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1 MEHSJrE

1.1 SCIe# R

et 2R 7 G T ECE R o L vl
Ph oS R, W E 1995—20114F, Pt
IRV 5 0 1l 3 il 35 2253 A1 7E35° ~ 50°N
150° ~ 175°BII A, 28 (6] 2 B Ry 1ox10, K il
WEVEML BT RIGERI A ). &5 . i, H7 ().
VR 555

W B4 HESST . SSHAIR & 2 K B
(mixed layer depth, MLD), B [a] 5 % &
1995—20114F1—12 4, 3it20440 7, Hdlsil
[l H35° ~ 50°N., 150° ~ 175°E, %5 [a] 4 HER ¥y 4%
bR 1ox1°,  LAUC C ek 4 25 (8] 4y FE %, Horp
SSTHLHE >k I T 5 Jak 38 K 2% M 34 (http://apdre.soest.
hawaii.edu/data/data.php); SSHE(HERIE T H
NOAA Ocean-WatchZ{ % %2 (http://oceanwatch.pifsc.
noaa.gov/las/servlets/dataset); MLDHHE K IR T 3
[ [ 5 3 5% 1 4% O (http://apdre.soest.hawaii.
edu/las/v6/dataset), & LA A PR s 38 5L
N20ONRLIbAL KB SSTH 5 — F 1, H
s KR T 36 B AR L WK 2 B BE O E
(http://iridl.1deo. columbia.edu/ SOURCES/.Indices/),
1.2 ZWHE

DY O g A LS A 495 8% 7 ¥ ) i (cateh per
unit effort, CPUE)Z fiE P4 Jb K - 2 0 % I 3=
JE, RVIPDOBE AN W12 AR S T 1995—
201 14F ) et B IR R B AR (b S22 57

PN 1 s 7 T L 7 N e [ N O S &
0037 2 R 1) 0 AR s oL, (8 R
& FE PRS- (SSTA) . 1 R 11 /& B B F- (SSHA) AR
HIERIE P (MLDA), B350 3 v 44 22
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(] 5P PSP 1B Ay 922 e 1 S B PR 58 s 5 H i
S PBMEZ 22 . IR E A OGRS AT SSTA |
SSHA . MLDA5PDO KK,

TG BN Bk AT R N B mxn, mh
2R A (1ox1°), n WP Rl A (H ), A HE5E
m=405, n=204, 2% 1F 38 5K 4053 f# 1% (empirical
orthogonal function, EOF)7E 3 T A 42 o0 & 1Y K it
(] F7 51 28 Ak B S AR DRI A S 6
T X PG QG- 2 0 3 B 37 30T 1 T4F I R 4%
Al ¥ (SSTA, SSHAFIMLDA)# 4T 40 i, 15 5] 343
Bt 3= B2 [a] FL s ] () 28 A AR

2 4R

21 AMSEESTREFRFEEEN

1995—201 14F Py b K-V 22 ™= it S L%
VR BEAEN I B B3, 1TAE R 8 92Tt
19994F P 4 f e M 13.277t, 20094F 7= fie fik Ny
3.773t, XFRiCPUES I 331.4 t/fiF1134.7
/M, CPUEAE W] 28 fk 5 7= &t B A KT B — 3 (% 1),

JE K PEAE1995—201 14E 2 [/ PDOY BB 241
JEH, Hh1995—19984EF12002—20064F K
PDOWE i, 1z 1% 1 2 #6.°F- 35 CPUE 43 51| 4301.7
/A F1380.9 t/f, 1999—20014EFI2007—2011%
PDO M, & WIXT N 52 6 °F- ¥ CPUE 431l 24 266.5
/i F1296.9 tfifr, PDOWZ I CPUEW] I = T PDO%
#CPUE,

22 BINEBERFEFENTHISERSPDO
% &

1995201 14F[i] P Jb AF- 7 32 i 3 SSTA
AR AE AR BRI 2L, AR B E FEl h—1.40~1.35 °C,
/MERN-1.39 °C, KA 1997H9H ; HmKRIH
HF1.33°C, KAT20084-9H . 1995—19984F Al
2002—20064FPDORE HART , “F-#4SSTA N 11 fi ,
S A-1.18F1-0.11 °C, BIRKT1999—2011
FF12007—201 14EPDOW 1 F- I SSTA 0.04F1
0.23 °C. I [A] 7 5 R0 B AH 5 3 B 56 A 75 6 P
I MSSTASPDOE M E B ENRM KK R, H
SSTAM JFPDOFEE—9~10H , 7E0H MK R Bk
K, H-0.6467(K1-a, K2-a), Ttz
SSHAUE B ALK, B [H] ¥ 51 43 A7 A 5 (1) 1E 3,
R W SSHATE 1 TAE h G2 1838 i, U HAE I 54F
() Tk IR B B . . SSHAZE AL H—5.80~
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#* 1 A [EIPDORSHAZ & F 15 CPUE
Tab.1 The average catch per unit effort (CPUE) in different Pacific decadal oscillation (PDQO) phases

F FEE10' SDEEviE AN =R R (T )

A FPDOR HICPUE-F 418
the average CPUE in different PDO phases

year catch CPUE PDOFH{L BT 4% S B R R/ (Vi
PDO phase CPUE

1995 7.3 2043 PDORE}(1995—1998) 301.7

1996 8.3 225.5

1997 10.2 302.0

1998 11.7 384.9

1999 13.2 331.4 PDO% #H(1999—2001) 266.5

2000 12.4 278.5

2001 8.1 189.8

2002 8.4 233.4 PDOIE #H(2002—2006) 380.9

2003 8.3 404.6

2004 10.7 502.5

2005 9.8 4334

2006 10.8 330.6

2007 113 443.7 PDO% #1(2007—2011) 296.9

2008 10.6 410.9

2009 3.7 134.7

2010 5.5 211.3

2011 5.4 283.9

6.80 cm, Fx/IME N-5.77 cm, RATE19984E21
AR L ET20114E9H , H6.77 cm. 1995—1998
4EF12002—20064EPDORE W, 14 SSHA S 5]
H-3.23F1-0.37 cm, BEALF1999—20014F
(0.12 cm)F12007—201 14E(2.88 cm)PDO % 1] 1 F
BISSHA ., [AlET, B 8] 75 50 A B A 43 A it B T
SSHA 5 PDOE 4 & 8 & T AHCOC &R, SSHAM &
PDOFE$(—20~17H , HAEOH B AHC R E K,
H}-0.6018(E 1-b, Kl2-b), HalMLDAZE AL %,
A3 B —36.00~30.00 m, fe/IME H-35.02 m,
RATE20044E6 ] 5 B RMEHN29.63 m, K4ET
19994E3 H . {H X} 3 PDOY W ] - 4 MLDA7ZE 1k
BN, HH1995—19984EHI2002—20064F
PDOWE I, SEHMLDAZ%: 5 592.09F1-0.70 m,
B T1999—20014F(-1.40 m)H12007—20114F
(-0.13 m)PDO 1Y F-¥JMLDA . It} [8] )7 51] 11
H MR T MLDA 5 PDOE 1 5 % 1E M
XX %, HMLDAW GPDOTEH-6~5H, fE-1
AMERBEK, 703307(K 1-c, El2-c).

2.3 EOF##h4ER

X204 H #JSSTA. SSHAFMMLDA# 17
EOF/3fift, it — 20 43 #7 22 f0 i 17 4 5% 1R - 7 B[]
Fzs (8] B AR AR RRAE o Fe2 R4 BT N 74 i A5
NGS5, TSI RRAE 0] & 4331
ST PG ROF 22 a3 SSTA . SSHARIMLDA
A 378.73% . 32.82%H164.57%If5 B, i AhAT
DLE 3 SR 3T 5 T i e 1 7 22 BTk 3R 0 04 W
AN, ARG E AT T A IR A R
) B B RS, R 1995—201 14F [H] 74
AU K7 2 0 #0837 SSTA . SSHAFIMLDA /) £ %
TALEAS .

T 5 H SSTAM i H Fir 2425 Uy 25 BTk % 4%
B 44.98%F118.94%(F2), M EE—HE A BRAE 7] B
BRITTLLE 1, 7584 2 i 3 1 N 25 5 16 A
Ke(E3-a), XFM TG RFPEFR M E BRI
Bl P i A A b A 7E 2 ) 1 R TR R — 3
FAE o BO(E DAL 1] B A 35 T 10 P 3 ek Y
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KERER T

anomalies of each environmental variable

KPR A S TR EL
pacific decadal oscillation(PDO)index
AN [EIPDOI )44 1458 PR 1 1 1S4 AH

average values of the anomaly of each environmental variable under different PDO phases
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4
2
0.
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4

JEREF/em  WERIR EIESF/°C

G
SSHA

-6

RAZREIF/m R
MLDA

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Fhr

year

1 1995—20115PDOLAK P 4 K i3 3% & ) 37 & R85 [ F B P E R B (8] FF 51 2 L
Fig.1 Time series of PDO and the anomaly of environmental conditions including SSTA, SSHA and MLDA on the
fishing ground of O. bartramii during 1995—2011 in the Northwest Pacific Ocean

[ (I e S s I € 7K S 3 O T IN VA »
152° ~ 175°E., 37° ~ 44°N, % — A HRAE 7] 7 18
AR ] JE 5 A5 ALt Bl 4-a, 1995, 1997F120074F Hy
W 0 1Y R BRI ARy, 3 S AT SR X 1 % £ i
Y SSTAIRAE A4, 1998, 1999, 2008, 2010
201 14 WY 4 1 RACKAB ARy, X BBAE XTI 1 ¥
Y SSTAM KB4 o RN AT LAE 1, 1995—
19984F- £12002—20064F-PDORE | XF i/ [ SSTA
BN R BUNMEFEL, M 1999—2001F12007—
201 14-PDO I XF 17 A SSTA 32 22 R B K AH 4
By o S — RS A RECE 0 AN 15 F- ¥ SSTA
B [B) 3 31 AR AL B AR — B0, BRBHAE — RS R T
AV RO L a3 P ¥ISSTAR B4k . 56
TR A R SSTAR IR B AR L IE 25,
R 43°N LA K SSTAMRAE X, 43°NLL B i
RN N EMAEX, BRI E N 5
F(F3-b) . G5 A ST R IR A, 24 ()
RBOHIERS, R AR B SSTAR T+ F1dE
PRI SSTARY T [ 5 41 ] R 45k T s, D
FEI0 M AU B A SSTA | THFI B # ¥ B SSTA Y
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TR, T LA H1995—19974F I i) £ % L) 7 {8
JFE, 1999—20054F LLIEME N £, Z 5 JLAER
[i] 5 B4 7 W . (K1 4-) .

I BE S 1 SSHA Y i i 1T 2 A5 25 Uy 22 B ik
RO 11.82%H17.35%(FK2) . M — AR SRR
) 2 [ (J813-c) ] LA, 35 157°ELL S FI AR L
[1]167° ~ 175°E . 43° ~ 50°NyU [l P 5 iy 11,
Ui B X 2 Vg ek P SSHA L R R #a ¥, il i i
5158° ~ 166°E . 35°N ~ 41°NJu Bl %t -7+, J&
HIEm S, SE AN, REEKX EE
B P A e A7 VG e AR MBI N . SSHASE — 5 2S
FFRAE 7] 5 32 AR5 [R) 7 50 AR b Nl 4-c, RECRIE
BRI N I IR 2 B0 B SSHA BTV, Tk
FUE I SSHAREAG . 1995—19984F Jy B f 14 /)N
HAEGY, XTI ¥ #a 3 SSHAREMK , 2009—2011
AR RAE AR, X0z B 3% SSHA b7, fii
1999—20084FSSHA S IR 22 & HH B, SSHA#R
v AL B . W, PDOBEWI XN B T AR
SSHA, 1MiPDO% WX & & iISSHA, X5
SSTAM AR Ak Fa At h — B, 5 B2 Al o AR
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B 5E R B coefficient
""" {5 LK upper confidence limit

AR R AL
cross correlation coefficient

|
S o oo oo oo
N W W W = = W W

AR R AL
cross correlation coefficient

$il5 J5 B ] /month
lag

(a)

0.4
0.3
0.2
0.1
0.0
-0.1

-20-16-12 -8 4 0 4 8 12 16 20

WS 5 R AU coefficient

E{5 FPE lower confidence limit

L

20-16-12 -8 4 0 4 8 12 16 20
$il5 J7 B ] /month

lag

(b)

|
S o oo oo oo
~ W W W = = W W

0.5 [ = FIC R coefficient
""" F{= LBR upper confidence limit
B A5 IR lower confidence limit

ER PSS
cross correlation coefficient

-0.2

-20-16-12 -8 4 0 4 8 12 16 20
Vi J& I 18] /month

lag
(©)

2 PDOE#5SSTA(a). SSHA(D)FIMLDA(c)HIEH X REH

Fig. 2 Cross correlation coefficients between the PDO index and the anomaly of
environmental variables including SSTA(a), SSHA(b) and MLDA(c)

*2 BMRELTEEOFMRISMRESH ETTRE

Tab. 2 The contributions of the first five EOF modes corresponding to each environmental variable o
T T R P VT o RSP RE IR
RHE(E T 51 SSTA SSHA MLDA
features sequence pif &S FMTTk % pigNs RRTTHRE P FHTTR R
contributions accumulated contributions  contributions accumulated contributions  contributions accumulated contributions
EOF1 44.48 44.48 11.82 11.82 33.97 33.97
EOF2 18.94 63.42 7.35 19.17 10.65 44.62
EOF3 8.61 72.03 5.00 24.17 8.95 53.57
EOF4 3.48 75.51 4.68 28.85 5.54 59.11
EOF5 3.22 78.73 3.97 32.82 5.46 64.57

B 7R i 37 R 40 0 L N SSHAE B AH 7 328 4 4
A7, Y037 VG B S 3 B 0N Y R ) R AR A X (1
3-d). S IZBLAS ] Y5 K L 1995—19984F
f2002—20064F il SSHALLfAE I &, i
1999—20014EF12007—201 14E LA TE A Hy 3 (Kl4-d),
FLAG A 4 5 55 — AU R AIE )t 15 [R] A% 46 B i
FHIZ

5% - MLDA 3 i i 2 A5 28 7 22 DT ik
RN 33.97%H110.65%(F2) o 45— ML A PFHAE [h]

& R T A HIHMLDA R f(E X, H AL
R AW AR (13-e) o 5F — LS AP AIE ) 2t 228 4T 15 [
FEa Ak K 4-e, K BL5—12 H MLDAZE f &
i, Mi6—11HMLDAZEAL# /N, Hp 1997,
2007F1201 14E & £ ZEMLDA N W B (9 /MEAE, %
R a3 MLD A B i ; 2001 F120084F & & 2
MLDAH B 5 (4 R BCH IE I AFy, X BEAEXT R T
HHMLDAREAR A0y o[RS A3, 1995—1998
AEF12002—20064F- PDORE I X Jif 4& 2% [} MLD A
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Fig. 3 The spatial distributions of the first 2 modes for environmental variables including
SSTA, SSHA and MLDA on a basis of EOF analysis

) ZECEE R FAE, M1999—2001412007—2011
AEPDOY WG I 1 Bsf ] R EICH IR . B AR
s T LA, g P AL s MLDA T [
3T g 1 I W 1 (=1 T DN [ 9 1 353
PRI JL-FR0, ®AEEMLDAZ L it I K IE
B, 2 ETHERE3-0. 408 B E T
S (El4-f), W LLE A ] R EfE6—11 H 28 4k
MR R AR /IN i A A DU 9

3 TR

Ty — AR A e A A SR Y AR
%E&EE%@$Vﬁﬁﬁﬁﬁﬁfiﬁ%?

A CARIBIERD], JERETR I
%%#m SRR TS 3 R Bl e
N ChenZE " A AT e MR 1R AR I, SR 4R B
MR T E, AM T HAT4h e M BEA, T2
FIAN TR, Hifnp s m bR, mio
IR SRV S S A s U D A R B, A R T DR
e, WG RS, Yo T R
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41
39
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150 155 160 165 170 175
G/
longitude
S [8] 53 46
TR 1) 38 B R LAY, XS A TR

IRIE T« PLJE IR A IE B A SRR 22 A R
725k, BFFE 2B, 19984F 47 J@ T 4 7= A R
B2 7K A1 DL K TR 4 R FISSHAE R, e i
LG LB T AR 5K s [H20094F B /R JE i S S 8L
IKIRFEAR, A SSHAVE Fl AN B3 a4t
17, AR B T BB . JE R e i RRLE
R = A2 Ay RT3 vl Bl e R A S I S, LA
W, MR — SRR
AR 32 19 K I S AR (L BIPDO, HAR AL A3 R A%

FENSOHM A", HEGR/WF 508 76 Jb KSR
£ TR ) AS B S PDOBE G2 OBk . [ 1 5 A

19954 FF by KRR H; 22 fa, )20114F, JL K
2 Ji21-PDOJA, Bl 1995—19984-PDOME ]
f11999—20014FPDOWR I LA J22002—20064F
PDOIE I F12007—201 14EPDO% (5 1), W5
W], PDOMEMICPUEA: &, 4PDORIAHEIL N
WA, CPUENIFEAL ., ULWIPDOREWI ™4 T H
Tt KM EI A, SERER -
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. 3
8 2

X2

=8 Y

E2 )
g 2
S -3 . L . L ! L L . L L
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InNETE
time coefficient

e M

3
iy " A A

) A

RV PSP v
Al e

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011

3
s [©
1
0

InNETE
time coefficient

72 L 1 1 L L L

! 1 ! 1 ! ! L ! 1

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011

BJ r) 28
time coefficient

73 L 1 1 1

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

BJ r) 28
time coefficient

i 8] %
time coefficient

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

G py
year

El 4 EOF & IFMERE FRI2MESHIF B R
Fig. 4 The time coefficients of the first 2 modes for environmental variables including
SSTA, SSHA and MLDA on a basis of EOF analysis

Tk MIBZ, PDOW NI A= T AHI T2 A0 A FRET 4%
., SECRMGIRFEE TR, ™28,
PDOBL 4y % i i gy e it 1T — AN 4F bR B 4F
AP B ) JOBE A e 17 5, B AR B 3T i
N A& RN BA R . TR IE
B gl & R DR, w2 A ] 81 A 4 45
Bl NI S8 2R R PDOBL R Ik 155 )
XF R AR BE R . ATIE AL, PDOFEELS

3% SSTAMSSHATAH G, 5MLDAIEA G, 1
HIPDOWE AH A7 B, 3% N B SSTAFISSHA A ,
IMMLDAf = ; PDOW AL W AH Bz o 4% Ry 250
X EEAIFFE T 2008 F120094F 2 fa 1% Ge VR b i 47 1) /K
T, 455 Kk 2009437 K5 4315 LN 43 A
ISSTARAIN, T3 TiZAEF A~ HEFEL; 12008
AEAEML A B X Ay A AR B B SSTAYE I N, MA4F 1)
FfE e, UL S I SSTAR Fl T Z fa iy A4
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Ko AR LN, PDOBRMNLE, SSTAMWAK,
AT ZLE A A SSTAR MRAR L E I, U1 19984F
HAL TPDOBEAHAL, HIHSSTAK = (K1), itk
s 20084F 40 FPDOW MR, SSTALL T #
FACFE, Hm s, AN, TianE PR A
S M P8 BB AL BIE 5T T VG b K S T R AR R
WIS E M, WFFE K S B SSHYE Bl i —20~—4 cm,
SSHA i fI% it A5 1| F JE B B A9 2 fa i B b, [
I PDORE AH {57 B8 A7 I F I8 B 7™ i 7 o 7K 1A 3
LS5 IR B 1 FH AT RE AR G SR R R R A ik
B, MIREm TR a2 F 5 1 . Nishi-
kawa %P TR ) FUS ) R 718 B B AR 98 T
FaAFARKT S aNEERELILEFLY
TIMLDIE i f, &5 REH, LREERNIE
HIRERAL T KW E SR, RIFEEER,
AR TS EEWEE A, FIT LAY
e, MNmMiEmIREE ., Hit, PDOBEIIK
= MLDAG T s B B, A Aafrshfa
PR T B IR, PDOY G 1 I AH I
AR S0 0 KR 1 7AE R SR B R, A IR
LRI T % 3% SSTA . SSHAFIMLDA
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Analysis of variations in the environmental conditions on
the fishing ground of neon flying squid (Ommastrephes bartramii) in
the Northwestern Pacific Ocean under different climate modes

YU Wei ', CHEN Xinjun >***,  YI Qian >’
(1. School of Ocean and Earth Science, Tongji University, Shanghai 200092, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

3. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;

5. Collaborative Innovation Center for Distant-water Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The western stock of the winter-spring cohort of neon flying squid, Ommastrephes bartramii, is widely
distributed in the Northwest Pacific Ocean, and its distribution and abundance are mediated by the climate
variability and environmental conditions. Based on the fishery data during 1995—2011 from the Chinese Squid-
jigging Science and Technology Group and the environmental data including the anomalies of sea surface
temperature (SSTA), sea surface height (SSHA) and mixed layer depth (MLDA), we analyzed variability in the
spatio-temporal distribution of environmental factors under different climate modes (warm and cold phases of the
Pacific Decadal Oscillation, PDO). The results suggested that the catch per unit effort (CPUE) was high during the
warm PDO phase and low during the cold PDO phase. Significant interannual variations were found in the SSTA,
SSHA and MLDA, which corresponded to the variability of the warm/cold PDO phases. A negative correlation
was found between the PDO index and the SSTA as well as the SSHA with time-lags of —-9— —10 and —20-17
months, respectively, both with the highest correlation coefficient at the time-lag of 0 month; while the MLDA was
positively correlated with the PDO index with a time-lag of —6—5 months, and the highest correlation coefficient
occurred at the time-lag of —1 month. The empirical orthogonal function method was used to analyze the major
mode of spati-temporal variability of SSTA, SSHA and MLDA, the first five modes of EOF for each
environmental factor contributed to 78.73%, 32.82% and 64.57% of variation, respectively. Our findings suggested
that shifts in the climate mode largely drove the variations in the environmental factors on the squid fishing
ground, which led to significant abundance variability of O. bartramii in the Northwest Pacific Ocean.

Key words: Ommastrephes bartramii; environmental factors; climate variability; EOF analysis; spatio-temporal
variation; Northwest Pacific Ocean
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