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RZ F3 JABBA 71 JABBA-Select 5 5)3F fi E B 3 & & % it

‘}I{fi,%l,z , %91%1,2,3,4 Tk %1,2,3,4
(1. BRI Ry MPe Rl 2o e, L

2013065 2. KyEfr IR AT FF S0 R A MG L I E, LI

201306,

3. ARSI T R R SeseE, B 2013065 4. [EZGETE L TRESORPITE L, LiE 201306)

= S\t (Xiphias gladius ) 72 BAT R 2 G (E A R BLRE 0 S (0 o, b T 0 W BEAY L, 05 FLBE PRITAG I

il 2 A PR, AE IR D PR SR AE S R F BA EEE L 5T DUt i b 4y 7 AR (just
another bayesian biomass assessment, JABBA) FI'& 41 i JABBA-Select Xt E[1 B VE 1 2 G5 ORI AT VA , 49
BroE R B HR A (FRifif CPUE) R B7 b B M XS DAL 25 SR A2 e o 45 SR W] . JABBA-Select 55 [R] 2% [E4ili #5
RPN A T s B, AP TR B ITAG e BB T JABBA B, EJLE ¥ 1 40 1) #% K AT 49548 77 B ( maximum
sustainable yield, MSY) flifti2 3.17 J3 t, Azt Jy 3.01 J7 t, B RAL THEFOIRAS AR 98% . 1TAL 45 R
X P BB SR r (800 0 A BUBME RN, 280 r SRR S K R B o A AP AE SR . i
REARUANAAAE W Sl (0 BB 1 22 , R R . 0 437 b, 2 VPl R A5 1R A 3.60 J7 ¢ LR B, 7 2028 4

RN 2o b T oI A B2 155 (overfished ) A4 £7 10 i BEA#E} (ovenfishing) .
KR EDREVE; Slfh; BRUOTAL; R R R

hES%ES: S931.1 XEkFRER: A

It (Xiphias gladius ) 3@ 655 H ( Perciformes )
SRk Xiphiidae ) §1) & ( Xiphias) . S JE TR
PR 2 R B R R A 2 R R At
(tuna-like species) , | V2040 T = KRBT AR
R, G 8 T Y5 R A A DX I i o A B2 2R
(regional fisheries management organizations, RFMOs)
MR T o B[RSV G 40 BD VR S 40 1022 5
2> (Indian ocean tuna commission, I0OTC) 45 Hf
1950—1990 4[] , B BE 7SI 0 45 S 42 4 £0 18 2 4
SR M SR, M SRR BRI 5 20 HEZE 90 ARARATT
Uy, — e LIS 0k X G 00K 2 R 4R A I iR R
Ji, &t fa Af e TG I G, ML 1991 4E 119 0.90 5t
Hehn3) 1992 A1 1.58 J3 v, H i, EPRE TS fa4F
WK AR AR AE 3.10 J7 t Iidy, BEE IR
IS, A A% AR B 50RO T Ji i B
AR, AT ) 2 5 A 48 B A it o

WINKER 1 PARKER 5 1] D -3 4 7 A5
HI(just another bayesian biomass assessment, JABBA)

RENEEVES a0 T3 VPG 2051 LA i 3R A

e HEA: 2022-03-07 1&E HEA: 2022-04-10
BEEWE: FRARBELGE(41676120)

P FARAE AL 5 1 B A 47 57 85 7 & (catch per unit
effort, CPUE) SRy BAKE , i 1 AU 4DL A A S A i
RESHL, JABBA FEHY PR AR T 4K 1 FI bR
#Efk CPUE $iHfa 185 1712 RO . Sk
P D7 gaoxt v AR Il AT 1 BEIRIT A , 2240
SECIIEAR SR YR IR AT T A 7E BRIl
EHHLN X EITEC N TR RVEER T &
FIRPEPEE G AR 257 SR, i T2 T i
My BFIEFIRE 0 A 05 505 B LD KA 57 1 1 25 52 i
RIZR , JABBA AU RE S Wi B ek 1) 221k

JABBA-Select & JABBA HEHY (14 i€ , 2544 &2
Atk b A T AL G A 7 AR (40 a stock
production model incorporating covariates, ASPIC)
FNER G P AF 08 S5 H LAY (] 4N stock synthesis,
SS) Z "™ . JABBA-Select 7£ JABBA £527 i1 S
BB E TR R A TE S A SR BA A 4 5 e
PER R IZARNY 2 R T AT il B sk
R, AT AT LA HE AN [ 438 55 4l T =000 W8 LAY
SR, R BT IR AR A TR R T H

EB BT TR (1997—) 53 LA A AR5 16 A il FEIRITAG o E-mail :2418223956@ qq.com

BIEEE . KRITI%, E-mail ; jfzhu@ shou.edu.cn
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ARTCLE A BB PR A T AE 4 (working party
of billfish, WPB) 78" | LB B v 61 #1175 e 35
HEE AR (L CPUE s 566, R H] JABBA
Fi1 JABBA-Select FAYNTH G PR B0 PEAR , O LA
PIFR 5 2 PTG 25 5, S B il B e 5 1 X PP A 1
SR, Ay B R 1 40 0 R 0 A BRI RL 22 AR

I Y SRS WIREN

1.1 #HIERE

ENEEFESI il AR IR T 10TC R Ak it f
TAELL (www. iote.org ) , F 15 ¥ 35 1t BCHE Fbm o Ak
CPUE %4 , it 3 6 I [] 25 B2 2y 1950—2018 45 (&
1) brifEfk. CPUE S TAEA A TF I EME, EREEFEVY
A E R G 1 B B, AR ifEfk CPUE i
TR R IR 22 SO AR (R 1) o
HRAE 2017 4 WPB 5%, Hh [ 5758 1E48 5911 CPUE
FERRE AT AR il D BT 200 em 1MA, HLBE
G3 R WA B[] 7 5], B[] 325 5 ok 1979—1993 4F- Al
1994—2016 4F- , (H T AEZL A Ry A BRI Ay el 5
FEARTT AR 2, PRIHAR S R A 1994—2016 411
FrifEfk CPUE'™™ . F AR i E48 4R Ak CPUE 4
43k WG A 5] [] 7 91) : 1979—1993 4F il 1994—2018
A, TR AR R A R
WA SCASR ) H A A 47 fEfL CPUE, FglEFN
% F ) HE 48 ) bR fEfL CPUE B [a] 5 51 43 531
PARKER #l COELHO #8451  HAbFELR £t
BAFIIAA ML 7 = A B A CPUE %l , RAT iagk
EWE . I, AT 4 ARSI BA I ARIfEfL CPUE
Blg VAR TR IR R R (R 1) .

5

N w >

ViFRE Catch/ (X104 t)

—_

0
1950 1960 1970 1980 1990 2000 2010 2020
4E Year

Bl 1 ENEFSIE 1950—2018 FHFEIRE
Fig.1 Annual catch of Indian Ocean
Swordfish from 1950 to 2018
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K ¥ % #H 314
F1 EFS&EZMBREN CPUE #iF
Tab.1 Standardized CPUE for each
fleet of Indian Ocean swordfish
AR BA ARG R FEFRE AT = 48 Bt [ 5
Fleet CPUEindex CPUEindex time period
H A SEZ8 P A JPLL 1994—2018
[REEIS TR TIN SALL 2004—2018
I A AL A PORLL 2001—2018
HEGEAEEAM TWLL 1994—2016
HCAth, 228 28 4 9 B - -
HAAE M T7 B - -

1.2 R
1.2.1 JABBA fi
JABBA " S F Pella-Tomlinson J8]4% = F #i /U

SR ] o

m-1 "' K
B,=B,_, +S,, -C,_, (2)
S, ¢ AT ARy m HTERSHG S8
K Jy ¥R 55 25 94 48 (carrying capacity ) ; 248 r B Ff
FEPN B4 K K (intrinsic growth rates) ;B,_, A t—1
SEMAEYIE B, AR R C o R - AR
SR

RS E m Sy 2 1, (2) Bl Schafer 5
A 24 0<m<2 B, 70 (2) 4 Pella-Tomlinson %Y ;
Hom LI T 1, (2) 2 Fox £ AL

Pella-Tomlinson #58 N | 4k £ % K AT 477
## ( maximun sustainable yield, MSY) 4= ¥ &
By JHH TR Fuoy 528 rom K B KRR
LU

SPt =

Bysy =Km(m%ll) (3)
r 1
Fysy = (1 - 7) (4)
m -1 m
FUNIL Y]
]i,t:qi Bt egm t:15253”'5n (5)

Krfg, AEEFREC BT R EG &, UL
i%%,ﬂgt’i'”]v(o ’a-i,t,i> ’Uii,zﬂngb?m“ﬁﬁyﬂ&M
WA E 347 [ inverse-gamma (0.001,0.001) ];n K
TEHEHL

SUNEYN )

M
’

e t=1
P, = [P (1=P_ )] 2, Gy
(Pt_1+ e
m—1 K
t=2,3,-,n
(6)
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e AR n HIEREGP, S B, 5 K Y HE ;X
i, SRR, ~ V(0,07 ) Foho? 3
25 XA R Ty 25 AT DUMBCE Ry R B, T DL
Fiflivhe FEABRTE P B ARy 2 o) IR A
53 Aii [ inverse-gamma(4,0.01) |, €, J& -1 4F
ol f B R
1.2.2 JABBA-Select il

JABBA-Select #£ JABBA [ 5Efili I, 254 T il
PR A1 05 Sk R 457 1B 43P 0 o 4 U 45 4 - A A
#l (age-structured equilibrium model , ASEM ) ¥ &
DA S B2 Ry B RKOA] R 28 7 S ) 1) 3 455 4
T2 Fyo ATEIRSE m, F oy Fl m Z 8] B FEAAH
S LEM 2 £ 0 1E 2 ( multivariate normal, MVN )
SE0 R R, AR TR 23 X XS S B AT G A
T A JABBA-Select #EATIPAN 55— 25 2
4 Pellaand Tomlinson & % f) 3l 4% 7= & oK %X Al
ASEM Mk F R, BRI A7 i S, & B AEY)
S I—AN BT e

. ey ™!

sl ] o
T S r R B R S AR TTF R IY
PRI AP m TR SEL, BRI Sgpusy/ Sepo HL
e X

Sy =

Sepus -1
sewsy _ (=L (8)
Sspo
G
Ssamsy = Sspo m " (9)

YEFFIROR ] HF 2 I A BT AL TR sy

MSY
Fysy = (10)
Sspusy
S8 r BFRE AN
r 1
FMSY:m_l(l_;) (11)

X, F A B ] L RIA
Frsy Sep !
1 _m-15s3[1 _(Sseo) ] (12)
SSBt:SSB(t—l)-I-SP(t—l)_ZA Cs,H (13)
e Sep A ¢ RO S,y 1= 1 AR
Tz C, o) RRTESL R BIERENE s T -1
AR SR
FARIAMFE B Y 7 D A #) 5 (spawning-biomass-

per-recruit g) 1B A7 #h 7T B 1Y 7 & (yleld-per-

Sy =

recruit, 7) FEIkH
§=3.w.e.N, (14)
7 S%HN»% l1—e™ H-M 15
=S (12 (S)

o w, HAFES x BRI 5 @, AR « B LA
AEFPRE Y LU 5 N, AR IS & IHAE 3 1 B 4
eI B s, AR o I R REPE , H Oy Ik I 4 455
FET-3 M R HARIET -3
ST
0 O ifi=1,,,

2
-0502 .4
el ifi>t,,

m-1 %,
O

p,= 2 Yo Fusy C i
Pt 1+ ~1
1-m 9SBo

(16)
P, IR Sgp/Seposm, it B IR 2, 1, ~ N (O,
o) Fhol R BT %5, RARVIRE, FEA
W gs v, (8% B 22 o) BN 38 A 5 o A
[ inverse-gamma (4,0.01) |, v, J& Fysy B AL HE 3
B, FRAC, ,/3.CLME,
] FF & 4 ¥y i (exploitable biomass, EB) A] 32
|

ER(s,L) = SSBI vls + (1‘)23 - vls)

1 = e (PP

(17)
K Ey ) FRTEMBIESEN: s T « AT T &
AP SV, Uy 03, HIP ’st%ﬁﬁﬁﬁ%ﬁj&‘% S
TEg 5.0/ Ssp WIAMPBATAESEL
WL 75 72 A
In I, ~ Normal[In(q, EB,,) 90';,;] (18)
A IR R ¢ o B AR RO AT &R
Bse, HMMIRZE, He, ,~N(0 ,02, ) 500, HW
W72, IR M 354 S5 4345 [ inverse-gamma ( 0.001
0.001) ],
R Uil > BIUpSE
[ 1+ e( ’1(:::;:;0)) ] B L < Mg

S =

g(Lspy,0,)

max[ g(Lip,,0,) ]
A2 Ly s 50% e tE XS N A JEE 5 SLos 718
95 % EFEPEXS B EE . Hirr, g (L) J2 iR IS {E
N g FRUEZER o, WIERS 0 IZ R EUE T ik
BrEMr A%, o,=CV.descxmin.desc, H.H
CV.desc /R T [ X min.desc Fon M i
/IMH

7L B /"Ld
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PN 3%

1.3 SHSZESHEMNARIEE
1.3.1 JABBA S:%ik %

TEF Ay 7= mE B AL B SCHE S B0 B R A T
2 EALR W PR AG 45 3, DY S 8O A T 4
FE O RSO T WA - SRR (1) MR
MCALLISTER " fy fF 5%, {85 r IR A X 550 1 2543
i, {E R 0.42,CV K 0.4 (2) HRIE fishbase [y
Gt B r IR 0.2 £ 0.8 B 5 nfa. K Y
JeB A B LIARAS B K IR MK EOE & 7010,
B I(E S R DT S e KR = ) 10 £5(3.78 1
t),CV BE N 1, MG 1950 4 11K i 35 &= 45
I, BRI IR BRI R o (@ =B,/K) IR M X 5L
B, P AR S5 28050 1 f0.1,
By RUIGAE O R . B nl e R g Wik
RIS B 06 . AR S TOTC 4Rt 2
K Pella-Tomlinson ;= pR B, A B 58 % 8
By/K=0.4,

1.3.2  JABBA-Select S i &

JABBA-select FE TG A 16 50 240 (6 2) ol
BB (£ 3). 44 FU M FARLEY [y #f
7 R R KK L, R 279.6 em, VB /E K
TIESEL kR, 4350 0.123 F1-2.55, KKK
FRAR A X a, b 553510k 3.815x 107 il
3.188, I/ MEWE A, MR KA A, 73508 0
30 W, 454 FUP RIRTSE, de et e 2,
SHNFE 4, 8el _1 Fon H A R IE A 4 1L 48
FRRBAISE BE I, Sel _2 Fe7m p [ 4 15 48 1 4g 4
P BAAG 1E 38 1, Sel _3 3 7% JHL At 4IE 48 4% i BA ) 1k
ik, Sel _4 FerR HAAE M J7 = BR A BE R

ZE4 FU BRSO AR iy i
SSB()i‘j 25T t, T‘Hﬁé‘ﬁ/ﬁ%ﬁ% PSi(Ssm/SSB()> j?]
1,CV 25 0.1, f1F HATH —Lqh1F 7 ok DL s
FNEAIE, SUfa ) [ ARIET- R B M A7 R,
A b DO S8 A IEAG T, MR SR 0.2 ~
0.5 B M AR MIIE R 0.25, CV 0. 175 X%k
EAS . iR B-H SER-#b 5t 2 5C R AR 1Y)
ESEh S 0.8,CV K 0.2,
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%<2 JABBA-Select R hMEIEFi¥ Sl A4 FESH
Tab.2 Life-history parameters of Indian
Ocean swordfish in JABBA-Select model

LR HfH
Life-history parameter Value
WIRAAK L,/ cm 279.6
VB A KT RSH k 0.123
VB A KT HESH 1 -2.55
VB AR TS o 3.815x107°
VB ARG ESE b 3.188
T/ MEWR A A,/ year 0
e KAFY A A,/ year 30

%3 JABBA-Select HE 1 E) FiF Gl & XIS E
Tab.3 Prior parameter settingsof Indian Ocean
Swordfish in JABBA-Select model

Parameters Mean cv
WIRAE = IR E Pt Sepo/ (X10% 1) 25 1.0
IR GEIRIT K % psi 1 0.1
HARSET-RE M 0.25 0.1
FERESHE h 0.8 0.2

%4 JABBA-Select #& %)t E]l fF
B8 Sel_1~Sel 4 IS
Tab.4 Parameters of selectivity in Sel_1-Sel_4 of
Indian Ocean Swordfish in JABBA-Select model

S8 PEREME 1 BEFEME 2 RN VB 4
Parameter Sel_1 Sel_2 Sel_3 Sel_4
50% e FEA:XoF B
K JE SLey/em 130 120 115 52
95 %0 A X Jir
BB SLgs/cm 180 140 119 119
My - 174 180 140
TR CV.desc - 0.04 0.02 0.2
2
T' B /NE 037 03 .
min.desc
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LOT e st LOT mter ser2 LOF e sors 1O s sers
0.8 0.8¢ 0.8 0.8
s
b
2061 0.6 0.6 0.6
< — —
=} [} [
o w wn
=
0.2 0.2¢ 0.2 0.2
ot ot ot ot
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
FKL/cn KL/ cm KL/ cn FKL/cn
(a) (b) (c) (@)

B2 ENEFSGEEFEN%

Fig.2 Selectivity curves for Indian Ocean swordfish

1.3.3 AT

MR 5 Ve PR IR 25 57, % B 19 4 9 VR AH X =
FEFRE: —4 0 4 AR PR HEL CPUE, ) —41
R E G A bR L CPUE, £ JABBA
oL TIRSE ro 32 Ak e A CPUE 250408 1 52 1)
ST B RE A, XS EU r AT AU AT
%2 5 v lognormal (0.42,0.40) 7/~ iR M {E R
0.42,CV 2y 0.4 (X EE A& 4345 U(0.2,0.8) %
N IRA0.2 F 0.8 (351534 . PRIt AR 4 AN [

PIGEIR = B 6 5 S EE 1 4 A A 3 b i o
B, Wik T 12 F JABBA J7 K AT M. T
JABBA-Select ## Hr >4 7 B A 5 AN 46 T Al JF
SRR, BERIC S JABBA-S, 24 W 4 AH 2R
B S5 AL AL B — A IS, FREBEPE D Flygy , B
RICh JABBA-P, [AI I, MR 4R A [] A 9 5RE X6
JEFRE IR ST R R AR R,
B 4 i JABBA-Select J5 #1740 Hr . 3L 16 Fy
ESERUN(IE I

x5 HEFMNEFFEREMGPERNLE

Tab.5 Model setting of stock assessment for Indian Ocean swordfish

% P K B Rl L) HIXTE AR
Case r Model ( Production Model ) CPUE index
S1 lognormal (0.42,0.4) JABBA (Fox) JPLL,TWLL,SALL,PORLL
S2 lognormal (0.42,0.4) JABBA ( Schaefer) JPLL,TWLL,SALL,PORLL
S3 lognormal (0.42,0.4) JABBA ( Pella-Tomlinson ) JPLL,TWLL,SALL,PORLL
S4 U(0.2,0.8) JABBA( Fox) JPLL,TWLL,SALL,PORLL
S5 U(0.2,0.8) JABBA ( Schaefer) JPLL,TWLL,SALL,PORLL
S6 U(0.2,0.8) JABBA ( Pella-Tomlinson ) JPLL,TWLL,SALL,PORLL
S7 - JABBA-S( Pella-Tomlinson ) JPLL,TWLL,SALL,PORLL
S8 - JABBA-P ( Pella-Tomlinson ) JPLL, TWLL,SALL, PORLL
S9 lognormal (0.42,0.4) JABBA ( Fox) JPLL,SALL,PORLL
S10 lognormal (0.42,0.4) JABBA ( Schaefer) JPLL,SALL,PORLL
S11 lognormal (0.42,0.4) JABBA ( Pella-Tomlinson ) JPLL,SALL,PORLL
S12 U(0.2,0.8) JABBA( Fox) JPLL,SALL,PORLL
S13 U(0.2,0.8) JABBA ( Schaefer) JPLL,SALL,PORLL
S14 U(0.2,0.8) JABBA ( Pella-Tomlinson ) JPLL,SALL,PORLL
S15 - JABBA-S( Pella-Tomlinson ) JPLL,SALL,PORLL
S16 - JABBA-P ( Pella-Tomlinson ) JPLL,SALL,PORLL
1.4 [EES & VPGB IS 1) e 2] 9 30, A ] 4 003 1) ¢ 5 A8

[B] G5 4: [A] B3 ( retrospective problem, RP) 45

A P CRVEWER ) th BB PE 22 B35
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31 %

PN

B REG > o TR A B Y R i 2%
ARSCHEAT T BB o3 By o 38 e 22 U R — 4 Y
Belig, E4E, RIS B, IR MOHN p
it , T B Z A2 . 1R A0
X(tl:t),t - X(zl:r2>,!

P Z Xm:x),z
Aoty o, R MR U 20— A AR s — 4
¢ 52t M G Z A3 —4E . X FRoRF— Al
ARICNGIRE . 4 p (H9 0 B, BURFAAEAE RP,
RO BITE R GetE i 22k, 24 p (B B , i
FAAEIE RP, RIVR] — 47 A4 55 U5 L i 18] PP 510K T
Kl 51, ez, Wk 4 RP,
L5 T

K 2016—2018 4F 1 - 24 i 3 ik {E i
2019 4Ry AR (3,15 J7 t) , N7 SR, B
AN TR 7K SF 1 5 e 8 BT 4 457 & (total allowable
catch, TAC) {H (2.4 J7~4.0 J7 t) , 43k 0.2 J7 t %
B —A> TAC {H, 3£ 9 4> TAC fH, X ENBEVE S iR
K 10 AEBT IR S A E AT 0T

2 iRES

2.1 WEUSFISHT
PARPASTR] B 58 P AR X =6 B Fe Boka A an # 3,
BT ETFTNEMEMSER 6, HERZEE DU

(20)

# 3.5f — HEEAH CPUE
S — WEFERY CPIE
S 3.0} — BAERH CPUE
8 2.5}
&

2.0 t
&
m 1.5}
% 1.0}
' 05l
@ O

1995 2000 2005 2010 2015
£F Year
(a)

N ( deviance information criterion, DIC) {8 Fl ¥ J7
R 1% 7% (root mean squared error, RMSE ) {H ) /)N
IR AL LG 28CR , DIC F RMSE B8/, A5
PIA R B T 16 R 7 R &
B, ARV 2 E 15 %0 RMSE fEL A1 DIC i)™ 2=
WA, 7E JABBA B8R 7Efin A TWLL AL
AIJ5 %8 RMSE {H#5, #l & ROR M X & 2%, 78
JABBA-Select 1, # 2 A [F] i AR #E L CPUE % dlg
RMSE {H# I . X L [a] — AR = B2 B 7
PR RIALL 4 45 5, JABBA-Select f) RMSE ¥J 4 it
B, A TWLL f B B S o A ST 04T 2 T
BEIRE Y LU 23 A, B3R S AT L, BR S2 Fil sS4
A, AW SR 0% [l i 1 22 #4407 - 0.15~ 0.2
Z 8] ANAEAE B I A [ s 152 2%

28 EFRR 78 JABBA-Select 1,S8 55 S16 #
T G RCR el MR B DT R T Y
RMSE {HAH T, S8 Y DIC B & /N, H % J& % S8
BT HEZ MR CPUE {5 8, AR SCH 7 % S8
VESR BEAl LAY, 1T DA B R 7 &1 £ 00 Fh e 4R
5. S8 1l Fi Welch-Heidelberger 4t 11 & {8 /)N
T 1, &SR 5 56 3 A1 3 IR AL B B0
WCSRHOR (1B 4) o ¥ AH X 32 52 45 BOH ] /Y S3

YESR JABBA Xif B0, 43 AFr > 5 3 R 0 B BE ¥
RS PNV
B 3.5t — REEBERE CPUE
Bl = S
e} . PEAEBEERY CPUE
g a5t
S 5ol
= >
| 1.5} ¢
& I
o 0.5 | | | | .

1995 2000 2005 2010 2015

4E Year
(b)

BB A ARBARY CPUE £, (a) 9 HAS Rk A4 2F 3 S48 FIMRBAEY CPUE &%, (b) R HA Bk #F T E A B 4
SRR CPUE 15 #a% . BREOSLLON BTN TTHRY CPUE Z528, 152 XU HE 95% 845 X il
The colored lines are the CPUE data of each fleet, figure a shows the fitted trend of CPUE for three longline fleets from Japan, South Africa, and
Portugal, figure b shows the fitted trend of CPUE for four longline fleets Japan, South Africa, Portugal and Taiwan Province of China. The solid
black line represents the CPUE estimated and the shaded area is its 95% confidence interval.
3 EDEEFSIE 2 FEX FEEEER
Fig.3 Two CPUE index trends for Indian Ocean swordfish
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Tab.6 Goodness of fitting and retrospective of S1-S16 model case
WIS Wiz a5 A [ B 2 10 RS ViR mEEEAME BB 2EE
Case RMSE DIC p Case RMSE DIC o
S1 33.10% -361.70 -0.01 S9 24.90% -376.40 -0.04
S2 33.50% 359.30 -0.16 S10 25.30% 370.80 -0.06
S3 33.30% -362.80 0.08 S11 25.10% -376.80 0.02
S4 33.10% -360.40 -0.23 S12 24.90% -376.70 -0.01
S5 33.70% -365.00 0.10 S13 25.70% -380.10 0.17
S6 33.20% -361.60 0.08 S14 25.10% -377.40 -0.11
S7 24.40% -368.30 0.04 S15 24.20% -362.90 0.06
S8 23.60% -369.10 0.06 S16 23.00% -365.10 0.07
w3 Prior
O)5%
Posterior
2% 4e% e 8% 0 0.2 0.4 0.60.8 .O 1.2 0.2 0.4 0.6 0.8 1.0 L2
WIAT= N MRS,/ t W TEE TERSHm
/-\JPLL /\SALL
0.6 0.8 1.0 1.2 1.4 0 4e7% 8e % 0 4e7% 8e %
VIERIBETTRE psi R a TR o2
B PORLL TWLL JPLL
2
O
a
gza(
5
-3
0 4¢7% 8e® 1.2¢% 0 4¢7% 8e® 1.2¢% 0 0.05 0.10 0.15
T RH 03 AR 94 W7 ZH B sigma. obsl
SALL /\ POALL /\TWLL
0 0.04 0.08 0.12 0 0.05 0.10 0.15 0.200 0.05 0.10 0.15
MW7 Z R BB sigma. obs2 FEWHZRITHMIM sigma. obs3 VWG ZHIFWIR sigma. obss

0 0.05 0.10 0.15 0.20

WUFRRE sigma. proc

4 SHEBAHMERS 5 (EEE S8)

Fig.4 Priors and posteriors distribution of parameter (base case S8)
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Tab.7 Summary of sensitivity runs in JABBA model to r prior distribution

PR %

SR ER

MSY Il e T

Z’i‘ r m K/ (x10%0) Frsy Boois/ Busy Faoig/ Fysy
Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5%
S1 028 0.18 043 1.00 1.00 1.00 27.373 18.932 40.123 0.28 0.18 0.43 0.87 0.57 075 127 0.75 1.96
S2 039 0.21 0.62 2.00 2.00 2.00 28771 17.875 54.202 0.19 0.10 0.311 0.69 0.04 096 1.61 1.08 26.60
S3 030 0.19 047 1.19 1.19 1.19 27.724 19.139 41.569 0.25 0.16 0.39 0.81 0.54 121 137 0.82 2.06
S4 029 0.19 044 1.00 1.00 1.00 26.873 18.715 39.367 0.29 0.19 0.44 0.87 0.58 130 1.26 0.75 1.94
S5 039 023 0.60 2.00 2.00 2.00 29.118 19.953 44.510 0.19 0.12 0.30 0.71 0.50 1.01 1.57 1.03 2.24
S6 031 020 046 1.19 1.19 1.19 27.040 18.975 39.954 0.26 0.17 0.39 0.80 0.54 121 137 081 2.02
S9 0.30 0.18 0.52 1.00 1.00 1.00 28.297 18.514 45929 030 0.18 0.52 124 0.82 1.83 080 0.39 1.35
S10 037 020 0.61 2.00 2.00 2.00 30.837 18.539 58.793 0.19 0.10 0.30 0.84 0.01 1.27 1.29 0.71 37.47
S11 032 0.19 052 1.19 1.19 1.19 28.665 18.962 46.212 0.27 0.16 0.44 1.11 074 1.64 093 048 1.52
S12 030 0.19 048 1.00 1.00 1.00 28.082 18.955 43.598 0.30 0.19 0.48 121 0.82 181 0.8 039 135
S13 037 022 0.59 2.00 2.00 2.00 31.395 20.870 49.267 0.19 0.11 0.30 0.90 0.62 134 121 0.65 1.84
S14 032 02 050 1.19 1.19 1.19 28.895 19.045 44475 027 0.17 042 1.13 0.75 1.63 091 047 1.50
2.3 TiEILR =8 EJE¥6]f JABBA-Select E 775 S8 1 JABBA

PR )5 28 X5 S Al T HE FT Kobe B4
eSS (R 8 MEIS) . HTXF LAY S3 48R IR,
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WL AZ A5 B i AT 57 (overfishing) (1] Sa) o JH]
THRIFITAL A LR AR T S8 1Y Kobe K25 4L R,
2018 4F (A YR VAL Y 24 FiF 4747y ) B P 8 f0 A7
98 % L3 Kb T £ €5, DX 3 ( Fogug/ Fysy <1, Seiais”’
Sepusy>1) , X I Y7 IR OO B B A TR AL i
JEAPT , W BA S B AP (K 5b) o

BLRH AR S8 [ F/Fysy B SN 2 25 (&
6b) ,7E 2006 4F 2= 2007 4 1] [H] 4 5 L 12 % 35 2
e, 2R S N R ZE 2010 4F, B S S 0% 30 E )
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Bt 21 2006 4F % 2010 4F i), i 58 TR 10 T
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Tb, 72 A Wy A R T RS (] 6a) o Xt
BB S3 1) F/F o BT (18] 7h) LR S8 #H
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Tab.8 Parameter estimates and reference points
for Indian Ocean Swordfish in JABBA-Select
base case S8 and JABBA comparative case

S3( including 95 % confidence intervals)

SRS & s
sk CERBER g wm o
Case . Mean 2.5% 97.5%
reference point
Sepo/(10* 1) 3833  28.42  53.46
m 0.50 0.34 0.74
r 0.17 0.07 0.42
Fehli 75 S8
(JABBA-Select) Fysy 0.34 0.19 0.57
Base case Sepusy/(10°1) 951 608  15.24
(JABBA-Select)
MSY/(10*t)  3.17 2.66 3.96
Sspoois/Sspmsy  1.66 1.14 2.38
Fog/Fysy  0.59 0.04 0.96
K/10% t 2772 19.13  41.56
m 1.18 1.18 1.18
r 0.30 0.19 0.47
XS S3
(JABBA) Fysy 0.25 0.16 0.39
Comparative case Bysy/ ( 10°0)  11.08 7.66 16.63
(JABBA)
MSY/(10*t)  2.82 2.45 3.22
Boois/ Busy 0.81 0.54 1.21
Faig/ Fsy 1.37 0.81 2.06




3 TTAR ¥, %5 0 1] JABBA F1 JABBA-Select 57 1A Ej i v 61l

=
=

685

2.0

L5
& =" 1.0
= =

0.5

S/ Ssaust
(a) S8

B 5 1950—2018 4F B[ B i¥ & & 3 IR AR A5 3 7 Kobe
Fig.5 Kobeplot of the assessment of stock status for Indian ocean swordfish from 1950 to 2018
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Fig.6 F/F, and Sg,/Seysy 0f Indian Ocean swordfish from 1950 to 2018 ( base case S8)
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Fig.7 F/F,g and B/B,, of Indian Ocean swordfish from 1950 to 2018 ( comparative case S3)
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Fig.8 Projections of biomass depletion based on the base case S8 for Indian Ocean swordfish for various
levels of catch
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Stock assessment for Indian Ocean swordfish ( Xiphias gladius) with JABBA
and JABBA-Select models

JIANG Juntao"?, ZHU Jiangfeng'>**, GENG Zhe'***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. Key Laboratory of Oceanic
Fisheries Exploration, Minisiry of Agriculture and Rural Affairs, Shanghai 201306, China; 4. National Engineering Research
Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract: Swordfish ( Xiphias gladius) is a large swordfish species with high economic value, which is at the
upper end of the food chain. It is important to assess its resources and develop management strategies for
sustainable resource use and ecosystem conservation. In this study, we assessed the resource status of Indian
Ocean swordfish based on the JABBA ( Bayesian biomass assessment) and its extended version JABBA-
Select, and compared and analyzed the effects of CPUE data and fishing selectivity on the assessment results.
The results showed that when the data could satisfy the JABBA-Select model, the JABBA-Select model
performed better than the JABBA model in stock assessment because it considers fishing selectivity and life
history information. The Maximum Sustainable Yield (MSY) of the Indian Ocean swordfish resource in 2018
was estimated at 31 700 t, which was higher than the current catch of 30 100 t, with a 98% probability of
being in a healthy state. The assessment results were less sensitive to the prior distribution of parameter r, and
there was a negative correlation between the posterior distribution of parameter r and K. There was no
significant retrospective problem in the proposed model. The projection analysis shows that the resource
remains neither overfished nor overfishing until 2028 when the TAC is kept below 36 000 t.

Key words: Indian Ocean; swordfish; stock assessment; surplus production model; fishing selectivity
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