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An exploratory spatial data analysis-based investigation of the hot spots and
variability of Ommastrephes bartramii fishery resources in the northwestern
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Abstract: The oceanic cephalopod Ommastrephes bartramii is widely distributed in the northwestern Pacific Ocean and is an
important target species for the fishing industries of Japan, South Korea, China and Chinese Taiwan. Owing to the effects of
global climate change and increased fishing activities, the spatial patterns and hot spot dynamics of O. bartramii resources
are changing. This study focused on O. bartramii resources, especially within the boundaries of 150°E—160°E and 38°N—
45°N, in the northwestern Pacific Ocean. Based on original fishing data from Chinese boats, the study aimed to explore the

spatial structure of O. bartramii resources using integrated methods of spatial statistics, global spatial autocorrelation,
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change detection and landscape metrics. Classical statistics and global spatial autocorrelation-based primary analysis showed
that there were vast differences in the resource abundance of O. bartramii over the study area. A relatively strong aggregated
distribution was observed for O. bartramii in the northwestern Pacific Ocean. In addition, spatial hot and cold spot maps
were produced for the years of 2007 and 2010 using both a geographic information system and local spatial autocorrelation
methods. The maps illustrated that there were three obvious hot spots and one cold spot for O. bartramii in the northwestern
Pacific Ocean in 2007, whereas in 2010 there was one obvious hot spot and four cold spots. Change detection demonstrated
that only one spatial hot spot remained unchanged between 2007 and 2010, while two areas showed a change in status from
hot to cold spots. In addition, only one of the cold spots remained unchanged between 2007 and 2010. As a result, the non-
hot and non-cold spots that showed non-aggregated or random distributions dominated the pattern of O. bariramii in the
northwestern Pacific Ocean. Landscape metrics were also employed in this study to mine the implicit information and
knowledge of hot/cold spots of O. bartramii resources. This research demonstrated that relatively low complexity and self-
similarity were observed for the O. bartramii resource, while strong spatial heterogeneity and aggregation, as well as high
integrity and cohesion, were detected for the same fishery resource. Finally, a sea surface temperature-based analysis
revealed the marine environmental characteristics and dynamics of spatial hot/cold spots of O. bartramii in the northwestern
Pacific Ocean in both 2007 and 2010. The results showed that, owing to the influence of sea surface temperature and
currents within the fishing area of the northwestern Pacific Ocean, approximately half of the area has relatively high
production. However, high production alone cannot account for the hot spot clustering within most of the study area. Hence,
in 2007, only 7.0% of the study area was classified as hot spots, while most of the area comprised cold spots or areas that
were not statistically significant. As a result of the Oyashio Current, the fishing grounds distributed at 40°—45°N and
154°—158°E during the best fishing period displayed relatively aggregated spatial hot spots in 2010, whereas the spatial

cold spots were scattered across the northwestern Pacific Ocean.

Key Words: Ommasirephes bariramii; exploratory spatial data analysis; spatial hot spot; spatial autocorrelation;

northwestern Pacific Ocean
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Table 1 Statistics and global spatial autocorrelation for the fishery resource of O. bartramii in the northwestern Pacific Ocean
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Table 2 Landscape-level metrics of hot/cold spots for the fishery resource of Ommastrephes bartramii in the northwestern Pacific Ocean

A3 Year NP LPI/% LSI PAFRAC CONTAG DIVISION SHDI SIDI
2007 31 16.2849 3.4097 1.2031 47.7832 0.9641 1.5378 0.7744
2010 19 30.0079 3.2199 1.1542 52.4525 0.8763 1.4241 0.7236

NP ; DX 5 fo] B PR 35 7 A SRR 5 A 500 ) 289 e 2 25 55 UL R TC ) Bt LT SR P ST Le o 2 AR OL Y LU 31 5 1LST J  BES AL R F)
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Table 3 Class-level metrics of hot/cold spots for the fishery resource of Ommastrephes bartramii in the northwestern Pacific Ocean

/iz{:]: Hjlijtd(/ipits NP LPI /% LSI 1 COHESION  DIVISION Al
2007 >2.0 8 5.7816 2.5146 21.4769 98.6967 0.9955 98.5103
1.0—2.0 9 9.3199 5.0506 50.0000 99.1187 0.9873 96.8180
-1.0—1.0 6 6.6647 4.7110 67.2694 98.8160 0.9947 96.5395
-2.0—-1.0 5 3.5828 4.6412 49.1255 98.1711 0.9987 94.3356
<=2.0 3 16.2849 1.8364 17.1953 99.3280 0.9880 99.2108
2010 >2.0 1 3.7564 1.1345 0.0000 98.6933 0.9986 99.7695
1.0—2.0 2 9.2049 2.4691 45.4337 99.1891 0.9915 98.4677
-1.0—1.0 5 12.8751 3.8091 49.2476 99.2928 0.9831 97.6315
-2.0—-1.0 6 30.0079 3.8246 48.4071 99.7475 0.9099 98.3298
<-2.0 5 7.0042 2.5785 0.0000 98.6430 0.9933 98.5594
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At P P A BE IR AEHE 50, o 4x NP . LSI il COHESION [ X 536 2 MR, (B 17k 3 P g T2 M Ry [ 26-20)
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Fig.5 The relationship between annual mean sea surface temperature and hot/cold in the northwestern Pacific Ocean in both 2007
and 2010
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