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W E: 0 K4 (Scomber japonicus) Z I K FHFEEEZ N @ KRR —, BHFTMMN B AENTRREFEHR
HTFHERFEWAEFALMAR . AFRKE D AB LA AR A 1987-2012 4 B K& K FEEHK
WRBEEBRE, EGF NG eWEENREREURAERE T, EA) U mEEA Y m B AKX
FHEBKNBEREMAGEEFHAN, FHRE AL E D WM E T2 LR TR E TN
A, ZRXN, SUBAREEAREXRRNPHE FTA: AW FADHH KT EFRIRR G K.
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2.1 EHERIE

(1) BEUR = FE A48 Ar e 5 6, By ke, SRR T
H A HLAS $E AL 9 2015 47 B AES KOV B IR 4 B
PR AL 4 45 (http://abchan.fra.go.jp/digests27/
index.html), A= 774l 157 35 ] 32 22 0 H A KOF 1 pg B 1Y
B 2T 5 50 B P (E D), Bl i R T 1987 —
2012 4F, W] 7 B R R 4F

(2) ¥ 58 X Hls 6145 7 B 3 1 #8175 1) SST ., SSS,
SSH. A& 22 F1 2 WA Z= A A, 7 DR 37 () B
] 0 L A B4 1—6 ), $Rdi 3 f 7 7 27°~35°N,
130°~ 140°E; 377 ) i [8] Y 1B 0 B 4F 1) 7— 12 A, %K
i 915 61 78 5% 35°~45°N, 140°~ 160°E( [& 1) 19, 23 [1] 43
PrACH S 10x1°, Hor SST., SSS 1 SSH ¥#i Sk I T
P — S B8 A 98 H o0 (hittp://apdre.soest.hawaii.
edu/data/data.php), & 19138 22 F1 2% i & 27 1 T AR R
P ok T H AR LT (http://www.data.jma.go.jp/
kaiyou/data/), ZH5 B [H] 46 1~ 1987—2012 4FAY 12 4~
AL B Heh H

(3) S5 B4l A 45 AL A% ¥ 51 45 21 (the Arctic Oscil-
lation Index, AOT), K F ¥ 4FE AR PR ik 3% 45 % ( Pacific
Decadal Oscillation Index, PDOI). JE/K JE i35 % (El
Nifio Index, NT) LA X Fg J5 % 3l 5 %% ( Southern Oscilla-
tion Index, SOI), H. 11, SOI H¥fg 2 i i 5 % i ok 3%
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Fig. 1 Distribution of the Pacific-cohort of chub mackerel

(Scomber japonicus)

N, AOT K IE T 26 B NOAA S Hl 4z v 0> % 34l
(http://origin.cpc.ncep.noaa.gov/); PDOI iy & Il FEAE K
AR AR BRAR 5 1 AR A BT, SR YR T 5 [ AR iR
2B JE (http://research.jisao.washington.edu/pdo/
PDO.latest); NI H| El Nifio 3.4 [X {1 ¥ 3¢ I & B {5
(Sea Surface Temperature Anomaly, SSTA) K £ 7R,
NI (9 = R R AR LR JE v B B A U™, B ke s 1
2 [E NOAA S M7t FhuCy R (http/Avww.cpencepnoaa.gov/
products/analysis_monitoring/ensostuff/ensoyears.shtml),
B R ALE T 1987 —2012 4E 19 12 4~ H , BF[E] 43 3¢
EHA .

22 MRFAE

(1) Bl Ak 38, 2K 45 19 7 81 375 F0fh 37 1)
SST. SSS Al SSH % A #EAT 11, #5245 A 7 b 37 Fi
I3 SST. SSS I SSH -1 fH .

(2) KN Rk, AUF5d, AR
3.5.0 FAEUT L 1987 — 1999 4R f 98 I B A1 kg JE i 57 AR
i, AOL, NI, PDOL, SOI. [l 2= 25 i - i
B K 7= B 3 A3 37 1) SST . SSS il SSH A M fiff B A5
T GAM BIRL, 2 BT H AR 85 OF VERF IR B R i
25 PR PR R0 UM PR 1) 1Y 56 2R, O 1 0] % 0 1 L
A 3 R 1 R T, AR SR G I T

GAM #8332 2

Biomass = s(factor) + &, (1)
A rh, Biomass R7n H A8 P R AR BT 2, 5
B8 kt; s 7R V-1 BREL factor R & E M 75 & £
INIRZET

(3) B M PR~ 22 [B] A A DG 43 BT o 07 2 113 %
BE R HA S Y PR R A 1T 53 A, S DR
PR )2 A5 A7 e SR M, S0 [N 5t 35 A O, B
PR ) A7 AE SR 2R P, Bt Nk B e — AN 7, HE
% 1 PR [B] 08 AH ELAE R AR (%) 52 )

(4) T A58 AY @) gt 7 A A M BT . AU R
3.5.0 FPEUKE 1987 — 1999 4F G 2 H A7tk 35 5 W Y
For MG, @A E Y GAM 5% U5 & 7 AR R, 2]
B B B LR 1Y W A (6] B A A T[] — A
R TR

In(Biomass) =s(factor 1) + s(factor 2) +---+

s(factor n) +e(n=1,2,3--+), (2)
Arp, SR HT A R B 45 7 2 % Biomass #7544k .

IR WL {5 B E N ( Akaike’s Information Criterion,
AIC), J& 1 Akaike®'! £ Hi 1y, B4 D — ZH AR i 3 1y
— AN I BT RS, ATC R /)N, D0 ASE TR0 4005 11 i e ),
AIC {E Y5 an R P2,
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AIC =2k —-2In(L), (3)
K, k RORBEAVI T ZHC 4G L R 8BEA B A R Ao

HEBR AT 55 0 B PR 7 =2 ) A7 e 2R v A B
PR AIC HE, AIC {8 H/NBI R AR IR i 3 4 493
NS, A DAy A 055 AP35k 00 174 e A ASE
T 3E A B 0 A M 3 A E— 2 A I R Y
P, B (A7 O 53 BT A HE RS TR 1 0 S R R R S
FHOC R

(5) BREHY (1 5 UE A ¢ K 56 o AR 07 BE 1 1 4 A
BERIXT 2000 — 2012 45 H AR 67§ A7 A 19 9% U5 o
A7 TH0I AN AIE, 43 BT AS [R) BRBE AU 55 1 T H AR B R
SRR TR S 00 AR, A DRI VR R BT AN A AR
PR H AR5 ¢ U5 i 7 AR VR AE RE L

3 45

3.1 KERWETFRIEE

FIHT GAM 5 RLAG 36 & Mg FI A EE K1 5 H A8
AT VE R AR SR 6 9 B 2 R (3R D), N RS 1t
AR mMEAEF . B#E 1AL, AOIL, PDOI,
3% SSH(SSH2). #i3% SSS(SSS2) iy SST
(SST2) 5% 58 7 P<0.05 /K°F F¥ WM 6, H
#, PDOI., SSS2 Ml SST2 iy P {H /N T 0.01, HJ
PDOI, SSS2 1 SST2 5% il i B W E ALK R

Fx1 1987—199 EEHREEFMSERFSAABERES
B GAM #:3&
Tab.1 Test of GAM between the environmental or cli-

matic factors and the biomass during 1987-1999

R R Pfd R
AOI 0.05* 0.24
NI 0.18 0.24
PDOI 2.64x107%* 0.76
SOl 0.15 0.27
77537 SSH(SSH1) /em 0.30 0.17
#4137 SSH(SSH2) /em 0.03* 0.68
77 BH3%SSS(SSS1) 0.09 0.16
#13%SSS(SSS2) 3.00x1073* 0.96
7RI SST(SST1)/C 0.10 0.16
H#a3%SST (SST2)/C 1.00x107* 0.86
BN 2 /m 0.60 0.06
el AT A m? 0.28 0.20

T *FORAE B P KT 0=0.05 COUIN) I 5835 AHE

e, AfF5E B AOT, PDOIL, SSH2, SSS2 Al
SST2 X H A i I V- A4 B2 I it 4 o & 52 ), mf
A Ay S 552 i) R - FH AR 7R g A N
32 XERMETFZEMNEXED T

Xof € 9 36 A G B R ) R - 9 T AT [T 0 43 T
(F£2), 257 £ MW, PDOI 4 % 5 SSH2 il SST2 7&
P<0.05 7KF b 84k B E AH G OC &, H) PDOI A SSH2,
PDOI Fil SST2 7 1F FL 2 vk, G A HE B &[] 7 AH B
VE PR AR Y () 5 0], 9 20 M2 2 M DR RS ] ) 7 A 1 [
— R

®2 19871999 F & XBHME T B EYI 547

Tab.2 Regression analysis of significant factors during

1987 — 1999
A Pl R
AOI, PDOI 0.07 0.28
AOI, SSH2 0.49 0.04
AOI, SST2 0.14 0.19
AOI, SSS2 0.42 0.06
PDOI, SSH2 4.37x10* 0.54
PDOI, SST2 7.37x107** 0.66
PSO, SSS2 0.73 0.01
SSH2, SST2 0.06 0.28
SSH2, SSS2 0.49 0.04
SST2, SSS2 0.93 7.08x10™*

TE: *FRTE L E MK T-0=0.05 (B - 8 EAH

33 HEBEIMENES

FZER Z N 7 AR H G 7 (R 75 =2),
FFEHERR A 3 52 M ) PR 22 ) A7 e SR e M A O,
JH 1987-1999 41 H A< i V- B AR B¢ 5L 2 5040 F
G ) PR B 43 ) S N [ ) GAML B, AR
P AIC HE, ATC {8 i /NEI R AR VR 7 1 HY 4 A F3 00 A5
(3 3), B

AU 1. In(Biomass) =s( AOI) +s( SSH2) +s( SST2) +¢;

71 2. In( Biomass) =s( AOI) +s( SSH2) +s( SSS2) +
s(SST2) +¢;

#2783, In( Biomass) =s( SSH2) +s( SSS2) +s( SST2) +e;

187 4. In( Biomass) =s( AOI) +s(PDOI) +«.

BT B A B S BT R W (3R 2), 4 AN BRTAE P<0.05
KV b5k B B, R R B e E R RY)
BIRT 90%, HApBR 1 A% R* 355 T 100%. M
BEHYA RS A B A W 36 45 ok &, B B 3 ALC i



84 BT AF: BT GAM RYVE AL P-4 H 7 5 B U = B2 PO e i st 57 39

R3O 19871999 FETIEEFRSIEEFHZHREETM
Lokl
Tab.3 Forecasting models of biomass based on environ-

mental and climatic factors during 1987-1999

i AIC PfH (P<0.05) PR R
R —90.892 55 2.80x10* 1.000
till) ~79.380 89 4.41x107* 0.999
A3 —47.796 14 6.22x107%* 0.995
A4 —24.670 12 9.97x107%* 0.970

T *FORTE 2 K T 0=0.05 CRUI) | 8 E ARG

In(Biomass)/kt

DU A% A R ) S 2 DL R R R R e AR B (T
R?), HEH 1 (RG BE e, LB SR i
34 HEERIGHE

R4 O 0 32 H 1 4 S RETRI XS 2000-2012 4F H A<
g5 STV R 19 9 U o AT T (1] 2), I P R AR
4 T (B AN ECSE A Z VAT T el (R 4). W ke
I 45 FAF N, BER 1 FIELAY 2| 7F P<0.05 K F L33k
) b e, R 2 DEIULG I E5 Ry, [t gh
A AIC HEN, Jf ALY B R4S Kok B, B | B
He/NA ALC B, H 0 25 R o 1 ¢ K g, ATAE
R 3 1Y) H A 85 RSP TR T 1 A N A A

3
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
4

=Y oM ] e BRI o T3 e T4
Bl 2 20002012 4F H A P A A 0T 5 DL K 4 o 700000 A5 R 25

Fig.2 The actual In(Biomass) and the results of biomass forecasting models for the Pacific-cohort of chub mackerel (Scomber japonicus)
during 2000-2012

R4 2000—2012 FFFEHTNEMEL B BN 183
Tab.4 ttest between the predicted In(Biomass) and the
actual In(Biomass) during 2000-2012

i) iEn H i P{H (P<0.05)
R 2.97 18.33 8.08x107*
AL 427 23.88 2.66x107*
A3 1.63 20.90 0.12
iFI4 1.01 20.73 0.33

TE: * R MK Fro=0.05 (U | 1 4056

4 HEE

AT A 519 375 i 35 1) B 35 IR <A [
TAENFEAR, 2T GAM BRI H A AP PR 1)

PRIR AT T IO . GAM #EAIZE SRR, £ 7 AOL,

SSH2 FI SST2 MYMLHY 1 G & B 4F 1Y T RCR . ALY
FA) A B0 0 B R IR 2 S R I, BRY 3 RIS A 4 A
P<0.05 7K F I ¥y 35 30 1 25, (HEEAL 3 7F 2005 —
2007 4F 8] A 4 76 2009 — 2011 4F [a] () 70 45 57 5
FLE Z A SRR SR 22 5, AN BV 1l S e i

ARG AR AR B, X AT RS BT TR RO
Wi eS8 . U BT R, RS ) R
T 87 R X G R A S, H A gk
WEE T 0BT T H AR 65 1 P A 1) % U o A% 2 1
o 1987 4ELLUJS B T4l 455 s 1 09 388 K LA B Ab 58 5 1Y
UL, R R IR, 2000 4 DL B TR B R ) R
fIK, #hse 3, PR AR TIRE . Hk, i FHiss
JE 7 AT P, SR ASE R () T A VT e 2 5 ESE
AW, A5 AT LSS G AR 1405 i k17 ik
— B .

P[] 9 R B AR AT BB 25 X R AR ™ A= 52 g, 457)
SSS 2Z £ SST Ay s M43 & A= AR 4L, Sz . R 8
2 7K AT AL 23 X H A 65 7 B 37 F e 3 1) 7K 7 2E 52
M 4230 28 AKIESE S T HEBR SRR ELAR T, % G B 5
me) PR P AT T [T 23T, ok A T AT SRR M O R
(9 7B AR FH AR, BeAbh, DL P (B A S5 52 i X
TR U S e AR B A AR, 5 AR B H R /MK TR
4 PDOI, SST2, SSS2. SSH2 Al AOI(F 1), # 4
ALC YE VIR ¢ K 36 25 5%, BN | FIBE Y 2 45 45 B /N
AICHIF Hil i 1 e K, A & BAF i I RCR . 4
Br & B, A0 1 Fi Y 2 440 5 SSH2 1 SST2, KW
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XA P 7 X A5 38 (R I 45 B2 R S e R o 3 e T
B A AT 2 1 T i B S GAM A 56 1Y 25
FEFERE 25 5, AWE 58N A 5% Wi PR 7 R 9 5 =2 ) 1Y)
GAM K3 25 R Re A vl {5, B SR RH 1 5
GEUR A S IBCRR BBE , 4% TR A9 S 1 T A S e R
R I S e R (3R 1), AR A ) B e T R T 22 1]
(RS AlT

PR T e b, th GAM G 36 25 SR T 41 (36 1):
37 F- ¥4 SSS FI SST Y &k 25 1 (P {A) ¥ T 0.01
(P<0.05), X g W it (I E M fe K o SST &5 M H A i
PR AR Bl G S IR U 28 AR RT R GAM
B GGAIE T SST & XiF 5 Vi H A 6% ¢ Y5 = i 415 B0 i)
KB EREEH ;5 Yatsu P8 i 55 & Bl SST Xf H A fif
R D FE P A ), T R ) A R R
ME =P R Z A B, K BOKE MR E A
AMAT 053 A0 B BB R X SR B, SSS Al
SST X H A (% 9% I ~F By A 2 I o 22 40 FI R
B R S B H A G rbocs a3 B E SSH A KA AN
W /IME BSOS ST AR KA — O A3 35, B Y8 7K A1
A K A 380 55 I B2 K A — 0 o 8, 3 3R BH
SSH th 2 H A i 9 5 = B (0 S 2R i A 7, 5 AR 9%
BIGE A — B0 BeAh, AT L B0, B SR
FA AR Sl H A 65 5% 5 285 VDA O, SR AR AIF 5 Hh BE Y
) 2 R SR W A 2 T 8 BRI A LR R A
JE I, FTRE S H AR AR R A ™ B 47 A i 3 3 B
fi 1K B 58 4 DT C, 5500 7 FE I R 25 380 X 322 A A 9 5 o
(SR, PRI A T T F 5 I ik T 1) T4 o

S

AR TR SRR L A ST R BIPY, PDOL 5
SOI H 5 Ay 745 2 LA K AU AR 7% Bl B0 G2 B 06 H AR 5 1) b
Fo R AE 7 ) K LR E R 7 AR T 5 Cara-
mantin-Soriano %50 HF5E K& B, JE R JE i B 4R X R
TV AR B (14 43 A AN A B AT R P AR R, ARBIEE HR
RS GAM 5 56 45 5 % BT 1 A AR B 4 35 At
V5 LR JE ¥ AR 7 V5 3h B0 4 o O BB, X A fig 2
o TR IR TARRBR I ARk, 5 B R JE T T RE 7
S G A LRSI R T, PR AT BE X H A 6 0RO 7
TR 541 I 1) W R0 36 LR I

ARTFFE 2, GAM 551 52 3% Ptk , B — A i k35
il FH BN SE T sRBOR AT T, REAS T 4y b A B 1 AR
PRI 72 g 22 () A AR B | AR LR PR O R PO, Xt T il
R AT AR A 3 5L, TR AR 22 IR o W 1R 1 R i
AR 2 AR PERY, GAM BRI AE S 504wl
B 450 g 1) it DRk A ) B, (L GAME A 78 453 A ik B A8
HXRYRHESHEUEG SRR R
PLA S APO HAE A 5 A58 v, I T X A A
THE— 2 G 56 R 25, 5 BT H 9V PR BT RN A A AR Ak
Xt A B 5 V5 a7 2 4 VT R

25 BRI, AR TR g (0 2R R 3R [ H
AN 5 ST PR ) B R R AR TR, FE A R
FEAT R, IR 45 A H A PR BE R R R bR DL
JE B A7 R 7 10 52 M0, 88 0 0 R A 50 174 o A 1
i 190] 4 2 ] DS E, a7 22 RS RY L A o B, Ol TR
T M AR I A 655 9 O A B2 (A T K B0
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Establishment of forecasting model of the abundance index for chub
mackerel (Scomber japonicus) in the northwest Pacific
Ocean based on GAM

1,2,34,5

Wu Shengnan ?, Chen Xinjun , LiuZhu'nan'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries Exploration,
Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 3. National Engineering Research Center for Oceanic Fisheries, Shang-
hai Ocean University, Shanghai 201306, China; 4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of
Education, Shanghai 201306, China; 5. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agricul-
ture and Rural Affairs, Shanghai 201306, China)

Abstract: Chub mackerel (Scomber japonicus) is one of the important fishery resources in the northwest Pacific
Ocean. Building a scientific forecast model of abundance index to this species is beneficial for its exploitation and
utilization. In this study, based on the biomass data of the Pacific-cohort of Scomber japonicus during 1987-2012
obtained from Japan Fisheries Institution, as well as the marine environmental data and climatic data of spawning
ground and fishing ground, we analyzed the relationship between the environmental and climatic factors and the
biomass of this cohort. The significant factors were selected and the forecast models were established by using the
generalized addictive models (GAM). The result shows the significant factors affecting the biomass of this cohort
conclude the Arctic Oscillation index (AOI), Pacific Decadal Oscillation index (PDOI) and sea surface height
(SSH2), sea surface salinity (SSS2) and sea surface temperature (SST2) both in the fishing ground. Result based on
Akaike’s Information Criterion (AIC) suggests that the model 1 which included AOI, SSH2 and SST2 has the optim-
al model impacts. The model 1 passes the significant test (P<0.05) and the 7 test (P<0.05) is also passed based the
validation result of model 1. Therefore, we suggest that this model can be used to forecast the abundance of the Pa-

cific-cohort of Scomber japonicus.

Key words: chub mackerel (Scomber japonicus); the Pacific-cohort; environmental factors; climatic factors; GAM models
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