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A Longterm climate changeis globally altering
phytoplankton phenology(i.e., the timing and
magnitude of blooms) by modifying upper-
oceanphysicaland biogeochemicatonditions,
with serious implications for the oceanic

carboncycle
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Fig. 2 Phytoplankton bloom seasonal metricas, ¢, €) Annual averages
(1998;2023) andlf, d, f) differences between the 1942010 and

20112023 periods.
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Climate Extremes Shape Phytoplankton Bloom
Phenology across Spanish Marine Ecoregions
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A In addition to longterm trends, increasingshort-

term climate extremes such as marine
heatwaves (MHWs prolonged events of
anomalously warm ocean temperatures), are
disrupting marine ecosystem functioning Vet,
regional phytoplankton responsesremain poorly
understood

Climate Extremes

A Here, we analyze spatiotemporal changes in

phytoplankton bloom phenology acrossSpanish
marine ecoregions using 26 years of 1 km-
resolution L4 chlorophyllta (Chta) data from
[ 2 LIS NJ/ matdzat€llie observations We
further explore causal, nonlinear relationships
between phytoplanktondynamicsand changesin
physicaforcingsresultingfrom climatevariability,
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Fig. 1 Approach for deriving phytoplankton seasonal metrics.
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Fig. 4 Non-stationary causality between phytoplankton phenology and climate variability across the North Atlar
(NA) ecoregion.agc) Wavelet analysis of [Ghl and (c¢g) (G)CCM analysis quantifying causal relationships
between BMaxCkh and Seasonal Cycle Reproducibility (SCR),dygh MHW Cum Intensity and, Q) Windiness.
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