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-0.5 A

10k , ,

-2 -1 0 1

TR L FE/C

Sea surface temperature anomaly

Wind speed

-~ 05

£

< 00

E

£ =50

2 10

E .
-1.5 " " , = TR RTITIT TR

Mean sea level anomaly

0 200 400 600 800 1000 1200

BEIRE (em® - s7)
Eddy kinetic energy

K2 vl i A PR 2R AR TR0 S CPUE+L AR RO
HEZN 95% BAELAR DRI 5 B A 200 P2 2 Ml i A T




ol B SCUTA  IRPERREEN 7R SRR ER T O Rl A8 A 52 953

AT, RGN T4 e L B 808
AHLE Tl G g A B R 5 ) 3
RT3 A BRI RE TRt T 17T, 1 o Pl £ R B
M R X5 PRI DCHER 3R, LA sy, HA Rl K
TRER, R T, DR T 4] JRGEAS ) T4 5 Rl
PR A8CRE P e 5 RGP R A

TEALERHYT), SST SRR 2 HMOC R, SST 1Y
e AP BIK hy iy £ [ 1 T, O ) /K SR AR (IRD 3), [ 10
SST 3t g 2 (i 77 w0 2 37 8 5 b iy EL ¥ 4% 4%
R, 40 2000 4F 12 T (P 4) Ho B4 ) v 7= (1 022
F6 1 PIYK) BA 5 LR 2001 4F 2002 4F 12 A43(2 335 48
/TR, 1 655 # /) i PRI SST IR 2 4 54
(R R, T RESR R B A5CR

120°0'0"E

122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°00"N
36°0'0"N

z =z
=] 1=
S _ =
% %
o o

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

11H November
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°0'0"N
36°0'0"N

TEZAR ALY, SIS IS5 0T 17 /K 1Y SR 55 5
WY 373 1% 53 AT , I8 D ook Ul e 37 07 5 ) AU HE RS, B2
559, K URAT DU 3 37 3t TR i o > AR
G 98 SR 2R i e A U 3 F A AR (1 5),2000
49 A5 2001 4E 9 A, SSTA 1%, 4l £ % ¥k 21> (2000
49 JIAL 7 RIYK,2001 4E 9 1 JCHH#5), B =R A
2002 4 SSTA AR =, B S 57 M R IR 2 7T,
{H 2003 4F- 9 H SSTA T, i sz A0S i ik
5B SR8, R LB I U0 37 50 5 4 5 Tk
HIRMFHETH(2 141 F / WK, 263 IR ), ] UL fa
23 () 4347 55 7K AR B AR IR R | LR T il X it
PR B AT A FHAE ( Availability ), T 520 BT R0R
(E 2-d),

120°0'0"E

122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°0'0"N
36°0'0"N

z Z
I=) =)
=] = 1=
& b & %
o o

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

12H December
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°0'0"N
36°0'0"N

z z z z
=) =} =) =)
=} =} =} =}
g A o A
kS & & &
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°00"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E
1H January 2 H February
A (Unit) : C

1 6 11

21 26 31

El3  1999-2003 4 H FEAbH I G a5 07 B -5 H YR KR e &R

Fig. 3 Distribution of average monthly sea surface temperature and fishing location in northern fishing ground of China during 1999 to 2003



> N >

954 [ K R A Fl6ts

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E
z z z z
o s s s
& & & &
bl « o o)
z z - -
S s o I
= > = =
5 5 g 5
& & 3 &
z z z z
=) =] = 1<)
> 1=} 1=} =
z z z z
= =] =3 =]
= <) =) =)
5 5 S 5
& ) i Ny &

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

20004E12H December 2000 20014E12H December 2001
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°0'0"N
36°0'0"N

32°0'0"N
32°0'0"N

34°0'0"N
34°0'0"N

36°0'0"N
36°0'0"N

z z z z
S s s s
< 7 (=) < (=)
% - % % %
o o o o
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E
2002412 December 2002 20034E12H December 2003
A (Unit) : C

1 6 11

21 26 31

B4 PRSI H B S R ) B i e (RO TR IR, 2000 4F 12 H 24610 (123.66° E,35.62°
N),2001 4F 12 H4(123.99° E,33.45° N ),2002 4F- 12 H47(123.83° I£,33.40° N ),2003 4 12 HA(123.50° E,33.61° N )
Fig. 4 The distribution of monthly sea surface temperature, fishing location ( by flags ) and barycenter of catch ( by black star; latitudes
and longitudes are 123.66° E and 35.62° N in December 2000,123.99° E and 33.45° N in December 2001,123.83° E and 33.40° N in
December 2002,123.50° E and 33.61° N in December 2003 ) in northern fishing ground of China in December from 2000 to 2003

GSST ] FHAA A T P R P X g IR B X
R R IX . (SRS ™ I, Bhhs
FH A3 TR DO e L S — I, XA AT RE 2 3L
JEE A A RCR B GSST T i s 2 2%,
SST (32 BT 15 SST &R 7 MR K 2 A ) 7K
oA AT A KRS A R, RIZR RS
VIR A P IX T BEASAEAE T I O R, 33X 23 1 ol e 70
Wt ( FEHPHEER 7 A2 9 A) iilisier 5
GSST KFRMA M,

fify 01 30 17 78 MSLA AR 2 sl ARAR ) 10 8 43 11 8¢
D AR B LB R 43 T MSLA SR ME 2
I¥1) B — SE R (K] 6, 18] 1—-c, (8] 2—c ), oAl 25 Ha 37
WA 2R B, B B A ST RE 5V R I T
TV B P T A DG, (FL ) FH TR 2 T 500 800 EE 43 A
B, %A & BV BRI B A I e T, AR 98 25 51
Ny MSLA %54t il BE L SST %54l B Ak e 2L W ini
fr'E . {H MSLA 527K A1 i & VU W0 45 R Y
CEAVERT DY NI R 56 R T B — ST A



6] B SCTLA : WEFPEPRBEXTR e iRt ) T R U B AR 1 o) 955

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

28°0'0"N
28°0'0"N
28°0'0"N
28°0'0"N

26°0'0"N
26°0'0"N
26°0'0"N
26°0'0"N

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

200049 F] September 2000 20014F-9 4 September 2001
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°00"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0" 128°0'0"E
a T = )

"

28°0'0"N
28°0'0"N
28°0'0"N
28°0'0"N

zf Z Z z
e o e i e
[=3 [=3 < f=1
21 e < PUE(Box/Haul)| | &
IS ISl Q o 50-50 N

@ 500-1000

< @ 10002000

@ 2000-3500

g 7 @ -5
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E 120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E

200249 September 2002 200349 H September 2003
HAZ(Unit) : C
|
-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00

K5 2000-2003 4F- 9 HrhIERgHHII7 4 L CPUE 5 SSTA 22 [
Fig. 5 Distribution of sea surface temperature anomaly and nominal CPUE in southern fisheries grounds of China in September from 2000 to 2003

120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E
{CPUE(Box/Haul)
. 103- 250
250- 500
500 - 1500
£ e
g S £ <
g Z 5
& S 2 2
5 5
o o
o o
z z
£ e o
% CPUE(Box/Haul)| [ & z z
IS . 1w S o 4
o 2.0 > e
@ 501000 : §
@® oo
@ 10.205
120°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 122°0'0"E 124°0'0"E 126°0'0"E 128°0'0"E
FE#03%) Southern fishing ground A3 Northern fishing ground

AR (Unit) : em

=21 -6 -I11 -6 -1 3 8 13 18 23 28
6 X e - ( MSLA ) 544 X CPUE & &l
T H R 2000 4 7 H 29 2 8 H 4 H; bkl H 1 2000 45 11 H 17 HE 24 H .

Fig. 6 Overlay of nominal CPUE and mean sea-level anomaly
the period is from 29 July to 4 August in 2000 in southern fishing ground; and from 17 November to 24 November in 2000 in northern fishing ground.



956 I K R A

Fl6t:

$i5 Zainuddin 25 " HFFE A, EKE KR X R
SRTERMAEY), EXE BRI F)T-5 5 A 0 il 457
PR, PRI , 3% SR T R, T X E T
B %, T L 788 £y £ RS T B £ SR A AT
HER, EKE S T SHiPR8eE 2 IEAHDCOCR ]
A5 . {H EKE 76 0~ 150 em™s” Be( A 24
TEREE 500 T 27° N-28.6° N, 123° E-124.5° N )
S AOR S AU, LS A B R, T ik
— A

Chla }% ChlaA 7£ R L7 SHH5 081 E R
KR53, X AT RE[A] Chla 3B B4R A X, T
H DRI K JE T 20K, Chla 5URV%(E BAHE
IEHRIX 435 WA, 78 B 27108, i T oK 1B 38 8 o0 A
Chla T B /3 ALK, 3 IR T 15 382 Chla FOUEEL
SJZ It Chla F9SEFRA/N
32 GAMEEVK HHX(RIZ

K H] GAM AR A BT 23R 544 L CPUE 1Y
KFR, T LAk G MR 5E, AT (45 B R A G R
15 AR i 2 3k AR AR FF 5% i A5 AR AR X6 44 S CPUE
AR R LR P e O F i/ 4,
VA A A B 2 A PR A o (A R 2 A o7 )
et B SR A RN ™), QG i 7 S
I ER AT 25 S AR SS A AR DI (B fr ik
f 2, QN ST IR B AR, i 0 B W, S 0 A A T
U AR BRI P (A S B X R 25 43
MLk A 22 GER T GAM BRI 4007, Bl %E
T R Rtz e ), el A S R G AT R AR R
AR AR AR N PR I T PR R
SR T AR B o 35 Tt — 2
PRI R SRR LR,

PR , 0 b 7o 5 52 H ™ R I (g ki 37 28
H2-6 A At £ 2N 4-7 H) RS (K
W) AR AR P {E R T i 5 £ AT ' FE 1 i
b A B3 B R) A R B v 3 3R 7-9 H ZEAL R
YRS, 9 AR 2 A [ H R SR 1
11 611.(85.5% ), 4 £ AR /b 1 R HL IS 5 1 M 1
IR BN 1% S DA L fi e G R i VA R ) i

AR i 545 L CPUE ()26 R A 45 Mg PR AR
SRR A AR P,
3.3 EREURFEREE

32 RO I P T 4 455 8RR 1 23 ik 32 31 22 Fil
PRI ZR RS20, Q30 T 12 SR i R JBE (A4 R a Uk
JE ) s ] 3 258 (i D e P2 A 3 I R 23 By
7-10 d) KA ] WG 5 21 s @ s ( an—
KRR IREA KB =155, — A S b
AN R A2 TR ) 18 BRI AT R R E R
ST E B AETE 25 5 S (AT RIR B 5 2R
B DX, ARBIE S H T AS ) B R] 25 ) 0 B R A 8
XA BRSSP B R 5 44 L CPUE JE &M 74T,
{ERIZFE 3, B 18 R AR Y & e, i el i |
JEAGEIR s T R > —

Bt B Ay IR A KB R IRART AR B,
NOAA #g 2 gebs i b 0 & 2 X 5289 5 28 HF 50 7 45
A A P 3T AT RO BRARR IS, RS B

SE k-

[ BTEH PR A0 R K, 55 ARG R AV E W iR 5 45 (M. [
1 BER R, 2003,

(2] REGRYE, skt 2 2 A | AR SR A (M), B3 B3
BlEfHR AL, 2005,

[3] sk RS AR TR, 55 | AR T DX BRI S T R SR (M.
ki B BIRAE IR, 2007.

(4] BRRIR MO L1 . ARG DX £ A 9~ R AE B HC ol IR A 23 BT
5% 111 ¥Rl 2004,26 (2) : 73-78.

(S100 55, PR B 25, 4 . 2R LA R i T e P L AR I AR
5T 17, Mg, 2005,27 (2) @ 133-138.

(6] X155 I PR GEHE . AR i AR B8 g it s A R R 5 1T
FIF 1. AP EZK 7R ,2006,13 (5) @ 814-822.

(70 T, R BG4 . ARt o B R B IO SE (1. e
#ll,2007,29 (4) : 337-343.

(81240, WAH 4 . A6t YRI5 R 245 S AR AR A AIFST (71, T
TR 2F2A41,2007,37 (6) : 921-926.

(O] ke, AR Bk . 2006 WA TR/K KT SRR il =50 3Bt
1. WAL, 2007,29 (3) : 281-284.

[10] Bigelow K A, Boggs C H, He X. Environmental effects on swordfish



6t [ERCIR IR S I 30PN (53

fay fry T R U AR 1 ) 957

and blue shark catch rates in the US North Pacific longline fishery [J].
Fish Oceanogr,1999,8 (3): 178-198.

[11] Jacobson L. D, Bograd S J, Parrish R H, et al. An ecosystem-based
hypothesis for climatic effects on surplus production in California
sardine ( Sardinops sagax ) and environmentally dependent surplus
production models [J]. Can J Fish Aqu Sei,2005,62: 1 782-1 796.

[12] Herrick Jr S F, Norton J G, Mason J E, et al. Management application
of an empirical model of sardine-climate regime shifts [J]. Marine
Policy,2007,31: 71-80.

(131 3 , BAT 45, 2520 . GLM Il GAM AEAUR 5% 4% 28 U 60 5 UL it
SEEIA TR UL K240, 2008,32 (3) : 379-386.

[14] 220, WrHT 2 . FRIFZR CHOEGR (LT OG0l CPUE AR Ak it
it UL 7K1, 2009 (RFF))

(051 B SO, BT ZE . NPT — R R MR R B 65 £ AR Dl L Y
Wl AR BCR (7] K254, 200,33 (2) : 220-228.

[16] AT, EF- . AR TR RN A A AR B ] 3 S AT 5 .
K3 SRR, 2003,28 (14T1) : 66-69.

[17] Zainuddin M, Kiyofuji H, Saitoh K, et al. Using multi-sensor satellite
remote sensing and catch data to detect ocean hot spots for albacore
( Thunnus alalunga ) in the northwestern North Pacific [J]. Deep-Sea
Research 11,2006,53: 419-431.

[18] Hastie T, Tibshirani R, Friedman J. The Elements of Statistical
Learning: Data Mining, Inference, and Prediction. New York:
Springer-Verlag, 2001.

[19] Maunder M N, Punt A E. Standardizing catch and effort data: a review
of recent approaches [J1. Fisheries Research,2004,70: 141-159.

[20] Venables W N, Dichmont C M. GLMs, GAMs and GLMMs: an
overview of theory for applications in fisheries research [JI. Fish Res,
2004,70: 319-337.

[21] Venables W N, Ripley B D. Modern Applied Statistics with S ( Fourth
edition ) [M]. New York: Springer,2002.

[22] Punt A E, Walker T I, Taylor B L, et al. Standardization of catch and
effort data in a spatially-structure shark fishery [J]. Fish Res,2004,
70: 129-145.

[23] Beck N, Jackman S. Beyond Linearity by Default Generalized Additive
Models [JI. Am J Politic Sci, 1998,42: 596-627.

[24] Venables W N, Dichmont C M. A generalised linear model for catch

allocation: an example from Australia’ s Northern Prawn Fishery [J].

Fish Res,2004,70: 409-426.

[25] Campbell R A.CPUE standardisations and the construction of indices
of stock abundance in a spatially varying fishery using general linear
models [J]. Fish Res,2004,70: 209-227.

[26] T . il AR AT AL EC B OFSE [DL i iK™
K2,2005.

(271 ARAEAE, I . VR TR AL L Y ) EL A A ) R ) R k) 5
01 7k =RleE,2003,22 (6) : 32-35.

(28] PRI, A TR, VPRI, 55 . JLACTE 150° E-165° E i fi i
CSGIAERV S S ()], R4, 2003,23 (3) @ 26-32.

[29] WHIRYE . R LRI it B Ak ZR R 5 1 0 47 5165 T K SCIRBE Y G
F 1 WK 2B 41, 1993,12 (1) : 32-39.

[30] 4L, T, BNV 55 . LR AR K AV S Bl R AE Bk R 50 )
FISEIR (7. 7K 77244,2001,25 (3) : 209-214.

[31] B . 1AL RR SR U W 43T A 58— LADE AL ATV e i
A A5 (D] FE: ARG R, 2004.

[32] SBIW A, B, A0, 46 | vl [ g M SRS VE B (M.
Jent: iPEREE R, 2004,

(331 Jdiedie . ERE IO e IR 23 ST (D). dbat.: ThEREB b
SYRIRAITFE T, 2001.

[34] Wood S N. Low Rank Scale Invariant Tensor Product Smooths for
Generalized Additive Mixed Models [J]. Biometrics,2006,62 (4)
1025-1 036.

[35] Ciannelli L, Fauchald P, Chan K S, et al. Spatial fisheries ecology:
Recent progress and future prospects [J]. Journal of Marine Systems,
2007, doi: 10.1016/jjmarsys.2007.02.031.

[36] Al . G K HUR T (D JEat: h RS b R
SBRIRRITFE T, 2001.

(371 BEFR: . ARECHHERES 0 BRI VR 23 34 B H 5 3R 06
FRIWIFE DL 13 1K™ K2, 2005.

[38] Hiyama Y, Yoda M, Ohshimo S. Stock size fluctuation in chub
mackerel ( Scomber japonicus ) in the East China Sea and the Japan/
East Sea [J]. Fish Oceanogr,2002,11 (6) : 347-353.

(391 224 . 7R B £ E PRI B SLAS SR XU 4307 (D). 136
IR, 2008.

(401 B SCUL, MR 22 R 1dpe . 33 JRRAE TV ol v g 1o P 5 R 93 e
1. R F=2 B4, 2007, 1: 62-66.



958 I K R A F16E

Environmental effects on fishing efficiency of Scomber japonicus for Chinese
large lighting purse seine fishery in the Yellow and East China Seas

GUAN Wen-jiang'*”, CHEN Xin-jun'*?, GAO Feng'*”, LI Gang'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. The Key Laboratory of Oceanic fisheries
resources exploitation of Shanghai Education Commission, Shanghai Ocean University, Shanghai 201306, China; 3. The Key Laboratory of

Sustainable Exploitation of Oceanic Fisheries Resources ( Shanghai Ocean University ), Ministry of Education, Shanghai 201306, China )

Abstract: In this paper, Generalized Additive Models ( GAM ) were applied to analyses the relationship between
environment factors (such as lunar calendar (as index of moonlight brightness, LC ), sea surface temperature ( SST ),
sea surface temperature anomaly (SSTA ), gradient of SST ( GSST ), wind speed (WS ), eddy kinetic energy ( EKE ),
mean sea-level anomaly ( MSLA ), chlorophyll-a concentration ( Chla ), chlorophyll-a concentration anomaly ( ChlaA ))
and the Catch Per Unit Effort (CPUE ) derived from catch and effort data from the large Scomber japonicus lighting-
purse seine fishery of China in Yellow Sea and East China Sea during August 1999 to December 2003. Stepwise GAM
and Akaike Information Criterion ( AIC ) were used to reveal the significant variables and models. The final models
indicated that in northern fishing ground, environment factors comprised SST, LC, MSLA, GSST, WS had a significant
effects on logarithm nominal CPUE ( pluses one to void breaking down the logarithm computing by zero ) and in southern
fishing ground, the environment factors were MSLA, LC, SSTA, WS and EKE. But the effects of Chla and ChlaA aren’ t
significant in both fishing grounds. The result of analysis showed LC and SW have negative effects on fishing efficiency
and the fishing efficiency were better in the area where the MSLLA were not too high or too low in both fishing grounds; in
northern fishing ground, low SST or low GSST were benefit to improve the fishing efficiency; in southern fishing ground,
the EKE have a positive effect on catch capacity and both low SSTA or high SSTA had bad influence on the fish availability
to fishery and decreased the fishing efficiency. [Journal of Fishery Sciences of China,2009,16 (6) : 949-958]
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