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Abstract

We combined flow cytometry, CARD-FISH, and 16S rRiéne tag pyrosequencing to
investigate bacterioplankton dynamics along a #eih# shelf waters off A Corufia
(Galicia, NW Spain). Over five days (16-20 July 2Dwe sampled a situation of
summer upwelling relaxation, providing an opportyd examine the impact of pulses
of cold nutrient-rich water into coastal microbiebmmunities. The hydrographic
conditions, characterized by intense density $ization of surface waters and the
presence of a deep chlorophyll maximum (DCM) at3R0im, were relatively
maintained over the sampling period. Indeed, batte@bundance and composition
displayed low day to day variation. Alpha diversapalysis suggested that species
richness and diversity increased from coastal &fs$tations and from the surface
down to the DCM, which could be caused by the ngxah upwelled bacteria with the
coastal surface waters. SAR11, SAR86, @&wkeobacteiwere the most abundant
bacteria detected in the samples by using CARD-FIBi¢ assemblages observed by
pyrosequencing displayed a strong vertical zonatialong the transect.
Rhodobacteraceae (under class Alphaproteobactard)Bacteriodetes dominated the
surface waters and decreased during the upwellitgepwhile SAR 86 (under class
Gammaproteobacteria), Actinobacteria and SAR11 eclattreased their relative
abundance at the DCM with upwelling relaxation,tigatarly at the shelf stations.
Bacterial assemblages from surface waters wereiassd with higher temperature and
light conditions, while DCM assemblages were raissociated to salinity, inorganic
nutrients and a diatom-bloom leading to high chdmdl-a. Our findings suggest that
the vertical variability in environmental condit®nnduced by the intense density
stratification, the exportation of warmer and leg$ine surface water from the rias to
the adjacent shelf, and the fertilizing effect etently upwelled water at the deeper
layer, determined the composition of distinct baateassemblages at the subsurface

and DCM layers.

Keywords. Bacteria, CARD-FISH, 454 pyrosequencing, micragtan; summer

upwelling relaxation, upwelling pulse, NW Spain.



I ntroduction

Ecological and biogeochemical processes in the m@a dependent on a diverse
assemblage of microbes including members of Bac({&lockneret al., 2012). These
diverse bacterial assemblages fulfill a wide rawofescological roles in the marine
system including the carbon biogeochemical cyclalkgwski et al., 2008) and the
energy transfer to higher trophic levels (Fuhrnedral., 2015). The relatively recent
applications of new molecular techniques have rdwamhtized microbial research and
have considerably contributed to an increase in lowowledge of the vast marine
microbial diversity. High-Throughput Sequencing @&)Tand bioinformatic analyses
offer a sensitive and high resolution approachttmlys diversity and composition of
microbial assemblages. Indeed, these methods heea hsed in global research
surveys (i.e. GOS and Sorcerer cruises, and regcdrdta Oceans and Malaspina
expedition) aiming at better understanding compmsitand distribution patterns of
microbial communities at the global scale and & deg significant trends (Sunagawa
et al. 2015, Salazar et al. 2016). For instance, ecent studies in the global open
ocean have illustrated that community compositibrploytoplankton (Estradat al.,
2016) but also of bacterioplankton (Sunagawal., 2015) in the upper and the lower
parts of the euphotic zone contrasted significarfisevious regional oceanic studies
have identified that the vertical stratification wiicrobes is likely associated to the
differences in the physicochemical properties @ Wwater column (i.e. DelLong et al.,
2006; Hewson et al., 2006; Treusch et al., 2009 $tudy of bacterioplankton in
coastal zones is also of critical importance, andparticular there is a need for
microbial studies in highly dynamic coastal ecosyst (such as upwelling systems).
Microorganisms inhabiting these systems have thigyato function under extremely
variable conditions, and thus likely play a dispdipnately important role in the
microbial-mediated cycling of marine nutrients. Hawer, relatively few studies on the
genomic composition of bacteria have been carrigdroupwelling zones (Allen et al.
2012, Bergen et al. 2015, Gregoracci et al. 20HxcKer el al. 2018, Bachmann et al.
2018) and the role that bacterioplankton playshesé highly variable zones still not

well understood (i.e. Bachman et al. 2018).

The northwestern Iberian coast, located at theheantlimit of the eastern boundary
upwelling ecosystem of the Canary current, is apenate region where alternation

between water column stratification and mixing,ven by the seasonal variations in
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solar irradiance, is modified by wind-driven upvmrdi-downwelling events (Aristegui
et al.,, 2006). Furthermore, the region is charadrby the influence of freshwater
outflows and the presence of the “Rias”, coastietsnthat amplify the nutrient inputs
provided by the upwelling by the export of regetedlanutrients and organic matter
(Alvarez-Salgado et al., 200@apidincreases iphytoplankton growtlypically occur
during early spring and through the summer in thgon (Varela et al. 2001, 2005).
Notwithstanding the frequent fertilization of suréawaters by upwelling, transient
situations of stratification occur during periodsupwelling relaxation, leading to the
formation of a defined deep chlorophyll maximum (@ The persistence and position
of this DCM, generally composed by small diatomd dmoflagellates, is related with
the frequency of upwelling and the renewal of thwrients consumed in the surface

layer (Figueiras and Pazos, 1991; Casas et al7)199

Investigations of the role of bacteria in this myihave focused on bulk biological
measurements of abundance, biomass and singlaetwity (e.g. Valenciat al.,2003;
Bodeet al., 2006; Teiraet al.,2017). In these studies, the variation in bacpgaiokton
was related to diverse environmental factors, umgehydrography and phytoplankton
dynamics as the main driving forces. However, thmmposition of bacterial
assemblages has been comparatively less studiegrammus analysis of upwelling
induced-changes on bacterial composition were dichiby low taxonomic resolution
(Alonso-Gutierrez et al. 2009, Teira et al. 20089pbBI-Amador et al. 2016). The present
study represents the first attempt to study theogen patterns of 16S rRNA gene
sequence in the coastal wind-driven upwelling sectff A Corufia (NW Iberian
Peninsula) within the RADIALES Long-Term Time-Serie
(http://www.seriestemporales-ieo.com/). Over onekwe conducted a survey along a

transect in the shelf waters of A Coruia (NW Spam)investigate the trends in
bacterioplankton communities under the influencemielling. The aims of this paper
are twofold (i) to determine bacterioplankton abamck, diversity and community
composition distribution patterns and (i) to examithe environmental variables that
could best drive those bacterioplankton variations.

Material and methods

Study site and sampling



Seawater samples were collected on board the RN during HERCULES-0712
cruise (from 18 to 20" July 2012, with the exception of the19th) at diel stations
off A Corufia from the coast in the ria de A Coruédhe adjacent shelf (Figure 1). At
each station, vertical profiles of temperature, indgl fluorescence and
photosynthetically active radiation (PAR) were aféa with a Seabird-25 conductivity
temperature depth (CTD) sensor attached to a eosathpler, and a Licor spherical
PAR sensor deployed to a maximum depth of 100mw&tes samples were collected
for the determination of inorganic nutrient concation, chlorophyll-a concentration
(Chl-a) and bacterial abundance at up to 7 discdejgth levels, and for bacterial
diversity and community composition at 2 depth faysurface (at 1m depth) and the
deep chlorophyll maximum (DCM, at 20-30m). Seawatenples from six stations (1C,
2, 3A, 3C, 3B and 4, Figure 1) were sampled forrbgcaphy while microbial analysis
(including abundance, activity and bacterial comityusomposition) were included

only in four of those stations (1C, 2, 3C, and 4).

Aliquots for inorganic nutrient analysis (nitrateitrite, phosphate and silicate) were
collected in polyethylene bottles and frozen at°€Quntil analysis by standard
colorimetric methods with a Bran-Luebbe segmented fanalyser (Grassho#t al.,

1983). Chl-a was determined from acetonic extratidankton retained by GF/F filters

and measured by the fluorimetric method (NeveuxRaudouse, 1987).

Additionally, hydrographic information at highera@l resolution was obtained by
using a microstructure profiler (MSS, Prandke anighsS 1998) with microstructure
shear and temperature sensors for estimating disspof turbulent kinetic energy that
was equipped with a high-precision CTD probe. Tets ©f 3-5 profiles each were
carried out between stations 2 and 4 on tH& iy, and 16 sets between stations 1C
and 4 on the 18and 28' July. The squared Brunt Vaisala frequency)(M proxy for
water column stratification, was computed from €D profiles according to the

equation:

v (e

whereg is the acceleration due to gravity (9.8 M),spw is seawater density (1025 kg

m3), anddp/oz is the vertical potential density gradient.



Fluorometrically determined Chl-a was used to catidthe fluorometer attached to the
CTD-rosette (Chl a = fluorescence /1.153=r0.961, n = 16), which was used to plot
the chlorophyll a distribution on the %6luly, and also to calibrate the fluorometer
sensor included in the MSS profiler (Chl a = 2.268uorescence—0.527° £ 0.859, n

= 134).

Abundance of microphytoplankton was estimated inmD aliquots of a sample

collected with a plankton net (30 cm diameter, 40mesh size) deployed between the
surface and 50m or 5m near the bottom, accordiriggdathymetry. The sample was
preserved in glutaraldehyde (25% final concentrgtiand cells by counted using a
FlowCAM® system (Fluid Imaging Technologies). Particles tire sample were

digitized at x200 to obtain reliable counts of sellrange of 3 to 50um (Alvarez et al.,
2012). Prior to the analysis, the samples wereesed with a 100 um nylon mesh to
prevent clogging of the FlowCAM cell. Cell identiéition was made on the digitized
images with an emphasis in the identification ofongroups (diatoms, dinoflagellates
and other small flagellates). Ciliates were countedugol-preserved samples under an
inverted microscope. In this study, the abundanteliatoms, dinoflagellates and

cilliates are reported as the number of cells péume of seawater.

The upwelling index (lw) was estimated by calcuigtithe Ekman transport from
surface winds data. In this study we employed thend&h transport computed as
estimates every 6 h and provided by the InstitutspaBol de Oceanografia
(http://www.indicedeafloramiento.ieo.es) in twolsedf 1° x1° centred at 43.5°N, 9°W,
using data from atmospheric pressure at sea ldeelyed from the WXMAP model

(Gonzalez-Nuevet al, 2014).

Microbial abundance by flow cytometry

Microbial abundance was determined in up to 7 demh each station by flow
cytometry following Gasol &Del Giorgio (2000). A volume of 1.8 mL per water
sample was preserved with 1% paraformaldehydel (macentration), shock-frozen in
liquid nitrogen for 10 min and stored at -80 °C.mPées were thawed to room
temperature and stained with Sytol3 (Life Technegin the dark for 10 min.
Subsequently, 1 pm fluorescent latex beads (appately 1x16 mL™) (Molecular

Probes, Invitrogen, Carlsbad, CA) were added tdahallsamples as internal standard.



Prokaryotes were counted using a FACSCalibur flgtoroeter (Becton Dickinson,
Franklin Lakes, NJ) according to their signatureright angle light scatter and green
fluorescence. Two types of bacteria were distinfgeasaccording to their high or low
relative content of nucleic acids: HNA and LNA bexcd, respectively (Moréaet al.,
2007).

Abundance of the most abundant groups of Bactgri@sRD-FISH

CARD-FISH analyses were carried out to quantify #imindance of the specific
bacterial groups following the method described Bgrnthaler et al (2002).
Immediately after collecting the samples from thiskidh bottles of surface and DCM
layers, a volume of 10-20 mL of seawater was fixdith paraformaldehyde (2% final
concentration) and stored at 4 °C in the dark. Add+18 h later, the samples were
filtered onto 0.2 um polycarbonate filters (Milli GTTP, 25 mm filter diameter)
supported by nitrocellulose filters (Millipore, HARY 0.45 um), washed twice with 10
mL Milli-Q water, dried and stored in a microfughat -20 °C until further analysis in
the laboratory. Filters were cut in sections anbritjzed with horseradish peroxidase
(HRP)-labelled oligonucleotide probes: Eub338I{Bacteria) (Daimset al., 1999);
Gam42a (Gammaproteobacteria) (Mazl., 1992); CF319a (Bacteroidetes) (Magiz
al., 1996); Ros537 (Roseobacteria) (Eiletsal., 2001); SAR11-732 (Morriet al.,
2002); SAR86-1249 (Eilerst al.,2000) and Non338 (negative control) (Walleerl.,
1993), followed by tyramide-Alexa488 signal ampgidiion. Cells were stained with
DAPI-Mix [4',6-diamidino-2-phenylindole (DAPI, coeatration 2 pg mt) phosphate
buffer (PBS, 0.5 mg mit), Vectashield (1 pg mt) and Citifluor (5.5 mg mt)].
Quantification of DAPI-stained cells and cells st with the specific probes were
performed with an epifluorescence microscope (NikEamtipse 80i) equipped with a
mercury lamp (130 W) and a set of filters apprapriimr DAPI and Alexa488 stains.

For each sample at least 20 fields (equivalerb@0 cells) were counted.

DNA extraction, PCR amplification and sequencinthef16S rRNA gene fragments

Samples for DNA pyrosequencing were obtained byafibn of =5 L of seawater
through sterile Sterivex cartridge 0.22 um pore $itters (Millipore, USA) and stored
at -80°C until DNA extraction could be performedNP® extraction was performed



using the PowerWater DNA Isolation Kit (Mobio, Gavad, CA, USA). DNA
extraction and quantification (via Nanodrop, Thesgientific) was carried out for a
total of 17 samples. A subsample of DNA extractes wsed for pyrosequencing at the
the Research and Testing Laboratory (Lubbock, TX, SAU
http://mwww.medicalbiofilm.org/) using 454 GL FLXdknology. The primer set 341F
(5'-CCTACGGGNGGCWGCAG-3') and 805R (5'-GACTACHVGGATCTAATCC-

3) (Herlemanret al., 2011) were used to generate amplicons spanniny3h® V4
regions HTS of the bacterial 16S rRNA gene. The saquence data were processed
using Quantitative Insights into  Microbial Ecology(QIIME) pipeline
(https://www.giime.org) (Caporaset al., 2010). A quality check was performed to

minimize low quality pirotags. These sequences weraoved from the subsequent
analyses if they were shorter than 100 bp, hadvarage quality score < 25 calculated
in sliding windows of 50 bp, and contained primeismmatches. The remaining
sequences were run using Denoiser implemented iME)Io reduce the impact of
pyrosequencing errors (Reeder and Knight, 20103. ciltated sequences were grouped
into operational taxonomic units (OTUs) with 97%m#arity threshold. A
representative sequence from each phylotype waseohdy selecting the most
abundant sequence within that particular phylotygrel was used for taxonomic
identification. The chimeric sequences were removading ChimeraSlayer
implemented in MOTHUR (Schloss, 2009; Hadsal., 2011) based on the alignment
file SILVA119 (http://www.arb-silva.de). Blast Clsiier (Wang et al., 2007)
implemented in QIME determined the identity of 16BNA phylotypes. The

chloroplast, mitochondria or archaeal members itledtby this method were removed
from the dataset. To enable comparisons betweermpleamthe OTU table was
downsized to 1552 sequences to ensure an equalenwhbequences in each sample.
All further analyses, alpha and beta diversityreations implemented in QIIME, were
performed with the subsampled OTU table. In additithe rarefaction curves were
plotted to verify that the sequences obtained ichesample showed a tendency of
plateauing for the most samples of Bacteria (Supptgary Figure 1A, B). Sequence
data have been deposited in the National CenteBifiechnology Information (NCBI)
Sequence Read Archive (SRA) under SRP133560 begiropmber.

Statistical Analysis



One-way ANOVA was performed to verify significanffdrences between subsets of
variables (inorganic nutrients, phytoplankton bissjamicrobial abundance, CARD-
FISH counts) for the different days, stations andfepths. These statistical analyses
were performed with SPSS software package. HieiGakleluster analysis based on
Bray-Curtis distance matrix, was carried out toles similarities in the taxonomical
composition between samples. Significant differenite bacterioplankton community
composition between samples were determined byraytational analysis of variance
(PERMANOVA). Non-metric multidimensional scaling MibS) was conducted to
illustrate the associations among the relative danpoe of OTUs, and environmental or
taxonomic group variables by vector overlays. Thealations between the different
environmental parameters and the relative abundahbacterial taxa were measured
with the Spearmaip coefficient. Cluster, PERMANOVA and NMDS statistidests
were performed with PRIMER6 & PERMANOVA+ (Andersenal.,2008).

Results

Hydrographic conditions

During the five day sampling the situation was effaxation of upwelling favorable
conditions observed during the ™Ménd 17 July (Figure 2), which induced an
accumulation of diatoms after the pulse (TableAb).intense vertical density gradient
(evident in T and S and quantified by)Nvas observed over the sampling period in the
upper layers (Figure 3, Table 1), with relativelarm (20.20 £ 0.37 °C) and fresher
waters (33.95 £ 5.48) at the surface, and cool8r7@ + 1.01°C) and saltier waters
(35.77 + 0.01) below (Figure 3, Table 1). The badethe pycnocline (20-30m)
coincided with the location of a distinct DCM, wkeChl-a ranged between 2.03—9.86
mg m? versus 0.48-0.81 mg thquantified at surface waters (Figure 3, TableThe
intense vertical density gradient acted as a lrafoiethe transport of nutrients from
deep to surface waters (Figure 4, Table 1). Surfawmeentrations of nitrate+nitrite,
phosphate and silicate at surface waters (1.527+@19 +0.01 and 1.30 +0.09 umol
L, respectively) were lower than those quantifiethatDCM (2.60 +0.54, 0.31 +0.02,
2.27+0.19 umol 1, respectively). (Figure 4, Table 1). The DCM lgygot thinner
vertically forced by the upwelling of deep wateemd got broader again when
upwelling relaxed on 8July and water restratified in the area betweaticsts 2 and
3B.



Microplanktonic abundance by flowCAM and light noscopy

A bloom of diatoms occurred during the cruise isp@nse to the upwelling pulse.
Diatom concentration in cell per liter increasedtighout the week in stations 2, 3C
and 4 both at the surface and the DCM in respoasthd nutrients introduced by
upwelling (Table 1). Diatom concentrations were éown surface waters, where several
dinoflagellates (mainlyLingulodinium polyedrumnand small unidentified flagellates
dominated. In contrast, at the DCM there was atidrasift to a ciliate- and diatom-
dominated communityLgeptocylindrus danicyd.. minimusand Chaetoceros socialjs
at all stations, which resulted in maximum Chl-a@antrations at a DCM around 20-30
m depth. (Table 1)

Microbial abundance by flow cytometry

Microbial abundance values were, in general, higheurface waters (2.05-6.92 x°10
cells mLY) and decreased significantly with depth (ANOVA, 0g35), showing
minimum values at the shelf stations below 60 r838.33 x 18cells mL?) (Figure 5).
Similarly, the contribution of HNA bacteria to tb&bundance was on average, slightly
higher in surface waters (46 = 9.5 %) than in tl&MD(42 £ 9.5 %) and/or below that
depth layer (Figure 5). It is remarkable that micab abundance at stations 2 and 3C
increased throughout the week and was highest Bifi20 in a later stage of the diatom
bloom). At the DCM in 3C on 18 where nutrients were high, the HNA% was high.
Average vertical profiles of the more coastal stadi (St. 4 and 3C) consistently showed
the highest values of microbial abundance and HNa&t®&ia, particularly during the
sampling days of the f7and 18 July, when nutrients were lowest, and progresgivel
decreased towards the shelf stations (St. 1C an(RRDVA, p<0.05) (Figure 5).
Overall, no significant differences were found fraiay to day for microbial abundance
and for HNA Bacteria considering the whole data(8&tOVA, p>0.05).

Relative abundance of specific groups of bacteyi€BRD -FISH

The relative abundance of Bacteria showed sim#édues throughout the water column,
on average, the recovery was 71 £ 12 % of total Dédunts (Table 2). Overall,

SAR11 (Alphaproteobacteria) and Bacteroidetes phylshowed, on average, the
highest relative abundance (28 +4 % and 31 + 4 $paetively) of total Bacteria (Table
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2). By contrast, SAR86 (Gammaproteobacteria) dygalahe lowest contribution of the
total Bacteria (12%) (Table 2). No significant diénces were found from day to day
samples for any of the bacterial groups (ANOVA, %), with the only exception of
Roseobacterwhich was significantly reduced throughout theelvANOVA, p<0.01).
Similarly, no significant differences were foundr fany of these bacterial groups
between stations (ANOVA, p>0.05). Moreover, no gigant differences were found
between the surface and the DCM waters for 5 of Ahgroups targeted (ANOVA,
p>0.05).

Diversity and composition of bacterial communityNi8S (454 pyrosequencing)

A total number of 69220 pyrosequencing reads ofW3egion of the 16S rRNA gene
were obtained from 8 and 9 samples of surface watdr DCM layer, respectively.
Sequences were clustered into a total number of®bds. Shelf stations (i.e. St.1C
and 2) showed in general higher richness valuésn&®d by the number of OTUs and
Chaol indices, than coastal stations (Table 3)il&iy the Shannon diversity index
indicated that the latter stations had the lowestitdrial diversity, while the highest
diversity values were found at the DCM of statioar217" July (3.77) and on 20July

(3.36) (Table 3), during upwelling relaxation. Tikember of OTUs and Chao 1 index
values were generally higher in the DCM than insh&ace (Table 3), while Shannon
diversity values of surface were equivalent to hosDCM samples, ranging from 2.69
to 3.77 (Table 3). No clear trend of day to dayiateon either in richness and/or

diversity was found (Table 3).

The relative abundance of bacterial sequenceg;ndieted at different taxonomic levels,
indicated that bacterial assemblages in the waikmm varied considerably between
the surface and DCM (Figure 6). Furthermore, somdaposhowed slightly differences
in their relative contribution to the total Bacteralong with the distance from the
coastline and throughout the week. Samples wereindted by Proteobacteria,
Bacteroidetes, Actinobacteria, and Deferribactgriega (80%, 10%, 7% and 5% of
total Bacteria, respectively) (Figure 6A). Othesdeabundant members accounting for
~1% of Bacteria include members of SAR202 (Chlorofle Acidobacteria,
Verrumicrobia, Planctomycetes, and Cyanobacteigu(E 6A). Among Proteobacteria,
Alphaproteobacteria and Gammaproteobacteria were rtiost abundant classes

accounting for 35% and 30% of total abundance ofd@bacteria, respectively (Figure
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6B). The most abundant bacterial groups, as SAR#IIRIhodobacteraceae belonging to
Alphaproteobacteria, showed an opposite distrilbupattern with depth and distance
from the coastline. The SAR11 clade was relativelyre abundant in the DCM layer
near the coast, while Rhodobacteraceae dominatedriace waters at the shelf St. 2.
Gammaproteobacteria was largely represented by rospaillales, mainly SAR86
clade (25%), JL-ETNP-Y6 =~6%) and Oceanospirillaceae (<5%), while
Alteromonadales mainly consisted of Alteromonadagq®&o) (Figure 6B). The SAR86
clade showed high abundance at the DCM of the shstHitions, while
Oceanospirillaceae and Alteromonadaceae prevailesuiface waters of the coastal
stations. Flavobacteriaceae and Cryomorphaceaela(pBscteroidetes) were more
abundant at the surfacelb%) than at the DCM=6% of total Bacteria), while OCS-
155 (phyla Actinobacteria) showed a relatively kiglabundance in the DCM (10%)
than in surface waters (<5%). SAR406 (phyla Debacteres) accounted feb% of
total Bacteria and showed a patchy distributiogyFe 6B).

The clustering of samples showed that the mainebattassemblages were those
associated with the two different water layers abered in this study (Figure 6C). At a
similarity level of 50%, one cluster grouped thenpées belonging to the surface, and a
second cluster included the DCM samples (Figure BERMANOVA, p <0.05).
Surface and DCM assemblages had a large overlap, most of the shared-OTUs
belonging to the more abundant bacterial phyla,ctvhincluded Rhodobacteraceae,
Cryomorphaceae, Flavobacteraceae, Alteromonada&&ie86 and SAR 116. The
number of non-shared OTUs was higher in DCM contbdoesurface layer. Several
bacterial phylotypes such a#ivibacter and Litoricola were exclusive of the surface
layer, while SAR202 clade and SAR 324 were somb@hon shared-OTUs belonging
to the DCM. As for the environmental variables, #agiability in bacterial community
composition was not significantly different fromydéo day for any of the stations
(Figure 6C, PERMANOVA, p>0.05). However, our resushowed that DCM samples
in the inner most station 4 changed from the serfdaster on 18to the DCM cluster
on 20" in response to the influence of upwelled nutrigcit-waters in deeper layers of

station 4 introduced by the upwelling pulse.

Relationship between bacterial community compasgiod environmental variables
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Surface samples were characterized by higher teanperand PAR values (Figure 7A)
and higher number of reads of Rhodobacteraceaeyoltdateriaceae and
Alteromonadaceae than in DCM samples (Figure 7B).cBntrast, the high nutrient
concentrations observed in the DCM layer, partitylat shelf stations (i.e. St. 2 and
1C), along with the high Chl-a and high salinityigiffe 7A) were associated to the
occurrence of SAR86, SAR11, OCS155 and JL-ETNP-Figure 7B). Overall, the

relative abundance of Bacteria displayed a sigaificorrelation with temperature, Chl-
a and nitrate + nitrite concentrations but not VIRAR or salinity (Supplementary Table
1).

Discussion

In this investigation we have generated baselif@nmation on the taxonomic diversity
of bacteria in an exploratory survey off A CoruiildW Spain), as part of a
multidisciplinary research examinating short-teryaitodynamic variability and marine
plankton in the Galician shelf during upwelling at®in the Artabro gulf (i.e. Otero-
Ferrer et al. 2018). We have characterized hydpdgranutrient concentration and
microbial abundance and composition in a sectidnAoCorufia (from the ria to the
adjacent shelf) during an upwelling pulse and ésation. Each of the approaches
employed in this study for characterizing the mitab assemblages has limitations, yet
combined they identified the diversity of microbiabmmunities at the coastal
upwelling off Galicia. Flow cytometry only provideidtal microbial abundance and a
very general characterization of two physiologigadups of organisms (HNA and LNA
populations), while CARD-FISH identified the dommagroups of bacteria and 454-
pyrosequencing allowed us to further investigate acterial diversity including also
those bacterial phylotypes that had very low aboonda However, only the latter
technique provided enough sensitivity for revealsgatial and temporal changes in

diversity that could be related to changes in th@renmental conditions.

The distribution pattern of bacterial assembladesved a marked difference between
surface and DCM layers, but was remarkably unifagross stations and throughout
the week, in spite of the variability of hydrogragdi conditions. Our sampling
occurred during the relaxation of a summer upwelpmlse on 18 and 17 (Figure 3).
The pulse introduced cold, saltier and nutriert it deep layers and exported warmer

and less saline surface waters from the rias tadpgcent shelf. This situation is typical
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during the summer in the Galician coast, whereogeriof upwelling that introduce
nutrients alternate with situations of stratificativhen wind relaxes (Casas et al., 1997;
Alvarez-Salgado et al., 2000). Because of the pEs@f continental water near the
coast and the thermal stratification caused by waynof the surface, the upwelled
waters only reach the surface when upwelling pulassfor several days, which was
not the case in our study. However, the upwelledewawith relatively high
concentration of nutrients influenced deep layefsthe water column (DCM and
below). For instance, the characteristics of théewaelow 50m at the shelf stations
(t<14°C, S>35.8, N&-NO,> 7 pumol L) agree with the presence Eastern North
Atlantic Central Water, which is modified by warrgiand remineralization on the shelf
(Alvarez-Salgado et al., 2000).

Two distinct clusters of bacterial assemblagesalbie transect were present, possibly
associated with these two distinctive oceanografgatures. Furthermore, this vertical
zonation of bacterioplankton could also be linkedtlhie abundance and quality of
phytoplankton, since DOC originating from differenphytoplankton species
differentially stimulated heterotrophic prokaryotdSarmento and Gasol 2012).
Interestingly, there were also marked changes enctimposition of microplankton in
the two layers, with a marked dominance of cilliated diatoms in the DCM and an
increase of diatoms throughout the week. Diatones waell adapted to the DCM,
generally associated to the nutricline, becausthaf ability to capture nutrients from
the deep layer (Latasa et al., 2017). For instanpe/elling pulses can provide nitrate
that can be stored by diatoms and other microptgtdgon groups for later use in
biosynthesis (Bode et al., 1997; Lomas et al., 20D@ily vertical displacements of
phytoplankton, notably from dinoflagellates butocafsom diatoms, can influence the
guantity and quality of the organic matter synthedj as illustrated by the excess of
carbohydrates observed in the surface layer dupeigods of upwelling relaxation
reported for the Ria de Vigo, and which contrasith whe more balanced composition
of the organic matter in the layers below the DCMeve nutrients were abundant
(Fraga et al., 1999).

Abundance of major bacterial groups: CARD-FISH #B#sus 454 pyrosequencing

The diversity of microplanktonic assemblages, ideig phytoplankton and ciliates has
been well studied by conventional sampling methaas$ microscope techniques in the

14



shelf waters off A Corufia (Varekt al., 2003; Bodeet al., 2004b; Bodeet al., 2006,
Varela et al. 2017). However, these techniques adject a minor part of the
microplanktonic diversity (Rodriguez-Rameisal.,2014), and do not allow to study of
the taxonomic diversity of bacteria. In contrakg approach employed in the present
study is based on a combination of two moleculehrieues (i.e. Korleviet al, 2015;
Guerrero-Feijécet al., 2017): the CARD-FISH (accounting for the dominamicrobial
groups) and the high resolution 454 pyrosequendiog specifically addressing the
identification of both abundant and rare bactdaaah). A direct correlation between the
results obtained by CARD-FISH and pyrosequencirgyais could not be performed
because these different techniques target differegions of the 16S rRNA gene.
However, in general, this investigation has foungoad correspondence between the
relative abundance of the major bacterial group®dty methodologies. For instance,
pyrosequencing sequences for Alphaproteobacterf@aonmaproteobacteria yielded a
percentage of contribution similar to that obtaibgdCARD-FISH counts (see Table 2),
indicating that this cluster was recovered by bo#thodologies similarly. By contrast,
the relative abundance of SAR11 and Bacteroidetes vigher in CARD-FISH counts
(see Table 2) than pyrosequencing. It is well kndhat the use of different primers
complicates the comparison of microbial commundgnposition and diversity between
different studies. In this regard, we conductedsiudy prior to the report of Apprill et
al. (2015) and it is possible that the primers vawehused here underrepresent the
SAR11 clade. In contrast, SAR86 cluster contributedre to the total bacterial
abundance in pyrosequencing than in CARD-FISH =(sde Table 2). These different
patterns could be due to the different number ofdas analyzed, and also to the PCR
bias associated with the pyrosequencing approacipaed to CARD-FISH, where the
probes target directly the 16S rRNA.

Bacterial diversity and composition by 454 pyrossging

Alpha diversity analysis suggested that specidsnass and diversity increased from
coast to shelf stations and from the surface dowrthe DCM, which could be

associated to the mixing of upwelled bacteria whle coastal surface waters and
probably also reflecting the marked functional déviy encompassed by bacteria.
Consistent with previous studies of the relativehmess of dominant phyla, the

variability in bacterioplankton community compositi in the shelf waters of the
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Galician coast showed some characteristics in camwith oceans globally (i.e. GOS,
Yooseph et al. 2007 and/or Tara Oceans expediBanagawa et al. 2018). It is well
established that Proteobacteria and Bacteroidatesto a lesser extent Actinobacteria
are the dominant Bacteria phyla in seawater (Delatrgj., 2006; Agogué et al., 2011;
Walshet al.,2016; Guerrero-Feijoet al.,2017) and, consequently, they displayed the
highest relative abundance in our study. Howeveiit &vas described in the previous
section, the distribution of the bacterial assegéxdtaat different taxonomic levels was

driven by the differences induced by upwelling #sdelaxation in the area.

The main sequences within Alphaproteobacteria ca®a@rSAR11 and Rhodobacteria,
and their distribution varied in surface and DCMeis along the sampling days of the
cruise. As expected, a considerable portion of IISA amplicons belong to SAR 11
(under class Alphaproteobacteria), an ubiquitoaselat the world ocean. We found a
significant positive correlation between the aburm#aof the SAR11 clade and Chl-a,
supporting previous findings describing that theradance of SAR11 is significantly
higher in epipelagic waters and correlated withsaliged organic matter produced by
phytoplankton (Carlsort al., 2009; Morriset al., 2012; Eileret al., 2009) and thus
suggesting that this clade actively responds toamcg matter released by the
phytoplanktonic bloom found at the DCM. This isudtrated by the observed increase
during the diatom bloom (from T&o 20" of the contribution of SAR11 at the DCM in
St. 3C, where the increase of microbial abundandiene was also apparent. In contrast
to the SAR11 distribution, the Rhodobacteraceae ilyanfalso under class
Alphaproteobacteria) was observed to be relatiablyndant in the surface layer shelf.
Members of the Rhodobacteraceae family have besaridled to prevail in areas of
relatively low nutrient concentrations (Gilbert &t, 2012), which may explain its
relative dominance at the surface layer in our \stfdne of the dominating genera
found in this study within the Rhodobacteraceae ilfamRoseobacter a strong
competitor thriving under low-nutrient conditiorBiiihasi and Beman, 2003), which in
our case appears to be at the surface. Overall,dddacteraceae was reduced
throughout the week at the DCM in stations 4 and BCresponse to the nutrient
enrichment at these stations with the upwellingspudnd the further evolution with
relaxation. However, Rhodobacteraceae contributias high at the DCM in 3C on the
18" where nutrients and also HNA% were high. Thegmes of Gammaproteobacteria

in upwelling systems has been reported in sevéundies (Bergen et al. 2015, Zhou et
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al. 2018). The main sequences under the Gammapaitia class comprised SAR86
and Alteromonadaceae. In our study, SAR86 dominatethe DCM at the shelf
stations, suggesting that this group could be déitad by macronutrients such as nitrate
of upwelled water since it has been identified agpécal taxa of open ocean waters in
other regions (Treusch et al., 2009; Beman et28111; Walsh et al., 2015). The
efficiency of SAR86 in exploiting nutrient pulses suggested by the increase of its
contribution throughout the week (being maximum2aif) at all stations and depths,
excluding Station 3C at the surface. Furthermohés group is often defined as
opportunistic and has a broad substrate spectrierrgdt et al. 2002), thus suggesting
substrate utilization of algal derived organic reaf{fTeeling et al. 2012, Buchan et al.
2014). Hence, SAR86 may have been linked to the D&@ddm of Leptocylindrus
species, which could produce and release compahadiserve as chemoatractants for
these bacterial groups. Conversely, Alteromonada¢aaother Gammaproteobacteria
family) was relatively more abundant in surfaceewst contrasting with the dominance
of SAR11 at the DCM, which might be attributed tonpetition for nutrients and/or to
a response to the contrasted environmental conditad surface versus DCM layers

found during our study.

The Bacteroidetesonsisted mostlyf members of the Flavobacteria classcluding
Cryomorphaceae and Flavobacteriaceae familiesoB&oteria has been reported to be
an important component of the microbial loop in stah phytoplankton blooms
(Williams et al. 2013, Tully et al. 2014). In ths$udy, Flavobacteria were relatively
more abundant at the surface waters of the coasttibns, especially the innermost
coastal station 4 (under the influence of watemmfrgontinental origin), perhaps
reflecting their relationship with the availabilignd quality of organic substrates, since
they have been identified as powerful degradersoofiplex organic matter (Arnosti
2011, Gomeéz Pereira et al. 2012). In particulagueaces from the Flavobacteriaceae
(mainly belonging to genefgormosa Polaribacter, Croceitaleaand to the uncultured
marine groups NS3, NS4, NS5) and Cryomorphaceaeiliégam(mainly genus
Owenweekslawere found at all stations of the transect bubileied pronounced
abundance fluctuations, maybe related with the ttaey are highly diverse, displaying
distinct niches and different life strategies (Garrereira et al., 2010; Abell et al.,
2005). In this respect, the abundance of Flavobac#¢ station 4 both at the DCM and
the subsurface and its considerable reduction gjmout the week suggest that before
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the pulse that introduced nutrients in this statithe Flavobacteria community was
adapted to nutrient depleted waters. Additionalpsupto this is the fact that some
Flavobacteriaceae sequences, suckhamosaandPolaribacter and NS5, were more
abundant at station 4 before the pulse. Converd&Bd increased during the diatom
bloom (from 18' to 20", while Croceitaleaand NS3 abundances remained relatively
constant throughout the week. We must note théibsetd is periodically fertilized by
upwelled waters during pulses, and during relaxatiee bacterial community might
depend on the recycling of organic matter, that tmldsly would increase the

variability in its taxonomic composition.

Another widespread and commonly found class ismdttacteria, which in our study
mainly belonged to OCS155 sequences. Recent sthioiggl unique sequences of
OCS155 associated to the upwelling in the SoutlifiP&@cean (West et al., 2016) and
Actinobacteria clones were also recovered fromRI@M in the South Atlantic gyre
(Morris et al., 2012). Indeed, the presence of Wattacteria in the shelf waters off A
Corufa (relatively more abundant at the DCM thathatsurface) could be associated
with the phytoplankton biomass accumulated at tl&VID Actinobacteria helps to
decompose organic matter (i.e. senescent algaeugtake by phytoplankton, and
several investigations have correlated Actinob&tevith phytoplankton blooms
(Brown et al., 2005, Eckert et al. 2012, BunseleR@l16). Deferribacteres, dominated
by the SAR406 clade, showed a patchy distributadthough generally being more
abundant in the DCM layer at the shelf stationsthi marine environment SAR406
clade is ubiquitously distributed, and it is alswWn that is positively correlated with
Chl-a (Gordon and Giovannonni, 1996; Cram et &14). SAR 406 tags were more
abundant on days f8and 28' at the DCM of shelf stations 2 and 1C, where Chl-a
reached the highest values of the study.

Environmental factors regulating microbial strucgur

Past studies of plankton community in the areatified that bacterial abundance and
production was maximum in periods of upwelling xaldon with a time-lag with the
phytoplankton bloom fueled by nutrient-rich upwdllevaters (Valencia et al. 2003,
Barquero et al. 1998). In our study we have desdrithe variability of hydrography
and nutrients in a section from the coast to thé-shielf during an upwelling-induced

diatom bloom and its relaxation concomitant to fttlearacterization of bacterial
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abundance and community composition. The correlaitalysis showed that T, Chl-a
and inorganic nutrient concentrations had a sigaifi impact on bacterial distribution,
especially on its vertical zonation, as illustratedhe two clusters of the nMDS. The
surface cluster comprised samples in warm andsiaase water (located at the mouth
of the ria and advected to the adjacent coastak)zolow Chl-a, dominance of
dinoflagellates and high PAR. At this surface layerfound high relative abundance of
OTUs affiliated with Rhodobacteraceae, Flavobaater@e, and Alteromoadaceae,
which have been reported to be abundant in upvgeliireas (Baltar et al. 2007). The
DCM cluster was characterized by blooming phytokian at~20-30 m with high
abundance of diatoms and dominance of ciliatesh ldgncentration of inorganic
nutrients, and low PAR. The richness and phylogendiversity of the bacterial
community was a higher at the DCM than at the serf®AR86 and SAR-11 were
present at the DCM and increased their contributith relaxation of upwelling and
senescence of diatom bloom. The coexistence oé ttves assemblages, suggests that
they could be specialized in utilizing different BIOcompounds released during the
DCM phytoplankton bloom and thus avoid direct cotitpe for resources. This is
further supported by the presence of specialid,taMch as OCS155 and JL-ETNP-Y6
sequences, that displayed high abundances in tiv IBger.

In summary, this study provides the first attenptstudy the bacterial diversity and
community composition at the coastal upwelling Gfélicia using 16S rRNA gene
sequencing. This technique was more sensitive @&RD-FISH and flow cytometry
for the detection of changes in community compositiuring the upwelling-relaxation
transition. Sampling of surface and DCM depthsvedid us to show that while the
bacterial communities in each depth layer showbkila day to day similarity across 14
km section, the surface and DCM communities wegniicantly different. The
separation of these communities can be due to iapkmitation due to differential
water densities acting as a physical barrier, bay mlso be due to the selection of
communities adapted to the contrastedvironmental conditions. Temperature,
phytoplankton composition and nutrient concentraionight have acted as the main
drivers of the observed vertical zonation of marBeteria, with enhanced diversity

and presence of specialist taxa in the DCM compiarélde surface waters.
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Table 1. Physical, chemical and biological chamsties of the surface (1m) and the
deep chlorophyll maximum (DCM) from different sammgl days and stations along a
transect in the shelf waters in front of A Corufiainlg the Hercules Il cruise. Depth
(m); T: temperature (°C); Sal: salinity; PAR: photothetically active radiation (iumol
photons rif s); Chl-a: Chlorophyll-a concentrationud L?); Diatoms: Diatoms

concentration (cells '1); Dinoflag: dinoflagellate concentration (cells’). Cilliates:

ciliate concentration (cells1); NO,+NOs: nitrate + nitrite concentration (umol L-1);

PQy: phosphate concentration (umol L-1); gi6ilicate concentration (umol L-1)
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Date Station  Layer Depth T Sal PAR Chl-a Diatoms Dinoflag Ciliates NOs;+NO, PO, SO,
16th July B surface 3 18.649 35.580 540.9 0.801 4485 4815 3200 0.71 0.36 1.47
DCM 12 17.238 35.679 78.4 9.896 5040 11025 2190 904 0.33 2.55

3c surface 3 18.374 35.448 669.7 0.624 1065 570 740 68 1. 0.19 1.11

DCM 30 15.748 35.730 29.6 2.737 8060 820 260 350 .350 2.39

5 surface 3 18.221 35.548 659.9 0.480 902 88 420 1.20 0.18 1.13

DCM 30 15.607 35.733 39.6 2.629 3030 75 890 477  390. 2.96

16 surface 3 17.973 35.701 648.8 0.525 550 360 30 2.62 0.17 2.13

DCM 32 15.244 35.749 34.3 2.579 12405 240 30 245 320 1.68

17th July 4 surface 3 18.520 35.587 609.1 0.787 1680 520 25 1. 0.19 1.47
DCM 18 15.535 35.733 68.6 2.143 7905 1860 230 0.29 2.43

3c surface 3 17.525 35.633 513.6 0.743 412  0.17 0.87

DCM 10 15.996 35.740 184.7 3.206 0.95 240 1.67
5 surface 3 17.801 35.484 187.8 0.608 1770 405 48 0. 0.21 0.96

DCM 20 15.434 35.740 26.3 3.406 23955 285 230 0.29 2.12

surface

1C DCM _— _— _— — — _— — _— —_— — —
18th July 4 surface 3 19.424 35.480 334.5 0.805 5235 1035 4140 1.85 0.19 1.41
DCM 18 16.483 35.711 54.5 2.982 7230 1080 7790 0.59 0.17 1.79
3c surface 3 18.179 35.486 611.7 0.748 3795 495 1830 .63 2 0.21 1.23

DCM 20 15.371 35.753 55.6 3.238 18390 240 1050 2.67 0.34 2.21
5 surface 3 17.975 35.569 289.3 0.604 2820 375 1620 .92 2 0.16 0.83

DCM 20 15.070 35.772 22.8 7.361 17295 195 1460 3.20 0.30 1.95
16 surface 3 17.744 35.696 100.5 0.781 3285 165 1340 .99 2 0.16 1.80

DCM 20 15.322 35.761 16.3 6.955 16260 75 6400 1.57 0.21 1.37
20th July 4 surface 3 19.090 35.554 550.9 0.742 5370 600 910 90 0. 0.18 1.83
DCM 18 14.893 35.768 66.2 3.389 36555 495 1730 2.45 0.29 2.72
3c surface 3 18.547 35.374 594.7 0.692 13200 690 3270 1.07 0.16 1.22

DCM 30 14.889 35.748 19.2 3.763 22150 440 800 3.39 034 2.99
5 surface 3 17.990 35.445 365.0 0.611 6870 22.5 960 .81 1 0.17 1.16

DCM 26 14.689 35.772 19.2 6.601 43935 0 1580 250 .300 1.77
1C surface 3 17.615 35.707 213.8 0.568 2750 50 1960 86 1. 0.17 1.83

DCM 30 14.477 35.760 15.3 2.029 5775 0 2500 425  360. 3.09
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Table 2. Percentage of relative abundance (meatandard deviation) of the main
bacterial groups determined by CARD-FISH alongaagect in the shelf waters in front
of A Corufia during the HERCULES-0712 cruise. DCMeg chlorophyll maximum.

EUBACTERIA PROTEOBACTERIA BACTEROIDETES
Alphaproteobacteria Gammaproteobacteria
SAR-11 Roseobacter  Total SAR-86

(%DAPI) (%Eub) (%Eub) (%Eub) (%Eub) (%Eub)
surface 72 £ 2 29 + 3 17 £ 2 23 + 3 13+ 2 34 £+ 3
DCM 75 + 3 31+ 4 14 + 4 21 + 4 13+ 3 29 + 3
3Csurface 72 + 1 29+ 3 13+ 2 22 + 3 9+ 2 27 = 3
DCM 68 + 3 21+ 4 12 + 4 23+ 4 9+ 3 27 £+ 3
surface 69 =+ 1 31+ 3 15+ 2 29 + 3 13+ 2 34 £+ 3
DCM 67 £ 3 31+ 4 22 + 4 29 + 4 14 + 3 35 £+ 3
1Csurface 73+ 1 24 + 3 18+ 2 26 £ 3 11+ 2 30 £ 3
DCM 69 + 3 26 £ 4 15+ 4 19+ 4 9+ 3 28 + 3
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Table3. Number of OTUs, richness and diversitynestied by 454-pyrosequencing of Bacterial
16S rRNA gene. Theamples marked with an aster{gl areoutlier. DCM: deep chlorophyll

maximum.
DATE 17" July 18™ July 20 ™ July
Station Layer No. Chaol Shannon No. Chaol Shannon No. Chao 1 Shannon
OTUs value index OTUs value index OTUs value index
4 surface 95 120 3.30 98 136 2.77 88 102 3.12
DCM 20* 20* 2.43* 113 153 3.48 91 139 2.81
3C surface - - 79 135 2.65 83 98 2.94
DCM - - 128 190 3.21 89 109 2.69
2 surface 114 161 3.26 - - 89 108 251
DCM 201 308 3.77 19* 19* 1.64* 120 145 3.36
1C surface - - - - 111 154 2.89
DCM - - - - 99 128 291
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Figure 1. Map of the study area and location oftimta sampled during the
oceanographic cruise HERCULES-0712 in the shelkergain front of A Corufia. The

numbers between brackets indicate the depth of €atin.

Figure 2. Distribution of six-hourly (0:00, 06:002:00, and 18:0GMT) offshore
upwelling index (lw) during the sampling period ofie oceanographic cruise
HERCULES-0712 in the shelf waters in front of A Gida.

Figure 3. Daily evolution of physical and biolodicariables (temperature, salinity,
chlorophyll-a and water column stratification,z)l\lsampled during the oceanographic

cruise HERCULES-0712 in the shelf waters in frohAdCoruia.

Figure 4. Inorganic nutrients during the oceanolgi@pruise HERCULES-0712 in the
shelf waters in front of A Corufia. NO- NGs: nitrate + nitrite concentration; RO

phosphate concentration; $Q@ilicate concentration.

Figure 5. (A) Microbial abundance (MA, cells MLand high nucleic acid content

bacteria (% HNA) in the shelf waters in front ofGoruiia.

Figure 6. Comparison of bacterial diversity deteveai by 454-pyrosequencing among
different samples collected in the shelf watergamt of A Corufia (A) Stacked column
graph representing the relative distribution of tlmeninant phyla (B) Stacked column
graph representing the taxonomic composition abtder and family level (C) Cluster
analysis of bacterial diversity. Sample codes &irsi the sampling dateldy followed
by the month and year¥tation and depth of sampling (1m: surface sasp€M: depth
chlorophyll maximum samples). Diamond symbols:istal. Triangle symbols: station
3C; Circle symbols: station 2; Square symbols:i@talC. Open and close symbols
correspond to Surface and DCM horizons, respegti&mples of 1% July and 18
July of the DCM of station 4 and 2, respectivelg autliers.

Figure 7. Non-metric multidimensional scaling (NMD&nalysis showing the

correlation between (A) different environmental ightes and (B) specific taxonomic
phyla and the relative abundance of bacterial Odé&termined by 454-pyrosequencing
in the different samples in the shelf waters imfrof A Corufia. Sampling points that
are close together are more similar in their b&dteomposition than those that are far

apart. For sample labels see Figure 6.
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Figure 5
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Vertical zonation of bacterial assemblages attributed to physical stratification

during the summer relaxation of the coastal upwelling off Galicia (NW Spain)

Tania Montes 2 Elisa Guerrero-Feijéo Victor Moreira-Coelld, Antonio Bodé,

Manuel Ruiz-Villarredl,, , Beatriz Mourifio-Carballidh and Marta M. Varefa

Highlights:

(i)

(ii)

(iii)

no previous studies have been found in the liteeagbhowing how bacterial
community composition evolves during an episodeet#xation of an
upwelling, by characterizing bacterial assemblggemg different diversity
measurement techniques) along with hydrographyiemitconcentration
and microbial abundance in a section off A Cordftan{ the ria to the
adjacent shelf).

(i) the three different approaches (flow cytomeCARD-FISH and
lllumina MiSeq) provided complementary information the abundance,
diversity, community composition and distributioati@erns of bacterial
communities showing up robustness and solidityuroresults and

(iif) we have been able to show a coupling betwasseterial communities
and the hydrodynamics, due mainly to temperaturgigplankton
composition and nutrient concentrations, shapiegottserved vertical
zonation of marine Bacteria
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