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Fig.1 Illustration of the Migratory Route of O. bartramiiin the Northwest Pacific Ocean

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

HE/REW-HTHESINRR 506

165° E

VIR mheoR, &5 BE TSR 1Y) 8 A6 KT 5 A R T VI B A A I A
N
48°
/
50T 7 H Jul.
% u
ﬁffo + 8 H Aug.
o9 HHSep
o 10 H Oct.
420 « 11 H NOV.;
il
390 -
36°L, . . . .
145° 150° 155° 160°
B2 AdeXFFERaalEEERE

Fig. 2 Fishing stations of O. bartramii in the Northwest Pacific Ocean
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Fig. 3 Status of ENSO events from 1998 to 2020

Red and blue colors indicate the occurrence of El Nifio and La Nifia

events, respectively; gray indicate the normal condition.
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Tab.1 Fitting results of SI function for each ten-day period from July to November
&) Slsst Slssu Slpar
ten-days a b R RMSE P a b R RMSE P a b R RMSE P
Jul 1 —0.112 16238 0.896 0.117 0.003 —48574 0.006 0987 0.042 0.000 —0.010 38.089 0.826 0.151 0.028
Jul_2 -0.155 17.416 0.886 0.125 0.000 —45.787 -0.058 0.966 0.068 0.000 —0.023 32.135 0.995 0.026 0.000
Jul 3 -0.193 17.761 0913 0.105 0.000 —56.790 -0.074 0.978 0.057 0.000 —0.019 35.335 0.997 0.023 0.000
Aug_1 -0.283 18.690 0.976 0.051 0.000 -19.775 -0.125 0906 0.134 0.001 -0.015 35900 0.959 0.073 0.002
Aug 2 -0.176 17.776 0999 0.017 0.000 —-28.227 -0.196 0.896 0.131 0.005 -0.011 32.282 0.986 0.051 0.000
Aug 3 —0.109 17.758 0.980 0.078 0.000 —31.442 -0.191 0.931 0.102 0.002 —0.011 30.413 0.894 0.114 0.003
Sep_1 —0.098 17.433 0966 0.092 0.000 -23.414 -0.161 0.878 0.153 0.004 -0.022 29.009 0.960 0.078 0.010
Sep 2 —0.281 16377 0.993 0.031 0.000 —33.400 —0.116 0.979 0.064 0.000 —0.019 25932 0965 0.101 0.022
Sep_3 -0.280 15.249 0998 0.019 0.000 -33.975 -0.105 0908 0.142 0.007 -0.028 24.221 0.834 0.149 0.001
Oct_1 —0.287 14.750 0975 0.055 0.000 —23.312 -0.064 0.804 0.189 0.015 -0.059 21.358 0.981 0.051 0.000
Oct_2 —0.194 14.293 0.997 0.029 0.000 —37.935 -0.069 0.970 0.066 0.000 —0.073 18.737 0.974 0.059 0.000
Oct_3 -0.287 14.218 0992 0.031 0.000 —50.897 -0.082 0982 0.047 0.000 -0.066 17.134 0.965 0.068 0.001
Nov_1 —0.423 13.247 0.988 0.039 0.000 —34.108 —0.144 0.941 0.094 0.000 —0.068 14.735 0.974 0.081 0.012
Nov_2 -0.250 12.376 0999 0.013 0.000 -78.925 -0.118 0956 0.070 0.000 -0.103 11.491 0.995 0.047 0.002
Nov_3 —0.155 11.279 0.997 0.038 0.000 —36.275 —0.082 0.940 0.089 0.000 —0.071 11.813 0.986 0.052 0.003
YJH  mean 0.970 0.056 0.000 0.935 0.096 0.002 0.953  0.075 0.006
TE: “RMSE” AT RIRZE, “Jul_1,Jul 2, ..., Nov_3"2r H{RETH LA, 7THHH......11H FH.
Notes: "RMSE" is root mean squard error, “Jul_1, Jul_2, ..., Nov_3” represent early July, mid-July, ..., late November.
F2 19982017 FEFFME S AR W SMBFH B HEXE
Tab.2 Comparison of yield and fishing effort for two habitat types from 1998 to 2017
. JEEAG R suitable habitat ARAREH  unsuitable habitat
A7 S b R A
HSImodel ~ 7=H/A  FrEEN/%  WEHEIEA BESOELLY%  TTEA FREW% WS EA HESIEL %
catch catch ratio effort effort ratio catch catch ratio effort effort ratio
Jul_1 3689 67.79 3790 71.59 1 0.02 3 0.06
Jul 2 7241 58.62 5073 56.41 70 0.57 114 1.27
Jul_3 11965 55.68 8259 56.66 644 3.00 431 2.96
Aug 1 27 160 71.46 12 524 70.40 178 0.47 91 0.51
Aug 2 32999 72.86 12 567 71.09 1552 343 548 3.10
Aug 3 48 294 77.97 16 583 79.14 937 1.51 247 1.18
Sep 1 41435 82.44 15 884 81.27 449 0.89 99 0.51
Sep_2 37253 72.59 14 115 71.49 312 0.61 117 0.59
Sep 3 34507 75.15 13 621 77.16 566 1.23 149 0.84
Oct_1 33 840 73.78 15393 76.71 249 0.54 61 0.30
Oct 2 24150 71.38 11389 74.46 236 0.70 124 0.81
Oct_3 19 382 58.90 9701 63.76 130 0.40 68 0.45
Nov_1 28 415 66.23 11354 64.25 776 1.81 627 3.55
Nov_2 19 956 59.88 5711 50.77 408 1.22 284 2.52
Nov_3 14411 71.22 6120 73.48 47 0.23 27 0.32
¥JE mean 25647 69.06 10 805 69.24 437 1.10 199 1.26
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Fig. 4 The distribution of latitude for hotspots of

suitable habitat of O. bartramii
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Fig. 5 Changes in the area of three habitat types from

July to November of O. bartramii
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The labels 1-15 on the x-axis represent early July, mid-July, ..., and late

November, respectively, the same as Fig.7, Fig.10 and Fig.11.
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Fig. 6 The changes in the migratory center and the distribution of high-yield fishing areas
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Prediction of the migration route of Ommastrephes bartramii in
Northwest Pacific Ocean based on Habitat Suitability Model and
its relationship with ENSO
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5. Key Laboratory of Marine Ecological Monitoring and Restoration Technologies,

Ministry of Natural Resources, Shanghai 200137, China;

6. State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute of Oceanography,
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Abstract: The environmentally sensitive neon flying squid (Ommastrephes bartramii) undertakes large-scale, long-range and
seasonal migrations between spawning and feeding grounds in the Northwest Pacific to seek the optimal habitat conditions for
growth and development. To elucidate the general feeding migration routes of the neon flying squid in the Northwest Pacific
Ocean, this study developed a Habitat Suitability Index (HSI) model utilizing environmental data, including Sea Surface Tem-
perature (SST), Sea Surface Height (SSH), and Photosynthetically Active Radiation (PAR), along with fisheries catch statistics.
The model was applied to analyze the squid's migration distribution during the feeding season (from July to November) from
1998 to 2020 and its relationship with the El Nifio Southern Oscillation (ENSO). The results indicated that in early July, the
squid were widely distributed within 152°-165°E and 38°-42°N. The feeding migration comprised three distinct phases: 1) Ini-
tially, the squid aggregated rapidly northwestward, reaching 155.48°E, 41.75°N by early August. 2) Subsequently, they turned
northeastward, progressed slowly along the Subarctic Front, and arrived at the northernmost point (156.56°E, 43.46°N) in late
September. 3) Finally, they commenced a direct return migration southwestward, arriving at 151.52°E, 41.26°N by late Novem-
ber. Over the past 23 years, significant interannual variability was observed in the migration routes, with longitudinal and latit-
udinal shifts of approximately 1.7° and 0.5°, respectively. The research reveals that ENSO events influence the spatiotemporal
distribution of juvenile squid, leading to a more eastward-biased northward feeding migration. Compared to normal years, dur-
ing La Nifia events, the expanded suitable habitat promoted faster growth and a quicker northward migration, resulting in a
more northerly terminus (43.76°N). Conversely, during El Nifio years, the migration tended to stall south of 43°N, with slower
north-south progression. Furthermore, constrained by regional environmental conditions, the squid exhibited a higher aggrega-
tion tendency from mid-August to early October, which enhanced the commercial fishing efficiency. It is concluded that the
neon flying squid in the Northwest Pacific follows a defined feeding migration route, which exists distinct modifications in
response to ENSO events. These findings provide scientific support for understanding and managing the fisheries resource of

neon flying squid in the Northwest Pacific Ocean, in particular.
Key words: Ommastrephes bartramii; feeding migration; Habitat Suitability Model; ENSO; Northwest Pacific Ocean
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