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Figure S1. Evaluation of the optimal number of clusters for classifying net primary
productivity in the Gulf of California using (A) the elbow method and (B) silhouette
analysis. Both diagnostics favoured solutions comprising a small number of clusters,
whereas increasing K, particularly to K > 5, provided only marginal improvement and

resulted in poorer cluster separation.
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Figure S2. (A) Spatial distribution of cold-season coverage (December—May) across

productivity zones for each year from 2003 to 2024. (B) Annual time series of the percentage
of the study region covered by each productivity zone. The productivity zones are defined as
the low-productivity zone (LPZ, < 900 mg C m 2 d!), mid-productivity zone (MPZ, 900—
1700 mg C m2 d!), and high-productivity zone (HPZ, > 1700 mg C m 2 d ).
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Figure S3. (A) Spatial distribution of warm-season coverage (June—November) across
productivity zones for each year from 2003 to 2024. (B) Annual time series of the percentage
of the study region covered by each productivity zone. The productivity zones are defined as
the low-productivity zone (LPZ, < 900 mg C m 2 d!), mid-productivity zone (MPZ, 900—
1700 mg C m2 d!), and high-productivity zone (HPZ, > 1700 mg C m 2 d ).
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Figure S4. Monthly variation in the latitudinal distribution of net primary productivity (NPP;
Tg C month™) in the central Gulf of California. (A) The location of the latitudinal transect,
and (B) the corresponding Hovmodller diagram of monthly variation of NPP along the

transect.
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Figure S5. Monthly sea surface temperature anomalies (SSTa) from 2003 to 2024 for the three net
primary productivity (NPP) zones of the Gulf of California: (A) low-productivity zone (LPZ), (B)
mid-productivity zone (MPZ), and (C) high-productivity zone (HPZ). Positive and negative
anomalies indicate warmer- and cooler-than-average conditions, respectively. Alternating shaded

bands denote cool and warm seasonal periods.
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Figure S6. Euphotic-zone depth anomalies (EZDa) from 2003 to 2024 for the (A) low-
productivity zone (LPZ), (B) mid-productivity zone (MPZ), and (C) high-productivity zone
(HPZ) of the Gulf of California. Positive and negative anomalies indicate deepening and
shoaling of the euphotic zone, respectively. Alternating shaded bands denote cool and

warm seasonal periods.
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Figure S7. Mixed layer depth anomalies (MLDa) from 2003 to 2024 for the (A) low-
productivity zone (LPZ), (B) mid-productivity zone (MPZ), and (C) high-productivity zone (HPZ) of
the Gulf of California. Positive and negative anomalies indicate a deepening and shoaling of

the mixed layer, respectively. Alternating shaded bands distinguish cool and warm periods.
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Figure S8. Temporal and vertical distribution of phosphate (PO3™) concentrations within the
upper 120 m of the water column throughout the study period (2003—2024) in the (A) low-
productivity zone (LPZ), (B) mid-productivity zone (MPZ), and (C) high-productivity zone (HPZ) of
the Gulf of California.
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Figure S9. Stratification index (SI; kg m~) from 2003 to 2024 in the three NPP zones: (A)

low-productivity zone (LPZ), (B) mid-productivity zone (MPZ), and (C) high-productivity

zone (HPZ) of the Gulf of California. Alternating shaded bands denote cool and warm

seasonal periods.
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Figure S10. Spatial trends in net primary productivity (NPP; mg C m 2 d ! year ') across the
Gulf of California from 2003 to 2024. Blue indicates negative trends, whereas red indicates

positive trends. Black dots denote pixels with statistically significant trends (p < 0.05).
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Table S1. Spearman’s rank correlations (75) between climate indices (PDO, NPGO, and

MEI.v2) and the spatial extent of the low-productivity zone (LPZ), mid-productivity zone (MPZ),

and high-productivity zone (HPZ) in the Gulf of California (2003—2024). Significance levels

were adjusted for temporal autocorrelation using the effective-sample-size method of Pyper

and Peterman (1998). Ner denotes the effective sample size after accounting for temporal

autocorrelation; porig denotes the original significance level calculated under the assumption

of independent observations; and pcorr denotes the significance level corrected for temporal

autocorrelation. Statistically significant correlations (0=0.05, based on pcor) are shown in

bold.

Climate index Zone Fs Neft Porig Deorr
LPZ 0.058 106.98 0.344 0.550
PDO MPZ 0.055 139.78 0.373 0.518
HPZ -0.118 91.33 0.055 0.263
LPZ 0.065 189.32 0.293 0.374
NPGO MPZ -0.059 140.09 0.337 0.486
HPZ -0.097 141.99 0.118 0.253
LPZ 0.116 264 0.061 0.061
MEILv2 MPZ -0.043 264 0.486 0.486
HPZ -0.136 264 0.027 0.027
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