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E F M HF Schaefer #EBIFI T KT ¥
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3. LGP L TR B AR TS 10

%j%ﬁ@@“> %ﬁﬁ%§m5
(1. BWHWVERFE Sl S r B 201306 2. FHFETERSFEERIE SR i
g 2013065 4. IR EER AR KPR B IR AT RRak

Ao 23

201306;

HRAMIEHF N ELALIRE B 2013065 5. FIEEHERFGHECR SEAHR B 201306)

WE I & (Cololabis saira)Z T AL KT # i R0 F EHH A E 2 —, LRI KRT
FEWA R4 AT RRIEIATHEE L ERSNPFC)Z T 2003~2017 458 3K & 4 UL K&+
[ Ak 77 41 SR 3 B S AR % 55 7 o 3k & $4E (Catch per unit effort, CPUE), # T JL#+ #f Schaefer 7
SFEEBA, HREF EREEE N T EXTAKRTHEKT &R FERNHAT TP, L EHE
KM T R, ERE R, 2T ZRERMELIT T ZTHEASHTNE UK EDNFSE EME
L RMET, EEEFTET, fE N &K #H 4™ EMaximum sustainable yield, MSY) %
75.26x10% t, 5 AT H L B KR E Busy 4 240.14x10% t, B VLT R A 032, EHA K
DHHFET, HEWRANTHEFTE MSY 4 70.03x10* t, mATHEFTENHKFEE Busy H
232.53x10* t, BB Y EH TR A 031, FEEK T A K FERAEL, KEFREHH. AT
etk W, AEKT 2 RETFREAA, FHHKFREE 03 EH,

KA

thESERE S9324  SCHEAERIDED A

Fk 1 ff.(Cololabis saira)ie—Fh i I JZ /N A0 7
PEEZS, FEAU AT IR A A By K B 3 )z 40 i
(Watanabe et al, 1988; Tiana et al, 2004; Nakaya et al,
2010),, PEKH., PEEE ., fE, RP W HA
FHIVEC 25 B0 [ S Rk 0 #60 f%) 32 28 A= 7 [ R b DX (T R A 4
2004; FEAEFEAE, 2017), Hh ERES T 2003 4R 2 41
Rk ] A0 A TE VG A0 RSP T B A T IR PR R A,
FEEFE 2014 AR BT SR BE, Oh 7.6 X 10° ¢ (KSR,
2012; AKE4E, 2016), AR, AR il

A1 %5 I Schaefer & ; WIRIFME S5 &3, Wi KFHF
XEHRS  2095-9869(2019)05-0001-10

BRI, M B FAliB; s AW, e
ol 7 AR E )2 T . ARl ZE 51 2%
(NPFC)TF* 2015 4F 37 Bk JJ A T AF 41 %6 H g PR v ik
TR IEZ S

BEETHENLEOR R LR, ORI 2 i 2 A
U Stock Synthesis 3 #%(SS3) (Methot et al, 2013;
RITIESE, 2017), Age-structured assessment program
(ASAP) (Legault et al, 1998; AVTIESE, 2014) , SLFRFp
BE43 M1 (Virtual population analysis, VPA) (Gulland,
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1965), BN Tl BEIRIPAL o, (H L AR K
S VA R 1) A A i 5 VA B[] 2 900 ) it R 5, A
18 T8 B = 0 ol 7 IR PEAY H (Nokome, 2013).
Tl 45 7= 47 (Surplus production models) 2 i H fx )
Z WP AR 2 —(Gras et al, 2014) , AR TG i 4Rk
2 M7 4 B7 8% 71 i i 3R 2 (Catch per unit effort,
CPUE) s i 57 85 J) it Bl , 78k = - 0% 45 4 50000 1) e
bR AR RE A5 B B AF #Y BT IR AG 45 R (Punt, 2011;
Ludwig et al, 2011; Zhang, 2013), H T4/~ &5
SER TR R, OGS RN B R AN T 2 B e B IR PP AL
GEAL, . NEEROR . MREANE K SF, ML
SRR T HERR ) A= W)k, MELLERAS . DL S
5Ty 7% 0 T B S BUE AR P, $i e TR
RUZE BN A MR ] S8, 7RO SR PEAS k)2
iz JH(Chen et al, 1999)., Punt Z5(1997)%} D1 -4 75 #all.
TR PEAS B 7 A #E4T T 1HE - Stobberup 45£(2006)
iz DL it A= W i S 25 R R X 9 15 A i Bk 62 £
(Decapterus macarellus) G IEAROLHAT T ¥FAL o BN JT
], 224955 (2010) 56T DLt 37 Schaefer 74 7= ik A5 A
X} 2 Vg B 686 £11 (Scomber japonicus) g8 AR AT
TP . Bl AR AR AE(2013) FIF 5% B 45 (2015) (i T UL i
1 Schaefer 4%y AR 143 391 X Bl AR 42 4 22 £ (11 ex
argentinus) 1 75 B K- V¢ 22 £t (Dosidicus  gigas) i)
A R YT i B & 2 T S 60 TR - S 1
Schaefer o] 4y 7~ A5 O FF HoAth rp L2 #0283z fiff
FH L% F 808 A PR A oy 5 0 2 e UE AT A SO AR
(BB 724, 2011; 955, 2014), B IIfafE R padL K
PR E BB R 2 —, BN AN T IR AR
FIFFEATIAL TR B BE L 38 A WAT AR T H0.5 JE DA
PTG HE o PRk, T PR b R Ak T fa g IR 1
WAGBEFY, XPRBIR SR A A B X, Wik
T IR EAER NPFC B B R 1B 298
AWM E 2003~2017 4EPEILAE R T
11 SR RS L . NPFC Gi iRk I a3k 5 40
P, FEF DIt B Schaefer |43 = EBIRY, LT &
FIVEURAE 43 A1 7 58 X8 V8 b RS- Bk T 40 58 R 647 9F
A7, I XA Bt AT BEAEAE ) KU 2T 40 B, DA
FK T A GEUR ) A BRIT R F R4S SRAR AL 00 S 4 o

1 MRIEFE
1.1 HIESRIR

AMFFE A B SRk H T NPFC Sit iy
2003~2017 A E KK, FEEGE . BAR, #EME
K] P Ak T £ e K, B UR 3 35 208U (CPUE)

>k AT e R ER O AR, 2 5E N b E Rk
Tl brifEfe CPUE i, BRI, il
(] %5 B fy 2003~2017 4F, BIEIEILTE 1,

Fz 1 WILXFEERTI&E CPUE FI= 2

Tab.1 Catch and standardized CPUE data
of Cololabis saira in the Northwest Pacific Ocean
1y PERIHE/S s CPUE
Year Catch (10*¢t) (t/d)
2003 44.4642 10.3
2004 36.94 5.6
2005 47.3907 11.2
2006 39.4093 7.9
2007 52.0207 -
2008 61.7509 6.5
2009 47.2177 6.2
2010 42.9808 5.4
2011 45.6263 4.9
2012 46.0544 20.1
2013 42.2281 14.8
2014 62.7178 13.7
2015 35.4806 15.2
2016 36.1652 9.4
2017 26.5636 9.2
— Bk

—: Missing data

1.2 FRFmERBFNUL R L

Schaefer #5751 J2 3] 4%y AR R s FH A 12 RO AR
Y A X P B KRR IR AN 5 S B AR ROk
PEAG FEUORDL , AR Rk 0h

B,_
B, =B, ,+rB, [1— [zlj—c,l 6

I, =qBe" & cN(0,67) )
X, BN R, oM EL ARG OR
K HIREE e R, 1 4R Mgk e, ¢ ATl
A¥. r. K. g MR IR By WAL SR, R4
PR R R —E R R By S TR AR
K, B TABE SR IEAG RS AR I R] R 2003 4F, Mii% i
R ] ol TP R T 2003 452 1T, 22 FEZE(2017) 54
2003 AEFK ISR R 200.4 x 10* 1, R T4 H:
Kb, B B BIEZBISE, 21 Bi~U(160,
240),
{5 CPUE A9 It i He, EOULIN 352 22 i X
BOEASA A, WRLSR RE R RN .
2
exp[_[ln(@)—lnt,)] ] “

2017 1

L(/|0)=
o= 11 5=

206°
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1.3 HESEERHSHIZTE

o6 43 A6 4y A 15 B A (Informative  priors)JG 6
534 A5 B (Non-informative priors) G5 431 , 56
8 53 A5 150 A8 23 5 W ASE R S B0 I 50 00 A (R AN 5
2010). FERK IR EIRITAL T, o F LA ST Bk
M S e s i, Wik, R HifE
HFAMETT R A LG B, 34, % RS
PR 2% 06 78 b K SP-  Bk T £ 9 IR R G R I (ke 2 R4,
2015), KR SE r. K. g BRAEEAE L

ARAIF 5T XA ) 2 56 A i Hh 35 o D 2 A UK
MM 6, BT BB AT 2802 R T e WL 45
P 2 75 X AR S R S 56 o A BRI 0 2 01 B
(MR 7255, 2011) . HRHEZFE(2017) 55 X Bk ) fa 9 I
fEHIARSERTTE, S8 r. K. g WIREMEDT B 1 oo i
BE MBS0 r~U(0.01, 3), B840 K~U(200,
2000), Y5534 g~U(0.0001, 0.01); FEUBEAS 367 %
B S A B E M IEAS A3 »~N(0, 0.752), 1EZ&431R
K~N(435,256), XIE45) 501 1g(g)~U(-7, 0), UWL3K 2.

*2 FEFEESH . K gWERERS S
Tab.2 Scenarios for different settings of prior distributions
for parameters of the surplus production model

WNEHER R KE K TR g
UE S Intrinsic rate Carrying Fish;n
Scenario of natural capacity cocffici egn "
increase (10* 1)
i 2
LT 5 U(0.01,3) U200, 2000) O(0-0001,
Base case 0.01)
B S3 Hr
ZES N(0,0.752) N(@435,2562) 189~
Sensitivity U(-7,0)

analysis case

14 #HERESHHITE

FIH MCMC (5 RIE S /R BHR 88 ) 1A B S
B or. K. go MCMC #HAHHE WG E (R 3)
351k =1, K=1000. ¢=0.05, —IL#4T 20000 Y5,
B 10000 K47, J5 10000 Y& 10 YARAE— RS

15 &¥MEERHE

H:W)2¢ 2 7% 5 (Biological reference points, BRP)
B A W2 1) ) B R B £ B IR A RS 148 AR
A HFr2: 2% 5 (Target reference points, TRP)FIBR i
22 1. (Limit reference point, LRP), H#FrZ% 5 &
AR AR, BRI 2 2% 502 ol A8 B e ke
AR 25 (Jackson er al, 1994; Caddy et al, 1998), Z<HJf
R KRB EY %S5 5H Fusy. Busy. Foi Hl

MSY (Maximum sustainable yield, K] HF2Er= &),
Fusy A1 Bysy 730 3 $5 0l 8 ] MSY 7K B Xt 17 ) 4
PIOET- RENA YR, Fo, Fn- P05 5 FIHT 455 5L
T RO R ML R BRI 10% X0 1 147 58 T2 &
. TR TR

r

Fysy = P )
Fy, =045~ %)
msy =& (©)

4
K
Byisy = ) O

#&3 MCMCHERK=ERESH
r K. qHI#IRERE
Tab.3 Initial value for r, K, g of surplus production
model of MCMC iterations

ce -
r RKEN K GE ES (W
UES "
Scenario Intrinsic rate  Carrying Fishing
of natural capacity(10* t) coefficient(10™*)
increase
o 1 1000 0.05
Base case
BB
S
I 1 1000 0.05
Sensitivity

analysis case

VL Fo, YERIBEET- R B BAR S % 5 Fuaes VA
Fusy TENREIZ% 55 Fims ¥ Busy fE N BEIRE R H
2% 15 B, Busy/4 YERIRHZS5 05 Bino X2EH
b5 % 50T AT R S JEOIR L , M85 50T R 5L
F>Fiiny 1, U8 BI2098 U5 1E AL F 33 B 48 5 (Overfishing)
2, WA 70 BB s 4R R B<Byn I,
M8 iZ IR A RAL, B4 T ERiaRAe
(Overfished), S22 WIAALF i BEHIEFIRE
16 HAEFEEIERE

S 2 BEALAR S (2013) A 38 B 45 (2015) 19 45 B3R
WERIFFE , ASHF G I FRUSCER R A S VG b RS- 1Rk T fa 5%
TSRS, & BE IR 5 E 0 0.1, 0.2, 0.3,
0.4. 0.5, 0.6, 0.7 Fl1 0.8, AR ¢ 4F M Hf i
TRIFTHE

C, =hxB, xe’ ®)

K, CERE ¢ FRHE =, b HBEE I

K, e HIRZET, ¢CN(0,1%)
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1.7 FEEEIRITEMN AR KK ST

Wb TR PEAL A 25 S8 Az SRR BRAE
BRZERM, fAAEARTENE, Bk, XFATE 4 BRI 1Y)
JRURS: 4341 i b E B (Chen et al, 1998). B HH IR I
SEf N 2018 AETFAG, F94E 15 48, F) 2032 AR LS
W o HEST SR P F1RUES: 3 B PR A A

(D) FREE FF (2032 4F) il ¢ IR B R 8

() BREE TR Y 4F (2032 4F) Al 455 201 2241

(3)2032 4E PG IR PR T 0 5 R i 5 Busy Z 1
1Y 1 22 (B2o32/Buisy) 5

(4)2032 4FFk JJ #0595 5 1 1 72 6k %8 (Depletion) , I
BHE, 2032 FR AR ES K B HA(Bs/K) s

()5 BRI 1] %2 U5 it Fe/IMEL Buins

(6)EF ML H Y 4E(2032 F)H WK T HIRS %

FHERR P(B32>Buar) ;
(7B BRZE Y 42032 4F) SR E/N TR $1 =%
FIAEAR P(B2032<Biim) o
AL R AT 2 WHRB 4258 (2011), AHFSR
ENEAES I

2 #XR
21 BESHERAHSERNFHOLRR LM
wHa

K1 AR D5 38 BRSO i a7 LA 2 5
ML R A 55 AR AT RIS e dr B 1 R, S
HETT S UL 73 B 75 26 8 92805 30 70 A 22 52 AN
K, WiH 2 FO5E T RRSE - K g 8955
A HR A DR T e g0 o A, RARR I TR S BHUR K

Qo -
2 z - - 0.010F
¥ 520+ = 21400 - g
K & ug 21200 |- 52 0.008 |
%?“51'5' ‘81000- \}1{’00006_
K {ﬁ % 800 |- = S
m sl =B 600 = £ 0.004
7 é 0.5 -IREMPUNIIRPIARRTRIROT | GRS 400 [ IRTTRnpT TR T =002k . o Lo,
k= 0 200 400 600 800 1000 K 0 200 400 600 800 1000 0 200 400 600 800 1000
EARIKEL/IX Tteration BB Tteration FEARIKBUIK Tteration
%1 500 - . 30.00300 - -~ Jek Prior 280 prior
1125} - rior £ 0.00225 — J&% Posterior 2 210 [~ J5%: Posterio
g J5 1 Posterior g g
@ 0.750 & 0.00150 | K 140+
w0375 )\ . goooorst )\ % ot /T
N/ TN 0 o, L LS 0 L Lo N
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(]
s D14l S 2500 £ 0016
K g B3 5
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g ol @& S 600 & S
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o =]
Jgmso i 2 0.00150] 8 140}
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Fig.1

Simulation and posterior distribution of parameters

a. HEFE; b, BB TS

a. Standard scenario; b: Sensitivity analysis scenario
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AR B 5 FeF DU Schaefer AR PY b A3k J1 £ 9% TRDEAR A4S B 5

O3 B 45 5 52 FL A IR A0 AR (R 2 R AN T el A
SH I Ko A AR RS K

R T S BT E WL 4, TLIE 1 2 Fhor
T, WEMKE r R MIETLH B2,
B2 9 R F )T % 0.69, UMM HT T & 0.64; Jit
WET BB R RANT K B9 HHE e BUrE by
FEIER, 4391 500.52 x 10* t 1 485.62 x 10* t;
DR E TR ¢ ETHEE RFREAK, BRR
A28

22 MINBARABFERAEEVFSELSRLR

B 2k 2 PR 5 2T 2003~2017 4E PG 0 R
kIt IR R S A W2 E S R R KL, R 2
AL, 2003~2017 A 0] A9 55 U5 2 R i = % 48
Biim, 31 H 2003 FE LR BN FEIRER & T Hirs %
Ji Bups THFIAET- I, 2003~2017 4F (0] 3% 1 48k 1)
FEIFET R T IR 2% 05 Fi M HFR S % 05 Flor,
Wi 23 B AT A Ak T £ R R AL TR AT R K, AR
27 R . 2006 AELIOK, 0 AR AR YR i L
FTIF R PR ASACAR K, Y97E— 2 BT N % 8l o

HEE 5 AT, TESEMEDT T, Al IR d5 KT Hp sk
FEE MSY i 75.26 x 10* t, Fe k] F5 4k e B i B R
Busy 4 248.96 x 10* t, ML AYHIAET-F N 0.32, 7E

UMM T T, AR R AT RS = | MSY N
70.03 x 10* t, R K[ FFE = B R HEE Busy A
240.25 x 10* t, BLEFAIBISET-HA 031, 2 M
TR SN AW ESH A E B, KTy
Sepe i TE 70 x 10 ¢ DLE, ARIESA E R X Y
AR R R, 2003~2017 AEHAE], %R A4
PN T R T HEg . 3 6 XA, A
55 B A Ko [ B DL i 2 () otk 2 A A
(Bayesian state-space production model, BSSPM)f5
(AT SHAN TR A Y22 5255 S AR — B 22 57, X
Al RES TR AR DL KRR s A 56 o

23 MNBERBEEERESH

T R 2 FPOT R B DL S S AT R A o
FEUE T 8 RN 53 BT T 58 10 45 TR 43 A 48 A 22
SR, HTHEARE Y LR o B R iR i i 1 R
B : 2 iR N 2032 4F B R a3k o B (E AR
SETEWORZAET 0.3 MIEOL T ARTHAY, XU BRSO
RALRFAE 0.3 W, 45 PRI 45 o i 25 3R A5 Je R 4L
W3R o Baoso/Busy M Baoso/K F8FR T TH : IR HAE
0.3 IR, 2 77 T 1 Baoso/Busy LLIHII KT 1,
Booso/K HAEHBTE 0.5 LA b o A BCH R A T 0.3 1,
2 T J5 % T Baoso/Busy FUEHII/NT 1, Bagso/K HfH

*4 REMBXSHHMEITE

Tab.4 The estimated values of model parameters

ZES M T P ERRE 2.5%NE0 25% R TS%M B 97.5% KK
Scenario Parameter Median Mean Ccv 2.5% quantile 25% quantile 75% quantile 97.5% quantile
HET % r 0.65 0.69 0.19 0.54 0.60 0.72 0.94
Base case K(10%)  480.53 500.52 0.22 355.21 424.52 556.71 782.99

q 0.0071 0.0072 0.21 0.0042 0.0063 0.0085 0.0099
WURE A 2 7 0.61 0.64 0.18 0.51 0.56 0.63 0.91
Sensi.tivity K(10%)  468.78 485.62 0.22 320.93 408.23 534.83 738.32
analysis case 0.0073  0.0076  0.24 0.0041 0.0062 0.0088 0.0127
x5 ARARTHENENFSER
Tab.5 Biology reference points under different scenarios

YIES 28 H W ERRE 25%IE 25%AMEL TS%AM R 97.5% 5 AL
Scenario Parameter  Median Mean CcvV 2.5% quantile 25% quantile 75% quantile 97.5% quantile
B I MSY(104t) 75.26 82.92 0.32 54.03 65.89 91.81 154.72
Base case Fysy 0.32 0.33 0.20 0.25 0.29 0.35 0.46

Fo, 0.28 0.31 0.20 0.24 0.26 0.31 0.45

Busy(10%) 240.14 248.96 0.22 178.02 217.53 276.12 379.21

HURPEAY BT 7 22 MSY(10%) 70.03 75.49 0.32 45.84 60.62 88.83 137.83
Sensi‘tivity Fusy 0.31 0.32 0.18 0.26 0.29 0.35 0.47
analysis case o 0.28 0.30 0.18 0.23 0.26 0.31 0.43
Busy(10%) 232.53 240.25 0.21 159.42 202.35 266.24 368.13
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HBLE 0.5 IF, HHWGRAEEET 0.3 BF, Bagsa/Busy
HHIE T 1, Baso/K WY HLAEHEIT 0.5, B A9 %R
SRR ATRRE T R T, R P
(B2032>Brisy) FIME AR P(Bag3o<Bwisy/4) 5 T ; WK 0.3
0.4 FYMER P(Baoso>Bumsy) 45 A ZEEL A, HMUHRR
N 0.3 0, 2 Fp75 5N HY P(Baoso>Busy)BITE 0.6 7247,
WARZEHR 0.4 BF, P(Baoso>Busy) @l TR, MR HA
0.054 (FLvEJTZE) A1 0.091 (BB %), ULHRK
J1 A0 GE IR AR XTSI 2 A BB MR AR B, O ZE A (E
R AT AR S 0 B IRIR O AR BRI RS IR 2R

500

. AR
450 - LT FoE Sensitivity analysis case
£400 - . tor i) = F Ui R Base case
3 350 LI I
£300 |- .. !
8asop oo
200 - .. : B
i 150 - |
K100 |
50 F T B
0 | ! L1 ! tim
0 0.1 0.2 0.3 0.4 0.5
HHHFET -2 Fishing mortality
K2 2003~2017 4ERk J] 0 55 PR 5
EYESH SRR

Fig.2 Relationship between Cololabis saira stock
and biological reference points from 2003 to 2017
under different scenarios

B =ATTH, CYWCRE N 0.3 I, BHEECR AL T
R, TR RS B R AR R, HAN 2 BB IR
fist, S P R RO

#* 6 Schaefer RESHARHEGEREMNMHH=E
KSR E (BSSPM ) EE S HEIHELL R
Tab.6 Comparison of the estimated key parameters between
this research and Japan, and Taiwan of China using
Bayesian state-space biomass dynamic model

DU S 23 [1AR DU i3 IR S

B, AHUBHA) BEehE A )
Parameter BSSPM BSSPM
(Japan) (Taiwan, China)
K(10%) 500.52 485.62 579.4 462.80
r 0.69 0.64 0.97 0.73
MSY(10*%) 7526 70.03 62.2 60.67
Fusy 0.32 0.31 0.25 0.33
Busy(10%) 240.14 232.53 265.5 224.8
Boois(10%)  400.17 375.02 364.9 307
Fors 0.10 0.11 0.11 0.13
Bro16/K 0.81 0.82 0.70 0.70
Bo16/Busy 1.65 1.65 1.53 1.44
Fro15/Fusy 0.32 0.33 0.52 0.43

TE: VNI R 2 USRI T T R

Note: 1: Standard scenario; 2: Sensitivity analysis scenario

®7 AMBERTERERRURKK S HERR

Tab.7 Summary statistics of the estimated index for management and risk analysis under the two scenarios

g WogkRe 2032 ARBEUREE 2032 4R R R P(Bas, B P(Baos:
Scenarios Harvest Biomass4in 2032 Catch izI;l 2032  BaosoBmsy  Baon/K Buin >BM5.Y? <BMSY./4‘1)
rate (107 t) (107 t) Probability Probability
HAErE 0.1 418.233 41.823 1.612 0.801 262.273 1.000 0.000
Base case 0.2 341.622 68.324 1.329 0.662 207.372 0.998 0.000
0.3 260.634 78.190 1.108 0.503 138.953 0.625 0.000
0.4 186.873 74.749 0.703 0.361 80.270 0.054 0.000
0.5 114.940 57.470 0.479 0.228 38.425 0.013 0.020
0.6 59.291 35.575 0.228 0.131 12.935 0.006 0.646
0.7 24.623 17.236 0.112 0.048 3.933 0.001 0.939
0.8 8.402 6.722 0.031 0.015 0.381 0.000 0.988
TR BT 0.1 410.205 41.021 1.620 0.862 228.528 1.000 0.000
e 0.2 334.263 66.853 1.315 0.674 173.813 1.000 0.000
Sensi.tivity 0.3 259.163 77.749 1.103 0.527 129.604 0.652 0.000
analysis case ) 185.025 74.010 0.724 0372 69.263 0.091 0.000
0.5 116.631 58.316 0.442 0.243 35.061 0.029 0.034
0.6 64.518 38.711 0.236 0.126 7.129 0.010 0.610
0.7 30.830 21.581 0.115 0.059 2.720 0.004 0.891
0.8 11.842 9.474 0.051 0.023 0.293 0.000 0.958
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AR B 5 FeF DU Schaefer AR PY b A3k J1 £ 9% TRDEAR A4S B 7

3 itk
31 MEEELRMBSHEWHERIEEE S

O R TR AR R b Rk, A4
KR AR A A0 . — SR A, TSR R IARK ) M5
fir— M2 2 1% (Suyama er al, 2002; FEAEHFESE, 2017).,
WAL, PR PR 2R (i 33 55 ) X RK T fa A 2 25 52 i A
K, AN IR AR AL AT T B 5 | Bk T i A 16 S0 4 By
BEAIERAE , 13OB S8Rk T A R SRR U B, B
T —BUAE R EER | MR DL R A | BETS L Hh Ak
A AR R TR TG B 10 B 3 A A5 A 6 Fk
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Abstract Pacific saury Cololabis saira is one of the most harvested species in the temperate waters of
the Northwest Pacific Ocean, and an important part of their fishery industry. In 2014, the yearly catch
from mainland China, from more than 40 fishing vessels, reached 620,300 tons. The Pacific saury has also
become a dominant fish species of the North Pacific Fisheries Commission (NPFC), and the conservation
of saury resources has received increasing attention. It is therefore necessary to assess their stock to
ensure that sustainable fishery practices occur, however, there is little previous research in this field.
Based on the data of catches from 2003 to 2017, collected by the NPFC and the resource abundance data
submitted by China, the stock assessment and risk analysis of alternative management strategies for the
Pacific saury were carried out using a Bayesian Schaefer model. During the process, two scenarios, a
standard scenario and a sensitivity analysis scenario, were considered. The Schaefer model was chosen
not only because of the lack of age structure data for the Pacific saury, but also because the migration
mechanisms and stock structures of the Pacific saury are very complex and insufficiently understood.
Bayesian analysis is one of the methods which can be used to improve the reliability of stock assessments
in data-poor situations, by utilizing information from other species with good-quality data or other known
information. The results showed that compared with the results of the two scenarios, those of the posterior
distribution of the three parameters are similar. Under the standard scenario, the MSY(maximum
sustainable yield) is 752,600 tons. To maintain the MSY, the biomass and fishing mortality should be
2.401 million tons and 320,000 tons, respectively. While, under the sensitivity analysis scenario, the MSY
is 700,300 tons. To maintain the MSY, the biomass and fishing mortality should be 2.325 million tons and
310,000 tons, respectively. The status of the Pacific saury stock is currently good and it is not under
overfishing. If the harvest rate is set below 0.3, then the stock will be protected and the probability of
resource collapse will be very low. The harvest rates from 2003 to 2017 are all close to 0.3, so there is
reason to be optimistic for the potential of this resource. We have concluded that in the future, a harvest
rate of 0.3 for Pacific saury should be set, as the best and most sustainable management strategy.

Key words Cololabis saira; Bayesian Schaefer model; Stock assessment and management;
Northwest Pacific Ocean
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