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WE: WRREFEZRFHHEEHZTE oA EHRHNKER, BB LARHATHFLES,
5236 F) Rl 2012—2018 4F K, [E #h 49 78 A 78 oF 2 98 B0 3 3 i, S IE KW IR E (sea sur-
face temperature, SST). & X ™ 2 J¥ (sea surface salinity, SSS). ¥ £t & & /& (chlorophyll-a,
Chl-a). 4 4] %% 4% 7= # (net primary production, NPP). . & # 21 %8 4} (photosynthetically active
radiation, PAR). 7% € 5 & (eddy kinetic energy, EKE) fn & ¥ 1 5 % (sea level anomaly, SLA)
TANFILE T ULA y AL S A AR A (maximum entropy model, MaxEnt), A 77 3 ¥ 4
ZZBFAMNANBZENEAREETHNRMER. FRET, & KKBEEEDRE
B AUC iw, AL 08, EHMMLEMWA NN RoAHELE, 1—8 AZEHMHELHMMm
AEEBHY, MEARZEHEREER. FEETFROBELRN, £ABFEETFHE
ZEMEMAARHEAARER, REAEETHEA S Z TR H L 60%. 4k
%% SST. NPP. PAR ft EKE Z ® X X & E Lo W x B E T, XBEHFFEETHW
EHEEENHALN AR LM, &R ZEFE 5407 SST = E 4 R I H K5 g i,
HigmfrmE ko EF BB HTEARADH. XKW, FEBEREFZEAELH
HFERDWARSARE, FEETFHEE ST EMEAHEZR.

KA £ 24, /2o H; FAHHEET; RAMEE MaxEnt); i

FESZS: S931.1

25 F A (Dosidicus gigas) N R FEVE L B2,
WEEA S AEE) . WiEEFEE . BAEEm
B IR R RO R AR B ATk B R
Z 22001 4EFR I E IR AEAS & AN AT i AR
77, ZJEAEM RN R AN WK, R R
REEEMN AT R AT P ZEF M am)E
WSk R, WEAM S FENENZERER, 5
2 B R RUBE A =5 R v B 858 A8 AR B 52 g B
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IR YN RIAYIN 25 o0 A0 . BT S 3R
MIICER, R AESL R A RO AR AR A ) B B
52 3|5 A B R AR AL R R, W A
WS 2 B B AR . T R
Mol 55 R PE PR 9 5C 2R 5 LN 28 AR AL, R LAY
R By AV T A MM Y, 98D AS b n o
S AT A A SR A 2 AR o AR T A
P AARL, S KRR (MaxEnt) HAT B A
PR, AP BT AE S0 A B0 L Wi fe b
PRA7 LA K W o O 0 DX 4] 7 25 05 T AT 21 32 69 1L
FAM GBS, i KRR L AR T Sk AR 2R Y
A7 I 3t A AR T B3 [R5 %) 490 ol 23 A7 52 )L
AT T R AR T 25 2 0 A IR TS
M B Bs REAR, HaZifp s B s SR . 2
AR B AN S AR TR U AR G A ARAIE X T BE X 25
FAM 23 AT BA B F R ARk, RIELE
AR K- 1) 002 Y 3 3 1) IR T e A, AR
Thp I L 22 IO 255 d5 o B b 2 —
B TR A R I 2s A s 00, DA KR
TE PR PR D T A2 Al FovS 25 52 52 e i B S AR
XD, RIS S50 2R FH i SRS 10 53 A 5 1
SREER A [ S AR B, 25 ST B 2
BN R A B2, I PrRiE iR mih Yy,
AR ISCATL ) B T 30 X A7 S5 2 ] AR A A B B2 D
NS AR T B B AR BERL AR

1 MESTHE

1.1 ¥HERIE

2012—2018 4222 fh i R AR B TR R
PRV A IR, BUR NS UREEALE (&, 4
JE) . AEMLEHE (. AL H). fEkkER (d). sk
() S, R EEE L Mg 00 B R A
5°N ~ 5°S. 85°W ~ 125°W, %4k 23 ] 23 3 K hy
0.5°%0.5°, Wi SRBHEFe H oo AT 583, 41
T 2% A0 VA 4R 25 2 i B A B S AR S . BT
10, 11 AR AT 8D, P AR 52 g6 HOX)
1—9 F . 12 A WEdEEA T A5 HT

B £ B 4G SST. Mg 1 R (SSS).
M- Z W E (Chl-a), V10 5% (SLA). iR iEsh
fit (EKE). NPP., Je& A %U4E ST (PAR) 7 13RI
T, IAEIESRE R 2012—2018 4, Ba w6 R
TE B R M g u . o SST 5 Chl-a 4l
VRT3 B K= B B I 0 (hitp:/apdre.soest.
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hawaii.edu) £ 25 6] 73 BF 30 9 km, W 6] 73 B4
H'5 NPP £k H 36 E HE XM 7R M3 (http://
orca.science.oregonstate.edu), FIE 25 8] 43 HE K N
0.5'x0.5', MM HEAT;  SSS T NOAA Coast
Watch ERDDAP ¥#J&#/% (https://coastwatch.pfeg.noaa.
gov), Hdl 2 (8] 43 HEAE 5300 Ry 0.25°%0.25°, B[]
SR N 3d; PAR. SLA FIHKF i (U) Al
Tk (V) 1R H Ocean-Watch 3 (https:/
oceanwatch.pifsc.noaa.gov), FHH %5 8] 43 # 2 43 5
o 0.25°%0.25°, Wf[EIZMHERJy d, AR UL V
2050 (1) A EKE, DA R0 800 Ak 3
S A 43 BEAR N 0.5°%0.5°, W] /3R A .

EKE= vt v
[, U Vo AR A IR L 3 &
1.2 DA%

B HBH ) F#KE (CPUE) 52324
JLE ST A PR R IE R 8555 ) 1
B do LA CPUE RAEGTIRFSE, Bk vd™,
ESLZ AR 0.5°%0.5° 0 — X, 4% 7 TR
AN X AT 7 %% 15 1 CPUE, X5 5% 71 &2 A
CPUE #& H #EAT-F¥, oirtid i H el 22 fk. CPUE
A

Q)

C;
CPUE,-Z}Z 2)
Hp, CoNMIXG R IRE; 0 o1 X B3 55
%jji‘o

AR 388 7 B 0 e T A T Bl 7 s )
AR, g EO TR A

LONGm=§leaxxxg/§:Llci 3)

k k
LATG,=_ _ (CixY)/Y Ci @)

1, LONG,, . LATG,, 735 &4 B d O
CoNHa X i %5 1 X oMK &E; Y,
UK AR RE 5 ki DR, m o A

R AIBAER S RIS AL LR 5 K Y i
B, BT R YRR I A B AR RO E T Y
WEHER., BUAX S0 — LS > Jrist s,
1 Tz B A B Wy Bl o A N RE . E
BRI PR T 0 28 LA e B85 PR x40 Aol 4 A 5 i)
8 IR UL, SRz I AR
0 B I AR 1) 5 T SRA BRUAS ) MAXENT3.4.1
(https://biodiversityinformatics.amnh.org/open_source

R E K224 F 7/ sponsored by China Society of Fisheries


http://apdrc.soest.hawaii.edu
http://apdrc.soest.hawaii.edu
http://orca.science.oregonstate.edu
http://orca.science.oregonstate.edu
https://coastwatch.pfeg.noaa.gov
https://coastwatch.pfeg.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://biodiversityinformatics.amnh.org/open_source/maxent/
https://biodiversityinformatics.amnh.org/open_source/maxent/
https://biodiversityinformatics.amnh.org/open_source/maxent/
http://apdrc.soest.hawaii.edu
http://apdrc.soest.hawaii.edu
http://orca.science.oregonstate.edu
http://orca.science.oregonstate.edu
https://coastwatch.pfeg.noaa.gov
https://coastwatch.pfeg.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://oceanwatch.pifsc.noaa.gov
https://biodiversityinformatics.amnh.org/open_source/maxent/
https://biodiversityinformatics.amnh.org/open_source/maxent/
https://biodiversityinformatics.amnh.org/open_source/maxent/
https://www.china-fishery.cn

12 4] AR, S SREEEEE AT R T [R5 A K S BRI T i Gk 2317

/maxent/), £ 7 AFAE w07 B, K aEy
FaafR . GBERMAEE, LLCSV &R T IRfE, JIf
i A Sample X3, &5 A-FRIEEIEH Arcgis10.2 #%
el o By 0.5°%0.5° 1) ASCTI A%, I A %]
Environment layers X1, 255D Logistict% =0k ,
2 2T S0 A 9 DX ) b A AE R R L
0~1, DIFEFEMESRRARMG B Hhid F 84 (HSD).

WHEFELZIZIT 10K, LITHER T 6847 78 1) bl
BLVE; BEEBEYLERE 75% VEN VIR, 25% MfF
FESSAE MR AESEA T, AR S8 15 B R
INSE, R Z0E TAERRE M £ (receiver
operating characteristic curve, ROC) 43 #7 J7 72 3k it
TR BERTEMY , 12073 AR P 58 Ry i AR s
FLRHAPE R O G A bRz i AL AR, AUC fH ) ROC
R R T LU AUC 2% Bl H R AE A W 4y
ARG FER, AUC {E M 0.5~1.0, HAERK,
F W AUB LRI B 1

25 A BAULE R B DL ASC I SO ity .
1 Y SCHRAE Arcegis10.2 HFE R Y, CSV SO, H:
H A A B M DI 2R B L 46 B A ST, K HSI=
0.6 i selsE SCOIE B S, AR5 22 30 (5) H1(6)
TS AR G, IR S84 O T T
ST, TR RLBLIA B A AR S G AL, JF IR
BIRI R MERR P E A S M . A A R SR S 4
DIABEH FoTmk R, Pk H HEA AT = 1 HRBEA
TR Y SR R, A o 1 th 2R A5 A
A IR P 1Y B L

k k
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21 EZX&HHEHEM CPUE BAEZL

IRIE WAL Al B 45 J) i . CPUE HAA H
WA A, B EARRER ., M%)
B 1A RZEETHE, 8 AisRIRe, HE R
ERBE, 10—12 A HiH5 s /N 8 5k, CPUE
13 AZWiFeE, 3 AbsEReE, 4—12 A%
FREAL, HEATRELE 3.5~4.0 vd (B 1)
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% T R B R 2 Y0 37 45 IR B R T A AR B i
A A fk (K 2). SST Jesl s PR, f)asR
MmO R AR 4 A8 27 °C. PAR,
NPP ¥ 5 1E 5% i =0 As fk, AR E BAT
KRS, PARFE 13 H . 7—9 Az, 3 H
IKFNEM ; 4—7 H . 11—12 H k. 1 NPP
HATE 5—8 HRufias, 1—4 7. 9—12 A
B AR . Chl-a 5 EKE Z8 k% h—%, i 64
HPE AR E B sh# /N, (A7 6—8 H B BH i,
b5 A 0y B3 . SLA Bk Bk shie ok, 2 A
SLA /), 90 1.5em, 2—6 A . 8—11 A7
WA, 6—8 A bk,
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Fig.1 Monthly variation of fishing effort (a) and CPUE (b) of D. gigas
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Fig.2 Monthly changes in environmental factors including SST (a), SSS (b), PAR (c), NPP (d), Chl-a (e), SLA (f) and
EKE (g) on the fishing ground of D. gigas in the equatorial waters
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*1 BZARBLERBEGT

Tab.1 Accuracy statistics of model results in each month

W/ month  AUC+SD || Afa/H month AUC +SD
1 Jan. 0.932 =+ 0.037 6 Jun. 0.837 & 0.038
2 Feb. 0.906 + 0.013 7 Jul 0.803 = 0.042
3 Mar. 0.861 =+ 0.024 8 Aug 0.882 4 0.028
4 Apr. 0.902:0.021 9 Sep. 0.895 & 0.045
5 May. 0.878 + 0.017 12 Dec. 0.938 +0.018

24 EXBWMBMOHAMETN

B R RE A4 H g5 A 3 s, TRk
Fi, SR EA B e S IA A0 A AR 1
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8 H, & EME S M AR S m] AR R T Mm%, AR A
W, 8 A WA R 85°~102°W, 2°~5°S, 9. 12
3 OGBS ) PE AL RS & 107°W A4

25 EFeaECSHEMEOCRETN

mE 4 s, fESE W, 1—7 AWEY
MRk, HAmEeEh, H7—8 AmMBHRK. 8
F 2P O EAE 91°W 2247, BifiJ5 M YR [
T b, 1—5 7, mEHmndeEs, sA
P2 0BT, 6—12 H Wi In iR . FFE#
BH, 2550 i 3 O B 3 RO S b B0 A AR Ak T
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Fig.3 Habitat distribution of D. gigas from January to September and in December
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Fig. 4 Monthly variation of fishing ground gravity center and suitable habitat gravity center

2.6 & B IR E T DTk AR K A R 2k

FHAHF R oTEk R 2 PR, EERDT
kR HETERT = M EREE 7 45 H I B 7
WEFTFRIA, 2% H BREE PR ) 25 22 fa W 8 b /3 A 52
M) AT 3K 225, 3k 32 EAR BLLE S B A 455 K 1A
RS HEF o (045 A B SCHEA 5T T thAF e —
St flhn, fERTA A Oy, SST XHELALK) BT
BRAS G TR, JHEAE 6—9 AF 12 H
1M PAR 7£ 1—6 J M TT ik R E K TR 4y, 1M
EKE WAz, 78 7—9 H 12 H B 5Tk R 38 K
NPP 7& 5. 6 H T HAMMRELA T, XHERAY 5Tk
LA, Hk, SST. NPP. PAR Fil EKE %I 7k iE
VIR A B Mo A AR . 45 A R ER B
B 231 5wk % 2 5 R 80.6% . 66.2%. 81.4%.
61.0%. 85.0%. 89.2%. 90.8%. 86.6%. 79.5%.
83.2%, L 60% LA b, 3B B i o A
WD L A5 H QB EREE R Y e g il 2R an 1 5
TR, R 22 B R85 DR A o 7 i 2 2 4 40
LRI, AT A 0 g S A ) 3 448 A ) 3

R, AR 3 TR, BT
T FE B AR DR A A T2 A

3 Wi

3.1 mKXEERE

YERBRFE YR o3 A0 AR 2 — | S RO AR Y
AR b S B B B, IRZE A A
WEE R, X AR DA W, B B
LA HTRE S, ARSI 2012—2018 4%
TE I S PR AR A B R AR 2R R A AR A
IFLEAEHL SST, SSS. NPP, PAR, Chl-a, EKE
FISLA &8 7 IR EE, 456 B R R B R HE A 745
P53 BT 215 3 25 2 0 Y I A8 A0 AR . A5 ] AL G
B AUC KT 0.8 (1), KR BIRIRIR
HATEE L A, R ] AR A AR R (1 BTk
AW PRI K 7 i Y, R A
Xof W A 5 1 M 36 ke il A 4 o 5 IR 58 TR T 1Y)
KRW, KGR, £ IR T4 2

*2 BAMBEERFIEE
Tab.2 Contribution rate of environmental factors in each month
P GiWkZ/% percent contribution

environment variable 1A 2H 3H 4A 5H 6H 7H 8H 9H 12H
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Dec.

HRIRE  SST 13.8 18.4 38.0 22.6 7.3 16.9 56.6 59.1 523 411
WM E  SSS 23.7 21.4 26.2 17.9 1.5 13 4.6 2.0 7.6 4.4
HRIRAT1 NPP 1.4 15.9 0.7 8.4 55.8 61.1 20.8 0.9 5.8 15.6
EBRERS PAR 374 26.4 6.9 19.9 18.2 11.2 0.8 5.6 9.7 5.1
HERFEIKEE  Chl-a 2.6 1.8 17.2 0.7 1.1 0.3 33 4.9 1.5 2.8
WAliEshie EKE 19.5 0.5 3.1 12.0 52 33 13.4 21.7 175 26.5
IS SLA 1.6 6.6 8.0 18.5 11.0 6.0 0.5 5.8 5.7 4.4

T R PO A T 751 B SR SR SR

Notes: the bold environmental variables in the table are the key environmental factors in each month
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Fig. 5 Response curves of key environmental factors in each month

The solid line is the mean value, and the upper and lower dotted lines indicate the maximum and minimum value, respectively
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Tab. 3 Suitable ranges of key environmental factors

JEE G suitable ranges

environment variable 15 2H 3H 47 SH
Jan. Feb. Mar. Apr. May
TRTMIRE/C  SST 24.2~25.8 25.8~27.0 26.0~27.0
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IWiEsNRE/(cm’/s”) EKE 250~1000
PR % /em SLA 3.0~6.0 43~7.1
SR R EEVEME  suitable ranges
environment variable 6H 7H 8H 9H 12H
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MK E /(mg/m®)  Chl-a
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P /em  SLA -1.5~2.0
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Monthly spatio-temporal distribution of potential habitat of
jumbo flying squid Dosidicus gigas in the Equator and
its relationship with environmental factors

YU Wei ", FANG Xingnan', CHEN Xinjun "***, ZHANG Zhong "***

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

Abstract: In order to explore the relationship between spatial and temporal distribution of potential habitats of
marine economic species and environmental conditions and effectively help enterprises to utilize and develop fish-
ing grounds. Dosidicus gigas is widely distributed in the Eastern Pacific Ocean, from California (30°N) to Chile
(45°S), and can reach 125°W in Equator. Based on the fisheries data of Chinese squid-jigging fishing vessels in
equatorial waters from 2012 to 2018, and environmental data including sea surface temperature (SST), sea surface
salinity (SSS), chlorophyll-a (Chl-a), net primary production (NPP), photosynthetically active radiation (PAR),
eddy kinetic energy (EKE) and sea level anomaly (SLA), this study established the maximum entropy model
(MaxEnt) to analyze the spatial and temporal variations of habitat and the influence of environmental factors from
month to month. The results showed that CPUE was higher from January to March, while the fishing effort was
higher from July to August. AUC of the MaxEnt model were more than 0.8 in each month, indicating that the sim-
ulation results were accurate. The spatial and temporal distribution characteristics of suitable habitat were signific-
ant in different months. The suitable habitat of D. gigas was distributed between 3°N-3°S, and gradually moved
eastward from January to May. Suitable habitat began to shift to the southeast (85°-102°W, 2°-5°S) in June and
moved northwestward in August. The results of contribution rate for environmental factors showed that impacts of
environmental variables on habitat distribution of D. gigas in different months were significantly different. The
cumulative contribution rate of key environmental factors to the model was more than 60% in each month. Overall,
SST, NPP, PAR and EKE were the key environmental factors that strongly affected the habitat distribution of D.
gigas. Suitable range of each key environmental factor showed significantly monthly variations. In addition, it was
speculated that the distribution of suitable habitat of D. gigas was extremely sensitive to SST patterns, and cur-
rents and eddies might have a great impact on the distribution of D. gigas. The results showed that there were obvi-
ous monthly distribution characteristics in the D. gigas habitat in the equatorial waters, and the effects of environ-
mental factors on the habitat distribution were significantly different.

Key words: Dosidicus gigas; spatio-temporal distribution; multiple environmental factor; maximum entropy

model; Equator
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