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1.1 HHEFRIRE

R F 1995—2004 AF 3 [ 75 b K 7 1:38° ~
46°N 150° ~ 165°E ¥ 35 11 32 fa el A 7= G 114K
P ALHG HART L VR KRB H AR LA SO 1R

X38,(0.5° x0.5° — X ) . CPUE Jy4§ KK
i (tv/d) . PrH CPUE(t/d) 54l 25 GLBM £
TUHEAT T hRifEfbab B FRvfidl 5 i 4F CPUE %t
PEAE N ZE TR B A X A8 5. i E R RS
BI04 0 4 A 5 o R B R 1Y 80% T TRl Ot %o
1995—2004 4E 2 faifa gl AT TIBIE (£ 1) .

®1 KEAELKFFoisELEREM CPUE
Tab.1 Catch and standardized CPUE data for the Chinese squid jigging fishery in the Northwest Pacific

e Ha3fiE/t catch CPUE/( ya)
year oA At = L X 0 AR Gt standardized
China catch from other countries and regions total CPUE
1995 73 000 18 250 91 250 1.704
1996 83 000 20 750 103 750 1.617
1997 101 839 25 459.75 127 298.8 1.587
1998 117 000 29 250 146 250 2.037
1999 132 000 33 000 165 000 1.919
2000 124 204 31 051 155 255 2.426
2001 80 873 20 218.25 101 091.3 1.749
2002 84 487 21 121.75 105 608.8 1.673
2003 82 949 20 737.25 103 686.3 1.962
2004 106 532.2 26 633.05 133 165.3 1.901

1.2 JEFERIRTERE
BP9 2 )™ B A5 2R ( Schaefer ) 4y )™ B A
ORI E S|

B
Br = Bt—l +rBt—1(l - t_l)_ Cx—l (1>
K

I, = qB,eg’_”72 e, C N(0,0”) (2)
AP, B, Nt BT r N B ARE KR K
KB TT AR TT B B8 B PR K €
t=VAERGHE AR i g AT R o r K g #l
B, NERIBZHL,

TEBTIEITAL Fh 30 BB R W) — 41 Y E U5 it
SET K XRER A7 LR R A B S
PO A4 A 5 3 AT H R B U 7R
Ml TG A AT — 4E H BT IR B O L N AR =
Mo BT HARAE 20 et 70 AT 46 X 252 4
PEATHET , DR AR WF 50 b A B 40 B — 4 1 BT R
AN Ko ARYESCERL 13 ] BTFEEE R (B B, M
25 )7 t,

1.3 UREH
fix iz CPUE F%E 5 i MU IE FE , Jf HOWL 5 22

AR A BCE A I3 A, TUHABAAR o ) ik X -

o 1 [log(ll) - 10g( BI):|2
L([‘ 9) = H exp( ; 9
=198 | o /27 20

(3)

F1 T3k A1 CPUE %508 14 A ] )3 51 K48 1 G
SRR o, NI o BE 0.2
1.4 BESHERHHIEE

MG A B A B R B0 S 56 0 A
PR3 PR (FR2) RIS R (5 040) (IE
B I ZRBENL A A5 07 58, 73 3 3R T Bk
oA AE B S5 43 A AR AL e e 5 43 AT
F T 22 f0 R IR 2 B BRI R B AR K, R I
BRI SHL r K g TR E AL . % IEIR5E
DR A Bl xR (1 250 K RS, B WA P I
IRV 0 Bt opb g i 5 ™ B 37508 5 7K i i
SLIERH N, T BB R LW R D A R R R
R LT A K R T B /NS Bl s v 22 X6 B L 3
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FLHRER AR r 91,19, bk r BFEHES R
O AR AN 2] 23 A3 (0.5, 1. 5) , TE S 5556 73 A Al
MIEZSrA (1.19,0.6%) o X F K HREHESE 543
AR B AR 32 23734 (30 77 ¢,80 T3 t) , R L5 30
J1 R T 1995—2004 4 [y fig Kifa sk . b
LSRN I B A A B e R AT RE /N, b R

BEBEE R 80 T t, IEZS S I8 4 A Il M IE 25 43 A
(55,27.5%) X F A4 A28, hos £ W g N
3.31 x107° ~1.18 x 10 ™) W LR ¥ g 1YL
FEI AT RIS 43 (1 x107° ~3 x107°) | IE
B RN IES [ 1.5 x1077, (0. 75 x
107°)%],

x2 MRFERESH r K qHERHESH

Tab.2 Scenarios for different settings of prior distributions for

parameters of the surplus production model

KB K
carrying capacity

CIEHEY (]

fishing coefficient

VES PETH AR -
scenario intrinsic rate of natural increase
FLUEJT % uniform distribution U(0.5,1.5)
TE 24345 normal distribution N(1.19,0.6%)
#4534 random distribution N(U,,0.6%)

U(30,80) U(1x107°,3x107°)

N(55,27.5%) N(1.55%x107°,0.75 x10 ")

N(U,,27.5%) N(U,,0.75x107?)

Notes: U, ~N(1.19,1) ,U, ~N(55,1) ,U, ~N(0.15,1) ,

1.5 RESHEERMESHHIHE
A MCMC J7 ik 3+ 50 a2 A B (1 2
Bor K.q WEERMRI . MCMC (R

S BIPII (EEE LA 3. ST 20 000 i
B, 10 000 A REFE, J5 10 000 Rz B, £ 10
YR R — KA

*3 MCMC HEFRF-SEBSH r K.q WYIRERE
Tab.3 Initial value for r,K,q of surplus production model of MCMC iterations

T NEL AR r HRETT K/t EEES 4]

scenario intrinsic rate of natural increase carrying capacity fishing coefficient
eyt J7 % uniform distribution 0.6 40 0.000 005
1EZA3 4 normal distribution 0.6 40 0. 000 005
[&#1 4> 4 random distribution 0.6 40 0.000 005

1.6 HREFEEERE
DASCRR Z8 A Dy 7 b R 1 3 52 #9854 I OR
W&o WP (harvest rate ) & — Ff 4l 455 45 il BL I,
BHLUE BAE S B A R b ] (R Bl B R ) 1
", IR RSB E 4 0,0.1,0.2,0. 3,
0.4,0.5,0.6,0.7 fi10.8, HI, Kk 4EA0 3R
AL AT
C, = hB, e e C N(0,1%) (4)
Kb, C, A HIA] ¢ AE R R (7 1) 5k, AR
RFB, HEHIE] AR BT IR (T 1) 56 iR
22T,
1.7 £YESEanHGE
W 2% A g i B bR 2 % R (target
reference points, TRP) FJR il £ 15 (limit reference
point, LRP) . HARZ% s B BN 152l
PR HE AR, R 22 500 il A8 B
O IR S . 38 R O A B A R 1S MSY

F4 [ B, 5 O 35 i 9% 5 7 RT3 8 9 A 7 IR
B AW KB Y S % RA
FMSY \BMSY \F()Aliﬂ MSY’FMSY*I] BMSY%%U?&@%
K E MSY K- 1 5 DL A 37 457 A6 T 2R A0 A 9
i, Fo s P R R 57 A0 T R BOC R
LR ORARRAY 10% XF I Al 57 6 T2 R e i ad
E ARG

Fysy = ? (5)

F,, =0.45r (6)
K

MSy = = (7)
4
K

BMSY = ? (8)

ABEFERE L Fo AR 3 8550 T R 800 H b
S 4 Fla,g, A FMSY’VF%FE%U%%/I\J{T\ Fim; ¥
Bysy TE N IR HARS % 1 By, Busy/4 1E 1
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1.8 FEEEHRIEN AR S ISR
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FLORE M 1) S e 55 S DA B IR, A 4 45 O s A
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(8 F5 5) 2019 4 ¢ fa 9% U5 o 19 5 R
(Depeltion) , B[ 552 jifi B — 457 34 5 W 5, 2019 4 5%
RS K BB By /K) ;

(4845 6)2019 4F-Z2 £ 9% 5 i KT 2005 432
IR IREAS, P (Bago > Bays ) » B RN BEAY
Jiti S it e B U AR A B e S it 9T U R0 AR 1
W

($845 7) 2019 452 M 95 I i KT Byy A
P ( By > Bysy ) , B R BEIRKIE B il B 7K F-
MRS 5

($845 8)2019 4FE LA PR /N T Bysy/4, BP
INT Bysy/4 FIMESE P(Byyyy < Bysy/4) , EFRRE
PR It S it J5 R A Tt O

AU B DL P 3R 7. (1) fEDlnf
Wiy Hr AR 2000 r K (q 19I5 55347 Hh BE AL — 41
a8 2004 A7 A9 IR & AR % (0,0.1,0. 2,
0.3,0.4,0.5,0.6,0.7 F10.8) L AJE 1% 4377
SRR TR, AT AR B 9 4IRS Z R
2005—2019 AE AR PRI, (2) R PHE(L)
1 000 57155 2005—2019 FRAEAR R Z T
R 1 000 2.,

AR 1 ~ $545 8 A7 A8 PR S AN XU 73
M AN A 1) £ e 4 BB R4 T 0 A o DR Dt
DA ST R W i v e AU B/
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2.1 HBSHERRBESH

AR T 28 A S 50 ) el A A AR DA
JE AR A L 1 TR E T E (A4
1), K q WG 32300 A0 5 B AT e 50 i 26 A0 L
225 ARK (B 1-a) , 3% 3= W] 5 5 56 4 5 43 A1 A
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SR K q WG S0 10 5 A0 Je 5 i o A
REFARCE 1-b FE 1-c), BG 5RA45 0 1
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XRUIFEABEZE B T 280 r IEA 22 IR
BB 43 A S AL

ANTRMBR T 58 N AT S A TR, B 24K
JE SRR AT A IR 4 o r (E RS L R
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KK AAHMTEE R 55.0 ~61.6(J5 t)  JEEF R T
R IERSMHTE TR FHTET g K
JINLF—3, 4 0.05 x10 77,
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3FREHFETF,1996—2004 4F 22 fa V3 I
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PERIE K AR TE — > RAF RS, B8 0 IR 45
TERSE K HOR 2 3 BE A 87 o 3 RS [6)
F R FAaAEY L S S R S5
FoMET, {2 = RBAMEN Bysy MSY 45
SRR (R /N TR RAG B A5 R, o
I/ N MSY Ry BEAL T 445551 16535 T t, i
INBY Bysy 9 IEZS 50 A 7 A L1 27. 523 Tt
SRS — =5 BAN T Fo | Fusy 25 3 g K
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(a) HEHETTZE; (b) IEAIM (o) B

Fig.1 Plot of Markov-chain Monte Carlo traces(up)and density (low) for K,r,q under scenario of random effect

(a) uniform distribution; (b) normal distribution; (c¢) random distribution.

x4 TRAATETHRESHHE

W R FHE

Tab.4 Posterior means and coefficient of variations( CVs) for model parameters for the three prior scenarios

VES SENEES e R/ Tt Al R0

scenario intrinsic rate of natural increase carrying capacity fishing coefficient
FLUEJT % uniform distribution 1.16(0.22) 61.6(8.90) 0.050(0.01)
1EZ543 4 normal distribution 1.22(0.21) 55.0(0.99) 0.051(0.01)
B4 53 Af random distribution 1.21(0.16) 55.1(1.40) 0.051(0.01)

AR TN REL

Notes: The value represents the coefficient of variation in brackets.
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(a) TR (b) M (¢) BN

Fig.2 Relationship between neon flying squid stock and biological reference

BEHLTRT 1996—2004 X B HFHFERRSEMFESERHXER

points from 1996 to 2004 under different scenarios

(a) uniform distribution; (b) normal distribution; (c¢) random distribution.

RS BEFERTHENENFSEANBHERETCRYMNRITE

Tab.5 Summary statistics for the estimated BRPs for the scenario of uniform prior distribution

28 HE FEIE 2.50% 53 fi %k 25% S %L 75% 43K 97.50% 734k
parameter median mean 2.50% quantile 25% quantile 75% quantile 97.50% quantile
q 0.048 8 0.049 5 0.031 4 0.040 6 0.057 2 0.071 7

K 61.270 61.557 44. 989 54. 775 67.918 78.560
r 1.178 1.160 0.752 0.976 1. 355 1.486
Byisy 30. 635 30.779 22.495 27.387 33.959 39.280
MSY 18.044 17.849 8.453 13. 365 23.011 29.186
Fy\ 0.530 0.522 0.338 0.439 0.610 0.669
Fysy 0.589 0.580 0.376 0.488 0.678 0.743

‘EE:K\BMSY \MSY E/‘Ji'ﬁiﬂ‘jﬁ to
Notes: The units of K,Bysy ,MSY are all ten thousands tonnes.

*x6

ESHHARTHENENFSESNEH R RHNRITE

Tab.6 Summary statistics for the estimated BRPs for the scenario of normal prior distribution

S8 e 3 fE 2.50% 3K 25% 5K 75% 3 %L 97.50% 35X
parameter median mean 2.50% quantile 25% quantile 75% quantile 97.50% quantile
q 0.049 9 0.051 3 0.040 9 0.046 2 0.055 2 0.068 2

K 55.045 55.045 53.160 54.360 55.720 56. 960
r 1.216 1.216 0.940 1.092 1.343 1.484
Byisy 27.523 27.522 26. 580 27.180 27.860 28.480
MSY 16.727 16.738 12. 492 14.837 18.711 21.133
Fy, 0.547 . 547 0.423 0.491 0. 604 0.668
Fysy 0.608 .608 0.470 0.546 0.672 0.742

H: 1K\BMSY \MSY Bg W{ﬁﬁﬁ to
Notes: The units of K, Bygy ,MSY are all ten thousands tonnes.
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Tab.7 Summary statistics for the estimated BRPs for the scenario of random effect

2R H i FEIfE 2.50% s Hi %L 25% sMV 5L 75% 35K 97.50% 734K
parameter median mean 2.50% quantile 25% quantile 75% quantile 97.50% quantile
q 0.049 9 0.051 8 0.0411 0.046 4 0.056 2 0.070 9
K 55.095 55.098 52.200 54.158 56.075 57.751
r 1.201 1.208 0.928 1.075 1.350 1.484
Byisy 27.548 27.549 26.100 27.079 28.037 28.875
MSY 16.535 16. 636 12.106 14. 555 18.925 21.426
Fo 0. 540 0.543 0.417 0.484 0.608 0.668
Fysy 0. 600 0.604 0.464 0.538 0.675 0.742

H: :K\BMSY \MSY E"Jfﬁ'fj‘i]ﬁ to
Notes: The units of K,Bysy ,MSY are all ten thousands tonnes.

2.3 BEERRSW PR PGB , 5 HE ETT SR F bR 22 S R .
HIZE 8 A1, IEZS /A FIBEHL TS S U 7E4S WOAR AT, 2019 45 BT 1 R 3 4 1y 391 22
RS AEBEIRBMEETR.ESD 77 RN R EE R AR K 5 igtR

Tab.8 Summary statistics for the estimated index for management and risk analysis under the
scenarios of uniform,normal distribution and random effect

Wk 2019 4E L 2019 4F i B/ By iR P i P R P
harvesting SV /Tt B in B X (Bapo > (Bypo > (Bao <
rate biomass in 2019 catch in 2019 MY Boys) Bysy) Bysy/4)
0 J7%1 scenario 1 61.93 0 42,26 2.00 1.00 0.52 1.00 0.00
J74¢ 2 scenario 2 55.05 0 51.25  2.00 1.00 0.57 1.00 0.00
Ji % 3 scenario 3 55.12 0 50.86  2.00 1.00 0.57 1.00 0.00
0.1 %1 scenario 1 56.47 5.65 38.19  1.82 0.9 0.52 1.00 0.00
J74¢ 2 scenario 2 50. 42 5. 04 47.03  1.83  0.92 0.57 1.00 0.00
J5% 3 scenario 3 50. 48 5.05 45.76  1.83  0.92 0.57 1.00 0.00
0.2 % 1 scenario 1 51.00 10.20 33.82  1.65  0.82 0.66 1.00 0.00
J74 2 scenario 2 45.78 9.16 41.49  1.66  0.83 0.57 1.00 0.00
J5% 3 scenario 3 45.83 9.17 40.40  1.66  0.83 0.57 1.00 0.00
0.3 % 1 scenario 1 45.53 13.66 29.31  1.47  0.74 0.61 0.97 0.00
J74 2 scenario 2 41.15 12.35 35.32  1.49  0.75 0. 46 1.00 0.00
J74¢ 3 scenario 3 41.19 12.36 34.52  1.49  0.75 0.48 1.00 0.00
0.4 % 1 scenario 1 40.06 16.02 24.80  1.30  0.65 0.56 0.79 0.00
7545 2 scenario 2 36.52 14.61 29.15 1.33 0.66 0. 44 1.00 0.00
J74% 3 scenario 3 36. 54 14.62 28.64  1.33  0.66 0.43 1.00 0.00
0.5 J% 1 scenario 1 34.59 17.30 17.06  1.12  0.56 0.52 0.52 0.00
J57% 2 scenario 2 31.89 15.95 22.98 1.16  0.58 0.43 1.00 0.00
J7% 3 scenario 3 31.90 15.95 22.75 1.16  0.58 0.43 1.00 0.00
0.6 J52 1 scenario 1 29. 14 17.49 7.99  0.94  0.47 0.50 0.28 0.00
J5% 2 scenario 2 27.26 16.36 16.85  0.99  0.50 0.43 0.97 0.00
Ji % 3 scenario 3 27.25 16.35 16.90  0.99  0.50 0.43 0.97 0.00
0.7 J% 1 scenario 1 23.80 16. 66 2.75  0.77  0.39 0.49 0.09 0.03
J74 2 scenario 2 22,64 15.85 10.95  0.82 0.4l 0.43 0.73 0.00
J7% 3 senario 3 22.62 15.83 11.22  0.82  0.41 0.43 0.72 0.00
0.8 J5Z 1 scenario 1 18.71 14.97 0.71 0.6l 0.30 0.48 0.01 0.15
J742 2 scenario 2 18.05 14. 44 5.85  0.66  0.33 0.43 0.39 0.00
J5% 3 scenario 3 18.02 14.42 6.20  0.66  0.33 0.43 0.41 0.00

T - YRR A A e A BT €

Notes: The units of biomass and catch are all ten thousands tonnes.
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Stock assessment and management of Ommartrephes bartramii
by using a Bayesian Schaefer model in the Northwestern Pacific Ocean

CHEN Xin-jun'*** , CAO Jie', LIU Bi-lin'**, LU Hua-jie', TIAN Si-quan'**, MA Jin'
201306 , China
2. Key Laboratory of Oceanic Fisheries Resources Exploitation of Shanghai Education Commission,

201306 , China ;

(1. College of Marine Sciences ,Shanghai Ocean University ,Shanghai

Shanghai Ocean University , Shanghai
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Ministry of Education ,

Shanghai Ocean University ,Shanghai 201306, China )
Abstract; The stock assessment and risk analysis of alternative management strategies for neon flying squid
Ommartrephes bartramii were carried out by using a Bayesian Schaefer model,in which three conditions,i.
e. uniform ,normal and random prior assumptions,are considered. Comparing the prior distributions of model
parameters(e. g. r, K and ¢) with the posterior distributions, they differed greatly under the scenario of
uniform prior assumption, indicating that the data provide enough imformation for the value of model
parameters. The estimated model parameters and reference points were similar under the scenarios of normal
and random prior assumptions,but less than the values under the scenario of uniform prior assumption. The
fishing mortalities and total catches from 1996 to 2004 were lower than reference points F, , and MSY under
three proposed scenarios, indicating that O. bartramii is on an expected sustainable exploited level and it is
not in the state of over-fishing and over-fished. A stochastic decision-making framework was developed to

incorporate the uncertainties in both the estimates of current fishing mortality ( F,, ) and stock biomass(B.,, )

cur

and limited reference points of F,, and B,,,. The results of decision analysis indicated that under the same

lim
harvest rate, the catch and biomass in 2019 from the uniform assumption are highest, which are more than
that eatimated from the other two asumptions, but there is the highest probability of the collapse of squid
resources. It is concluded that the harvest rate of 0.3 appears to be the best management regulation and the
MSY will attain at 130 thousand tons, which balance the desire for high yields and the healthy population.
Key words: Ommartrephes bartramii; Bayesian Schaefer model; stock assessment; management strategy ;
Northwestern Pacific Ocean

Corresponding author: CHEN Xin-jun. E-mail; xjchen @ shou. edu. cn

http : // www. scxuebao. cn



