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FEZE: CPUE fRE L7 =@ % # ik & X CPUE Z Bl R A B oL R HAH KM, AT & K&
ATBEEREEZEAMEME, AR R T KF ¥ FE&w CPUE fr kLA ], X A
1999—2012 4 6—11 F o &t 27 A& 7 B 48 DA K X B 0y 98 3% 0 05 Z fo vt 4% R R B W9 3R 8 B 98
g 22 B AR K M Am N T L% M A (general linear model, GLM) ¥ . £ % 5] GLM 4% A & 1z Ji| 4
MNEBBEA (FHEA REHEA AMEEAGHEA), T/ %E GLM & fu 4 f = 4
GLM # A iy CPUE #ro L& Rt dr . SR A ,4 # =2 A GLM 4 A 3 th A7 f GLM # A oy 3%
/NZ B E ) (akaike information criterion, AIC) B /N Ar W E B EE#H, B, E£4 N EFHE
A e BEA My AIC & /N, 2 CPUE fr b 4 Rk £, %K kW, % CPUE #rfb o, &
TaXERELAMEE, NZASFTRERMREX —F &,
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BRI CPUE FrifEfL 45 51, CPUE A iff fb 42 {1t
b A s ik .

1 MRS Ik

1.1 #HHERR
K 1999—2012 4 6—11 H v [5 P4 b K-
T 2R 0 A 77RO DA R I F) T 3R TR EE (SST) I
-4 3R e B2 (CHLA ) 1 B 58 B , ik ) 73 B
J LR N AL L 0.5° x0.5°, 4
o 140°E ~170°W ,37°N ~46°N, H A4 =%
WA A5 4y M A B H 7 i, CPUE 2 5 K
i H5 Bt (t/d) . SST FI CHLA %4 >k A 2 1
NOAA ff) Oceanwatch %§ & J& ( http: //
oceanwatch. pifsc. noaa. gov/)
1.2 BRFAE
K AR 7 12205 P AL R % . CPUE HEAT 5
WAL 28— R R AL G SRR RS (LR AR A
GLM iR 5 R R FE L Gt ) SCERPERE R Y S i
A A TR]AH OGP 1) GLM AR (LR Bk Oy %5 (]
GLM FRY ) , 23 (AL Y 2% J 1 48 SO B BR i AE 2 |
ZRVEARTR Ry SRR 4 RS DL s e SR
FI R BRF b i GLM B8 KN T S de /N — 3 ik
(generalized least squares,GLS) pREHEI 75230 ",
FRof GLM A& fZ4iR) GLM &R n]
ARFR R
g(p) = X/B (1)
K, g WEEE R R u, = E(Y,) , X, N i DR
SRR B ORGSR, Y, R i A
W) J37 %
SEE R 5 CPUE ik DX 0 iE 25 73 A, I
GLM # 5 X A] KR Ny
In(N_CPUE, ; ,, + 1) = intercept + a,year, +
a,month; + a,lon, + a,lat, + a;SST +
agCHLA + o, Interactions + ¢, , (2)
. ,N_CPUE N4 5 EE K 455 7= & ; interaction
B H IR, Ze7n 0] 5 25 (8] 28 B 238 B s 0, ~
NIRISH e iR 220 BB IR IE 0 A o 7E
IR R[] (AR H ) SR (B A ) (PR
(SST.CHLA) A R A Ay i e A ik, Hovp A8 i 41 T
CPUE il F 50 1, FRVEXTBUR 0S5 A i i 78 o,
PAfk CPUE 2 0 (R BL "7 ikl 43 3 3
Oy I R 2 RS A B BDS AR 5

H ke ZRER 1 Ah 24

% 1] GLM £ A B B i

Y=XB+e &~ N(0,0") (3)

Hd Y = [In(N_CPUE,,,, + const), -+, In(N_
CPUE,, +const) |, ' 2brifE GLM #i#4th CPUE [y
] AL IE 2, X AR BT £ (8,0 ,e0)

PLEA A CPUE Fil & #5027 i 748 &,
H 52 E X AR T — A~ 2R O 13 2 AN I
SEH L O 2O T R ) A S ) AH G, a2k
FRE 22 18] 3 6 A7 A5 AR DR A0 25 Ta) AR g e o 00 )
TR 2 (]80S D02 e P ) AR R AR PR I 7
CPUE Fr Ak 1 32 72 v 1 12 75 1 31 3 b 25 (] 1E AH
Ktk B TH(3) B h
Y =XB+e &~ NO,V),Vlcov(e,, &) ] (4)
K, VIR nxn W52 - P Jr 256 0, HAb 3t
B A (3) M. X %5 | GLM AT,

X T TS ZZHE cov(e,,e;) I R ILA
FEBORER BRI | o TR R LR PR R
1= enp - ) i)

r

3d, d
I - 5 7 — (BRTERLRL)

cov(e,,e;) = o’ x ro2r
oy
- exp| - ) (iR

r

1 - rd, (PRI
(5)
K4 PWENSERX(3) h iS5 p Al
DALY B i) 4 f K BL 4R il 31 (restricted maximum
likelihood estimation , REML) J7 £ &5 3], H X}
AR R B A
REML:I(B,07,0°,r) ==0.5nIn( |V|) - 0.5n x
In(X'V'X) =0.5(n - p) xIn(D'V'D) -
2w
0.5(n —p){l +1n[n - } (6)
K, D=Y-X(XV X)XV 'Y,p & X WHE4.
23 i) GLM #EAR R A (1 GLS o $i itk
(TS
AR AL A 49 2 IR eI ATC {H f5 /)N Y 155 75
R ALC A TR T
AIC = =2Inl(p,,*+,p, o) +2m  (7)
Xef,om A RPSEIE"
FTREFEBEGTE 1 GLM A 5
oA Y 3 B BonT DL i X 4E N AT R B2 |
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wE AR,

ATl = exp(a;) -1 (8)
K, o =5 0 4F K FE F N, Al ( abundance
indices ) s i ¥t Yt A9 - AR H

2 45

2.1 MmRZEE In(N_CPUE +1) K%t 5 Ha%
K-S K5 71, In(N_CPUE + 1) j# ] 3 ik A 1E
&34 (K 1-a) o In(N_CPUE + 1) ({9 %4l s 72 IE 25
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10
08 |- ]DLT
o 0.6
o Z
{%a_g)
04
02 |
0 7| 1 1 1 1 1 J
0 05 10 15 20 25 30
In (N_CPUE + 1)

(2)

Q-Q KIHF LT M— 4 HEZ (15 1-b) , X YiH] In(N_
CPUE + 1) flg NIE &S 70 Ao BIREFREW], KT In
(N_CPUE + 1) IR AN IE S 3 B2 5 B
2.2 GLM 4#f

Z3 i) GLM L R1 i AIC {H % 3t b b5 i GLM
PR S A (R 1) o fE 4 Fhas 6] GLM
Brp R ROBE B Y AIC i e/, 4045 B2 e A o
I, T4 SO S 1R Y 25 18] GLML 41 2 5 i
P4 J6 K -9 52 #1 CPUE s v Ak 10 i A 780

IEAQ-QE °
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B1 1999—2012 FFEILKFiFFEE In(N_CPUE +1) 3R H R EKE

(a)In(N_CPUE + 1) By#1 K 734 5 (b) In(N_CPUE + 1) Y IEZ Q-Q

Fig.1 The In(N_CPUE +1) distribution for the Chinese squid jigging fishery in the
Northwest Pacific from 1999 to 2012 and its distribution tests

(a) frequency distribution of In(N_CPUE +1); (b)normal Q-Q plot of In(N_CPUE +1)

®1 54 GLM #E K R*,AIC {EF AIC EHHEF R

Tab.1 Summary of the value of R*,AIC and
AIC rank generated from 5 GLMs
| AIC 4
nTsdels K AlC AIC iﬁj{
#r i GLM standard GLM 0.574 5 051 5
25 [a] GLM spatial GLM
FEH i exponential model 0.739 3208 1
E A/ Gaussian model 0.735 3315 2
LR PEREAY linear model 0.720 3328 3
BR i A% Y spherical model 0.713 3 445 4

73 (6] GLM L% ) CPUE A7 #E Ak 45 5% b A7 1
GLM HL R (14 45 JLAF (0] 5 3l 56 /)N, 7] i 25 (3] GLM
BEAIARUEAL IS 19 4F 7 ¥ CPUE fH AR ifE GLM £
RS I E /N (B 2) o B, AR 4 ALC i fie /)
BTN, S T 48 B0 G PR 1Y 25 ) GLM A 7Y 1y
CPUE #p b4 5, Fubr v GLM #5581 1 45 51 5 i
WERf o [R5 i B0 D¢ 1k Y 23 (3] GLM A€ 7Y
FobrifE GLM KR (1 A5 X A /N (1 3,81 4) .

8 —
- - $3#EGLM standard-GLM
— %¥[AlGLM spatial-GLM

[=)}
T

GRS % [=E

relative index of abundance
N
T

(S8
T
N
7

2000 2002 2004 2006 2008 2010 2012
f1H] time

E 2 7 CPUE fR/A&L&EE (47 GLM #AF0
ETHEBEEXENZE GLM &2 ) FREH
BAEXFFREZFEENFEENFEEI L
Fig.2 A comparison of the relative index of
abundance of O. bartramii from the spatial-GLM
with that from the standard-GLM
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s - ARHEGLMAN97.5% B AF X 7]

AR TR

relative index of abundance

51 2% [A) GLMA197.5% 847 [X ]
spatial-GLM and 97.5%C.1

|
2000 2002 2004 2006 2008 2010 2012
AfTE] time

B3 ®# CPUE #rif L2 (4R GLM EEFE THEHME X EH=E GLM #3)
FRNELXEPFREHRFERANFEFERE 97.5% EE X EH T L E

Fig.3 A comparison of the relative index of abundance of O. bartramii and

its 97.5% confidence intervals( C. L. ) from the spatial-GLM with that from the standard-GLM

standard-GLM and 97.5%C.1
g ar
g
s
% S
LS
=B
# 5
RE2f
®e \/\/\/
2
R _w
or I | I | I I ]
2000 2002 2004 2006 2008 2010 2012
iFIA] time
; GLMAERY (4 8] vs ArHE) I197.5% B AT X [H]
97.5%C.I(spatial vs. standard) for GLM model
6l -— Z¥[A)~ k34 5t spatial-upper
— FbrifE- B3 standard-upper
5| — FRU#E-FIL SR standard-lower

—-— ZF[E-"F 45t spatial-lower

VRS E SRR

relative index of abundance

2060 20I02 20I04 2066 2068 2()'10 20I12
i 1E] time
E4 #trd GLM EBFMETIHHEXENTE
GLM R 97.5% BEE X B R IFEFEXT
Fig.4 A comparison of the 97.5% confidence intervals
( CI) of the relative index of abundance of
0. bartramii and ratios of 95% CI from

the spatial-GLM with that from the standard-GLM

2.3 #& X CPUE #n#r# 4k CPUE gy L&

W oA R0 A o 1k 5 ) CPUE 4 #AMH IT , s i
fbJ5 i) CPUE ] AR T 45 L CPUE, iX 3 W] 4
HEAL IS 19 CPUE HEBR 1 HA P R i 52 ma o [6]
# X CPUE 5#rifE4k J5 /) CPUE j#a # o A7 {61, {2
&4 X CPUE 4R [8] 8¢ 8y 55K, 1 bk v AL 5 19 48 °F
¥ CPUE 4 [H] i 8l /)N , 2007 4 B3k e @ . 2
PR, JE T 48 BOM DG M 1 25 1) GLM 7Y 4
b5 171 CPUE {H# 5 : GLM #iAI/N (& 5) .

6 ~

— % X nominal

- - Z[A]JGLM spatial GLM
51 -- ¥s#EGLM standard GLM
4 L

CPUE / (t/d)
N_CPUE
(98]

2000 2002 2004 2006 2008 2010 2012
ASTE] time
BS5 1999—2012 FHERIEKRFFZE&EB W Z X
CPUE 5 A#tr# GLM A ME FIRHMEXEN
= H GLM # & iR#EH 5 CPUE X &
Fig.5 Relationship between nominal CPUE and
standard-GLM CPUE and spatial-GLM CPUE of
O. bartramii in the Northwest Pacific Ocean

during 1999—2012

3 3

— B il B I =S 6] o3 A 2 AR 2 R
FORE M, INZEBE | 43 T | 21 R IR 3 T L % 45 3R
BEACOE" 72 A B 2 AR A0 R AE AR 1K %
2 BT PRI BA A5 8] 70 A5 B 52 W), LA R R PR B 2%
P28 Ak (9 52 w0 bR e GLM R A 2 ]
GLM HERY [l i 52 45 AR L W, b ifE 4L J5 1) CPUE
i W AR H 4 X CPUE /NI HARPRAE AL T2 15 A2 3)
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/0N 310 B X R b RS TR AR BB e — i AR R b HE BR
i (i) | 245 i) R VA 3 2 5% 45 JHCAth [R 38 X CPUE ) 52
M, [+ Bt o, 356 B 3 2 [H] 3 7 il CPUE 45 3 J5 1
WHEEEM.

GLM #i %12 H #if CPUE # i 4k ) 5 % FH 07
Bz —, kTP OR )Tz s
RIS GLM AR AV ff 8 449 {1 1) Bl L5 22 iR A
AN JEIES A0, U Bl HL 15 22 AT Al D8 B50al A 1 b
HIAE—Fh A, A5 TIA A A3 AT AN S oA 5 T
H. ,GLM B ASEL R Fifi A1 AF f2: 1) 39 {8 2 A A i
0 28 P DR B, {EL R AT 5 B0 e I R R L (A
J&: GLM A7 — 26 [ A5 149 55 5, 40 G 1 4k B3R A8
R A AE R O e 1) A BT L, 2 A
B A7 5 AH OG5 ZR s, W % e AR AL R AT 9 e, T L
/N ek W e A AT ¥ 22— . GLS [ {ifi
FA N EAE G RS o A R BT B BB AR O C &R
P25 RE L AN Y A7 7 23 8] AH DG I, 7 B o A G A
RUJEAS O BR AT Y 2R ALY | g A 78 it 45 Fip
RISE, JF 75 22 2 65 1 50 3 ok A6 T X 2B A o6
Xz,

XoF B R 4 AT 3 AR R X6 P b K P T SR
CPUE #5 #fE fk 9 45 5 ] 11, 25 3] GLM A5 AU 45 o 4L
Ja W45 L Ar o GLM A5 7Y () 45 3 o8 i v & L
Hh TR B OC PR 19 45 ) GLM #2 CPUE #r i
R A EAE, X SEL T XA ERKM KR,
T IACEE i 2D R 3 J8AF R B 0%
S I 3 LR S e 2 ) B S
el 75 £ 288 B IR 09 1 Ml 1 3 — MR AR TR AR — AR/
SRS e R W W o L = B o< | A S i = - S <]
RS ORI R 8 A5 OR 2 R 2 IR SR P 1Y
CPUE #5 £k 77 1 AT 554k AR, PRIt 2% 7 3l %
Ui CPUE [ i =3 ] A1 56 4, AT K K 382 a2k
CPUE A5 i 1 i 1 B 1

ARSI FH A5 ] GLM A58 780 % 1 b A F
Z 8 CPUE 4R Ak UG 1 A5 A 25 1, {EL 2 47 ]
ATV Z 5 S0 5E o A S5 FORE 23 ) A 26 1k
AR T GLM 7 rh |3k A7 1R 2 8 11 155 2 ]+
AL LA 28 [ 4 5G4 #8417 CPUE 1y 45 e 4, 1] 4n
(] 9 A5 AR bt 2 ) 4 ABE AR R T S AR A A
H i, E R AN O A 25 8] A ¢ #: ) CPUE 45 ifi
AR 5EAE % 2>, HUA7 Nishida 25170 23 18] A 6 1
A B 3% 6 4 46 #1 ( Thunnus albacares) %iE 4% ) i
Al CPUE #rdEfb . 764 J5 BB 58 v, @ i n]

DL 25 (] A5G % in A 21 45 4~ CPUE Fr # b 85 7Y
Hpr [ B R G 25 S 5 S A 5 (8] AH 5G4 1) CPUE
o P TR 58 L 1 A X b, DT 43 AT A Bk e i
FAhnl e A &) CPUE AR LB o X I 502
— A B S B 5T, R R 7 R ) 2 ) AH G
AR BE LA B FH IR B 9 455 780 > 147 25 ) AH S 1k 1)
W8 5T b, Xt 28 [8) 4 56 1 247 A5 40
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A study of incorporating spatial autocorrelation into CPUE
standardization with an application to Ommastrephes bartramii
in the northwest Pacific Ocean
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Abstract. Catch per unit effort( CPUE) of a fishery is often used as an abundance index which is usually
assumed to be proportional to the stock abundance. Observed fisheries CPUE data are, however, influenced
by many factors,in addition to fish population abundance,including spatial-temporal factors such as area and
season and environmental factors such as sea surface temperature ( SST) and sea surface salinity. The impacts
of these factors on CPUE may shift the assumed proportionality between observed CPUE and stock
abundance. Thus, CPUE standardization is needed to remove the impacts of factors other than population
abundance. Many statistical models have been developed for CPUE standardization such as General Linear
Model ( GLM ) and General Additive Model ( GAM ). Generally, statistical methods always assume the
independence of the observed CPUEs. However, this assumption is invalid for a fish school and distribution
because of their spatial autocorrelation. Therefore,in this study, we take a CPUE standardization of red flying
squid( Ommastrephes bartramii) as an example. Based on the fishing data in jigging fishery by Chinese
fishing fleet and the corresponding SST data and the Chlorophylla data in the Northwest Pacific Ocean from
June to November from 1999 to 2012, the spatial autocorrelation is incorporated into the standard general
linear model( GLM ). Four distance models ( Gaussian, exponential, linear and spherical ) are examined for
spatial autocorrelation using the CPUE standardization of red flying squid. It is found that the four spatial-
GLMs always produce the better goodness-of-fit to the data than that for the standard GLM. And the
exponential model generates the best goodness-of-fit to the data in the four distance models. Therefore, it is
suggested that spatial autocorrelation into CPUE standardization should be considered when the nominal
CPUEs are strongly spatially autocorrelated.

Key words; Ommastrephes bartramii; spatial autocorrelation; CPUE standardization; northwest
Pacific Ocean
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