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[bookmark: _Ref159973216]Extended Data Fig. 1. | The spatial pattern of the seasonal climatology nitrate concentration and sea surface currents. a-d The seasonal climatology surface ocean nitrate concentration for winter, spring, summer and autumn, respectively. e-h The seasonal climatology sea surface currents for winter, spring, summer and autumn, respectively. The climatology boundaries of the CRT in each season, calculated from seasonal climatology Chl, are depicted by the solid black curves.
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[bookmark: _Ref159972789][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Extended Data Fig. 2. | The long-term trends of the CRT area observed from different satellite datasets. a MODIS-aqua monthly Chl product from August 2002 to September 2022 (9 km spatial resolution) exhibits an expansion of CRT at a rate of ~8.46 × 104 km/yr. b OC-CCI merged monthly Chl product from September 1997 to July 2023 (4 km spatial resolution), exhibits a greater expansion rate at ~5.13 × 105 km/yr. c Same as b, but excludes data within 1997 and 1999 to avoid the strong interannual influence, resulting in an expansion rate of ~4.56 × 104 km/yr.
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[bookmark: _Ref159972832]Extended Data Fig. 3. | The directional movements of the North and South Pacific Subtropic Gyre (NPSG and SPSG) centers over the past two decades. a-b Monthly variability of NPSG central location, represented by the longitude (a) and latitude (b), respectively (See Methods). c-d same as a-b, but for SPSG. The center of NPSG and SPSG moved towards the northeast and southwest directions, respectively. e Demonstrations of the locations of NPSG (solid blue curve), SPSG (solid green curve), and CRT (solid red curve), with their long-term movement or expansion directions in the past two decades denoted by the arrows in the corresponding colors. In the Tropical Pacific, CRT tends to occupy more areas.
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(a) Longitude of NPSG central location . (b) Latitude of NPSG central location
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