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Tab.1 Gross registered tonnage ( GRT), main engine power ( MEP, kW), vessel length (m) , seine length (m)
and height (m) and total light power (TLP, kW) of a fishing unit for each fleet

I KTHR 315 1T
ﬁileéﬁu purse seine vessel lighting vessel purse seine MIhE

heer | B MRK(m) ZUOIRW) | BW MHK(m) ZROIRGW) RK(m)  RE(m (W)
GRT length MEP GRT length MEP net length  net height TLP
1 210 42.65 600 100 27.60 520 1000 280 338
2 116 39.45 1200 85 38.16 1000 1050 350 252
3 265 43.30 600 113 33.00 400 950 250 362
4 251 42.65 600 112 27.50 661 1000 250 240
5 224 42.65 600 100 27.50 450 1020 250 216
6 265 43.30 600 100 27.50 500 980 310 196
7 218 39.73 1170 75 22.50 750 900 280 128

1.4 GLM #1 GAM #El

GLM #E b it | (4F\H) JE R (&%,
LREF) JFFHE (SST,SSTA) R #H A (ML) B
RIEABRER, Hp R 84 A M 05
HRE, HERE hESE R, CPUE In L
1, FAEX R 8GR N R &, LUf# 2k CPUE
250 BgfEBL o R A B R E A A
M GLM #5228 g

Ln ( CPUE,; + 1) = b, + bYear, +
b,Month,, + b;Longitude; + b,Latitude; + bsFleet, +
bSST,,; + b;SSTA,,.. + b,Interaction, + £,,; (3)

K, CPUE Jy A W34 5 R 7™ & 5 Iteraction,
ZHIR, FZAMAES HERBRE &R EHN, b,
~ by WERIBHL, &, HIRET, BRR IR EZS
. A FAXNEESHHT BE TR
Bl

GAM BRI N

glLn(CPUE,,; +1)] = ¢ + lo(x,, span =
0.3) + lo (x,, span=0.3) +--- lo (xi, span =
0.3) + lo (Interaction,, span=0.3) + &, (5)
g EERE,c AHE,« NE i NRRE
&, 1o loess VI REL, &, HIRZE, R HIR
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Fig.1 The Ln(CPUE +1) distribution for the Chinese chub mackerel large lighting-purse seine fishery
in the East China Sea and Yellow Sea from 1998 to 2006 and its distribution tests
a. frequency distribution; b. normal p-p plot

2.2 GLM 447

GLM R B E R TR K2, TH
FHMMFRBMEREN,E A 2. G5,
HEBN \SST LA K32 B IRME BN 54F (fleet x year) \ffF
BA5 A (fleet x month) 3y i 478 & , %} CPUE
HIR IR 2.3 (P <0.01) ;SSTA LI RN 54
(fleet xlongitude) . 5% & (fleet x latitude) .5
SSTA(fleet x SSTA) WAL HHM A BELH,
%} CPUE WM A B (P>0. 1), Bk, %#%8
N BENERE R A GAM A GFE 6 M
BASRM 2 AR,
2.3 GAM 4%t

BERE B EWMAE A GAM A, 45
REWE 6 NMEE K 2 3L HWX CPUE Wy
AR B B ER (P <0.000 01,3 3) ., B {E AIC
1B, B0 GAM ELEL Yy

Ln( CPUE,; + 1) ~ Year, + Month, + Lo
(Longitude;, span = 0.3) + Lo(Latitude;, span
= 0.3) + Fleet, + Lo(SST,,,;,
Fleet, x Year, + Fleet, x Month,

BB B E Oy Xt CPUE B W 2 H) % B 4
27.78% (£ 3) . GAM A gE R, Z &
4% CPUE Ky & K, B T 6. 51% K B 1w
2, BB/ MR AT BN 5 4F B SZ BN (4. 90% ) ,
BN (4.78% ) , A (4.12% ) , BN 5 A B9 S ERL
M (2.68% ) ,4 % (1.86% ) ,SST(1.28% ),

1998 —2001 4£ CPUE & ¥ F[&, 2002 £/
T/NERE 1B 2003 —2006 4 CPUE X &4E T
(I 2a) , 2006 4 CPUE [ % JL4F 8] By B AR Ao
BT 2 -6 A4 RARAEMAE , iR R H
ARNxt CPUE 820 H BRAR KB A B 2 1, B
2 -6 A4y A &R CPUE KA, 7£E

span = 0.3) +
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BEMBEN (7 AZERE L A)##, CPUE
%, 8 Ay CPUE FiaigK IH{RFFME X Fa 8 By K
F,—EREZH 11 Ay, 12 A ,CPUE X &
KK, R BENREEN R, R 1
ABFHETRE(E2b), ERERZELA 124° ~
126°E X iy %+ CPUE F=H: 1R K ma (& 2¢) , i
TR MGG FNING LA K 350 8 K 8 ma 1R K

£h It CPUE Y #20R I 52 31 e P 1] AL B P AR F)
fa% (B 2d) . MR M CPUE KR EERE
Z—, TifEBA 2 SHEE M b, KM SRR &
(1 2e) . SST 7E7 [R5 Y FE 3¢ CPUE B9 %
WA, SST 7 12 ~ 16 C i, % SST 75,
CPUE T [; 24 SST & F 26 C, CPUE Ff %
SST RyFHRIE K

R2 FESHETLEMERE GLM KA REHTEHRLE
Tab.2 Test of the significant variables in the generalized linear model ( GLM) fitted to the chub mackerel
catch rate in the Chinese large lighting-purse seine fishery in the East China Sea and Yellow Sea

fRERR A Rz

BREAHRE

BEmWZ

source df deviance resid df resid deviance F P
3 NULL 2 802 2 996.62
4E year 8 195.08 2 794 2 801.55 24.32 0.000 0
H month 11 123.56 2 783 2 677.99 11.67 0.000 0
£ ¥ longitude 1 26.54 2 782 2 651.45 27.85 0.000 0
4 JF latitude 1 25.47 2 781 2 625.98 26.98 0.000 0
FEBA fleet 146.87 2775 2 479.10 27.40 0.000 0
?@K?S?{HE 1 6.02 2 774 2 473.08 6.76 0.009 4
RIRIEF91H 1 0.44 2773 2 472.64 0.49 0.484 7
SSTA
ARBA x 47 41 145.43 2 732 2 327.22 4.16 0.000 0
fleet x Year
ARBA < A 56 85.67 2 676 2 241.55 1.83 0.000 2
fleet x Month
2
ARBA xﬁlg 6 8.70 2 670 2 232.85 1.73 0.109 2
fleet x Longitude
ARBA X%.E 6 5.21 2 664 2 227.64 1.04 0.398 7
fleet x Latitude
ARBA x Ok R EHR 6 5.55 2 658 2 222.09 1.11 0.355 4
fleet x SST
HEBA x FIREEFI9E
fleet X SSTA 6 6.89 2 652 2 215.20 1.37 0.220 9

R3 R HEHBREITHEME W ERE GAM ERLEE RREDMERIE GAM ERFEE
Tab.3 Summary of analysis of deviance for generalized additive model ( GAM) and goodness-of-fit
statistics for the GAMs fitted to the chub mackerel catch rate for the Chinese large lighting-purse seine fishery

R S

BREAHE

BEmZ

RTERHE(%)

models deviance resid df resid deviance explained AIC
F3 NULL 2802 2996. 62
+4E +year 195.08 2794 2801.55 6.51 619. 32
+H +month 123.56 2783 2677.99 10.63 525.37
+loess( &5 ,0.3)
+Lo( Longimds, 0.5) 49.27 2776. 82 2628.73 12.28 490. 69
+loess( £ ,0.3)
+Lo{Latinds. 0.8) 55.86 2770. 86 2572.86 14.14 447.95
+ B 143.23 2764. 89 2429.63 18.92 330.63
+ Fleet
+loess( ¥EKFEiRE,0.3)
TLo(3ST. 0.5) 38.40 2758.74 2301.23 20.20 299. 45
+ MR x 4 146.79 2717.74 2244, 43 25.10 169. 48
+fleet X year
+ B x 4 80.36 2661. 74 2164.07 27.78 95.54

+ fleet x month
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Fig.2 Effects of the following temporal, spatial, environmental and fisheries operational variables on
chub mackerel CPUE derived from the GAM analysis in the East China Sea and Yellow Sea
a. Year; b; Month; c. Longitude; d. Latitude; e. Fleet; f. SST. Dashed lines indicate 95% confidence intervals
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Fig.3 Relationships between nominal CPUE and GAM-standardized CPUE in the Chinese
large lighting-purse seines during 1998 — 2006

a. annual CPUE; b. monthly CPUE
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CPUE standardization of chub mackerel ( Scomber japonicus )
for Chinese large lighting-purse seine fishery
in the East China Sea and Yellow Sea

LI Gang', CHEN Xin-jun"*?®, TIAN Si-quan'”
(1. College of Marine Science, 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, Ministry of Education,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract ; Chub mackerel ( Scomber japonicus) is one of the important pelagic fishery resources in the China
§ coastal waters. It is needed to standardize the catch per unit effort (CPUE) in the stock assessment. Many
factors including seasonal, regional and marine environmental conditions affect the CPUE. In this paper,
generalized linear model ( GLM) and generalized additive model ( GAM), by which temporal, spatial,
environmental, and fisheries vessels variables were chosen for analysis, were used to standardize CPUE of
chub mackerel for Chinese large lighting-purse seine fishery in the East China Sea and Yellow Sea from
1998 to 2006, and evaluate impacts of environmental variables on CPUE. Firstly, GLM was applied to
evaluate impacts of temporal, spatial, environmental, fisheries operational variables on the CPUE, and the
significant factors. Then the significant variables were used in the GAM one by one to select an optimal
GAM by using the Akaike Information Critetion ( AIC). The derived GAM was used to quantify the effects
of temporal, spatial, environmental, and fisheries operational variables on the Chub mackerel catch rates
and to derive standardized CPUE. The GLM analysis revealed the importance of eight variables ranked by
decreasing magnitude; Year, Fleet, Fleet x Year, Month, Fleet x Month, Longitude, Latitude and Sea
surface temperature. The final GAM including eight significant variables derived from GLM analysis was the
optimal model based on AIC and explained 27. 78% of the variance in nominal CPUE. GAM analysis
indicated that high CPUEs were found in the central East China Sea at sea surface temperatures ranging from
28 to 31 T in summer and in the Yellow Sea at sea surface temperatures from 12 to 16 C in winter. The
standardized CPUE tended to decrease from 1998 to 2006, which might result from increased fishing efforts.
Key words ; Scomber japonicus ;catch per unit effort( CPUE ) ; Chinese large lighting-purse seine; generalized
linear model( GLM ) ; generalized additive model( GAM)



