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E: & AT % & (Trachurus murphyi ) %R E ZFHR R0 AL, T ARG 42 H B oy & LT R,
FEBHNZFTHEG KO ESTS . W EFHMRRIF S B RRZEH X R, X XET 1970-
017 F A K EFREGHFERERE, AR RGBT EL2TA B L ES, AAES e T
EEAI, NEBREST T HRERGEHAT R FRRGZ MR R . A BN ERENA: &
FHREMFRENYWHEETRMRANAL, AREFNEAESN . ZAAKFEFRTES,
BEEAZEMERRERENEHESTRAGES BER D, BREHE T EWEHLE LA G
RE. FEAMERTW: EKBEAREL AN KX R LRI FEANMSEARY, FMES

FEEEZSHAN T HE FHALFEERXA, K E R AT F AR E T8 o B, & K IEF R
ATESHARELZND N, FETEN BN HERLETHER T .
XER:. FAM K, BorEE; 2 FEEE; EE5T4; TR

FESES: S931.1 XERFRERD: A

1 515

B RN AT B A7 ( Trachurus murphyi) 1E 75 # K PEHY
SRR, AR A RS AE R Z R R, P
FHVE 2 KA, 75 30°~60°S , 78°~177°W
P TRE S BT %% AR A AT S A i, DA 19 4 70 4R
RZES, A EEE 258 RT3 a6,
s SR IR F] 496 x 10* t, B AT SR M0 GBS AR
KPP BT 22— 1E g K X
WOl ZH 2L PPAl o, BRI A 0 5 IR 2 2 A 2
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25 5% Wi 0 288 () AR AR B0, T HL A 25 38 0 B 2 Bl
(1] 42 5% W) #6024 1) 43 A1 S L7 9 3 TR EE (Sea Sur-
face Temperature, SST) ¥ & | 71 5& f1 CPUE 43 1ii 5 &
RS A 0 L o> L R X f o e A 1
T ]G, X T v Y B R AL 2 A B 5 e ol
Bl a0, K75 AF X PR % 3l (Pacific Decadal Oscillation,
PDO) # I\ Ay 2 5 W 2 AT 5 #8335 722 2y 1) 2 R R
Z—, AHH AR PG TAE T, iR R AR
AT FAT 5 f81 0 5 ), Ay B L O O R R AT 4 £
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A ERN RN, PR E R SR Z MR
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ARk, XGRS AR AR el BE A AR R A . 1A
A TR] B A= 3 S B B A 2 52 B PR U B 2 i, AN [ 2R
B B F IR WA (4 A A AN TR, S Y 24 AT
TEDC B0, AN, AR PRAZ R, 1 BRI A%
P2 B — A H R AR E 9 A2 25 R G BB PR, TR 20
H R R e 78 0 o5 — A AR A, BV 25 42 3l (regime
shift) 119, A58 2548 )y AT i 2 A R ST 45 A AL D BE K
AR, B AT RE S B A Y PRI
ARE AT B T B A 25 R SR Sh AL, i BE A il
JE AT R L A RS B (IR A Al il B IR
AR AT R A 0 7 H AT A B 2 IR S TR Y
WEFE, (BT ARAT WIF 2% BN [R] i) 1) RS T PR A B 1Y
R A T X R M A A A B IR R B R o AR ROk
ARG 1, LA Sk Ik 6] ROBE 57T PR 05 2 300 7
BRIEAFERFN R E R, IrEELL e
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I3 Hr e, PR FE B PR A [ A5 285 39 v 52 ) 5% A Bl A B
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(1) 5% I £ B4 - 19702017 45 AT 5 5% 5
B IR A R KTV DX 4 P 2H 21 (South Paci-
fic Reginal Fisheries Management Organization, SPRFMO )
RLE S

(2) M VE PR 25 I AT 3 R e 45 4 52
7%, LA B SCERBIFFE >, JEHX 1970-2017 4F 32 24
KL 3K (300~ 45°S, 90°~ 70°W) 14 18 2 11 ¥R & | Vg 3%
1M 3k J& ( Sea Surface Salinity, SSS). ¥ 3 Ifii %5 J& ( Sea
Surface Height, SSH) 1 >y 5 i 5 | 77 5 £ 9% P i ) 785
5% )[R F-, SST %4 >k U F https://oceanwatch.pifsc.
noaa.gov/erddap/griddap/index.html?page=1&itemsPer-
Page=1 000, SSH 5 SSS #{ #}i >k J7 F http://apdrc.soest.
hawaii.edu/las_ofes/v6/dataset?catitem=71, J& /K J& i Fil
L JE 8 B 5% ¥ Y ¥ M 1) 5 Wi A R, 1 X Nifio3.4
X 1970-2017 4F JL /K JE i# 4 % ( Oceanic Nifio Index,
OND) A ¥ B {H, B ok I T 56 1 B 5 R UUR (R

https://ggweather.com/ONT/oni.htm), K ¥ 4F 18 Fr 3§
P 48 BRONT B T KT N 3 Hl DX B AR AR B
Ak, W b 2 0 2 R IR A R e e, Ay e A BE 5
PEHL 19702017 ()3 F-34 PDO, HHkIET http:/research.
jisao.washington.edu/pdo/PDO.latest,
22 MRoEF

P8 A e R R TR 1 2R A A KR B AR A 5
M, T PR B R A B X E AR, B H KA
o AN FEA B (14 120> A )
X5 5 i 052, AT AR R Fisher 42 A9 #2453 18115
i BUFIEH A HEAR NES AT IEL 2050, 2
A A AR R AR D B H AR &, PR 2 oo Rl ST
FA S HT o

Uy [ 235

,
vi=et Y [amx,mdnte, (i=12,N;j=1,2,p)

(1)

Aorrs i F 3 IR AR B AR &, AR RBIESE b SR
ABN=48, BHZRNM p=5. tRREREFM
(1-12 H ), n KR W] 8] 28 &5 x, () Ros 55 i 4255 /A H
ARt a, (n) BT WNH R B, R R, Lk & X
R j AT TE BB BTz BV B 80 a1
H M — A~ BLAL I [R] T 5 1 Y TR A2 i g AR A (B . A
] U5 A A AT LR O B YRy A2 B A A BE I [8] T
75 A B B E TR -5 W T sk el 5 e S R ] 1 A8 Ak
B A PR3 DR X8 9 5Lk 1) 5 T A 20 4 TR
TE 124 A Gy B 5 B3, T i A 1458 TR 19 B R0
AT PR K RN Z Fl . 153 BT AE DPS &
et BT AR W] 2 AR I e,
23 RESW

IEE A AR b 235 R Vel B IR S AR By, i 4
¢ K B 19 A5 2 E Bl 43 BT (Sequential T-test Analysis of
Regime Shifts, STARS) ] F 46 il 5 1) 77 4 0 %% 5 =
M RLASAZ B2, 38 5 4554 BR A2 4 %X (Regime Shift In-
dex, RSI) A] 2 i HH A28 (0 40 AR o A2 BR AR 48 #40H 3
N W

X
RSI, = —, =0, -, L=-1), 2
: ZLUL (m ) (2)
diﬂ::inew_icur:t\/ O-i/L, (3)

e ¢ HTBS R BAE Gy s m B S R ARy 1Y
B Lo TR MU BT B ¢ W B AE K p T, 2L-
2 A BER ¢ 93 A6 (R o 7 225 RSI 2 MR H BT AR 25
5 HB A B AR AL I 22 x: 2 F1, diff S A 3 2E RS
SF-IE ) 2208, AR ¢ K 5 (Student’s #-test) ) Wy HJ&
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W EAGI R B, A W E TR B RS A
TE, MR A AE B 35 PR RSTIR [9] 0 ff, JF 557 4 %
LAE AR 2R MRS o AR A AH 5C SCRR AN 2 850 5 i e
P P29, P I 2 MR 5 B 5 KO p ST 0.1, R
K L 55F 20, huber iE S H % T 2.
24 £FE£ENA

AR AT 3 FH 4 4 [l 2 (all-subsets regres-
sion), TEA [F] ¢ P i AT, O 0k 5 il ) S fE A A B
K20 G, TR A TRl B A B - 0952 i g 0 o p A4~
IR F Al AR ) 22 A, NA SR i AL
P EEH FAH G, AR RN 2 FERIH, 5%5
B2 A Bl T AR L, 488 20 B % 8 T T 2 Ry Tl
il AAE O, OF Bl 7 ARk i) 0, 2
AR 10K BT A AT R A 2 & B AUER 5 TR AE N, 25 6 PFAG
AN RS e PR ) A, O R AR AL AR R 5
{#FH R1ET  leaps £ S BR, F LA 0] U9 4% 100 o () 4 o
Jo R A AR, i i R AAEA G . ARt
A5 5t [FF 42 4% SST. SSS. SSH. ONI Al PDO, 3t 54
AR EE, TR 20 AN B A A, S 7 R ST PR R X
BE R AR [ S, BEH S S BREE IR A AR Y (E
i e o e S L1 = 3 T

3 45

31 AEZE

1 rp A R e 2R BT 2R R 1970-2017 4 ] 45 20
Bi R FAEA TR A 0y 51 8 B8 8 572 3 9 5% i 200 78
b, AR 3 i B (KA OC R ECH R* = 0.8, F{E A 10.6,
PAE /N T 0.001, % 43 B 45 H i o o F PR % . SST
FE 1A F A BT B[R] PR 3 U8 AR Bl 1% 5 Ml 8007 2% 4k
TR, 52 R EOR B 2 30 P A TS kol
PDO, 0 2 BOE 255 SST AR, 152 76 i a] b 5 ;
SSS FI ONI XJ %% Y5 4t (14 5% Wil #£ AS [F) H A0 3 3l 82 /)N,

SSH —SSS —SST — -PDO - - -ONI
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Fig. 1 Monthly changes in the impact coefficients of the envir-

onmental factors from 1970 to 2017

SSH S} % Y5 dk 1 5% i JL-F- AN Bl T 3 A8 shmii ek 42 . i
Hb, BB E R S0 REE 1-4 H R 10-12 H W72
A B be Al T 4 B R (] 1),

32 FEZEF

321 BIAAED)

19702017 4, H A KA FEIRE LA T BEWN
EPRA AL, Bk 2B L TR AG, F TERRAR
B st R, BRI PR TR 1970-1988 4E 4k
Tk sh TR BE, HAE 1988 4E ik %) 2309 x 10*t, A
S g A, 7E B S B L AR B9 5 B RS R [, 1998
AEJE PR B TE, T 2001 4F 3k BI85 A (., RS %
5 FE T B, 2011 4F B 95 O I SR S AR E (&L 2)
STARS Z3 M1 485 S 2 W, 1970-2017 4F [] & FI) 477 46 11 %%
PR 5 4 DB 55 — B8 1970-1983 48, %
RS B R A F 1 T B, B U T H KT R X A
s S RS ON 1984-1993 4R, %A Hp ) W R T
K i s 5 =25l 19942006 4F, 1% By B %A
It 148 PR B Al B i, AH P B0 R R B 1 KO
S PUALAS S 20072017 4, IZ A Hh 14 9% U 17 34K
FARAR (& 2, 8 3).
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Fig. 2 Regime shift detection for Chilean jack mackerel
biomass from 1970 to 2017
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Fig.3 Regime shift index values of Chilean jack mackerel
biomass from 1970 to 2017
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T A, TivE 50 HE4 A S A4 A . {05 IR SSH
A SST 1 Ky 2 mi 5 7 i, 46 e e, 2425 i i AT 1 35
BRHETH, AAEHAMTATE . &2 M ARRFEBE
N FHA, BT, &M 4 i SSH. PDO
A1 ONI A4 A; 55 — B 25, SST. ONI Al SSS 1 A5 1
K1), 41 & HE 45 B S 26 = #E25 h, SSH. PDO F
ONI (4 & e i B DU b, HES R SERT 4l &k
PDO Fl ONIL, % 3 2 % I i 5 P53 X i [ml 9 A A
DX 3 155 25 B A5 AL ATC BB /1N T X3 A5 285 1 A 7
AIC fH . S50, FEAS R0, 5% i 9% A% 3h (1) 34
B AR, XA A5 285 1 [ D55 78 B &8 I S X A
EIIENER: B

Fz1 19702017 EEFRM KR RESNE
FHEFESHT
Table 1 All-subsets regression of Chilean jack mackerel

resources and environmental factors from 1970 to 2017

B[ Essiik (iR SR C
AA1 SSH SST
HfH2 SSH SST SSS
HA3 SSH SST PDO SSS
A4 SSH SST ONI PDO SSS
HES SSH
4 g

4.1 @ERERER N

MR HEIIA F i 2R AR E Y R B R, XX
BT 5 A1 e 3 1 JE BUE 2E 28 OC B BEAY 52 R B0, B
3 T) (o g ) RUBE ) 235 2R 43 A, 96 2 TR JRE 19 52 il 12 1
S UYWAY Bl A I )R] A3 R 12 A 3 BAR
3H (MEEREZ) M 7-9 A0y (R2RERIA ), %
i () BB 2 AL T8 AR AT 908 £ 1 7 O 2 45 R 44 2=
22 W12 By BOXT 1 3% 18 B2 T o %o 8 R A7 A £ B R
70 By B TE AR, B¢ e PR Ui B TT R A AR TR R AT A £ Y
FHHWE . ARG RS HATC AR Z U4 R
A, BRI Ay T 2 T IR B2 R A AT S AR g S, B
W HAT W A 2= PR, il AR 41 = A0 AR
TA R B ~F 3K A 2R 3% T U BE L I, B AT A 03 R
PGSt TR 398 ) A A, i e kB R i SR IR |
T, 8 R AY 5 4038 BT S b R AR A N A AR
W58 % B SSS R F AT 4 10 7= A A0 B A %2, 3
A RE 5B RIAT A O B R IR R A D, X — Bl
A RETE B A 7 DR I S B Ol B AR . SSH 72 Ak % B A1 A

k2 ¥—. . =, OESTHREES
REEFHETFESN
Table 2  All-subsets regression of Chilean jack mackerel re-
sources and environmental factors in the first, second,

third, and fourth regime

M A8 BRI

BRs A SSH PDO  ONI
B2 SSH PDO  ONI  SSS
HAE3 PDO  ONI

B4 SSH  SST  PDO - ONI - SSS

HES ONI
B A SST ONI  SSS

HeE2 SSH SST

HAE3 SSH

B4 SSH  SST ONI  SSS

HB5  SSH  SST PDO ONI - SSS
BeRE A SSH PDO  ONI

B2 SSH PDO  ONI  SSS

HAAE3 SSH SST PDO ONI SSS

HeE4 SSH

HES5  SSH ONI
HES HA PDO  ONI

HeE2 ONI

HE3 SST  PDO  ONI

HeE4 SST  PDO  ONI  SSS

HAES SSH SST PDO  ONI SSS

*3 BESHTHEERERAICHE
Table 3 The best model and AIC value in each regime

il 7 AIC(H

ENES 2N Ln (bio) = 0.3 x SSH—0.6 x SST + 14.9 54.2
H—HZ Ln (bio) = 0.03 x SSH + 0.04 x PDO + 0.07 x ONI + 7.1 —34.3
S THAS L (bio) = 7.4 x SSS —0.4 x SST +0.07 x ONI +252.8 —20.8
=M Ln(bio)=0.06 x SSH+0.1 x PDO -0.2 x ONL+ 6.7 3.7

Ln (bio) =—0.1 x PDO + 0.2 x ONI + 6.2 6.2

B £ 1Y) 2 e AN BE 3G T B Mk, R BE I O SSH
X A R A 8 87 A R R R R AR A AE Y, 9] e
SSH 521 = W) 90 A6 7 ) DX R AR, 5w $5  R 4%
WAEAFAE AT N o PDO FIE IR JE i 1 52 1 i 2 15 78
Bt A AL, (R SRR Al 3m H FF 22 RIS,
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I A A ) AR B 1 K B DT 51 43

Z AR 5 R A 1-4 H R0 10-12 H
AR AR B K, AT REB SRR Oy 10 H &= B4E 19 3 H Ay
B R S e i 7 IR B[] 2 B BT R T 45 ) 27 B3
S AERE IR . A DM EIR B S PR O R 5T T, BT
A IR A R -3 2 TR AR g sl ) 0 (e A sl
FILA A A 03, B[R PR35 B 7 19 5% i) B 25 B
Vi) 725 Ak T A8 By () 2 B8 AN (), A () Ao ) ) B g 3 8 T il
P SRy N UESE S I E (RS L B &7 PSRl
B () J) 38, 70 4 3% 2K P BE IR X U R 5 L, X
SEHMEAFAE S IR IE 5T Th ik — D4R .
42 KAHEREZNG

FEAE G 5E v, BT A7 19 9 U8 A48 2 iy [ i —
S LR R R 5200, 33X AT i 2 2ok B i R B 8 21 855 [
THIVER . TEARMF T, X A BRI 3h 5 2% &
BESAS S 45 51, W E A AE W] B (A, {H i i AIC 15
AL, WAl 5 R A A Bl Y 25 BTl P A

5 0 e ) R 25 SR AH b, AE A B Ta) RUBE 43 A v
PDO F1 ONI “T 6 Al 5~ 4 ¢t B A 2 RS b, AR
S H R A S B )T L S ) TR] A, T HL PDO R ONIT
A G A TE RN PE R 2240, JE/R e R 2 5 3K
BRI BB 3 A FEFFEE ) 3~ 4 a 8] KAz gl AR s,
4 AR ] b A, B AR AL Y AIC fH B B TR, 1
BHAESE = DUBEST, nlRe R o R L4 T £ 5%
H AT, G BRI i s A Rk A T kAR, T
AR, G BRI AR A X 4k el 2B 7 O R IR
JIE S 0], A5 U M T PR A A A By e [0 B A A T
WHR W ZWAE N FR R, A 8T 7L NAENL
il {H 3k 22 19 52 i DX T R T BOBE A i 2 RN HEL G AR
AR,
43 RE

RUE B 5 9 RS Sh i BF 9 T IS T3 Rt e,

S

EIFOR )z M 8 YRl 45 B rp, AROR— AR 23
JALTAT S B 058 A AR B R HC 7 A 145 Wi 6 I I 1] 22 1
T AZAE, ra] BE A1 S — A3 A% 4 B0 DA B I 73
H, AEAR AR R BT, KRB LS 5247
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(O KA 23 185 (2) B 22 BEAE T o 45 70 M J7 ik AR BE A
BOHRTT T TR IR S R R, BN LR AL,
191 T B35 A 7 e e R AN ] A BB 5 (A G B
BELAE ) X el B A S, ATS IR T R Y i
B, A BB e R Sy B R TG 5 A B R A L S A
(3) Bt PP Al 9 IS Nk . BRI,
B PRBE T M B I DAl B T A — B AT AR
ML ABJRAFAETE 22 R ME, 191405 | A WP 26 3 855 (A 5
SRS A PRI D 5, (R, PR AR B 75N ] i ] R
JE EWAFFEA R B R E . 125 5 B9 PEAS A oA
FLO e300 B PRI A 1, 38 1 7 AN (] B e 1] [ B
WS AE 2y, S8 VPG A8 B AR, AT fd 45 il 7 T
e A 722 A st A e )l SO

IS B A AL T TR B MR 2SR 3, %o il Y
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AT i B8O, N RT3 X R B PR A 3 2
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The relationship between Trachurus murphyi and the
environment at different time scales
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(1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China; 2. College of Marine Living Resource Sciences and Manage-
ment, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 4. National Engineering Research Center for Oceanic Fisher-
ies, Shanghai Ocean University, Shanghai 201306, China; 5. Key Laboratory of Oceanic Fisheries Exploitation, Ministry of Agriculture and
Rural Affairs, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The Trachurus murphyi is affected by the environment, and the environment itself changes with time,
with short-term seasonal changes and long-term regime shifts. Based on the data on jack mackerel stock and the en-
vironment from 1970 to 2017, this paper analyzes the relationship between the environment and jack mackerel
stock from month to year using integral regression, regime shifts analysis, and all-subsets regression analysis. The
month-on-month analysis results show that the influence of Sea Surface Temperature (SST) on stock biomass
changes most obviously with time. Chilean jack mackerel is more dependent on SST in spawning and overwinter-
ing seasons. Followed by the Pacific Decadal Oscillation (PDO), the effects of Sea Surface Salinity (SSS) and
Oceanic Nifio Index (ONI) vary less in different months. The impact of Sea Surface Height (SSH) hardly changes
from month to month. The annual analysis revealed four distinct regime shifts in Chilean mackerel resources over a
long-time scale, with each regime characterized by unique dominant factor combinations. Notably, with the escala-
tion of global climate change in recent years, a broader array of environmental factors has potentially influenced

fishery resources, leading to significant changes in the patterns of environmental impact on fisheries.

Key words: Chilean jack mackerel; integral regression; full subset regression; regime shift; environment
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