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Abstract
Syndiniales (Dinophyceae, Alveolata) are a diverse parasitic group common in all marine environments, but their ecological
role remains poorly understood. Here we show an unprecedented dominance of a single Syndiniales group I operational
taxonomic unit (OTU) across 3000 km of Southern Ocean transects near the sea-ice edge. This super-abundant OTU
consistently represented >20%, and in some locations >50%, of eukaryote 18S rDNA sequences. Identical 18S
V4 sequences have been isolated from seven Northern Hemisphere locations, and the OTU’s putative V9 rDNA sequence
was detected at every station of the global Tara Oceans voyage. Although Syndiniales taxa display some host specificity, our
identification of candidate Southern Ocean hosts suggests this OTU associates with distinct phyla in different parts of the
world. Our results indicate Syndiniales are key players in surface waters near the vast and dynamic sea-ice edge in the
world’s most biologically productive ocean.

Introduction

The parasitic Syndiniales group often dominate marine 18S
ribosomal DNA (rDNA) surveys in both diversity and
sequence abundance [1, 2], particularly in the smallest (<5
μm) size fraction. All described Syndiniales obligately kill
their host [3], including other protists (dinoflagellates, cer-
cozoans, radiolarians) and metazoans (copepods, fish eggs),
with free-living dinospores released following host death [3,

4]. Formally described Syndiniales taxa display some host
specificity, with genetically distinct members of Syndiniales
group II related to the succession of bloom-forming dino-
flagellates [5]. Syndiniales, therefore, can potentially influ-
ence plankton population dynamics and biogeochemical
cycling [6, 7]. Here we show an unprecedented dominance
of a single Syndiniales group I operational taxonomic unit
(OTU) across 3000 km of Southern Ocean survey transects
in productive surface waters near the sea-ice edge.

Results

Globally distributed Syndiniales group I OTU
dominates samples near sea-ice edge

Our data set contained 4.25 million 18S V4 rRNA gene
sequences representing 1566 (97%) OTUs across 155 size-
fractionated surface seawater samples. Southern Ocean
eukaryotic plankton communities showed similar OTU
richness and phylogenetic diversity to temperate and tro-
pical regions, with the Syndiniales group representing a
comparable proportion of OTUs as found in the Tara
Oceans study (~15 vs. ~12% for Tara Oceans [1]). How-
ever, we found one OTU assigned to Syndiniales group I
(clade 1, ref. [3], hereafter SG1-OTU) dominated samples
near the sea-ice edge (Fig. 1a). In fact, the SG1-OTU
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represented more than 20% of 18S sequencing reads in
21 samples (5, 8, and 8 samples from the pico-nanoplankton
(0.45–5 µm), nanoplankton (5–20 µm) and microplankton
(>20 µm) fractions, respectively), and in three of those

samples this OTU represented more than half the reads (1
and 2 samples from the pico-nanoplankton and nano-
plankton, respectively). OTUs representing autotrophs
(Fragilariopsis and Phaeocystis) or metazoan copepods
were the only other OTUs to represent >50% of reads in a
sample.

Minimum entropy decomposition (MED [8]) showed the
majority of reads (76.8%) assigned to the SG1-OTU
represent a single MED oligotype, indicating that OTU
clustering was not concealing multiple abundant oligotypes.
While this is the first Southern Hemisphere record of the
SG1-OTU’s modal sequence, identical V4 sequences have
been recorded from seven Northern Hemisphere locations
(Supplementary Fig. 1), including radiolarian-associated
sequences from a Norwegian fjord [9].

The putative V9 sequence derived from full-length 18S
sequences in the NCBI database with 100% identity to the
SG1-OTU V4 region was in the top 0.1% most abundant
metabarcodes in the Tara Oceans V9 rDNA database; being
present (albeit at relative abundances <1%) at all 47 stations
(Supplementary Fig. 1). In total, 95.8% of reads were in the
pico- and nanoplankton size fractions (0.8–20 µm). Hence,
the SG1-OTU is globally distributed, but typically present
at low abundance.

Cercozoan OTU abundance and environment
influence SG1-OTU abundance

Syndiniales with similar 18S sequences tend to infect hosts
within a given taxonomic class [3, 9]. Given the identical
18S V4 radiolarian-associated sequence, and that Syndi-
niales group I (clade 1) have only been isolated from
radiolarians [9], we expected the Southern Ocean SG1-OTU
to be associated with radiolarians.

No radiolarians showed a strong positive association
with the SG1-OTU (see Supplementary Materials and
Methods). However, the relative abundance of a cercozoan
OTU (Rhizaria) showed a strong positive correlation in both
size fractions where the parasite is likely to be associated
with its host (i.e., nano- and microplankton, Supplementary
Fig. 2). This OTU was assigned to the sea-ice-associated
Cryothecomonas sp. [10], consistent with higher SG1-OTU
abundance near the ice edge (Fig. 1a).

Models relating SG1-OTU relative abundance to Cryo-
thecomonas OTU relative abundance had stronger support
(lower AIC values) than models containing only environ-
mental variables (surface chlorophyll a and/or salinity,
Supplementary Table 1; likelihood ratio test (LRT) p-values
<0.0001). However, combining Cryothecomonas OTU
relative abundance with chlorophyll a and/or salinity
achieved the best fit (Supplementary Table 1; LRT p-values
<0.002). As well as positive associations with the Cryo-
thecomonas OTU in both the nano- (F= 7.0, p= 0.012)

Fig. 1 Syndiniales group I OTU (SG1-OTU) dominates samples near
sea-ice edge. a The concentric circles show the relative abundance of
SG1-OTU in three surface plankton size fractions (0.45–5, 5–20, and
>20 µm) south of the Kerguelen Plateau region of the Southern Ocean.
b Surface chlorophyll a in the same region. Both SG1-OTU relative
abundance and surface chlorophyll were highest in the easternmost
transect. Upper and lower blue lines are sea ice in November and
January, respectively. Historical positions of southern Antarctic Cir-
cumpolar Current (ACC) front and Southern Boundary of the ACC are
shown as dotted lines. c Relative abundance of SG1-OTU in each size
fraction in relation to days since sea-ice melt. Only the period fol-
lowing 50 days since melt is shown to highlight the greater relative
abundance in the pico-nanoplankton compared to the other size frac-
tions following 80 days since melt
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and microplankton (F= 78.4, p < 0.0001, Fig. 2a), SG1-
OTU relative abundance was positively associated with
chlorophyll a (F= 10.1, p= 0.003, Figs. 1b and 2b) but
negatively associated with surface salinity (F= 11.4, p=
0.002, Fig. 2c), largely driven by recent sea-ice melt in the
region.

Discussion

The abundance of Syndiniales, and particularly group I, in
polar oceans including sea-ice habitats is increasingly being
highlighted [1, 6, 11]. Our study shows that the SG1-OTU
exhibits a global distribution, but represents >20%, and in
some locations >50%, of eukaryote 18S rDNA along
Southern Ocean transects bounding an area of almost
190,000 km2 in the productive ice edge habitat.

We also report that Syndiniales group I parasites with
identical 18S V4 sequences may associate with different
hosts around the world. Closely related Syndiniales group I
(clade 2) 18S V4 sequences (99.5% identity) have been
isolated from cercozoans and radiolarians ([12], Supple-
mentary Figure 4). This suggests that either closely related
Syndiniales parasites can infect distantly related hosts, or
the SG1-OTU is a generalist that infects the most abundant
rhizarian (cercozoan or radioloarian) host in a given envir-
onment. Alternatively, markers other than 18S rDNA may
be required to differentiate between Syndiniales group I
taxa. Designing fluorescent in situ hybridisation (FISH)
probes for the SG1-OTU and putative hosts will help defi-
nitively establish parasite-host associations.

Our finding that chlorophyll a was positively associated
with SG1-OTU relative abundance, and improved models
incorporating only host abundance, suggests higher parasite
abundance in productive, high-biomass environments.
Similarly, temporary domination of a North Pacific protist
community by two parasitic (non-Syndiniales) taxa coin-
cided with high chlorophyll a concentrations immediately
preceding collapse of the spring bloom [13]. Association of
parasites with high-chlorophyll environments could be
related to the greater chance of free-living spores encoun-
tering new hosts (higher infection rates); or that high
chlorophyll areas represent productive environments, lead-
ing in some way to the production of more spores per host
(higher reproduction rates [14]).

Despite the diversity and apparent ubiquity of Syndi-
niales in the world’s oceans [1, 2], parasites are rarely
included in ecological/biogeochemical models [15, 16].
Parasites can alter ecosystem functioning and biodiversity
through their influence on host traits and abundance [17].
As up to half the biomass of infected hosts may be con-
verted to parasitoid biomass [7, 14], Syndiniales prevent or
delay energy transfer to higher trophic levels. Parasitic
Syndiniales, like viruses, cause some carbon and nutrients
to be diverted to the microbial loop. Unlike viruses, Syn-
diniales dinospores are a potential food source for other
protistan grazers such as tintinnids [7]. The availability of
food web models incorporating parasitic interactions [16]
argues for the inclusion of Syndiniales and other parasites in
ecosystem models to better account for their role in carbon
and nutrient cycling.
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Fig. 2 Cryothecomonas OTU abundance and environment influence
Syndiniales group I OTU abundance. Results of linear mixed effect
model showing relationships between relative abundance of parasitic
Syndiniales group I OTU, the Cryothecomonas sp. OTU, as well as
chlorophyll a and surface salinity. Model is based on the size fractions
where the parasite is likely to be associated with the host (nano-
plankton and microplankton). Relative abundances of OTUs were
arcsine square-root transformed prior to modelling. See also Supple-
mentary Figure 3 and Supplementary Table 1
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Our findings indicate Syndiniales are key players in ice
edge habitats. Given the importance of the sea ice to spring-
summer phytoplankton blooms and annual Southern Ocean
primary productivity [18], and the potential for Syndiniales
to impact both biological and geochemical processes, it is
important we develop our understanding of their role in sea
ice and other marine ecosystems.

Data accessibility

Sequences are available in GenBank under accession
numbers MK002981-MK004953. OTU table, including
contextual data are available on Figshare (https://doi.org/10.
6084/m9.figshare.7151510.v1). Chlorophyll data are avail-
able through the Australian Antarctic Data Centre [19].
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