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YR 3 0 20 R AL A S S B AL, R,
HATFRGH . AR, MR I PR 5 e P 3= 50 1,
NI AL Bh A R, A RE N 2RI
A P2 I ] B Al

TE A I 3] A= 2510 v 52 A 7228 AR5 T 114 ) o
Hh, 80% Y4 TS A Ag AR Ak i — B RN ER
5 B AN TR A2 Ak 5 | RS AP 2 1 T 2 3R JE (sea sur-
face temperature, SST) . ¥ 2 A= 7= 7] (net primary
productivity, NPP)SEIRGE R 1 (i 5l), X 2Efhi
I A1 . G L AR 388 B e U B e A i
TiHh, S M AR 55 R A e 1) SR AR SR AR A
B AFRER . 4 i B R A T B 2 B e
AU S Ay R U YRR S R A
B BEEF ] /N R rh 1 R 2 BRI R, BB T)
i3 & (catch per unit effort, CPUE) ., WIR % & 5
BU(RDI), a3k & (catches)X n] LIAE % A 4 i 1)
W AR IR BE HE AR T B R AR I
IGE A4k, SR B (R e O ML ) 52 2,
T it B %o A AR AR X £ 288 B S B Y5 e L B
N YRS R AR SORE LA I PEIR B XA
KGR A BE W SE IR AR W R, RS KR
—IBE VR PR BT I B0 FE ALK /N R RS
AL EREE | RUBAETE L A . SRR
JERFE A, R IG5 ik R /N B vp B 2 A 20X
fige T AR A 0 25 5, LU 4 5 /Rl ep |
RO GEIRVEAL . B2 R A B AR
RS %
1 X|BSEFFEH

KREES e KW A [R5 3 171
A%, AR A A, D
FE SR H A A ELOCH T, AT R AL P
/NI B R S A S 1) SRR A R e
Wi—Fg J7 ¥ 81 (El Nifo/La Nifia-southern oscillation,
ENSO) . K AR FR YR % (Pacific decadal oscilla-
tion, PDO) ., 4t KV ¥ 3i(North Pacific oscillation,
NPO)., dtAR V33 (North Pacific gyre os-
cillation, NPGO). Jtil¥#3li(Arctic oscillation, AO)
%, B8 (Kuroshio-Oyashio, KR-OY) &b &K
V-V S MY (4 VG B A U, R R R R 1

AHICAE IR, B 3R AR 2% ) A=AV i i
BRI /N e | 2 a2 e g 1200

TRE 1 — A B R A 23 R] g R RUBE AR A ]
PIFAR TR R AE, ORS00 e BT =X i
AN T DX 38 F R 55 38 1 . ENSO J2& JBL /K JE i# (El Nifio)
58 J5 % 5 (southern oscillation, SO)HJSFK, 1%
FF— L5 A MR R IIE R, W
HIRFZRN: 2 SO Fa, XN iR Y El Nifio 45
£, SO S FE ¥4 19 La Nifia £, PDO
e 5 TV 7K 3R T B P AU RS- R AR A X,
HRE SST Hfi s . IKFI4EY) PDO #88MIE . i,
PDO #/r AiE . AP, A0, NPO #E KA
TR R IIE P A0 RE . &R X (1
H—JU RS PE) KR AN S Ak, SR P =
JUIEmE, AO B Ab FIEM AR, NPO AL
KFHEAFREA R EBRS—T 8 LR
(Aleutian low, AL)f¥5# E 281k, NPGO J& K< NPO
MR RIS, WO 2 1 SO BAE 9 1 s 5t
A, B NPGO iEAHIBEfH NPO f i A s>l
SRR GR DR KRR AR S5 A5
BRI, FFr SST B sh#e 115 IR H 71
5 2R 15 5 F- (sea surface temperature anomaly,
SSTA)JHEA I, #%Z4EH El Nifio 3.4 ¥4 (ocean
Nifio index, ONI), KRR PRYRY 1541 (the pa-
cific decadal oscillation index, PDOI)E%db K1
MYk 7 48 L (North Pacific gyre oscillation index,
NPGOTI); b K- 4 22 19 KA i A8 46 36 F X
DX 3l v V- 1 R ) AR, O R T W Bl e 4K
(southern oscillation index, SOI). HtiiFg%5(Arctic
oscillation index, AOI)adt K F-7#+5 %L (North Pa-
cific index, NPI), #8%AY1E F 5 % R A a0 1E
UIRIR S

T 20 SRR S B (8 1)3& W, El
Nifio LG AE 2015—2016 AEFK A Z 45 3k B A 20 T
g, 2007—2015 4 [EJL K7 PDOI 5 AR LK
7 NPGOI 1 58 MR I AE (L, X5 Joh 251
TR AL A7 PDOI A NPGOI 6 £ HU A9 45 A0
o Bk, SOI 5 NPGOI 1748 1k 77 1] 3L A A
2, ONI 5 PDOI 1y i ah#a#—3%, PDO Fl NPGO
HIAEACPREN J17% 5 ENSO MHE CEE, SARENRFR
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Tab. 1

KESIE-BFER

Mainly climate-oceanic index

REERLES

AR A

TEETINT i) P 51 /4

FRHOR IR

climate type climate-oceanic index

time series of index/year source of index

SOL: WRLIE/RJE H . SR O AT P

. — 1951—2018 https://www.cpc.ncep.noaa.gov/data/indices/
nso | TBURKRE S ik P pemeep-nona-g
ONL: {f Nino 3.4 #1[X (120°W~170°W, 5°S~5°N) | 202 https://www.cpc.ncep.noaa.gov/products/
45 3 A H 1 SSTA FH1 950—2020 precip/CWlink/MJO/enso.shtml
PDO PDOI: 48 20°N LAt A KP4 X 35k SSTA F-H{H 1900—2018 http://research.jisao.washington.edu/pdo
NPIL: 45 30°N~65°N . 160°E~140°W Hfi X [ & F in https://climatefie_ltaguic_ie.ucar.edu/climate—
NPI o0 3 T 1899—2020 data/north-pacific-np-index-trenberth-and-
BT S F 1T e hurrell-monthly-and-winter
NPGO index (NPGOI): & X HZR AL KT (25°N~
NPGO  65°N. 180°W~110°W)HIX SSTA FlifF 3 - 1950—2019 http://www.o3d.org/npgo/
(SSHA)AYEE — F iy
AO AOT: 451t b 1 Y- 5 K A 8 - M8 1950—2020 https://www.cpc.ncep.noaa.gov/products/

precip/CWlink/daily ao_index/ao.shtml

%% climate index

1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 ]

K1
Fig. 1

AR AL — A~ B — B (V2 I 5 B R
TRIRUA R, T LR A RM S A
S

2 ENSO Xdt KFEiF/MEr FEAEH RN

2.1 ENSO x{/hNBlieh 2 fa K4 2 b RS20
ENSO HA B8 194F PRz {6538, El Nifio B
% k5, La Nifa U0 R BREHFP £LpE
27T b TV A A 3R AT R 5 L b PR AR ) 1)
JAT PO Bl Nifio W & K ZTY, ST K
SEPETE KU, AT IR RO TR R T RO T i
OB A G, RIAARK V- SST BTt
PR PEB I AR RS, RERIZ AR IR, T8 A% i 5
R K PE (S 0 =R X, R B AR R TR
i, PRIEVEARFFE LT s, S IE iR ARt
RAFE AR 40, Zhfan] iy NPP =& (9 B th i1 2%

5 L
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
B[] year

PSRRIk ¢lam

Fluctuations chart of key climate index

AT ZR AN IR i 7 a7, La Nifia 51 A2 (9
PEMRES S ki # 5 El Nifio A P03,

W PE A AP RE = e T RN
PRI, RM AR 2R AN ERT A S %
MY PRAR i SR R sg e, Horb A S
) IR R B 4 T AR A M s ] £ 2 R A A 1 B
FHHEE KPP ENSO /NI | R 2R A
T Lo A A 2SRz Bk R ®, /NI | R AR
TG B R BARRIYE TR IR AR R
Mo 0 25 5, R A B B 0 A . 7= B 5 Je 4
AR B ) B A D e S Rh FE R ) X 5 g B
AR

0 QARER =] & VIRl o 1 i e S o i B /7K VA
T SE AR A X, ENSO SRk ] Ay 3= EAE A
AR T Rl By 45 X g R R AAR CRR A= ) . v A
TR (A AHE), X PR i N B AR (R A
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BOR A RIS, mgkae | | A3 fa R R b v K
PR KM, HIYRE SST & midb fk
R, HlT 3 P S b o B A7 B i
SRR, X ENSO ARk i i A A AR ] .
o0 58 3 R A AR AR IR R BSOS, MRS AR e S
ENSO 1] [1] 1% 1t Kk 437 #% A7 5604 J ik 55 POl e
1982—2001 4E Nifio 3.4 X SST ‘57 K- i fil
WO KRNI BB, R 7E IR K
TGO E, R B IR KO B i AR K
P B REIE, JE IR JE U A I 5 1 R Ay 1) 2R
# 10~20 4R, P4 Z AR Tk, Jt
RVt Aroefa | R 2R PE R i
B b AT AR B, Hiyama 2507V &6 114
Ui 77 X BH 0 2R it R0 H A I 1) R R TR — FR R, AE
2001—2012 4F[A] El Nifo &A= 4F4y, #6077 Op
Ij# 5 SST 1A K (r=—0.76, P<0.01), TiEH,
(7R . SRR B P SST T i 1 R4 /)N ELZ i
6H, HBorfh i W LTI T 00 R, 1%
35 SSTA sZM AR, HIZE5 I HIRK
255 DN il B 0 DR 2% T 4 ™ AR I R S
AT AE EE X, JE/RIEWEAE SST KR
T r= o K 2 HE s R, B EAL A
FHEEE SST RMAN, 28 piANT P BRI Rk
5 Il % 22 1 8 R Y PR 5 PR R I A K A e
it RS HFFRPINEER a (Chl alk 2 IE
FHIC, o AR T b AR AT S fa 40y £ ) TG R de e H
AN FEAR IR, HY5 SST & Chl a JC i A
SR R PEY T U Y T ) X PRI
75 Ak B e 107 5 i fa AR AL, HL T v B K P £
KIZ A TARKFE, $EIEXT La Nifa SWE 1Y
M 7 5 PG AT B K T fa 2R AR B, 4 £ Bt 25 T )
f&Je W FHifi (California current system, CCS)3%
SER 1) B A AV O A, A S b T R 4
ORI T/ N
2.2 ENSO x/MNBirh FE&FEFFEEERZM
ENSO Hl4 5| &M B AT a2, dk—4
e /NI R R RO R . HARTE 20 2
30 4EAR A S B ¢ ENSO B4 ny JRikic =%, Hl
AN K 2 % 20 140 80—90 AN KA M7

PRI H 4 1 (O FRRERE DT 5T ENSO B %t/ N v
bR AR IR A LR, A AR PR A
SRR SR L R S B R R A S A, 15
#| CPUE/RDI 5 ENSO #5824 A & M 1 /N Y
o | 20 2 R RK ] 411 (r=—0.48, P<0.01)!"1 | fil
i1 (r=—0.779)* | #7 % i1 (r=—0.369) J% it £ (r=
—0.156, P>0.05, RDD™, rf 7k 7] o1 36 4k & (r=
0.05) & fif 11 (r=0.15)*"1 | ¥b T 471 (r=0.666)1* i1y 7=
YRR 5 ENSO A B IMIEM K KR .
Mg K A AR AR, T E B IR,
R S DX 3 1) 98 7 A 75 R ) RS A R R
HF P 28 S T 0 20 U8 U5 R B W] RE A AE
i JE R . 6% CPUE iff& 0~2 1~ H 5 ENSO B
BRARAM LR, NP IR >55 T /R JE 4R
By>58 JL /R JE VB AR >1E % 4F-4), La Nifia FU5R 55 5
CPUE 34K ek, 2Rl L i ENSO
b TR B Be i, HoAS £ (SOT) 5 AR 4R B 1 rh UK
Jlfa it CPUE RHAAHIC, 5IAEKAIRK ] A
fifg f41 (1) =F B 8 B IE AR G, kT fORT i 3 B R A
X ENSO =4 /% IE w5 5 1 4F, El Nifio 4F 98k
Jlf CPUE %4 La Nifia 4Ef9 3 fi5, k2 RM4E
Bk J] fa 7= BP37 SST 5 Nino 3.4 [X Y SSTA 781k
EHE 8~10 MHMIEM LR, I, KREX
EAAN 5 28GR A A A B A SE 6 R, 1T HL
A 1 A AR LAt A ) R Al A A DR 26 ki 2 A v 4

A0
3 PDO XfdbXKFiF/NEA R & XK FIN

3.1 PDO {/NEUrp | = £ 254 2 it 9 5 i

PDO 5 ¥ il At AT £ 35 3 3 i 45 Fh K< -
W R B YA ) A PDO #5467 SST.
EhUe ¥ (sea surface salinity, SSS). IR G ZRE . &=
R K AR A DY, RAE 6T PDO B ALHL
HPRRIF S 1 R RS 52 4 280, 5 Vimont VB35 i
PDO 5 SST HA — & [ ek, PDOI H 71 ] 1E 4%
AR 1 7 1) 55 T i A 0 1 B R A RS A B Bl 1] —
., AT BAHE PDO ZS [T 52T
ENSO %, i AR A PDO B, [F]
S AT 2R ORF- P T Ui O v (D), s e v B R
PRI IR N B RO,
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AR AL FELKEh 1, 1E PDO A8 5
T B 7R B0 | BTSRRI AR fL v, SST B
BeRg g i AR K, TR AR W R D AR B £ Y
A K B AT 7 K, PDO 0 Bk T £ ) B
R ZPEPg MR R Y, PDO FfiAl (44 )i,
SR AR FLUAE A S, Bk TP ET R NPP
AR R, R 580 SST
BHAHE, 5RIEY SST RIEAXEIS 29 C
i Y 2R AT LA SR S ke 2 3 37 7 0 43 A A 1 1,
f£ PDO IEAAH(BZAE )BT, HF PDO 5 NPGO
(R AVE G 8, SEORE E AR D>, K5
TRBRZARR, SR B P, B SST
& H AR R B E 28 I+, PDO A A A
MPEIL AT SST F#AIR, 4428 H AR fid i b &0 il
FIRMLE MR 8, FIBERAEEFRYRE NEED
Wi R EPY H CPUE K4ifatr a5
PDOI 2 A7 vatsu ZEP¥R ] Ricker #5
I, JCAE PRI A Vb T fa kb 70 ok i 37 H:
SEARECE A SST M2, T 52 i 5 4 h 78 5 19 A=
BHEG T HERBE M SST, AV T
Jifk, Vb7 f CPUE K#fatbsis 5 PDOI £ IE
*aa\é[M,SS]O
32 PDO /MBI FEEEXFFEFEENFMN

HIEF RS PDO HA AR AL
ANE R AT TR T A Rk A A AT
i (r=—0.45, P=0.04)P*" FA#EE0 B 5
PDO £ IE A I A/ N rp B 2 f0 2K KOF- PRk ) £
KA BER (r=0.10/0.18, P>0.05)"" | # ifg it (r=
0.59, P=0.05)%, K[ F Mz %t 1985—1986
4F . 2000—2010 4 1 SR AP REAE AR PR AR (L I AT 5T,
Zhou Z:PVEF ¥ 176t RDI {6 5 PDO A &
MM ZEE, PTREIRINA = — R IR
ZZAHWRWILFEER, A KRR A
B RS AHE, 5 TR R T A
FIR1 R 38 SUSE M 2 980 B A 7 MR 1 R YR A
B[] B AN [, I 2 20 BB 342 452 1 4 B 1) e 3 LA
Beoumm R, UL | AT S T My
0% U A AR B B L 4R 8] 9 3 shAR K, H AT B A
SRy A 7 S B T 9 i K B e, S [R) A 2R E

T LR, B TR A 2 B H R 5
5y 52 N & £ VS 2 3 A N TR IRV R B 2, PDO
TC ik 52 B AR BT A1 28 0 R B s M S SR AL, BT LA
RS PEERE | A S A T O e R I s i
5 PDO LR AMIKLR.

PDO BN ARSI S ER R E S, 5
AW SN 22 6] B 28 A B R A 2s [a) ROBE [ A7 A 22
SN ANk J] i SR TE PDO ¥ | IR A4
A B K251k, PDO BB N AFK J] i CPUE
— Bt PDO B HEY, CPUE 5 PDOI 445 4
BRI R AT RS T/a & 3 4ERM A G K
(r=—0.318)!""), #VFIHAE 5 PDO H5 %2 AR
LW R IR 1 AEPY

4 KR-OY it KFEiF¥ /N FEGEEXFFIY
4.1 ESEZIMT KR-OY EE/NEth | 2 Hif

B A% =
SRR T BRSO AR A P SR 2,

INELIEREE IR Z, B SRk D] fa R YT
s R rh 2 A m AR . kg
B T BRI AR TR K B AT, HAbim ek
(W Bk U] f0 ) e B A T B X PR I E R Y,
Sy e 0 e 25 SR A T DX | PR A U X AR AR
1, DXl 3 o e o) 0 TG S R L e v R A
5 NPPI Miller %51\ hy B3 77 i A= 4y 1) 2
Jei) B et LT A=A R U A A A R, % ik
B IR ELI R & A% o S R IR A Vi e A
SRE T, EAMGE . Rk . BE IR A
MW — . U A B K B T A R
HOE B bR a7 i, B G IR A,
— A S 15 5 SR A0 Tian 2515 % BLEK T] 00
CPUE W4ERBRZE (LS 1976/1977 4E . 1987/1988
AEFN 1997/1998 AF R [l PN TREVE PR 58 1 e 28 A
—3, 17 1987/1988 4F Kz 1997/1998 4F F 4 17 4af,
B ERSGTE PDO F B FEEA R KX
%, 1976/1977 4 1997/1998 4 HyifF i 24k 5
ENSO St 5¢, il PDO. ENSO R RE
SAER KA TE KR-OY W) 25 56 R %5 1),
HE ) 5 W 2 K 1L A £ 2 R 007
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4.2 KR-OY §RX/MEAR FEEEFEFEEN
A

TR R R 0 2 Y T R A 08 fR 4R
PDO LA A B 2 1 LU P I AR b X KR-OY X
S8k A SST ¥ o 1o 2 o AR T, 7E 1988—1989
4 PDOI 42 IE ], SR IX 32 SST BEALhY
FEsg ], A&V AR W RN T AR TR TR A
1/, PDO R IEAHI G [ T KR-OY 1Y)
AR, Troh 2N 3 [ U9 43 Mk A B 1978—
2004 4F Y0 T 0 G ERCR 5 AW AE i X Y SST BHAY
LR OCOC R, B O o 0 X 50 R R
i VI R (SST-TZ) B A “H LK & . Tian
USSR 35 B 3 FIAR SR A 9T 1970—
2000 4E M AE £ S R b B ZE 4 2E CPUE 1Y G
%, 153 KEIFK I CPUE 5 383 IX I g 6 R
(SST-KR). SST-TZ FIEAHX(r=0.60), 5E#H X
3 3R R (SST-OR) & 1 A 5K (r=-0.05); AL Ek
JIfa 5 SST-OR. SST-TZ % iF4H K (r=0.08; r=
0.001), 5 SST-KR £ fi 5 (r=—0.26) &AL,
5 B 5 O /N R | R A6 2 iR (r=
—0.44), HRIFKT]f(r=—0.26), b T f; BIEAHRK
/N 2 A 2 R (r=0.21) . 7 %471 (r=0.13) .
KHVFK 7] #1.(r=0.49, P<0.01)",

ENSO #l PDO X B A {2k B 7= A= f g U7,
HUf R 5 B AR A A S R T BRI R R, SR
P 745 A i ol R A 5 52 A e 0 i (o7 Y, o
W 4y S BT R ey, BRI AE B AR 5 Rtk
B, AT AEFE AN R U, S R ) i
JKIRAEK T 4 CPUE i %) A B B i) R AR R
R g B B AR5 R AR 1 e 2 1A R,
S FEHOR, SR A AR 3R B (potential
vorticity, PV)JCIETHER, fff H A i1 i FE0E 25 0
B, ANFEE Y S AR TR S A i U, e
T S 9% B ) A X 3 s T v K Sk R A A i o,
FOR MR VD T 07 BRI 4 (0 4705 AR, T
S F t AN A R T, AL, KR-OY K
5 55 5 /N F e | 2 A0 2R B S oA, BRI
I 3 A B A A8 A AR T B X 2 R R S B AR

R

5 HtSEXIEKRFFND RSB

51 Htdb K FFEKEEFERE

W ULEY KN S (i PDO 1 ENSO) H fit B¢
T3 UK A g AR e i AR AR PR AR A, HL
55 2R A 3 9 Sl R At Vg 3 S 5 A o ) DG
JEA R NPO, NPGO. AO & H kR A
i (0 51 R A BT 4 1T T i 6 1 2R 85 A A8 Ak
N o AU AP AN PR AR X AR VT T S (sea
level pressure, SLP), AO 1t3& 20°N PUJb ik Ay
SLP 724k, NPO 13 30°N & @ 35 5 K5 60°N AL
] B 30 20 1 B %2, L 48 £ (NPOI) Jsz Bl At K1
SST IW4EBRIE 3N, Chenillat 270k NPO 2 3& i,
A3 XIS s A B R, di Lorenzo 25
i L 22 50 1F A2 R EL(EOF) /0 #r, B81IE T NPGO 54
JLARSFP SSS. Chla WREE | H IR AR R AR
R YIMI S . AR A7 ML Bl Nifio ¥ NPGO 5
PDO HkRTE—ilE, WF5 LI, 1990—2002 4F[H]
NPGO X} SSTA 7 Z /B Lt PDO B, < fi
A5k BT PDO 5 NPGO =[] iAf 7 6 &2, 4
J& NPO FINPGO 1] RE7EJb AT PR R IR AR fb vp

KA N EEAER
5.2 NPO. NPGO. AO X/ NBlrh FE&XiFHE
b B 2 i

NPO IR 501 T i) NPGO JZ Wl Il #4537 o 43 3
A3y SR FE A8 Ak, NPGOT 5 L CCS Mt mydb &
SEFEARHS I B . B S e A5 R i LR B R
U fE CCS H, NPGO Jif s B i KU 3 b T+
b5 SSS SH HAT SR SCHME, SR AR ALK
VR B TR AAE 38°N LIRS 55 NPGO 3¢
PEAEESR, 38°N LAdt PDO XF I Fhif Al 4 il B Ky ot
FUUSL VR v 2 0 26 3 I U O 1 b
JRUTL XURE 75 FE 3 B 1) 2 9 L I8 8 5 3 9 i
B, VT SR A X AR BRAR L, PRI X A /)N
P el S = B S ) DA e e A /A G 75 52 /A kN
NPGOI 5 NPI RIIE AL, 4 NPO 85 CH 7
if, NPGO &b T iEAi A, AL I HA, ZRILKF
P SST F 1, SSH MK, TR ir A= A= 13,
WAE M XIS 2~3 4ERERERTY; 2 NPGO 4b T
PLAHRT, Hdf B IOP R B SST Fhm, Jf1a)
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Tab.2 Relationship between large-scale
climate and small pelagic fishes
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Note: + represents a positive relationship between the indices. —
represents a negative relationship between the indices. 0 represents
no relationship between the indices.

RRESE
large-scale
climate Sl
i ‘ i D b [P R
TP [TE: 2 number of
physical marine # _‘% cggs and
environment | indirect | & b survival rate
HEEW effect ﬁ spawning ground|
y direct effect 5 s
SR ¥ SRR
"i“ ical i ™ juvenile survival
ecologica < I
response feeding ground rate
v
HREREER |
fishery resource|
abundance Wt J5n4E log n years

K2 ZRiRHESE
Fig. 2 Framework of review
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Tab.3 Research methods of relationship between ENSO and small pelagic fishes
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Note: fM(X) : sum of M classification and regression trees. X : environment variable. T.(X,7y) : the mth classification and regression

lation analysis

tree, nis its parameter. r: correlation coefficient. n: sample size ¢;(K) : the correlation coefficient between the kth element of X and the kth
element of X,. X, Y: SSTA and CPUE sequences in the same time series. X;, Y : the ith climate index and the ith respones value. g : the
differentiable and monotonic link function. U =E(Y,). f: vector of parameters. f; : the smoother function. X , Y : the average of X and

Y. S, & :the standard deviation of X and Y.
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N : the CPUE at different time lags. C_;: climate effects. & : random variable in normally distributed. Y;: Catch in t year. a and b: the

parameterin linear equation. f, : annual standard CPUE. c: constant term. d, : the coefficient of the ith factor. X : the number of the ith factor.
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Review on the response of small pelagic fishery resources in the North
Pacific to climate-ocean changes
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Abstract: Small pelagic fishes are an important fishery resource in the Pacific Ocean. Generally, they have the
characteristics of a short life cycle, fast growth rate, and high clustering, etc. Their resources fluctuate signifi-
cantly from year to year and are affected by climate-ocean changes. In this study, the characteristics of the key
climate-oceanic indexes, such as El Nino/La Nifa-Southern Oscillation (ENSO), Pacific Decadal Oscillation
(PDO), Kuroshio-Oyashio (KR-OY) and their influence on habitat environment and fish resource variations were
reviewed, focusing on six main small pelagic fishes, including saury (Cololabis saira), skipjack (Katsuwonus pe-
lamis), chub mackerel (Scomber japonicus), anchovy (Engraulis japonicus), jack mackerel (Trachurus japonicus),
and sardine (Sardina pilchardus). The climate-oceanic changes that directly influence migration distribution and
resource abundance of small pelagic fishes and indirectly delay the influence on parental reproduction and
spawning, larval and juvenile survival rate, and resource fluctuation were summarized. The review included the
following suggestions: (1) the construction of a biomass dynamic model by adding parameters, such as population
dynamic processes, fishing mode coefficients, and natural mortality rates based on several climate-ocean indexes
to reveal the influence of climate-ocean change on fishery resource quantity; (2) analyzing the effects of large-
scale ocean currents and mesoscale vortexes on small pelagic fish based on physical ocean models and spatially
coupled hydrodynamics models, combined with other major north Pacific climates such as North Pacific Oscilla-
tion (NPO), North Pacific Gyre Oscillation (NPGO), and Arctic Oscillation (AO).
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