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The aim of this study was to conduct an ecosystem-based fishery risk assessment of tuna fisheries in the West-
ern Indian Ocean. We selected gillnet, purse seine, hand line, baitboat, and longline fisheries as the target fisheries
method, and selected longtail tuna ( Thunnus tonggol), narrow-barred Spanish mackerel (Scomberomorus commerson),
kawakawa (Euthynnus affinis), skipjack tuna (Katsuwonus pelamis), yellowfin tuna (T. albacares), bigeye tuna (T.
obesus), albacore tuna (7. alalunga) and swordfish (Xiphias gladius) as the target species. The risk score for the size
at the first capture in sustainability objective was high, especially, for the purse seine and baitboat fisheries using the
fish aggregating devices (FADs). The risk score for the bycatch in the biodiversity objective was high for the gillnet
fishery, and the gillnet fisheries using FADs showed high risks for the habitat quality objective due to the loss of the
fishing gears. With regards to the socio-economic benefits objective, the risk score of the sales profits was low due to
high sales of the tuna fisheries. The ecosystem risk score in the Western Indian Ocean was estimated to be moderate,
although management is required for some of the indicators that have high-risk scores.
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tholol g2 AlAIA o= FAIA 7HA7E =& oY & st
2 RIE=F sl A= oF 209 289 £ & AEokaL, 1 F
oF 80%7}F A Q1= s ol Al Y=L Qlth(Andriamahe-
fazafy and Kull, 2019). Q159 398 &rtefo], glgto] 5

A thgol(tropical tunas)®] ofglgko] & A|A o] =% 508
HhE F F 20%E AAstH, 53] 204 thol(temperate
tunas) Y A theto]F(neritic tunas)2] ool A AlA|
o] & 684 = F oF 55%%F 2AbA|sto] TR el vl =Tt
(FAO, 2021).

QI=SF 9] ohedo] AR dlEofrdol 93] (Indian
Ocean Tuna Commission, [OTC)ol| A A8 7} 2 2 3t2] 7}

AlE5}kal QIth(Karim et al., 2020).

AEIAZIRE o A= F7h= ofdel Al vAl= 9
F= A, AT, AAA, 22 ARAEAIA 849 S
of sl Y1A=F H7Isk] wiol 71&] /WAl =2 A
Vel Eoh = o3 avhA Q] Ay ekE A A = let
(Kwon et al., 2020).
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QUEof 511 0) -2 Thefolszol thak AL A1 012} SI1TE
B Slal, 24 A A, 019 2 o} 5 Asla ol
o shele] A 1067H2012-202119) S, o<, ofF
W of8a 2|22 A48l ATHIOTC, 2023a)

A B Aget 8 sfereka 54 o 4
oz A BASt dA5k7] wZel olF 7|x= Hegt
(Zhang, 2002). FAO2] 7|0 oJald, Q=S 57 80°5
7o 2 AR} SRR R, & AT
oA AAEAS tholR ol2lgke] 65%E AAIshe A
FRIES s o2 ghyste] A oA S A4
SFTH(Fig. 1) (I0TC, 2023a). th/do] -2 A Q1 =gl 41 2]
o] o]3H] 82 Tefalo] Aol (gillnet fishery, 36%)}
Aol (purse seine fishery, 31%), 2E%A]o] < (handline
fishery, 14%), %7191 (baitboat fishery, 9%)3} 1501¢
(longline fishery, 9%)°.& A73t31 1L, 0]59] Z o] gnl&2
99%o]ct. 7L % Aolle B W ojH=Ly]o] vzt Ao}
Y (artisanal gillnet)¥} o & o ¢ (industrial gillnet)>.2 <L&-3}

gl

k)

o, Z7+o] Hla-2 GAlol ol 70%, thE ol ol 30%0] %
THIOTC, 2023a). th5-2 ol x5 o259 T4
2 mejslo] ARAAT BAARAL Ak Thtoigel
sl T}atof(longtail tuna Thunnus tonggol), 524} A|(narrow-
barred Spanish mackerel Scomberomorus commerson) 2 %
tfedof(kawakawa Euthynnus affinis) s 0145202 K431
CHFig. 2a). RFAPYoIS, YEHAIY, A7loldS &
A teto]el 7hthetol(skipjack tuna Katsuwonus pelamis)}
alttetoi(yellowfin tuna T albacares) (Fig. 2b, 2d, 2e), A
o] Y& 7irteto], gl W =rheoi(bigeye tuna T. obesus)
(Fig. 2¢), 712131 G1%0]9© terfafol, Bhriatol, Bhckeyol
(albacore tuna T. alalunga) 2 A\ x| (swordfish Xiphias gla-
dius)E /5= A48 lrH(Fig. 2f).

wheba] 2 A-tof A AFQIE 3 thafolo] o] e
71RE oG9I =E Brsto] iyl Al ol chh Bt Ql e
HoES o, of S = AAstaLAl FAl/F ARG, A
o], L&A, 71019, 5ol 5 671 ool o]
YE)= Zirko], frko], wrho], drlichdel, wickee],
Aokgol, 2], FAA 5 870 oSS o= SRl=EE
A3} tH(Table 1).

HEHAZ |8 o Pl E7t 2

& AollA= ool e A 2 thdFol viAl= 9F
S gkelstazt A A 718E o] )8 = 3 7H(ecosystem-based

Eastern Indian Ocean g

Fig. 1. Map showing Western and Eastern Indian Ocean areas designated by the FAO. Western Indian Ocean is the target ecosystem of this

study. Source: https://iotc.org/about-iotc/competence.
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(a) Artisanal gilinet

(b) Industrial gillnet
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2% Others
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14% 30%
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83% 22%

Fig. 2. The catch composition of major species by fishery in the
Western Indian Ocean, 2012-2021. LOT, Longtail tuna; COM,
Narrow-barred Spanish mackerel; KAW, Kawakawa; SKJ, Skip-
jack tuna; YFT, Yellowfin tuna; BET, Bigeye tuna; ALB, Albacore
tuna; SWO, Swordfish.

Table 1. The target species and fisheries for assessing the ecosys-
tem-based fishery risk for the Western Indian Ocean

Fishery (6)

Target species

Longtail tuna, Narrow-barred Spanish

Artisanal gillnet (3) mackerel, Kawakawa
Industrial gillnet (2) Skipjack tuna, Yellowfin tuna

Purse seine (3) Skipjack tuna, Yellowfin tuna, Bigeye tuna

Handline (2) Yellowfin tuna, Skipjack tuna
Baitboat (2) Skipjack tuna, Yellowfin tuna
Longline (4) Bigeye tuna, Yellowfin tuna, Albacore tuna,

Swordfish

fishery risk assessment, EBFA) W& AR8-5} % cH(Park et al.,
2013). EBEAL: A47Hs 4, AHETREY, AA1R9) 4, 41917
A2 el ehgt 4714 % (objective)’} Glow, 2 B
7| 3 (indicator)= 7| (reference point, RP)e] whet &=
2 0-3 A0l 2] Fo.2 BRI AR EE 1 gho] 4es 4
o g A A7 e A ol nlske, S5 Ak 2 A
Alell thal] F=6J7F @7 E = e o= o nlgie)

EBFA: A 3o tdt 919 A< (risk score, RS), &-3Fof| tjgt
1% 2]4=(objective risk index, ORI), o] that &3 X]4>(spe-
cies risk index, SRI), o] ol ot HF A “*(fishery risk index,
FRI) 2 e Al o] that 913 2| 4>(ecosystem risk index, ERI)S
A4 0 2 F=A3HcH(Park et al., 2013).

A3 SIEHHRS)E 4 (1) AHg 1] Adtsloc.

TRP, -,
RSiﬁpf:ﬁ—i_l .................. (1)

o] 7] A, ii= A E(indicator), sp= 01, F= 1% LRy,
TRP= E3t7]5% (target reference point), LRP= SHA| 7| &%
(limit reference point), = Z|3£2] Zf(indicator value)S L}E}
ful=g

T =g A ®olth 38 E(weight, )7} Q=T ol = =1
9o o4 5-& 1128]3}o](Zhang et al., 2009) F-o]5}51Th.
ORI= A& f1ldoll =5 ARESte] 71 Hatstile

o, 4} (2)& ARE-3to] ALtsHAT.

>Wii RS .
OR@,SP,F:#7J:(S!B!H9E) ............ )

o714, jiz Tl B Q] A STHEA(S), ABTHE(B), A4
0] 2(H), A4 A% HO(E)S Lrehihck. w, = el 2 j
of that A\ 0] F oo, Ao Faw 9 Aol Ale
& mefsto] 71541 % 443 rk Table 2)

SRI, FRI 12| 11 ERI:= 4] (3)-(5)% AHg-3ko] AAtstgiet,

A ORI
SRISP,F=w,j:(S,B,H,E) ............ (3)
]
Zchsp SRIspF
FRI. =520 75l i, )
! Zsszp
2rCr FRI;
ER[=-—SEF - F €
5Cr L

o714, 4, B,, CAz 7 A4 Akl ALl 75 2, A
2B £, B = 0% spol g Qe 12l3 (e of
%] Fo djt ol gleolct.
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Table 2. The data by objective, indicator, target and limit reference points (TRP and LRP) used for the ecosystem-based fishery risk assess-

ment
Obijective (weight) Indicator Weight TRP LRP Data Reference
Biomass (B) 2 - Busy” 1Jamon et al. (2021)
" Gl 0 - o Rl
jomass sy e
] Stock 4Fu (2020)
1-3 1,2
1 _1.3MSYE assessment results 5Fu et al. (2021)
MSY1234678 1 4AMSY3478 °Fu et al. (2022)
52 Catch (C) s 0.4TACS TACS "Nishida and Kitakado (2022)
Sustainability 1.3MSY® *Wang (2020)
(0.4) ) ) o
Size at first o . "Darvishi et al. (2018)
S capture(l) Lo 0-8Ly,  LengthatS0% maturity oy iamaimandi et al. (2015)
%Taghavi et al. (2010)
4Grande et al. (2014)
Mature rate Proportion of individuals °Zue et al. (2008)
S4 (MR) 1 0.4 0.2 with length over L, *Zue et al. (2011)
’ "Dhurmeea et al. (2016)
8Fredou et al. (2016)
Bycatch rate —— —— Bycatch rate,
B1 (BCR) 2 0.5BCR BCR 2012-2021 IOTC (2023a)
Biodiversity - Diversity index,
0.2) B2 Diversity (DI) 1 DI 0.5DI 2012-2019 FAO (2021)
B3 (E[’)'Sg;;d rate 0.5DCR DCR  Discard rate FAO (2019)
H1 E':ﬁ'fgte oH) 2 DH,, oo DH,, Previous study Seo (2011)
gﬁ%‘tat quality Iég:trf(lls:g?g 1 FRarget FR,  Previous study Gilman et al. (2021)
Discard wastes — — Fishing effort,
H3 (DW) 1 0.5DW DW 2012-2021 IOTC (2023e)
) ) Ratio of profit — ——  Fish price per oil price, . .
Eocw;_—teconomlc E1 1o sales (RPS) 1 RPS 05RPS  5012:0021 IOTC (2022i, 2022j)
enefi
0.2 Employment — Global employment rate,
02 B2 rate ER) L ER 0 2016-2021 ILO (2023)

Longtail tuna. 2Narrow-barred Spanish mackerel. ’Kawakawa. *Skipjack tuna. *Yellowfin tuna. ‘Bigeye tuna. ’Albacore tuna. SSwordfish.

NS

A &7Fs 53 AEA o A& BA7IAE G418 9
A © 2 (Zhang, 2006), o]l tiek Xk AFUATE, oS =,
SANAIA, A ofrl &S AHESHAT

AdeE A= I0TCO AA%7F AaE AME-sFITHFu,
2020; Wang, 2020; Zhou, 2020; Fu et al., 2021, 2022; Jamon
etal., 2021; Nishida and Kitakado, 2022; Zhe, 2022).

o] 7 =9 2|38l 0]gTo 7|EAL oY E T 5]E o
3k (total allowable catch, TAC)o] A o] ¢l St}afol=
LRPO.& TACE AR5 IL(IOTC, 2022a), TAC7} A =
of 917] gk 0152 013 2|t} 2|44 A ALK maximum sus-
tainable yield, MSY)& TRPZ, 3jt}&o]+= TRPE 0.4TAC=E
735t o ' MSY £ AFE317] flal 2 109 7H2012-

Qo

of8l%f HlE2 ARE-SHITE LRP= 140% =
AAR o, ARV 7 gt Tkl 150%
AFe Erigol= 130% o ® AASHH(IOTC,
2022b). 7|30l gt A== 10TC AR (I0TC, 20152)= A
Botglom, 2|32 g2 20213 9] ajoH, o, o
3lgF 2125 ARSI THIOTC, 2023a).

M thgol 7 & ekl ot S a4t A] o) AR e HE
(overfished) 2! #=ojE(overfishing) AE|=Z A} &) A
0|7} ] LRP= 1.3MSYE AAstelom, A-dAdel 7} v
WA F535t Hrigto]= LRPE 1.4MSY & 448} tHIOTC,
2022¢).

o] Z7HA A2l TRP= 50% A<A1%H(L,,), LRP= TRPE]
50% =0 2 A5 31(Seo, 2011), 50% A% AR =
A3 AL AFE ARE-5FE tH(Zhu et al., 2008, 2011; Taghavi et
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al., 2010; Grande et al., 2014; Niamaimandi et al., 2015; Dhur-
meea et al., 2016; Fredou et al., 2016; Darvishi et al., 2018).
AL ol A3l Adoful&-2] TRP= 40%, LRP= 20%= A
743 tH(Seo, 2011). o] 7HA At A of Hl&-0] A] 3kof| Tht
A7+ I0TCAlA Alg-dl= Zt 109712012-2021) <
H, o, o T AP 2R R E ARESFITHIOTC, 2022d,
2022e, 2022f, 2022g, 2022h, 2023b, 2023c, 2023d).

MECiory

0

E AP A Y] E3 A TR §
© 2(Zhang, 2006), o|o] Hj3t A L2 T3|L,
 H718-S AMEah et 28 (bycaich) o9 2
o3| o502 A oJ5}gick. LRPE BE o]
P 7702, 1)1 TRPE= LPRE] 50% 4220 &
. 71589 gt Ak= = IOTCol|A AlFshs 2t
10¥17H2012-2021) she]s, 019, of%l ojsley Ams
AR o, 2| 2] ghe 202199] AR5 AHESHATHIONC,
2023a).

AETHFA ] TRP+ Shannon and Wiener (1963)2] 5 S
£ 201220199 9] F ot d A5 A ez AlLksto]
A9 o, LRP= TRP2] 50% &2 & A4t 71%%
o] thet A== t Y Alol A4S B olE=2] o
< Akl $18l FAOO A Algak= &< 8'|7H2012-2019
W)o] s, oS, ofegF A5 5 AR o, A|3F9] Fh
b & EREEP IR EEE T
(FAO,2021). 7|9 LRP:= o] 28 o) 7| 9| Hitgho = 3
11, TRPE= LRP] 50% 4202 A 4519 KSeo, 2011). 7|2
A 9 A3 ghofl gt AR o] R 7|7k gt ® 1
7h ghe BAR A A o2 #71% AT ATHRoda et al,
2019)5 AHg-5k3ct.

MAIR{Q|

AAIH 2] A B3 o] o] e A of u] x| = EE A9l 3
Z0]7] $15F A © & (Zhang, 2006), o]l tht 2|32 A 414 3|
&, o 4, oGl 7| ES ARgSich

o] AL A, A, A%, AEHAl 5 ol FAE gt
1F wof] T3t A AT Gilman et al., 2021)2 A3 =),
o] 52 o -falef tigh AFEE 0-18 02 H713)7] wfio,
o] & A9 A AFHF(0-37)= gHitstich

o] 7152 o] 2jgkof| v stchar 7h o]z} o
T 1097H2012-2021) *=2eFo] Ht-S LRPE, TRP:=
LRP2] 50% <=2 AAs3leh 7154 W A5 ghell izt
A} 7= IOTCAlA] Algshs 2 10197H2012-20214) o] ¢
¥ 2k 4122 AFR5FATHIOTC, 2023¢).

INCIREYS ESIREEY

AR A A el e A A A 33 At A

= ox
i

o oX
o
s}
oY
S,
O

_ﬁ
N
mle}
ot

A

il
tle <L
ol
oL
&

ofN
£

o

w2 10 B ooz XN
lot
J {
o
1o o
|

o
v o
R
T

ol

JO

EA 7R o} = H7} 453

© 2 (Zhang, 2006), ©]of| ti3t x| & Hujol &3t EFTHE
& g 3tecr.

Tufjolgof et Atm7t gl WA= 2T 10d7H2012-
20219) th3F o]FE =E7 tiv] f-7H|2] H+S TRPE,
LPRE= TRPS] 50% 4-7-0.2 53l ick. 7127 2 A 2] g
of| thgt A4z = IOTColA] AlF-8h= o T =7kt 74l
=5 AHBFITHIOTC, 20221, 2022j).

T82718-0] TRPE H 6W7H2016-20219) Al Al 8%
710 WO ®, LRPE= 002 AAsigrt 71270 A
=4 2=5-7]7+(International Labour Organization, ILO)o{| 4] A|
Tols A AA T8EHES AR B(LO, 2023), 01%]
= Aabof| SASH= Qo] Arhar 7Hsto] ol 24 &
7FAduke] F7heE 2329 FEe &2 ARE-SITHIOTC, 20231).

2 B, 2 70%2} 80% 72
= 77} 2,937} 2.600. 8 & 0|2 Q= AR Uhebg o
™ (Fig. 3al, 3a2), Hrigol Fagh A= YepdrhFig.
3a3). wirefo] o] o] re =43 F oY MSYS] 140% 4=
FOR AYPE AH(S2)= FYE Qdt= AEHE YERES
L, s Z4ER o Hokedol = A3 1847 1.3 ook YEkyt
CHFig. 3al-3a3). O] E7HAIAA A|3E(S3)= Al o]F & 2
£ Qshs AR UERE o, AolHlE A (S4)= B ST
S Abe) & Uebgth(Fig. 3al-3a3)

@ Aol A 7irkge] W gristolof gt Y EE ¥
7Fstedet. 7hekol o] Altabedske SB ol 190% 2
& 2po] ok 3t AFe 9l 0 H(Fig. 3bl), Srhatol ] Alekal
2 SB, 3 80% 02 FO05 Q5h= AHE Uit
(Fig. 3b2). 7}tkedo] o] ojglake =435k v Aol MSY
9] 110% 20 & o3 7w A% YF LS 1.310]9)3(Fig.
3bl), Srieto] o] ojgjeke TACS 214 £9] 85% 4308
o5 Qsh= Aol Ath(Fig. 3b2). P AL YollAl o=
¥ 7hekedol o] o EARAIAIAE 36.5 cmE 50% A3 AH (L,
39.9 cm) (Grande et al., 2014) Xt} 2lo} o] S7RAIAAFE] A
E ARATE L17013A(Fig. 3bl), Frigtol= 795 a3t
= JE = UETh(Fig. 3b2). AJofHl& A= 7hehdol= %
SRk AE = HER e WK (Fig. 3bl), ool o2 E A &
L, o1AFe] vl&o] 34%2 A& I H;E 13002 LhEpyt
t}(Fig. 3b2).
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Fig. 3. Estimated risk score (RS) by fishery and species of the Western Indian Ocean. LOT, Longtail tuna; COM, Narrow-barred Spanish
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£ B7lsleit). o] T e A3 HE ol ol 3o 4
GE7] g 2ol & o9 7ehgol ot Frholof AFdwk A%
A= G FU3IthFig. 3cl, 3c2). =0+
o]9] ApeF A3t Aol SB,, 0] 90% FEOE Fo05
83h= AE = UeRdth(Fig. 3¢3). 7heole] o2 A
A= 1312 Yepton(Fig. 3cl), o] o8&
5 01319 TAC?! 14THE Q] 85% 30 & 3205 Q5= 4}
B S1aL(Fig. 3¢2), w=rhgo] 9] o]ggko] MSY 9| 150% 2
= grpgol o) 1 =7F = th(Fig. 3¢3). AZAAIAIE A
e griEkole) erho] BRI i o5 Qks HE
e o H(Fig. 3¢2, 3¢3), 7Iehgols 795 a5h= Aol
ACHFig. 3cl). AJoful& A F= 7iotatol= gt A (Fig.
3cl), Frtarole} erigols mf¢ £ E Qsk= Aol Sirt
(Fig. 3¢2, 3¢3).

QE A0 Frho] 9 Zhoholof] tigt =5
skoict. elEHAlo Y FrkEkol o] TACT} 16HER1d] o
o] 12¥FEC & | = v - 005 Qdh= Gl
MAAE A Fe Fo5 Qdks A glon], dofule A&
FT e = e thFig. 3d1). 7hektol o] o= 7iAIA]
O A3 YA T= 1.3701%00L, 7L o) A= B Fogh

el 2 el (Fig. 3d2).

7
3]
o]
hva

= 0

ATt A7le1d o] TickErelef Aojuld A d= Fast A
RaL, AR Ak fE e 1.32 0)gloH, o7
A= o8 85k HI 2 e THFig. 3el). Frhgol=
olglgo] 117 £ 2 TAC(IRE E)H e} ot A& A=
2072 F2)5 a5h= At Frietelo] L, = 113.8 cm
(Zhu etal., 2008)Q1H], 5 oI el A o 21k Frehofof of =7y
AAER] 21 em® A58 9= 2,63 0.2 vl 95 23}
= e, 2= A F Ly, o1l HAle] vl 1%
ojgto &2 veht A& e 22998 v 9 =05 85k
e SAck(Fig. 3¢2).

Aol A wrtdol, Feiael, 27hickdel 5L Aol o
gt HAES FrHernth Aol AR oA
A3z e o A5k JHIOH, o]9)ef ofFE 2
5 foks AR YEITh ojulE A e B ol oF
Sk AE R WERTH(Fig. 3. 7T ol R ] of Al
< B SB 0l 150% ol o= A|srt Fast Aol int
(Fig. 313, 3f4). Frhol] o7 A3t SIFH+ 1.389]
AaL(Fig. 312), wrtdol, @ivtgol 3 A= Fogt A
Ach(Fig. 3f1, 313, 3f4).

ARG Wrtoloh elaAlolY W w701 g
Frrgolo] ofF e A& A= =2 =0l 10TC
= A9H digoide] Fa ATk, FkEel 5l
disiAfer A7t ol AB FE DAl gLz, FAleId e 8
(el 59 A thgol)oll tigh #el= o] Fo{ 2|t 9

A gk, QlEHAIOIY, 7101 52 i FAleId o=
(I0TC, 2023a) o 22k 72] A= o] A A 2] =] w(I0TC, 20224),
=35, Aol Qt o)E Aol glo] Friwrol ofgjke ofge
= BE8haL Y= o9 HEFET WlTh ERF IOTCOA|
= grarole] AslEe g AL 29 A2 (supply
vessel) 2] At =S AlFstaL )lom, g Abd=2 tqtie]
o5 AR FAIAZIAL Qlen, FAlo]Goll Tt ek
gl A14oIcHIOTC, 2021). webd Aol ele] of3lef ol
dgoigiact e 4 weldt v, GAlolql Et ofglelo] A
A 52 TejshaAl Thwgt ojgjo] walslA RS mHel
TeRyeto] mpgdEjojof & Zlo|tt.

ON B A A AT feheol 2 Al9lg mE o]ge] mE o]
FolA AR =7t A F7HE I 53] ol 27 A A (fish ag-
gregating device, FAD)E AME-5}0] 2 Y3sh= Aldolda) A
71019 20 0]8152) Friaolet rfatole] o2 Al
% 2|38k o g} AJofu] & W o 27l that X)) $1
= 9] ik ol FADZG0] 54 4 ol falste] =
Ash= o)) tiel, 2% ele] E8leo] 7] el Ao
2 HRITHIOTC, 2022¢, 2022f). TA| IOTCof| A= A3 0]2]
£ 3212 913 FAD A% 314 A%, FAD Fo17] 2 Foi 7

a2 A1 g ol Y& Bkt 71 o]
3} FAle IOTCS

PHEE A 727 22 o TS

A & AE(B1)S] TRPE= AA o

o] Bt &2 7.6%= A= et ARGl A} P A
o]l o] 538182 717+ 21.3%, 10.2%E A& YF A7} A
9] 302 uj$- o5 Q5= AEfo| ATHFig. 3a, 3b). Ao
At A5G A3k AP 4= 1.2 o|6F= Bl Fogh 4t
el $1. 0. (Fig. 3c, 3f), A7 7] 0] -2 S &gt e 2(Fig. 3e), L
231 LjEAl o] Y-S o5 85k AEl 2 YERgthFig. 3d).

TOAE A3 A (BL)= YA oA of8lE =
HE o]0 o] Y5kS Ag-5to] AR 2 B 7okl 7] Wi
of, HE o] Yol 3-F o & ALE| et T A& @A
O] TRP+= 2012201941 9] FTpFAIA| =2 3.923 08 HA x|
20w, 2019 o] FTHFA A 4= 3.787 2 LERY X 3 Y8 A
T 1.072 A= QI THFig. 3).

7718 A3 S1AARB3) = AGHHRE 2 o] AHE A
© & B@7}E)9lch. TRPE= Roda et al. (2019)9] Q-2 x}o] w}
2} AlA ol Gull7] vl&<l 10.8%2 A4St o A
Bt #7182 APgol QDA tHE 2ol 10.1%= 2|3 9
FR4= 1.872 305 85h= AHi(Fig. 3a, 3b), Ado|
3.9%% A= S AAEi(Fig. 3c), HAIAA(IEFA, A
7101y 2252 Bl FE 3 A (Fig. 3d, 3e), 18] 1L G501

2 05 ast= A 2 e THEFig. 31).
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IOTCOM S8E0] H2 Aol HelE
2 AS5l E Ao R HSIEE 511l 92
o] 23t RSP WS Foll Aol %
A& FAAZ1AL Qe T19f o] o4 A
SIEWA| 2O o] AT} 2 2 S

o] &8 8- Teskal JITHIOTC, 2022K).

Agold, SlawAleld 3 Aw7lolde H7]&

7H A, Aol Aol #7]E&o EH?LP H
w5k I0TC Aeofere] whef ul3E g2 7hs ot o *é‘é S
2 Al%3] W sl s Harsto(I0TC, 2019), =38 & A=
£ Bo| =2 sk uglh. w73 T2l S $15) 10TC Aokl
w2l Sl =52 #H7|E S AEstes dastal gle
(IOTC, 2015b), 1 R 18- =] LTHIOTC, 20221). 13+
AHee) 2 g of ol A4 40l WS B £2E
7% AR e FIAAK e Bk, vlEmFo of
2 OIS ES B9 4 9k ek Jlolot 8 Aolch

MAIRo] &
A ] o) A3 S1R 4 ERE AL B TR b 2

ol AT 2 HIsHIet. thgolol e EZoA FY5k= o
FolE olgstr] wlzoll, AAA fEEe] A& - Ha=(HI)
= L5008 FriEo] gt e 2 YelyithFig. 3).

ol A3 AT (H2)= AY(SAl, HBEH) Y
I FADE AH&-8k= Aol gollA 22t 3.00, 2.73 0. &2 Al 4te]
of m-¢- 95 2 8h+= 48 FaL(Fig. 3a-3c), 124 4] FADES A
&31= 7] oL 21302 o2 adk= AE(Fig. 3e),

ZuA 0]t 91409 1,350 2 v A Fa sk Ao 9l
THFig. 3d, 3f).

FAAFG A i F Aol o o7 = A% AP
(H3)= 7247} 0.28, 0.55% F5 5 Abe(Fig. 3a, 3b), Aol ¢,
Ast71010 3} A5l de Fol5 a5k AHl(Fig. 3c, 3e, 3f),
QlEA o Y2 u$- 0 E Q5h= el & LR thFig. 3d).

ot Alof| whef o] kol YA E o] Gl l—%i LR PA = o =
E‘Ol A Holdo® Fodum, AR Sl o 9 3%

o] Aulo| A-7F4 20l ¢eleclor zeE 4= ilE}(Gllman
et al, 2021). A 51w 0F 3 of A o] 3ln]go] =& Aoy
I} FADE ARE-8h= Aol gt w7199 of 74 9] A]
3 A=A e Hert dast Ao g Holo, o] 5 1
A8t7] afiAl= Hojtol theh aubQl BuUE A2
T3, X3 of Lo A Fo] Fasit.
At AHN mel

AR A2 sHelo] A HRAGEDE ol dHeI2 Bt

@‘EP o] o] 9] x| i 91 H = F-FA7HUSD/barrel)d ©]

H tj3Eo]E9 JJrﬂHW}(ton/USD)i B7stleh AmAd
*U HAE ol 3 o]FZ 7hrhgoel, Foidol, woh
o] & stz AAstl, &HH@EH% FAo e WA, aga

)

o ok i

ox oxl IB

Jﬁi
L= (s )

o> ot fo

|
of
:(l)g
P
o

>

i<
i
Jo
o

g ol f& W5 o= 7Hgskieth. AR g1 9 o] TRP= 131
oln, 20214 9] G-Eu|g} Tty 1852 A X Y Hs
0.18% Yot 4B 2 YEbtth(Fig. 3a). th@ Ao} o=
WAl P2 Fssh Al $l o H(Fig. 3b, 3d), Aol At Ay
710142 1.36, A5o1 2 1.02% v 2] Fogh e = Liet
Yok(Fig. 3¢, 3e, 31).

I-8357HE A|3£(E2)2] TRP= 6137t A AlA| 11-8-57H9
B2l 042, 7123 LRP= 022 A4t AR oY
I Aol o] 57 747 0.03, 0.0 1u]u}g§ 2
#F 9= 1913 2.000 8 AitEo] 3005 Q5k= 4
B $132(Fig. 3a, 3b), Aol 43} & oA %@3& $H
(Fig. 3c, 3d), 123 7] ol J ot Aol fL vl d] ot
Al 2 LeRgTHFig. 3e, 31).

= A7) shetol] vl sl W5 e = Hrl E = o] 59| of7} 5}
g iAoz gerout, WA = Tl E= o Fo of7t

L 27kl (I0TC, 2022i, 2022), Q1=oF thetolo]eje] whuj
ol F2 Fogt A o= HIE e

SHEX|e

ARl A} Aol Y] BT} B3 g o] ol A %u}
WA YA ok 22320702 Atislo] ol
e e, 1 el Al 050 ol P e,
3] AA 50401]&1% 1.32 o|3}& v|12] k&gt A gt 7}
tarolel driaole] A&7l 4 BEBASE 247} 0,549
0.930 & oF &3 Ae 9 11, T4, wirtEo], rletol= &
o5 a5H Aeol 2IThFig. 4a, 4b).

Agolge] Aautddat Mo A E%’%%‘ﬂ-’?—t
1.06 o3t B2 Fo3t AJel], AH2] g A4 He
B ATt 7hEel o] A&7k A SR XH\J& gt
sjrhegoje} terhetol 77} 230, 2,222 Aol FolE

SHe Alel 2 UeRdtFig, o)

ofzapAlolelo] ABTIRY BEIHASE I8 ash
AR, AAIA FeolA s Bl oEe A, Al B
ool iz o Alefolgleh. Frkapelo] A&7 B3]
A= FAE ashs AH, 7 ole I AdHE U
WohFig. 4d).

As7019}e] BEPA S ARTIPI 4142 o
A ot AR, AR AIE ol SR AR vl LA
FEet el ek Fiekaelo] A47bs A BRI
i Qe A AL, FHrieolts 00 ask Aolgitt
(Fig. 4e).

Q145019 o] BISI T A A 47 o] ol 4] st At
Srhepgst A BeloE vl e A
o}, terhaolo] A47HsA BESIRASE HmA Fagh
g, Frtgols FAE 85k JH A, %7HE} goleh A
+ Fost AJHl ol Urh(Fig. 40).
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Fig. 4. Estimated objective risk index (ORI) by fishery and species of the Western Indian Ocean. S, Sustainability; B, Biodiversity; H, Habi-
tat quality; E, Socio-economic benefit. LOT, Longtail tuna; COM, Narrow-barred Spanish mackerel; KAW, Kawakawa; SKJ, Skipjack tuna;
YFT, Yellowfin tuna; BET, Bigeye tuna; ALB, Albacore tuna; SWO, Swordfish.
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A47HsH BEIBAORI)E A% AE 7HFH7H
7V 27] W] o1F0] A% A G A Wkt
ghekepol ATl 4L ASlat BE ojgjo] A oj2lu gl
dl, of 214wt Hojola) vl go] the thixeldat ¢i%
ol el 0 2 BEFA 57} A vhehet.

BEChpY BEIFAFOR] ) E21E A E| JFE 2
A Wkeh, 0TCAA = E2leo] & Aol 9] el 2 9]
32212 25K YA, Aol 5 k2 olgle] B2E A
2 9Ja o] 3| Bl

HA1A12] A BT AORI, )= thefololge] ofglsAl
o] F EFol7] URo, th ] ool AAH Feo] 4
A GG v ot o5 B AR LehAN,
Aol @t FADE AHESHE o] ol Al of L SA= Qg 4
o 917} ok o] 5 of el thah A 13k of ol A
W5 A o) ol Tk X145 ¢) U o] Badk Ao B
Qe

AR Ao} BHEAHAFORL ) T BRI
of s} A 918 =7} ke,

{a) Artisanal gillnet

ZQIEXI5, OIUAEKIS U MENA XIS

ARl o] wrkaoloh FAA, s AoIgle) St
afo]o] F9|RA 4 150 o FOR 0I5 sk Algol9]
o}, ckegolot sfchgols A\47bs A BEIAAGTE FE
st AR O, £ AR YT e ARTIRY B
918X 40] o2 1o)4o|siek(Fig. Sa, 5b). Aol el A
L Thekefolo] F91H 4147t FE A, Brhdolis 148,
cigolis 1452 AT Fig. So). 2E4HA )t A7)
of el A Fhrhelts Fmgt Ael g, kel FolE
28H Aol Aok (Fig. 5d, o). AoldelAe riaolel
Frigole] 3 SIAXN4T} 14 oo AsEiglon, e
of ol ul3) A 0.2 R Es} vhoron], Wolckeole} 3
A 9] F9 A4 A Lhebdeh(Fig. ).

AR eo] o]¢] 9T EL WE o]eo] 4 o A9 HA
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sttt olg] SIFES 7o HKE AEASIE A4 130
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Fig. 5. Estimated species risk score (SRI) by fishery of the Western Indian Ocean. LOT, Longtail tuna; COM, Narrow-barred Spanish mack-
erel; KAW, Kawakawa; SKJ, Skipjack tuna; YFT, Yellowfin tuna; BET, Bigeye tuna; ALB, Albacore tuna; SWO, Swordfish.



SRR ERY
z ¥
L
%
.g <
% o [ ] [ ] . - - -
>
Q
2 o
8 p-— : ; . . .
Art GN  Ind GN PS HL BB LL

Fishery

B A 75 o1 1%l H 7} 459
x
)
B -
£ =
x
iz .
g 1°
2
ES
w Westen Indian Ocean

Ecosystem

Fig. 6. Estimated fishery and ecosystem risk scores (FRI and ERI) of the Western Indian Ocean. Art GN, Artisanal gillnet; Ind GN, Industrial

gillnet; PS, Purse seine; HL, Handline; BB, Baitboat; LL, Longline.

o2 A4FE|itk(Fig. 6).
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