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%o BRIEAEDT T SO AR R X P I KO
WK 5 IREEOC R AT oA A B, 4 3R BT vk
FE 5 H A AR B AR ARG R, M5V T
IR T R OGO R . BB AT GAM
BEAYACF BN T 8 AR 00 T £ H ARG 1) i 3
L, R BB EE S

TELMERY BT G005 BT X B — o
HIFARTE 18 BR55728 Ak %of SC Ik 2 R g 5 st £y 11
RIS 22521 KA ( MaxEnt ) 2 1 FH
Gy DX Y BIAEAE” B RUE S PP Xy S [
RORMI T R LA T s, BT
YyFh 434 B AU ( Species distribution model, SDM) ,
BT AT AR B A PR 00 0 R 1 30 e B JFL il DG Bk
PRI 715 B L R ) 2 e A 38 25 ()
HRAEYIRh S 00 A A5 A0 AR, DI 078 =X e
ARG R () F B, O g A2 i M A iR ) A i
FAEBES A WANG 45 e A A A
RULZE G S PR B8 DR X 1 Tt #4011 e 35 A7 L
MG E R AR WMER . B AT ENS AR
W I R A AL T K B 6 AR 8 ( Thunnus
alalunga) (1] RN AL ( Trachurus murphyi) (2]
Zzfti ( Ommastrephes bartramii) Bl aspr gy oh ST
TSRS T R H A 55 47 S b i B o A
WTERN AT RE o PR, A IS8 F) FH 2017—2021
AE S—11 J] V8 b W o T 10 FL I 4 55 1 s 10
TEZRAUVD T fORT H A S 1) AR B, R R R
S0 5L R 7 T ) 52 e G R 7 Al B A& T R
B BB T S Hb o3 A A8 Ak, DL ISR 43
BT P15 R 0% 2 % 28 AR LV T R H A 5 A
AR Ak 1 25 S, SRy A S Y A AV S
B DL K 3 Ml B 5 A 38R AT R 2 0T R R 4
PR

U RPR ik

1.1 &l #E

R v 2 Y Y P 2 2 Vi B 6 T 3l
ARUATE 2017—2021 4 5—11 A PG KFHEA 1
FRIE ZR AV YD T g A A B4 B RO % B L
WP B2 e (4 AV H) Al
R CRYE - N AN DI (SN s
145°E~163°E 1 34°N~45°N (& 1) , ¥ &4FEm
TR B 2 26 B DL D BT, 4% 25 0] o3 BE R
0.25°x0. 25° YE A7 oAk B, I8 45 H 32 il 85 00

BT R UG T
1.2 IREHEE

PUACIT P AR 400 T R H A 5% 35 -
JEE I 25 73 AT AR TR 52 BR S TR FR 52 1, PR35 [
T R AR R VR & ( Sea surface temperature,
SST) i3 1 £ B ( Sea surface salinity, SSS) |
ZE1H 5 (Sea surface height, SSH) %8, FET 7
VDT T H A Sy /N TR K 1 )2 i £
FERYERE , AR 9T B SST (SSS (SSH 4% 2 a it
HUKIZ (Chl. a) (iR JiE 8l e (EKE ) DL R AR K 2
JRE (50,100,150 F1 200 m) %5 9 ANFREE A T i
A5 5307, SR T 380k U5 A 7 R B F 5 O
( http://apdrc. soest. hawaii. edu/las _ ofes/v6/
dataset? catitem=71) , B [A] L 5 2017—2021 4F
5—11 H , =563 4 EFE N 140°E ~ 165°E,30°N ~
47°N, ZZ [ B A 0. 25°%0. 25°
1.3 A&
13,1 R AL

R ORISR S B DAy I e R D U, BV 4 Ao
S3AT ARG R 1 A 58 A AE B IR T R ELEE Y
BERLITTC , FI0 K Ak 5532 ) o 1 s 70 WG U2 3B o3
i, A BF 58 d KO B AL 1Y as AT R A
MAXENT3. 4. 1, & £ F 2 M 41k & hup://
biodiversityinformatics. amnh. org/open _
maxent/!"*) o BRPEHT A TRYIE AR T A H
AR ) 43 A A S T AL 3 Y P b R F- 1
2 AR A B ) 28 2 1 50ds (AN G g gk & 0
MR ) IR 4 (A R RIE A SO
itk CSV %, B A AR R K )2 2
H1 ArcGis10. 7 o4 H i ASC T K8 2 2017—
2021 A SST .SSS . SSH . Chl. a .EKE L K AN[E]7K
JZHEJE (50,100,150 #1200 m) 19 H #8345, A
I e SIS AY (14 F5T00 BB ) , 7238 5 0 i AR rpo
ARAUVD Tt H A5 53 A B 1Y 75% VR R il
B YN GRE A , 25 %0 1 RS RDRS B 1% 46 iE B
A G B e 100 WK, LLIY BR A v
BEALYE

REAL )iz 53 235 R A2 30 AR e A i 46
(Receiver operating characteristic curve, ROC) Fl
2T AR (Area under curve, AUC) K/NETEAN
A BERLERS Y o AUC B X ) 35
0~1,AUC {E BRI 1, AR F AR (10 To0I0 A 5
o ARAE AUC E AT LURE BN 25 2R 4 53O 5 AS45
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B 1 2017—2021 £ 5—11 A B ME 8 A FE AL KA S e il =
Fig.1 Operation sites of Chinese purse fleets in the open sea in northwest
Pacific Ocean from March to November in 2017—2021
1.3.2  REERREE TR HL 0<HSI<0.2.0.2<HSI<0.4.0.4<HSI<0.6,

i MaxEnt LRI £ H RS R 71718
13 HZA I DUk, TR A = IR % R
BE X F 4 R A (4 VG L AR S, DTk R b g,
PERIZ I PR - X 12 40 ol 04 T M B sy, 0 o
BIMEAR AR AT PE S H BTRR R AT =10
BT TFAE I AT R 7, L HlE R P T
R H AR X OGBS PR A 1 2k DA ok
A3 BT S M T R R T G B B BT R 1 )
N 25
1.3.3 V7NN 2 M oA 1] 2

FIH ArcGis 10. 7 3R 8 iy ) ASC T
& XS A Ry B A% A B AR A T £ A
H A5 1) A 5, b 335 F M 45 41 (Habitat suitability
index, HSI) , HSI &€ 0 0~ 1, ARG AR 4UVD T
I H AR5 38 B LR 3R 5 AN IXTR], 43 5k
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0.6<HSI<0.8.0.8<HIS<1,7A HSI=0.6 [
DB AE Sy 2 AR B VD T f B H A B 1Y) Al i S
o' R MATLAB BA 2 R B0 T fa
H A5 H e B A 5]
1.3.4 a2 20 B d0 Modsedd HST H(»

TESE B AR 77 4 455 v B0 57 4 45 %5 0 e AR i
( Catch per unit of effort, CPUE) Q) %5 5 %5
FERIN, a2 405 B J10 1Y 722 s AR AR b i 35 1)
s 3 A 0, i HST 3.0 R R W) i oo TS 7
B AEsh "™ . A ST CPUE it
g, BT HSTE TG S e 0, K i i 4
2 P E O S Rl HSTEO AT 6 A3 A, DAk
U AT I AR AU VD T 0 FN H AR 65 (9 52 B Al X
Il 55 TN DX ) 22 S RN o A AR AR, B AR B 5%
AR i AR A 37 B O | el A b O
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i=

AL
2C,
"3, W
Lwﬁigxmxpm4ipm (2)
Sun= 3 X ¥H,/ P, (4)
Sun= SV, XH, /5P, (5)

atm 1 mu mi
o C O PRAb ol s AT i, G B DRk ol Ay
W85 I, WX, Y, H P 3R AR
som AR 2 HSLAE | CPUE; L, \ L, .

S S STHIN m A WA B L
L ol HSI 8% il HSL 45 sm o A 51
S L AR sk R ARl AR

2 SRS

2.1 BREEBIFMH

MR R AL IE S 45 R (32 1) , 15 2017—
2021 AEPHAL AP PR ZR S0 VD T A0 H AR i 25 F
ARG BE IR T 0. 85, o %% H 1z A 41l
YT A H A 1) 52 R o3 A 67 B B A A AR
BAU TR AR A 0 B 45 2R e E T, UL 0BT 46
CLIE

1 2017—2021 £ 5—11 AFLAFETRMD T @70 A AHERAHERGITER
Tab.1 Statistical analysis of MaxEnt model of S. melanostictus and S. japonicus in the northwest
Pacific Ocean from May to November during 2017—2021

LAY Y AR il i 2
Model Species Samples AUC Standard deviation

WHEAYL T 4 S. melanostictus 288 0. 901 0. 027

5 A May . .
H Afi S. japonicus 291 0. 889 0.033
EARPAYS T £ S. melanostictus 395 0. 904 0.018

6 H June o - .
H A% S. japonicus 288 0.921 0.015
7H Jul WEUYS T 14 S. melanostictus 385 0. 902 0. 026
o H A S. japonicus 262 0.948 0.010
EARPAYS T £ S. melanostictus 358 0. 908 0.015

8 H August oo .
H 7 S. japonicus 259 0.921 0.013
WHEYL T £ S. melanostictus 361 0.912 0.014

9 A September o ]
H At S. japonicus 303 0.903 0.018
LRIV T 4 S. melanostictus 322 0.913 0.019

10 A October oo .
H 7 S. japonicus 250 0.925 0.015
WEAUYL T £ S. melanostictus 834 0. 875 0. 015

11 A November ) .
H A S. japonicus 272 0.941 0.014

T A Oy 2017—2021 445 H ARll ol s BUEE SR

Notes ; “Samples” indicates the sum of the number of sites in each month from 2017 to 2021.

2.2 AYHEZAXENMEETFHESNREL

RRIGIREEN T TR AR (R 2) K45 A 5t
BRAHELA BT 3 B PRI N 7 O 1% H i R U7
T H AR AR B R SR I T, OF
PR CHEPR N T 00 H B8 (R 3) . 4%
7N, BT 2017—2021 4 5—11 A £ H s
¥ K%K SSH SST . Chl. a, 4~ H {3 EKE
SSS, IEAMIS T M 5—11 A KN 1 Hit
TUHRAII KT 80%, H A 5—7 JF SCHE FREE [
TR TR R T 70% 8—11 H CHE 55 K 1
STtk R KT 85%

ML A3 BT I AR UL VD T A R A X A L B
R SR N 1 (32 3) BOmE L B0, T & 3 SSH

SST Chl. a Xt —F (W Hasg 3 i & SCHEAE M . XF
F SST (WUCFLZE SRR S AR UV T fa i H A fi
() feid SST 7E45 H ¥R 22 A5 K, Y B & A 13 i 3
IS TG TR 7 8 A ¥k sl s
(B, 505 24. 62 °C F1 24.48 °C . Xt F-Chl. a It
Bogh R ARV T 45 A M HasE (E ¥ KT
HAES , H 3545 A s (A e ¥ 2 e F R
TR R 6 AT A, A Hol EAH
ZAHE A, J 0.26 mg/m’ 1 0.33 mg/m’, Xf T
SSH PEFR Lt eI | B AR — 3% (R 3 VR F s 48 &2
PRFE A O3 A9 L THT R B (BT R T
fOTE 5—8 H R AR Fe il (B2 = T H A6, JF 2
TR 10 A BGEEAZE R, N 0.59 m IEAE,
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NI 2%

EKE {FE S H A 11 A X AR P T a7 2R
BRI K S X H A B8 R BRI rhle 5 S BEAR
LA A IR K B, R MR AR 7 X

H A 5 R RGEPR 58 AL S SRR T, 7 ZR A0 T
FOIFRA HAE L

Fz2 20172021 £ 5—11 AL KFFIEFRIND T A B RSN ESHERFRtE
Tab.2 Contribution rates of environmental factors of S. melanostictus and S. japonicus
in the northwest Pacific Ocean from May to November during 2017—2021

Yy oA SH 64 7H 84 94 104 1A
Species Environment variable May Jun. Jul. Aug. Sep. Oct. Nov.
MR S B SSH 550 250 323 27.1 11.7 11.0 7.3
RIENTE EKE 15.8 9.5 6.1 11.7 6.5 7 8.5
W TR A SST 11.5 235 221 156 20.5 658 33.7
AT W4E2 a TR Chl. a 1.0 30.3 258 39.8 581 12.6 40.7
S r’nelmmmam ﬁ(@%@ﬁggrg SSs 0.9 7.8 10.8 1.7 1.0 0.7 3.2
50 m 7K)ZEEE Ty, 0.2 0.6 1.4 1.2 0.5 0.1 1.5
100 m K2R T 0 4.5 0.2 .9 2.6 0.6 0.1 3.2
150 m /KJZ R T)5 0.2 2.5 2 0.2 0.8 2.5 0.7
200 m FKJZ IR Ty 0.9 0.6 .5 0.2 0.2 0.1 1.3
W FETH 25 BF SSH 20.8  17.2 17. 1 18.4 12.6 16.7 12.5
RESNTE EKE 16.0 9.9 5.6 8.9 1.4 7.2 2.6
W IR EE SST 140 21.0 19.6 355 28.8 59.6 40.2
i N2 a FTRRVREE Chl. a 28.2 393 308 2.7 535 12.0 380
N japm;i'jus TR SSS 12.4 9.3 24.6 7.2 0.8 1.1 3.6
50 m K ZREE Ty, 0.3 0.8 0.5 0.8 0.5 0.2 0.5
100 m 7KJZHE T 7.3 0.2 1.0 2.1 1.3 0.2 2.7
150 m 7K )2 T)50 0.3 1.9 0.6 0.2 0.5 2.9 0.1

200 m JKJZIREE Ty 0.7 0.4 0 0.2 0.7 0.2 0

L FRIZIEE N T % H A RN T

Notes, ‘Blod font” indicates the environment factor is the key factor for the month.

F 3 2017—2021 £ 5—11 AFEEKRFFERUD T &M A KEERFEAXBRERFIE
Tab.3 The mean monthly average change of key environmental factors of S. melanostictus and
S. japonicus in the northwest Pacific Ocean from May to November during 2017—2021

Yk IS AR 5H 6 H 7H 8 H 9H 10 H 11 H

Species Environment variable May Jun. Jul. Aug. Sep. Oct. Nov.
WP SSH/m 0.12 0.16 0.18 0.20 0.21 0. 68 *

WiEshfiE EKE/(m/s) 0.64 # * * * * 0.42

AR T £

S. melanostictus

MR SST/C

17.40 18.89 17.37 24.62 23.86 17.12 11.07

M2 % a R Chl. a/( mg/m3 ) * 0.56 0.75 0.27 0.29 1. 02 0.48
WEF MR SSS * #* * * #* % *
Wi 1 SSH/m 0.15 0.14 « 0.20 019 009 0.23
IESNRE EKE/ (m/s) 0. 65 * * # * * *

H At

S. japonicuss

R EE SST/C
M4t a R R EE Chl. a/(mg/m®)
R MR SSS

* 18. 66 22.94 24.48 23.92 16.72 12.49
1.10 0.30 0.42 0.25 0.27 1.02 0.36
* * 33.35 * * % *

T 7 BRI N T IR ARZ A 0% R B SCHER T IAL” R IR A TR A (BRI AR VD T e 2 O AR B I B R 7

3

Notes ; *

Japonicuss.

2.3 MYMBEMBMOTHNERRESR
HRAE b3k o B 45 53, MU 4 A S i Bh B
T, N I ARAUYD T R H AR S 5—11 Hﬂ;ﬁ
[B] BT R o A B (P 2) o AR A B, =%
SEBR AR A 7 07 B (B 1) 55 PR S b A 7
T —E HAZBEIEA MR, I H A8 H fRd i

# " indicates the environment factor is not key; “bold font”

http://www. shhydxxb.com

indicates the environment factor is key for both S. melanostictus and S.

KM AT E R AL, (A 3 2 ] A d 0 1S
AR BRI AN ] o DA foe ol 9 5 s 57 AR
K B H 0y B3N 38 ol A S o7 B g 1
B AR AL 1) VA g 7 [ B s gk . H AR g
T 5—7 F fadi i B A7 B R A A R, 6 ] H A

TR [ U R AR Bl 20~ 3°, B 3K 45°N (Y
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Fig.2 Distribution of potential habitat of S. melanostictus and S. japonicus

in the northwest Pacific Ocean from May to November during 2017—2021
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PEIEAET A X pERE s 20,k 44°N Z2 47 5 i
RPNVS T e 5—7 F st f i 5 Hi 07 B AR AL R
R 5 M3 A7 5 b T AR AR B, H AR 5 I 3 AT
SRR R T 3 B I s R AR Y T
iR OR S SRy LY SR TR ARSI K kRN b ) S E N = N
i 2% A Foe i WG B b T AR N AR LD T A, 11
H ol AL M T AR 25 B K. A, A ZET Ok
B EF(6—8 J) —# e id i B ¥y 4
39°N~42°N, FkZE(9—11 H ) im RV T fx
AR A TR F 39°N~44°N 1] H A 4 p F
40°N ~43°N Vg3,
2.4 WYMEBEGEEORRE HSIE LT
b
AR, VIR B R T
HH A5 (13037 50 55 il HST 30748 fh i 34
BT 3K 3), fBJ5m b, .0 MR
HSI F.0 KA F A B35 2 35 10 AR 58 80 e 1) 7Y
Prioliz s, —HipEOEARAET S IFE
il HST F0 B f KA 22 ANl Rt 1°,5—10
T I E OB E A 151. 0°E~ 152, 7°E | £
& HSI F.O B 3 T A 149. 0°F ~ 152. 2°E, 7
A, G E OB EARTE S T 152°E, Z 5455
M 758550 0. 7°E 0. 6°E, 10 H ¥k 5] 152°F,
M & fol HSL S04 A 8T 7,10 H A
4,0 151.2°E 151, 1°E, 7F 7—10 H , w4381
T fE HSI H.O A e H AR SR s Bl K, 8
Hik B AR R 152, 2°E, H A fr3E HSI 0
P ESEARGEREAAS Ol 151.2°E, Ak, H A1
WO LI AR FUVD Tt i 3 O B I AR, (H
FIE fead HSL FOH o s & AR e, 11 H B
R, AEE T b, 5—11 HGE R T
H A i %) 3 37 F 0 Ml el HSL 80 M 7E 40°N ~
42°N P 3, —F WfeaE HSI B AL i
ARSI R —3 . & b HSI &
DS EMET 711 AXAES, T 6 A%
fMER K, 10, 7.8.10 H, H AE ity &
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Fig.3 Location center (a) and optimal HSI center (b) of gravity of the fishing ground of S. melanostictus and

S. japonicus in the northwest Pacific Ocean from May to November during 2017—2021
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Differences in habitat distribution of Sardinops melanostictus and Scomber
Japonicus in the northwest Pacific based on a maximum entropy model

LIU Siyuan', ZHANG Heng’, YANG Chao"*, FANG Zhou'**>*°

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

Abstract; Sardinops melanostictus and Scomber japonicus, as the main associated species in the northwest
Pacific Ocean, are of great scientific significance for the management and sustainable use of fishery resources
to study their potential habitat distribution and differences in response to environmental changes in this area.
The fishery data of S. melanostictus and S. japonicus in the northwest Pacific Ocean from May to November in
2017 — 2021 were used, combined with sea surface temperature ( SST), sea surface salinity (SSS), sea
surface height ( SSH) , chlorophyll-a ( Chi. a), eddy kinetic energy ( EKE), and water temperature at
different depths (50, 100, 150, 200 m) to construct a maximum entropy model. According to the response
curves of the two to the key environmental factors of each month, the inter-month changes of the key factors on
the potential habitats of S. melanostictus and S. japonicus were obtained, and the map of potential habitat
distribution from May to November for S. melanostictus and S. japonicus was stimulated. The key factors
affecting the change of suitable habitats from June and August to October were SSH, SST, and Chl. a, and
their suitable ranges were not much different. The results show that the potential habitat changes of S.
melanostictus and S. japonicus are consistent with the actual operating location, and with the increase of
months, and they all show a trend of moving first to the northeast and turning back in the southwest direction
and their potential habitat positions overlap widely in each month. The key factors affecting the change of
suitable habitat in May, July and November are different. The key factors affecting the change of suitable
habitat in May, July and November are different, and the key factors of S. melanostictus are SSH, EKE,
SST, the key factors in July are SSH, SST, Chl. a. The key factors in November are EKE,, SST, Chl. a, while
the key factors of S. japonicus are SSH, EKE, Chl. a in May, and the key factors in July are SST and Chl. a,
SSS, while the key factors in November are SSH, SST, Chl. a, and the suitable range of environmental factors
varies from month to month. In addition, as the number of months increases, the optimal habitat area of S.
Japonicus gradually decreases northward, with a minimum area in July and November, while the optimal
habitat area of S. melanostictus tends to increase, extending to the area north of 37° north latitude in
November. The study showed the changes of SSH, SST and Chl. a have an important impact on the
distribution of potential habitats of S. japonicus and S. melanostictus in the northwest Pacific Ocean, and EKE
and SSS are the main causes for the difference in the distribution of potential habitats.

Key words: maximum entropy model; the northwest Pacific; Sardinops melanostictus; Scomber japonicus

marine environment; differences in habitat distribution
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