Supplementary Materials for

The environmental niche of tuna purse seine fisheries in the Western

and Central Pacific Ocean based on different fishery data.

Shenglong Yang!?* Linlin Yu 1 ,Fei Wang!?, Tianfei Chen'?, Yingjie Fei®, Shengmao
Zhang'2,Wei Fan!2*

*Correspondence: ysl6782195@126.com;fanwee@126.com

This PDF file includes:
Figure S1. The fishing effort and number of fishing vessels during 2012-2020.

Figure S2. The spatial distribution of MPA and EEZ locations.

Figure S3. The spatial distribution of commercial fishery data during 2015-2020

Figure S4. The average importance scores for different MaxEnt models

Figure S5. Jackknife test results of the variable importance derived for each month in the
GFW_0.25° model. The blue and green bars correspond to the effect on model gained by using
and sequentially removing each variable from the model, respectively.

Figure S6. Jackknife test results of the variable importance derived for each month in the
GFW_0.5° model.The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.

Figure S7. Jackknife test results of the variable importance derived for each month in the GFW_1°
model. The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.

Figure S8. Jacknife test results of variable importance derived for each month in the WPFCF
model .The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.

Figure S9. Response curves for important variables in all months in the GFW_0.25° model.
Figure S10. Response curves for important variables in all months in the GFW_0.5° model.
Figure S11. Response curves for important variables in all months in the GFW_1° model.

Figure S12. Response curves for important variables in all month in the WPCFC model.

Figure S13. Frequency distribution of important variables based on EF data at the 0.25° spatial
scale

Figure S14. Frequency distribution of important variables based on EF data at the 0.5° spatial scale
Figure S15. Frequency distribution of important variables based on EF data at the 1° spatial scale
Figure S16. Frequency distribution of important variables based on commercial fishery data at the
1° spatial scale

Figure S17. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW_0.25° model.

Figure S18. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month in 2020 in the GFW_0.25° model.

Figure S19. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW_0.5° model.

Figure S20. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month in 2020 in the GFW_0.5° model.



Figure S21. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW__1° model.

Figure S22. The spatial distribution of fishing data locations (black dots) overlain on habitat
suitability maps for each month in 2020 in the GFW_1° model.

Figure S23. The spatial distribution of fishery data locations (black dots) overlain on habitat
suitability maps for each month during 2015-2019 based on fishery data.

Figure S24. The spatial distribution of fishery locations (black dots) overlain on habitat suitability
maps for each month in 2020 based on fishery data.

Figure S25. The spatial distribution of sample data in the GFW_0.25° model based on FE

data.Red dots show the presence locations used for training, while violet dots show test locations.

Figure S26. The spatial distribution of sample data in the GFW_0.5° model based on FE data.Red
dots show the presence locations used for training, while violet dots show test locations.

Figure S27. The spatial distribution of sample data in the GFW_1° model based on FE data.Red
dots show the presence locations used for training, while violet dots show test locations.

Figure S28. The spatial distribution of sample data in the GFW_1° model based on fishery
data.Red dots show the presence locations used for training, while violet dots show test locations..
Table S1. Summary of environmental data and description

Table S2. Summary of VIF statistics.

Table S3 Contribution of each factor in each month for the GFW_0.25° model.

Table S4 Contribution of each factor in each month for the GFW_0.5° model.

Table S5 Contribution of each factor in each month for the GFW_1° model.

Table S6 Contribution of each factor in each month for the WPCFC model.

Table S7. Summary statistics derived from different models without masks.

Table S8. The relative average contributions of the variables to the Maxent model without masks.



o FE x
* Num 2 = %
x
x
5 A o
- |
] A o 2
& / S @ o
|5 P~ 3 . >
=, ~o——d h4 "0
£ g o 4
= / =
w =}
o / =
#
P
'y
<

¥

0 " L L o o 100

2012 2013 2014 2015 2016 2017 2018 2019 2020
year

Figure S1. The fishing effort and number of fishing vessels during 2012-2020
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Figure S2. The spatial distribution of MPA and EEZ locations
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Figure S3. The spatial distribution of commercial fishery data during 2015-2020
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Figure S4. The average importance scores for different MaxEnt models
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Figure S5. Jackknife test results of the variable importance derived for each month in the
GFW_0.25° model. The blue and green bars correspond to the effect on model gained by using
and sequentially removing each variable from the model, respectively.
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Figure S6. Jackknife test results of the variable importance derived for each month in the
GFW_0.5° model.The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.
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Figure S7. Jackknife test results of the variable importance derived for each month in the GFW_1°
model. The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.
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Figure S8. Jacknife test results of variable importance derived for each month in the WPFCF
model .The blue and green bars correspond to the effect on model gained by using and
sequentially removing each variable from the model, respectively.
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Figure S10. Response curves for important variables in all months in the GFW_0.5° model.
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Figure S11. Response curves for important variables in all months in the GFW_1° model.
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Figure S12. Response curves for important variables in all month in the WPCFC model.
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Figure S13. Frequency distribution of important variables based on EF data at the 0.25° spatial

scale.
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Figure S14. Frequency distribution of important variables based on EF data at the 0.5° spatial scale.
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Figure S15. Frequency distribution of important variables based on EF data at the 1° spatial scale.
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Figure S16. Frequency distribution of important variables based on commercial fishery data at the

1° spatial scale.
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Figure S17. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW_0.25° model.
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Figure S18. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month in 2020 in the GFW_0.25° model.
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Figure S19. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW_0.5° model.
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Figure S20. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month in 2020 in the GFW_0.5° model.
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Figure S21. The spatial distribution of fishing locations (black dots) overlain on habitat suitability
maps for each month during 2015-2019 in the GFW__1° model.
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Figure S22. The spatial distribution of fishing data locations (black dots) overlain on habitat
suitability maps for each month in 2020 in the GFW_1° model.
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Figure S23. The spatial distribution of fishery data locations (black dots) overlain on habitat
suitability maps for each month during 2015-2019 based on fishery data.
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Figure S24. The spatial distribution of fishery locations (black dots) overlain on habitat suitability
maps for each month in 2020 based on fishery data.
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Figure S25 The spatial distribution of sample data in the GFW_0.25° model based on FE
data.Red dots show the presence locations used for training, while violet dots show test locations.
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Figure S26 The spatial distribution of sample data in the GFW_0.5° model based on FE
data.Red dots show the presence locations used for training, while violet dots show test locations.
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Figure S27 The spatial distribution of sample data in the GFW_1° model based on FE data.Red
dots show the presence locations used for training, while violet dots show test locations.
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Table S1. Summary of environmental data and description.

Abbreviation Variable explained Unit Spatial resolution
SST Sea surface temperature degrees_C 0.083° x0.083°
SSH Sea surface height m 0.083° x0.083°
SSS Sea surface salinity le? 0.083° x0.083°
Mid Mixed layer depth m 0.083° x0.083°

U Geostrophic zonal velocity m/s 0.083° x0.083°
Geostrophic meridional
\% m/s 0.083° x0.083°
velocity
Dox Dissolved oxygen mmol-m™ 0.25° x0.25°
PP Total Primary Production mg-m>-day’! 0.25° x0.25°
Chl Sea surface total Chlorophyll mg-m? 0.25° x0.25°
The temperature at 92.33
T100 degrees C 0.083° x0.083°
metres
S100 The salinity at 92.33 metres le? 0.083° x0.083°
The oxygen concentration at
0100 mmol-m 0.25° x0.25°
97.04 metres

Total Primary Production
PP100 mg-m 0.25° x0.25°
97.04 metres

The total Chlorophyll at
Chl1100 mg-m 0.25° x0.25°
97.04 metres

The temperature at 186.12

T200 degrees C 0.083° x0.083°
metres
S200 The salinity at 186.12 metres le? 0.083° x0.083°
The oxygen concentration at
0200 mmol-m 0.25° x0.25°
199.79 metres
Total Primary Production at
PP200 mg-m 0.25° x0.25°
199.79 metres
The total Chlorophyll at
chl200 mg-m 0.25° x0.25°
199.79 metres
Depth Bathymetry m 0.083° x0.083°
DSH Distance to nearest shore km 0.01° x0.01°
DPT Distance to nearest port km 0.01° x0.01°

Table S2. Summary of VIF statistics.

variables  therm SST Chl PP T200 S200 SSH S100 Chl100 SSS TI100
VIF 3991 3551 26.63 21.18 17.07 15.28 837 5.63 5.42 5.04 453
variables PP200 PP100 Chl200 0100 Dox 0200 Mild U \Y EKE SSTf
VIF 3.92 3.89 3.87 326 294 238 1.89 146 1.16 .17 1.12
Table S3 Contribution of each factor in each month for the GFW_0.25° model.

1 2 3 4 5 6 7 8 9 10 11 12

DPT 0.70 022 0.68 032 020 0.03 0.25 0.19 042 036 090 0.17

DSH 524 337 259 400 547 370 224 236 276 504 722 8.99
EKE 229  0.64 1.84 490 057 096 023 12.13 18.03 430 1.19  0.98




Chl100 034 046 0.08 0.15 0.83 1.10 036 295 1.05 0.41 0.02  0.55
Chl200 024 052 0.16 0.54 1.19 1.64 227 293 031 0.19 032  0.90
EKE 032 0.14 0.05 0.01 0.00 0.04 0.01 0.04 038 0.05 0.05 0.09
Mld 270 222 428 238 7.15 1.25 0.18 0.80 3.02 048 0.15 1.67
Dox 036 206 097 421 0.56 1.30 538 094 089 245 1.64 1.30
0100 7.81 241 639 737 1032 3437 3790 3450 19.85 636 11.17 1044
0200 1.91 1.24 028 0.33 744  0.23 936 1299 6.12 390 1.21 3.99
PP 2229 4999 4548 3023 2375 650 0.66 037 1241 50.03 2798 1241
PP100  0.79  0.71 0.73 0.85 1.29 347 0.72 146  0.23 0.04 027 043
PP200 0.84 0.70 037 0.71 036 477 0.78 0.51 1.85 0.27  0.68  0.69
S100 1.57 1.01 1.87 097 0091 1.15 0.04 0.26 1.48 1.44 1.60  0.54
S200 0.62 276  0.77 1.08 1.44 148 648 093 215 2.08 429 326
SSH 0.40 1.07 0.00 054 3.09 252 027 005 006 024 0.01 0.10
SSS 2.60 045 1.23 1.11 224  0.60 256 3.12 262 279 1.97 323
SST 28.06 1528 7.29 22,16 28.12 2930 29.70 15.02 444 515 271 2.72
SSTf 0.01 028 020 040 0.13 0.00  0.03 0.00  0.03 0.04  0.03 0.01
T100  20.61 14.12 20.19 17.42 484 558 040 7.68 20.85 1426 36.50 47.44
U 0.17  0.06 4.1 0.02 0.10 0.02 020 009 010 002 008 0.04
\% 0.14  0.31 0.03 0.30  0.01 0.00 0.01 0.70 098 0.12 0.00 0.01
Table S4 Contribution of each factor in each month for the GFW_0.5° model.
1 2 3 4 5 6 7 8 9 10 11 12

DPT 0.35 0.49 0.38 0.33 0.11 0.08 0.41 0.20 0.34 0.35 0.37 0.09
DSH 3.61 2.20 1.13 2.67 3.13 1.06 0.61 1.50 0.98 2.76 6.23 5.98
EKE 0.97 0.78 1.60 1.14 0.08 0.59 020 11.59 19.80 3.85 0.68 0.81
Chl100  0.81 0.23 0.97 0.39 0.82 1.40 0.42 1.80 0.91 0.60 0.03 0.88
Chl200 0.64 1.95 0.49 1.24 0.98 1.30 1.06 2.48 0.29 0.21 0.73 0.15
EKE 0.29 0.23 0.21 0.01 0.00 0.02 0.02 0.03 0.02 0.01 0.10 0.06
Mid 4.07 1.23 6.56 6.22 3.04 1.99 0.87 0.99 2.35 0.34 0.46 1.86
Dox 0.67 0.23 1.25 1.94 1.16 0.86 3.55 0.32 1.42 1.33 0.49 2.37
0100 20.12 9.80 16.78 19.18 1935 4348 4277 40.14 3328 13.57 15.10 13.86
0200 0.71 0.70  0.70  0.61 599 485 1236 11.68 646 295 1.57 1.85
PP 13.69 4484 42.01 2447 16.17 019 090 0.24 1.40 4728 29.85 13.94
PP100  0.75 0.82  0.33 0.62 4.74 1.68  0.70 1.06  0.51 0.02  0.60 0.54
PP200 1.02 060 0.17 0.10 142 265 237 1.19 091 0.56 0.02 0.74
S100 0.63 0.05 0.64 255 242 0.11 0.89 1.10  0.57 2.13 3.18 0.60
S200 096  0.81 0.31 0.38  0.04 146  5.00 272 1.97 045 1.63 0.51
SSH 0.06 082 046 0.11 0.16 346 0.13 0.13 0.00 0.05 0.06 0.26
SSS 2.63 220  0.63 0.65 1.09 230 211 353  2.63 426 1.74  2.11
SST 11.79 11.49 3.09 16.81 3226 27.18 2471 12.63 2.71 356  2.06 2.09
SSTf 0.10 048 033 0.11 049 0.00 0.19 041 0.23 037 047 0.15
T100 3596 1937 21.64 2044 626 525 0.66 576 2248 1526 3443 51.11
U 0.06 041 0.25 0.01 027  0.02 0.05 0.19 028  0.03 0.16  0.02
\% 0.10 029 0.09 0.03 0.04 0.07 0.02 030 046 007 0.04 0.01

Table S5 Contribution of each factor in each month for the GFW_1° model.



1 2 3 4 5 6 7 8 9 10 11 12
DPT 0.06 0.75 0.23 0.45 0.10 0.09 0.09 0.08 0.51 0.73 0.95 0.14
DSH 0.90 1.67 0.28 1.34 1.57 0.32 0.34 0.34 0.26 0.18 2.73 1.84
EKE 1.54 0.31 0.84 2.02 0.07 0.55 0.24 833 17.08 1.11 0.35 0.44
Chl100  0.19 0.27 0.29 0.95 2.68 0.69 0.67 2.26 1.08 0.34 0.89 0.79
Chl200 0.52 0.21 0.54 2.22 4.13 1.27 1.59 0.88 0.31 0.59 0.06 0.02
EKE 0.06 0.56 0.63 0.70 0.52 0.12 0.06 0.34 0.06 0.28 0.42 0.34
Mid 4.88 0.42 1.23 5.04 443 0.97 1.69 0.21 1.10 1.20 1.07 2.46
Dox 0.44 2.33 1.72 1.53 1.18 390 2.00 0.01 0.86 1.73 1.90 1.39
0100 37.45 2505 29.79 4230 3879 4871 46.68 46.26 4251 3285 1844 23.56
0200 0.73 3.50 1.46 0.54 3.83 8.85 1548 7.38 5.87 5.31 2.08 0.45
PP 5.64 3466 2793 278 0.32 0.06 0.50 0.10 0.03 33.52 27.57 9.61
PP100 1.75 0.68 0.54 0.37 0.29 0.36 0.32 1.43 0.69 0.14 0.76 0.82
PP200  0.74 0.24 0.23 0.04 0.03 0.92 3.39 0.48 0.55 0.86 0.27 0.91
S100 0.36 0.50 0.82 2.06 1.02 0.96 0.17 2.28 1.89 3.65 4.63 3.54
S200 0.77 0.43 0.85 4.04 0.93 2.54 3.40 1.26 1.13 0.31 0.39 2.49
SSH 0.42 0.05 0.23 0.04 0.31 0.60 0.13 0.33 0.05 0.94 0.01 0.33
SSS 2.18 2.32 1.50 1.10 0.85 1.41 2.86 3.68 2.96 1.28 1.53 0.93
SST 8.29 6.87 7.76 9.35  31.59 2042 19.27 16.11 4.39 2.71 4.15 2.87
SSTf 1.04 0.86 0.85 1.69 2.73 0.11 0.57 0.92 1.05 1.28 2.13 1.75
T100 31.85 18.13 21.69 20.96 3.78 7.12 0.38 6.82 1643 10.68 2936 45.07
U 0.05 0.07 0.32 0.08 0.84 0.05 0.02 0.22 1.17 0.19 0.29 0.09
\"% 0.14 0.12 0.26 0.40 0.03 0.00 0.14 0.27 0.04 0.11 0.02 0.15
Table S6 Contribution of each factor in each month for the WPCFC model.
1 2 3 4 5 6 7 8 9 10 11 12

DPT 0.53 0.28 0.18 0.25 0.10 0.14 1.68 0.45 0.32 0.18 0.53 1.17
DSH 1.29 1.21 0.86 0.58 2.42 0.67 0.83 0.52 0.22 2.60 4.68 0.84
EKE 0.77 0.69 0.84 1.39 0.51 1.98 0.66 9.64 16.69 0.33 0.16 1.04
Chl100  0.65 0.29 0.22 0.75 0.28 0.56 0.49 2.87 2.40 0.57 0.92 0.11
Chl200 0.62 0.35 0.28 0.01 2.22 0.41 5.34 1.49 1.11 0.48 0.49 0.63
EKE 0.09 0.16 0.75 0.01 0.06 1.02 0.38 0.10 0.17 0.49 0.53 0.13
Mid 3.90 490 15.62 3.97 5.90 2.82 0.54 0.92 1.76 1.02 0.75 1.84
Dox 0.56 0.33 1.29 1.90 0.18 0.85 6.64 3.24 0.99 1.22 3.08 0.38
0100 1.10 2.00 9.80 575 322 41.03 3432 4346 3203 527 12.57 14.40
0200 0.25 0.24 1.10 1.23 6.42 0.20  4.60 9.97 5.86 1.30 1.46 3.66
PP 29.17 49.19 37.84 3355 3228 3.01 0.21 0.31 292 55.65 26.53 1549
PP100 1.32 0.96 0.92 0.30 1.15 1.82 0.82 0.46 0.74 0.34 0.96 0.16
PP200  0.37 0.41 0.38 0.15 1.07 6.09 4.79 0.42 0.51 0.18 0.03 0.32
S100 2.69 0.11 1.23 0.01 2.59 1.72 1.20 0.38 1.91 3.90 3.44 5.44
S200 2.61 6.47 0.63 2.18 0.25 1.84 1.68 1.79 1.71 0.25 3.88 0.67
SSH 0.12 0.31 0.09 4.32 4.07 2.06 1.98 0.00 0.93 0.27 0.03 0.10
SSS 0.81 0.90 1.15 1.55 0.61 1.04 1.46 3.57 291 5.03 1.22 1.28
SST 28.66 23.12 16.77 2477 28.44 24.15 30.16 10.61 2.69 5.66 7.29 6.26
SSTf 0.27 1.73 0.62 0.70 1.60 0.48 0.82 0.54 3.08 1.60 0.87 1.48




T100 2328 574 7.03 15.03 538 775 1.22 7.53 1899 1277 30.41 44.29
U 0.69 0.18 221 142 049 0.04 0.11 0.50 1.13 0.77 0.12  0.13
v 0.23 042 020 0.17 075 031 0.08 1.23 093 0.13 0.05 0.17

Table S7. Summary statistics derived from different models without mask .
Month 1 2 3 4 5 6 7 8 9 10 11 12
0.25° AUC 0.886  0.889  0.881 0.885 0.882 0.878 0902 0.900 0908 0.885 0.884 0.883
SD 0.003  0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
0.5° AUC 0.854 0.852 0.852 0.848 0.847 0.851 0876  0.873 0.875 0.854 0.855 0.863
o SD 0.005  0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
1° AUC 0.801 0.795 0.783 0.788  0.786 0.775 0.828 0.809  0.829 0.792  0.800  0.807
SD 0.011 0.012  0.012  0.011 0.011 0.011 0.011 0.011 0.011 0.012  0.011  0.011
1° AUC 0.867 0.880 0.875  0.891 0.867  0.881 0.875 0.877 0.861 0.859  0.846 0.867
WCPFC
SD 0.009  0.009 0.009 0.009 0.009 0.009 0.011 0.010  0.010  0.010 0.010 0.010

Table S8. The relative average contributions of the variables to the Maxent model without masks.

Percent contribution

variable
GFW_0.25° GFW_0.5° GFW_1° WCPFC

DPT 0.99 0.54 0.35 0.81
DSH 3.97 2.80 0.01 0.87
EKE 3.41 2.74 0.81 2.49
Chl1100 0.79 0.86 0.47 0.95
ChI200 0.84 0.74 1.14 0.78
depth 0.13 0.14 0.08 0.20
Mld 1.97 2.15 0.85 3.30
Dox 1.54 1.15 2.13 1.96
0100 16.70 25.23 7.69 18.03
0200 3.65 4.04 30.54 3.45
PP 22.10 18.74 26.04 16.66
PP100 0.62 0.72 2.47 4.77
PP200 1.15 0.79 0.81 1.52
S100 1.21 1.30 332 1.32
S200 2.44 1.39 2.72 2.44
SSH 1.09 0.81 0.43 0.97
SSS 1.94 1.65 2.04 1.32
SST 18.93 15.37 6.45 20.17
SSTf 0.12 0.28 0.30 1.31
T100 16.03 18.24 10.84 14.18
U 0.11 0.17 0.31 2.30
\% 0.27 0.15 0.20 0.20




