Supplement to Intermediate water circulation drives distribution of Pliocene Oxygen Minimum Zones
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	Information
	Oxygen Only
	Multi-variate
	Description(s)

	Variables
	O2
	O2, SiO3, PO4, T, S, NO3
	Environmental covariates used in model

	Depth
	400 to 800m 
	400 to 800m 
	Depth of environmental covariate(s)

	Seed
	5000
	5000
	Random seed

	AUC
	0.87
	0.92
	True Positive (TP) rate vs. False Positive (FP) rate (Sensitivity vs. 1 - Specificity)

	Kappa
	0.56
	0.68
	Observed accuracy vs. expected accuracy due to chance

	Omissions
	0.42
	0.34
	Percent incorrect absence predicted (False Negative (FN) / (FN + True Negative (TN)))

	Sensitivity
	0.58
	0.66
	Percent correct presence predicted (TP / (TP + FN))

	Specificity
	0.94
	0.97
	Percent correct absence predicted (TN / (TN + FP))

	Percent Correct
	0.84
	0.88
	Correct predictions vs. total samples



Supplementary Table 1. Selected MaxNet models are shown. The dissolved oxygen only model is compared to a model fit using a full range of World Ocean Atlas variables with performance statistics and their descriptions. Including more variables generally increases model performance statistics at the risk of overfitting. Here the oxygen-only model performs comparably to the full-variable model (e.g. 0.87 vs. 0.92 AUC). SDMs were run using a variety of common statistical and machine learning algorithms, including Logistic Regression, Gradient Boosting, MaxEnt, MaxNet (an open-source reimplementation of MaxEnt), and Random Forests. Each model was rerun multiple times using randomly withheld data for cross-validation (k = 5). While Random Forest models slightly outperformed the MaxNet models, this came at the expense of overfitting as evident in unrealistically discrete spatial patterns.
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Supplementary Figure 1. Modern oxygen minimum distributions based on aggregated WOA18 oxygen data collected in years 1955-20101, with lower O2 concentrations shown in darker red. Abundances of G. hexagonus > 0.3% of the assemblage are shown in purple, and > 1% in pink. Absences are shown as open grey circles. Shapes indicate different sources: ForCenS (triangles)2, the Brown Foraminiferal Database (Atlantic Basin only; circles) and sediment trap and plankton tow data (squares)3-11. Figure is meant to be illustrative of the potential to use a threshold such as >1% (or at least 3 individuals) to avoid ‘false positives’. However, small differences in relative abundance are not likely representative of differing environments. 
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Supplementary Figure 2. Oxygen at depth from WOA18. Each panel integrates over ~25-50 m with the midpoint labeled above the panel. 
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Supplementary Figure 3. Modern G. hexagonus distribution by data source. The presence (solid blue circles) and absence (open gray circles) of G. hexagonus from ForCENs (top), the Brown Foraminiferal Database (Atlantic Basin only; middle) and published sediment trap and plankton tow data (bottom). Base map made with Natural Earth (http://www.naturalearthdata.com).


[image: ]
Supplementary Figure 4. Comparison of oxygen at ~600 m between (A) modern aggregated WOA18 data (1950-2018) 1 and (B) dissolved oxygen output from the Pre-Industrial CESM simulation. Lower O2 concentrations are shown in darker red
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Supplementary Figure 5. Oxygen at depth through the Pliocene-like simulation. Slices are chosen to best compare to Supplemental Figure 2 and the layer nearest to each slice is shown. 
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Supplementary Figure 6. Transects through the East Pacific (130°W) (A, C) and Central Atlantic (30°W) (B, D) show modern WOA18 data (1955-2010)1 and (A, B), outputs from the Pliocene simulation (C, D).
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Supplementary Figure 7. Minimum O2 within the upper 1000 m from the Pliocene-like CESM simulation is shown with lower O2 concentrations are shown in darker red. Regions where oxygen concentrations do not fall below 172 mol m-3 are white. 
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