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ABSTRACT: Metabarcoding is a time-saving and cost-effective approach that promises to over-
come issues associated with traditional plankton taxonomy (i.e. lack of specialized personnel,
time-consuming methodologies, difficulties in assignment of larval stages, and detection of cryptic
species). In this regard, we applied metabarcoding using the18S rDNA V9 region to samples col-
lected throughout 1 yr from the Estuary of Bilbao (Basque Country, Spain) in order to characterize
the annual cycle of the eukaryotic plankton community. We found clear patterns of spatial and
seasonal environmental variability that drive the distribution and abundance of the plankton
assemblage throughout the year, thus confirming results of previous studies using microscopic
identification of the planktonic species. Our results also suggest that the low oxygen period during
summer in the inner part of the estuary (salinity 30) and the thermal variation from winter to sum-
mer are among the main environmental drivers of the plankton community of the Estuary of Bil-
bao. Finally, we report misidentification of some species (e.g. Cyclopina gracilis, Maristentor
dinoferus), which highlights the need for more comprehensive reference sequence databases in
order to overcome this limitation of metabarcoding.
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INTRODUCTION

Estuaries are ecosystems of high interest for eco-
logical and conservation studies because of their
transitional nature, complex dynamics, and species
richness (McLusky & Elliott 2004). These environ-
ments are characterized by salinity gradients and
physicochemical parameters, such as temperature or
dissolved oxygen (DO) concentration, that show a
clear seasonality (e.g. Morén et al. 2013). Moreover,
estuaries are among the most threatened habitats
worldwide; their closeness to cities and harbors con-
tributes to habitat alteration and changes in the
structure and dynamics of biotic communities (Ken-
nish 2002), mainly due to pollution and/or introduc-
tion of non-indigenous species.

*Corresponding author: dabad87@gmail.com

In terms of abundance and biomass, estuarine
water masses are dominated by planktonic commu-
nities, which are essential for the functioning of the
ecosystem, playing a crucial role in food webs and
biogeochemical cycles (Ward et al. 2012). Although
previous studies have provided evidence that salinity
is one of the main variables driving variation of these
communities (e.g. Kimmerer 2002, Muylaert et al.
2009), precipitation or temperature variation have
also been related to shifts in the structure and com-
position of estuarine plankton assemblages (e.g.
Shen et al. 2011). The ability of plankton to rapidly
respond to these environmental shifts is precisely the
reason why they have been used as indicators of
ecosystem change for monitoring purposes (Taylor et
al. 2002).
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Ecosystem monitoring programs rely on robust
information regarding species composition. Until
recently, the identification of planktonic organisms
has relied on the observation of morphological char-
acteristics by means of microscopy. Apart from the
complexity and expertise required for this task, many
plankton communities are often comprised of a few
dominant species and numerous very rare species,
which increases the difficulty of detecting and identi-
fying all taxa (e.g. Cheung et al. 2010). In this con-
text, metabarcoding has emerged during the last few
years as a promising approach for the characteriza-
tion of species composition in a diverse range of
aquatic community samples (e.g. Lindeque et al.
2013, Logares et al. 2014, Hirai et al. 2015, Abad et al.
2016, Aguirre et al. 2017). The capability of meta-
barcoding to generate millions of sequences from a
single sample at affordable costs, along with its high
sensitivity (capable of detecting DNA traces) and at
least comparable taxonomic resolution, provides an
alternative to surmount the issues associated with
traditional monitoring (Baird & Hajibabaei 2012,
Zhan et al. 2013).

The Estuary of Bilbao, situated in Basque Country
(south Bay of Biscay), is a ~20 km long channel that
crosses a metropolitan area of about 1 million inhab-
itants and several industrial zones before flowing
into the Cantabrian Sea (Uriarte et al. 2014). Land
reclamation (especially since the mid-19th century)
together with pollution coming from the city of Bilbao
and factories in the vicinity reduced the original estu-
ary and modified the ecosystem (Cearreta et al.
2000), altering abiotic processes and seasonal pat-
terns in the planktonic community (Uriarte et al.
2014). All of these factors transformed the Estuary of
Bilbao into one of the most polluted estuaries in
Europe. However, since 1979, the estuary has been
subjected to the Comprehensive Plan for the Sanita-
tion of the Metropolitan Area of Bilbao. Although the
pollutant concentrations are still significant, the plan
has resulted in a notable improvement of water and
sediment quality, and recovery of biodiversity (for a
review, see Cajaraville et al. 2016).

Except for short periods of high river discharge,
euhaline waters (salinity >30) dominate within the
estuary (Villate et al. 2013). The seasonal patterns of
this estuary are determined mostly by temperature
and precipitation; between November and May, the
temperatures are lower and precipitation is higher
than during the rest of the year.

In the present study, we used the hyper-variable
V9 region of the nuclear 18S rDNA gene (hereafter
18S V9) to characterize the planktonic eukaryotic

community associated with the inner (salinity 30)
and outer (salinity 35) areas of the Estuary of Bil-
bao. We conducted temporal monitoring by collect-
ing samples throughout an annual cycle in order to
define the key determinants that drive seasonal
changes in plankton community structure. Finally,
we describe the effect of the different seasonal
periods on these communities and compare our
findings with those previously reported in micro-
scopy-based surveys (e.g. Villate 1994, Albaina et
al. 2009).

MATERIALS AND METHODS
Sampling

Sampling was carried out from September 2013 to
September 2014 in areas with salinities of 30 and 35
during neap tides; January and February collections
at 35 salinity were not possible due to bad weather
conditions. As the distribution and depth of each
salinity mass varied from season to season (see Fig. 2
in Intxausti et al. 2012 for further information), meas-
urements were made every 0.5 m depth in order to
define the water column profile. Samples were then
collected with Niskin bottles and a 200 pm mesh net
when the desired salinity mass was reached (sam-
pling depths ranging from 2 to 10 m). Once in the
laboratory, 3 plankton size fractions were obtained
(0.22-20, 20-200, and >200 pm). While the latter
came directly from the plankton net, the Niskin bot-
tle samples were pre-screened with a 200 pm mesh
prior to the processing of the 2 lower size fractions
(see Abad et al. 2016 for further details). Water sam-
ples for chlorophyll a (chl a) determination (Jeffrey &
Mantoura 1997) were also collected with Niskin
bottles at each salinity. Furthermore, the values for
the different environmental variables and physico-
chemical parameters (temperature, precipitation, pH,
etc.) were measured.

Metabarcoding

DNA was extracted using a modified salt protocol
for the 20-200 and >200 pm size fractions, and a
commercial kit (MOBIO PowerSoil®) for the 0.22 pm
filters. The 18S V9 region (~150 bp) was amplified
using the primers 1391f and EukBr from Stoeck et al.
(2010). Sequencing data of the samples correspon-
ding to September and October 2013 have already
been published (Abad et al. 2016). The rest of



Abad et al.: Estuarine plankton metabarcoding 33

the samples were sequenced at the
SGIKER facilities of the University
of the Basque Country (UPV/EHU)
using Illumina MiSeq 2x150 bp (se-
quencing information is available at

Table 1. Confusion matrix for the size fractions of the Estuary of Bilbao based
on all samples collected during the annual cycle. The classification (Class.)
error from machine learning was defined by the proportion of samples that
were not clustered into their own size fraction; the higher the value of the
classification error, the lower the similarity of that size. Values are +SD

the Sequence Read Archive (SRA);

https://www.ncbi.nlm.nih.gov/sra; Size

>200 pm

20-200 pm 0.22-20 pm Class. error

PRIJNA385805).
Raw reads were pre-processed
(trimming, paired-end merging, and

>200 pm

0.6524 + 0.1515 0.3348 +0.1423 0.0128 + 0.0135 0.16666667
20-200 pm  0.3387 £ 0.1201 0.5828 + 0.0964 0.0785 = 0.0602 0.125
0.22-20 pm 0.0567 + 0.0398 0.1487 + 0.0772 0.7946 = 0.1129 0

removing chimeras) with Sickle
v1.33 (quality threshold = 20; Joshi &
Fass 2011), Pear v0.9.5 (minimum overlap of 15 bp
and a cut-off p-value of 0.01; Zhang et al. 2014) and
UCHIME (using our custom database; Edgar et al.
2011), respectively. The resulting reads were clus-
tered into operational taxonomic units (OTUs) with
UCLUST (Edgar 2010) in Qiime v1.9 (Caporaso et al.
2010), using a de novo approach with a 99 % identity
threshold (Abad et al. 2016). OTU assignment was
performed with BLAST (Altschul et al. 1990) with a
minimum of 90% identity, against a Silva 119 cus-
tom database (with the addition of representative
sequences from key local species from the Estuary of
Bilbao; Abad et al. 2016). Finally, a core community
analysis was performed to detect the OTUs present
in at least 90% of the samples collected from each
water mass over the annual cycle.

Statistical analysis

A supervised learning analysis (confusion matrix;
Table 1) was performed using a random forest classi-
fier (Knights et al. 2011) with OTUs as predictors and
size fractions as class labels; this method uses a sub-
set of samples to train a model that identifies unique
features within communities to predict putative simi-
larities among size fractions. In addition, to deter-
mine the community dissimilarity for each sample, a
Bray-Curtis distance network was carried out using
the R package Phyloseq v1.14 (McMurdie & Holmes
2013). Alpha diversities were also calculated with
Phyloseq. The bar charts representing relative abun-
dances (see Fig. 2) and alpha diversities (see Fig. 9)
were created with ggplot2 (Wickham 2009) in R (R
Core Team 2017%).

Finally, canonical correspondence analysis (CCA)
of the OTUs showing >5% relative abundance of
reads in a particular sample was carried out using
CANOCO v4.5 (ter Braak & Smilauer 2002); square
root transformations were used to normalize data
among samples.

RESULTS
OTU assignment

Only 0.74 % of the reads were lost after quality fil-
tering, and 0.14 % were eliminated due to their puta-
tive chimeric nature, resulting in 3 848 144 total reads
(64 136 + 20729 reads sample™!). After read cluster-
ing, 4984 OTUs with assigned taxonomy were ob-
tained. In all, 1859 singletons were discarded, yield-
ing a total of 3125 OTUs for further analysis.

The core community analysis revealed that only 11
and 8 OTUs were present in at least 90 % of the sam-
ples throughout the annual cycle collected from
salinities of 30 and 35, respectively. Six of these
OTUs (Acartia clausi, A. tonsa, Calanipeda aquae-
dulcis, Cyclopina gracilis, Stomatolepas praegusta-
tor, and Appendicularia) were shared between the 2
salinities, whereas only 5 (Hyperamoeba flagellata,
Chrysophyceae, Paraphysomonas, Adula californien-
sis, Polydora ciliata) and 2 OTUs (Paracalanus parvus
and Maxillopoda) were unique for the salinity 30 and
35 samples, respectively.

Size-fraction similarity

The Bray-Curtis distance network (Fig. 1) showed
that the communities from the >200 and 20-200 pm
size fractions were more similar to each other than to
the 0.22-20 pm fraction. To further support this
result, machine learning-based classification was
carried out to determine the variability of each size
fraction: the model showed that the 0.22-20 pm size
fraction had a high similarity and that all samples
grouped together. Although the samples from the
other 2 size fractions were usually classified together
(as shown in Table 1), there were some errors in clas-
sification (4 for the >200 pm and 3 for the 20-200 pm
fraction, with 0.167 and 0.125 class error respec-
tively, Table 1).
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Fig. 1. Bray-Curtis distance network. Each node represents a specific sample (open and solid symbols for salinities 30 and 35,
respectively). Different colors are used for the >200 (blue), 20-200 (green), and 0.22-20 pm (red) size fractions

Taxonomic composition

The OTUs identified by metabarcoding were
assigned to 29 categories (Fig. 2; see Table S1 in
the Supplement at www.int-res.com/articles/suppl/
mb584p031_supp.xls for detailed relative abun-
dances). Maxillopoda was the most frequently
observed group in the 20-200 and >200 pm size frac-
tions for samples from both salinities: more con-
cretely, copepods represented 51.7 and 57.1 % of the
OTUs, respectively. Chrysophyceae (11.7 %) and Cir-
ripedia (15.6%) were the second most abundant
groups in the 20-200 and >200 pm size fractions,
respectively.

The >200 and 20-200 pm communities

C. gracilis was the most abundant copepod species
in salinity 30 (16.1 % of the total relative abundance
combined for both size fractions), followed closely by
C. aquaedulcis (15.4 %); the third most abundant spe-
cies was A. tonsa (11.6 %). For this salinity, there was
a clear succession between A. tonsa and C. gracilis
from the end of summer to the beginning of autumn,
followed by the dominance of C. aquaedulcis during
late winter and spring (Fig. 3); there was also a peak
of A. clausi during winter (3.5 %).

A. clausi dominated the samples from salinity 35,
accounting for 18.3% of the total combined abun-
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Fig. 2. Relative abundances (percentage of reads) of taxonomic groups by sample from September 2013 to September 2014. A

total of 29 taxonomic groups are shown. Samples are arranged by size fraction (>200, 20-200, and 0.22-20 pm) and salinity (30

and 35). A category with sequences that had no database match is labeled 'no blast hit." Samples from January and February
in salinity 35 are missing due to bad weather conditions

dance, while Paracalanus parvus was the secondary
dominant species at 8.8 %. There was also replace-
ment of both species by A. tonsa (3.6 %) and C. gra-
cilis (1.7%) during spring and summer—autumn,
respectively, but the pattern was not as clear as in the
sample from salinity 30 (Fig. 3).

Although copepods dominated these assemblages,
a barnacle bloom was observed in the >200 pm size
fraction in both salinities during April/May (Fig. 2)
and was dominated mainly by the species S. prae-
gustator (13.1%).

The 0.22-20 pm community

A more diverse assemblage characterized the 0.22—
20 pm size fraction, as shown in the taxonomic compo-
sition (Fig. 2); furthermore, the network analysis
(Fig. 1) also showed that the communities from both
salinities were quite similar. Chrysophytes (23.3 % of
the total relative abundance for the combined salini-
ties) were the most abundant group of the whole com-
munity. Phytoplankton components such as diatoms
and cryptophytes accounted for 9.7 and 2.3 % of the



36

Mar Ecol Prog Ser 584: 31-43, 2017

Salinity 30
-
/ Sw
40 -
! -~
8 A / u ~
C 30- rls ) .
S -—---N A
o - R
% 20+ AY 'A- .‘
a b g
A7
< 10+ / 5N
A\ A Pl
- o ; =2 -
. = = s > > = = > ) = - N
g & 38 3 @ & S 5 & = 5 2 2
E g 5§ & 2 2 & < -
o o ) © S a = I b
a © 3 ® = P a
L
8 z Q &
-@- Acartia clausi -A Acartia tonsa 4 Calanipeda aquaedulcis Cyclopina gracilis
Salinity 35
50 4 \
gl \ \
g ap 4 \ i_\ ) \ i’
-§ 204 / A /-\ \ 'A‘ /\\ A )
< il —iﬁ/ v N \ ._—;'-p..-\“‘ \.\“ "_o ~~/
d . ~ . _ g
ol 4 ; N o) . . PSR AP ¥ i, Sty
S S p S — — S
> > = = > @ = 7]
3 3 pet 3 @ © o a g = =] 3 3
E 2 E £ = = x < = -2 2 =
c = 3
g S = 8 s g = z 8
5 ° £ & © ° 3
w w
-@- Acartia clausi -A Acartia tonsa Cyclopina gracilis ~}= Paracalanus parvus

Fig. 3. Relative abundances (percentage of reads) of copepods during the annual cycle from September 2013 to September
2014. The 6 most abundant copepods of the community are shown by sample, arranged by salinity. Each species has a distinct
color and symbol shape. The data included here correspond to the 20-200 and >200 pm size fractions

total community, respectively. Dinoflagellates (10 %)
and ciliates (9.4 %) were also abundant.

The dominant diatoms were the species Papilio-
cellulus elegans (2%) and the genus Skeletonema
(1.8%). Among the dinoflagellates, the genera Gyro-
dinium (5.4 %) and Protoperidinium (1.7 %) were the
most abundant. The species Maristentor dinoferus
was the main ciliate, accounting for 6.4 % of the com-
munity. Finally, the heterotrophic genus Paraphyso-
monas (23.4 %) was the most abundant in these sam-
ples and the dominant among the chrysophyceans. In
this size fraction, the chrysophytes became the dom-
inant group in both salinities during the whole year,
with occasional exceptions of diatoms (Fig. 4). The
similarity between communities was also reflected in
the annual cycle (Fig. 4); the only exception was the
ciliate group in salinity 35 during winter and some
occasional peaks from other groups (e.g. dinoflagel-
lates or diatoms).

The Shannon index for each sample is represented in
Fig. 5. Overall, there are higher values and more homo-
geneous diversities throughout the year in the
0.22-20 pm size fraction. In contrast, the 20-200 and
the >200 pm samples showed greater fluctuation in the
samples from salinity 35 than in those from salinity 30.

Environmental drivers

A total of 64 taxa, which contributed to a minimum
of 5% relative abundance in at least 1 sample, made
up 80.3% of the total community throughout the
annual cycle. The selected taxa for the CCA (Fig. 6)
consisted primarily of copepods, diatoms, and mol-
lusks (for a listing of groups, see Table S2 in the
Supplement).

According to the results of the forward selection
procedure in CCA, all selected environmental
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variables (pH, DO, temperature, salinity, chl a, and
precipitation) were significantly correlated with
the most abundant OTUs of the plankton commu-
nity (Fig. 6). Specifically, axis 1 explained 33.9%
of the species—environment relation; this axis was
strongly determined by DO, pH and salinity. Axis
2 explained 20.3% of the variation in the species
data, which was determined by temperature, pre-
cipitation, and chl a. The CCA analysis also
showed a clear spatial (salinity) and temporal (sea-
sonal) separation for the most abundant taxa
throughout the year: the samples from summer
and autumn were grouped together for each salin-
ity, as were those from winter and spring. Higher
DO and pH values were associated with salinity;
the highest chl a peak was linked to temperature.

As expected, precipitation varies in opposition
with temperature.

According to the CCA of community composition
and environmental variables (Fig. 6), the copepods
A. tonsa and C. gracilis, barnacle S. praegustator,
dinoflagellate genus Gyrodinium and diatom genus
Skeletonema were inversely correlated with salinity
and precipitation, but positively correlated with
temperature; the copepod C. aquaedulcis and the
chrysophyte genus Paraphysomonas had negative
associations with temperature and salinity. The cil-
iate M. dinoferus and copepod A. clausi were posi-
tively correlated with salinity and precipitation,
but negatively correlated with temperature. Finally,
the copepod P. parvus was related positively with
salinity.
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Fig. 5. Alpha diversities over the annual cycle from September 2013 to September 2014. Values shown are the Shannon diver-

sity index for each sample, based on relative abundances of operational taxonomic units (OTUs). Samples are organized by

size fraction (0.22-20, 20-200, and >200 pm), salinity (30, 35), and month sampled. Number of OTUs per sample is included
within each column

DISCUSSION
The >200 and 20-200 pm communities

Although the Estuary of Bilbao used to be one of
the most polluted in Europe, its water/sediment qual-
ity has improved significantly and biodiversity has
recovered well since 1979 (e.g. Villate et al. 2013).
This transition from a polluted to a rehabilitated area
has allowed the recolonization of the water column
by a mixture of neritic and brackish-water species,

including non-indigenous species (Albaina et al.
2009, 2016a, Aravena et al. 2009, Uriarte et al. 2016).

Our study shows that in this estuary there is clear
dominance of the Acartia complex copepod species
among the mesozooplankton, as demonstrated in
previous morphological studies (e.g. Villate 1994,
Uriarte & Villate 2004, Albaina et al. 2009, Aravena
et al. 2009, Uriarte et al. 2016). In our case, the 18S
V9 region allowed us to decipher the current status of
this complex, in which A. fonsa dominates during
most of the year in samples collected from salinity 30,
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Fig. 6. Multivariate analysis of the most abundant operational taxonomic units
(OTUs) and environmental variables. Only OTUs representing >5% of the
abundance in any size fraction in at least 1 sample were included in the analy-
sis. OTUs are identified as cross-marks (see acronyms in Table S2 in the Sup-
plement at www.int-res.com/articles/suppl/m584p031_supp.xls);
stations are depicted by circles (open and solid for salinities 30 and 35, respec-
tively) with the particular sampling month depicted in blue (summer and
spring stations) or green (winter and autumn stations). Environmental variable
gradients are represented by red arrows (DO: dissolved oxygen)

while A. clausi is the most abundant in salinity 35.
This spatial separation of A. clausi and A. tonsa in
higher and lower salinity waters, as well as the sea-
sonal segregation, agrees with previous studies of
the area (Fig. 3; Aravena et al. 2009) and has also
been observed in other estuaries (e.g. Gaudy et al.
2000, Azeiteiro et al. 2005). The 18S V9 genetic
marker has been shown to provide sufficient taxo-
nomic resolution for Acartia species (Abad et al.
2016); the observed discriminatory power probably
results from the isolation of this brackish-water
genus (Chen & Hare 2008).

Furthermore, the copepod genera Paracalanus,
Clausocalanus, Pseudocalanus, and Ctenocalanus
usually represent a large percentage of the abun-
dance in planktonic communities in temperate
waters and are commonly grouped together due to
identification difficulties (e.g. Albaina & Irigoien

10 p—— 2004, Gongalves et al. 2012). Interest-
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does not have the bias regarding the
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O v most likely an error in taxonomic as-
1.0 Temperature signment, due to the absence of a
-1.0 Axis 1 (33.9%) 1.0  comprehensive SILVA reference data-

base. A search of the GenBank repos-
itory revealed that the sequence
belonging to this OTU is most likely
Oithona davisae (accession number:
KJ814022) for which there is a recent
citation in the Estuary of Bilbao (Uri-
arte et al. 2016). The genus Oithona is
among the main constituents of the
>100 pm copepod assemblage in this
system (Intxausti et al. 2012) and
hence mostly falls into the microzooplankton, a frac-
tion that has been less studied to date. The difficulty
of identifying early stages of this genus implies that
these organisms would be classified as Oithona spp.
rather than a particular species. As expected, this
OTU is more abundant in the 20-200 pm size fraction
(Table S2) and presents similar patterns in seasonal
abundance, with peaks during summer/autumn, as
described in previous studies of the area for Oithona
spp. (Intxausti et al. 2012, Uriarte et al. 2016).
Difficulties in identifying developmental stages
and cryptic species are more evident within the
microplankton fraction (20-200 pm): for example, in
a zooplankton study of the Estuary of Bilbao carried
out by Intxausti et al. (2012), the identified organisms
were grouped in broad taxonomic categories since
some of the larval and immature forms (nauplii and
copepodites) that dominated this lower size fraction

sampling
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could not be assigned to species without time-con-
suming examination. Metabarcoding does not have
this limitation, and is thus capable of assigning early
stages to a certain taxonomic classification, as long as
there is a reference sequence for the organism in the
database. This is particularly useful for detecting
non-indigenous species at very low abundances (e.g.
Abad et al. 2016).

Our finding of another abundant copepod species,
namely Calanipeda aquaedulcis, also agreed with
previous studies (Albaina et al. 2009, Aravena et al.
2009, Uriarte et al. 2016). This species has contributed
significantly to the increase in the total number of
copepods in the Estuary of Bilbao during the last few
years (Uriarte et al. 2016). C. aquaedulcis is known to
attain peak abundances from March (Uriarte et al.
2016) and, as shown in this study, until June. Apart
from this, the seasonal succession of the inner estuary
zooplankton assemblage in the present study corre-
sponded to a low oxygen period that is commonly re-
ported during part of the summer following stratifica-
tion (Intxausti et al. 2012). This condition, along with
an increase in temperature may have favored the set-
tlement of 2 species with a higher tolerance to some
degree of hypoxia: A. tonsa and O. davisae (Roman et
al. 1993, Itoh et al. 2011). During winter and spring,
the dominance shifts to C. aquaedulcis, which is con-
sidered to be eurythermal but usually prefers cooler
temperatures (Frisch et al. 2006).

The 0.22-20 pm community

Previous studies of the picoplankton in the Estuary
of Bilbao have focused mainly on taxonomic or
phylogenetic analysis of specific groups (Seoane et
al. 2005, Laza-Martinez et al. 2007, Orive et al. 2010,
Hevia-Orube et al. 2016), since the time and cost con-
straints of morphological identification have pre-
vented studies entailing analysis of samples with
sufficient volume required to detect the whole com-
munity's spatial and temporal cycles. Metabarcoding
using the 18S V9 region, although subject to the
aforementioned taxonomic resolution limitations (but
see the genus Acartia case), allowed us to analyze
the entire community assemblage through a year,
and thereby to reveal previously unreported patterns
of variation.

Our results showed that the chrysophytes are the
most abundant group throughout the year: the
heterotrophic Paraphysomonas was the dominant
genus, not unusual for partially eutrophic estuaries
(Bazin et al. 2014). Colorless chrysomonads, such as

Paraphysomonas, are the major phagotrophs in
freshwater and soil food webs, but they are also
widespread in marine environments (Scoble & Cava-
lier-Smith 2014), and have been found in the Bay of
Biscay (Artolozaga et al. 2000) and the Estuary of Bil-
bao (Cajaraville et al. 2016).

Furthermore, the naked dinoflagellate genus
Gyrodinium is among the least-known groups of
marine protists (Kubiszyn & Wiktor 2016). In contrast,
Protoperidinium is a large and ubiquitous genus of
marine heterotrophic dinoflagellates, whose species
typically follow diatom blooms and generally exhibit
coastal distributions (Taylor 1990). Both genera were
previously described in other studies of the area, but
were not followed during a complete year, as in the
present study (e.g. Seoane et al. 2005).

Among the diatoms, the tiny Papiliocellulus elegans
is a marine organism commonly found in coastal envi-
ronments. Its small size requires electron microscopy
for its identification, so this species has typically been
overlooked and the extent of its habitat is not yet well
known, although it has been regarded as possibly
planktonic (Round et al. 1990). It could be present in
the Estuary of Bilbao but it has not been previously re-
ported. On the other hand, the genus Skeletonema
occurs in coastal waters throughout the world, where
it can be extremely common (Round et al. 1990) and is
usually found in this estuary (Seoane et al. 2005, Laza-
Martinez et al. 2007, Hevia-Orube et al. 2016).

Finally, the benthic species Maristentor dinoferus
was the dominant ciliate, but, as in the case of C. gra-
cilis, this is most likely an error of taxonomic assign-
ment, because this organism was recently discovered
on coral reefs (Lobban et al. 2002). A GenBank
search resulted in matches of the sequences belong-
ing to this OTU to uncultured phytoplankton, so it is
entirely possible that this could be another species.
Completion of a reference database is needed to
solve problems associated with taxonomic identifica-
tion by metabarcoding (e.g. Abad et al. 2016, Albaina
et al. 2016D).

In this size fraction, there is little variation between
the community compositions of both salinities, sug-
gesting that the low oxygen period does not have
the same influence as in the zooplankton. Paraphyso-
monas, the most abundant group throughout the year,
are important feeders on bacteria (but not exclusively
restricted to them) and peaked during the coldest
months in the Estuary of Bilbao (November/December
to March), when the lack of nutrients and sunlight
prevents the proliferation of autotrophic phytoplank-
ton and turbulence can increase grazing rates of pro-
tozoa on bacteria (Rose & Caron 2007). Diatoms, on
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the other hand, showed peaks in abundance during
the summer (July to October), when the temperature
was higher and precipitation resulted in nutrient
input from the tributaries. Non-photosynthetic species
of dinoflagellates feed on diatoms or other protists
(Jeong et al. 2010), which would explain why they be-
gin to be more abundant during spring (Cajaraville et
al. 2016). Finally, ciliates seem to have a peak during
winter in samples collected from salinity 35 (Fig. 3),
but we cannot be certain of this, due to the lack of
data from January and February.

Conclusions

The metabarcoding analysis of the plankton com-
munities present in the Estuary of Bilbao revealed
that their distribution and abundance throughout the
year were due to spatial and seasonal environmental
variability, confirming results of previous studies
using traditional techniques. The low oxygen period
during summer in salinity 30 and the thermal varia-
tion from winter to summer are among the main envi-
ronmental drivers of zooplankton, while temperature
and precipitation are the main drivers for phyto-
plankton. Furthermore, we also reported misidentifi-
cation of some species (e.g. Cyclopina gracilis, Maris-
tentor dinoferus), which highlights the need for
completing reference sequence databases to over-
come this limitation. In light of these results, we think
that metabarcoding can be useful for plankton moni-
toring, but that the findings obtained should be inter-
preted carefully until further improvement of the
approach.
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