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FIL K T¥EF T CPUE fFRELTFR

FAlE REEPY Eek M SEW?
(1. PRGSO 5 B 2013065 2. FIGWFVERSFIGERI % 1§ 201306;
3. PR R E AL PR TR ARG ol 1 U P R 2 I it 96 U5 AT R 0T R 4 i e
HEWHEASEE B 201306; 4. REEEERFEFEEOR SEEMRT 1§ 201306)

E Tl & (Cololabis saira) & VTt K T i B E ool b A K 2 — | HRIRITFH TAEE AR 3
MR, RIS & B R E(CPUEMTRYE LT DAY TR H B YEUR IR A R B KR, 4
Mo, AHFFEFIH 2003~2017 FF B AEIAFER T 280 £ R R, $46 T EERREN
WBENIREIE, mELREERE . BREEME., BRkEEESE, T L& M A (General linear
model, GLM)#Fa)~ SLUF[ /A A (Generalized additive model, GAM)*T # [E A [ 7 4k A F- 3 #k 7] & i b
AT CPUE frth, R Er, RIEBICHEN, # GLMERERY, 4. AR, 2F. 4.
WMERWIEE. BRESE. BRBEMERSFEME At CPUE REEEHH, HF4KT GLM #
R py AL A, X CPUE R £ W MBE X K 52.47%; 72 GAM A B | [h Lk 8 N wH T 4N,
REWAWE & FEAA RS % Z 43t CPUE # & K, GAM = A % CPUE fk % o fEBE £ 4
61.9%. it 5-fold & XFIE AT A I, GAM BEA AT S REM T GLM # A, FEATHIK

SEREAK T £ 3%\ CPUE #roBE AL
XA

FESEE S932.4  LEFRIREE A

PR 3/ 455 %% 77 1 ¥ 4k 5t (Catch Per Unit Effort,
CPUE)# 1E A0 X 9% 5 == B2 45 $50i ) 1z 42 H T ifll
ZEEPEAL A4S 3 (Hilborn, 1992; Maunder et al, 2004;
Erisman et al, 2011; {54, 2014), HAET, BT
PR B0 A 5 A AT FE S5 o, R el ¢
PR A Fa 7 WF 52 AT SR8 T 1% 2350 (Guan et al,
2014; Z=WA4E, 2018; BEHE 45, 2019), SR1M00, i
WA PG R T A A 4 X CPUE 5 %TRECRK
%, S BRI R (R R E . BRI
BE . VR . B RONCE. Ay &8
R AR T (R ) L R Rl AR 45 S A R 3R

I 7 AR AL T U A

Al; CPUE frifEft; b KT
MEHE  2095-9869(2020)05-0001-12

ISR, JOik LS S e fa SRR 2 B 8L, BT
W B o CPUE 5 %8k ] 1F oG R MR
¥ (Harley, 2001; Ye et al, 2009), CPUE #rififk ]
FBRFRAFHNFLIN ZE X CPUE RS20, o B8 A v 1
Feak vl B BE A AR RS O, DT HG I IR DA )
ZAE M A A] 55 1 (Salthaug ef al, 2003; Campbell, 2004;
Maunder et al, 2004), i, JFE CPUE brifEfbAFsY
SEHEAT B IR TR B I — SRS Atk M 1A

EAR, F2%H ARSI T T
CPUE #rifefbtits, RhiAbANSFEQO13)HIHT™ LA
i (General linear model, GLM) Al .~ X W] Jif A %1
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2 R ERAES

(Generalized additive model, GAM)X} H [ A iti P4 55 kK
VYA PTAR 4L 15 2 f(llex argentinus)ifoll. CPUE #RiE
1k, FH GAM #HA L GLM AEAI T & & F Tzl
CPUE #r#fifk. Mateo %5(2014)535 ] GLM A
GAM A5 78 1 [|] I A% 452 7Y X JR 63 4 (Anoplopoma
Sfimbria)ii17 T CPUE FRifEALMIFSE I 5T E B 1 hnife
fRBE R . TR SE(2015) FIZE R4 (2018) 43 51 R FH 2& T
25 @ AHOC R GLM B2 B XF 75 db K F ¥ £
(Ommastrephes bartramii) F1 A 1E 1 F2 fa 1) CPUE #
17 HREfL . BT, GLM BRI GAM R
CPUE FrifEALHFFE i FH B 2 ALY (Maunder et al,
2004), GLM F& IR 15 Wi )0 A8 5 e e 2 o 1] 7 7R 2%
PR, RN, mTIANREENZN,
CPUE 55545 775 AE 4 M ¢ & (Hinton et al,
2004; Venables et al, 2004; Thorson et al, 2013), GAM
AR GLM BRI E A, AT DLAb BRAT 3 A AR Lk ¢
Z(Chen et al, 2009; Guan et al, 2014), iX 2 Fhf Al H
AR PR, TR P R ARk
AT (Rodriguez et al, 2003), & 9% IR TPEAN AfF 57 4k
T B Byl 64T CPUE ARiEfb if) R AF 5 .

Fk Tl (Cololabis saira)fe:—Fh I JZ /NI i
P25 (Watanabe et al, 1988), ] {Z it H ARG &
FE Y 0 RSP, B A A H AR . K
SRR ISR YK I (Tiana e al, 2004; Nakaya et al,
2010). BLBvBe, hERH . PEAE ., #E. K
Hr. HAS FUBSB R S 32 2R Rk T 04 7 S8R b X
(APRWISE, 2004; FEAEHESE, 2017, £1K1)45E, 2018).
R REL T 2003 AFJT R 7E PG JU A A I T Bk )
RS, Hoh, 2014 4E R B R R (7.6x101 ),
QAR R R N WSl REES R ER R N e T 2
HTHiE e . B R, B &k
W g, AR BB Y 4 ] A2 fk (Tian, 2003;
Watanabe et al, 2006; Tseng et al, 2013). [AIi, FkJJ
2 A TV vl 45 L 23 B 43 80 S A 2 4 T £
Z—(Zavolokin, 2018), AH3&EEIFAL FIE P 5 %
ESETAECHMADCE IR, Bii, sk a4y
(5KFA%E, 2013). ¥adg A (FEAEHESE, 2005, 2455,
2012; sKZFERAE, 2015), ¥ HPEREC(IF #L5E, 2005;
A5, 2016, 2018)55HEAT T — LA 5T, (HX] 1 [E
KRG PG ALK ] fifill. CPUE A AL BB 5E 1
AR ILHRIA

M, ARBFFEHRIE 2003~2017 4F Hh [ K Fi 7E PE L
IV PEI I R ) A P2 G it ek, 456 T i R
oIV PR PR BN L A SR DI S (SST) . SR I
JE(SSH) LA K i3 R IR FE RS E(SSTG)SE, T GLM Al

GAM A5 AU S ] K By 7 b AP 9 Bk T £ il 47
CPUE #rifefk, FEXTHEHT 2 FBEARIRYZE R .
GLM Il GAM #H %} #k J] #a3fanll. CPUE 4 1hR AL,
DU AV AU A PR R T 0 98 IEITAN TAE SR AL LR

1 #MRE5F=E
1.1 TRXIE

WFFE XS T H A TR S Wi L J@ £ 57 X (EEZ)
ZAMNIE 1), 2 DA TR R 0 FE G A AT
Ab, EATTER R A AR R A T A R A TR AR,
2 M XY R R i B — (Watanabe ef al,
2006).
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The blue solid lines represent the Oyashio cold current, the
blue dashed lines represent the Oyashio extension current, the
black lines correspond to Kuroshio warm current, and the red
circles represent CPUE, in units of tons per vessel per day

1.2 HEFRIE

1.2.1 &3 2003~2017 4EVPGIL R F-ERK T
OGRS IR A R Y o 2 U R R A
BOTEE AR, BHREEHY . 45 &8 7= R@)
FEL K&, BHRIZHERR d. 25 BHR N 0.59%
0.5°,  H1 A [ Kt 7 P b ST 2 A P2 it i 2 O AR
—3, B, AW AEEE AT 2
CPUE & BRI ™=, HifE. I,k

ZRE O (RN 0.59%0.5°) % 9 H ¥ CPUE
EX N
Catch; ;; ;
CPUE, ., = u (1)

ZEi,l,k,j

rtr, Y Catch,,,  WE i AEL T kAL
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Ak A VEIC R FERK ] i CPUE FRuE(LAISE 3

RERP . Y E,, WA A R

122 B FREHKE P 358 B £ 335 16 2 T i
[ EERIREMEE | MRS, Kb, SST Ul
kR F NOAA (National Oceanic and Atmospheric
Administration; ftp.nodc.noaa.gov), %5 [a] 7> #EFK K
0.1°x0.1°; SSH #(#& % H AVISO (Archiving Validation
and Interpolation of Satellite Oceanographic; www.
aviso.altimetry.fr), Z5[ 7 HF%H 0.25°%0.25°; SSTG
Bl MR R IR AEAR AR 0, r BT
SSTG, ; =

2 2
SST,,,; —SST,_y; | SST, ;1 —SST, ;4 @)
Ax Ay

A\, SST,,; . SST,,; . SST,,,, MISST,, A
4 DAHABRIRS Y SST fE, @ F1 j 20l fiRAT & F15)
T AcdE -1 R SIS EERE RS, Ay SR i1 Fl i+l
MLBBEREES . SSTG, ; i, j A% 9 SSTG fH, Hfih
C/km PR AR 7 B FIEEVE PR KO Y 4 (] 7 P
HARIA], ABFFOR AL Gt —Frife

1.3 TEMHEERIERE

AHIF 5% KR 48 Bk ) £ 3t Ml R A5 3 R i R AR O AR
By Ay, B i IBRERE . BREEME
R 0 R B R 7 2 B AK R (VIF) Ml Spearman
FHOC REOO i B S fE AT A B S R B (R D)o 2
VIF<10 i}, ARt 22 6] Jo ™ & £ & 324k 4 (Menard
et al, 2011; Tien et al, 2011), MNFE 1 "JLIFH, £4
B VIF B/NT 10, ULl iR 2 0] o
FUE 2 E IR,

R AR R R T 2 K T

Tab.1 Variance inflation factor among explanatory variables
i &5 i Explanatory variables 7522 Kk 1 VIF

4y Year 1.19

H¥>  Month 2.47

2%  Longitude 3.13

4 Latitude 3.37
WRMRE  SST 1.55
WFRBEME  SSTG 1.43
WRIEEE SSH 3.41

14 RF*

GLM #i#l 2 CPUE frifEfbe i A ik 2z —,
GLM A1 8 B () i ase oAy e i A8 1 174 H B0 5 i B A
mRAHERR:

gu) =X/ p (3)

K, g WEEHEREL, w=E), X, B i 0
MR RAS R, BARIRIETFSE, YRS A
We) W A8 i, ASBIF ST B R R, B,
In(CPUE) 1 Jhy Wil 1y 722 8, 18 Wi 1o 228 4 iR AN AE 285 53
Ai, W GLM FiA .

In(CPUE) = Year + Month + Longitude + Latitude +

SST + SSTG + SSH + Interaction + & 4)

f, CPUE NEHEMKAYr= & ; Interactions
Af ] 5 28 (Rl RS F I SC AR 5 & RRZET, fRIX
AR IE S35 o

GAM AR GLM BRI AL, W] LR R IR
M 7 725 o e Ao AR B 2 [R] ) AE 1 ¢ &R (Tseng et al,
2013), .

g(u)=a+ Y fi(X)+s (5)
i=1

Krp, fi PR, & HIRZET, GAM Y.
In(CPUE) = Year + Month + s(Longitude) +
s(Latitude) + s(SST) + s(SSTG) +
5(SSH) + s(Interactions) + & (6)
X, e MRZEI, RBHRMNIES 31 . 125
LHIAFEAFE R A5 <R F=<EE ., H
Gy <G BE . F Ay <43 B LA S 28 8 < 243 3 45 BT A T e R 20
a, AR ZIETEN

1.5 #R/#E{ CPUE Byit&
R CPUE W3 LA F ARG

CPUE, = L > CPUE, (7)

-

[, CPUE, 2% i F0brififk CPUE, n, 2%
i SERLINECH , CPUE, &% i Fi5E k 4> CPUE,
A#ifEfL CPUE R 54 CPUE i+ A —3.

1.6 EEFEMH

GLM HI GAM BHIrh ARGy - Ay . SREH
BRI BUE R, SST. SSTG Ml SSH Nt & F i,
A, FEBEASEARDOMA GLM 5{ GAM £ #Y
H, AR B AR R A EUR B 5 GLM 50 GAM £
% (Shono, 2005) . #R#& BIC (Bayesian information
criterion) (B 7 5t A4 9 GLM 1l GAM 4 %! (Quinn et al,
2002; Watanabe et al, 2006), BIC iT5H A .

BIC = mlIn(n) + nln(RSS/ n) ()

K, m BRI SE DA, n S WIE 4K,
RSS N5k 72 VT Hil
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PRI ] oA T, ANAFSTIE AL 5 YA 22U,
ST EAE S W 22 ] ) Spearman A2,
P ] 24~ CPUE 2 [B] #4515 2 AVEAS 00 14: A (K ohavi,
1995; Arlot et al, 2010), AHFSEFTA GeiH #1240 %
R(V3.2.2)GE M - Ab B,

2 R

AR E In(CPUE) AT H HRI

K-S #8645 9 7R, In(CPUE)# ] T AR M IE 2543
i (1=2.12, 6=1.06) (&l 2a), AT, In(CPUE)HIXLHE 1

2.1

0.4 -

f=d
w
T

GRS

Frequency
o
S
T

o
—_
T

In(CPUE)

FEARIE N — 2 Bk (K] 2b), VLA ST T In(CPUE)
AR IE 2540 A R A B, SRl GLM f1 GAM
BRI T hRUEAL 2 BB Y o

2.2 GLM #E 4547

HT BIC £ 0 i fE GLM BRI ILER 2, M
F2WIAEN, ZEAIXT CPUE BYRFER N 52.47%.
i GLM BRI E AR R I LR 3, F Rns n%‘é
T, TS H IV Y B BT i R A 34 I S
i, X CPUE A I 2 M &2 1 (P<0.05) . 3% 4 A et GLM
PRI S-fold 38 22 B IEZE S o

~

Bl B

Expected cumulative probability
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Fig.2

In(CPUE) distribution and its distribution tests of the Chinese Pacific saury fishery in 2003~2017

#z 2 ETF BIC #9 GLM A% #F
Tab.2 GLM model selection based BIC values

GLM %! GLM model R* (%) BIC f#B% Explained deviance (%)
In(CPUE)~Intercept+Year+Month+Lon+Lat 26.18 3169.14 30.71
In(CPUE)~Intercept+Year+Month+Lon+Lat+SST 29.73 3094.05 34.52
In(CPUE)~Intercept+Year+Month+Lon+Lat+SST+SSTG 35.61 2849.61 42.06
In(CPUE)~Intercept+Year+Month+Lon+Lat+SST+SSTG+SSH 39.87 2735.38 47.29
In(CPUE)~Intercept+Year+Month+Lon+Lat+SST+SSTG+SSH+Year:Month+e 42.66 2661.17 52.47

%3 B GLM BRI HESH
Tab.3  Anova test for the best GLM model
% FEE i REARE R Do)
Parameter df Deviance Resid.df Resid.Dev
Intercept 849 952.86

Ffy  Factor(Year) 13 133.31 836 819.55 15.86 <2.2x107'
A1y Factor(Month) 7 201.19 829 618.36 44.46  <2.2x107'
2% Factor(Lon) 23 24.12 806 594.24 1.62 <2.2x107'
i Factor(Lat) 13 24.98 793 569.26 2.97 2.94x107
W REIRE  SST 1 0.37 792 568.89 0.57 <2.2x10°7'¢
WHRIBERE  SSTG 1 0.34 791 568.55 0.53 3.21x107°
MR R E  SSH 1 2.38 790 566.16 3.67 4.71x107
Fyx Ay Factor(Year) : Factor(Month) 48 86.46 742 479.7 2.79 5.08x107°
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*z4 &E GLM #5#28Y 5 3732 X3k
Tab.4 Five-fold cross validation of the best GLM

2.3 GAM #ERSHT
T BIC JRMEFE A B fE GAM AR L 5, M

(B PSR oL BIJ7 iR K
Case Cor_GLM_test MSE_GLM_test RSHLFES, ZEEY CPUE MERERN 61.9%.
! 0.5154 1.2841 et GAM B PR G I IR 6., F Rl it
: B o SR | A T ITAE 9 AT A5 By 5 2
4 0.5217 12587 i, X CPUE A7 it L0 (P<0.05) . % 7 e ft GAM
5 0.5308 1.1375 BRI 5-fold A2 22 M UELE 2R
%5 ET BIC By GAM #HEE#F
Tab.5 GAM model selected based on BIC values
GAM #i GAM model R* (%) BIC Explainfj‘i f ance(%)
In(CPUE)~Intercept+Y ear+Month+s(Lon)+s(Lat)+s(SST)+s(SSTG)+s(SSH) 37.69  49351.69 46.25
In(CPUE)~Intercept+Y ear+Month+s(Lon)+s(Lat)+s(SST)+s(SSTG)+s(SSH)+ 40.18  48372.25 52.74
s(Year:Month)
In(CPUE)~Intercept+Year+Month+s(Lon)+s(Lat)+s(SST)+s(SSTG)+s(SSH)+ 4593  46103.72 57.28
s(Year:Month)+s(Month:Lon)
In(CPUE)~Intercept+Y ear+Month+s(Lon)+s(Lat)+s(SST)+s(SSTG)+s(SSH)+ 48.50  45254.56 61.90
s(Year:Month)+s(Month:Lon)+s(Month:Lat)+¢
%6 ®mE GAMREWMAEDN
Tab.6 Anova test for the best GAM model
20 Parameter AHE df F P-value
4y Factor(Year) 13 4.383 4.03x1077
Ay Factor(Month) 7 1.543 1.71x10°°
2% Factor(Lon) 23 2.992 4.34x10°°
£ Factor(Lat) 13 1.344 9.88x107
4Gy 15 Factor(Year): Factor(Month) 61 3.534 <2x107'¢
Ayx2: %  Factor(Month): Factor(Lon) 92 1.995 8.35x1077
AUyx4ifE  Factor(Month): Factor(Lat) 53 1.416 3.15x10°°
G TR @3 P Approximate significance of smooth terms:
i H Items edf Ref.df F P-value
T 3R T iR s(SST) 4.523 5.368 5.570 <2x107'6
TR R s(SSTG) 3.196 4.052 4.509 6.75x107°
TR T = s(SSH) 2.116 2.776 3.602 0.0211

F7 ®m1E GAM #AH 5 X XIIE
Tab.7 Five-fold cross validation of the best GAM

T LEPS e v2d BIriRZER g
Case Cor_GAM test MSE_GAM _test
1 0.6751 0.9178
2 0.6836 0.9093
3 0.6629 0.9375
4 0.6891 0.9013
5 0.6784 0.9125

Kl 3 Syt tE GAM B EULL& B0 A AL 1 5k 22 1Y

LR, N 3 ATLLE 1, GAM FERI A [ s i) Fias
) i AR ARy . H Ay . AR RN FE A A /N R
2, HAHRGE TR (E 3a~K 3d). 1E N EE R A
SST -4 5% 2576 Bl h—0.33~0.28, Horv, RIRE
i 7°CHE, GAM B sk 22 (i K, 9 CHEHEA i
FHIF 5% 2% 1 (8 3e). SSTG M5k 2 M AETE—E Uk 3,
Horp, WREERSE R 0.11 B, HARKIEERZ
{E(0.58)(1¥l 3. SSH AY-F-#45% 22 45 il —1.39~0.31,
Hor, WEEREEE N 1 m B, GAM B 75k 224
K, 0.7 m B HARKMIER2ZE(E 3g).
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Fig.3 Boxplot of residuals and explanatory variables fitted by best GAM
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SSH X} CPUE B9 &Ml .7 H — 26 gy (14 4g), 2498
R = EAE 0.1~0.6 m A, CPUE Fifi SSH A4 3% Jirt ifij i
WA, 0.6~1.2m A, CPUE HBLTFFEAYEH,

2.5 %X CPUE ftr#4 CPUE Eb%;

& 5 AR & A a4 X CPUE 5%F GLM
GAM #EAI bR iiEfk CPUE Z8fbifa#s . MIE Sa v LI
1, GLM #AlbRiE{L CPUE #{K T4 X CPUE, H
2003~2017 4F:[a] bR #fE{fL CPUE '?Z X CPUE 7254k
FHE . X T GAM BiAL, BR 2003 4ES, tRiEfk
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Fig.4 Effects of temporal, spatial and environmental variables on Pacific saury CPUE derived
from the GAM analysis in the northwest Pacific Ocean
2. 4 X CPUE Nominal CPUE s 4 X CPUE Nominal CPUE
- GLM#5#:4k CPUE Standardized CPUE by GLM - GLM#5#E{L CPUE Standardized CPUE by GLM
20 | = GAMFRHESL CPUE Standardized CPUE by GAM - GAM#7#Efk CPUE Standardized CPUE by GAM
:?, 15 | ;"i’/
50 5
5 -
0 1 1 1 1 L 1 J 0 1 1 1 1 1 1 J
2003 2005 2007 2009 2011 2013 2015 2017 5 6 7 8 9 10 11 12
44 Year A% Month
K5 BT GLM Hl GAM KR PH AL KPRk T fbrifE L CPUE

Fig.5

Standardized CPUE of Pacific saury in the Northwest Pacific Ocean based on GLM and GAM models
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Abstract Pacific saury (Cololabis saira) is an important high-seas fishery resource in the Northwest
Pacific Ocean for the Chinese mainland. The species is widely distributed in the international waters of
the Northwestern Pacific Ocean ranging from the subarctic to subtropical regions. With a long-distance
and large-scale migratory route, sauries experience extremely complicated oceanographic and climatic
conditions throughout their entire lifecycle. They are known to pass northwards through the Kuroshio-
Oyashio Transition Zone (TZ) and then return southwards to the coastal waters of Japan in winter. The
species is harvested primarily by the countries of Japan, Russia, South Korea, Taiwan Province, and
mainland China. China began Pacific saury fishing in the high seas in 2003, and it has since become one
of the most important fisheries for China. Owing to increasingly commercial, cultural, bioeconomic, and
ecological values, saury has been listed among the priority species by North Pacific Fisheries Commission
(NPFC). Catch per unit effort (CPUE) is an important relative index and dataset of fish abundance
commonly used in fisheries stock assessment. Reliable and accurate CPUE plays a significant role in
Pacific saury stock assessment. Many statistical models have been used in the previous CPUE
standardization research. Here, we compare the performance of Generalized Linear Models (GLMs) and
Generalized Additive Models (GAMs) using CPUE data collected from Chinese saury fisheries in the
Northwest Pacific Ocean from 2003 to 2017 (excluding data from Taipei of China) and evaluate the
influence of spatial, temporal, environmental variables, and vessel length on CPUE. Optimal GLM/GAM
models were selected using the Bayesian information criterion (BIC). Explained deviance and five-fold
bootstrap cross-validation results were used to compare the performance of the two model types. Fitted
GLMs accounted for 52.47% of the total model-explained deviance, while GAMs accounted for 61.9%.
Predictive performance metrics and five-fold cross-validation results showed that the best GAM
performed better than the best GLM. Therefore, we recommend a GAM as the preferred model for
standardizing CPUE of Pacific saury in the Northwest Pacific Ocean. The goal of this study was to
identify the best method for standardizing Pacific saury CPUE data and improve the quality of future
stock assessment for Pacific saury.
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