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Tab.3 Grey relational clustering coefficients of CPUE spatial distribution
at each longitude and latitude from 1998 to 2017
iﬁ 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1998 1.00 0.51 0.68 0.54 0.78 0.88 0.86 0.64 0.61 0.94 0.88 0.51 0.51 0.82 0.86 0.76 0.51 0.51 0.68 0.89
1999 0.80 1.00 0.53 0.55 0.52 0.51 0.51 0.53 0.54 0.51 0.51 0.73 0.58 0.52 0.52 0.52 0.74 0.97 0.53 0.51
2000 0.53 0.53 1.00 0.61 0.82 0.73 0.75 0.90 0.79 0.66 0.74 0.53 0.54 0.78 0.75 0.84 0.52 0.53 0.99 0.73
2001 0.98 0.82 0.53 1.00 0.57 0.55 0.56 0.64 0.70 0.54 0.55 0.59 0.66 0.57 0.56 0.58 0.53 0.56 0.62 0.55
2002 0.70 0.83 0.54 0.71 1.00 0.86 0.88 0.76 0.69 0.75 0.87 0.52 0.52 0.94 0.89 0.98 0.51 0.52 0.82 0.85
2003 0.88 0.90 0.53 0.90 0.76 1.00 0.97 0.69 0.64 0.84 1.00 0.52 0.52 0.91 0.97 0.85 0.51 0.51 0.73 0.99
2004 0.77 0.66 0.52 0.76 0.61 0.71 1.00 0.70 0.65 0.82 0.98 0.52 0.52 0.94 0.99 0.86 0.51 0.52 0.75 0.96
2005 0.53 0.54 0.97 0.53 0.54 0.53 0.52 1.00 0.87 0.63 0.69 0.54 0.55 0.73 0.70 0.77 0.52 0.53 0.90 0.68
2006 0.52 0.52 0.77 0.52 0.53 0.52 0.51 0.75 1.00 0.59 0.64 0.55 0.56 0.67 0.65 0.70 0.52 0.54 0.80 0.63
2007 0.51 0.51 0.62 0.51 0.51 0.51 0.51 0.62 0.73 1.00 0.84 0.51 0.51 0.78 0.82 0.73 0.51 0.51 0.66 0.85
2008 0.52 0.52 0.69 0.52 0.52 0.52 0.51 0.68 0.86 0.82 1.00 0.52 0.52 0.92 0.97 0.85 0.51 0.51 0.73 0.98
2009 0.52 0.53 0.84 0.52 0.53 0.52 0.51 0.82 0.90 0.68 0.79 1.00 0.67 0.52 0.52 0.52 0.61 0.75 0.53 0.52
2010 0.53 0.54 0.94 0.53 0.55 0.53 0.52 0.96 0.73 0.61 0.67 0.79 1.00 0.52 0.52 0.53 0.54 0.58 0.54 0.52
2011 0.67 0.60 0.51 0.66 0.57 0.63 0.82 0.51 0.51 0.51 0.51 0.51 0.51 1.00 0.94 0.92 0.51 0.52 0.78 0.90
2012 0.52 0.52 0.76 0.52 0.53 0.52 0.51 0.74 0.98 0.74 0.87 0.88 0.72 0.51 1.00 0.87 0.51 0.52 0.75 0.96
2013 0.72 0.87 0.54 0.74 0.94 0.79 0.62 0.54 0.53 0.51 0.52 0.53 0.54 0.58 0.53 1.00 0.51 0.52 0.84 0.84
2014 0.52 0.53 0.82 0.52 0.53 0.52 0.51 0.80 0.92 0.69 0.80 0.98 0.78 0.51 0.90 0.53 1.00 0.72 0.52 0.51
2015 0.59 0.66 0.55 0.60 0.74 0.62 0.55 0.56 0.53 0.52 0.52 0.54 0.56 0.53 0.53 0.71 0.54 1.00 0.53 0.51
2016 0.52 0.53 0.98 0.53 0.54 0.53 0.52 0.95 0.78 0.63 0.70 0.85 0.92 0.51 0.77 0.54 0.83 0.55 1.00 0.73
2017 0.52 0.52 0.73 0.52 0.52 0.52 0.51 0.72 0.92 0.77 0.52 0.84 0.70 0.51 0.95 0.52 0.86 0.53 0.74 1.00

T KL M 22 B2 [i) CPUE 25 8] 3 A1 ) R (52 1k 8, TEH 5 A B2 1) CPUE 25 6] 70 A1 K (0 R I AR K

Notes: The bold font is the grey relational clustering coefficient of CPUE spatial distribution at each longitude, and the normal font is the item at

each latitude.

x4 5—12 AREER.%ER CPUE ZESHHREXERELERY
Tab.4 Grey relational clustering coefficients of CPUE spatial distribution

at each longitude and latitude from May to December

H 45> Month 5 6 7 8 9 10 11 12
5 1.00 0.64 1.00 0.51 0.83 0.87 0.76 0.52
6 0.72 1.00 0.64 0.52 0.59 0.61 0.78 0.57
7 0.94 0.75 1.00 0.51 0.83 0.87 0.76 0.52
8 0.63 0.75 0.65 1.00 0.51 0.51 0.52 0.57
9 0.60 0.55 0.59 0.53 1.00 0.95 0.67 0.52
10 0.57 0.60 0.58 0.67 0.53 1.00 0.69 0.52
11 0.53 0.53 0.53 0.54 0.52 0.63 1.00 0.54
12 0.53 0.54 0.53 0.56 0.52 0.67 0.89 1.00

TE KL M 22 B2 [ CPUE 25 8] 3 Afi ) JR (5 1k 0, TEH (R A B2 1) CPUE 25 8] 701 K (0 R I AR KL

Notes : The bold font is the grey relational clustering coefficient of CPUE spatial distribution at each longitude, and the normal font is the item at

each latitude.
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T g g - g
e L Kt KB OKWS KR4 s
i Factors Group 1 Group 2 Group 3 Group 4 Others
groups
2002,2003,2004 ,2008 2000,2005 2001,2006,2009
A S AIN ’ B , s , ’ , , s
S i 2 WEA 2011.2012.2013 2017 098,2007  1999,2015 2016 2010,2014
Latitude P L e 8 2 2 3 5
groups ME,WE,WL Normal , WE
e fr A R ek £ B ’ , , ,
LR AL ML, Normal S SL, VSE WL ME, SL
2006,2008 ,2009 1998,2001, 2000,2005 1999 ,2004 ,2007
A~ I\ 5 5 5 5 ) 5 5 5 5 5
A LZER G 2012,2014,2017 2003 2010,2016 2002,2013 2011,2015
Longitude bOp TieT 6 3 4 2 4
groups SL. ML
S AR BERAE ME,WE, WL, Normal SL,normal WL,SL ME, Normal WE’ VSiZ
F6 5—12 ARABMER
Tab.6 Results of various groups from May to December
FHEAY H ¥ B FHt2 FHE3 HKiE4
Type of groups Factors Group 1 Group 2 Group 3 Group 4
ST
il L 5.6.7.9,10,11 8 12 -
Latitude groups
LA R 1 K
2518 0] 5 a5 5,6,7,8 9 10 11,12

Longitude groups

2.4 AERBHIMEHIERS CPUE (X &
2.4.1 F=Epg 5 ENEGE SST il SSTA

X PG LA 7 22 £ 7= O 3 R IR 3 1 4%
A ] G FNE BE 0] R HE 1Y SST 55 SSTA i 47
FI415 3£ 251 CPUE 5 SST SSTA ¢ & (&1 3
K 4)

HI [l 3 W1, 5 B 1) 25 25 F 1) CPUE 22 5 L
R SRR S, 45 S0 7 O S 2% v L R
SEAE ( SGSSTA ) F1 & M 37 ¥ 3¢ I JE BF S {H
(FGSSTA) A fb Fe A | —3%%, H & CPUE ZEH¥ X}

http: //www. shhydxxb. com

VY SSTA {IK CPUE ZEHEXS B SSTA , B 45
CPUE 5 SSTA 2 IFM X ZR, 2KBE2 1 CPUE
e, B 2 APy, 58 3 1 CPUE i
S0 e W N6 VAV 7 I W Y E N 7 X S
U] 5 $r JE 8 = R 25 0 U 3RO B AR, 3 3
CPUE 55 5 58 JE. /R JB 1 55 140 2 (1 22 30 T
=, B CPUE B, 250 | FISERE 4 Yo 55
SR I A ABESEA F I S AR A0y, CPUE 43630 48
¥) CPUE, Mg R IR EEBE (B h - 0. 10 ~0. 10, i
B g5 JE =R A s B S X 4F CPUE (1)



339 FRIIRH , 45 L TR (R GEBIE B9 PYIL R SR (1L CPUE SCIRER R0 #r 541

AR, KL 1025 268 CPUE 2/h T4 71
CPUE, 28 4 19 CPUE e fif, 1% 1 P i
IRJEAEBI AN 1 AN IE R AR

HTP 4 Al 1, 28 52 pi) R AR 205 2 1) 2R A 1Y
CPUE A 25 . MR = I 1 3K 1 R
JE (SGSST) MIH ML ite R i i (FGSST) 22 fb—

#(, H.SGSST K T FGSST, | CPUE 55 SST & 1FAH
KRR o o AR 2 A28 JE 1 2 2 1Y
CPUE fzfiy, 739 8 HAN9 A, A L [ 20 3 Al
ZJE IR 4 1y CPUE B AfI%, O 11 A A0 12 7 A
P26 L 1 2, 2858 1 25 26 A 2 1 AR AL Rk B
WL o

= BRI R ik E CPUE

- P BN MR R T iR R /E SGSSTA

— B B35 R iR B PE P f FGSSTA
m_ 3.5 0.3
%@ 3.0 0.2 E
ET 05 0.1 g
m%& 2.0 U
R( ’ -0.1 gis
o 1(5) -0.2 HA

a8 -0.3 &

E% 0.5 -0.4 &
#° 0 -0.5

FHEL K2 R KM
Group 1 Group 2 Group 3 Group 4

2 fF ) 2E#E Longitude groups

3 1998—2017 £ ZEHF=INFMERIFFIEREEEFTHTL
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the spawning ground and feeding ground from 1998 to 2017
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Fig.4 Variability of the averaged SST of various groups on

the spawning ground and feeding ground from May to December
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Correlation clustering analysis of CPUE of neon flying squid ( Ommastrephes
bartramii) in the northwest Pacific based on grey system theory

XIE Mingyang', CHEN Xinjun'?**?

(1. College of Marine Sciences , Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries
Exploration, Ministry of Agriculture and Rural Affairs, 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. Scientific
Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs, Shanghai 201306,
China)

Abstract: The neon flying squid ( 0. bartramii) is a short-lived species which is an important fishing and
development target in the Northwest Pacific. In this paper, we used the grey correlation clustering method to
cluster catch per unit effort (CPUE) of neon flying squid from May to December,1998 —2017, and analyzed
the effects of El Nifio and La Nifia events with different intensities and environmental factors on CPUE. The
results show that the CPUE difference between the annual latitude groups and the annual longitude groups is
more obvious. The monthly latitude groups are more seasonal than the monthly latitude groups. The groups
with strong La Nifa and weak La Nifia events are significant. The higher CPUE of the annual latitude groups,
the higher the sea surface temperature anomaly (SSTA) and the lower the chlorophyll a concentration anomaly
(CHLA). The studies have shown that abnormal weather events of different intensities have different effects
on CPUE in neon flying squid. Strong La Nifia events can increase CPUE of neon flying squid, weak La Nifa
events can slightly reduce CPUE, and El Nifio events above moderate intensity can cause CPUE to decrease
significantly.

Key words: Ommastrephes bartramii; CPUE; grey relational cluster; ENSO; environmental factor
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