HEDKFERl: 2021 £ 5 A, 28(5): 658-672

Journal of Fishery Sciences of China & 17‘1: 1@ i

DOI: 10.12264/JFSC2020-0297

WEINEEZ AN E M =5 R IEE TR E 7

iR, WL AR, gt ee
RSB A2 BE, i 201306;

B Zm Vel TAR R ARBF ST o, 7 201306;

KPEHOL TR AT e 82 0T R BB TP E S SR, i 201306;

AR AR A H Kl TF & T SRR %, iR 201306;

A A TSI Wl B IR PR R W S 8wk, 1V 201306

g M wDd P

FEE: RYE A E A el B o $R 3R 2012—2018 4 A< K- A6 A 25 52 £ (Dosidicus gigas) il #5 5E, 454
U SR B, AT T 2 TR ¥ (sea surface temperature, SST). ¥ 3 1 £k /i (sea surface salinity, SSS). 4% a
e FE (chlorophyll-a, Chl-a). &+ #1247 J1(net primary production, NPP). Jt:& 745 %4 & (photosynthetically active
radiation, PAR) . i€ )& (eddy kinetic energy, EKE) i F- T 5+ 77 (sea level anomaly, SLA), F| 5 KA BURFSY T
ZEG AN S H Y T R) A A AR A R R BE R s 25 55 . SR WU 1—8 A Mg 4 FE E O 1 db A% 3l, 9—12 A g
B, Mm% O EE A 80°W~82°W Z [ E5), tsb, iEE S .05 E.OS 5 BT A TTRR K
/N BEREE R - o ZR 2 F i S s e A B LT 3 T R 25 5, (HEEARLL SST. SSS. NPP i PAR X S b5 il i K

R B3 DR 7 Y 2 i 5 4 SC B PR I 10l BV S S R S BRI R AR T B . WESER ML, AR R
TR BT 25 28 F G 3t FLA B 18, 25 S8 M0 L I 2 o AR AR ZE WD i ) B0 A2 b, HL 2 BRI T 3%

KR EFA; BROMRARL, s oA, R 225, R

FES %S S931 XEERERD: A

2kt (Dosidicus gigas)) 12 73 A £ AR KF
TR, RGBS R, A 2R T VSR 43 A i R T S
iz 140°W A4, SRR E FEMR ATk Rk
WA 2 N VAR A R, R
WA= 1 SRR SR 2 a0 O IR S RIS S b gy
A W RS i R R . R [T s RUBE B < A A
R AR & BB AR A e B R 2%
S, R UER R 6 FL e 2 (R B RAR KA
P R, RIS S 2R N 2 S A
[ OC &R, 2 B 22 A R o3 A T A A X
T Up B30 T v A Ml RS B 45 I 25 2 fa v 3g, JE%
IZGEVR AR S n R R HA B R X

5 HHE: 2020-09-11; 1&iTHER: 2020-11-15.

X E 42 1005-8737—(2021)05-0658—15

b5 Vg ol 2 25 2 £ (WA S M RN B it
Z—, WRA G EREEER A ETHRMY . A
Ui AR A R I AR AR S, IR AN S R
BB ARG SI, WA I HE A28 1)
SFR O B BRI, B IR 0 25 52 40 YR R
3= 5 50 L Hb oy A1 32 B R 8 VI8 A0 R A
FAUY, 45 an Y 2518 FHATG Sl AR 750 3 25 5 #1047
B ZE AR ik, RPN E E RS FE H
AR, (H A 258 BTG 8 b i AR A/, AR
JEJRJE# (2015 4F), FiJEiR(2011 4F)4 B K F
T ECE FEYT R R 08 EA S M T AR AN . 1 Feng
ST CPUE A5 3R X 156 2R 40l sz ) U

BEE&WE: ExRE ST AR H (2019Y FD0901405); % [ AR % 3 4 AR Rl 5 4 T H (41906073); i 1T [ AAFL# 3

475 H (19ZR1423000).

EHBAN: HEM996-), M-HWFsst, BF5 7 [0 il i ¥ 2. E-mail: 1324388278@qg.com
WEEE: o8, BIWFSEOL, WF5ET7 10 el 8 2% E-mail: wyu@shou.edu.cn



i 51

T AR B S 25 S A L N 25 43 A1 RO BRI PR £ ) 2 S 659

PRI A2 (8] [ LAY, T FL & A 25 52
W2 b3 A, AR ZS [E) [ RHEE AL T SO
PERERL, pAh, 4RSS Frawley OS5
SRR R, 2R AaMNKIE ST
AN TCTE I 2 R R A, A I i B O L
WA o BRI A, SR KREZHNT£
hy i 2% 1R J¥E (sea surface temperature, SST) | - [
5% (sea level anomaly, SLA). % 1fi h i (sea
surface salinity, SSS)&5 #1357 (812 ) {H 15 £ 2 45%
TR BE AN O A B VAR DG R, i i
43 Z ¥k i (chlorophyll-a, Chl-a) . ¥ 2% 4 7 77 (net
primary production, NPP) . & & A % 4% 4
(photosynthetically active radiation, PAR) . R iEs)
fit(eddy kinetic energy, EKE)Z:4)3-1F 245 K 1%}
ZER AT 23 S BRI R AR AN X 3
IEAL, A7 R A5 R %o 25 5 0 A 2 1l 43 A 5
M F 9 1) B2 2 5

Ht, AW E 2012—2018 4F- 3% [F 75 fiv &
G ZE R B, A SR FAE KRR
. BESEUIMER 7 ANWEER T, AR
SRS TR o) Bl 5 71 il 25 2 £ A 2 L 1 T ) o A A T
B, TRAAR R G S il T S50 25 5 i 5 3 ] (7]
I 23 A3 A B, JFPPAl 2 50 PR 85 IR 1 X 25 2 fa
b A Y S e RN 22 S5, O 255 T 3 1 PRI 4
BERL KR

1 HREH%

1.1 EIREE

ZETE R R b S I R o,
fFIE] A 2012—2018 4F, Wf[R]4r3F% R H o B N
FAFEAENL 2 R . VRV AT . AR R B, ¥adk
A BFST G B 8°S~20°S, 75°W~95°W, 4%
] 43 HEKH 0.5°x0.5°, ANHF5T T L4 M b6 F1
Rt A A AR s I O, B Y LA b s it
TTEBIHT o
1.2 INEHEE

REEH €% SST. SSS. Chl-a, SLA. EKE,
NPP, PAR 3t 7 35S+, Hr SST 5 Chl-a

B K U5 T 32 R 2 B R W52 HhuGs (http://apdrc.

soest.hawaii.edu), =S )43 HER N 9 km, Hf[H]

STHEEA T NPP B B A XN 7 K2 19
(http://orca.science.oregonstate.edu), %% 45 25 [6] 43
BERh 5'x5, B4 HE3 0 H; SSSEIE T NOAA
Coast Watch ERDDAP % 4} J# (https//coastwatch.
pfeg.noaa.gov), %4 # 25 7] 43 ¥ K 24 0.250%0.25°,
FE 0 BER R 3d; PAR. SLA. ¥ U Al V ¥
>k H Ocean-Watch ¥ 3} (https://oceanwatch.pifsc.
noaa.gov), 4 2 0] 43 H K 43 ) ok 0.25°%0.25°,
8] 23 2855 0 R K o W Bl A B85 28R 1) B 5 4
PR PEAT AL BR Y, 0.59%0.5°, HAKIEE M U F1 Vit
B HIRTEhEE EKE, AR
EKE = u2+v?

Aorb, UV ol AR R R AR P AR L 2
1.3 CPUE 5&FEMTE

JE X 0.5° x 0.5° K —ANialx, % H it
WA CPUE, H o fisiss )y IR REGT
. A CPUE M55 )yt A7 18 H ¥4y, 20 #r
W& R A EZ L, CPUE BYTTHE AT

CPUE, S )

A, C it X i R & my i X T A 5 5F
T,

FIH M E O, R A A 2R Ay Ns
4 H O, R R AR R O 8 B RS AR
o WAL A E.O TR AT

(1)

k [
LONG,, =D Cix X /Y .C 3)
i=1 i=1
[ k
LATG, =Y CxY /> C (4)
i=1 i=1

L, LONGy I LAT G735 oy 28 B2 F 4 B O fof
B o i i BB S a X ORI T AT, Y,
S X R kAT e XSG mo H Ao
14 ERAMHER

Fe KA (maximum entropy model, MaxEnt)
J BRI MR AN 58 4 A B (A TE SR 67 1 45 PR 05 8]
JZ2), VR R BRI AT S I 0 oA VR AR
A BRI BB MAXENT3.4.1 T4k
WAEk https://biodiversityinformatics.amnh.org/



660

Hh K R

% 28 &

open_source/maxent/, Sample X4 A £ H fE1E
SO EEE, b iSRS RR . SRR,
JELL.Ccsv # R HEIT IR . WS DA T i
Arcgisl0.2 4 )i o BEF S 0.5°x0.5°0 ASC T 4%
K, I ABIIERIZ . BT & R ALE R
T5% 1Y 25 R AR A B VI ZRAE, 259% 19 2528
AREARLAEVE IR AT, JFE A E1T 10
W, KIHBRTREAEMBENLYE, KRS HHRE
RIS B, 455 DL Logistic #g=kni, HlfE
AN XA EAE R AYE D 0~1 Z[H], DIFE
TEME R SO 8 M3 B8 B (HS)M 5 R
RIS 3238 T AR B3 1F #h £k (receiver operating
characteristic curve, ROC)Z#fr J5 12 20 i A7 A ok
FERIPFY o 12007 15 LU PEPE R o R Ak Ay, ECBH M
RN YA AR 2 1T, AUC {8 ROC 4R F 1 i
. AUC fHBR K, FRIAYFh o1 5 P58 & i AH
SRR, IR I S5 S 1426

25 HRAUZE S it 0 A KT LA ASC T A U
OB SRS A Arcgis10.2 R, CSV
S, Hoh iR RN I A . LR HSL, 5T
HRBHELETT 3 57 i FRBE IR -9l 16 oy SCH A 855 H 7,

101

oo

=)}

R S18/103d effort
N

N
T

6 7 8 9
H 43 month

1011 12
82.5° -
82.0° L
81.5° L
81.0° L
2 80.5°1
@ 80.0° -
o 79.5°F

79.0°

78.5°

/W LONG

1 1 J
10 11 12

23 5 T o7 THT 215 L1 T LV R o 22145 ] SRR 0
PR T-135 PO G FE A AR P, 53 B HSI KSR T &
T, ARHT 25 f G B8 ) ) A Ak 5 PR R 1
BB PEHR HSI>0.6 (19 A3 i B v 4114,
AR T AR RS B . BEEL, I
St DT I, B % %S A0 S T
76 S ML 25 43 A £ G

[ k
LONG_SH,,=> RxX;/ >R (5)
i=1 i=1
k k
LATG_SH,,= > RxY,/ D R (6)
i=1 i=1

A, LONG_SHp Fl LATG_SHm 4351 38 ‘B 5
W2t GEE.OAE; PR 0B HIS, X i
X i FIZIE, Y el i 4 k s HSI>
0.6 ¥ X A% m > A4y o

2 ZER59MH

21 EZ&EREEFERAHE. CPUE. #HFELHA
Bz

MK 1 AAL, %% S CPUE #7775 M
WA Bk, 1—4 A ii#i%% S8 5 CPUE #11H

S 7r
&
S ol
=)
=4t
|
& 2f
EO 1 1 1 1 1 1 1 1 1 1 1 J
piis 1 2 3 4 5 6 7 8 9 1011 12
H 4% month
18°
17°
g
316-
»
$ 15t
4@14"-
iy
13°
120 1 1 1 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 1011 12
H 4/ month

B 1 FEIMNGZETMEES iR . CPUE, B0, S E.OM A B2k
Fig. 1 Monthly variations of fishing effort, CPUE, longitudinal gravity centers of fishing effort (LONG)
and latitudinal gravity centers of fishing effort (LATG) of Dosidicus gigasin Peru
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Fig. 2 Monthly changes of environmental factors (means) in the fishing ground of Dosidicus gigasin Peru
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Tab. 1 Satistical results of Dosidicus gigas with
MaxEnt from January to December in Peru
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Tab. 2 Contribution rate of environmental factorsin MaxEnt of Dosidicus gigasin Peru from January to December

1k /% contribution rate

A

environment variable 1A 2A 3 A 45 57 64 A 8 J1 94 104 1A 124
Jan Feb Mar Apr May Jun Jul Aug  Sept Oct Nov Dec
MR AL sea surface temperature 155 217 177 0.7 15 45 12 6.4 38 362 39 33.9
R & sea surface salinity 556 336 262 564 21 3 2.7 58 306 54 189 126
R 7= 1 net primary production 181  15.9 1.7 0.4 6.2 739 589 189 2.6 1.3 196 349
e 47 3w it 12 169 373 383 564 121 184 166 165 417 35 106
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TESNHE eddy kinetic energy 0.6 0.5 0 0.7 0.8 0 1.2 0.4 0.8 0.2 0.5 2.5
16T 575 sealevel anomaly 0.8 6.6 17.1 2.3 2 5.5 4.6 3.8 7.1 9.7 138 4.7

TR RO BT D 45 73 0 0 14 9 S B PRIE A 7 DTk .

Note: The bold data in the table indicate the contribution rates of the key environmental factors in each month.
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Fig. 5 Response curves of key environmental factors in each month of Dosidicus gigasin Peru
The solid line is the mean value, and the up and down dotted lines indicate the maximum and minimum value, respectively.
SST: sea surface temperature; SLA: sealevel anomaly; SSS: sea surface salinity; Chl-a: chlorophyll-g;
NPP: net primary production; PAR: photosynthetically active radiation; EKE: eddy kinetic energy.
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Spatio-temporal distribution of the jumbo flying squid Dosidicus gigas
off Peru and differencesin the effects of environmental conditions

FANG Xingnan', HE Yan', YU Wei" #**% CHEN Xinjun®**%°

1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China;

3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
Ching;

4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, Ching;

5. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Af-
fairs, Shanghai 201306, China

Abstract: The jumbo flying squid Dosidicus gigas is widely distributed in the eastern Pacific Ocean and has high
value as one of the main economic cephalopods in China. This study combined fisheries data for D. gigas off Peru,
obtained from the National Data Center of Distant-water Fisheries of China, in the eastern Pacific Ocean from
2012 to 2018, with environmental data including sea surface temperature (SST), sea surface salinity (SSS), chlo-
rophyll-a (Chl-a), net primary production (NPP), photosynthetically active radiation (PAR), eddy kinetic energy
(EKE), and sea level anomaly (SLA). We explored the temporal and spatial variation of D. gigas in fishing
grounds over annual seasons using maximum entropy models (MaxEnt) to compare the effects of different envi-
ronmental conditions. The results showed that the focus of fishing moved northward from January to August and
southward from September to December. Longitudinally, the focus of fishing moved back and forth between 80°W
and 82°W, consistent with changes in the suitability of habitat. Moreover, the key environmental factors selected
were different, based on their contribution rate each month, among which SST, SSS, NPP, and PAR had major ef-
fects on habitat. According to the optimal environmental ranges obtained from the response curves of these key
environmental factors, the range of suitable environments significantly overlapped with that of suitable habitats.
The results indicated that the maximum entropy model was highly accurate at predicting the population abundance
of D. gigas off Peru, which showed obvious monthly variations and were significantly affected by environmental
factors.
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