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Supplementary Tables

Supplementary Table 1. Experiment starting conditions.

Lon. Lat.  Duration SST  Eisiw/Eep!  NOs~  POs~  Si(OH)s  DFe DMn Mn*®  Chl.-a
Exp.  (°E) CN) (Days)  (°C) u™M) (M) (M) M) @M @M) (mgm?)

1 -58.01 -54.71 3.1 5.2 1.01 21.07 1.44 6.79 0.35 0.29 0.16 0.82
2 -57.65 -55.44 2.9 5.4 0.57 20.53 1.39 6.39 0.16 0.37 0.31 1.59
3 -57.96  -55.60 1.8 5.1 1.03 21.34 1.45 6.71 0.39 0.36 0.21 0.75
4 -57.79  -55.76 2.9 5.2 0.72 21.49 1.49 7.57 0.25 0.33 0.24 0.91
5 -57.38  -56.55 32 2.2 0.66 27.41 1.75 18.85 0.44 0.15 -0.02 0.65
6 -57.23  -56.81 32 1.6 0.46 27.38 1.77 20.05 0.39 0.14 -0.01 0.59
7 -56.42  -58.08 5.1 -0.4 1.01 27.31 1.79 36.12 0.34 0.17 0.04 1.21
8 -56.09  -58.66 3.7 -0.2 0.52 26.32 1.57 41.81 0.52 0.38 0.19 2.18
9 -5547  -59.64 3.1 -0.1 0.97 26.68 1.59 46.40 0.42 0.34 0.18 2.97
10 -54.64  -60.97 3.9 -0.6 1.99 29.83 2.08 78.52 0.78 2.35 2.06 1.26

Ratio of estimated in situ mean mixed layer irradiance to mean experimental irradiance
‘Mn*=DMn — DFe/RFe.:mn, Where Rre:mn represents the assumed-average Fe:Mn ratio of
phytoplankton (2.67)".



Supplementary Figures
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Supplementary Figure 1. Changes in biochemical and physiological parameters at
Mn limited Experiments 5 and 7. a—g, Experiment 5; h—n, Experiment 7. Where
available in triplicate biological replicates, bar heights indicate the mean, white
symbols are the individual replicate values (connecting line is the range), and different
letters above bars indicate statistically different mean responses (one-way ANOVA, F
and p values shown, followed by Fisher Least Significant Difference test). Bars with
no points or letters have only one replicate (pooled treatments). Arrows indicate
average initial values (n=3 for chlorophyll-a and F\/Fm, n=1 for POC and fucoxanthin
concentrations).
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Supplementary Figure 2. Phytoplankton community composition. Predicted
contribution of different phytoplankton types to total chlorophyll-a via diagnostic
pigment analysis and CHEMTAX.
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Supplementary Figure 3. Responses of small phytoplankton analyzed by flow
cytometry. a, Flow cytometry gating strategy. PPE indicates photosynthetic
picoeukaryotes (approximately 0.2-2 pm); PNE indicates photosynthetic
nanoeukaryotes (approximately 2—20 um). Gate positioning was checked and adjusted
manually for each sample to account for changes in cellular fluorescence. The units for
the axes are arbitrary. b, photosynthetic picoeukaryotes. ¢, photosynthetic
nanoeukaryotes.
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Supplementary Figure 4. Changes in dissolved silicic acid: nitrate concentration
ratios (Si:N) in experiments. Bar heights indicate the mean, white symbols are the
individual replicate values (connecting line is the range), and different letters above
bars indicate statistically different mean responses (n=3 biological replicates; one-way
ANOVA, F and p values shown, followed by Fisher Least Significant Difference test;
n.s. indicates not significant). Results for Experiment 8 are not shown as samples were
stored frozen for >1 year prior to analysis (see Methods; they however showed
significant silicic acid: nitrate drawdown in +Fe and +Fe+Mn additions relative to
controls and +Mn).
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Supplementary Figure 5. Wider extent of Mn deficiency in the surface Southern
Ocean. Values are calculated with <30 m depth data from the GEOTRACES
Intermediate Data Product?, CLIVAR?#, and Refs 5-11. Yellow points indicate sites
approaching Mn-Fe co-deficiency. Red crosses indicate locations where experiments
(replicated bottle-scale bioassay experiments or mesoscale enrichment experiments)
have found evidence for Fe limitation (from compilation of Ref. 1).
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Supplementary Figure 6. Ecosystem model simulation in response to enhanced
dust. Details are as for Figure 3d—g and Methods, except (i) all panels are for sites with
low open ocean Mn*, isolated deep-water case; and (ii) dust inputs have been included
in simulations. Upper panels are for interglacial, low dust conditions (0.014 g m yr-
N12; lower panels are for glacial high dust conditions (3.45 g m? yr'!)!3. The Fe and Mn
content of dust were prescribed (Fe=30,890 p.p.m.; Mn=527 p.p.m.)!*. Solid lines
represent results when solubilities of Fe and Mn are set to the medium values found in
the compilation of Ref. 15, whilst shading represents the range when lower and upper
quartile values of the compilation are used (see main text and Methods).
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