMBORREICITE LR T

., KfFFEClE, BHEOEME R MSY L XL HfEE Z 8L L, b v ic MSY 0B mfE %

7=,

24 TFVADEKE

A, HERIRBRAL, BREAE X 2 3B EY O BRERHIC L Y, RENREOLEED 3 -

EEL LT WA, FHiC, BFHME, FHECERE L - I3EHEMHICH EBEICHEK 2 DI TR

VDT, A BGAHEEEAZEB L A TIEV TR, 207D, v Ial—vavidT b

IRpic, F IV A%2ERT 5.

AR TIE, 5 DD T A =% (BB P, BRECM, BAEERBRDORT 4 — 7% X h,

14



EHBHATT O BEIRIRREDep, T T — X IVED R TEE M) ICTFEHL, 87 A —XIC 35
DL _RUVEVEST-. F D18, ffT 24380 D F VA EERL 7= (F 2-3) .

* 2-3 NXTRXA—RDE

NT A =R L ~r
M 0.2 0.3 0.4
h 0.7 0.8 0.9
Depletion 0.1Bwmsy 0.3 Busy 0.5 Busy
Movement P1(&) P2(+) P3({)
Osurvey 0 0.3 0.6

22T, HAEEM, HAEEBRO R T 4 — 74 Z h, EHERTOEIIREDep 1Ch§
ZLRAVDMHIZTRCENTA—XDETH S, 7272 L, BEIBIE L T O BUMIFEE 12 LA
ToksTh 3.

03, BEI X — Vv OBRETH B, Areal A5 Area2 1T & ORBENE| S 23 flRAE R O BEAN
ICEWKRELS 2> TED, Area2 ICEZT TV AIZTRT Area2 KRS Z L. BEIFIzn Y
AT 4 7 AHFRICHE, Areal 225 50% D fAEE) L 72 5 L Y 95% D A3 5 E) L 72 4E s

*, BOEAGOHEITb 2 iiciko otz (K 2-3) .

15



ot

Ability of Movement

g
9

—

22

0.0-
] 5 10

Age

2-3 BEjx—v

Ki, HRFT — ZUEEERRIC D BRAEZ M A TN O HELEEEZEE L. 22T, 3

%
mt
&

HHE DS BOER R ICHE D L W IHIREDR D 5.
log(B?P$)~N(log(By), ¢?)

72721, BodEHEE<T, BPSIIERBBIECTS .

2.5 EHHIEORE

AfaTiE MPA ICBHd 2 EBTE%R 6 DFL 7. 2D 9 2, MPA LIRS 27201, &
R OMERR - MR % X % 72 0 faffifg C i & 2R % E ® 2 &R RERBUR (TAC) ko
%, X512 3 2% ML M 2-4 ©EYIT, MP1~6 78 MPA #/RxLTHYH, MP7~9 78
TAC Z/RL T3, $XRCOEMGTEITUFOFREICE D, FUEOMEREE IRE T
2DICH L CHRERZFIRST 2 Hikch 3.

O YIT, HFRRICHE T 2 DDME (Bimie, Bmsy) DFE L T 5. By |2 25IUK
#ele dF v, FAEERICBLTRAD R D 50% 28G5 N3 EIFRTH 2. By i3 ETRED[H

16



EIEEE L 2BHEE D F, MSY LAV BT 2 HFETH 5. Fygyld MSY Lvic k1
LR H %,

B TIKOPCEARDOBERICEAT 20 TH 2. SHRITIE Z & 5o 323
RO STEE R LTV, fHIE Areal Kb LTH Y, EHIT Area2 2K D

LTy, HRITBEEEZED LT 3.

MP1 MP2 MP3

Fumsy-

\

T
8 MP4 MP5 MP6
= Fusy- — —
3
@) —ﬁrea;
—Area

E — All water
%
c O
..% MP7 MP8 MP9
S Fusy | : |

1 | 1

1 | 1

1 | 1

1 I 1

1 | 1

1 | 1

0-— [ . | . l
Blimit BIVISY Blimit' BNISY Blimit BIVISY
Biomass

2-4  IEPTE L — L DFRIEN

Mo E LTMPI #ZFCHHL T (¥ 2-5 o&08) . MP1 oKIc, e

O 2FEEOMME DY, T aiT 5 L, 26 DEHICRLTWE, Sz 3L,

Areal & Area2 ODEMTEDE W, MPA OEHTEICE LTS, 31, 2 RTnl

17



&, BFERIREBICH 02000 b F, WIEREAD 0 ICHEFFL TV 2. 20729, Areal ITIE LS
R RHEMTH 2 LB 0h o7, 7272 L, ERRIIKFETIE R L, BIHED Bimi
LD /NECRHICHRERE D 0 IS/ TE Y, HFED By, & D KE L 752 L ERED
Fpsy b SV 8780, EHUC, Bimir & Bpsy PIIIC T2 0 72 &, IERBAIZICHE> T 0 225

Frsy £ TELL T 3.

MP

ml
<
wn
<

-Area
-Area

o

Catchability Coefficient

B[i‘_mit Busy
Biomass

2-5 MP1 O 7E X

18



M
=
wn
=<

o

Area?2

Catchability Coefficient

BiimiBumsy _
Biomass

BIiim

2-6 MP1 i 2 L 7 FIX

Ad L 7228 ckbs e, ROXH>THS.

itBMSY

* 2-4 EWMTEE
MP Areal Area2
0 B<B1' .
MP1 F=0 F= 7 FMSY BlimitSBS BMSY
F B < B
MSY MSY
0 B<B. .
Fumsy
= = B <B< B
MPz F=0 F (Bmsy—Biimit)  lmit— T MSY
F B <B
MSY MSY

19



0 B<Bl_ §
—Fusy
ME F=0 B> 1 et PPS Py
F B <B
MSY MSY
0 B<B1, .
B< B
MSY
MP4  F= F= 7] FMSY BlimitSBS BMSY
B <B
MSY MSY
F B <B
MSY MSY
0 B<B1- .
B< B
MSY i
MSY
MP5  F= F= 1 (Busy—Biimit) BlimitSBS BMSY
MSY BMSY =B
F B <B
MSY MSY
0 B<B1' .
B< B
MSY .
—I'MSY
MP6 F= F= 7 Busy—Bimi)2 BlimitSBS BMSY
MSY BMSY =B
F B <B
MSY MSY
B<Br §
MP7 F= T Msy BlimitSBS BMSY
B <B
MSY MSY

20



0 B<Bl, §
Fusy
MP8 F= 7 (Bmsy —Biimit) BlimitSBS BMSY
F B <B
MSY MSY
0 B<Bl, .
—Fumsy
MP9 F= ' (Busy—Biimit)2 BlimitSBS BMSY
F B <B
MSY MSY

26 Yial—vavoRiEn
Yialb—va v 1TFICHEREB X DB L, 100 £ TR T L7z Y1 T X —X8%
EfZF =y 273570, 20 FHZECHRERENT 20 FHICHE 2 LIRELZ., 5
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long term Pr(B>BMSY) 0% 4.4% 0.2% 0% 5.6% 0.4% 0% 2.2% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.58 10.99 10.9 10.59 11.05 10.93 10.69 11.08 10.16
long term AAV 0.24 0.26 0.25 0.24 0.26 0.25 0.24 0.25 0.24
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ffek2 H>F IV AERO—E(F VA 1-20)

YFUF1
o IFluFk
Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.51 0.63 0.58 0.51 0.63 0.58 0.52 0.58 0.32
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 2% 0% 0% 2% 0% 0% 2% 0% 45%
short term AveCatch 531 4.99 5.16 5.31 5 5.16 5.32 491 4.15
short term AAV 033 0.35 0.34 0.33 0.35 0.34 0.33 0.31 0.26
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.76 0.92 0.85 0.76 0.92 0.85 0.77 0.89 0.74
long term Pr(B>BMSY) 0% 4.4% 0.2% 0% 5.6% 0.4% 0% 2.2% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.58 10.99 10.9 10.59 11.05 10.93 10.69 11.08 10.16
long term AAV 0.24 0.26 0.25 0.24 0.26 0.25 0.24 0.25 0.24
® Trade-off 7'u v
A _L N
45 —*\% T M
__MP
S _MP
= __MP
é __MpP
@ _MP
@ _MP
= MP
MP
MP
0. 0. 0. 0.



Catch(million tonnes)

Stock size(million tonnes)
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YU 2

o Lk
Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.68 0.81 0.75 0.68 0.81 0.75 0.69 0.82 0.78
short term Pr(B>BMSY) 0% 0.8% 0% 0.2% 0.8% 0.2% 0.2% 1.6% 1.4%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 7.82 7.48 7.66 7.82 7.53 7.68 7.89 7.61 791
short term AAV 0.31 0.33 0.31 0.31 0.33 0.31 0.3 0.35 0.39
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.76 0.92 0.84 0.76 0.92 0.85 0.77 0.92 0.85
long term Pr(B>BMSY) 0% 4.2% 0% 0% 5.6% 0.4% 0% 6% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.55 11.01 10.8 10.58 11.09 10.91 10.75 11.13 10.98
long term AAV 0.24 0.26 0.25 0.24 0.26 0.25 0.24 0.26 0.25
® Trade-off 7w v |
11 |
b nAD
o 10

v _ MPL

5 =F __ MP2

p __MP3

L __MP4

E 9 __MPS

— _ MP6

2 MP7
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Stock size(million tonnes)

Catch(million tonnes)
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YFY A3

o Lk
Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.69 0.88 0.83 0.69 0.88 0.83 0.7 0.88 0.83
short term Pr(B>BMSY) 0.6% 5% 3% 0.8% 5.4% 3.2% 0.8% 6% 3.6%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 8.78 8.67 8.91 8.78 8.74 8.92 8.9 8.77 9.03
short term AAV 0.28 0.33 0.31 0.28 0.33 0.31 0.28 0.33 0.32
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.75 0.92 0.84 0.76 0.92 0.85 0.77 0.92 0.85
long term Pr(B>BMSY) 0% 4.2% 0% 0% 5.8% 0.4% 0% 6.2% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.45 10.99 10.8 10.53 11.09 10.9 10.76 11.12 10.98
long term AAV 0.24 0.26 0.25 0.24 0.26 0.25 0.24 0.26 0.25
® Trade-off 7u v |
11 |
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Stock size(million tonnes)

Catch(million tonnes)
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o Lk
Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.53 0.69 0.65 0.53 0.69 0.65 0.54 0.72 0.69
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 0.2% 0% 0% 0.2% 0% 0% 0.2% 0% 0%
short term AveCatch 5.96 5.79 5.99 5.96 5.81 5.99 6.02 5.99 6.41
short term AAV 0.3 0.35 0.33 0.3 0.35 0.33 0.3 0.38 0.41
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 1.07 0.95 0.96 0.87 0.92 0.87 0.77 0.93 0.85
long term Pr(B>BMSY) 60% 35% 40% 1% 5.8% 0.8% 0% 7.2% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 7.92 9.8 9.07 9.92 11.07 10.58 10.73 11.16 11.04
long term AAV 0.23 0.26 0.24 0.26 0.26 0.25 0.24 0.26 0.25
® Trade-off 7w v b
10|
. ] NAD
g ° MP1
5 _MP2
P \ MP3
S ] ~ MP4
E —4 ~ MPs
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b MP7
v 7 MP8
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o1
s T T T T T T
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B’ Byisy
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Stock size(million tonnes)

Catch(million tonnes)
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YFYAS

o FlwFk
Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.73 0.84 0.78 0.73 0.84 0.79 0.74 0.85 0.82
short term Pr(B>BMSY) 0.8% 1.8% 1% 1% 2.4% 1.4% 1% 2.6% 2%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 8.38 8.03 8.26 8.39 8.11 8.27 8.55 8.19 8.48
short term AAV 0.31 0.32 0.31 0.31 0.32 0.31 0.31 0.34 0.36
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 1.22 1.13 1.18 0.89 0.92 0.89 0.78 0.93 0.85
long term Pr(B>BMSY) 92% 79% 86% 4.6% 6% 2.8% 0% 7.2% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 7.3 8.55 7.92 9.94 11.05 10.31 10.86 11.19 11.05
long term AAV 0.21 0.25 0.22 0.28 0.26 0.26 0.24 0.26 0.25
® Trade-off 7w v b
] ! .
EJ ° _ MP1
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2 | s
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Stock size(million tonnes)

Catch(million tonnes)
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YFUA6

o IlwE
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
short term B/BMSY 0.69 0.9 0.84 0.69 091 0.84 0.71 091 0.85
short term Pr(B>BMSY) 0.2% 8.6% 3% 0.2% 9.8% 4.6% 0.2% 10% 4.6%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 8.77 9.18 9.35 8.77 9.28 9.4 9.42 9.35 9.53
short term AAV 0.26 0.32 0.3 0.26 0.32 0.3 0.25 0.32 0.3
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MPS8 MP9
long term B/BMSY 1.44 1.23 1.28 0.94 0.92 0.89 0.78 0.93 0.85
long term Pr(B>BMSY) 95% 91% 93% 17% 7% 3.4% 0% 7.2% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 6.78 8.03 7.47 10.12 11.03 10.5 10.8 11.18 11.05
long term AAV 0.19 0.23 0.21 0.28 0.26 0.27 0.24 0.26 0.25
® Trade-off 7m v |
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Stock size(million tonnes)

Catch(million tonnes)
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YFYAT

o FlwFk
Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.6 0.72 0.68 0.6 0.72 0.68 0.56 0.75 0.72
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 5.05 6.24 6.11 5.27 6.26 6.18 6.51 6.46 6.83
short term AAV 0.34 0.35 0.34 0.37 0.34 0.34 0.3 0.38 0.41
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 2.02 1.84 1.89 1.03 0.99 1.01 0.78 0.93 0.86
long term Pr(B>BMSY) 100% 100% 100% 1% 39% 55% 0% 9.2% 0.4%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 4.81 5.19 493 10.94 10.8 10.61 10.82 11.25 11.12
long term AAV 0.11 0.15 0.13 0.33 0.31 0.34 0.24 0.26 0.25
® Trade-off 71 v b
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g s
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Stock size(million tonnes)

Catch(million tonnes)
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¥FU A8

o Lk
Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.87 0.9 0.88 0.81 0.87 0.84 0.73 0.82 0.63
short term Pr(B>BMSY) 13% 13% 12% 1% 3.8% 3% 0.4% 1.4% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 6.17 7.16 6.83 7.7 8.26 7.75 8.73 8.54 8.42
short term AAV 0.32 0.35 0.35 0.35 0.34 0.36 0.3 0.29 0.25
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 2.15 2.08 2.1 1.02 1 1.01 0.79 0.9 0.78
long term Pr(B>BMSY) 100% 100% 100% 61% 52% 58% 0% 2.4% 0.2%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 4.89 4.87 4.85 10.96 10.8 10.81 10.93 11.2 10.83
long term AAV 0.1 0.11 0.1 0.33 0.31 0.33 0.24 0.25 0.24
® Trade-off 7w v |
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Catch(million tonnes)

Stock size(million tonnes)
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YFYA9
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Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.99 1.01 1 0.85 0.93 0.89 0.73 0.87 0.72
short term Pr(B>BMSY) 47% 52% 49% 3.8% 14% 7.6% 0.4% 52% 0.4%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 6.21 7.43 7.08 9.2 9.62 9.5 9.81 9.72 9.81
short term AAV 0.23 0.34 0.3 0.32 0.33 0.33 0.25 0.28 0.25
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 225 2.16 2.19 1.02 1 1.02 0.78 0.9 0.78
long term Pr(B>BMSY) 100% 100% 100% 62% 47% 60% 0% 2.4% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 4.99 4.92 4.94 10.99 10.9 10.94 10.89 11.2 10.89
long term AAV 0.1 0.1 0.1 0.33 0.31 0.33 0.24 0.25 0.24
® Trade-off 7wy
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.55 0.71 0.66 0.55 0.71 0.66 0.55 0.69 0.46
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 7.38 7.36 7.53 7.38 7.39 7.53 7.42 7.42 6.69
short term AAV 0.3 0.35 0.32 0.3 0.35 0.32 0.3 0.32 0.27
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MPS8 MP9
long term B/BMSY 0.75 091 0.83 0.76 0.92 0.84 0.78 0.9 0.77
long term Pr(B>BMSY) 0% 2.6% 0% 0% 4.4% 0% 0% 1.8% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 11.84 12.32 12.1 11.89 12.4 12.25 12.13 12.4 12.08
long term AAV 0.25 0.26 0.25 0.25 0.26 0.25 0.25 0.26 0.25
® Trade-off 7w v b
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.7 0.85 0.8 0.7 0.86 0.8 0.71 0.82 0.63
short term Pr(B>BMSY) 0.2% 2.2% 1% 0.2% 2.4% 1.6% 0.2% 1.4% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 9.67 9.63 9.83 9.67 9.71 9.86 9.81 9.75 9.53
short term AAV 0.3 0.33 0.32 0.3 0.33 0.32 0.3 0.31 0.26
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.77 0.9 0.82 0.77 0.92 0.83 0.78 0.9 0.78
long term Pr(B>BMSY) 0.2% 1.2% 0% 0% 4% 0% 0% 1.8% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.88 12.21 11.9 11.43 12.4 12.18 12.18 12.4 12.16
long term AAV 0.25 0.26 0.25 0.25 0.26 0.25 0.25 0.26 0.25
® Trade-off 7wy
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. nAD
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Catch(million tonnes)

Stock size(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
short term B/BMSY 0.7 0.91 0.84 0.7 0.92 0.85 0.71 0.88 0.71
short term Pr(B>BMSY) 0% 10% 3% 0% 12% 4.2% 0% 5.6% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 10.59 10.64 10.7 10.6 10.7 10.86 10.77 10.7 10.76
short term AAV 0.26 0.33 0.3 0.26 0.33 0.3 0.26 0.3 0.25
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.83 0.9 0.82 0.79 0.92 0.83 0.78 0.9 0.78
long term Pr(B>BMSY) 1% 0.8% 0% 0% 4.2% 0% 0% 1.8% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 9.94 12.11 11.6 10.78 12.4 12.13 12.18 12.4 12.18
long term AAV 0.24 0.27 0.25 0.25 0.26 0.25 0.25 0.26 0.25
® Trade-off 7w v b
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.61 0.76 0.69 0.61 0.76 0.69 0.62 0.78 0.72
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 8.13 8.03 8.21 8.13 8.11 8.22 8.3 8.2 8.47
short term AAV 0.3 0.34 0.31 0.3 0.34 0.31 0.3 0.35 0.35
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 1.58 1.4 1.47 0.95 0.92 0.92 0.78 0.92 0.85
long term Pr(B>BMSY) 98% 95% 96% 19% 7.6% 13% 0% 5% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 741 8.59 8.06 11.43 12.3 11.79 12.25 12.5 12.42
long term AAV 0.2 0.24 0.22 0.31 0.27 0.3 0.25 0.26 0.25
® Trade-off 7wy
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Stock size(million tonnes)

Catch(million tonnes)

LR MR LAR2
150
= - -
i - - e
100 e V4
- 7/
o K e — o =
- == 7
50 » » »
I v v
0
NPA MPE MMPE.
150
100
| N e | [N -] R
50 - == / 7
A 7 7 ‘e
0
MPZ Vil s3] [ ¥ile]e]
150
100
e e e e e |
50' ’-————— 7 m— D T emjem ’———-——n
- » »
K4 v v
o T T T T T T T T T T T T T T T T T
50 60 70 80 90 100 50 60 70 80 90 100 50 60 70 80 90 100
Year
BAR1 RAR2 LAR2
30
20 r H
. -y - —
10 |~ - ——— J N = = ’ ~S Tt
{1\ \ 7 \J
0
i LARA RARE MBS
30
20 N\ IS
| == NN ————-- ~—=xrA~fun
10 - J 7
AW \ 2 \y
0
i MP7 MES MBS
30
20
] = -— e TR e o ’ N oo = wn s = ’l - . ey e W
10 \J \ 7 \ I
O- n J

72




F U 14
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Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
short term B/BMSY 0.74 0.87 0.82 0.73 0.88 0.83 0.7 0.89 0.83
short term Pr(B>BMSY) 0.6% 4.8% 2% 0.2% 6% 3% 0.2% 6.2% 3.2%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 8.58 9.96 9.86 9.01 10.1 10.2 10.14 10.2 10.4
short term AAV 0.28 0.34 0.33 0.3 0.34 0.32 0.27 0.34 0.32
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 1.81 1.62 1.67 0.96 0.93 0.92 0.78 0.92 0.85
long term Pr(B>BMSY) 100% 100% 100% 26% 9.2% 10% 0% 5% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 7.32 7.74 7.36 12.23 12.2 11.71 12.26 12.5 12.43
long term AAV 0.18 0.21 0.19 0.3 0.28 0.29 0.25 0.26 0.25
® Trade-off 7u v b
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.82 0.93 0.87 0.8 0.93 0.86 0.73 0.93 0.86
short term Pr(B>BMSY) 3.6% 16% 7% 0.6% 17% 4.4% 0.2% 17% 4.4%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 9.06 10.65 10.1 9.67 11.11 10.99 11.23 11.19 11.32
short term AAV 0.25 0.33 0.3 0.29 0.32 0.3 0.25 0.32 0.29
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 1.88 1.72 1.78 0.96 0.93 0.94 0.78 0.92 0.85
long term Pr(B>BMSY) 100% 100% 100% 26% 8% 17% 0% 5% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 7.39 7.44 7.28 12.5 12.3 11.84 12.27 12.5 12.43
long term AAV 0.18 0.19 0.18 0.3 0.28 0.3 0.25 0.26 0.25
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.84 0.86 0.85 0.78 0.8 0.78 0.66 0.79 0.74
short term Pr(B>BMSY) 8.8% 8.8% 8% 0.2% 0.2% 0.2% 0% 0.2% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 5.64 6.5 6.11 6.69 8.11 7.08 8.72 8.57 8.81
short term AAV 0.34 0.38 0.36 0.43 0.36 0.4 0.31 0.35 0.35
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 2.51 243 2.47 1.05 1.03 1.04 0.79 0.92 0.85
long term Pr(B>BMSY) 100% 100% 100% 78% 61% 73% 0% 6.2% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 5.1 5.05 5.07 12.93 12.3 12.59 12.35 12.6 12.51
long term AAV 0.1 0.1 0.1 0.35 0.35 0.35 0.25 0.26 0.25
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 1.15 1.11 1.11 0.89 0.91 0.88 0.7 0.9 0.84
short term Pr(B>BMSY) 83% 77% 77% 9.2% 10% 5.6% 0.2% 9% 3.6%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 5.78 7.13 6.91 9.73 10.2 10.08 10.4 10.4 10.65
short term AAV 0.24 0.37 0.35 0.37 0.36 0.37 0.26 0.34 0.31
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 2.63 2.56 2.58 1.04 1.03 1.04 0.79 0.92 0.85
long term Pr(B>BMSY) 100% 100% 100% 73% 64% 71% 0% 6% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 5.17 5.12 5.13 12.34 12.2 12.27 12.36 12.6 12.52
long term AAV 0.1 0.1 0.1 0.36 0.35 0.37 0.25 0.26 0.25
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Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 1.27 1.24 1.24 0.93 0.95 0.93 0.75 0.94 0.86
short term Pr(B>BMSY) 95% 92% 92% 20% 27% 21% 0.8% 22% 4.4%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 6.46 7.48 7.14 10.46 11.11 10.79 11.52 11.44 11.58
short term AAV 0.23 0.33 0.29 0.36 0.34 0.35 0.25 0.31 0.28
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 2.65 2.6 2.62 1.04 1.03 1.04 0.79 0.92 0.85
long term Pr(B>BMSY) 100% 100% 100% 73% 66% 72% 0% 6% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 5.18 5.15 5.16 12.4 12.2 12.32 12.36 12.6 12.51
long term AAV 0.1 0.1 0.1 0.36 0.35 0.36 0.25 0.26 0.25
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MP5S MP6 MP7 MP8 MP9
short term B/BMSY 0.55 0.71 0.66 0.55 0.71 0.66 0.55 0.73 0.68
short term Pr(B>BMSY) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 7.38 7.36 7.53 7.38 7.39 7.53 7.42 7.49 7.76
short term AAV 0.3 0.35 0.32 0.3 0.35 0.32 0.3 0.37 0.36
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.75 091 0.83 0.76 0.92 0.84 0.78 0.92 0.84
long term Pr(B>BMSY) 0% 2.6% 0% 0% 4.4% 0% 0% 4.6% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 11.84 12.32 12.1 11.89 12.4 12.25 12.13 12.4 12.34
long term AAV 0.25 0.26 0.25 0.25 0.26 0.25 0.25 0.26 0.25
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Stock size(million tonnes)

Catch(million tonnes)
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Period Performance MP1 MP2 MP3 MP4 MPS MP6 MP7 MPS8 MP9
short term B/BMSY 0.7 0.85 0.8 0.7 0.86 0.8 0.71 0.86 0.81
short term Pr(B>BMSY) 0.2% 2.2% 1% 0.2% 2.4% 1.6% 0.2% 2.4% 1.8%
short term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
short term AveCatch 9.67 9.63 9.83 9.67 9.71 9.86 9.81 9.76 9.96
short term AAV 0.3 0.33 0.32 0.3 0.33 0.32 0.3 0.34 0.33
Period Performance MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9
long term B/BMSY 0.77 0.9 0.82 0.77 0.92 0.83 0.78 0.92 0.84
long term Pr(B>BMSY) 0.2% 1.2% 0% 0% 4% 0% 0% 4.4% 0%
long term Pr(B<Blimit) 0% 0% 0% 0% 0% 0% 0% 0% 0%
long term AveCatch 10.88 12.21 11.9 11.43 12.4 12.18 12.18 12.4 12.35
long term AAV 0.25 0.26 0.25 0.25 0.26 0.25 0.25 0.26 0.25
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# # fElinE T 7 L

data. beforeMan <- function(nseed)

{ #Definition
N1 <- array(NA, c(age+1, narea, Man. year))
R1 <- matrix(NA, nrow=narea, ncol=Man. year+1)
B1 <- matrix(NA, nrow=narea, ncol=Man. year)
epsonR <- matrix(NA, nrow=narea, ncol=Man. year)
M <- MO
h <- h0

##First year
{R1[, 1] <- RO/narea
N1[1, 1, 1] <- R1[1, 1]*(1-Pa[1, 1])+R1[2, 1]*(1-Pa[2, 1])
N1[1,2, 1] <- R1[1, 1]*Pa[1, 1]+R1[2, 1]*Pa[2, 1]
for(iin 1:(age-1)) {
N1[i+1, 1, 1] <- (N1[j, 1, 1]*(1-Pa[1, i+1])+N1[j, 2, 1]1*(1-Pa[2, i+1]))*exp(-M)
N1[i+1, 2, 1] <- (N1[4, 1, 1]*Pa[1, i+1]+N1[j, 2, 1]*Pa[2, i+1])*exp(-M)}
N1[age+1,1,1] <- (N1[age, 1, 1]1*(1-Pa[1, age+1])+N1[age, 2, 1]*(1-Pa[2, age+1]))*exp(-
M)/(1-exp(-M))
Nl[age+1, 2, 1] <- (N1[age, 1, 1]*Pa[1, age+1]+N1[age, 2, 1]*Pa[2, age+1])*exp(-M)/(1-
exp(-M))

#Biomass

#round-off number

N1 <- floor(N1)

for(jin 1:2){B1[j, 1] <- Bio. M(N1[, j, 1]}
B0 <- sum(B1[, 1])

#Reproduction; no variance in the first year
R <- Bio. S(sum(B1[, 1]), sum(B1[, 1]), h)
R1[, 2] <- R*(B1[, 1]/sum(B1[, 1]))}

##Second year till catch happens
for (tin 2:(catch. year-1))

{ set. seed(nseed*t)
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M <- logistic(rnorm(1, logit(MO0), SigM))

N1[1, 1, t] <- R1[1, t]*(1-Pa[1, 1])+R1[2, t]*(1-Pa[2, 1])
N1[1, 2, t] <- R1[1, t]*Pal[1, 1]+R1[2, t]*Pal2, 1]

for(iin 1:(age-1)){
N1[i+1, 1, t] <- (N1[i, 1, t-1]*(1-Pa[1, i+1])+N1[i, 2, t-1]*(1-Pa[2, i+1])) *exp(-M)
N1[i+1, 2, t] <- (N1[i, 1, t-1]*Pa[1, i+1]+NT1[j, 2, t-1]*Pa[2, i+1]) *exp(-M) }

Nl[age—l—l, 1, t] <- (Nl[age, 1, t-1]*(1-Pa[1, age+1])+N1[age, 2, t-1]*(1-Pal2,
age+l]))*exp(-M)+(Nl[age+l, 1, t1]*(1-Pal1, age+1])+Nl[age+1, 2, t-1]1*(1-Pal2,
age+1]))*exp(-M)

Nl[age+1, 2, t] <- (N1[age, 1, t-1]*Pa[1, age+1]+N1[age, 2, t-1]*Pa[2, age+1])*exp(-
M)+(N1[age+1, 1, t-1]*Pa[1, age+1]+N1[age+1, 2, t-1]*Pa[2, age+1])*exp(-M)

#round-off number
N1 <- floor(N1)

for(j in 1:2){B1[j, t] <- Bio. M(N1[, j, t])}
for(jin 1:2){
set. seed(nseed+t)
epsonR[j, t]<- rnorm(1, mean=0, sd=(SigR[j]))}
R <- Bio. S(sum(B1][, t]), sum(B1[, 1]), h, SigR[j], epsonR[j, t])
R1[, t+1] <- R*(B1][, t]/sum(B1][, t]))}

##Catch starts

#Definition

Eij <- matrix(0, nrow=narea, ncol=Man. year)
Caijt <- array(0, c(age+1, narea, Man. year))
Cijt<- matrix(0, nrow=narea, ncol=Man. year)

Ct<- numeric(Man. year)

#before assessment
for (t in catch. year:Man. year){
#natural mortality
set. seed(nseed+t*t)
M <- logistic(rnorm(1, logit(MO0), SigM))
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Eij[, t] <- E[t]*B1[, t-1]/sum(B1[, t-1])
for (iin 1:(age+1)){

Caijtli, , t] <- N1[i, , t-1]*exp(-M/2)*(1-exp(-q*Sa[i]*Ejj[, t]))}
for(j in 1:2){Cijt[j, t] <- Caijt[, j, t]%*%Wamin}

#The amount of Catch
Ctlt] <- sum(Cijt[, t])
N1[1, 1, t] <- R1[1, t]*(1-Pa[1, 1])+R1[2, t]*(1-Pa[2, 1])
N1[1, 2, t] <- R1[1, t]*Pa[1, 1]+R1[2, t]*Pa[2, 1]
for(iin 1:(age-1)) {
N1[i+1, 1, t] <- (N1[i, 1, t-1]*exp(-M/2)-Caijt[i, 1, t])*(1-Pa[1, i+1])+(N1[i, 2, t-
1]*exp(-M/2)-Caijt[i, 2, t])*(1-Pa[2, i+1])) *exp(-M/2)
N1[i+1, 2, t] <- ((N1[i, 1, t-1]*exp(-M/2)-Caijt[i, 1, t])*Pa[1, i+1]+(N1[i, 2, t-1]*exp(-
M/2)-Caijtl[i, 2, t])*Pal2, i+1])*exp(-M/2)}
Nllage+1, 1,t] <- ((N1[age, 1, t-1]*exp(-M/2)-Caijt[age, 1, t])*(1-Pa[1, age+1])+(N1[age,
2, t-1]*exp(-M/2)-Caijt[age, 2, t])*(1-Pa[2, age+1])+(Nl[age+1, 1, t-1]*exp(-M/2)-
Caijtlage+1, 1, t])*(1-Pa[1, age+1])+(N1[age+1, 2, t-1]*exp(-M/2)-Caijt[age+1, 2, t])*(1-
Pa[2, age+1]))*exp(-M/2)
Nllage+1,2,t] <- ((N1[age, 1, t-1]*exp(-M/2)-Caijt[age, 1, t])*(Pa[1, age+1])+(N1[age,
2, t-1]*exp(-M/2)-Caijt[age, 2, t])*(Pa[2, age+1])+(N1[age+1, 1, t-1]*exp(-M/2)-Caijt[age+1,
1, t])*(Pal1, age+1])+(N1[age+1, 2, t-1]*exp(-M/2)-Caijt[age+1, 2, t])*(Pa[2, age+1])) *exp(-
M/2)

#round-off number
N1 <- floor(N1)
for(j in 1:2){B1[j, t] <- Bio. M(N1[, j, t])}
for(jin 1:2){
set. seed(nseed+j*t)
epsonR[j, t]<- rnorm(1, mean=0, sd=(SigR[j]))}
R <- Bio. S(sum(B1][, t]), sum(B1[, 1]), h, SigR[j], epsonR[j, t])
R1[, t+1] <- R*(B1][, t]/sum(B1][, t]))}
list(N1=N1, R1=R1, B1=B1, Caijt=Caijt, Cijt=Cijt, Ct=Ct)}

data. afterMan <- function(Biomass. iter, nseed, type, MP)
{ #definition
N1 <- array(NA, c(age+1, narea, (nyear-Man. year+2)))

R1 <- matrix(NA, nrow=narea, ncol=(nyear-Man. year+3))
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B1 <- matrix(NA, nrow=narea, ncol=(nyear-Man. year+2))
epsonR <- matrix(NA, nrow=narea, ncol=(r1year-Man. year—I—Z))
M <- MO

h <- h0

E <- 200000 #initial to be large

Ejj <- matrix(0, nrow=narea, ncol=(nyear-Man. year+2))

Caijt <- array(O, c(age+1, narea, (nyear-Man. year+2)))

Cijt<- matrix(0, nrow=narea, ncol=(nyear—Man. year+2))

Ct <- Ct. obs <- numeric(nyear-Man. year+2)

#initial

N1[,, 1] <- Biomass. iter[[nseed] [$N1[, , Man. year]
R1[, 2] <- Biomass. iter[[nseed] ]$R1[, Man. year]

B1[, 1] <- Biomass. iter[[nseed]|$B1[, Man. year]
Caijt[, , 1] <- Biomass. iter[ [nseed]]$Caijt[, , Man. year]
Cijt[, 1] <- Biomass. iter[[nseed]]$Cijt[, Man. year]
Ct[1] <- Biomass. iter[[nseed]]$Ct[Man. year]

#after assessment
for (t in 2:length(Ct)){
#natural mortality
set. seed(nseed+t*t)
M <- logistic(rnorm(1, logit(MO0), SigM))

#area choice
if ((t+48)%%5==0) index <- sum(B1[, t-1])
E. TAC <- E*B1][, t-1]/index
E. MPA. 123 <- ¢(0, E)
E. MPA. yes <- E*B1/, t-1]/index
E. MPA. no <- c(0, E)
ifelse(type 1= "MPA", Eij[, {] <- E. TAC,

ifelse(MP < 4, Eij[, t] <- E. MPA. 123,

ifelse(index > BMSY, Ejj[, t] <- E. MPA. yes, Eij[, t] <- E. MPA. no)))

#The amount of Catch
for (iin 1:(age+1)){
Caijtli, , t] <- N1[4,, t-1]*exp(-M/2)*(1-exp(-q*Salil*Ejj[, t]))}
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for(j in 1:2){Cijt[j, t] <- Caijtl, j, t]%*%Wamin}
Ctlt] <- sum(Cijt[, t])

#yield check
Flim <- ifelse(type=="MPA", 0, 0. 5*FMSY)
control. pars <- c(FMSY, Flim, BMSY, Blim)
Man. result <- control(index, control. pars, MP)*sum(B1[, t-1])
Ct. targ <- ifelse(Man. result == 0, 0, implement(Man. result, SigE))
if (Ct[t]>Ct. targ){
for (i in 1:(age+l)) {Caijt[i, t] <- Caijt[i, L t]*Ct. targ/Ct[t]}
for (j in 1:2) {Cijt[j, t] <- Caijt[, j, t]%*%Wamin}
Ct[t] <- sum(Cijt[, t]) }

#age-structure
N1[1, 1, t] <- R1[1, t]*(1-Pa[1, 1])+R1[2, t]*(1-Pa[2, 1])
N1[1, 2, t] <- R1[1, t]*Pal[1, 1]+R1[2, t]*Pa[2, 1]
for(iin 1:(age-1)) {
N1fi+1, 1, f] < (N1[i, 1, t-1]*exp(-M/2)-Caiit[i, 1, t])*(1-Pa[1, i+1])+(N1[i, 2, t-
1]*exp(-M/2)-Caijt[i, 2, t])*(1-Pa[2, i+1])) *exp(-M/2)
N1[i+1, 2, t] <- ((N1[i, 1, t-1]*exp(-M/2)-Caijt[i, 1, t])*Pa[1, i+1]+(N1[i, 2, t-1]*exp(-
M/2)-Caijtl[i, 2, t])*Pal2, i+1])*exp(-M/2)}
Nllage+1, 1, t] <- ((N1[age, 1, t-1]*exp(-M/2)-Caijt[age, 1, t])*(1-Pa[1, age+1])+(N1[age,
2, t-1]*exp(-M/2)-Caijt[age, 2, t])*(1-Pa[2, age+1])+(Nl[age+1, 1, t-1]*exp(-M/2)-
Caijtlage+1, 1, t])*(1-Pa[1, age+1])+(N1[age+1, 2, t-1]*exp(-M/2)-Caijt[age+1, 2, t])*(1-
Pa[2, age+1]))*exp(-M/2)
Nl[age+1,2,t] <- ((N1[age, 1, t-1]*exp(-M/2)-Caijt[age, 1, t])*(Pa[1, age+1])+(N1[age,
2, t-1]*exp(-M/2)-Caijt[age, 2, t])*(Pa[2, age+1])+(N1[age+1, 1, t-1]*exp(-M/2)-Caijt[age+1,
1, t])*(Pa[1, age+1])+(N1[age+1, 2, t-1]*exp(-M/2)-Caijt[age+1, 2, t])*(Pa[2, age+1]))*exp(-
M/2)

#round-off number
N1 <- floor(N1)
for(j in 1:2){B1[j, t] <- Bio. M(N1[, j, t])}
for(j in 1:2){
set. seed(nseed+j*t)
epsonR[j, t]<- rnorm(1, mean=0, sd=(SigR[j]))}
R <- Bio. S(sum(B1][, t]), B0, h, SigR[j], epsonR][j, t])
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R1[, t+1] <- R*(B1[, tI/sum(B1[, t]))}

#output

B. i <- numeric(length(B1[1, ]))

for(j in 1:length(B1[1, ])) B. i[j] <- sum(B1[, j])

data. period <- 2:(length(Ct)-1)

short. period <- 2:(2+20)

long. period <- (2+21):(length(Ct)-1)

AAV  <- sum(abs(diff(Ct[data. period])))*length(data. period)/(length(data. period)-
1)/sum(Ct[data. period])

AAV1 <- sum(abs(diff(Ct[short. period])))*length(short. period)/(length(short. period)-
1)/sum(Ct[short. period])

if (sum(Ct[short. period])==0) AAV1 <- 0

AAV2  <-sum(abs(diff(Ct[long. period])))*length(long. period)/(length(long. period)-
1)/sum(Ct[long. period])

rbind(data. frame(year=(Man. year-1):nyear, value=B. i, type="biomass", iter=nseed,
MP=paste0("MP", MP)),

data.frame(year=(Man. year-1):nyear, value=as. numeric(Ct), type="catch", iter=nseed,
MP=paste0("MP", MP)), data. frame(year=0, value=AAV, type="AAV", iter=nseed,
MP=paste0("MP", MP)), data. frame(year=0, value=AAV1, type="AAV1", iter=nseed,
MP=paste0("MP", MP)), data. frame(year=0, value=AAV2, type="AAV2", iter=nseed,
MP=paste0("MP", MP)))}

#AE PRI DEOE
HCR. result <- function(){
result <- data. frame()
Biomass. iter <- list()
Biomass. ass. plot <- data. frame()
for(i in 1:niter){
Biomass. iter[[i]] <- data. beforeMan (nseed=1)
B. raw <- numeric(length(Biomass. iter[[i]]$B1[1, ]))
for(j in 1:Man. year) B. raw[j] <- sum(Biomass. iter[[i]]$B1[, j])
Biomass. ass. plot <- rbind(Biomass. ass. plot, data. frame(year=1:Man. year, biomass=B.
raw[1:Man. year], iter=1))}
for (MP in 1:9){
for (nseed in 1:niter){
if(MP > 6){
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result <- rbind(result, data. afterMan(Biomass. iter=Biomass. iter, nseed=nseed,
type="TAC", MP=MP))
}
else{
result <- rbind(result, data. afterMan(Biomass. iter=Biomass. iter, nseed=nseed,
type="MPA", MP=MP))} } }

return(result) }

#HEF VA

#control panel

Mcontrol <- ¢(0.2,0. 3, 0. 4)

hcontrol <- ¢(0.7,0.8,0.9)

Pcontrol <- list(Movepattern(1, 2, 0. 8), Movepattern(2, 3, 0. 5), Movepattern(3, 5, 0. 3))
#observation uncertainty

SigB. obs <- 0

lengthM <- length(Mcontrol)

lengthh <- length(hcontrol)

lengthP <- 3

#HEZ v

scenario_all <- lengthM*lengthh*lengthP
final result <- list()

shortterm_overall <- data. frame()
longterm_overall <- data. frame()
allterm_overall <- data. frame()

iflag <- 0

for (nscenario in 1:scenario_all){

print(paste0("No. ", nscenario))

if(nscenario%%lengthP!=0){Pa<-Pcontrol[[nscenario%%lengthP]]}else {Pa<-
Pcontrol[[3]]}

if(nscenario%% (lengthP*lengthh)==0) {h0<-hcontrol[3]}else
if(nscenario%% (lengthP*lengthh) <=lengthP) {hO<-hcontrol[1]}else
if(nscenario%% (lengthP*lengthh) <=(2*lengthP)){h0<-hcontrol[2]}else{h<-hcontrol[3]}

if(nscenario%% (lengthM*lengthh*lengthP)==0) {M0O<-Mcontrol[3]}else

if(nscenario%% (lengthM*lengthh*lengthP) <= (lengthP*lengthh)) {M0O<-Mcontrol[1]}else
if(nscenario%% (lengthM*lengthh*lengthP) <=(2*lengthP*lengthh)) {M0<-
Mcontrol[2]}else{M0<-Mcontrol[3]}
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DE <- matrix(NA, nrow=1000, ncol=3)
for (E_test in 1:1000){
EO <- c(rep(O, catch. year-l), rep (E_test, (nyear-catch. year)))
DE[E _test, ] <- BMSY_FMSY_BO(EO0, h0, M0)}
BMSY <- DE[which(DE[, 1]==max(DE[1:1000, 1])), 2]
FMSY <- DE[which(DE], 1]==max(DE[1:1000, 1)), 1]/DE[which(DE],
1]==max(DE[1:1000, 1])), 2]
B0 <- mean(DE[, 3])
Blim <- (1-h0)/(3*h0+1)*B0

#Fixed Depletion on the standard one

Econtrol <- E_Depletionlevel2(h0, M0)
for (nE in 1:3){

iflag <- iflag+1

E <- Econtrol[nE, ]

result <- HCR. result()

final_result[[iflag]] <- result

#analysis

shortterm  <- analysis. dynamic. part(result=subset(result, year==0|year>=Man.
year&year<=(Man. year+20)), term="short")

longterm  <- analysis. dynamic. part(result=subset(result, year==0|year>=(Man.
year+20)&year<=nyear), term="long")

allterm <- analysis. dynamic. all(result=result)

shortterm_overall <- rbind(shortterm_overall, shortterm)

longterm_overall <- rbind(longterm_overall, longterm)

allterm_overall <- rbind(allterm_overall, allterm) }}
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