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Fig. 1 The spatial distribution of nominal CPUE over

2009-2018 for skipjack tuna in Western
and Central Pacific Ocean
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www.argo.org.cn/), R ¥ (sea surface tempe-
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T50 (50 m 7/KIRIEE, sea temperature at 50 m depth),
A5 77 22 18 B I - (variance inflation factor, VIF)<
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Tab.1 Parametersof environmental factors
in different quarters

PIRT et BB B2BE BeBE
environment factors  first quarter second quarter fourth quarter

factor

NPP significance ~ 74.19 67.74 100

VIF 1.81 4.94 2.78

T50 significance ~ 60.52 38.71 67.10

VIF 6.67 6.74 2.89

S50 significance  64.19 60.87 38.71

VIF 5.33 3.11 4.49

MLD  significance 100 41.94 77.42

VIF 4.05 3.80 3.91

SLA  significance 100 83.87 87.10

VIF 4.63 3.20 2.40

SSTG  significance  48.65 100 80.65

VIF 1.18 1.20 1.17

s NPP—4 ) 4% 42 77 77 T50-50 m /K IR T EE ; S50: 50 m 7K IR 3R B

MLD-R & RUREE; SLA-EF-TH 5% % ; SSTG-If 2 11 ifi B2 16 JiE 5
significance— i #; VIF-J5 22 [ ik K+

Note: NPP—net primary production; T50—-sea temperature at 50 m
depth; S50-sea salinity at 50 m depth; MLD-mixed layer depth;
SLA-sea level anomaly; SSTG—sea surface temperature gradient.
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FER R/, GWR BRI Fk P F
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Fig. 2 The spatial distribution of nominal CPUE of skipjack tuna in Western and Central Pacific Ocean in different quarters
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Tab.2 The spatial autocorrelation analysis parameters of
nominal CPUE of skipjack tunain Western and Central
Pacific Ocean in different quarters

ZE ¥ quarter Moran’s [ z P
%5 1 Z2J¥ first quarter 0.508 27.224 <0.01
% 2 Z2J¥ second quarter 0.466 27.435 <0.01
% 4 Z=J¥ forth quarter 0.509 28.625 <0.01

3 FARAZEHRAKXTELCAEMNEE OLSH GWR HEM S E AR SH LK
Tab. 3 Comparison of regression effects of OLS and” GWR modelsin different quarters

F/h 3k OLS

HEE DAL B GWR

ZBE quarter RIAE BMEN AIC P

ARt S HEN] AIC

WALE  REMMGMHE R 52 Moran’s [

R? adject R? Moran’s / of residuals
% 1 Z2J¥ first quarter 2566 <0.01 2227 0.46 0.39 0.129 <0.01
% 2 Z2J¥ second quarter *3029 <0.01 2875 0.25 0.21 0.283 <0.01
2 4 Z2J¥ forth quarter 2766 <0.01 2486 0.42 0.36 0.162 <0.01
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Fig. 3 The spatial distribution of GWR regression coefficients of different environmental factors in the first quarter
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Fig. 4 The spatial distribution of GWR regression coefficients of different environmental factors in the second quarter
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Fig. 5 The spatial distribution of GWR regression coefficients of different environmental factors in the forth quarter
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Tab. 4 Summary statistics of GWR regression coefficients with overall percentage of positive
and negative valuesin different quarters
MR ROME ORISR b RWSR O RKE R,
variable min lower quartile medium upper quartile max range
intercept —-0.790 -0.418 0.851 1.946 2.243 3.032 26.0 74.0
NPP -1.266 -0.735 0.173 1.558 2.360 3.627 34.9 65.1
8951
MLD —-3.554 -1.019 -0.559 -0.406 -0.273 3.281  100.0 0.0
the first quarter
SLA —2.843 —2.252 -1.786 —0.460 2.537 5.381 52.8 47.2
SSTG —0.416 —0.267 0.000 0.224 0.413 0.829 50.1 49.9
Intercept ~ —0.572 -0.013 0.389 1.132 2.405 2.977 19.2 80.8
= NPP -0.778 0.444 0.873 0.947 1.015 1.793 43.4 56.6
2B MLD -2.582 -2.475 -2.407 -2.259 0.673 3.256 79.3 20.7
the second quarter
SLA -3.048 -1.853 -1.022 -0.460 0.151 3.199 95.3 4.7
SSTG 0.282 0.614 0.833 0.913 0.939 0.657 0.0 100.0
Intercept ~ —0.504 0.027 0.474 1.047 2.532 3.036 16.6 83.4
NPP -2.317 —0.249 0.151 0.524 2.604 4.921 47.1 52.9
4 FE
MLD -3.913 -3.185 -2.219 0.247 0.733 4.646 84.2 15.8
the fourth quarter
SLA -4.940 —0.680 -0.518 1.110 4.015 8.954 55.2 44.8
SSTG -0.930 -0.427 —-0.093 0.682 1.935 2.865 32.5 67.5

1 intercept—fH; NPP #7144 ™ J1; MLD—R A J2 R EE; SLA—TRT-1H 5 5 ; SST G 3% 11 L B2 A i
Note: NPP—net primary production; MLD—mixed layer depth; SLA—sea level anomaly; SSTG—sea surface temperature gradient.

K, 1 BERZ, 52 TR M2 5 e
BERAR, B b, ASIR) 2R B A9 2 o) 5 o R B f
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Abstract: Skipjack tuna (Katsuwonus pelamis) is an important resource for purse seine fishing in the Western and
Central Pacific Ocean. In order to explore the spatial and temporal differences in the impact of environmental
factors on the fishing rate of skipjack tuna, this paper evaluates the fishing logbook data of tuna purse seine fishing
vessels in the Western and Central Pacific Ocean from 2009 to 2018 in mainland China, as well as the corres-
ponding marine environmental data. Exploratory regression analysis, spatial autocorrelation analysis, and the
geographically weighted regression (GWR) model are used to explore the spatial and temporal heterogeneity of
standardized environmental factors and the fishing rate of skipjack tuna. The results show that: (1) The fishing rate
of skipjack tuna has spatial aggregation. In terms of space, there are 2—3 main aggregation areas, which are
concentrated in 152°-164°E, 3°N-7°S sea area on the west side, 164°-175°E, 5°N—4°S sea area on the east side,
and 175°-180°E sea area in the second quarter. In terms of time, the degree of aggregation had values of fourth
quarter>first quarter>second quarter. (2) The spatial heterogeneity degree of the effects of environmental factors
on the fishing rate of skipjack tuna had values of sea level anomaly (SLA)>mixed layer depth (MLD)>net primary
production (NPP)>sea surface temperature gradient (SSTG). (3) SLA and MLD had significant negative effects on
the fishing rate of skipjack tuna because the corresponding values of SLA and MLD were smaller in the surface
nutrient-rich areas. NPP and SSTG were mainly positively affected because the frontal where the cold and warm
water intersects is greatly affected by these two factors. (4) The GWR model was tested, and it was found that its
residuals showed smaller spatial autocorrelation, indicating that the GWR model has a better fitting effect and is
better than the ordinary least squares (OLS) method.

Key words: Katsuwonus pelamis; Western and Central Pacific Ocean; geographically weighted regression; spatial auto-
correlation; spatial and temporal heterogeneity
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