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AESEEE, IR 9 B 266237; 3. LI TR R RVPEMOL PR IR TS 20T R A M i SE I %, LI 2013065 4. LI TER
2 GGE R L TR R RS S L, LI 2013065 5. 1 IEIEEAE 0o AR AR R HR ORI D I & T AT S B, 1 201306)

TEE: & FIAT 5% & (Trachurus murphyi) = R R FTHEEZWNZ a2 — HEREZI T EH W
P, THAZTERAMGEAN AR FETHFRLAARHEFCEAAEEE L, AXETESLNH
19712017 FE B AN kA T BEX 0 FREA, T AN S ER TR, p TRk ERE. . EXT
HE BETUEE RAREFRATREERRKRGSANERTAESARABEST AN T BN HEER ),
HAEABESE AT ERNE T, 2REXA, FIHES Q9711980 F) E L2 EHEWT
s F2AEA (1981-1990 ) e R B EM A T E R S MEBEME R &; % 3 A (19912001 4 ) f# B
REHGWABEEAF AR FREERTIRG; & 455 (2002-2015 F) L R B W BB E X & WHERE
Fo AUALREATHNONER, BHEFENL 257, ET A REAS O T4 Rt 8 R4 % 24
FERGNMBEENGE, FARAN, AN KEANTERDXENEANFIEEH TN, ELRES
MR ESFEANKEEITALR, #NERTATEFRFRZABH A SRR ERALT 6
BRREREAN AN T ERAABARTNEZRN R, BV EARRBEAN KRR ITESEHEFY,

ZERLTEARSEOEERET .
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B RN B ( Trachurus murphyi) J& 7R K HE
BB RS, T 20 22 70 AEACTT 4 KB & 0
FIH, 1995 4F 3K B Uy 4F e i 77 ik, 496 J1 t, HIG £
AR FE R P EE IR, 2013 4E AN 35 T3 t, ML 30a
DA A A1 3k, 2019 AFE4H7 77 1 UMK 51 63.8 Tt
A 2 1 16 1) R R v ol R R N R 2 —,
LG YR PG 5 8 B TR A7 2 1 4% B M ROE X
I M A B2 R R OG T, b T8 HE AR R A 5 B R
TR AR B — B R, 0 5 IR AL A B AN AT
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2 PRI [N 1 X B R 78 A A LA R L R A Y
FERE ), I BEH T Ab ST HBUN o i, AS AT 5 4000 1t
DUMHSG AL RS- 33330, 23 B A [ R 285 A B85 TR - X
RTS8 ) S PRRD 8 B R R S LN AR LR, A
HBEIRPEAG ARL 224 BRI S 2

2 BRSO

2.1 A S5REHRE

(1) ¥l BoHE . 1971-2017 4558 FIAT 5% fa 25 1k &
55 Ab g B 5 A R TV DXl 48 PR 4 22 (South Pa-
cific Reginal Fisheries Management Organization, SPR
FMO) PPAS 2509, DL 1% £ (%) B2 R /A S #b st i, LA
Z: 5 B R RER BT IR SR R A

()M PEREE R . 5 IR AT St R R 45 40 &2
A, G O A SCERBFIR D, 2 ICH H S A0 77 B
(11 A 234 2 ) ik 0 (35°~45°S, 90°~75°W)
(1) B9 22 15 15 7% (Sea Surface Temperature, SST).
73 % T h i ( Sea Surface Salinity, SSS) . ¥ 2% Ifi &= J&
(Sea Surface Height, SSH) V- ¥ {ELAE 4y 52 Wil b 78 1 19
WAERZ M AT, SST 23>k IR T https://oceanwatch.pifsc.
noaa.gov/erddap/griddap/index.html?page=1&itemsPer-
Page=1000, SSH 5 SSS #( #& & J& T http://apdrc.soest.
hawaii.edu/las_ofes/v6/dataset?catitem=71, ¥ JE i 5
% ( Oceanic Nifio Index, ONI) Ll Nifio3.4 X # 4f 4F
11 ] 224 2 JT /) SSTA V- IME R IR, B[]0 FE R
19712017 4, EdElE T https:/ggweather.com/ONI/oni.
htm, K 4FE AR PR 3§ 3% (Pacific Decadal Oscillation,
PDO) AJ B #3881 e S i b XA A (9 AR AR B A2
b, Xf e bR A0S BE IR I W, S it AS T 5T B
11 H 2RAE 2 AP RO ERBRR G, 1ER
A T U5 A8 Ak 0y PR D, B RS L Ry 1971-
2017 4, 58K VR T http://research.jisao.washington.edu/
pdo/PDO .latest.
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Fig. 1 The spawning ground of Chilean jack mackerel
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TS ¢ K 50 AR S AR 3170 BT (Sequential T-test
Analysis of Regime Shifts, STARS), ¥E47 # F7T E 254>
Brog Y4882 R B, AT o 458 2 BR A2 4 4K (Regime
Shift Index, RSI) Sz B, H A5 24300

diff =t\/o}/L, (1
J+m x:
RSI,»_,-:ZLO_L, m=0,1,--- ,L—1, (2)

K, diff AN S HAFFE 10 3 25 55 1A% SR B AT
Y B 22085 LS R 0 4035 L b BT 3 U 8
WK BE; t HBEEKFEp T, 202 HHER 418
o R 7 25 RST AR S BRAR H8 55 MBI ) L FEAR, T
X = XX, AL N AR W X =X, W X, =
X 2 diff; x, 5 i DR X LAENZE R x 09F I E;
T H AT AL AR i x I E . AR 3l AH ¢ SCRk N S
Bt B R, R B R R AT p
T 0.1, BT K JE L 55T 20, huber /L E S8 H % T 2,
23 HhFEEEBBE

& ] Ricker #5844 £ 3 F A5 K 1 B S R4 72
AR HAE R

ﬁoﬁzu:ﬁxxx

R=aSe = 3
IR T 30 O B0 7T Ak o 2 T =K

In(R/S) = Ina+f,S +Zﬁfx,, (4)

o, RIS BEFHAR, XA A KR o, B fy WEHY
R E S8 RN S O SRR X RIRFE N
B F5 n A i B R B . AR RS b AR A
% SE fA & | SST. SSS. SSH. ONI #l PDO, 3t 6 4~ 7%
b, T k=20 AN BB T A A R R R R 4 G
M={M,, My, -+, M},
2.4 DU HP AR R E 35K
2.4.1 FARSHARIT

U1 7 455 R S7- 15 3 ( Bayesian Model Averaging,
BMA) ) JEA JELHE Ry, AR O 19 32 A5 B 48 e 5
A, AR R ) S 58 A 7 M 2% (Posterior Inclusion
Probabilities, PIP) K /N ] 1 Sy 16 4 fiff e 72 £ 19 % Wb
Y, LI I 564 % (Posterior Model Probabilities, PMP)
AL X 2.3 75 A BRI AL R AT AT 1, B B
WA E B RES M, HT R AR 1 3 oo,

1E BMA Zr BT HEZE T, Z 8087 152 [ i %, H
SRR M — R NI — ¢ 8 I ge it oA, B A4S 3
S HBI 5 R BE A2 AT e Gt dr
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ffFHEET R WP BMS G f70s 19,

R T AKIREI L A a8, R 5615
SRy 5] S5 o A CHIAE [R] A A TR SE 36 A %), S E0E G
PERREANIF BSEE . A SRR EE SRR 1% (Markov
Chain Monte Carb, MCMC) J5 ¥ #E A5 70 25 [a] v dh A, 31
LA 10 000 YC, M FFHT 2 000 YR TH545 5%

M HY J5 6 M2 PMP ik 2
p(y[M,.X) p(M,)

b= 6
_ f(yleX)P(Mv) )
> p (M. X) p)
15 5 & ER PIP iR IA =0
P (By.X) Zp (M]y.x). (6
ZHBI G A1 h
P (B]y.X) Zp (B|M..y.X) p (M,|y.X). €2

K,y 2 In(RIS); X%%TE’HHI*I? M, eM; p(M,)H
R M (1 515 500 43 7 A0 %% 5 Zp (v M. X) p (M) g L0 %

T (0 R 258 SR
2.4.2  AhFEE TN

D1 - S5 A85 780 S 247 30 AN ANCRT T e R 72 a9 2 %
SZ SRS R IRTIUE 1 = & G N i ¥ S N B 7 AP
T UATF A EITE A Z AR R w8, L

600
500 |
400
<
s . .
= 300
e /\1
=
200 |
wmﬂ‘l
O 1 1 1 1 1

PMP Jfy K HE %) i A1 AT BE A 5 28 47 A7 2, 3
BMA £5 45 22 B4 7 8 4 B, SR AT 5 P AF 19
PURES R Ol T2 JEAR AL Bl 0] S R -4 78 B 1Y
S, RIS T AR, it 22T BMA 1Y)
S A FE B TN AL R T8 L2 AT o

zy,

K, v R tAF In(R/S) FUMIAR ; vl ¢ 55 0 A BEHL Y
In(R/S) TIMAEL; p (M|, X) M55 i BRI S5 AR

3 45

(M.|y.x), (8)

31 EEKIE

1971-2017 4, BRI R arb s kA TR EN
AEBRARE, KR 23 T RRRR AR, TR
PSS R, HARR I #h A 1971-1985 4 4b
Tk F I B, HAE 1985 4E 5K B i w1, 7EBE S Y
JUAF B AP 78 B R 2 B, 1995 4F J5 Bk T, F
2000 4 3k ] 55 2 4> W {E, B S oAb R A R RE, 7
20022015 4 4E+F £ BAR A G I 9 (K] 2). STARS 43
Mrah S0, 19712017 4F [a) & FIAT 5% £ 08 IR b 78 i
A A3 S AR 26 1 B 19711980 4F, iz A
IR AL T B TR B, A TR T S KRR AR, £
A SN b DXzl R T T T 2 RUR A 5 2 RS
k1 1981-1990 45, 1Z A5 745 Hh B #b 38 5 249 7K - I 5 5
55 3RS 1991-2001 45, 1% B B b 76 i B 8 19 & fR
Ak, (A LT BB AR DR A AR5 i KO 5 4 B R

—— b i B

VPN A

BV A

1971 1975 1979 1983 1987 1991

1995 1999 2003 2007 2011 2015
4y

B2 19712017 SR8 R AT 5 £ kb 58 B A A6 T
Fig. 2 Regime shift detection in recruitment for different values of Chilean jack mackerel during 1971 to 2017
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2002-2015 4, %A A v A #h 38 i F 2 KOF Bk A
5L 2016-2017 48, A MBS B B, SHT— A
B, B B b 8 57K W BT, (HIZ RS
BF[R] P 81 06, SCPE s 2253 B TR oA T 18 (81 2, 141 3),
32 SETHHE

i & 4 ATAN, ZE55 1B, JE /R B i BITHEFF
SETF M, RS 2 AR, IE ST A OR RS F) 22
B, BB EHATRE . TR 3BT, ELL
4 a FIEHUT Y, JU/RJE i B ERES: LT, &% sk

PIAES D, 1997 4530 K 38 JE R e i, JE /R JE i 48 £
ik 1.38, G 4 a W OEUT I, BIHEFRE PR, 1E1%
B, R e B B HE A W B 0 LT TR
T, ARSI R, 7RSS 4 B, 20022006 45 [H] 44
TR E T, 20072014 45 B A 4 3R [, {H 3% 22 4
Ko PR B A 3RS, ok, k4
RSB AR HB o B R Je a4 (8] 4).

B 1S AT, 7256 1 8L, PDO 8 5 BT E FF
LM, AESS 2 75, 1981-1988 4F PDO 8 % 2t

15
1.0 1981
0.5
2016
&
i\"i 0 11 1 11 1 11 1 1 11 1 11 1 11 1 11 1 1 1 11 1 11 1 11 1 11 1 1 11 1 11 1 11 1 1
gg 1971 1975 1979 1983 1987 191 1995 1999 003 2007 2011 2015
s 1991
-1.0
2002
-15 b B
€3 1971-2017 455 FI) AT 5 o wh 75 4k BR7Z 48 %
Fig.3 Regime shift index values of recruitment for Chilean jack mackerel during 1971 to 2017
20 r
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Fig.4 Annual changes of El Nifio index during 1971 to 2015
Pl T80T 9 Bl Nifio 15 %%

The number in the figure is the El Nifio index
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EFEZe BT, HOG W AERR S T R, 7E48 3B,
1991 4 PDO $5 B 98 [ 2 —1.78, % R & #7283 A B
0, AR U AR b AR T L 7R 4 B T, 2003 4R
PDO 544 -+ % 1.86, HJ5/MEHE K, 2008-2014 4F%¢
B AT B, 2015 45 X I F+H % 2.25, PDO R &R
THEFE 3 MRS PR T B KT R R, A 7E
BB B ARSI R W AL, 7R
3BIA G A A R TR = o AT R IR, R AR
AR HTE , PDO 8 5CE A B i i 22 16 (&1 5).
3.3 AE#EASHEmE TR FESS

TEAR T JEBS A S SRAR 4 R C R T, Rk
1 PIP 2k 99%, 78 ¥R45 Fl 1, SSH % PIP fie i, K
76%. o5 1 LA, SRR Y PIP (5 34%, PIP &= Y
B H ¥ SSS, H: PIP 2y 46%; 2 2 Bizsh, 21k
1) PIP 24 86%, El Nifio () PIP {H & 49%, A iz A5 745
v PIP i B o B BB I 15 5 3RS P, SRR
PIP >4 100%, PIP f5z = i #0358 K PDO, HAE K 41%;
5 4R, SEREAY PIP K 98%, PIP % /= AY 3455 K]
F A El Nifio, HAH N 33%(F£ 1).
3.4 FRMEER

FER % B AR Bl 1 R R —Ab LA, 6 N ]
THAUABTE R EZABAL, £ 252 PMP fie = i
SR R 1 R 3T SSH A 35 R —%h 7 H AR A
o ML AR, N 36%. 5 BRAE A R 2R
B HERIAE T 70%.

% BB AR Bl X S R —%h 78 R S L AR UK 2 bR

*1
Table 1

regimes

A E 0 EFERERESH A PIP (%)
PIP (%) of different impact factors on different

MMET  AMESHE

IR A A A

LS 99 34 86 100 98
SSH 76 41 26 23 32
SSS 20 46 27 24 22
SST 19 40 32 31 25
PDO 16 28 34 41 24

El Nifio 14 24 49 23 33

%2 ETBMAHPMPRSHAIS MERNFR

R (%)
Table 2 Posterior distribution (%) of top five models with
highest PMP of all models from BMA for no shift model

R Rl BRI RORN3 RAM4 RIRNS
PSSy J y \ J \/
SSS \
PDO V
SSH J \ J J
El Nifio
SST J
PMP(MCMC) 36% 9% 9% 9% 7%
PMP(Exact) 36% 9% 9% 9% 7%

TE NFRAZBOR L A IR T
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BRI oA B 3R, it 34N 4T BMA
1 25 D 7R AR (32 3): (1) % a, MR 2 B 26
3RS G 4B BOHE (1981-2015 4F ) 4 S (A 4b 72
AL () TR b, EFH 3IBE . H 4B (1991
2015 4F ) b 2R AR AR e AR5 (3) 7 58 ¢, HI 5 44K
A (2002-2015 4F )t @SR R Ab R REAC R, 3R
o, J7 5 a TR AR Y S 0 R A R 24%, 451
J7 0 Rt R BRI A A [F] (5% 3).

#3 ATEHBRHET BMA M PMP &= KFET5 MERA
FREER (%)
Table 3 Posterior distribution (%) of top five models with
highest PMP of all models from BMA for different program

H7 Ji%a Ji%b Ji%e
L 24 19 22
A2 12 13 11
A3 6 9 9
A4 6 6 6
AL S 5 6 6
it 52 51 53

i & 6 AT, TN 25 57, BMA 1] 3@ i Al 2R 4
A1 58 B VEA PR AN B P (18] 6) 0 AN IX MRS Y
T 25 SR e e B, BT R a b, FE ol
S ARSF, TONAE B /N T A T %2 o AR A Ty 22 Y
TN HEE 2 24 R 60%~ 80%, J5 %& ¢ MY TN AE %2 K T 80%,
T HA T % .

4 S

41 SBEEUEIRTEESTHZENER

AT VR AT S o AR L), AR R
R BN 22 R W R, P 20 7 22 L ORI W i,
FE 30°~60°S, 78°~177°W | [ g 3k 575 % 48 1) 5 )
P AR A RER , 2 IR FR Ay A A gy 19, IR
ROBE R . AR I 3 LA B 4% ol i T B 88 B K 0 7
PTG BR, BRI SE A0 ) #h e i 2 B AR B R L AR
A B4 5 M B S 0020 AR Bl ) A S PR B A T BB S5 B AR AT
A D FE RS AR Bl DU 45 98 U T4 A BT R
AN AT 22006 14 5 i e,

ARHIF 5% 3 T STARS Xif %5 i 47 4 £ b 70 f2 0 47 45
BoHr, S R R AL Z AR, HAEARRIBE G,
Rt R VAR 7S R PSR e S A I o S I S
SRR X RN TE AR Bl 1 i R AR B RIS, 455
M PRI = 7 e R ARE 3 o P S A7 7 S, P BB A i PR %

B B v M e U5 728 A TE 22 1 32 Bl B R 3R A 52 e o, O
ANEHFANATREESHREN LR, KRS 5%
GBI F 0T OR X e 485748 2h) M L, 7E R 858 5 7
(14 it AR S HE e 1 B R XN . FEAE B3R5 T
B, SSH (3 # o 14 fife R %6, T 2% RS A% B 1Y
AT VNS S A v e o ¢ NI S i B P e ¢ N ]
HERE . N GeiH45 543, SSH Ay PIP W & fw K HAL T
HoAh 2R 5T 7, W /D IR BE R F A i R A R o
60%, M\ H B & A 1Y FIAT 5 0 5 BREEOC R 5T
SERA BT, T ) F XSS 1 A BT A R e, A
G5 I 358 R - W A A i T P 310 1 9 DA B 0 P
F—ACHEH F I, 20 TR AR 8h 32 B 2 AN B
PRI 1 L[R]3 e, 6 S [ 100 7 = S b 7 1) A 35 TR 1
2 R A B s o BTN T ik Il B R X PR BT A Y
Mg 13, A R 0 2 S 2SR sl AR 28 R G T B 5 N 2R,
RS 3 B 2 AN 1] Z W6 1

FEAN [) P15 B 30, 280 R 50 1 4D 8 K 23 R
AU, F K SR [R] 3 4 S 4 kb T8 KOTSRS
S AR~ T 8 OC F RN A2 A B L T REAS A Tl
(T RSk K P, FE R R e fa i PEAR i 5 0, i
B A 35 F O [ 15 8] B 5 MR —%h 58 & 56 & (1970-
2015 4F | 2000-2015 4F), Ff- 43 59 A Ul 55 P58 3P Ak 45
R, A SRAF AR R W X, 58N R, 3T 2000
2015 AEHCHE 19 43 A 45 R SR AR SF, T TR A I
PEATAL SR, Ak, SPREMO PEAG 7450 v 5 B i1
A ) B (20002015 4F ) 5 AHF 58 9 55 4 BEASAH I,
FE T 4 RS 0 I 45 SR B B A T R RS
(E 6)o (H AT L5 R F, 4 Fhim Jr L v, A% g
BAR BN T S B e FUICAE, T AR 4 B2
2% fe K, LR R AT fg 2 A F W0 Y 2016 4F T 2017
AR AR T KT i T 4 BUS R 7R KT, 5 2015 4F
PIRGA B R A2 5 (E 2), RE H T4 4 B (Ifk
) AT O LS R AR S /. H T, 7E SPRFMO
BRI B DAL b, B B ik U 2 0 T
N R GES, AAA SR T B 50 1 R4 5 B B RAT
AR 53 R 22 RS THEAT 430, RE R B B 1 1 T
FEIR VAR SR TR A K
42 ERREBIEMPDOEHNEFITKRAHNTEMN

A

PR 2 RS L BB A BT, JE R JE U B O A R ME
R g W IR R 7, LA B0 1F 6% 51 O [R) < =
1) BB R s, R ik T — AR S e, 5
S 3RS R R B I . Xl e TR
T A 2 v A B4 5 3 e A, X RO R R B R A 85
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Impact of climate change on recruitment of Trachurus murphyi
based on different regimes

1,2,34,5

Zhang Chang', LiGang', Chen Xinjun

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Key Laborat-
ory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306,
China; 4. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; 5. Key
Laboratory of Oceanic Fisheries Exploitation, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract: Chilean jack mackerel (Trachurus murphyi) is one of the important economic fisheries in the Southeast
Pacific Ocean. The stock abundance is inherently affected by recruitment. To find out the status of recruitment is of
great significance to the sustainable yield and scientific management of resources. The recruitment of Chilean jack
mackerel between 1971 and 2017 is divided into different regimes based on regime test. Then, the Bayesian model
averaging is applied to the relationship between recruitment and five environmental factors (sea surface temperat-
ure, sea surface salinity, sea surface height, El Nifio and Pacific decadal oscillation), and the impact of regime
change in recruitment forecast is also discussed. The results show that the first regime (1971-1980) is more dis-
turbed by fishing; in the second regime (1981-1990), El Nifio has the highest probability of explaining for the
change of recruitment; the environmental factor with the highest explanatory probability is Pacific Decadal Oscilla-
tion in the third regime (1991-2001); in the fourth regime (2002—2015), El Nifio most likely explains the change in
recruitment; comparing the analysis of regime shift and no regime shift models, there is a significant difference
between the two. However, the results, with different regimes, are more reasonable to explain the change of recruit-
ment. Recruitment abundance is affected by multiple environmental factors, but in different regimes, the dominant
environmental factor changes. The regime shifts of recruitment are induced by the alternation of cold and warm
periods of interdecadal Pacific decadal oscillation, and El Nifio. It is suggested that different regime shift and their

impact factors should be considered in the future assessment and management of Chilean jack mackerel resources.

Key words: Trachurus murphyi; Bayesian model averaging; regime shift; recruitment; Southeast Pacific Ocean
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