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Supplementary Fig. S1. Changes in abundance of Prochlorococcus (Pro) prey and various grazers
during experimental (prey + grazer) or control (prey without grazer or grazer without prey) incubations
and the specific clearance rate (mean + SE) derived from the data (right side of each panel). Time range
highlighted in gray in each experiment indicates the data range over which specific clearance rate was
calculated. Four separate rounds of experiments were conducted covering a total of 31 isolates. Fifteen of
the isolates (marked in bold in Supplementary Table S1) were assayed twice, once in each of two
independent rounds of experiments for a total of 46 experiments. Labels on each panel indicate: the genus
or unclassified clade to which the grazer belongs, the culture identifier in parentheses, followed by a
colon, and then the experimental round in which the assay occurred. Labels highlighted in green indicate
the five representative experiments shown in Fig. 2 of the main text.
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Supplementary Figure S2. Specific clearance rate as a function of Prochlorococcus concentration, for
the experiments depicted in Fig. S1. Each panel corresponds to one isolate, with data from multiple
replicates pooled. Trendlines are linear regression with 95% confidence bands. Label on each panel
indicates the genus or unclassified clade to which the grazer belongs, with the culture identifier in
parentheses.
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Supplementary Figure S3. Ingestion rate as a function of Prochlorococcus concentration, for the
experiments depicted in Fig. S1. Each panel corresponds to one isolate, with data from multiple replicates
pooled. Trendlines are linear regression with 95% confidence bands. Label on each panel indicates the
genus or unclassified clade to which the grazer belongs, with the culture identifier in parentheses.
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Supplementary Fig. S4. Phylogenetic diversity of the species targeted by seven qPCR primer pairs.
Targeted clade indicated by labeled vertical black lines. Stars indicate OTUs within the clade having no
mismatches to either primer in the pair (filled) or those with a single base pair mismatch (open). Those
within the clade with no star have >1 base pair mismatch. Bayesian majority consensus trees (posterior
probability shown on major branches) were inferred from partial 18S rRNA sequence alignments of our
isolates (bold red), reference sequences from the PR? database (black), and environmental sequences of
putative grazers identified by stable isotope probing [1] (bold blue) for (a) Dictyochophyceae, (b)
Chrysophyceae, (¢) Bolidophyceae and (d) Haptophyta. Five primer pairs (those in panels a and d)
theoretically target the majority, if not all grazers in the genera (or genus-level clades). Two sets (panels b
and c) target only a subset of ChrysoH or Triparma species/OTUs. The ‘NAs’ on environmental
sequences within the Triparma clade indicate information not available because primers target a region
beyond these short sequences. The scale bar indicates the fraction of divergence.
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Supplementary Figure S5. Functional responses of six representative grazers from different genera,
plotted with clearance rate on the y-axis rather than ingestion rate. Clearance rates of Prochlorococcus are
plotted as a function of prey concentration. Holling type Il curves were fitted to the data to estimate Crax
(maximum clearance rate, the initial slope of the curve) and /ma.x (maximum ingestion rate, the asymptote
of the curve). Grazer and prey trajectories from experiments used to estimate functional responses are
shown in Supplementary Fig. S6.
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Supplementary Fig. S6. Variation in grazer and prey trajectories (adjacent pairs of panels) during
grazing experiments with six isolates investigated for functional responses. Specific grazer strain
identifiers are (a) Hap2 (UHM4150), (b) Chrysochromulina (UHM4110), (¢) Florenciella (UHM3021),
(d) DictyX (UHM3050), (e) Rhizochromulina (UHM3071), and (f) ChrysoH (UHM3501). Symbol colors
indicate the concentration of added Prochlorococcus (cells mL™) as shown in the legend in panel a.
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Supplementary Figure S7. Relative and absolute abundances of seven mixotroph groups as a function of
depth in the euphotic zone. (a) Annual average abundance of each group expressed as percentage of total
pigmented eukaryotes at the same depths and times. (b—h) Variations in the abundance of seven
mixotrophic groups collected in four different seasons at Station ALOHA during Hawaii Ocean Time-
series (HOT) cruises 259, 262, 264 and 266, which took place in Jan, Apr, Jul and Oct of 2014,

respectively. Total pigmented picoeukaryote counts were acquired from the Hawai‘i Ocean Time Series
Data Organization and Graphical System: https://hahana.soest.hawaii.edu/hot/hot-dogs/).
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Supplementary Table S1. Taxonomy, culture IDs, and comparable Tara Oceans OTU information for isolates described in this study.

Phylum|Class Genus or Clade! Species? Strain® Culture ID* Tara lineage® Tara ID®
Ochrophyta
Dictyochophyceae Florenciella F. parvula PX-310-100-01 UHM3000 Eukaryota|Stramenopiles|Stramenopiles_X]| 146146

Dictyochophyceae|Dictyochophyceae X|
Florenciellales|Florenciella|Florenciella+parvula

PX-310-100-02 UHM3001
PX-310-100-03 UHM3002
PX-310-100-04 UHM3003
PX-310-100-05 UHM3004
PX-310-100-07 UHM3005
PX-311-25-03 UHM3010
PX-311-100-01 UHM3011
PX-311-100-03 UHM3012

sp. AL-45-004C UHM3020 Eukaryota|Stramenopiles|Stramenopiles_X| 73377

Dictyochophyceae|Dictyochophyceae X|
UA-265-01 UHM3021 Florenciellales| Florenciellales_X|Florenciellales X+sp.
PX-310-25-01 UHM3022

PX-310-25-04 UHM3023
PX-310-25-05 UHM3024
PX-310-75-01 UHM3025
PX-310-75-02 UHM3026
PX-310-75-03 UHM3027
PX-310-75-04 UHM3028
PX-310-75-05 UHM3029

Rhizochromulina sp. PX-311-25-09 UHM3070 Eukaryota|Stramenopiles|Stramenopiles_X]| 67389

Dictyochophyceae|Dictyochophyceae X|
PX-311-75-01 UHM3071 Rhizochromulinales|Rhizochromulina]

PX-311-75-04 UHM3072 Rhizochromulina+marina
PX-311-75-05 UHM3073
Dictyochophyceae-X sp. UA-269-03 UHM3050 Eukaryota|Stramenopiles|Stramenopiles_X| 46831

Dictyochophyceae|Dictyochophyceae X|Dictyochales|

(DictyX) !
Dictyochales_X|Dictyochales_X+sp.

PX-310-25-02 UHM3051
PX-310-25-03 UHM3052
PX-311-25-08 UHM3053
PX-311-100-05 UHM3054
PX-311-25-02 UHM3060
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Supplementary Table S1. (Continued)

Chrysophyceae

Bolidophyceae

Myzozoa’

Dinophyceae

Chlorarachniophyceae

Prymnesiophyceae

Chrysophyceae-H
(ChrysoH)

Triparma

Pelagodinium

Chlorarachniophyceae-X
(ChloraX)

Chrysochromulina

Haptophyta-2 (Hap2)

sp.

T. mediterranea

T. eleuthera

P. beii

sp.

sp.

sp.

PX-311-25-01
PX-311-25-04
PX-311-25-05
PX-311-25-07
PX-311-100-02

PX-311-25-11

AL-FLOS5

NF-H275-5m<3

AL-TEMP-12

PX-310-25-06

UHM3500
UHM3501
UHM3502
UHM3600
UHM3610

UHM4000

UHM2000

UHM4110

UHM4100

UHM4150

Eukaryota|Stramenopiles|Stramenopiles_X|
Chrysophyceae-Synurophyceae|Chrysophyceae-
Synurophyceae X|Clade-H|Clade-H_X|Clade-H_X+sp.

Eukaryota|Stramenopiles|Stramenopiles_X|
Bolidophyceae-and-relatives|Bolidophyceae-and-
relatives_X|Bolidophyceae-and-
relatives_ XX|Bolidomonas|Bolidomonas+mediterranea

Eukaryota|Rhizaria|Cercozoa|Filosa-
Chlorarachnea|Chlorarachnida|Chlorarachnida_X

Eukaryota|Hacrobia|Haptophyta|Prymnesiophyceae|
Prymnesiales|Chrysochromulinaceae|
Chrysochromulina| Chrysochromulina_X-+sp.
Eukaryota|Hacrobia|Haptophyta|Prymnesiophyceae|
Prymnesiales|Chrysochromulinaceae|Chrysochromulina

Eukaryota|Hacrobia|Haptophyta|Prymnesiophyceae|
Prymnesiophyceae X|Prymnesiophyceae XX|Prymnesi
ophyceae XXX|Prymnesiophyceae XXX+sp.

115485

239078

174670

178099

11632

162435

' DictyX, ChrysoH, ChloraX, and Hap?2 are abbreviations for undescribed or environmental approximately genus-level clades of Dictyochophyceae, Haptophyta,
Chrysophyceae, and Chlorarachniophyceae, respectively.

2 Species assignments are putative and based on high similarity of the near-full length 18S rRNA gene phylogeny of the isolate and known species

3 “Strain’ codes are the original unique identifiers used at the time of isolation.

4 Culture IDs are identifiers assigned to cultures of protists isolated by our group at University of Hawai‘i at Manoa (UHM###) that are reported in publications.
Grazing rates were measured at least once on all isolates and were measured twice in two independent experiments for the fifteen isolates in bold font. Culture

IDs in grey italic font were found to graze on Prochlorococcus, but rates were not calculated, because of low sampling resolution.

5 ‘Tara lineage’ is the taxonomic annotation of the most similar OTU in the Tara dataset (E-value <10-1%).
6 “Tara 1D’ lists the identifier of the 18S rRNA V9 reference sequence of the OTU http://taraoceans.sb-roscoff. fr/EukDiv/
7 “Tara lineage and ID not shown, because dinoflagellates were not included in the analysis of global distribution of mixotrophs as explained in the main text
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Supplementary Table S2. Detailed information of group-specific gPCR primers designed for targeting various mixotrophs in situ.

Amplicon qPCR
Genus or Clade!  Primer Sequence (5°_3’) Tm (C) length (bp) efficiency
Florenciella Florenciella-652F GGA TTT CTG GTG GGG CTG TC 58 132 1.06
Florenciella-784R GTA AAC GAC GAG CGT CACTCC 58
Rhizochromulina Rhizochromulina-700F GTG TTG TCT CCG GTT CTA TTT CG 56 176 0.99
Rhizochromulina-876R GGC AGA ACC ACC AAA GTCCT 58
Dictyophyceae-X  DictyX-1638F CGT CTT TCG TGA TAG GGA TAG 52 165 0.99
(DictyX) DictyX-1803R AAG CGG TAC TCC TCA TGT C 54
Chrysochromulina ~ Chrysochromulina-291F TGC CGA TGG GTA CGC ACT G 60 95 0.96
Chrysochromulina-386R AGT AAA CGT TCC GTC TCC CGC C 61
Haptophyta-2 Hap2-291F TGC CGA TGG GTA TGC ACT G 58 95 0.99
(Hap2) Hap2-386R AGT AAA AGT CCT GTT TCC TAC GCC 57
Chrysophyceae-H  ChrysoH-694F CAC CTC ACG GTGTCT GTAC 55 108 0.99
(ChrysoH) ChrysoH-802R AAT GAC GAG ATT CCC RAG C 54
Triparma Triparma-1632F AAC CTT GAC CGA GAG GTC TG 56 122 0.95
Triparma-1754R CAA TGC AGT CTG ATG AAC TGC 54

' DictyX, Hap2, and ChrysoH are abbreviations for unclassified genus-level clades in Dictyochophyceae, Haptophyta, and Chrysophyceae, respectively
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Supplementary Table S3. Mismatches between primers and target sites in representative isolates and empirical tests of primer specificity as
determined by PCR amplification success.

Primer Pair Florenciella Rhizochromulina DictyX Triparma ChrysoH Chrysochromulina Hap2
652F/784R 700F/876R 1638F/1803R 1632F/1754R 694F/802R 291F/386R 291F/386R
Isolate Mis- 1 Band? Mis- Band Mis- Band Mis- Band Mis- Band Mis- Band Mis- Band
match match match match match match match
Florenciella parvula 0 17 - 11 - 9 16 20 - 23
Florenciella sp. 0 17 - 11 - 7 17 17 - 21

Rhizochromulina sp. 10 - 0 - 10 - 10 15 14 - 21
DictyX sp. 8 - 21 - 0 - 10 21 22 - 23

Triparma mediterranea 16 - 25 17 0 23 - 29 24
Triparma eleuthera 15 25 14 0 23 - 29 28
ChrysoH sp. 19 24 12 9 - 0 - 26 - 25 -
Chrysochromulina sp.? 17 20 19 9 - 17 - 9 -
Chrysochromulina sp.* 16 20 19 9 - 17 - 1 - 9 -
Hap?2 sp. 19 20 20 9 - 17 - 9 - 0

"Number of base pair mismatches between each primer pair and target sites in representative isolates (listed by genus and species or clade name) as determined
after alignment using the Geneious software (http://www.geneious.com).

2Primer specificity was tested by PCR using both target (positive control) and non-target (negative control) isolate DNA as template followed by agarose gel
electrophoresis to determine presence or absence of a band. Successful amplifications are indicated by green shaded cells with ‘+°, and amplifications for
which no band was visible are shown as gray shaded cells with “-”. Combinations which were not empirically tested have no shading.

3Chrysochromulina strain NF-N275-5m<3, Culture ID UHM4110.

4Chrysochromulina strain AL-TEMP-12, Culture ID UHM4100.
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Supplementary Table S4. Maximum clearance rate and maximum ingestion rate parameters for
heterotrophic and mixotrophic nanoflagellates’.

Genus or Clade CSE ftcul:: (I)]r) | 4 Iinax Crnax Nutrition Prey Reference
Chrysochromulina ericina 108  0.02 0.06 mix euk [2]
Chrysochromulina polylepis 2680 NA 0.04 mix hb [3]
Paraphysomonas sp. 113 NA 0.27 het pro [4]
Paraphysomonas sp. 113 0.07 1.99 het syn [4]

Prymnesium patellliferum 275 0 0.01 mix hb [5]
Pseudobodo sp. 14 NA 0.99 het pro [6]
Pseudobodo sp. 14 0.15 5.08 het syn [6]
Actinomonas mirabilis 75 0.86 11.0 het hb [7]
Bodo designis 54 1.99 8.70 het hb [7]
Ciliophrys infusionum 220 0.79 1.98 het hb [7]
Codosiga gracilis 35 0.69 0.45 het hb [7]
Diaphanoeca grandis 40 0.33 2.30 het hb [7]
Jakoba libera 75 0.05 0.14 het hb [7]
Monosiga sp. 20 0.81 0.98 het hb [7]
Ochromonas sp. 50 0.42 1.70 mix hb [7]
Ochromonas sp. 200  0.57 0.52 mix hb [7]

Paraphysomonas imperforata 212 0.2 2.97 het hb [7]

Paraphysomonas vestita 190 0.8 0.91 het hb [7]
Pleoromonas Jaculans 50 0.65 0.55 het hb [7]
Pseudobodo tremulans 90 0.56 1.10 het hb [7]
Pseudobodo sp. 34 0.41 3.90 het hb [7]
Pseudobodo sp. 22 0.29 0.28 het euk [7]
Spurnella sp. 65 0.09 0.25 het hb [7]
Stephanoeca diplocostata 20 0.30 1.60 het hb [7]
Stephanoeca diplocostata 83 0.30 4.58 het hb [7]
Florenciella UHM3021 29 0.04 0.32 mix pro [8]
Florenciella UHM3021 29 0.17 1.62 mix syn [8]
Florenciella UHM3021 29 0.12 0.90 mix pro this study
Rhizochromulina UHM3071 14 0.09 7.10 mix pro this study
DictyX UHM3050 76 0.06 2.20 mix pro this study
Chrysochromulina UHM4110 29 0.43 2.09 mix pro this study
Hap2 UHM4150 48 0.27 1.70 mix pro this study
ChrysoH UHM3501 7 0.04 18.5 mix pro this study

TValues were collected from published studies and this study (in bold). Volume (V) = grazer body volume in pm?,

Imax = specific maximum ingestion rate (body volumes consumed grazer! h'!), Cmax = specific maximum clearance
rate (x10° body volumes cleared grazer! h'), nutrition = mixotroph (mix) or heterotroph (het), prey = heterotrophic
bacteria (hb) or Prochlorococcus (pro) or Synechococcus (syn) or eukaryotic alga (euk). In some cases, Ciax and Imax
were not reported in the original study, and we estimated them by fitting a type II functional response to reported
data.
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Supplementary Table S5. Nano-sized, non-dinoflagellate marine eukaryotes reported to have phago-mixotrophic capability.

Phylum|Class Genus or Clade Size  Primary evidence of mixotrophy Original
(pm) publication
Chlorophyta
Mamiellophyceae Dolichomastix ~5 ingestion of live bacteria [12]
Mantoniella <5 ingestion of microspheres or FLB [13][14]
Nephrophyceae Nephroselmis ~5 ingestion of live bacteria [10][12]
Pyramimonadophyceae =~ Cymbomonas >10  ingestion of live bacteria [15][12]
Pyramimonas >10  ingestion of FLB, microspheres or live bacteria e.g. [12][13][16]
Ochrophyta
Bolidophyceae Triparma ~3 consumption and growth on Prochlorococcus this study
Chrysophyceae Ochromonas >5 ingestion of bacteria or FLB e.g. [17][18]
Dinobryon >3 ingestion of latex-beads or FLB [19][20]
ChrysoH ~2 consumption and growth on Prochlorococcus this study
Dictyochophyceae Florenciella <5 consumption and growth on Prochlorococcu, Synechococcus, bacteria [8]; this study
Rhizochromulina ~3 consumption and growth on Prochlorococcus this study
DictyX 3-5  consumption and growth on Prochlorococcus this study
Raphidophyceae Heterosigma >10  ingestion of Synechococcus [21]
Cercozoa
Chlorarachniophyceae  Cryptochlora >10  ingestion of eukaryotic prey [22]
Lotharella >5 presence of food vacuole [23]
ChloraX <5 consumption and growth on Prochlorococcus this study
Cryptophyta
Cryptophyceae Geminigera >5 ingestion of eukaryotic prey or microsphere [24][13]
Teleaulax >5 ingestion of bacteria and Synechococcus sp. [25]
Haptophyta
Prymnesiophyceae Chrysochromulina >3 ingestion of bacteria or other prey e.g. [26][27] this study
Haptolina >5 ingestion of bacteria or other prey [28][2]
Prymnesium >5 ingestion of bacteria or other prey e.g. [29][5]
incertae sedis Hap2 ~5 consumption and growth on Prochlorococcus this study

fTaxa are mainly drawn from references [7][9][10] with original source references indicated. Specifically excluded are species that were isolated from benthic

rocks or freshwaters, are larger than 20 um, or for which evidence of bacterivory has been disputed (Micromonas, [11])
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