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Abstract. Microbial eukaryotic community composition was saprophytes, parasites and intracellular symbionts (e.g Guil-
examined by 18S rRNA gene tag pyrosequencing, during théou et al., 2008; Massana and Pedrés-Alid, 2008; Brate et
early phase of spring phytoplankton blooms induced by nat-al., 2012). The wide ecological roles of protists include: pho-
ural iron fertilization, off Kerguelen Island in the Southern totrophic and mixotrophic species, belonging to the primary
Ocean (KEOPS2 cruise). A total of 999 operational taxo-producers; heterotrophic species, acting as a “link” between
nomical units (OTUs), affiliated to 30 known high-level tax- the microbial food web and the higher trophic levels, as well
onomic groups, were retrieved from 16 samples collectedas decomposers and parasitic taxa (Caron et al., 2009 and
in the upper 300 m water column. The alveolata group wagseferences therein). A series of molecular studies have ex-
the most abundant in terms of sequence number and divemmined spatial or temporal patterns in protistan community
sity (696 OTUs). The majority of alveolata sequences werestructure and diversity. These have indicated that the micro-
affiliated to Dinophyceae and to two major groups of ma- bial community structure is generally highly responsive to
rine alveolates (MALV-I and MALV-II). In the upper 180 m, environmental forcing, and that dominant protistan taxa can
only 13% of the OTUs were shared between of the fertil- differ markedly over temporal and spatial scales associated
ized stations and the reference site characterized by highwith common oceanographic features (e.g Countway et al.,
nutrient low-chlorophyll (HNLC) waters. Fungi and Cerco- 2007, 2010; Nolte et al., 2010; Gilbert et al., 2012; Mangot
zoa were present in iron-fertilized waters, but almost absengt al., 2013; Lie et al., 2013; Wolf et al., 2014; Christaki et
in the HNLC samples, while Haptophyta and Chlorophytaal., 2014).
characterized the HNLC sample. Finally, the 300m depth The Southern Ocean has a unique geography with sev-
samples of all stations were differentiated by the presenceral large-scale water masses separated by oceanic fronts,
of MALV-Il and Radiolaria. Multivariate analysis, examin- and has major implications for the global ocean circulation
ing the level of similarity between different samples, showedand climate system. It is also the largest high-nutrient low-
that protistan assemblages differed significantly between thehlorophyll (HNLC) ocean, in which iron limits phytoplank-
HNLC and iron-fertilized stations, but also between the di- ton production, resulting in a large stock of major inorganic
verse iron-fertilized blooms. nutrients (Martin and Fitzwater, 1990). A pronounced shift
to larger phytoplankton cells, in particular diatoms, has been
generally observed resulting in natural (Blain et al., 2007,
Pollard et al., 2009) or artificial (Boyd et al., 2007; Smetacek
1 Introduction et al., 2012) iron additions. While evidence of iron limi-
tation of phytoplankton growth is unequivocal, the subse-
Molecular investigations into the planktonic protists of nat- quent direct or indirect impact of iron on heterotrophic eu-
ural microbial communities have revealed an astonishing dikaryotes of the microbial food web is less clear. For exam-
versity (e.g. Caron et al., 2012 and references therein) angle, a moderate increase in microzooplankton biomass was
a variety of novel and/or previously unobserved groups of
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Table 1. Brief description of the stations. The depth of the mixed layer (ML) is based on a difference in sigma of 0.02 to the surface value.
The mean ML & SD) of all CTD casts performed during the occupation of the stations is given. Ze: the euphotic layer depth.drancChl
major inorganic nutrients mean valuessD for the mixed layer.

Station Date Latitude Longitude  Station depth Sampling depths ML Ze Chla NO3+ NO2 POy Si(OH)4 DFe
(011) (N)  (E) (m) (m) (m) Mm (gl H@  (um)P (M) (uM)° (nm)?

R-2 26 Oct —50.359 66.717 2450 20, 60,150,300 185 92 0.25+0.08 26.0£0.2 1.83+0.03 12.3:0.3 0.08+0.07

F-L 7 Nov —48.505 74.614 2690 20, 65,180,300 B8 28 4.00t 1.58 20.5£1.9 1.06+0.21 7.7£0.8 0.22+0.06

E-4W 10 Nov —48.765 71.425 1398 30, 80, 150,300 $H11 31 2.38£0.31 25.4£1.0 1.79+0.10 18.5£1.2 0.17+0.03

A3-2 16 Nov —50.624 72.056 528 20,80,160,300 1535 38 2.03£0.33 26.2£0.4 1.78+0.03 18.9£0.5 0.16+0.03

2| asbleiz et al. (this volume?, Blain et al. (this volume)$ Closset et al. (this vqumeﬁ,Quéroué et al. (unpublished KEOPS2 data).

observed during the iron fertilization experiment IronEx-2 in 2 Materials and methods
the Equatorial Pacific sector and the SOIREE in the Southern
Ocean (Landry et al., 2000; Hall and Safi, 2001). In contrast2.1 Sample collection and DNA extraction
the microzooplankton grazing pressure on the total phyto-
plankton community decreased during the iron fertilization The present study was carried out during the KEOPS2 cruise
experiment SERIES in the Gulf of Alaska and the SEeDS1from October 15 to 20 November 2011. Water samples were
in the western subarctic Pacific (Boyd et al., 2004; Saito etcollected from four stations above and off the Kerguelen
al., 2005). In the Kerguelen region, the iron limitation of Plateau (Fig. 1a, b). Stations A3-2, E-4W, and F-L were lo-
the Southern Ocean is relieved by natural iron fertilization cated in the blooms, while the reference station R-2 was lo-
(Blain et al., 2007). Natural iron fertilization is an uncom- cated in the HNLC region (Fig. 1a, b). All water samples
mon process in which iron supply of the surface waters fromwere collected with 12 L Niskin bottles mounted on a rosette
iron-rich deep water is observed. Only two studies referredequipped with a CTDO Seabird SBE911-plus. According to
to natural iron fertilization in the vicinity of Crozet (Pol- CTD profiles, four sampling depths were chosen at each sta-
lard et al., 2009) and Kerguelen Islands (Blain et al., 2007).tion in order to represent the mixed layer (ML), the bottom of
The KEOPS 1 cruise demonstrated that the phytoplanktorthe ML, and the deeper waters (Table 1). Five to 7.5 litres of
bloom was sustained by iron supply from iron-rich deep wa-€ach depth were subsequently filtered on 10, 3, and 0.6 pm,
ter below, representing natural iron fertilization (Blain et al., 47 mm nucleopore filters (Whatman, USA) using a serial fil-
2007). This study also showed that microzooplankton graziration system at very low pressure (15rpm). The serial fil-
ing was an important factor for phyt0p|ankt0n biomass de-tration was performEd in order to avoid filter Clumping and to
crease in the bloom area (Brussaard et al., 2008) mainly aftninimize disruption of fragile protists. The filters were im-
fecting the small-sized phytoplankton population (Brussaardmediately frozen in liquid nitrogen and then stored-80°C
et al., 2008; Christaki et al., 2008). until analysis. After pooling together and cutting into small
The KEOPS2 cruise Samp"ng Strategy covered Spa.pieces the 10, 3, and 0.6 Hm filters, DNA extractions were
tially diverse iron-fertilized stations at early bloom stages carried out using the MO BIO PowerWater DNA lIsolation
in the Kerguelen plateau and ocean region (OctoberKit (MO BIO Laboratories, Inc, Carlsbad, CA), following
November 2011). These data showed that natural iron ferthe manufacturer’s protocol instructions.
tilization of the Southern Ocean on the scale of hundreds )
of thousands of square kilometres produced a mosaic of-2 PCRand tag pyrosequencing

blooms, and that the biological and biogeochemical response . . .
to fertilization was diverse. The DNA samples were amplified using the two universal eu-

The objective of this study was to explore the micro- K&ryote primers 18S-82F (&AAACTGCGAATGGCTC-

: : : ; 3,L6pez-Garcia et al., 2003) and Euk-516r’-(5
bial eukaryotic community structure using 18S rRNA gene®: "
tag pyrosequencing during the onset of spring phytoplank ACCAGACTTGCCCTCC-3 Amann et al.,, 1990). These
ton blooms in the context of natural iron fertilization of the PfiMers have been designed to amplify the variable V2
Southern Ocean. The hypothesis tested was that the protiéﬁ"-nd V3 eukary_o_te 18S rRNA gene regions. A 10bp tag
tan communities would differ between the blooms, and be-S€duénce specific to each sample, a 4bp TCAG key, and
tween the iron-fertilized blooms and the HNLC waters. The @ 26bp adapter for the GS FLX technology, were added

use of tag pyrosequencing provided a unifying approach for© the primers. Polymerase chai.n. reactions were carried
assessing the breadth of protistan communities, including th@Ut according to standard conditions for Platinum Tag
groups that are quasi-impossible to characterize using trati9h-Fidelity DNA polymerase (Invitrogen) with 10ng of

ditional approaches of microscopy and culture (e.g. MAST,EnVironmental DNA as a template. After the denaturation
MALV, Fungi, and others). step at 94C for 2min, 30 cycles of amplification were per-

formed with a GeneAmp PCR System Apparatus (Applied

Biogeosciences, 11, 584%863 2014 www.biogeosciences.net/11/5847/2014/
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Figure 1. Bathymetry of the study area and location of the sampled staf@nand Chlz: (colour scale), surface velocity fields (arrows), the

polar front (PF, black linefb). The chlorophyll content represented on the map corresponds to the last week of the KEOPS2 and the cross
indicates the position of the north—south and east-west transects sampled to provide an overview of the blooms. Map is courtesy of Y. Park
and colleagues.

Biosystems) as follows: 15s at 9¢, 30 s at 50C, 1minat  ing products (Reeder and Knight, 2009; Kunin et al., 2010;
72°C, and 7 min at 72C. Tag pyrosequencing was carried Behnke et al., 2010). This data set showed a representa-
out by the company GenoScreen (Lille, France). The librarytive overview of the diversity as indicated by the rarefac-
was prepared following the procedures described by Rochdion curves reaching a plateau in most cases (Supplement
(Basel, Switzerland) and used in @lplate run on a 454 GS Fig. S1). All OTUs were given a putative taxonomic affili-
FLX Titanium sequencer. Pyrosequences were submitted oations based on BLAST (Altschul et al., 1990) identification
GenBank-SRA under the accession number SRP041236. of the closest cultured or uncultured relatives against the PR2
(Guillou et al., 2013) and the GenBank databases. The OTUs
2.3 Quality filtering and taxonomic affiliations identified as metazoan were removed from downstream anal-
of the sequences ysis. However, the metazoan OTUs displayed high and het-
erogeneous number of sequences between samples, making

The sequences were processed using the MOTHUR 1.28.8ubsampling of the remaining OTUs unsuitable as it resulted
software (Schloss, 2009) following the standard operat-in a drastic loss of diversity. For this reason, the data are pre-
ing procedure r(ttg,J://www.mothur.org/wiki/SchIoss SQP sented based on the relative abundance of OTUs in each sam-

(Schloss et al., 2011). First, flowgrams were extracted and'€-

demultiplexed according to their tag. The resulting 16 flow-

grams were denoised using the MOTHUR 1.28.0 imple-2.4 Data analysis

mentation of PyroNoise (Quince, 2009). Primer sequences,

TAG and key fragments were subsequently removed, andRarefaction curves and alpha diversity estimators within par-
only sequences above 200bp long, displaying less thaticular samples (richness estimatiahaoz the heterogeneity
eight homopolymers, were kept. The remaining sequencesf the diversity; Simpson and Berger—Parker indices) were
were dereplicated to unique sequences and aligned againsalculated with the PAST 2.17c¢ software (Hammer et al.,
the SILVA 108 databaséhftp://www.arb-silva.dg/contain-  2001). TheSchao1approach uses the numbers of singletons
ing 62587 eukaryotes SSU-18S rRNA sequences. Arouna@nd doubletons to estimate the number of expected species.
7% of the sequences suspected of being chimeras werAccording toSchao1 “Missing” species information is mostly
removed using the UCHIME softwarént{p://drive5.com/  concentrated on those of low frequency counts. The Simpson
usearch/manual/uchime_algo.hingEdgar, 2011). The re- index measures the “evenness” of the community and ranges
maining sequences were clustered into operational taxononfrom 0 (one taxon dominates the community) to 1 (all taxa
ical units (OTUs) at 97 % similarity threshold. Single single- are represented equally). Berger—Parker indicates the relative
tons (unigue amplicons after 97 % clustering that occurredabundance of the dominant OTU in each sample (for more
exclusively in only one sample) were removed from down- details, see Magurran, 2004). Protistan assemblages, from
stream analyses, as these are most likely erroneous sequenhbe different samples, were compared using the Plymouth

www.biogeosciences.net/11/5847/2014/ Biogeosciences, 11, 5868-2014


http://www.mothur.org/wiki/Schloss_SOP
http://www.arb-silva.de/
http://drive5.com/usearch/manual/uchime_algo.html
http://drive5.com/usearch/manual/uchime_algo.html

5850 C. Georges et al.: Protist community composition during early phytoplankton blooms

100

Temperature (OC) Fluorescence (FU) Salinity 3.2 Composition and distribution of
PR 0 12 3 4 35 34 345 protistan assemblages
50 f f/;() - After quality filtering and normalization, 999 unique OTUs,
/ 1 -4 clustering 50 674 sequences (average length: 240 bp) were

revealed for the 16 samples. The mean ratio of observed (Ta-
ble 2) to expectedShaor Table 2) OTUs was 7% 10%
(meart-sd) for all depths and stations. The highest num-
ber of unique OTUs, considering all depths, was observed at
the F-L station (711 OTUs), and the lowest at the E-4W sta-
tion (387 OTUs), while A3-2 and the HNLC R-2 stations had
similar number of OTUs (550 and 496, respectively). The
Simpson index was relatively high, ranging from 0.76 (F-
L station in the ML) to 0.99 (HNLC, R-2 station at 300m).
The Berger—Parker, indicating the relative abundance of the
dominant OTU, was generally low, except at the F-L station,
where it reached its highest value (0.48; Table 2).
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Figure 2. Profiles of temperatur@), Chla as derived from in vivo
fluorescencéb) and salinity(c) for each of the four sampling sta-
tions.

routines in the multivariate ecological research (PRIMER 3.2.1 High-level taxonomic groups
v.6) software package (Larke and Warwick, 2001). In or-
der to identify inter-relationships between samples, Bray-The 999 OTUs were affiliated into 30 higher taxonomic
Curtis similarities were analysed by cluster analysis and nongroups distributed in all the samples (Table 3) and shown as
metric MDS on square-root sequence abundance. The sinpie charts for each of the four stations (Fig. 3). At all stations,
ilarity profile (SIMPROF) permutation test was conducted Alveolata was the most diverse group (696 OTUs, mainly
in PRIMER v.6 to establish the significance of dendrogramcomposed of MALV-1I, Dinophyceae, MALV-l and Cilio-
branches resulting from cluster analysis. Similarity percent-phora). The iron-fertilized stations accounted for the highest
age (SIMPER) analysis, also performed with PRIMER, waspercentages of Alveolata while the lowest percentage was ob-
used to identify of the contribution of different OTUs to the served at the HNLC station R-2 (Fig. 4). Stramenopiles were
observed similarity pattern. represented by 133 OTUs belonging to 10 higher taxonomic
groups (Table 3). The most representative Stramenopile
groups, in terms of OTUs number, were MAST, followed by
3 Results Bacillariophyceae and Labyrinthulomycetes (Table 3). The
relative abundance of sequences of Stramenopiles ranged be-
tween 8 and 29 % in the mixed layer samples (Fig. 4). Radi-

The hydrographic conditions during KEOPS2 are reportedolaria(belonging to Rhizaria) were present at all stationg and
in detail in Park et al. (2014). The “historical” A3 station Wé'® more abundant in the 300m depth samples. Their rel-

situated~500m on the Kerguelen Plateau (Blain et al. ative abundance was particularly pronounced at station F-L,

2007, 2008) was characterized by a deep mixed layer (ML)Where they represented 55 % of all sequences (Fig. 4). The

(153+15m) (Table 1, Fig. 2). Stations F-L and E-4W re- fertilized stations were characterized by lower relative _abun-
vealed concentrations of 4.0 and 2.38 i IChl a, respec-  dances of Haptophyta and Chlorophyta compared with the
tively, constrained to shallow ML (3& 7 m and 61 11 m, HNLC R.—2 station .(Flg. 4). Fungi were represented by rel-
respectively; Table 1). The highest temperature was recorde@ively high OTU richness (28 OTUs; Table 3). They were
in the ML of the F-L station (4.2C, Fig. 2), indicating the found almost exclusively at the fertilized statlons., Whep only
influence of sub-Antarctic waters. The reference site (sta-three OTUs were detecte_d at th_e HNLC R-2 station (Fig. 3).
tion R-2) in HNLC waters had low concentrations of Ghl Regarding lineages distribution according to depth, the
(0.25+0.08 ug 1), and a temperature of 22C (Fig. 2) in proportions of phototrophic protists (e.g. Bacillariophyceae
the ML (1054 15m). The macronutrient concentrations in 2nd Haptophyta) generally decreased below the ML. The rel-
all 16 sampling points were highs 20-26 UM for nitrate ative contrlbutlop of MALV-l and MALV—II increased with
plus nitrite; ~ 1-1.8 uM for phosphates 8-19 uM for sili-  depth, atall stations except at station F-L.

cate; while dissolved iron was lower at the reference HNLC
R-2 station (0.08 nM) relative to the iron-fertilized stations
(0.16-0.22 nM; Table 2).

3.1 Study site

3.2.2 Most abundant OTUs
The most abundant 207 OTUs, representind % of the

sequences for each higher taxonomic group, accounted for
95 % of the total sequences.

Biogeosciences, 11, 584%863 2014 www.biogeosciences.net/11/5847/2014/
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Figure 3. Overall diversity of major high-level taxonomic groups and number of OTUs indicated in parentheses at each station.

Table 2. Number of OTUSs, the richness estimatSg{ao1), Simpson and Berger—Parker indices for each sample, number of sequences before
and after removing metazoan and single singletons sequences.

Station Depths No. No.seqs No.seqSSchao1l Simpson  Berger—
(m) OTUs (before) (after) (1-D) Parker
R-2 20 157 5448 4714 198 0.95 0.18
60 170 6346 1522 218 0.95 0.16
150 233 4407 1562 390 0.97 0.13
300 282 1098 950 409 0.99 0.05
F-L 20 186 5586 3028 253 0.76 0.48
65 508 7305 5730 663 0.98 0.08
180 265 7818 905 382 0.98 0.05
300 284 10205 2026 383 0.83 0.40
E-4W 30 173 7151 6108 198 0.85 0.33
80 209 10977 6674 236 0.92 0.23
150 191 11989 5771 255 0.94 0.19
300 97 3178 242 174 0.97 0.08
A3-2 320 215 10666 1803 285 0.93 0.22
80 200 3866 2118 273 0.98 0.08
160 181 5986 2022 219 0.95 0.13
300 330 11590 5662 385 0.94 0.23

The heterotrophicGyrodinium spp. was the dominant most abundant, while different OTUs belonging to Tintinnid
Dinophyceae genus in all samples, while the small au-species (Choreotrichia) were detected at all stations. The 17
totrophicGymnodiniunspp., also present in all samples, dis- most representative MAST-related OTUs were distributed in
played higher relative abundance in the HNLC R-2 samplesight clades, with a MAST-9 sp. prevailing at the surface F-L
(Table 4). Among Ciliophora, the gen8srombidiumwas the  station (Table 4).

www.biogeosciences.net/11/5847/2014/ Biogeosciences, 11, 5868-2014
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Figure 4. Relative abundance of major high-level taxonomic groups at each station and depth.

At the fertilized stations, Bacillariophyceae-related OTUs tained the highest number of exclusive OTUs (Fig. 5). The
were dominated by small-sized species suchPéasnk- Bray—Curtis similarity analysis of 999 OTUs indicated four
toniella, Thalassiosiraand Minidiscusspp., whilePseudo-  major clusters (Fig. 6a). The SIMPROF significance test in-
nitzschiawas relatively abundant at the HNLC R-2 station dicated significant difference®(< 0.05) between these four
(Table 4). Regarding the rest of the Stramenopiles, the phogroups and showed significant differences within the groups
tosynthetic picoalgae of the genBslidomonagrevailed at (i) to (iv) (Fig. 6a). The 2-D space nMDS visual represen-
all stations. The non-photosythetic Labyrithulomycetes weretation, based on Bray—Curtis similarity analysis, highlighted
more often found at the iron-fertilized stations, with the par- two major clusters (“shallow” and “deep” samples). An over-
asitic genu®blongichytriumsp. being relatively more abun- all low similarity (> 15 %) was observed within each group
dant at the E-4W and A3-2 stations (Table 4). (Fig. 6b). At a higher level of similarity (40-50 %), the clus-

In all samples, the Haptophyta were dominatedPbgeo-  ters broke roughly into individual stations: HNLC (cluster i);
cystis antarctica Among ChlorophytaMicromonaswere  A3-2 (cluster ii); and E-4W (cluster iii); while the F-L 20 m
better represented at the F-L and R-2 stations, wyiami- and 65m samples clustered with E-4W and the HNLC sta-
monasspp. accounted for most of the Chlorophyta sequencesions, respectively (Fig. 6b). Within the “deep” assemblage
at the A3-2 and E-4W stations. Choanoflagellates comprisedcluster iv), the similarity between samples was low, except
eight OTUs, all belonging to the Stephanoecidae. Fungi werdor samples R 300 m and F-L 180 m, which displayed 40 %
poorly represented at the HNLC R-2 station. Finally, Cer- similarity (Fig. 6b). The SIMPER test highlighted the most
cozoa were present at the iron-fertilized stations, but almostelevant OTUs forming each cluster (Table 5). In the first

absent at the HNLC station R-2 (Table 4). cluster (i), the major contributor was Haptophyta (in partic-
ular P. antarcticg, followed by Dinophyceae, and Chloro-
3.3 Similarity of protistan assemblages phyta. In the second cluster (ii), Dinophyceae contributed

to 49.2% of the similarity, withG. spirale having an im-

Altogether, the stations shared 197 OTUs, with 40 OTUs spePortant contribution together with 10 other Dinophyceae
cific to the fertilized stations (Fig. 5). The F-L station con- and Bacillariophyceae-related OTUSs. In the third cluster (iii),
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Table 3.Higher-level taxonomic distribution of protistan OTUs de-
fined at 97 % sequence similarity.

E-4W
Supergroup Taxonomic groups OTUs 45
Alveolata MALV-II 339
Dinophyceae 161
MALV-I 101
Ciliophora 60 4 26 36
MALV-III 21
MALV-IV 8
Apicomplexa 3 _ 17 _
MAL\_/—V ) - R-2 197 40 F-L
Perkinsea 1 190
Stramenopiles  MAST 46 74
Bacillariophyceae 37 30 &
Labyrinthulomycetes 19
Bolidophyceae 13
Pirsonia 6
Dictyochophyceae 4 A3-2
Pelagophyceae 3 -
Hyphochrytriaceae 2
Oomyceta 2
Chrysophyceae 1 Figure 5. Venn diagrams representing the number of OTUs shared
Hacrobia Haptophyta 20 between the different stations.
Picobiliphyta 15
Telonemia 12
Centroheliozoa 2 taxonomic group) (Table 4); the most frequent OTUs be-
Cryptophyta 1 longed to Alveolata, followed by Stramenopiles, then Hac-
Opisthokonta ~ Fungi 28 robia (Table 3).
Choanoflagellida 10 4.1.1 Phytoplankton
Rhizaria Radiolaria 35
Cercozoa 17 Although the tag pyrosequencing of the 18S rRNA gene
Archacnlastida  Chi - 29 has become a routine method in marine microbial diversity
rehaeplastida orophyta studies, it is itself subjected to several limitations, includ-

Apusozoa Hilomonadea 1 ing, DNA extraction and PCR-related biases, chimera for-
mation, and primer non-universality (e.g. Prokopowich et
al., 2003; Ki and Han, 2005; Zhu et al., 2005; Edgcomb et

Dinophyceae also prevailed (58.6 % of the similarity), with &l-» 2011). Although it has been established that Bacillario-
two OTUs affiliated toG. spirale whereG. rubrumwas the ~ Phyceae respond to |ron_fert|llzat|on,by rapidly forming ex-
most important. Finally, the last cluster (iv), representing thet€nsive blooms (for a review see Quéguiner, 2013), concern-

“deep” samples, was characterized by MALV-II and Radio- ing this study only 11 out of the 38 OTUs affiliated to Bacil-
lariophyceae were found in common with the 52 diatom taxa

laria. morphologically identified in the Kerguelen area during the
KEOPS 1 cruise at the end of the bloom period (Armand et
4 Discussion al., 2008).
According to KEOPS2'’s microscopical observations and
4.1 Overview of the commonly occurring taxa pigment analysis data, Bacillariophyceae dominated the phy-
according to tag pyrosequencing toplankton community in the blooms (Sackett et al., 2014;

Lasbleiz et al., 2014). In particuldragilariopsis kerguelen-
This is the first broad study of protist community composi- sis, Pseudonitzschiapp.,Eucampia antarcticaandChaeto-
tion in the natural iron-fertilized Kerguelen area of the South- ceros spp. were found to be the four dominant diatom
ern Ocean. The overall taxonomic diversity of protists recov-taxa, via microscopy (Sackett et al., this volume). However,
ered included 999 OTUs, belonging to 30 high-level taxo- while PseudonitzschiaEucampia andChaetocerogelated
nomic groups. A total of 207 OTUs were classified as “abun-OTUs represented 14 % of the Bacillariophyceae-related
dant” (each representirig 1 % of sequences in their higher sequences, né&ragilariopsisrelated OTUs were detected.
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Table 4. Colour-coded heat-map table of the major taxonomic groupB)(OTUS) (see Table 3). The 207 OTUs presented here accounted
for 95 % of the total sequences and representddb of sequences in each taxonomic group. The colours represent the relative abundance
of each OTU within each sample. White boxes indicate absence. Black contours indicate the 17 OTUs found only at one station.

Abs 0.1-10 % 11to 25% 26 to 40% 41 to 60% >60%
I I |
OTUs Taxonomic affiliation Identity | R-2 F-L E-4W A3-2
(%)
e £ & S§leg € § &l £ & &le £ § &
8 4 &S [ 8 8 & &[] &8 3 K| & S I
Otu1211 Dino-Group-II-Clade0-and1 sp. 98 6.3 18 17 76 8.9 1.8 4.1 6.7 il 5.6 Z5 6.7
Otu1633 Dino-Group-II-Clade-5 sp. 90 36.8 6.3 1.6 1.7 1.2 9.3 3.8 11 289
0Otu1419 Dino-Group-Il-Clade0-and1 sp. 100 | 1124 143 s . . . . 3 188 46 25 25
Otul179 Dino-Group-I-Clade6 sp. 100 27 b o i A ki 9.2 28 1.7 13 45 6.2 1.2
Otul613 Dino-Group-II-Clade-7 sp. 100 33 3.0
0tu0595 Dino-Group-Il-Clade-6 sp. 100 16 s6 [570 18 o8
Otu1332 Dino-Group-Il-Clade3 sp. % 05 (152 39 22
Otullle Dino-Group-II-Clade0-and1 sp. 100 19 11 1.2 8.2
otu1183 Dino-Group-Il-Clade-7 sp. 100 = 158 |
Otul743 Dino-Group-II-Clade sp. 92 73 5.6 3.8 0.4
0Otul926 Dino-Group-II-Clade-6 sp. 100 0.4 25 2.3
Otu1455 Dino-Group-II-Clade0-and1 sp. 100 3.9 19 5.6 4.8
Otu1947 Dino-Group-II-Clade-20 sp. 94 25 1.6
0tu1663 Dino-Group-Il-Clade-7 sp. 100 117 | 21
Otul771 Dino-Group-II-Clade-7 sp. 95 0.5 29
Otu1827 Dino-Group-II-Clade0-and1 sp. 97 15 1.4 8.9 5.6 Z5
;@ Otu1584 Dino-Group-II-Clade-7 sp. 99 0.4 1.7 7.6 6.2 0.2
2 | Otuos67 Dino-Group-Il sp. 93 5.5 19 11
i Otul874 Dino-Group-I-Clade-30 sp. 98 0.8 03 34 0.2
f( 0tu0241 Dino-Group-Il sp. 100 0.8 83
S | Otul468 Dino-Group-lI-Clade-7 sp. 87
0Otu1951 Gyrodinium spirale 100 27.6 477 99 347 180 281 06
Otu1914 Gyrodinium rubrum % 14 318 580 58 61 [1s00]
Otul777 Pentapharsodinium sp. 97 0.9 0.7 1.8 5.7
Otul967 Gymnodinium sp. 99 5.7 37 55
Otu1898 Karlodinium micrum 97 0.6 1.7 5.8 12
Otu1016 Gyrodinium sp. 98 4.9 4.2 4.3 6.5
< | o770 Warnowia sp. % 2.9 45 32 [anad|
?L Otu1763 Dinophyceae sp. 100 - 4.8 03
o | Otul808 Warnowia sp. 97 1.4 4.6 4.5 0.9
g Otul744 Dinophyceae sp. 100
Z | otu1722 Gymnodinium sp. 96
§' 0Otu1953 Pentapharsodinium tyrrhenicum 98
o | otu1793 dinium rotundatum 95
Otu1912 Dino-Group-I-Clade-1 sp. 100
0Otu1790 Dino-Group-I-Clade-4 sp. 100
Otu1653 Dino-Group-I-Clade-1 sp. 100
Otul285 Dino-Group-I-Clade-1 sp. 100
Otu1393 Dino-Group-I-Clade-1 sp. 97
§ Otul292 Dino-Group-I-Clade-5 sp. 100
N | 0tuo979 Dino-Group-I-Clade-4 sp. 100
: Otul753 Dino-Group-I-Clade-1 sp. 96
<3( 0Otu0s518 Dino-Group-I-Clade-2 sp. 98
S | otu1920 Dino-Group-I-Clade-4 sp. 98
Otul799 Strombidium biarmatum 100 3 d
0Otu1692 Strombidiidae sp. 100
Otu1310 Strombidiidae sp. 100 0.8
Otu1672 Choreotrichia sp. 98
0Otu0922 Pelagostrobilidium neptuni 99
0Otu1845 Choreotrichia sp. 95
Otu1773 Laboea strobila 97
0Otu0371 Cymatocylis calyciformis 100
Otu1018 Strobilidium caudatum 96
Otul467 Pseudotontonia sp 100
0tu0336 Collinia beringensis 98
Otu1053 Mesodiniidae sp. 98
0tu0145 Pseudotontonia simplicidens 100
_ | otuie01 Scuticociliatia sp. 97
¥ | otu1z20 Choreotrichia sp. 93
E 0Otu0516 Mesodiniidae sp. 89 1.6 2.6 0.7 24
2 | otu1317 Colpodea sp. 87 3.1 0.7
g‘ Otul614 Strombidiidae sp. 99 5.7
:5 Otul322 Strombidium basimorphum 98 2.5
Otuld26 Dino-Group-1ll sp. 100 6.7 [727 | 167 |
0Otu1030 Dino-Group-ll sp. 95 36.4 [HGOON | 200 [ 1000 |
Otul731 Dino-Group-Ill sp. 95
Otul1911 Dino-Group-lll sp. 95
0Otu0008 Dino-Group-lll sp. 93 60.0 | 273
Otu1429 Dino-Group-IIl sp. 93
0Otu1958 Dino-Group-Ill sp. 99
Otul093 Dino-Group-Ill sp. 89
s Otul664 Dino-Group-IIl sp. 89 .
§ 0Otu0882 Dino-Group-lll sp. 89 ﬁ
S | Otu1609 Dino-Group-lll sp. 94 333
E. Otul255 Dino-Group-lll sp. 97 3.8
3 0Otu0398 Dino-Group-lll sp. 92 50.0
<
S | Otul277 Dino-Group-Ill sp. 95 I 3.8 I
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Table 4.Continued.

Otul762 MAST-1B sp. 100
Otu1923 MASTC sp. 100
0Otu0923 MAST-8 sp. 100
Otul1031 MAST-1C sp. 100
Otu0641 MAST-3 sp. 84
Otul618 MAST-9 sp. 99
0tu0656 MAST-2 sp. 100
0tu1009 MAST-1A sp. 100
Otul638 MAST-9 sp. 97
Otul205 MAST-7 sp. 100
Otul908 MAST-3 sp. 95
Otul788 MAST-3 sp. 96
Otu1235 MAST-7 sp. 98
X | otuo973 MAST-1A sp. 100
< | otu1208 MAST-7 sp. %
5 Otul567 MAST-3 sp. 95
S | Otul546 MAST-3 sp. 87 5 . . H X
Otul447 Planktoniella sol 100 39 25.6 42.6 57.1 | 6.3 29.8 4.0 39.0 51.5 [ 357 423
Otu1564 Coscinodiscus trioculatus 100 0.2
Otu0904 Coscinodiscus sp. 95
Otu0581 Rhizosolenia styliformis 100
__ | Otu1786 Pseudo-nitzschia pungens 100
§ Otu1293 Corethron pennatum 95
o | Otuo978 Thalassiosira delicatula 100
S | otu1787 Actinocyclus actinochilus 99
_% Otu1372 Pseudo-nitzschia multiseries 99
S | Otuooos Thalassionema nitzschioides 100
S | otuo1s4 Guinardia flaccida 92
% Otul536 Eucampia antarctica 100
& | otuo7se Porosira d iculata 100
X | otuo727 Oblongichytrium sp. 90
g Otu0512 Labyrinthulaceae sp. 92
% | Otuoo42 Labyrinthulaceae sp. 100
% Otu0984 Labyrinthulaceae sp. 88
S | otul33o Oblongichytrium sp. 91
E | otuo193 Oblongichytrium sp. 92
E Otul747 Labyrinthulaceae sp. 90
€ | Otuo468 Oblongichytrium sp. 91
_% Otu0253 Labyrinthulaceae sp. 94
8 | Otu0717 Oblongichytrium sp. 90
¥ | otu1213 Bolidophyceae sp. 99
:1- 0Otu1903 Bolidomonas mediterranea 90
o | Otuo192 Bolidophyceae sp. 93
& | otu1ss3 Bolidophyceae sp. 90
_% Otu0147 Bolidomonas mediterranea 95
g- 0Otu0624 Bolidomonas pacifica 97
B | otuoo1le Bolidophyceae sp. 88
3 Otul713 Bolidomonas mediterranea 90
Otu1782 Phaeocystis antarctica 100
© Otu1907 Chrysochromulina strobilus 100
E Otul884 Chrysochromulina sp. 97
g- Otul778 Gephyrocapsa oceanica 100
a 3| Otul026 E anthemachrysis gayraliae 93
£ i'\, Otul774 Chrysochromulina hirta 100 J
Otu1423 Picobiliphyta sp. 94 d b o Y H 32.5
__ | Otu1067 Picobiliphyta sp. 100
& | otu1965 Picobiliphyta sp. 99
o | Otul899 Picobiliphyta sp. 99
© | Otul3s7 Picobiliphyta sp. 96
Z | otu1025 Picobiliphyta sp. 92
2 | otu1275 Picobiliphyta sp. 9
2 | otu12s3 Picobiliphyta sp. 100
& | ow1792 Picobiliphyta sp. 100
Otul780 Telonemia-Group-1 sp. 97
0Otu0011 Telonemia-Group-2 sp. 100
Otu1445 Telonemia-Group-2 sp. 97
Otul575 Telonemia-Group-2 sp. 98
;E 0tu0345 Telonemia-Group-2 sp. 100
o | Otu0040 Telonemia-Group-2 sp. 97
E 0tu0585 Telonemia-Group-1 sp. 99
E 0Otu0140 Telonemia-Group-2 sp. 97
S | otuoo7s Telonemia-Group-2 sp. 100
& | otuo732 Telonemia-Group-2 sp. 97
Otu1863 Exobasidiomycetes sp. 100
0Otu0879 Candida austromarina 100 b
Otu1430 Laccocephalum mylittae 88 8.2 1.7
Otu0716 E obasidiomycetes sp. 100 - 5.0 4.8
Otu1424 Coccodinium bartschii 95 7.7 -
Otu1290 Lecythophora mutabilis 100 2.8 28.6 53.8 0.8 26.8
Otu0127 Acremonium antarcticum 99
Otu0945 Phaeosphaeria nodorum 97
0Otu0889 Saccharomyces sp. 100 4.8
S 0Otu0167 Glaciozyma antarctica 98 9.5
aﬁ, 0Otu0475 Cryptococcus gastricus 99
ED Otul631 Rhodosporidium sphaerocarpum 100 1.7 28.6
2 | Otu1433 Pyrenophora tritici-repentis 100 5.6 7.4
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Table 4. Continued.

Otu1941 StephanoecidaeGroupD sp. 97
$ | Otu1928 Stephanoeca cauliculata 99 57.5 - 55.6
2 | otu1710 StephanoecidaeGroupD sp. 100
ﬁ 0tu0960 StephanoecidaeGroupH sp. 90
Eo Otul1959 StephanoecidaeGroupD sp. 95
% Otul706 StephanoecidaeGroupD sp. 93
E Otu1905 StephanoecidaeGroupH sp. 91
'& 0Otu1828 StephanoecidaeGroupD sp. 94 5.0
Otu1699 | Spumellarida-Group-I sp. 99 42 80 = T188 | 50.7
Otul655 Spumellarida-Group-I sp. 100 11 4.0 1.0
Otu1138 | Stylodictya sp. 99 19 421 |60 0.4 375 | 333 77
Otu1589 Spumellarida-Group-I sp. 100 4.0 6.7 0.3
0tu0699 | Triastrum aurivilli 95 [250 | 11 [762 | 17
& | otutsse RAD-B-Group-IV sp. 99 500 19 [126 |80 03 6.3 333 Bl s
< | otuoo3s RAD-B-Group-IV sp. 97 1.9 8.0 7.5
'g 0Otu0686 RAD-B-Group-Il sp. 100 I 7.4
-__g Otule54 RAD-B-Group-Il sp. 99 57/ 2.1 4.0 5.8
S | otu1349 RAD-B-Group-IV sp. 100 [750 | 179 160 | - JGEEY 333
Otul449 Protocystis iphodon 100 2.6
Otu1378 | Protaspa-iineage sp. 98 [ 2000 | 308 267 6.7 333 286 333 [GO6N
Otu1257 Ebria tripartita 100 51.3 -
0tu0591 Protaspa-lineage sp. 99 26 67 467 (13831 286
0tu0887 TAGIRI1-lineage sp. 98 40.0 28.6
0Otu1806 Protaspa sp. 99 j :
Otu0881 Cryothecomonas-lineage sp. 99 333
Otu0170 Cryothecomonas-lineage sp. 100 6.7 333 333
00742 | TAGIRI1-lineage sp. 98 (133 |67 183
Otu0201 Cryothecomonas sp. 100
__ | otulo40 Mataza-lineage sp. 100
§ Otu1368 Protaspa-lineage sp. 100 333
E 0tu0857 Cryothecomonas sp. 99
§ 0Otu0941 Marimonadida sp. 92
E Otul624 Endo4-lineage sp. 99
Otul717 Micromonas pusilla (RCC658) 100 2.0 28.8 3.5 6.6 5.2 59 33
Otu1962 | Pyramimonas gelidicola 97 69 40 23 ! 18 (BB 206 i7aN 25 533
Otul742 Micromonas pusilla (RCC418) 100 % 20l 3.5 6.1 33
Otu1918 Bathycoccus prasinos 100 26.6 345 4.4 1.0 -
s Otu1791 Prasinoderma coloniale 95 335 34 5.0 0.9 3.8 33
X | otuoiee Pyramimonas disomata 96 2.7 1.1 5.0 333 6.7
g Otul766 Pyramimonas olivacea 99 22 17 1.4 - 47.8 - 6.7 483
'g_ 0tu0940 Pyramimonas sp. 100 0.6 0.7 4.4 4.6 41.2 1.0
E Otul775 Crustomastigaceae sp. 99 0.2 1.3 3.6 - 51.7
S | otuois1 Mamiella sp. 100 0.7 17 43

Potential limitation regarding pyrosequencing detection of Chrysophyceae and Cryptophyta were found at relatively
Bacillariophyceae have been reported recently in an extenlow abundances in all samples. Moreover, Haptophyta were
sive study at the San Pedro Ocean Time Series station (SPOd@pminated by an OTU affiliated a@haeocystis antarctica
Lie et al., 2013). They can be related to extraction efficiency(100 % sequence identity). This phylotype has been previ-
from thick walled diatoms (Medinger et al., 2010) and/or am- ously reported as dominant in the south of the polar front
plification biases favouring species with high 18S rRNA gene(Wolf et al., 2014), in the Ross Sea waters (DiTullio et al.,
copy number, such as ciliates and dinoflagellates (Potvin an@000), and in the naturally iron-fertilized bloom around the
Lovejoy, 2009). It is also worth noting that 28 out of the 52 Crozet Plateau (Poulton et al., 2007).
taxa identified by microscopy (Armand et al., 2008) were not
referenced in the GenBank. Finally, regarding the 27 diatom4.1.2 Microzooplankton: Dinoflagellates, ciliates
taxa that were “identified” only by pyrosequencing — based and radiolaria
on sequence similarity with the closest existing cultured rel-
atives in GenBank — they mainly belonged to the genera preAlthough Dinophyceae might be over-represented in the se-
viously observed in this area (Armand et al., 2008). The ac-quence data, possibly due to its high 18S gene copy num-
curacy of BLAST-derived taxonomy, especially at low-level ber (e.g. Prokopowich et al., 2003; Zhu et al., 2005), tag py-
taxa, depends on sequence length, variability of the 18S rerosequencing has made possible the highlighting of its ex-
gion, database coverage for the specific taxonomic grouptensive diversity (161 OTUSs) in the Southern Ocean — pre-
and correct identification of the reference sequence (Bik etviously missed by conventional microscopy and/or pigment
al., 2012). analysis (see also Wolf et al., 2014). For example, based on
Sequences belonging to the nano- and pico-microscopy,Gyrodinium is the most abundant dinoflagel-
phytoplanktonic groups of Bolidophyceae, Pelagophyceaelate analysed; however, no reliable distinction has been made
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Table 5. Results of SIMPER (similarity percentages) following the Bray—Curtis cluster analysis (Fig. 6a). Forty-one OTUs contributing for
at least 1 % of the similarity of each cluster are listed in this table. In parentheses, the mean of Bray—Curtis similarity is given for each cluster.

OTUs Taxonomic Putative taxonomic Cluster (i) Cluster (ii) Cluster (i)  Cluster (iv)
groups affiliation (43.8 %) (51.8%) (47.6 %) (20.7 %)

Otul951 Dinophyceae Gyrodinium spirale 5.1 17 335 13

Otul914 Gyrodinium rubrum 5.2 17.9

Otul967 Gymnodiniunsp. 8.8 3.5 2.6 4.9

Otul898 Karlodinium micrum 5.9 1.9 1.3

Otul770 Warnowiasp. 3 15 4.1

Otul016 Gyrodinium rubrum 1.3 3.3 3.6

Otul763 Dinophyceaesp. 15 3.7 15

Otul808 Warnowiasp. 1.8 3.6

Otu1953 Peridinium tyrrhenicum 1.4 1.8

Otul871 Gymnodinium catenatum 1.7

Otul816 Karlodinium micrum 1.3

Otul722 Gymnodiniurrsp. 13

Otul454 Islandinium minutum 1.3

Otul793 Amphidinium semilunatum 1.1

Total 18.4 49.2 58.6 215

Otul653 MALV-I Dino-Group-I-Clade-1 sp. 1.3 2.2 21 6

Otul912 Dino-Group-I-Clade-1 sp. 1.9 3.2 1.4

Otul292 Dino-Group-I-Clade-5 sp. 29 1.6

Otul1285 Dino-Group-I-Clade-1 sp. 1.3 2.6

Otul790 Dino-Group-I-Clade-4 sp. 1.2 1.4

Otul393 Dino-Group-I-Clade-1 sp. 1

Total 4.7 6.9 9.2 9

Otul211 MALV-2 Dino-Group-lI-Clade-10 sp. 3.7

Otul116 Dino-Group-II-Clade-10 sp. 3.2

Otul663 Dino-Group-II-Clade-7 sp. 2

Otul613 Dino-Group-II-Clade-7 sp. 2

Otul513 Dino-Group-II-Clade-6 sp. 11

Otul1183 Dino-Group-II-Clade-7 sp. 11

Total 131

Otul799 Ciliophora Strombidium biarmatum 1.2

Otul447 Bacillariophyceae Thalassiosira tenera 6.4 2 1.9

Otu0978 Thalassiosira delicatula 2.7

Total 9.1 2 1.9

Otul932 Pelagophyceae  Aureococcus anophagefferens 4.7

Otul762 MAST MAST-1B sp. 1.3

Otu1923 MAST-1C sp. 1.1

Total 2.4

Otul717 Chlorophyta Micromonas pusilla 4

Otu1918 Bathycoccus prasinos 3.8

Otul742 Micromonas pusilla 3.8

Total 11.5

Otul782 Haptophyta Phaeocystis antarctica 18.3 2.7 5.2 13

Otul884 Chrysochromulina strobilus 4.5

Otul907 Chrysochromulinasp. 2.7 13

Total 255 2.7 6.4 1.3

Otul863 Fungi Malassezia restricta 1.3

Otul699 Radiolaria Spumellaridasp. 6.2

Otul138 Stylodictyasp. 1

Total 7.2
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Figure 6. Cluster diagram for the 16 samples constructed from a Bray—Curtis similarity matrix of square-root-transformed OTU abundances
Asterisks at nodes in the dendrogram indicate significant differences between bifurcé@iend.(5) (a). Nonmetric multidimensional
(nMDS) scaling plots in two dimensions constructed from a Bray—Curtis similarity matrix. Bray—Curtis similarity contours are 15 % (solid

lines) and 40 % (dashed line@)).

betweenG. spiraleandG. rubrum with morphological ob-  bidium spp. & 50 um) can be plastidic (mixotrophic) and

servations (Saito et al., 2005; Georges et al., unpublishe@long with Tontoniaspp. and_aboeaspp. — also present in
sequences — were found to contribute to 40—60 % of the alor-

KEOPS?2 data)
Ciliophora, which are ecologically important grazers of icate ciliate biomass during the late bloom on the Kerguelen

small-sized phytoplankton, accounted for a relative highplateau (KEOPS1, Christaki et al., 2008). Finally, the most

number of OTUs (60 OTUs). As with previous microscopic relatively abundant sequences of tintinnid taxa — which are
observations in the Kerguelen area (Christaki et al., 2008)also important nanophytoplankton consumers — belonged to
the most representative ciliate sequences in this study bethe largeCymatocyclis calyciformi€Christaki et al., 2008).

longed to Strombidiidae. The relatively large-siz&ttom-
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Radiolaria were another well-represented microzooplank-They play an important role in decomposition processes
ton group (350TUs). These can act as particle feeders, byCollado-Mercado et al., 2010) by colonizing fecal pellets,
trapping their prey on the peripheral network of rhizopo- including under deep-sea conditions (Raghukumar, 2004).
dia, or capture diatoms. They are also hosts of dinoflagellate
symbionts and parasites, and may be important reservoirs f.1.4 Small heterotrophic protists
MALV taxa (e.g. Brate et al., 2012). In this study, the rel-
ative increase of MALV with depth was consistent with a Among the small heterotrophic protists found in the sam-
parallel increase of Radiolaria. This observation is also supples, there were a variety of MAST (46 OTUs), Choanoflag-
ported by the hypothesis that MALV taxa are able to para-ellida (10 OTUs) and Telonemia (12 OTUs). MAST taxa are
sitize “deeper” planktonic organisms such as Spumellaridavidely distributed in the world’s oceans, and have been iden-
(Guillou et al., 2008), which were the most common group tified as free-living bacterivorous heterotrophic flagellates
and were always well represented in the deeper water santhrough a combination of FISH and other measurements
ples in this study (Fig. 4, Table 4). Radiolaria and MALV (Massana et al., 2006; Jirgens and Massana, 2008 for a re-
taxa characterizing deeper protistan assemblages have alsgew). Choanoflagellida of the genBsephanothecsp. were
been reported in the North Atlantic (Countway et al., 2007; also observed by epifluorescence microscopy in KEOPS2
2010; Not et al., 2007) and deep Antarctic polar front sam-samples, and were more abundant and diversified in the 0—
ples (Lépez-Garcia et al., 2001). 200 m layer (Georges et al., unpublished KEOPS2 data).

4.1.3 Symbionts, parasites, and decomposers 4.2 Variability of protistan assemblages relative

. . ) to iron fertilization
This assemblage included the taxonomic groups of MALV-

I, MALV-II, Labyrinthulomycetes, Pirsonia, Oomyeta, Api- | general, the stability of OTUs richness and diversity in-

complexa, Perkinsea, Fungi and Cercozoa. Many of thes@jces hetween the HNLC R-2 and iron-fertilized stations in-
groups have a zooflagellate stage in their life c:(ycles, and ar@jcated that the environment maintained an overall diversity
classified together in microscopical studies as .hetfarotrophlcgchrOSS stations and depths (Table 2). These observations are
nanoflagellates”. MALV-I and MALV-II appear in virtually  j, 4greement with previous molecular studies based on pro-
all marine surveys (Lopez-Garcia et al., 2001; Massana angs;an diversity (e.g. Countway et al., 2007; Monchy et al.,

Pedrés-Alio, 2008). Their considerable abundance and diver2012)_ However, community structure analysis showed clear
sity suggests interactions with various hosts, and therefore ifjifterences inside and outside the blooms (Fig. 6a).
has been proposed that the whole MALV assemblage is com-

posed of marine parasites (Skovgaard et al., 2005; Massang, 1 HNLC station
and Pedros-Alio, 2008).

Fungi and Cercozoa accounted for 28 and 17 OTUS, régageq on trophic organization, HNLC areas seem concep-
spectively. In a recent succession study in the English Chanfua"y similar to oligotrophic regions dominated by small

nel, it was observed that these groups mostly co-occurreghqqycers and an active microbial food web (e.g. Hall and
with Bacillariophyceae (Christaki et al., 2014). Fungi are gai 2001; Oliver et al., 2004; Christaki et al., 2014, 2008;
possibly related to the polysaccharide degradation of thegpernosterer et al., 2008). The characteristic contributors
freshly produced organic material by primary producers ¢ ihe NLC cluster (i) were Haptophyta, Chlorophyta and
(Kimura and Naganuma 2001; Raghukumar, 2004). It iSpAST, which included mainly nanoplanktonic organisms.

known for diatoms that polysaccharides are their main ex-pring KEOPS?2, the relative importance of small-sized cells
udates (Myklestad, 1995 and references therein), and thesg the HNLC station is in accordance with the flow cytome-

sugars could promote the growth of Fungi. Many Cerco—try data (4.8-1.9 1¢mL~1 nano-picophytoplankton cells
zoa are parasites of marine organisms, including large heav, comparison to 1.8 1.3 16 mL~! at the bloom stations:

in"siIicified diatoms (e.g. Tillman _et al., 1999; _Schnepf and KEOPS?2 data). The factors influencing phytoplankton com-
Kdhn, 2000), which could explain why Fungi and Cerco- o, ity composition (e.g. diatoms vsPhaeocystissp.) in

zoa were detected in the bloom stations and were poorlyne southern Ocean are a complex interplay between bottom-
represented (2-30TUs, Table 4) at the HNLC R-2 sta-; (iron—silicate—light availability; controlling growth) and
tion. Labyrinthulomycetes were also better represented Nop-down effects (grazing; controlling mortality) (Cullen,
terms of numbers of sequences in the bloom stations (Tajgg1- Arrigo et al., 1999: Smetacek et al., 2004; Schoe-
ble 4). Labyrinthulomycetes (19 OTUs) are common 0SMO-ian et al., 2005). Live plankton observations completed on

heterotrophic marine protists (Lopez-Garcia et al., 2001)y4414 ittps://www.youtube.com/watch?v=KPgoz8bWRJU
having parasitic, commensalistic, or mutualistic relat|onsh|psrevea|ed the presence of small colonies and free-living cells

with their hosts. belonging to the Haptophyf@haeocystissp. at all stations.
It seems thaPhaeocystispecies cope best with the environ-
mental conditions in the open ocean waters south of the Polar
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