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MAXBKREFDAH RE_FWBEHU LI NRBFUEAANTEET A TR B L HIE . K EF A 2017
2021 4 6-11 AWK FEERTAMD TAME KGN EVHE, SL4EXTERE BEXTFEM
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[Fi) IR M B B8 78 A I 349 2 5 90 Gk 3 1 4 ) 55 i)
225, IFAERE 09 70 4F i S BARAR PRk 52 B AR AR
AR AL K F il 2% 51 2% (The North Pacific Fisheries
Commission, NPFC) 4t i1, P4 b K ¥ g dg 3 Ak L V0
T A H A 5 7R 4R R A B2 A R e,
Hiyama 551 3 52 81 5 43 75 & 30, FERR IR AR b H A
5 105 5, 4 181 AR 5 2 B AR WD T gl o 7=k b
WA 4 5N 5 JE /K Je -5 B J7 ¥ 3l (El Nifio-South-
ern Oscillation, ENSO) 5 /-4 /A~ 1] 73, ENSO & K
PR RIR R W S R R, R AR PR AR Bl
39, S5 | A R 1 v (AN 2R R T R R O R )
MM B FEEH 22—, AT,
VG AU IRV P i SIS ZR UL VD T 07 o A e RAR D Y
AR AREE TIR/R R FEMRT, HAETEE /RS
Fefb s B sk g B b, Hom 2 I ETHE TR
AR A RO, AT LAHEDN, ENSO S5 44 X it A< L b
T H ARSI AE T IR i 27 RS, (H A AR BT
A6 ENSO 4T iy 28 e 5 HA A OC &, B¢
I b 9 A 5. b X ENSO J 44 1 i 17 2 5 HL A G EK
PE LI R Wy 7 22 ()79 5, 1 78 50 O 2% ] v A w0

Y /N B e )2 20 B A A A Ok Rk L
i B AR 52 2R B ke 5, BT N AT T B /B ep | )R
1 2 PR AR S b 3 A A AR 32 O ) SO P A Y
( Generalized Additive Model, GAM) ¥, f5 K Ji# £5% !
( Maximum Entropy Model, MaxEnt) ', 4= Z5 v # %l
(Ecological Niche Model, ENM) [ L A 4 &, b & ‘B M

$5 %k (Habitat Suitability Index, HSD) #5164 Fh | H v,
AV 5 355 P i BSOS T LA T O B R DR 1) 3
MEEAT AL TT AR 0T V8 A6 AT S A 3T P R AT T Ak
THIN LA Ko o A 35 AR e A 5 W 1 B 1) 15 25 R AT AR IE
ST, R A ) B G L N v B LA e s
25 b, AR5 5 T vl B5C 0 E  PRAR BOE T AR
A5 5 Hb A8 B, 25 6 A48 B, X L 43 B AE AN TR
ENSO 5 44 5 74 4t K 1 23 16 1 3507 7R L 70 T fa
H A 65 105 8, 3 A8 AL R AE , PEA — 3 A2 B 4 A i A 6
M, 43 BT 2 S X S A S ) 1 25 S v
IR, N A ERIT & R B AR LVD T N H AR
TR SRR 2 A A

2 MRSk

2.1 HHEXRIE
2.1.1 b

MBS FR R e B 2 A Y L4 0 3
FOAR S, BARRT VI I 20172021 AEA4R 1 6-11
A (F 1), Y5 Jy 34°~45°N, 145°~ 163°E, 1% %
I8 45 2 A AU VD T Ao R H AR 655 5T B A L 4 85 47
BEAGR WETR R (A ] H) A (R £,
AN Al B T A AR B LB AR LA B
7, ¥ 25 0] 43 BER A 0.25° x 0.25°HEFT AL BE
2.1.2 HEEEdE

M 8 DL AT BiF 98 & W, g 3% 10 i B2 ( Sea Surface
Temperature, SST) . V& 3 Ifij /= & ( Sea Surface Height,

x1 BLVBFEPEENBIEFEASE
Table 1 Model and validate sample sizes in fishery data

B
ByFp ARGy
6H 7H 81 9H 101 1A
AR T 2017 1520 1679 1518 1374 1183 1083
H At 2017 1616 1686 1538 1311 1095 1078
AR T 2018 573 916 431 409 345 279
H At 2018 1681 1653 1068 1047 721 471
AR T 2019 470 460 437 417 285 288
H At 2019 510 543 518 439 339 298
AR T 2020 806 943 870 619 574 571
H At 2020 636 773 643 534 731 647
AR T 2021 1668 2247 1921 1924 1596 1108
H A4 2021 886 810 316 374 633 497

T “BEAS R R2017-202 14E48 A AR ML KB 2405 2017-20204F BB Jr BRI, 202 14F IS R B 5504
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SSH). M4t a Jit 7 ik & ( Chlorophyll @ mass concen-
tration, Chl a) X} 2 AR $U V0 T FFN H A G55 58 U5 3= 4 A
25 O3 A R A 0. PR, AS BT 5 6 B SST., SSH,
Chl a 3 it B 858 [H 4 Oy OC B 37 58 [ 5+, v SST,
SSH ¥ 52 £ 4k > 5t Ay 7 K 41 #9F 5% v > Chittp://apdre.
soest.hawaii.edu/las_ofes/v6/dataset?catitem=71), Chl a ¥
BE B m >k VR T 8F 1 )2 ¥ 3 IR 45 o0 (https://marine.co-
pernicus.eu/) o I [B] 3 [l o 1992-2021 4F 6-11 H , =5
[ 43 4 Y5 FE A 30°~47°N, 140°~165°E. K T 5l
O A GE —, B bR PR 5 2 Ak B R A3 (] 4y HE A
0.25° x 0.25°,

AWEFE EZE 3 PG AE R AR A T A H
7S 6if 15 2, b X JE 2K JE #5 (EL Nifio) {4 AR JE 5 (La
Nifia) F5 £ A0 137 5 22, ENSO 24 (14 58, 55 7 B AR 415 14
VEJE 7 78 %% ( Oceanic Nifio Index, ONI) 3 £ AE, JE 515
#3811 Nifio 3.4 X (5°S~ 5°N, 120°~ 170°W) iff % i
Ji 5 - {H ( Sea Surface Temperature Anomaly, SSTA) 3%
AR, F B R A € S 3 AR AU PRR) (Na-
tional Oceanic and Atmospheric Administration, NOAA)
( https://origin.cpc.ncep.noaa.gov/products/analysis_monit-
oring/ensostuff/ONI_v5.php ).

22 SWAEE
221 PRI FIE EOVE R BSOS AL R

BALIR T (3 ‘M 4 $% ( Suitability Index, ST) R &
A IR AR N PR A ) i S AR 0 AR LR RS
Ok B, A B 8% ) f (Effort) 15 Jhy 50 JIE A5 50 0 6
JFE B 38 bR n] LUAT S0k S 2 ol BRI R i
PR ERZE0 A, AS RIS SR FH AR 455 55 ) R A R h
ST LT Fy ME—FE 45 o

FIH 2017-2020 445 45 19 6-11 H 19 ¥l £ 45
FIAE R 8 A AU VD T RN H AR 6 (1) B Y P 3 R P 4R AR
BERY, 3f 1 2021 4F 6-11 Hm R BV T A1 H A5 119
T FHE X B R HE AT I E . E L& EE 0.25° %
0.25° 0 — N X, Ffi 5555 07 48 VR R B . KR I 7R
PV T N H AES 57 5 ) | A5 i X IR AR R
[i] 3 T P9 B A 000 R A O, T F R B TR T Y A R R
B, 8 SUIR 45 55 00 i X ORI AR VD T e H
A 685 0 VR S i v U, OGP STAELK 1, T B 5%
J1iE R 0 B, XFR ST A 00 3R A

SI = Effort, /Effort,, , (1)
%, Effort, Ay 5 5 PR 58 AR 1 575 0 DX [A] BV 85 %5 )
it 5 Bffort,,,, oA 5 B PR 1 AR i 0 X PN S KA 5 %% 00 4.

FI R/ e ST 4% G M R R AR 1t 43 B IX.

{EEATILA SIBLRL, LA A 0

Sly=expla (K-b) "], (2)
K, SL 48 SR AR 5 1Y SIC0~1); @ b Ry fe/)
TR TEAG T AR R SR KON 4% i X P O PR B AR
.
222 FELEG HSIALAY

BRI B b 4 G S L ASE R BB S A R 4%
IR AR e 0 ) v E 43 A 1) T A T 45 2R L
A BbF AR, R, ASHIE5E ST R BUMAL
1243 ) 7 4% DG Bl B 45 A4 S S [ AN A 25 G A R
b A5 AR 071, S B B BT AR ACEE RLRTAE I 1, 2R A
SST. SSH. Chl a #5778 R BLVD T 40 F1 H A 1) 476 2,
Hb 3 F MR B (HST AR (55 2), HST{E A A 2Uh

HSI = Kyor X Slgsr + K X Slssi + Kena X Sen o (3)

*2 TEAXBARLEENFIRANELTRE

Table 2 Different scenarios for the weights of the key environment variables

NG EVES TR AT IR TR TH 5 MR R alf R
T %— 0 1 0
TR 0 0 1
FE= 0.1 0.8 0.1
ESL 0.1 0.1 0.8
TRK 0.25 0.5 0.25
WE A 0.25 0.25 0.5
WE S 0.5 0.25 0.25
TN 0.333 0.333 0.333
UEIIN 0.8 0.1 0.1
VE S 1 0 0
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A, Kesrs Kssin Kewo 2391 SST., SSH., Chla 4 ST {EAL
5 Slssrn Slssus Slew, 735120 SST. SSH., Chla 1Y SI{ .
2.2.3 AR BE S I IE

(1) # £ 10 Fp AS [F] A 7 28 19 HSI LAY, Jf 4
HSIE %1 4% % 0~ 02, 0.2~ 0.4, 0.4~ 0.6, 0.6~ 0.8,
0.8~ 1.0 54~ X [ 19, 3 5| Ge 11 45 X [ia] P 328 AR 2L 7
T H A S 7 RO 5 55 0 B 10 B [R) AL
J5 AT X H, AR A A | HST B S B S5 R
7 1) EE B A SR, O 2 R A AR AT T R H AR
% B f HST AR AL,

(2)%% 2021 4F 6-11 H Mg R BV T ff H A6
47 %% ) i 5 0k A AR VD T R H AR 65 1) i
B HST %80 338 47 DT Bt 56 31 , £ 1 HSI-Effort & Il 53 #i
P, b Izt 2R 48000 T f R AR 5 %) S B 3l 455 467
FF B TN H P 35 BV S M A AT 7, DAOR B TR LR A
G 5 b 45 5 1) AT R
2.2.4  AS[A] ENSO S5 {4 X3 2= L vb T f f H AR f5 A

SR NENR- A

2 il J2 R JE i (LL 2018 4F Ky 451 ) F 4L Je 4k (LA
2021 4 6i) G54 T SST. Chl a, SSH Y IR BE I} %5 43
A &, LU SR 20 BT A [A] ENSO S5 F T 56 B PR 55 710 4 Y
Ak 2= 5o [ B AR R O B R B p R Y, T
2018 4E (JE/RJETEAE ) F 2021 4F ($i7 JE S5 4F ) B 322 2R 431
YO T RN H A s i S M, IR IR AT X E, 4 T AR
LV T A0 RN H A5 1 S5 3 G S b 43 A1 el s TR AR 4
YT RN H A5 37 S B F O R G S M EE s B
T S H (HST = 0.6) 7EF 53 X B R BF 5 1 915
Fil Wi — 35 76 AN 7] ENSO S5 T S5 il 16 2, 1l 1iof 25 28 fk
925 57 FOCHE . Joedd WG B b J O A 50 oy

k k
LONGHSI=ZX,.stL / ZHSL, (4)
i=1 i=1

k k
LATGys = » ¥, xHSL/ > HSI, (5)
i=1 i=1

(', LONGysi. LATGys 03 /R ficili HST 225 | freih
HSI 43 K5 0 R85 i AR ol 55 &k 2 n Al o i 8
B X AR B2 YACRAEI L B A

3 45

30 REMEMERNHEE

i /N IRIE LA I AR PLVD T A G
B PRES A5 H (SST, Chl a, SSH) i ‘B 1 45 % (SI) il 2%
GESR LI 1, A AR 3. xR EEY ST vk AT
2 VERG I, ke B AR BIVD T N H AR B 4 H 5 5%

7145 SST. Chl a, SSH 4 H.75 4 3% (%) A 2 Pk (R® >
0.700), H & 2 AHE (p<0.05).

HR A R AL T 15 57 1 10 A B s 750 (36 2), 18
T X H A 5% ) AR HST X ) bk B,
TRAUTD T 0 1) S5 35 A 2, b RS TR0 Ry 7 L, DGR AR [
TALFE L SST : SSH : Chla=0.8 : 0.1 : 0.1, 7E I
AR, G AR VD T A AE R 43 1 5 HSIIX ] 0~0.2,
0.2~0.4, 04~0.6, 0.6~0.8, 0.8~ 1.0 N4 J1 7
(A7 d)J3 50k 2787, 2 795, 3 578, 5869, 5597, Xf
N B 77 CH7 : ke) 4303 A 28.8. 29.3, 38.0. 61.6.
54.5, H A Y f ol AR A Ol O O\, R EEIREE
R FACE R SST ¢ SSH @ Chla=0.333 : 0.333 : 0.333,
LB, H AR 5 72 3 43 19 5 4 HSTIX (3] 0~ 0.2,
0.2~0.4, 04~0.6, 0.6~0.8, 0.8~ 1.0 5% 1 &
(BN d) 5350 620, 2992, 5852, 9 198, 5 649, X i
(7= (BN kt) 20 3 6.9, 34.1, 67.9. 110.0, 65.0.
3.2 HIEH S MR A I HE

PEFE 2021 4F 6-11 H By RS T M fil H A i
b B X 2.2 7 Hh e AR R R AT 0 UE I 22 AL, b
SrAE (L 2) o 250 kB, AR B T MR H AR 65
611 H Ak il i FEAS 23 A F d5 3 G U2 b LY, &
T #5 %% 5 & (Effort = 20 d) 19 {7 & £ 4 h T HSI =
0.6 X3 . EARIUVD T 45 7 455 55 1 k1 fi il A
JHL(HST = 0.6) 11 7 LL 48 T 70%, 78 4-6 H &Ik
£ 90% L o H A5 H 355 5% ) B 7E s i S
(HSI = 0.6) 1 5 LB 5 F 50%, 76 10-11 H 52 70%
PLbo WEAORE, L AR U0 T a0 H A6 7= A4l
P %% ) i AEAS [R] HSL X ] A i 7 B 341 5 HST 9 K
AINECIE F o BRI, A SO T Or LS I AR T
A1 1) F5 3 A B A Y DL R R T O B8 N ST Y H AR
T T A 2, 1L AE Y 2 Rl A b VA R TR 2 A B
Hiu i B
33 AEENSOEHTEFRMUNDT &FHAEHE

I FHX R
3.3.1 AN[A] ENSO ST B A A8 1k 25 5+

SST. SSH. Chl a 7EJE /R JE ¥ (LA 2018 4K f41] ) Fl
FLJ 5 (LA 2021 48y f61] ) = 44 T B 28 49 A an &1 3
INo BEAKRE, PUdb KPR SST. SSH., Chl a
3 b 56 B A BT AR B A 7 JE R B R e SRR T
I 23 o AR B A 22 k. 50K G S 1 AH
Chl a 16 $7 JE W8 AF 22 5 T 2, Jo b A 38 35 IR O 725
25 8] I, Chl a 747 J& W47 52 30 i 4R b 1] 78 e 8 0 11
e, & Chl a( 0.4~ 12 mg/m’) X #8f 3= 2 4 F 7E
39°~47°N, 142°~ 152°E 2 [a] {4 13 38, 117 JE /R JE i 4F
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H A% Scomber japonicus
1.0

— AR T faSardinops melanostictus

1.0 1.0
& 08 61 & 08 61 & 08 61
ﬁ 0.6 ﬁ 0.6 ﬁ 0.6
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AL/ C WA K (mgem ) ek i e/
1.0 10 10 -
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8 12 16 20 24 00 02 04 06 02 01 04 07
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-fmj 0.4 {Enj 04
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Fig. 1

Chl a 4> 5 A 4E 457 7F 0.13 mg/m’; SSH I SST 7E 18
YRR R JE o Fe 4 N i 25 40 A 25 S8/, (A 8 3
B2 0% B3 B4 R JE R JR v AR K T HLJR BIRAR, £E e W
4F SSH 1 SST 1Y i1 2y 35 il 43 ) % th 7E 1.09~ 1.46 m
1 23.54~25.56C; TEJL/KJE i 4F, SSH H1 SST 197 5
0 43 42 R 7E 0.87~1.48 m Fl1 23.72~26.40°C.,
3.3.2 R[A] ENSO i 4 73 Z- L v T fa il H A 6 475
B 23 43 A 25 5

TEARAVD T RN H AR 5 $5 8 B e (HST = 0.6)

1 g i PR S I TN 9 Nl e 2 2B VA 1 3 A [EN N

Suitability index( SI) curve of each environmental variables for Sardinops melanostictus and Scomber japonicus in different months

VR B R o A Y B W2 S, B T
AR 38N, 3 Fe S AT ML YA ) AR A T T A Bl Y
#o FLRHEFHT, ZABDTAAET 10 A
11 A Jaie S HST A3k 0.9 LI b, 4354 vh T 1420~
157°E. 147°~157°E. 143°~ 152°E Fl 160°E D % Vi 45§,
1M H A 276 9 A A M X8 HSTik 2] 0.9, H
6 H H A JLT- A7 Feidhi i 8 i (HST = 0.6) 43 o 7E
PLJEIREAT T, AR UV T 058 B B b 26 B b b
FEAf 2 47°N, 2B b ] AR SE A % 165°E, HohAE 7 A |
9 H . 10 A ¥4 HSI = 0.9 BH B o> i, T4
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Table 3 Fitting formula of SI models for Sardinops melanostictus and Scomber japonicus

H Yk ST Al R P
6H RS T 1 Slggr = exp[— 0.064 x(Xggp — 11.584)%] 0.795 <0.05
Sl o = expl— 33.686 X (Xep o — 0.64)%] 0.966 <0.01
Slgsy = exp[— 40.087 x(Xsgy — 0.237)%] 0.972 <0.01
H A fi% SIgst = exp[— 0.087 x(Xggr — 12.2)7] 0.795 <0.05
Slept o = exp[— 141.335 x(Xcy o — 0.17)%] 0.902 <0.01
Slggy = exp[— 81.949 x(Xsgi — 0.228)%] 0.911 <0.01
7H RS T 1 Slgst = exp[— 0.069 x(Xsgr — 16.429)?] 0.966 <0.01
Slep o = exp[— 11.607 x(Xy , — 0.267)%] 0.938 <0.01
Slgsy = exp[— 54.679 x(Xssy — 0.286)%] 0.976 <0.01
H A fi% SIgsr = exp[— 0.069 x(Xgs7 — 15.658)7] 0.906 <0.01
Slept o = exp[— 84.642 (X, — 0.195)%] 0.883 <0.05
Slggy = exp[— 66.081 x(Xggy — 0.3)7] 0.961 <0.01
8H RS T 1 Slggr = exp[— 0.052 x(Xggp — 18.194)%] 0.987 <0.01
Slep o = exp[— 204.505 x(Xcy, — 0.113)%] 0.890 <0.01
Slgsy = exp[— 34.281 x(Xsgy — 0.303)%] 0.958 <0.01
H A fi% SIgsr = exp[— 0.053 x(Xggr — 18.195)7] 0.957 <0.01
Slepta = exp[— 51.625 x(Xcy , — 0.233)%] 0.926 <0.01
Slggy = exp[— 48.229 x(Xsg — 0.297)%] 0.981 <0.01
9H AR T 1 Slgst = exp[— 0.053 x(Xggr — 15.85)%] 0.775 <0.05
Sleyt o = exp[— 16.853 x(Xey , — 0.096)%] 0.949 <0.01
Slgsy = exp[— 87.937 x(Xssy — 0.293)%] 0.918 <0.01
BN Slgsr = exp[— 0.027 x(Xggr — 17.05)7] 0.880 <0.01
Slept o = exp[— 44.535 x(Xcpy , — 0.294)%] 0.961 <0.01
Slggy = exp[— 30.036 x(Xsgiy — 0.301)%] 0.919 <0.01
10H RS T 1 Slggr = exp[— 0.121 x(Xggp — 13.352)%] 0.875 <0.05
Slep o = exp[— 83.825 x(Xy, — 0.271)%] 0.981 <0.01
Slgsy = exp[— 59.476 x(Xssy — 0.318)%] 0.922 <0.01
H At SIgsr = exp[— 0.115 x(Xggr — 12.985)7] 0.944 <0.01
Slept o = exp[— 45.493 (X, — 0.277)%] 0.833 <0.01
Slggy = exp[— 67.404 x(Xsg — 0.313)7] 0.965 <0.01
114 AR T 1 Slgsr = exp[— 0.158 x(Xggr — 10.131)?] 0.709 <0.05
Slent o = exp[— 180.099 x(Xey , — 0.392)%] 0.983 <0.01
Slgsy = exp[— 65.196 x(Xssy — 0.317)%] 0.857 <0.05
H A fi% SIgsr = exp[— 0.136 x(Xgsr — 10.817)7] 0.735 <0.01
Slept o = exp[— 135.492 x(Xcy o — 0.19)%] 0.852 <0.01
Slggy = exp[— 54.85 x(Xggyy — 0.326)%] 0.878 <0.05
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Table 4 The growth rate of suitable habitat area (HSI = 0.6) of Sardinops melanostictus and Scomber japonicus in El Niiio event (2018)

and La Nifia event (2021) from June to November
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Exhibit covariation characteristics in the habitat changes of Sardinops
melanostictus and Scomber japonicus in the northwestern
Pacific Ocean under ENSO event

1,3,4,5,6

Liu Siyuan', Zhang Heng®, Yang Chao"?, Fang Zhou

(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Science, Shanghai 200090, China; 3. The Key Laboratory of Sustainable Exploita-
tion of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 4. National Engineering Research Center for Ocean-
ic Fisheries, Shanghai 201306, China; 5. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture, Shanghai 201306,
China; 6. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture, Shanghai 201306, China)

Abstract: The Sardinops melanostictus and the Scomber japonicus are important economic species in the north-
westn Pacific Ocean, and exploring the correlation between their habitat changes is conducive to the rational devel-
opment and management of fishery resources. This study utilizes fishery data of Sardinops melanostictus and
Scomber japonicus in the northwestern Pacific Ocean from June to November between 2017 and 2021. By incorpor-
ating three key environmental variables, namely sea surface temperature, sea surface height, and chlorophyll a mass
concentration, habitat models with different weights are constructed. The models are then validated using fishery
data from 2021. The optimal models are selected to predict the most suitable habitat distribution of Sardinops
melanostictus and Scomber japonicus under different El Nifio-Southern Oscillation (ENSO) events. The study ana-
lyzes the differences and synchronicity in the spatial and temporal distribution of the most suitable habitat between
the two species under different ENSO events. The results indicate that the suitable habitat area of Sardinops
melanostictus (above 15%) was higher than that of Scomber japonicus (less than 6%) under different ENSO events;
however, the growth rate of the most suitable habitat area for Sardinops melanostictus under La Nifla events is high-
er than that of El Nifio events. The former has a growth rate of 0.197 and the latter has a growth rate of 0.123, on the
contrary, the growth rate of Scomber japonicus under the La Nifia event is lower than that of EI Nifio event, the
former has a growth rate of 1.114 and the latter has a growth rate of 2.082; additionally, when the distribution loca-
tions of Sardinops melanostictus and Scomber japonicus are close to each other, it promotes favorable conditions
for their habitats. On the other hand, when the distribution locations are far apart, it somewhat inhibits the increase
in the suitable habitat area for Scomber japonicus. The co-variation of suitable habitat areas for Sardinops
melanostictus and Scomber japonicus under different ENSO events may be related to their interspecies relationship

(competition/predation-prey) and the distribution of ocean currents in the northwestern Pacific Ocean.

Key words: Sardinops melanostictus; Scomber japonicus; northwestern Pacific Ocean; El Nifo; La Nifia; habitat area
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