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Supplementary Text
Methods
Dataset, sampling, and analytical methods

We compiled a dataset (Fig. 1) composed of 451 samples from surface (3 m depth) to
deep waters (up to 4,800 m), covering three depth zones of the ocean: epi- (0-200 m —
including DCM), meso- (200-1,000 m), and bathypelagic (1,000-4,000 m). This dataset
combines samples obtained during two oceanographic expeditions with similar sampling
strategies: i) the Malaspina-2010 circumglobal expedition (40) from which we included
263 samples collected between December 2010 and July 2011 in 120 stations distributed
along the tropical and subtropical portions (latitudes between 35° N and 40° S) of the
Pacific, Atlantic, and Indian oceans (Fig. 1); and ii) the HotMix trans-Mediterranean
cruise (/0, 55) from which we considered 188 samples collected between April and May
2014 in 29 stations distributed along the whole Mediterranean Sea (from -5° W to 33° E)
and the adjacent Northeast Atlantic Ocean (Fig. 1A). This dataset therefore allows the
comparison of the tropical and subtropical ocean (samples hereafter called “open ocean”)
to a semi-enclosed basin such as the Mediterranean Sea, which displays unique features
such as higher temperature and salinity as well as lower nutrient concentration than the
open ocean, particularly in the meso- and bathypelagic (Fig. 1B). The Malaspina-2010
dataset contains 13 stations where the whole vertical profile was sampled (VP stations in
Fig. 1). A detailed vertical distribution of the samples is available in Fig. S1. Due to the
differences in the sampling size between depth zones, we also generated a dataset with a
standardized number of samples (n=39) evenly distributed across space (Fig. S5 and Fig.
S6).

The used ASV datasets include contextual data that considers 6 standardized
environmental variables (temperature, salinity, fluorescence, PO4*~, NOs™, and SiO) as
well as prokaryotic and picoeukaryotic abundances determined by flow cytometry and
bacterial activity measurements. Water samples were obtained with 20L (in Malaspina)
or 12L (in HotMix) Niskin bottles attached to a rosette sampler equipped with a
conductivity—temperature—depth (CTD) profiler (except surface samples in Malaspina,
that were obtained with individual 30 L bottles, not attached to the rosette). Vertical
profiles of temperature, conductivity, and fluorescence were continuously recorded
throughout the water column with the CTD sensors. Conductivity measurements were
converted into practical salinity scale values. Inorganic nutrients (NOs~, PO4*", SiO»)
were measured from the Niskin bottle samples with standard spectrophotometric
protocols (/06), using a Skalar autoanalyzer SAN++, as described in (40, 53). Missing
nutrient concentration values were extracted from the World Ocean Database (107).
Prokaryotic populations and phototrophic picoeukaryotes abundances were enumerated
using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) as detailed
elsewhere (/08). Prokaryotic heterotrophic activity was estimated using the
centrifugation method and measuring *H-leucine incorporation (/09). For deep water
samples, we used the filtration method with a larger volume and undiluted hot leucine.
Significant differences in microbial abundances and bacterial activity between depth



zones were tested with an analysis of variance (ANOVA), followed by a Tukey post-hoc
test.

To obtain picoplankton biomass, between ~4—12 L of seawater was pre-filtered with a
200-pum net mesh (to remove large organisms and particles). Malaspina samples were
then sequentially filtered through a 20 pm nylon mesh followed by 3-um and 0.2-um
polycarbonate filters (47-mm for surface and 142-mm diameter for vertical profiles;
Isopore, Merck Millipore, Burlington, MA, USA) using a peristaltic pump. HotMix
samples were sequentially filtered through 47-mm polycarbonate filters with 3-um mesh
size (Isopore, Merck Millipore) and finally filtered through 0.2-um Sterivex units. Filters
were flash-frozen in liquid N2 and stored at —80 °C until DNA extraction. Here, only the
free-living ‘picoplankton’ size-fraction (0.2—3 um) was used in downstream analyses.

Nucleic acid extraction, sequencing, and bioinformatics

DNA extraction was conducted with a standard phenol-chloroform protocol (87) for the
Malaspina surface samples. DNA from the Malaspina vertical profiles samples was
extracted using the Nucleospin RNAkit (Macherey-Nagel) plus the Nucleospin
RNA/DNA Buffer Set (Macherey-Nagel) procedures. HotMix DNA samples were
extracted using the PowerWater Sterivex™ DNA isolation Kit (MO BIO Laboratories).
DNA extracts were quantified with Qubit 1.0 (Thermo Fisher Scientific) and preserved at
—80 °C. The same extracts were used for both the 16S and 18S rRNA-gene amplification,
and all samples were sequenced with the same prokaryotic and eukaryotic primers. The
hypervariable V4—-V5 (=400 bp) region of the 16S rRNA gene was PCR amplified with
the primers 515F-Y (5'-GTGYCAGCMGCCGCGGTAA) - 926R (5'-
CCGYCAATTYMTTTRAGTTT) to target prokaryotes — both Bacteria and Archaea
(11). The hypervariable V4 region of the 18S rRNA gene (=380 bp) was PCR amplified
with the primers TAReukFWDI1 (5’-CCAGCASCYGCGGTAATTCC-3’) and
TAReukREV3 (5’-ACTTTCGTTCTTGATYRA-3’) to target eukaryotes (89). PCR
amplification was carried out with a QIAGEN HotStar Taq master mix (Qiagen Inc.,
Valencia, CA, USA). Amplicon libraries were then paired-end sequenced on an Illumina
(San Diego, CA, USA) MiSeq platform (2 x 250 bp or 2 x 300 bp) at the Research and
Testing Laboratory facility, Texas, USA (https://rtlgenomics.com/), or Genoscope
(France), for the Malaspina deep sea dataset. See details about gene amplification and
sequencing in (10, 15).

Raw Illumina MiSeq reads (2x250 or 2x300) were processed using DADA2 (90) to
determine amplicon sequence variants (ASVs). For the 16S rRNA gene, forward reads
were trimmed at 220 bp and reverse reads at 200 bp, whilst for the 18S rRNA gene, we
trimmed the forward reads at 240 bp and the reverse reads at 180 bp. Then, for the 16S,
the maximum number of expected errors (maxEE) was set to 2 for the forward reads and
to 4 for the reverse reads, while for the 18S, the maxEE was set to 7 and 8 for the forward
and reverse reads respectively. Error rates for each possible nucleotide substitution type
were estimated using a machine learning approach implemented in DADA?2 for both the
16S and 18S. Finally, DADA2 was used to estimate error rates for both the 16S and 18S
genes in order to delineate the ASVs
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Prokaryotic ASVs were assigned taxonomy using the naive Bayesian classifier method
(91) alongside the SILVA v.132 database (92) as implemented in DADA2, while
Eukaryotic ASVs were BLASTed (93) against the Protist Ribosomal Reference database
[PR?, version 4.11.1; (94)]. Eukaryotes, chloroplasts, and mitochondria were removed
from the 16S ASVs table, while Streptophyta, Metazoa, and nucleomorphs were removed
from the 18S ASVs table. Both, the 16S and 18S ASVs tables were rarefied to 20,000
reads per sample with the function rrarefy from the Vegan R package. To be consistent
with our previous study (/5), for the calculation of ecological processes and associated
analysis, ASVs with total abundances < 100 reads across all samples were removed to
avoid biases. This filtering procedure removed ~5% of the total reads and ~90% of the
total ASVs from both the 16S and the 18S rRNA gene datasets.

Computing analyses were conducted at the MARBITS bioinformatics platform of the
Institut de Ciéncies del Mar (ICM; http://marbits.icm.csic.es). Sequences are publicly
available at the European Nucleotide Archive (http://www.ebi.ac.uk/ena) under accession
numbers PRJEB23913 [18S rRNA genes] & PRIEB25224 [16S rRNA genes] for the
Malaspina surface dataset; PRIEB23771 [18S rRNA genes] & PRJEB45015 [16S rRNA
genes] for the Malaspina vertical profiles dataset; PRIEB45011 [16S rRNA genes] for
the Malaspina deep sea dataset, and PRIJEB44683 [18S rRNA genes] & PRJEB44474
[16S rRNA genes] for the HotMix dataset.

Phylogenetics

Phylogenetic trees were built for both the 16S and 18S rRNA gene datasets using the
ASVs’ sequences. ASV sequences were aligned using mothur (//0) and aligned
templates: SILVA template — for the 16S rRNA gene — and PR? template — for the 18S
rRNA gene. Poorly aligned regions or sequences were removed using trimAl
(parameters: -gt 0.3 -st 0.001) (/17). Aligned sequences were also visually curated with
seaview v4 (/12) and sequences with >=40% of gaps were removed. Finally,
phylogenetic trees were inferred from the aligned quality-filtered sequences using
FastTree v2.1.9 (/13). Additional phylogenetic analyses were carried out with the R
package picante (114).

Environmental heterogeneity, water masses characterization, and least-cost distance
calculations

We calculated the average pairwise dissimilarity (EnvHt) as an index of environmental
heterogeneity based on the main standardized environmental variables that we measured:
temperature, salinity, fluorescence, POs*~, NOs3~, and SiO,. We firstly computed an
Euclidean distance matrix for each depth zone using the vegan R package and then
determined the dissimilarity among samples by dividing the Euclidean distance matrix
(Euc) by the maximum Euclidean distance (Eucnax) of a given depth zone as described in
(30) and summarized here: EnvHt=(Euc/Eucmna)+0.001. Finally, the mean EnvHt was
calculated as an estimation of environmental heterogeneity in each depth zone.
Significant differences in environmental heterogeneity between depth zones were tested
with a Kruskal-Wallis test, followed by a Wicoxon post-hoc test.
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The presence of different water masses is an important feature to properly describe the
deep dark ocean (> 200 m depth). Water masses are well-established features with unique
properties characterized by their thermohaline and chemical characteristics. A water mass
is composed of different proportions of one or more water types of a given origin (/15).
Here, the percentage of different water types contributing to the water mass composition
of each sample (from 200 m to the bottom) was calculated using an optimum
multiparameter water mass analysis (95). This method characterizes water types using
conservative variables such as salinity and potential temperature (see (55) for details).
We have identified 22 and 19 water types in the open ocean and the Mediterranean Sea,
respectively. We computed the dissimilarity (Euclidean distance) between pairwise
samples based on their water mass composition (% of each water type) to use in our
downstream analysis. A nonmetric multidimensional scaling (NMDS) analysis based on
these Euclidean distances was conducted to determine the differences among samples.

Least-cost geographical distances were calculated using the ‘lc.dist()’ function of the
marmap R package (96). We first computed three transition matrices (using the
‘trans.mat()’ function) with different minimum depths, corresponding to the epi-
(surface), meso- (200 m), and bathypelagic (1,000 m). Each generated transition matrix
contained the probability of transition from one cell to adjacent cells of a given
bathymetric grid. We used the high-resolution (15 arc-second) GEBCO bathymetric
database hosted on the British Oceanographic Data Centre server
(https://www.gebco.net/). Since the Mediterranean Sea’s deep waters (>400 m) are
completely separated by the Strait of Sicily, the marmap algorithm could not calculate the
horizontal distance between bathypelagic samples situated in the western and eastern
Mediterranean. To deal with this issue, we simulated the vertical trajectory needed to
overcome the Strait of Sicily by simply summing each sample’s depth to the geographical
distances between ‘isolated’ stations. To calculate the least-cost distances, 'marmap' sets a
depth limit for geographic barriers to compute the transition matrices (96). For example,
if the limit is set to 0, the program calculates the distance by turning around the
continents. However, in the case of the Mediterranean Sea, the western and eastern basins
are completely isolated (at least horizontally) in depths below 400m, so the program
generates unrealistically long distances between western and eastern samples from the
deep ocean. To deal with this issue, for these isolated samples, we computed the least-
cost distances by calculating the geographic distances (geodesic) between samples (not
considering geographic barriers) and then summed the vertical distances to theoretically
overcome the Strait of Sicily. For example, a western 1,400 m depth sample (1 km deeper
than the top of the Strait of Sicily) located 200 km from an eastern 1,400 m depth sample
had a final least-cost distance of 200 km + 2x 1 km =202 km.

General analysis

Distance-based redundancy analyses (dbRDA) were performed on community
differentiation (based on Bray-Curtis dissimilarities) of both prokaryotic (16S rRNA
gene) and picoeukaryotic (18S rRNA gene) samples using the ‘capscale()’ function of the
vegan R package (103). Analyses of dissimilarities were conducted using the ‘adonis2()’
function of the vegan package to investigate the percentage of variance in community
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composition explained by environmental or geographic variables (/04). Classic
biogeographic provinces classifications (e.g.: Longhurst provinces; (/16)) are only
applied to the upper sunlit ocean (above 200 m), while deep-oceanic basins
classifications (based on isolated water masses) are only applied to the deep (bellow
3,500 m) (36). Therefore, we used the classic oceanic basins (South Atlantic Ocean,
North Atlantic Ocean, North Pacific Ocean, South Pacific Ocean, and Indian Ocean) as
standard categorical explanatory variables to test the effect of geography between depth
zones of the open ocean. For the Mediterranean Sea, we used the sub-basin classification
(Levantine Sea, Ionan Sea, Sicily Strait, Tirrenyan Sea, Sardinian Sea, Alborean Sea, and
Gibraltar Strait), based on Mediterranean internal circulation patterns (//7) as well as
physico-chemical, and biological features (/18).

Spearman correlations were computed between B-diversity (Bray-Curtis and NTI) and
environmental Euclidean distances matrices using the ‘cor.test()’ function of the stats R
package. Spearman correlations were also carried out to test the association between
community (Bray-Curtis dissimilarity) and water masses composition (Euclidean
distances) in the meso- and bathypelagic. Mantel correlograms were carried out with the
‘mantel.correlog()’ function in Vegan to test for the decrease in picoplankton community
similarity (B-diversity) with increasing geographic distances (distance-decay). We used
distance classes of 1,000 km for the open ocean, while for the Mediterranean Sea, we
used distance classes of 350 km. Sequential differences in picoplankton B-diversity
(Bray-Curtis dissimilarity) were computed in the sampling sequence of each cruise (see
arrow directions in Fig. S13). Statistical differences between zones in sequential Bray-
Curtis values were tested using analysis of variance (ANOVA) followed by a Tukey post-
hoc test.

Pearson correlation matrices between diversity metrics and environmental variables were
computed using the ‘cor()’ function and plotted with the ggcorrplot R package.
Nonmetric multidimensional scaling (NMDS) based on Euclidean distances was used to
analyze similarities and differences in water mass composition among ocean depth zones
and basins, followed by an analysis of similarities (ANOSIM) to test for differences
among delineated groups. The NMDS and ANOSIM were implemented using the
‘metaMDS()’ and ‘anosim()’ vegan functions, respectively. Analysis of variance
(ANOVA), followed by a Tukey post-hoc test, was used to test for statistical differences
in B-diversity metrics (Bray-Curtis, BNTI, and RCpray). Differences in environmental
heterogeneity between zones were tested using Kruskal-Wallis, followed by a Wicoxon
post-hoc test. Linear regression models were carried out to investigate the influence of
water masses (Euclidean distance) on community composition (Bray-Curtis dissimilarity)
in each vertical profile. Spearman correlations were used to test the correlation between
the ecological processes results obtained with the entire (unbalanced) dataset and the
results found with a standardized sampling size dataset. All statistical analyses were
conducted in the R statistical environment (/05) and all plots were generated using the R
package ggplot2 (119).



Results

In general, we observed an inverted diversity pattern between the two main components
of the picoplankton community: while prokaryotic diversity (richness, Shannon index,
and phylogenetic diversity) increased with depth, picoeukaryotic diversity decreased
towards the deep ocean (Fig. S2). The Pielou evenness index increased for prokaryotes
and decreased for picoeukaryotes from the surface to the deep ocean (Fig. S2). The
gamma diversity of prokaryotes was 26776 ASVs in the open ocean and 11795 ASVs in
the Mediterranean Sea. The gamma diversity of picoeukaryotes was 35165 ASVs in the
open ocean and 12367 ASVs in the Mediterranean Sea. The prokaryotic gamma diversity
(adjusted to a standard sample set; n=38) increased from the epi- (4203 in the open ocean
and 2723 in the Mediterranean Sea) to the meso- (8898 in the open ocean and 4303 in the
Mediterranean Sea) and bathypelagic (8898 in the open ocean and 4303 in the
Mediterranean Sea). The picoeukaryotic adjusted gamma diversity (n=38) decreased from
the epi- (12290 in the open ocean and 5699 in the Mediterranean Sea) to the meso- (6496
in the open ocean and 4217 in the Mediterranean Sea) and bathypelagic (4668 in the open
ocean and 2330 in the Mediterranean Sea).

Prokaryotes and picoeukaryotes displayed significant differences (p<0.05) between depth
zones for bNTI and RCgray metrics (Fig S3). We also found significant differences
(p<0.05) between ocean zones with regard to additional B-diversity metrics (i.e. Bray-
Curtis, Jaccard, and Sorensen) and their partitioning (Fig. S4). In the surface open ocean
(~3m), the role of selection was higher for prokaryotic (~27%) than for picoeukaryotic
community turnover (~11%) (Fig. S7). Heterogeneous selection had a higher importance
in structuring picoeukaryotes as compared to prokaryotes (~7% vs. ~4%, respectively).
Conversely, homogeneous selection was more important for prokaryotes (~23%) than for
picoeukaryotes (~4%) (Fig. S7). Dispersal limitation explained ~67% of picoeukaryotic
and ~25% of prokaryotic community turnover in the surface open ocean (~3m). Drift was
a relevant process structuring prokaryotic communities (~31%) but not picoeukaryotic
counterparts (~6%) (Fig. S7). Similarly, selection explained ~26% of prokaryotic and
~10% of picoeukaryotic turnover in the surface Mediterranean Sea (Fig. S7). Unlike the
open ocean, heterogeneous selection explained a higher percentage of prokaryotic
pairwise comparisons (~17%) than homogeneous selection (~9%). An equal proportion of
heterogeneous (~5%) and homogeneous selection (~5%) explained the structure of
picoeukaryotes in the surface Mediterranean (Fig. S7). Dispersal limitation was the most
important process (~63%) shaping picoeukaryotes and explained ~23% of the turnover of
prokaryotes (Fig. S7), whereas drift explained most of the turnover of prokaryotes
(~46%) and ~25% of picoeukaryotic assembly in the Mediterranean Sea’s surface waters
(Fig. S7).

In the open ocean DCM, selection explained ~21% and ~46% of the turnover of
prokaryotic and picoeukaryotic communities, respectively (Fig. S7). While
heterogeneous selection was relatively more important for picoeukaryotes (~45%) than
prokaryotes (~10%), homogeneous selection was much smaller for picoeukaryotes
(0.8%) than prokaryotes (11%) in the DCM of the open ocean (Fig. S7). Dispersal
limitation was relatively more important for prokaryotes (52%) than picoeukaryotes



(37%) in this zone. Homogenizing dispersal was very low for both prokaryotes (~4%)
and picoeukaryotes (~0.6%) in the DCM. Drift explained 26% and 13% of the turnover
of prokaryotes and picoeukaryotes, respectively, in the DCM of the open ocean. In the
Mediterranean Sea, selection was also relatively more important for picoeukaryotes
(~23%) than for prokaryotes (~16%) (Fig. S7). Heterogeneous selection explained a
larger proportion of the turnover of picoeukaryotes (~22%) than of prokaryotes (~9%),
whereas homogeneous selection was more important in structuring prokaryotes (~7%)
than picoeukaryotes (~0.4%) in the DCM of the Mediterranean Sea (Fig. S7).

Since there is also vertical dispersal between ocean surface and deep waters, we have also
estimated the ecological processes integrating all depths (from 3 to 4,000 m) in each of
the 13 vertical profile stations (VP stations in Fig. 1A). We found that selection was the
most important process vertically shaping free-living picoplankton communities in the
Malaspina vertical profiles, explaining ~52-81% of the prokaryotic community turnover
(Fig. 2C) and ~24-52% of the picoeukaryotic community turnover (Fig. 2C). The role of
vertical heterogeneous selection ranged from 29% to 52% in prokaryotes and from 10%
to 52% in picoeukaryotes (Fig. 2C). Homogeneous selection was much higher for
prokaryotes than for picoeukaryotes in most of the Malaspina vertical profiles (Fig. 2C).
The role of vertical dispersal limitation ranged from 10% to 43% in prokaryotes and from
5% to 43% in picoeukaryotes (Fig. 2C). Vertical homogenizing dispersal was negligible
(~0-5%) for both domains (Fig. 2C). The role of drift was relatively more important in
picoeukaryotes (~15-43%) than in prokaryotes (~5-24%) across vertical profiles (Fig.
2C).

Environmental heterogeneity was significantly higher in the epipelagic than in the meso-
and bathypelagic of the open ocean and the Mediterranean Sea (Fig. S8). The
bathypelagic displayed slightly higher environmental heterogeneity than the mesopelagic
in the open ocean (Fig. S8). On the contrary, the Mediterranean bathypelagic had the
lowest level of environmental heterogeneity. (Fig. S8). Water mass composition was
vertically structured in the open ocean (stress = 0.19521) with two separated clusters,
meso- and bathypelagic, along the NDMS1 axis (Fig. S11). There was also a secondary
separation between the Atlantic Ocean and the Pacific+Indian oceans along the NMDS2
axis (Fig. S11). The ANOSIM analysis confirmed that this separation in water mass
composition (Euclidean distance) between zones (r=0.48, p<0.05) was stronger than that
between ocean basins (r=0.39, p<0.05). In the Mediterranean Sea, there was a strong
(stress = 0.1828) horizontal segregation in water masses between the Western and
Eastern basins along the NMDSI1 axis (Fig. S11). This segregation between basins was
much stronger (r=0.52, p<0.05) than between zones (r=0.18, p<0.05) in the
Mediterranean Sea.
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Fig. S1. The analyzed dataset covers environmentally contrasting depths zones of the ocean
(A) Distribution of the samples across depths and longitude. The dashed red lines depict the
division between zones: epi- (0-200 m), meso- (200-1,000 m), and bathypelagic (>1,000 m) (B)
Boxplots showing the variability, by depth zones, of the environmental variables used in this study.
Note the difference in scales between the open ocean and the Mediterranean Sea. Means were
significantly different (ANOVA, Tukey post-hoc test; p<0.001) between upper (Surface [SRF] and
DCM) and deep (Mesopelagic [MES] and Bathypelagic [BAT]) zones.
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Fig. S2. Diversity indexes and their correlations with environmental variables (A)
Picoplankton diversity depicted as phylogenetic diversity, ASVs richness, Shannon and Pielou’s
evenness index by depth zones (SRF, surface; DCM, deep chlorophyll maxima; MES,
Mesopelagic; BAT, Bathypelagic). The circles in the ASVs richness boxplots stand for gamma
diversity adjusted by sampling size. (B) Correlation matrix of Pearson (R) correlation values
between picoplankton diversity metrics and environmental variables in the open ocean and the
Mediterranean Sea. The empty boxes represent non-significant correlations (p>0.05). The ‘16S’
tags in the metrics depict prokaryotic communities, while ‘18S’ tags represent picoeukaryotic



communities. PD = phylogenetic diversity; Temp = Temperature; Sal = Salinity; Fluor =
Fluorescence.
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Fig. S3. Bray-Curtis, BNTI, and RCyray metrics by depth zones for prokaryotes and

picoeukaryotes. Means were significantly different (ANOVA, Tukey post-hoc test; p<0.001)

between depth zones for both prokaryotes and picoeukaryotes. See Fig. S4. for B-diversity
partitioning plots. EPI = epipelagic, MESO = mesopelagic, BAT = bathypelagic.
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Fig. S4. Picoplankton B-diversity partitioning in the different ocean depth zones. Bray-Curtis
dissimilarity (variation and gradient), Jaccard dissimilarity (turnover and nestedness), and
Sorensen (turnover and nestedness) for prokaryotes and picoeukaryotes in the open ocean (A, C)
and Mediterranean Sea (B, D). Means were significantly different (ANOVA, Tukey post-hoc test;
p<0.001) between depth zones for both prokaryotes and picoeukaryotes. EPI = epipelagic, MESO
= mesopelagic, BAT = bathypelagic.
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Fig. S5. Community assembly processes in picoplankton across ocean depth zones using
standardized sampling sizes (n=39). (A) Relative importance of the ecological processes
structuring the picoplankton communities in different depth zones of the open ocean and the
Mediterranean Sea: Epi- (n=39), Meso- (n=39), and Bathypelagic (n=39). (B) Linear regression
between the ecological processes’ results obtained with the entire (unbalanced) and the
standardized (n=39) datasets. The latter samples were evenly distributed across space, as shown in

Fig S6.
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Fig. S6. Original and standardized samples distributions in each depth zone. Geographic
distribution of sampling stations in each depth zone for the entire dataset and for those with
standardized sampling size (n=39) in the (A) open ocean and (B) Mediterranean Sea. Samples
were evenly distributed across space.
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Fig. S8. Differences in environmental heterogeneity between ocean depth zones.
Environmental heterogeneity computed as the mean environmental dissimilarity between samples
considering the main variables that we measured (Temperature, Salinity, Fluorescence, NO3, PO,
Si02) in the open ocean and the Mediterranean Sea. Different red letters represent significantly
different means [Kruskal-Wallis, Wilcoxon post-hoc test, p<0.05] between depth zones.
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Fig. S9. Picoplankton community composition and phylogeny were positively related to
environmental heterogeneity. Difference in taxonomic (Bray-Curtis dissimilarity) and
phylogenetic (BNTI) composition for all pairwise picoplankton community comparisons as a
function of environmental distance for both prokaryotes (A, C) and picoeukaryotes (B, D) in the
open ocean and the Mediterranean Sea. The solid curves illustrate the nonlinear regressions.
Spearman’s rank correlation coefficients are depicted on the panel. Outliers with high
environmental distances (>10) corresponding to pairwise comparisons with epipelagic samples
from the Costa Rica Dome upwelling system were removed from the open ocean plot (see also Fig

S13).
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Fig. S10. Picoplankton community composition is positively correlated with environmental
heterogeneity in the epipelagic. Difference in composition (Bray-Curtis dissimilarity) for all
pairwise picoplankton community comparisons as a function of environmental distance for both
prokaryotes and picoeukaryotes in the epipelagic of the open ocean and the Mediterranean Sea.
The points with high environmental distances (>10) correspond to the pairwise comparisons with
epipelagic samples from the Costa Rica Dome. The solid curves illustrate the nonlinear
regressions. Spearman’s rank correlation coefficients are depicted on the panel. EPI = epipelagic
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Fig. S11. Differences in water mass composition are segregated by depth zones and ocean
basins. Nonmetric multidimensional scaling (NMDS) based on the Euclidean distances of the
samples’ water mass composition — labeled by zones and basin — in the open ocean (A, C) and the
Mediterranean Sea (B, D). MES = Mesopelagic; BAT = Bathypelagic. NAO = North Atlantic
Ocean, SAO = South Atlantic Ocean, NPO = North Pacific Ocean, SPO = South Pacific Ocean,
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Fig. S12. Picoplankton community composition and potential dispersal are vertically
correlated to differences in water mass composition. Difference in community composition
(Bray-Curtis dissimilarity) as a function of water mass composition dissimilarity (Euclidean
distances) for prokaryotes (in red) (A) and picoeukaryotes (in blue) (B) in Malaspina vertical
profiles. Note that only meso- and bathypelagic samples were used in this analysis. The equation,
the explanatory power of the linear regression models (adjusted R?), and the significance of the
smooth terms (p<0.001) are shown in the plots.
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Fig. S13. Sequential change in community composition across space (sequential B-diversity).
Communities were sampled along the Malaspina and Hotmix expeditions (black arrows), and the
composition of each community was compared against its immediate predecessor. Note that only
surface and bathypelagic samples are considered. The size of each bubble represents the Bray-
Curtis dissimilarity between a given community and the community sampled previously.
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