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Fig. 1 Method of Stacking ensemble learning
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%= 1 CPUE 5&IFEEFHI Spearman tHX RN LR

Tab.1 Results of Spearman correlation analysis on the

relationship between CPUE and environmental variables

AR TR EZHR P

variables correlation coefficient R

Chl-a —0.129 0.000
MLD 0.312 0.000
WS 0.323 0.000
EKE —0.105 0.000

TO —0.028 0.014
T50 0.117 0.000
T100 0.188 0.000
T150 —0.057 0.000
T200 —0.276 0.000
T250 —0.284 0.000
T300 —0.189 0.000
T400 0.053 0.000
T500 0.232 0.000

DO —0.093 0.000
D50 0.036 0.001
D100 —0.048 0.000
D150 0.059 0.000
D200 0.406 0.000
D250 0.473 0.000
D300 0.469 0.000
D350 0.440 0.000
D400 0.337 0.000
D450 0.268 0.000
D500 0.199 0.000
S100 0.193 0.000
S200 —0.127 0.000
S300 —0.040 0.000
S400 0.185 0.000
S500 0.323 0.000

fiin, AT RAZSR] TR T 200 mo/K 2 00 1 fi 4 K T
] K 22 BA e BEAH G (R>0.9), 200 m 7K 2 LATE
) 8 4 T LR R B 2 () A A7 A A KR S Pk
(R>0.8), H 400 m 7K )JZ (1) I B2 RN BE AH OC R B8R
] 0.91, 500 m 7K JZ 119 L B2 FNER B 1 AH OC R 8RR
] 0.93, pLAh, WRIEE G RE R E D EAR
F A . FE T Z K (VIF) SR IR
KT (F2), SR VIFEL/NT 10, 5251
KT 0.1, G BE 21 A~ H F i b7 10 ) 34 4% 1A
¥, 4r#)Z Chl-a, MLD. WS. EKE. TO. T50.
T100. T150. T200. T300. T500. DO, D50,
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Chl-a

MLD
wS 021 031 026 0.06 0.08 0.05 0.04

EKE 022 0.06 0.01 0.07 0.09 0.04 0.08 0.12 0.06 0.05

TO 0.04 0.02 0.01 0.06 0.07 0.14

0.13 024 0.19 0.09

T50 034

T100 012

T150 0.04

T200 0.02 0.13
T250 001 024
T300 0.06
T400 0.09 0.08 0.06 0.08 0.07
T500 0.15 0.08 0.08 0.12 0.01 0.06 029 022 0.05

DO
D50 0.03 0.04 005 0.14 034 007 0.03 0.07
D100 0.18 026 0.08 0.02 0.06 0.32
D150 0.3 0.19 0.11 0.02 0.12 0.26
D200
D250
D300
D350

D400

D450

D500

S100

S200
S300 0.02 0.15 0.1 0.07
S400 0.8 0.02 0.02 0.10

S500 022 0.15 0.12 0.14

WS
EKE
TO
T50
T100
T150
T200
T250
T300
T400
T500
DO
D50

0.17 0.23 0.11 0.09 0.15-0.18
0.19.0.34 0.08 0.08 0.01 0.03 0.26

032 0.09

1.0
022 021 0.3 0.02 0.18 0.22
0,27.0.11 0.15 0.02 0.15
023 0.9 0.12 0.11 0.02 0.12
0.02 0.04 0.08 0.07 0.05 0.01 0.04 0.06 0.09 0.01 0.07 0.10 0.14
0.12 024 022 0.19 0.19 022 023 023 0.04 0.04 0.03 0.09 0.04
0.12 0.11 0.05 0.02
0.8
0.17 . 028 0.23
0.02 0.09 0.15 0.26 0.16 0.12 0.15 0.19
0.16 0.22 026 033
0.6
023 0.19 028
0.4
-02

0.10

0.11

0.05

S o2 9 9 9 2 e o o 2 D
S v S v S 3SSSSS S
QA a @ o I ¥ O = O a F @
AAAAAAQAAQA©» N nnn

3 RIMETE(E Pearson HHXRY

Fig.3 Pearson correlation coefficient among environmental variables

D100. D150, D300. D500. S100. S200. S300
F1 S400, K ARRFEAR T 45 K7 0] (9 AH & (] 4).
24 HENEEMSH

X E BT EE R BN, 300 m KJZE B IE
it AN XS B A, N 13.24%, 9 T XU
500 m 7K )2 A4 5 BE FNTR A )2 TR B X R HR 4 4 £ A
MR R, AT E AR RN 9.12%. 9.12%
1 8.81%, /i THSE akEMIBENEE, WHRIR
BRI AR B R R, R 0.79% (] 5).
2.5 FMEE R RARE M RE

AR AR ) TN BE AT ROC il 28T T AR

HHE K752 ) sponsored by China Society of Fisheries

(AUC) 4nsk 3 . 4538, KNN. RF. GBDT
My P RR LA . Ik, $EHE KNN. RF. GBDT
RIS STK R, FRe R4 K], STK iR H
AR BHREERE, ACC i5 % 81.62%, AUC ik
F] 0.781, H 7l #E 5 %tk KNN. LR, CART,
SVM. ANN, RF, GBDT % H—RI g i 2.18% .
8.81%. 6.78%. 7.95%. 13.92%. 0.66% F3.49%,
AUC ¥ FHADBRY, (H5 RF P{EM 2R/,
g WoR, STK #EAYFE 5 CPUE ¥ X i HEGf 8
72.10%, BEAKT KNN (4 73.20%, {H 0 & & 73
flusERy, H STK BEAIZE(R CPUE ¥ IX /) 6 e i
L B F 86.84% (K 4). K M EE Y S B R
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Tab.2 Results of multicollinearity diagnosis

vﬁ?a%es VIF tol/gjirjce

Chl-a 2.560 0.391
MLD 1.972 0.507
WS 1.380 0.725
EKE 1.153 0.867
TO 3.993 0.250
T50 2.363 0.423
T100 4.200 0.238
T150 4.261 0.235
T200 4.595 0.218
T300 3.523 0.284
T500 3.619 0.276
DO 4.575 0.219
D50 1.349 0.741
D100 3.330 0.300
D150 2.554 0.392
D300 3.829 0.261
D500 3.132 0.319
S100 2.015 0.496
S200 3.313 0.302
S300 3.563 0.281
S400 5.215 0.192

CPUE ¥t [X. 5 710 5 2 ) % CPUE ¥ X #E47 &0,
T A EEA S (K 6), SEBRAYE CPUE ¥ lX 32
B TE 4°N~15°N, 30°W~47°W ¥, 0° W~
30° W IEIS 19 = CPUE ¥ [X [ 15 F R 558 5 o kgl
B th Y 52 PR AR CPUE ¥ X 5 90 75 31 4 1%
CPUE ¥ X gEAT &I, A A —5 (K 7),
ik CPUE i X 23 A L34 5], HARR R 1R A R AL
i, VAR STK AR AL A4 T BE K4

i ArcGIS FAF i H 25% il i 45 4 i
“f% CPUE ¥t X (v ' % B 3 A (€1 8), STK HEAUTH
A5 2] (4725 CPUE W 1X v B %5 B A WK 9. M\
AR, TOMAE 2«5 CPUE 6 X v & %
43 5 52 BE CPUE 30 IX 3 B 25 B 40 A S AR )
A, UL STK AR () I B R 4T

2.6 HulBEIHSH

2016—2019 4= 25% F) I 3 B 35 o 7= CPUE
Hroe ¥ 3 B 4 A AE 5°N~10°N, 33°W~43°W
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I R (181 8), STK A& AU 1 15 % %) = CPUE ifa
[X %8 B oA 5 2R rhul g AR ) A (16 9),

3 i
3.1 HERIITEE AT

fiFF 7% 22 W STR AR Xof 48 377 ) T4 o i 2%
o XN STK B R T K Prsd LEE,
A AR B — BRI LA A ), STK & —FhiHE
SN IT I, fEU8F KNN, RF Fl GBDT il 45
RFFR TR, 5 IR o — A i Jm FR A
AEZE G 3 FVBIALAY ff FYE FERI DL . KNN Filfi
e R4, (AHBRERERATRE, M52
PEABIR AN AT, TR B2 D0 S5 B AIS, AR5
H1 KNN 7£ = CPUE ¥ IX (1 R R = T STK AR A
FEH A CPUE i X 9 Bs e /b, 4 A7 Al
e, (AR AR £ AR TR i A rp R AL
If; LR FI CART S5 #24E , (BTSN,
5 B LA ), BRI 1Z AL RE T 55
SVM X T 4% R B 15 4k i g ) Ao, e dL2:
R LR AL, IF BXTERER U ANN & —Fh
W& IR FNGERE , AR 20 2 TR A B 4, W
SRR, BITRCREAR, MAG AR
Al ket RE oT LS IR TR 2R, KR%EHE
BEAL (R 2t R), HAS FH Y Bootstrap [ BISRAE )7
B, FHEA RIFPT Mz ikEe ) ; GBDT 5
RF AL, XS5 &5 &, JFH GBDT H
FINGREAN R, SREOLZILEE T BRI,
WFFE 4 R B RF 7 W ORI GBDTRY,

32 HEMSWHLEM

Y E P58 DR 7 (R AH B QIR A st A b A7
FESGZRPE T B 2k v i A SRS B A2
TR, IR 2Z (B OC REOR T 0.7 B,
ULIAAEAE 2 B LZR M Y nT BB R B, T 2 FE AL
MR RZ M SVM R LR IS B Fnig 17l %2 1) 3
BNz —P8 0 B4k CART. RF, ANN fil GBDT
TERERIYIN 5 s B v 25 A B Bk 22 3 Lk M X i
DUAS BE RS2, (HR SR 2 PR (75 PRI A2 £ 1) K
SHERBAE SN, SEEERKEITR, BANEZ
TR AR DL R ) figp B A28 1) DR
33 HEMOWERWATEMN

7 A5 A R PR DR 5 i KR 4 4
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Chl-a 0.22 029 0.09 0.17 0.11 0.15-0.18 0.13 022 021 0.13 0.02 0.18 H
MLD 0.19 0.34 0.08 0.01 0.03 026 0.19 027 035 0.11 0.15 0.02
WS 021 0.13 020 0.24 0.07 021 0.26 0.08 0.05 0.04 0.08 0.11 0.19 0.12 0.11 0.02
EKE 0.06 0.01 0.07 0.04 0.12 0.06 0.05 0.02 0.02 0.07 0.06 0.09 0.01 0.07 0.10
TO 0.13 0.04 0.02 0.06 0.01 0.14 0.06 0.12 0.19 023 0.04 0.04 0.03 0.09 0.8
T50 020 0.20 0.32
T100 0.24 0.06
T150 0.09 021 0.07 0.01
T200 0.17 0.19 0.21 0.07 0.6
T300 0.11 034 026 0.04
T500 0.15 0.08 0.08 0.12 0.01 0.06 0.29
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Fishing ground forecasting of bigeye tuna (Thunnus obesus) in the tropical
waters of Atlantic Ocean based on ensemble learning

SONG Liming **,  REN Shiyu', ZHANG Min "%,  SUI Hengshou *

(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. CNFC Overseas Fisheries Co., LTD., Beijing 100032, China)

Abstract: In order to improve the accuracy of bigeye tuna (Thunnus obesus) fishing ground forecast model in the
tropical waters of Atlantic Ocean, a series of fishery forecast models were established based on the logbook data of
13 Chinese longliners from 2013 to 2019 and the corresponding marine environment data, e.g. sea surface wind
speed, chlorophyll a concentration, eddy kinetic energy, upper boundary depth of thermocline, vertical temperat-
ure, salinity and dissolved oxygen in 0-500 m water layer. 7. obesus CPUE was calculated based on the logbook
data. The environmental factors related to 7. obesus CPUE were screened out from 29 environmental factors by
correlation analysis. The non-collinear environmental factors were selected by collinearity analysis based on the
variance expansion factor (VIF) and used to build the bigeye tuna fishing ground prediction models. The Spear-
man correlation coefficients between non-collinear environmental factors and 7. obesus CPUE were calculated and
used to analyze the relative importance of the environmental factors to the 7. obesus CPUE. These series of predic-
tion models, e g. K-Nearest Neighbor (KNN), Logistic Regression (LR), Classification and Regression Tree
(CART), Support Vector Machine (SVM), Artificial Neural Networks (ANN), Random Forest (RF), Gradient
Boosting Decision Tree (GBDT), and Stacking ensemble model (developed by KNN, RF and GBDT, STK) were
built by using 75% of data and verified by using 25% of data. The time resolution of 7. obesus CPUE and marine
environment data was one day, and the spatial resolution was 2° x 2°. The performance of 8 models were evalu-
ated by the area under the receiver operating characteristic curve (AUC) and prediction accuracy. The maps of the
actual fishing ground and the predicted fishing ground were overlapped by ArcGIS and used to evaluate the per-
formance of the best model. The central bigeye tuna fishing ground was determined by the nuclear density ana-
lysis tool of ArcGIS. The results show that (1) compared with the single model (KNN, LR, CART, SVM, ANN,
RF and GBDT), the forecasting performance of 7. obesus fishing ground of STK model was better and relatively
stable. The accuracy (AUC) of the STK model, KNN, LR, CART, SVM, ANN, RF and GBDT were 81.62%
(0.781), 79.44% (0.778), 72.81% (0.685), 74.84% (0.717), 73.67% (0.702), 67.70% (0.500), 80.96% (0.780), and
78.13% (0.747), respectively; (2) the distribution of central fishing ground predicted by STK model was basically
consistent with the actual distribution of central fishing ground, all of them were mainly distributed in the area of
5 °N-10 °N, 33 °W-43 °W; (3) the marine environmental factors that affect the distribution of 7. obesus fishing
grounds in the Atlantic Ocean mainly included dissolved oxygen of 300 m layer, salinity of 500 m layer, sea sur-
face wind speed and upper boundary depth of thermocline, and the relative importance were 13.24%, 9.12%,
9.12% and 8.81%, respectively. The results suggest that the accuracy of the STK model for 7. obesus fishing

ground forecast in the Atlantic Ocean is high.
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