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(catch per unit effort, CPUE)J 281k, AN PDO BE
fAHAS 2 M CPUE (&, i AHETIH CPUE %1%,
Yu ZR TR AR A FARF B AMM (arith-
metic mean model, AMM)Z#1 PH Jb K 7 5 £
CPUE fEJE/RJE MBS iF T i As gy, 2553
K¥F At CPUE SRR £ MAHE, Hie
2 T R 2 i HA B M 3 v A
TN ¥ B Tk A2 T Ik R 1) B2 971X 9 T I AT VR 2
g, L OP3 iHERIR 280G O T 52 G R
PR MK AR A R . LA, A
[] A S R B S e 1 A S IR A S R . XL
DIME - VERE 2 55 I5 0 A 5 F BE XN VE R 5
AR Ak N A SE R IR, 22 B 9T BT R T
WhE AR, HAUE & T HE R Ay A et
PRI, AR 5% 35 1 s 1] 5 370 %) 36 oMb 55040 v v
IR, 456 A da BUR 5T RT- 1R85 Ak
AR AR S H BRI AN FE SR AE AN [F] ENSO R
TR 2R, ke ZE TR T K A B AL R
A

1 HRET®

1.1 HRIEE

B 5 28 BB ) R VA S il 4 55 55 e ok
H HAE U AL 2015 45KV FERE 2 fk
He BT UEPEAY 41 45 (http://abchan. fra.go.jp/digests2 7/
index.html), BJ[E]2 1977—2015 4&, 7R\l X33
BAETTE HARJUREIR R L X g e B 3 S 7 v
AT 125°E~137°E, 30°N~37°N a4 o ik 5
FEAFEAEM ARGy | 45 1 S U AR e (4 5 [
HAS, B t), 38755 s fE i i 455 %5 ) i ifh
Ff1 (catch per unit effort, CPUE)&: , Hirf, ZRAE K
VR R IR E e CPUE (PRA: t/d)J2
FR Y i 5 i 4 497 1 (catch)/ Bl 4 57 8% 11 1= (effort)
TR,

1977—2015 433 F 11 i BE (sea surface tempe-
rature, SST). 50 m 7K JZ i (Temp_50 m)#l 100 m
JKJZ R (Temp 100 m)A5E PSRk A K £
W5 40 (http://apdre.soest.hawaii.edu/las_ofes/v6/
dataset?catitem=71) . BAJE Y23 [AIFEF Ry 125°E~137° E,
30°N~37°N, ZS[HI7pHERN 0.50%0.5°, i fi] 73 B4

KA. RS KO- RS 32 A IR AR S LR e
W RN JC B8 = A D) 9 JE 45 48 %X (oceanic  Nifio
index, ONT)[ K /INE S, 17 ONI W &34 Nifio 3.4
X (120°W~170°W, 5°N~5°S): 3 1 {4 [ F-{f (sea
surface temperature anomaly, SSTA) %2k 3 /> H )
WP EERIER, HEREIE T3 E NOAA X
fig i 4z H 0> (https://origin.cpe.ncep.noaa.gov/products/
analysis_monitoring/ensostuff/ONI_v5.php).

1.2 DHFE

121 RESBEZFHMAZEX AURIKTE NOAA
X} ASTA] ENSO (EI Nifio-Southern oscillation)Z {4
{14500 5 s v [ RV JE 145 4 ONT 34 4% 5 4~ H ik
0.5 'C (HMLF-0.5 C), MIANEE—KIE/RE
WEHLR ) F IR 1977—2015 4E R4 JE/R)E
VRS RS FAF ARy AT I 2

1.2.2 AEENSOEHSTHFREXETLK it
. 1977—2015 4 SST . Temp_50 m £l Temp 100 m
YA K =F AR ENSO FAF T ME, I2H
“H AR ENSO FF T 1 F- 125 704 1 LR 5F
SST. Temp 50 m £ Temp 100 m %5 i FEH B AR B
(AR B AR A B = B AR AN [F) S5 S A T B 25
B4k, 718 SST . Temp 50 m A1 Temp 100 m 7 i
FESPAE I 43 B =34 R 72 AN W] ENSO S04 N1
Ay 22284k 2:il Niflo 3.4 8405 SST.Temp_ 50 m
1 Temp 100 m BT 23 AH A 53 P AR T i
A A o5 [|] 9 DG I 1

123 AFEENSOEHTERBREPEHRRES
ElHTsE BT 19.5~23 °C IR A5 fb 3 Fil & K
- R 2 o B i B LR B Y, A ST
I ER R ENSO #HF T SST. Temp_50 m F
Temp_ 100 m ' 19.5~23 C I (i Ho £ Az 1 v IR AR
A8 F 7R K1 T 8 2 £0 7 B 5 (125°E~131°E)
(2S804, LA AN A ENSO {4 K-k
F A0 77 O B i R B IR A AR A 22 R

124 AEENSOEUTAEFEZEREFE
TURESGNETENHEXME MR VFHFERE
1 98 IR 3 & (CPUE) Ml 5% i i (resources) 7E A [F]
ENSO F/4 T8k 2E 5, FIH] matlab HAZAHC
% (crosscorr BRI 7 i KF- RS 24 CPUE 5
SST. Temp_ 50 m 1 Temp 100 m [H] it i 23 4H e
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Tab.1 The years with different ENSO events during
1950-2017 according to the definition of the El
Nifio-Southern osillation events

B Ay year

climate condition

JEIR R F A 1982, 1987, 1991, 1997, 2002, 2004,
El Nifio event 2009. 2015

IEH A% 1977, 1978, 1979, 1980, 1981, 1983,

normal event 1984, 1985, 1986, 1989, 1990, 1992,
1993, 1994, 1996, 2001, 2003, 2005
2006, 2008, 2012, 2013, 2014

Fir Je W = 1988, 1995, 1998, 1999, 2000. 2007,
La Nifia event 2010, 2011

2.2 A ENSO E4THEFERMEXZGENTUER

1977—2015 4 SST #& 1Ak 5 il 201 FH I 4EPR
Ak, HT 1999 F1 2007 4FEAT B A0 THE S
1k, Temp 50 m Fl Temp 100 m A4 4F B 25 1k #4834
55 SST AR, W 1E 2007 4F-t 54 B i THE i 728
(A 1), F9MEFHAFT, SST. Temp_50 m
F1 Temp_100 m I PG ZRFE . F b e i
HRyEsEAR b, HRT 20 °C AR AL R k=R
PR W20 A T AR R TAE B R e vl A Y
Ah, FF 24 CHy SST =S [algE 43 AidE 128°E~
134°E, 30°N~32°N XI{py, =T 20 CHY Temp_50 m
Al Temp 100 m fiY SST 23 [al4E h /3 A7 128°E~
137°E, 30°N~ 32°N Ju[H N (&l 1), SSTA. 50 m 7K
JE R BE - 2 {E (Temp_50 mA)F1 100 m 7K )2 ¥ 2
HE -2 {H (Temp_100 mA)7EAN ] ENSO FHAF: T 1)
A2 F 5 SST. Temp 50 m Al Temp 100 m A
L, B = FAEH e SR 1T 09 B8 S A 25 ]
a3 A T AR A 2 KT AR JEUR JE v A 1 )
(A 2),

Nifio 3.445%(5 SST . Temp_50 m Al Temp_100 m

() AR S AH G PRER S R R WA (K] 3), SST. Temp_50 m,
Temp_100 m 5 Nifio 3.4 F8ECFERTA] |2 51AHC,
PR MEBITE lag=1 BI K, MHXRE 5N
—0.4211, —0.4168 F1-0.3789; =s[f] I, K FTEREF
0177 537 X I8N (125°E~131°E) SST., Temp_50 m
Temp 100 m 5 Nifio 3.4 $854 5 FAH5E(P<0.05).
2.3 AFEENSOEH#TEBEEH 19.5~23 CiE
HEEEMTK

TRl ENSO F4F, SST H1 19.5~23 CHr ki kb
7254k 22 S8 /)8, T Temp 50 m Al Temp 100 m
t 19.5~23 “CHr & H ol 22 A 1 S v Je i 474 19 ]
PR TIE/RIE S (E 4). 250 L, 7R
S VERE 22 4077 B3 X 38, (125°E~131°E) N, HiJe i
FHF SST  Temp 50 m F Temp_100 m 1 19.5~23 °C
149 25 (8] 53 A7 TED R O - HAE JE 7R JE v 4 1 1] 7
(A 5),
24 A[E ENSO E4ETAFEFEEE CPUET
CRESHETSHHEXME

A ENSO HM4FF, KOT-VFER8 22 Bk Ak #f
CPUE #{&¥E 2~2.5 D Ju Bl N4k, HIE/REH
FH W CPUE W& FHrJe s (- i, 92 i
HIRERTE 34.5~45 {CRIEEIN AL, JE/REiHES
= 10 ) RSP 8 22 0 YR /N T Je R )
), WHEZEFAN SRR 6). KT LM
CPUE 545 M5 748 1 1 S8 A OC PR B2 SRR B (1A 7),
#¥ 1 CPUE 5 SST . Temp 50 m fil Temp 100 m
Bf ] B B2 IEA G, MOCHEILE lag=—2 BT K,
KEZE M 0.5589, 0.5451, 0.4748; 16 KFiE
2 £ = B 3 () 23 (R 3N, CPUE 5 SST
Temp 50 m Al Temp_ 100 m 2 1EAH5(P<0.05),

3 Wit5aH

3.1 A ENSO EHTKEFEZASNIHR
IBEFES T

WO GRIR 0l 5 AR O R ST
FW, RS R TR AN AR | )
PRI A5 458 hy H 2 VR PR A o, OO i v A0 2
Sk R RBEA AR . G 3 PEIRE . R
HAENEN AL, WA ERERE D).
Wi 2 L WL S SRR AR R AR B e A
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Fig. 4 Variations of the proportion of temperature 19.5-23 C in
SST, Temp 50 m and Temp 100 m under different ENSO events
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Fig. 5 Spatial distribution of 19.5-23 C in SST, Temp_50 m and Temp_100 m of Todarodes pacificus spawning
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pacificus under different ENSO events
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Fig. 7 Spatial-temporal cross correlation between CPUE of Todarodes pacificus and SST, Temp_50 m and Temp_ 100 m
in the sea area of 125°E~137°E, 30°N~37°N
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Response of autumn cohort abundance of Japanese common squid
(Todarodes pacificus) during El Niiio and La Niifia events

CHEN Bingjian" >, FENG Zhiping®, YU Wei***

1. Shandong Marine Resources and Environment Research Institute, Shandong Provincial Key Laboratory of Marine
Ecological Restoration, Yantai 264006, China;

2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

3. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China;

4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China;

5. National Ocean Satellite Shandong Data Application Center, Yantai 264006, China

Abstract: The Japanese common squid, Todarodes pacificus, is an economically important cephalopod with a short
life cycle. Its abundance and replenishment of resources are significantly influenced by climatic and marine
environmental variables. According to the fishery data obtained from the Japanese fisheries institutions of the
autumn cohort of T. pacificus from 1977 to 2015, as well as environmental data and the climate index, variations in
the sea surface temperature (SST) and water temperature at different depths (50 m and 100 m) on the fishing
ground of T. pacificus were examined under different EI Nifio-Southern oscillation (ENSO) events. Their
influences on the abundance (defined by catch per unit effort, CPUE) and replenishment of resources were further
assessed. The results showed that Nifio 3.4 index was negatively correlated with SST, Temp 50 m (temperature
under 50 m), and Temp 100 m (temperature under 100 m), and variations were found in SST, Temp_ 50 m, and
Temp 100 m and their anomaly value on the fishing ground of T. pacificus under different ENSO events.
Compared with El Nifio events, La Nifia events were associated with higher SST, Temp 50 m, and Temp 100 m,
and a spatially increasing trend from northwest to southeast and from north to south. At the same time, the
distribution area of sea temperature above 20 ‘C and the mean of the anomaly value of SST, Temp 50 m, and
Temp_ 100 m increased, as well as the positive anomaly value of sea temperature changed similarly. Correlation
analysis suggested that the annual CPUE of T. pacificus was positively correlated with SST, Temp 50 m, and
Temp 100 m, which reflected that the CPUE of T. pacificus was higher during the La Nifia events rather than
during El Nifio events. The replenishment resources of T. pacificus varied similarly to the CPUE under different
ENSO events. Our finding suggested that there are obvious differences in the sea temperature conditions of the
fishing ground of T. pacificus under different ENSO events and the change of the abundance and replenishment
resources of T. pacificus may be related to the sea temperature.
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