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— > X N — > 107 x 107 |1y =S [A] IX (24
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B AT 6 HE R A ok 3 R 7 5K BRI il 4R A
(1L 723 752,753 758 ) . K & iff ¥ vl 2 7
(L8 719 .720) F1T 5 5 # i el A R A
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KASE o o PR B0 1 — Bk, v XF BiF 58 45
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10 /8 BRI 3 A %) 28 77 e 1 oHis o 1 T A 5 A e
£35 H F 34 15 < T IR & ( sea surface temperature ,
SST) . H F ¥ ifg 5% 1 & & ( sea surface height,
SSH) il H 3 34 i 3 1/ M- 4% K ¢ & ( sea surface
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SSH #1 Chl. a %4 45k I8 T 3¢ [ & % K< it
¥ Ji) OceanWatch LAS ( http: // oceanwatch.
pifsc. noaa. gov/las/servlets/dataset) , =5 [A] 43 ¥
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A5k, Ln (CPUE + 1) fE Jg mi B 48 770 #g g
GLM 1 GAM fE%] . GLM FiR .
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BASR T N B A
GAM Fi Rl
Ln(CPUE +1) ~ Year + Month + Ship +
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Fig.1 Frequency and fitted normal distribution

curve of Ln(CPUE +1)
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Tab.1 Analysis of deviance of GLM fitted to chub mackerel CPUE of
Chinese large lighting-purse seine fishery

e 1 1 2 F )i 5 % Wald By A - .

source df sum of square mean square Wald Chi-square
4 year 12 179.02 14.92 197.77 16.36 0.000 0
H month 5 68.34 13.67 75.50 14.99 0.000 0
i ship 1 13.41 13.41 24.04 14.71 0.000 1
2 J% longitude 1 28.99 28.99 14.82 31.80 0.000 0
2 J& latitude 9 21.76 2.42 32.03 2.65 0.004 6
Y EF I SST 1 4.19 4.19 4.63 4.60 0.0320
0 = % SSH 1 8.15 8.15 9.00 8.94 0.002 8
i F T M4 Yk EE SSC 1 17.45 17.45 19.28 19.14 0.000 0
5% % residual 4 701.24 3 998.97 0.91

2.2 GAMRBEGITER

He GLM 7 i 3 ) 1) S 2 1 figp e A 1 o —
A GAM KA A A R S5 F ) GAM KERL, Bif
& RS B B 2T 3, B AIC {535 4 T %,
R 5 BT A7 8 A B A2 1 19 GAM A5 1 Oy i fE A
(3K 2) . GAM BRI T4 R BRI A7 22 5 4
N FEMEAZ R (P <0.01), ffE GAM # R Xf

CPUE f 2= 1) B BE 2 Ry 11.69% |, Hovp A8 /4R (1)
fiR RE R, R 4.52% IR L i BR
1.99% . ZZ R %t CPUE (145 Wi 76 r 4 78 & o HE
WL, BB R R L. 56% , DL R R IR N g
(1.24% ) SSC (1. 11% ) . SST (1. 02% ) . & Jif
(0.93% ) f1 SSH(0.33% ) (% 2) .

B
n

*2 FR.EBHEABITKENEW CPUE i) GAM #ER S ER
Tab.2 GAM analysis for CPUE of chub mackerel of Chinese large lighting-purse seine fishery
JIA I [ERiN; S i 2 B2 A W E 1% 75 M 22 RATEREE/ % P AIC

added term df deviance resid. df resid. dev. cumulative explained
JAK null 4417 4361.63
+ 4 +year 12 197.18 4 405 4164.45 4.52 0.000 0 12 304.62
+ H + month 5 86.89 4 400 4 077.56 6.51 0.000 0 12 221.47
+ iy + ship 9 23.82 4391 4 053.74 7.06 0.000 0 12 213.58
+s( &) +s(longitude) 1 40.77 4 387 4 012.97 7.99 0.0000 12 170.92
+s( &) s(latitude) 1 54.00 4 383 3 958.97 9.23 0.0000 12 113.07
+s(MEFEEE) +s(SST) 1 44.50 4379 3914.47 10.25 0.000 0 12 065.13
+s(HFFRMEE) +5s(SSH) 1 14.41 4375 3 900. 06 10.58 0.004 4 12 050.83
+s(MpRMMGERKE) +s(SSC) 1 48.41 4371 3 851.65 11.69 0.000 0 11 997.65

1E A 72 5t 8 fR 4R X CPUE /Y 200 B K, HZ 12 A CPUE fR{FHXFa %€ , /] 12 A CPUE

Hoxb CPUE fi 22 fif #¢  B) TTRR 4 38. 67% o 3 Ui
B, CPUE )4 i) 22 fL AR K o Al 53 19 CPUE 4f 3¢
AR 7R, 1999 4F 2 2005 4F CPUE Gk I 5 T F%
¥, e 2001 4 CPUE [ % i ik /K °F-. 2005
AFLLJA CPUE 3 # 4 1<, 2008 4F 3 2 13 4K &
K- B 5 CPUE X5 31L& 4R [ 1 3 (14
2-a), M CPUE ¥y H 1k %& ,7 H CPUE #1K,8

B (HHARHEZE W R (] 2-b) .

AR A SR T Al B7 BCRE X CPUE 1Y 52 1
GAM JpHr 451 nl A1, 758 My (LA 758 ) ffi 57 34 fiE
FR I 651 (T A 651) Fie o 7 I VAR A 1 M
O3] A AT 2 1A T RRE S AR — B T AL T I
£ P I Ji YA ) 1) 4l 957 2 RE 22 S e o W I (T
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Fig.2 GAM-estimated impact of the explained variables on log-transformed CPUE of

chub mackerel of Chinese lighting-purse seine fishery
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M i B A i S B A T B e e 125°
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T S B 5E N BT K A, Bl CPUE £ R g
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3 Joe KA, A AE 32 DX 88l PR B30 1 A 0 3 3O o 2
WARK, HOR G RA A F . 1280, CPUE N Fifi 4
JE 3 5 ks e (& 2-e)

85 % SST . SSH ., SSC %} CPUE j= A T
o R = F X CPUE J7 22 (1) B3t il B 3240 R
2.46% ., CPUE Fil SST ¢ R KW, FEFK AT 8
W, B K T (11 ~25 °C) CPUE 2 T B 94,
M 752 Z= (1% 7R ¥, CPUE B /K i T i 100 8 A0, &
CPUE H #7E SST 3 26.5 ~30 C#f (& 2-f),
SSH J& %t CPUE 1 5% /INff) 25 & . CPUE [ SHH
B2 3 U 4 #4, SSH 7E 28 ~40 cm K}, CPUE f
K (K 2-g), CPUE 5 SSC X & K%, 4 SSC
KT 2 mg/m* i, B X a] K B T 3 o, B A 31
R B2 HH R [ 5 24 SSC /T 2 mg/m’ i, B 5 IX
[ 4 AR % /N, CPUE i SSC 3 Jinn iy 3 Jn ( /&1 2-
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2.3 REFEFEHTHK

M GAM 73 Hr 45 - ,1999—2011 4F , /R 8 i
iy f0 BT R F BE AR B (AR RO ) SR B R PSR B
I 3) . Hi 1999 4F,2001—2004 42008
4 .2009 AFE R F BE R T 1999—2011 4R 1 °F- 3
K, 2005—2007 4F,2010 4F 2011 4F K F 5 3
K- 1999 45 fif £ 5% 5 5 B 48 £ =, 2000 4
R 28 I IR AR, 2001 48 SR 52 3] 458 8 7K1 o 2002 4
32005 FEERRBEFE T, RE G =4 A g
fin, {H 2008 AE 2 J5 , FEFRBOESE TR, [F,
GAM 5 #fi: 6 J5 1) CPUE ( CPUEg,, ) VA K £ X
CPUE 2 3 K B AH [A] 1Y 742 4k #a 3, A 75 2002 4 |
2009 4, =3 By A2 dy e O A, 2002 4R 4 X
CPUE K  GAM #5 #fi fk CPUE T[4 ,2009 4 %,
X CPUE K i@ I+, i GAM 45 #f ft CPUE
(CPUE,, ) B8 AR (18 3) o X o =38 B 4F ] ¢
Bl B, AE RN AR 8] P 8l B K (CV =4.08) , H
W% L CPUE (CV =3.83), ko & /Ny &
CPUE,,, (CV=3.75), WA, BAK =F & W]

PSR FRAE T 25 13 47 R fify i BE U5 ) A2 B i 4, {HL B¢
R F JEE 45 J0P e 1) o 0 B 5 A 8] I8¢ B0 1V D0 W I
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Fig.3 Nominal CPUE,GAM-standardized CPUE,
and year effects on CPUE estimated
by GAM analysis
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MR FER A . RZ, fE SST BAR MY
2000 4F 2003 4E 2005 4F 2010 F1 2011 4F, fif
BT AR BCWAR (B 4) o [ 43 B 19 25
WaR, HEEXMEXLR(r=0.60,P<0.05;3%
3), HEkA

Al = -3.51 +0.23SST (4)
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Fig.4 The relationship between abundance index of
chub mackerel and average-three-month

SST of chub mackerel spawning ground

during 1999—2011
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Tab.3 ANOVA table for the relationship between
abundance index of chub mackerel and
average-three-month SST of chub mackerel
spawning ground

E3/ Al Forfn Hir P
source df SS MS
[8] 5 regression 1 0.28 0.28 6.09 0.031
4% 2% residual 11 0.51 0.05
13t total 12 0.79
3 wfig
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AR g 5 3 M U R LA, A O DA
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FR R G BB X CPUE 3647 47 #E 1L
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Fig.5 Abundance index estimated by GAM in
this study and abundance index of 0-year-old

fish estimated by Japan
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Fig.6 Annual catch of chub mackerel by China
(large lighting-purse seine fishery and lighting-purse-seine
fishery of Zhejiang Province) ,Japan and Korea in the

East China Sea and Yellow Sea during 1999 -2011
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Analysis of the inter-annual variation of chub mackerel abundance in
the East China Sea and Yellow Sea during 1999 -2011

WANG Congjun', ZOU Lijin"*** LI Gang'**** | CHEN Xinjun'*""*
(1. College of Marine Science,Shanghai Ocean University ,Shanghai 201306, China
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Ministry of Education,
Shanghai Ocean University ,Shanghai 201306, China
3. Scientific Observing and Experimental Station of Oceanic Fishery Resources,Ministry of Agriculture,
Shanghai Ocean University ,Shanghai 201306, China;

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

Abstract. Relative abundance index is often used to measure the level of fisheries resources biomass. Based
on chub mackerel ( Scomber japonicus) catch data of the large lighting-purse seine fishery from 1999 to
2011 ,the impacts of temporal ( Year, Month ) , spatial ( Longitude, Latitude ) , environmental factors ( Sea
surface temperature , Sea surface height and Sea surface chlorophyll-a concentration ) and fishing performance
(Vessel name)on catch per unit effort ( CPUE ) were analyzed using generalized linear model ( GLM ) and
generalized additive model( GAM) . The Year effect of CPUE , extracted from GAM,was used as the annual
abundance index ( AI) to reflect the inter-annual variation of chub mackerel abundance in the East China Sea
and Yellow Sea. The relationship between AI and SST in the chub mackerel spawning ground and fishing
effort was also investigated. The GAM with the eight variables explains 11. 69% of the total variance in
nominal CPUE, and the impact of Year on CPUE is the foremost factor, contributing to 53.9% of the total
reduction in deviance. The extracted Year effect indicates that chub mackerel abundance shows a declining
trend over the past 13 years, especially after 2008 , and the AI fell from 1.22 in 2008 to 0. 82 in 2011. The Al
shows a significantly positive relationship with the SST of the spawning ground, and it is expressed as
Al= -3.5 +023SST(P <0.05). This result indicates that SST of the spawning ground has a positive
impact on the abundance of chub mackerel. The decrease of chub mackerel abundance in the East China Sea
and Yellow Sea resulted from the rapidly increasing number of purse seine vessels in the recent years.

Key words: Scomber japonicus; abundance index; year effect; catch per unit effort( CPUE) ; generalized
additive model( GAM)
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