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A B ST R ACT

Objectives: Small copepods (<2 mm) compose an important constituent of the Arctic marine food web, but their trophic interactions remain
largely unexplored, partly due to methodological limitations.
Methods: We here characterize the prey of the abundant cyclopoid Oithona similis, harpacticoid Microsetella norvegica and calanoid Microcalanus
spp. from the Arctic Barents Sea and Nansen Basin during four seasons using brute force prey metabarcoding of the 18S rRNA gene.
Key findings: Chaetognaths were unexpectedly the most consistently identified taxa and composed 47% of all prey reads. Some taxa were
seasonally important, including diatoms in April–May (43%), dinoflagellates in December (15%) and March (17%), and urochordates in August
(20%). Compositional differences among species were also discernible, and the M. norvegica diet was significantly different from both O. similis
and Microcalanus spp. The diets varied nevertheless more with season than species despite the inherent trophic traits that distinguish the ambush-
predator O. similis, chemosensoric particle-chaser M. norvegica and current-feeding Microcalanus spp.
Conclusions: Our results thus indicate that dietary plasticity is common in small Arctic copepods, regardless of their behaviors or strategies for
finding sustenance. We further hypothesize that such plasticity is an important adaptation in systems where prey availability is highly seasonal.

K E Y W O R D S: predator; prey; trophic interactions; DNA metabarcoding; small copepods; Arctic

INTRODUCTION
Copepods dominate the zooplankton of the marine Arctic both
in terms of abundance (Auel and Hagen, 2002) and biomass
(Hirche and Mumm, 1992; Mumm et al., 1998). The high preva-
lence of copepods in the Arctic has historically been attributed to
large taxa like Calanus spp. (Gallienne et al., 2001; Turner, 2004),
but the abundance of small copepods (≤2 mm prosome length,
Roura et al., 2018) often exceeds that of Calanus spp. (Auel and
Hagen, 2002; Hirche and Kosobokova, 2011), and occasionally
in terms of biomass (Gallienne et al., 2001; Arashkevich et al.,
2002; Svensen et al., 2011). Small copepods compose important
prey for many larger zooplanktivores such as larval fish (Turner,
1984), carnivorous copepods (Fleddum et al., 2001), chaetog-
naths (Sullivan, 1980), amphipods (Dischereit et al., 2022) and
ctenophores (Stoecker et al., 1987; Purcell et al., 2010), but their
own diets remain largely unexplored due to disproportionate
focus on larger species, and due to methodological limitations.

Arctic small copepods consist of species whose adult body
size is less than 2 mm and includes Microcalanus pygmaeus,
Microcalanus pusillus, Oithona similis, Microsetella norvegica, Tri-
conia (Oncaea) borealis and Pseudocalanus sp. (Auel and Hagen,
2002). They operate in the same epibathypelagic water masses
(Kosobokova and Hirche, 2000; Barth-Jensen et al., 2022), and

endure nutritionally variable systems where prey are highly
diluted (Yen, 2000; Van Duren and Videler, 2003; Tyrell et al.,
2020) and larger predators are concomitantly abundant (e.g.
chaetognaths, amphipods, carnivorous copepods). They must
all balance the trade-off between risk and reward in searching for
prey, and have developed distinct modes of prey acquisition, and
sophisticated sensory organs to do so (Kiørboe, 2011; Kjellerup
and Kiørboe, 2012). To investigate if prey compositions differ
among small copepods with different trophic traits, we studied
the prey of co-occurring Arctic cyclopoid O. similis, harpacticoid
M. norvegica and calanoid Microcalanus spp. (M. pusillus/M.
pygmaeus) for the first time using prey metabarcoding.

The three investigated species display differences in their
trophic biology. O. similis (Claus, 1866) is incredibly abundant
and has colonized virtually every epipelagic system of the
world’s oceans (Paffenhöfer, 1993; Gallienne and Robins, 2001).
Oithona spp. are active ambush-feeders that invest little in
locomotion for prey search (Svensen and Kiørboe, 2000; Saiz
et al., 2003). Instead, O. similis utilizes mechanosensory to
perceive fluid disturbances caused by sinking or swimming prey
(Kiørboe and Visser, 1999; Svensen and Kiørboe, 2000), and
lunges at prey when within range (Kiørboe, 2011). Oithona
spp. appear to feed on a wide range of organisms, but may
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prefer motile over non-motile prey (Uchima and Hirano,
1988; Turner and Granéli, 1992; Atkinson, 1995), especially
ciliates (Turner and Granéli, 1992; Castellani et al., 2005;
Zamora-Terol et al., 2013; Svensen et al., 2019). They prefer
heterotroph over autotrophs protists (Nielsen and Sabatini,
1996; Lonsdale et al., 2000; Granéli and Turner, 2002), although
the Antarctic O. similis have been found to feed on diatoms
(Hopkins and Torres, 1989; Pond and Ward, 2011). Moreover,
Oithona spp. may utilize particulate organic matter for food
(González and Smetacek, 1994; Green and Dagg, 1997; Svensen
and Nejstgaard, 2003), but the importance of coprophagous
behavior for the Arctic ecotype is disputed (Reigstad et al.,
2005).

M. norvegica (Boeck, 1865) is broadly distributed in Pacific,
Atlantic and sub-Arctic Oceans, and one of few harpacticoid
copepods that permanently occupy pelagic waters (Boxshall,
1979). M. norvegica is likely a proponent of cruising chemosen-
sory, which involves searching, perceiving and following plumes
of dissolved organic molecules that particles and prey leave in
their wake (Poulet and Ouellet, 1982; González and Smetacek,
1994; Maar et al., 2006). There exist multiple reports of M.
norvegica attached to aggregates of marine snow, and especially
appendicularian houses (Alldredge, 1972; Ohtsuka et al., 1993;
Green and Dagg, 1997; Uye et al., 2002; Maar et al., 2006; Koski
et al., 2007). The houses themselves also become colonized by
diverse pico-, nano- and microplankton (Lombard et al., 2010),
and are therefore potentially rich in other putative prey. However,
recent experimental incubations with field-collected autotrophs,
detritus and appendicularian houses indicated that M. norvegica
preferred autotrophs over marine snow (Koski et al., 2020), and
algal aggregates over houses (Koski and Lombard, 2022).

The small calanoid Microcalanus spp. copepods compose a
species-complex with the Arctic M. pusillus (Sars G. O., 1903)
and the bipolar M. pygmaeus (Sars G. O., 1900). While there
exist very few studies for Microcalanus spp., it is expected that
like most calanoid copepods, Microcalanus spp. acquire prey
through current feeding (Kiørboe, 2011). Whether Micro-
calanus spp. are capable of chemosensory or hydromechanical
sensing is unknown, but the former may seem probable with
chemoreceptors being identified in other calanoids (Friedman
and Strickler, 1975). The prey of Microcalanus spp. has, to the
best of our knowledge, only been studied in the Antarctic M.
pygmaeus (Hopkins, 1985, 1987; Hopkins and Torres, 1989),
which according to gut inspections, may have a preference for
phytoplankton, particularly diatoms, which constituted more
than 80% of the identified prey (Hopkins and Torres, 1989).

The main goal of this study was to investigate the prey
of O. similis, M. norvegica and Microcalanus spp. from the
Barents Sea and Arctic Ocean. By collecting three species and
environmental parameters at three locations during four distinct
seasons, we aimed to holistically characterize both prey and
the drivers behind its variation. We expected a large part of
the variation to be explained by seasonality due to the extreme
environmental shifts that shape their ambient communities and
thus prey availability in the Arctic (Marquardt et al., 2016).
Specifically, we expected primary producers to be the dominant
prey during the productive period, while small hetero- and
mixotrophs would dominate in non-productive periods. Spatial
differences in prey were likewise expected, since the Atlantic

Fig. 1. Map of stations located in the Barents Sea (Shelf S and Shelf
N) and Nansen Basin (Basin). All stations were sampled on all four
seasonal cruises (shapes and colors).

Barents Sea shelf (Shelf S and Shelf N) and Arctic Nansen
Basin (Basin) receive different water masses and prey through
advection (Falk-Petersen et al., 2015; Wassmann et al., 2015).
We hypothesized that the three species—though overlapping
in size and distribution—would find different prey due to their
distinctive feeding modes. Thus, we expected O. similis to find
active and/or motile heterotrophs like ciliates, dinoflagellates
or juvenile metazoans, but also sinking particles and aggregates
heavy enough to cause fluid disturbances. M. norvegica would
likely feed on diatoms (Koski and Lombard, 2022), sinking
decomposing aggregates (appendicularian houses, fecal pellets)
and potentially on their associated communities of colonizers.
Microcalanus spp. was expected to feed on diatoms (Hopkins,
1987), although particles or other auto- and heterotroph protists,
particularly those without innate locomotion may be captured
in its feeding currents. Lastly, we specifically aimed to use prey
metabarcoding to uncover unknown interactions, which—
in line with recent years of trophic studies, has spurred the
discovery of new avenues for scientific research.

MATERIALS AND METHODS
Copepod collection: Mesozooplankton were collected in vertical
64-μm Bongo-net (60 cm, Hydro-Bios) hauls (ascent 0.3 ms−1,
descent 0.5 ms−1) from different seasons and stations in the
central and northern Barents Sea (Shelf South, Shelf North)
and Nansen Basin (Basin) as indicated in Fig. 1 and Table I.
Net samples were processed immediately by removing all large
and/or gelatinous animals and sieved (64 μm) to discard seawa-
ter. Ice-cold ethanol (96%, −20◦C) was then used to rinse the
mesozooplankters, and to transfer them to a sample container.
The container was topped up with ice-cold ethanol and stored at
−20◦C.

Initial sorting and DNA extraction: Up to 14 biological repli-
cates of M. norvegica, Microcalanus spp. and O. similis were iden-
tified and picked per station and cruise under a stereomicro-
scope (Table I). All copepods were individually and thoroughly
rinsed three times in Milli-Q water (MQ), transferred to tissue
lysis (TL) buffer (E.Z.N.A Tissue DNA kit, Omega Bio-tek)
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Table I: Overview of copepods collected from four seasons and three stations and the positions of those (Lat/Lon)

Season Station Lat (◦N) Lon (◦E) Date Sd (m) Bd (m) Sea-ice Chl a max Os Mp Mn

Mar Shelf S 75.9999 31.2196 05.03.21 300 324 No 0.010 14 14 14
Shelf N 79.7662 33.8264 09.03.21 320 340 Yes 0.014 14 14 7
Basin 81.9989 29.8381 18.03.21 1 000 3 334 Yes 0.021 14 14 NA

Apr-May Shelf S 76.0000 31.2202 30.04.21 300 326 No 1.664 14 13 13
Shelf N 79.7438 33.9800 04.05.21 320 337 Yes 2.127 14 14 6
Basin 82.1422 29.1633 13.05.21 1 000 3 494 Yes 0.288 14 14 NA

Aug Shelf S 76.0000 31.2200 08.08.19 300 321 No 1.218 14 14 14
Shelf N 79.7211 34.3182 12.08.19 330 341 No 1.366 14 14 14
Basin 81.8291 28.8017 21.08.19 1 000 2 993 Yes 1.737 14 13 7

Dec Shelf S 76.0870 31.0010 13.12.19 300 333 No 0.040 14 14 14
Shelf N 79.7700 34.0520 08.12.19 300 326 Yes 0.017 14 14 14
Basin 82.1610 28.1540 04.12.19 1 000 3 660 Yes 0.044 14 14 NA

The maximum sampling depth (Sd; m), bottom depth (Bd; m), whether sea-ice was present (Yes/No) and the recorded maximum total chlorophyll a (Chl a max; mg m−3) are
presented for each net-sampling event. The numbers of biological replicates of each copepod picked and whose diet was assessed are shown with species acronyms (O. similis; Os,
Microcalanus spp.; Mp, M. norvegica; Mn). Stations sampled correspond to the Nansen Legacy stations P1 (Shelf S), P4 (Shelf N) and P7 (Basin). Seasons sampled correspond to the
Nansen Legacy seasonal cruises Q1 (March), Q2 (April–May), Q3 (August) and Q4 (December).

and stored at −20◦C. DNA was extracted per manufacturer’s
protocol (Tissue Spin Protocol, E.Z.N.A Tissue DNA kit, Omega
Bio-Tek), but with 2 × 50 μL elution buffer, and by incubating
on a tabletop thermocycler (300 rpm, 70◦C, 3 hours). One
extraction negative was included with each batch of samples and
was processed identically to real samples.

Molecular preparations, sequencing and bioinformatics.
Initial testing of DNA extracts, metabarcode PCR, library
preparation, sequencing and bioinformatical processing was
achieved as outlined in Flo et al. (2024). We therefore only
summarize the key methodological choices made here. For
sequencing, we used a one-step PCR protocol to target a
short hypervariable fragment of the 18S SSU rRNA V7 region
(∼100–110 bp) with 18S_allshorts primers (Forward 5′-
TTTGTCTGSTTAATTSCG- 3′, and Reverse 5′-GCAATAACA
GGTCTGTG-3′) (Guardiola et al., 2015). Amplicons from
456 samples including extraction negatives were sequenced on
a NovaSeq6000 platform using 150 bp paired-end chemistry
(Novogene, China). A total of ∼5.4 billion paired-end raw
reads were obtained, and further processed using custom scripts
(available online: https://github.com/snflo/bruteforce) based
on OBITools (v. 1.2.12, Boyer et al., 2016) and VSEARCH
(v. 2.9.1, Rognes et al., 2016) software suites and the unoise3
algorithm (Edgar, 2016). Resulting zero-radius Operational
Taxonomic Units (zOTUs) were assigned to taxonomy of the
Protist Ribosomal database (PR2, v.4.14.0, Guillou et al., 2013)
using blastn (BLAST+, v. 2.8.1, Camacho et al., 2009).

Filtering: To obtain a dataset with putative prey only, the
assigned reads were subjected to a two-step filtration process
in R studio (v. 4.1.3). Firstly, the reads were manually curated
based on taxonomy using functions in the “tidyverse” suite
(Wickham et al., 2019). All reads assigned to maxillopoda
were discarded. We acknowledge that other copepods may
compose a food source, but the short read length necessitated
by the approach did not allow for distinguishing the DNA
from copepod prey and host. Nor did the fragment allow for
distinction of M. pusillus and M. pygmaeus, and we therefore
operate with Microcalanus spp. for the remainder of this work.
Taxa known to interact with copepods (any Copepoda) in

symbiosis (parasitism, commensalism and mutualism) were
recorded from current literature (Cleary and Durbin, 2016;
Cleary et al., 2017; Bass et al., 2021), and discarded from
the dataset. Identified symbionts mainly consisted of parasitic
protist taxa (e.g. Apicomplexa, Syndiniales, Blastodiniaceae and
Apostomia). Group-IV Hematodinium (Syndiniales) zOTUs
were also discarded due to confirmed parasitic interactions
with different crustaceans (Stentiford and Shields, 2005;
Zamora-Terol et al., 2021). We identified and discarded several
zOTUs of terrestrial seed-plants (Embryophyta), insects and
mammals (e.g. Homo sapiens), and putative contaminants
from the marine environment, notably gelatinous organisms
(Cnidaria, Cthenophora). We acknowledge that gelatinous taxa
may have dietary importance, but we consider it equally or
more plausible that they came from the ambient volume of
the fixed sample which the copepods were picked from. A final
decontamination step aimed at identifying any remaining and/or
cryptic contaminants was achieved using the prevalence method
implemented in Decontam (Davis et al., 2018). The dataset after
this step is referred to as the putative prey and included numerical
abundances (counts) of 22 610 sequence variants (52 165 786
sequence reads), their taxonomy and distribution among 437
copepods.

Environmental data: We obtained various environmental
datasets from the same cruises and stations to explore copepod
diets in relation to their in situ environments. To assign water-
column depths to the copepod predators, and to connect them to
other parameters at the depths they were sampled, we obtained
quantitative data on zooplankton vertical distribution from the
same stations. These data were generated from samples taken at
different depth intervals (0–20, 20–50, 50–100, 100–200, etc.)
using multinet Midi (HydroBios, 64 μm). The dataset holds
quantities of all identified zooplankton including the copepods
of the current paper, and with resolution of different life stages
(Wold et al., 2023). First, we found the vertical distribution
intervals containing at least 90% of adult and copepodite V
life stages. All 90% intervals were calculated separately for all
cruise-station-species combinations. The three copepods may
thus have different depth intervals although being collected
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from the same bongo-net haul (i.e. the 90% depth intervals of
O. similis and Microcalanus spp. from August at Shelf S are 0–
50 and 100–325 m, respectively). We then used the minimum
and maximum depths to calculate values of environmental
parameters as the means of values recorded within the intervals.
This way we related the prey profiles of individual copepods to an
extended set of mean values of potentially relevant parameters.
The parameters included (i) pigment-data (Chlorophyll a;
total (Chl a, μg L−1) and 10 μm fraction (Chl a10, μg L−1),
Phaeopigment; total (Phaeo, μg L−1) and 10 μm fraction
(Phaeo10, μg L−1) (Vader et al., 2021), (ii) particulate organic
matter (carbon; POC, mg cm−3, nitrogen; PON, mg cm−3,
carbon:nitrogen ratios; CN, mol:mol (Marquardt, 2022c,
2022d, 2022a, 2022b), (iii) CTD and additional sensory data
including temperature (T, ◦C), salinity (S, PSU), dissolved
oxygen (ml L−1), Chl a fluorescence converted to Chlorophyll a
concentration (μg L−1), photosynthetically available radiation
(PAR, mol photons m−2 s−1) and colored dissolved organic
matter (cDOM, μg L−1) (Gerland, 2022; Ludvigsen, 2022;
Reigstad, 2022; Søreide, 2022). In addition, we obtained a single
numerical depth parameter by calculating the mean depth of
each copepod species at each station.

Pelagic prey field profiling from water sample metabarcoding.
Pelagic water samples were collected at all stations from four
depths (10 m, deep Chl a maximum, 200 m and bottom—
10 m) with a Niskin rosette. Sample material was collected
on 0.22 μm Sterivex filters (Merck, Darmstadt, Germany)
with a peristaltic pump (Masterflex), frozen immediately
and stored at −80◦C until extraction. DNA was extracted
using the DNA Power Water Sterivex kit (QIAGEN, Hilden,
Germany) according to manufacturer’s protocol for vacuum
manifold extraction. The V4 region of the 18S rRNA gene
was amplified by PCR with the eukaryotic universal primers
V4F_illumina (5’-CCAGCASCYGCGGTAATTCC–3′) and
V4R_AZig_illumina (5’-ACTTTCGTTCTTGATYRATGA–
3′) (Piredda et al., 2017). PCR for sequencing was carried out
with an initial denaturation step (30 s, 98◦C), and 30 cycles
of denaturation (10 s, 98◦C), annealing (30 s, 55◦C) and
elongation (30 s, 72◦C) and a final elongation (4:30 min, 72◦C).
The libraries were prepared and sequenced using Illumina
MiSeq technology with 2 x 300 bp paired-end chemistry at the
Integrated Microbiome Resource (IMR, Canada). The reads
included in water community profiles were bioinformatically
treated similarly to prey reads, and thus include the putative
prey identifiable by the method (i.e. not putative symbionts or
contaminants that were otherwise abundant, like Syndiniales or
Ctenophora).

Exploratory data analyses: We used a combination of tidy-
verse and phyloseq packages (1.36.0, McMurdie and Holmes,
2013) to wrangle and store data in R, primarily vegan (2.6.2,
Oksanen et al., 2019) to perform ecological analyses, and ggplot2
(3.3.6, Wickham, 2016) to visualize findings. First, numerical
count data was normalized to comparable values by transforming
counts to relative read abundances (RRA, %). To limit the com-
plexity of figures, we chose to present prey RRA agglomerated
at class-level taxonomy (Fig. 2a and b). The same agglomerated
RRA data were used to calculate mean prey compositions and
standard errors of the mean across different sampling groups

(seasons, stations, species, Table II). Stacked bar plots visualizing
the composition of pelagic prey field communities were made
using RRA (Fig. 3), but only taxa that both accounted for more
than 1% of the sample-wise RRA and were represented in the top
15 prey taxa in copepod diets were colorized.

Canonical correspondence analyses: Canonical correspon-
dence analyses (CCAs) were conducted with the full set of
prey samples (N = 437) and a limited set of environmental
constraints. The samples were prey compositions in the form
of RRA agglomerated to class-level taxonomy (with a total
of 83 classes). Prior analysis, we evaluated the parameters
to include seemingly uncorrelated parameters only with the
pairs function. The retained parameters included Chlorophyll
a (Chl a, μg L−1), particulate organic carbon (POC, mg
m−3), carbon:nitrogen ratio (CN, mol:mol), mean depth of
copepods (depth, m), salinity (S, psu), temperature (T, ◦C),
photosynthetically available radiation (PAR, mol photons
m−2 s−1), species, latitude (Lat, deg. N), longitude (Lon, deg.
E) and bottom depth (Bd, m). The full dataset was evaluated
first, beginning with testing transformation of RRA and a full
model with all twelve constraints. The best full model was
found using fourth root transformed RRA values (∧0.25).
Then, model constraints were evaluated stepwise by backwards
selection, and for each new model ANOVA-like permutation
tests for CCA (anova.cca) were used to find non-significant terms
(P > 0.001), which were subsequently discarded. This process
was repeated for every new model iteration, until a model with
only significant terms (P ≤ 0.001) was left. For readability, all
overlayed constraints and accompanying arrows were scaled
(ordiArrowMul, fill = 0.8).

To investigate if the prey profiles would cluster by predator
or stations when seasonality was accounted for, CCAs were per-
formed on subsets from each season separately. The resulting
four models were generated as before, but scaling of overlayed
constrains was moderated separately for each plot (fill = 0.80,
0.85, 0.84 and 0.85, for March, April–May, August and Decem-
ber in Fig. 5, respectively).

Permutational Multivariate Analysis of Variance: We used Per-
mutational Multivariate Analysis of Variance (PERMANOVA,
adonis2) to test for differences in diets with season, station or
species as grouping variables (Oksanen et al., 2019). Between-
group homogeneity of dispersion was assessed with betadisper.
Pairwise PERMANOVAs (pairwise.adonis2, Martinez, 2020)
were used to compare and identify the levels in groups in which
the diets differed significantly. P-values of pairwise tests were
adjusted with the false discovery rate method of Benjamini–
Hochberg (Benjamini and Hochberg, 1995). Additional tests
were performed on the subsets of the data (March, April–May,
August and December) to identify differences in diet based on
station or species without the strong influence of season.

SIMPER and BLAST: We used Similarity Percentages
analyses (SIMPER, simper, Clarke, 1993) to identify the prey
taxa contributing most to differences in composition. We ran the
analyses with permutations (n = 10 000) in both ungrouped and
grouped tests (pairwise comparisons of species, stations and
seasons), using Bray–Curtis dissimilarities based on the 5000
most abundant zOTUs overall (based on RRA). The twenty
top zOTUs, which at minimum contributed 65% to observed
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Fig. 2. (a)Relative composition of prey of copepods M. norvegica, Microcalanus spp. and O. similis and during four seasons (March, April–May,
August, December), and at three stations in the northern Barents Sea and adjacent Nansen basin (Shelf S; gray ribbon, Shelf N; white ribbon,
Basin; black ribbon). The widths of the interactions between prey taxa (bottom, numbered) and copepods (top, acronyms) are proportional to
prey RRA. Only the 15 most abundant prey classes (based on RRA) for each season were plotted. All copepod ribbons (Mn for M. norvegica,
Mp for Microcalanus spp. and Os for O. similis) are the averaged prey compositions from up to 14 replicates. In (b) Chaetognatha have been
removed to provide a clearer representation of other prey classes.

dissimilarity—were compiled for each comparison, and sequences
were further assessed by a BLAST to NCBI’s nucleotide archive
(nt). Hits were recorded based on their percentage similarity,
keeping only the highest scoring. In the case of multiple equally
similar hits with varying taxonomies, we chose to summarize the
hits to their closest common ancestor.

RESULTS
Prey read recovery: Sequencing of eukaryote ribosomal DNA
produced 5 436 416 402 raw reads from 437 copepod samples
and 19 extraction negatives. Of the raw reads, 4 268 371 437
reads in 129 940 zOTUs passed the quality thresholds of our
protocol and were subsequently taxonomically assigned. Almost
98% of the assigned reads mapped to Maxillopoda, but this was
expected due to the use of a brute-force metabarcoding approach
(Flo et al., 2024). Nonetheless, putative prey amounted to 52
million reads in 22 391 zOTUs, making up 1.2% of the assigned
reads.

Overall composition of copepod prey and the pelagic prey
field community. From metabarcoding of O. similis, Microcalanus
spp. and M. norvegica copepods, we identified a range of
eukaryote prey including metazoans, fungi, ciliates, radiolarians,
dinoflagellates and diatoms (Fig. 2 and Table II). If looking at
the global average prey RRA (n = 437), metazoan sequence
reads dominated over unicellular reads (Table II). The most
abundant prey taxa overall were Chaetognatha (47% RRA),
Bacillariophyta (16%), Urochordata (8%), Dinophyceae (7%),
Dinophyta_X (5%), Ascomycota (4%), Basidiomycota (3%)
and Spirotrichea (2%, Table II). In the prey field community
(Fig. 3), RRA of unicellular taxa dominated over metazoan taxa.
Chaetognath reads were not prevalent, and never surpassed the
1% RRA threshold we used to limit complexity in bar plots
(Fig. 3). Instead, Dinophyceae were the most abundant taxa and
accounted for between 29 and 96% of the RRA. The other impor-
tant dinoflagellate prey taxon (Dinophyta_X, Fig. 2a and b) was
below 1% RRA in all water samples. Bacillariophytes were mainly
abundant in water sampled in April–May at stations Shelf S
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Fig. 3. Relative composition of pelagic community taxa during four seasons (March, April–May, August, December) and at three stations in the
northern Barents Sea and adjacent Nansen basin (Shelf S; gray ribbon, Shelf N; white ribbon, Basin; black ribbon). The horizontal axis ticks
denote the four standard depths (10 m, deep Chl a maximum depth, 200 m and bottom 10 m) at which the pelagic communities were assessed
by water sampling. Pelagic biota are colored identically to prey found in copepod gut samples.

(17–49% at all depths) and Shelf N (28–35% at 10 and 20 m
depths). Deep water samples from the Nansen Basin in August
(3 280 m) and December (3 415 m) contained 23 and 12%
bacillariophytes, respectively. Marine Stramenopiles group 1
and 3 (MAST-1 and MAST-3) were present year-round, but
noticeably more abundant in March and December pelagic
communities (Fig. 3).

Seasonal differences in prey composition: To discern the
prey characteristics as a function of spatiotemporal scales or
consumer, we also summarized the prey compositions across
the seasons, stations and species (Table II). The constrained
ordination, with its apparent seasonal clustering and parameters
(Chl a, POC, PAR) as important structuring constraints
(Fig. 4)—indicated that seasonality was important in explaining
prey compositions. We further tested the importance of sea-
sonality by PERMANOVA, and found that prey composition
differed significantly according to the season sampled (F = 32.14,
P < 0.001, homogenous dispersion, Table III). Additional
pairwise comparisons of seasonal prey composition were all
significant (PERMANOVAs, adjusted P < 0.001, Table III). In
winter, the prey composition was composed of more dinoflagel-
lates (Dinophyceae and Dinophyta_X combined) constituting
15 and 16% of the diet in December and March, respectively.
Fungal sequences from Ascomycota and Basidiomycota were
also abundant in winter, contributing a combined 12 and
10% to the diet in December and March, respectively. These
“winter seasons” are relatively similar in composition (Fig. 2a),
but a few distinguishing features exist, namely the increased

abundances of Rotifera (5%) and Bacillariophyta (12%) in
March, and that Spirotrichea were abundant in December
(2%). Prey composition in April–May was characterized by an
increased relative abundance of diatoms (Bacillariophyta; 43%),
dinoflagellates (Dinophyceae; 12%, Dinophyta_X; 5%) and
Labyrinthulomycetes (2%). The prey composition in August
differed from the other seasons by a high RRA of Urochordata
(20%), Spirotrichea (6%) and Acantharea (3%) irrespective of
target copepod species.

Spatial prey differences: Prey composition also differed signif-
icantly among stations (PERMANOVA, F = 22.59, P = 0.001),
and all three stations differed significantly from one another
(pairwise PERMANOVAs, adj. P < 0.001, Table III). However,
the sample dispersions within stations were found to be
heterogeneous (P < 0.001), lowering the confidence in this
result. The ellipses (95%) of stations further overlapped to
a great extent according to the CCA of all samples, and the
centroids were close to one another (Fig. S1). Only when the
seasonality was accounted for by sub-setting and ordinating
seasonal datasets individually, was it possible to discern that
prey compositions clustered according to the station they
were collected at (Fig. 5). The strongest regional differences
in prey composition were found in April–May (F = 44.46,
P < 0.001, homogenous dispersion), and Shelf S, Shelf N and
Basin diets differed significantly from one another (pairwise
tests, adj. P < 0.001). Diets were less different among stations
in December (F = 4.78, P < 0.001). Some regional differences
could nevertheless be identified, such as chaetognath prey being
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Table III: Results of PERMANOVA analyses used to test which parameters were significant predictors of prey composition for all samples ( full dataset)
and for seasonal subsets of the data (March, April–May, August and December)

Predictor Full dataset March April–May August December

a) Season
Four levels:
March,
April–May,
August,
December

PERMANOVA∗∗∗
(F = 32.14,
P < 0.001)
Betadisper non-sig
Pairwise sig. tests
(all ∗∗∗, P < 0.001)
March vs.
April–May
March vs. August
March vs. December
April–May vs.
August
April–May vs.
December
August vs.
December

b) Station
Three levels:
Shelf S,
Shelf N,
Basin

PERMANOVA∗∗∗
(F = 22.59,
P < 0.001)
Betadisper∗∗∗
(P < 0.001)
Pairwise sig. tests
Shelf S vs. Shelf N
(∗∗∗, P < 0.001)
Shelf S vs. Basin
(∗∗∗, P < 0.001)
Shelf N vs. Basin
(∗∗∗, P < 0.001)

PERMANOVA∗∗∗
(F = 13.23,
P < 0.001)
Betadisper∗∗∗
(P < 0.001)
Pairwise sig. tests
Shelf S vs. Shelf N.
(∗∗, P < 0.01)
Shelf S vs. Basin
(∗∗, P < 0.01)

PERMANOVA∗∗∗
(F = 44.46,
P < 0.001)
Betadisper non-sig
Pairwise sig. tests
Shelf S vs. Shelf N
(∗∗∗, P < 0.001)
Shelf S vs. Basin
(∗∗∗, P < 0.001)
Shelf N vs. Basin
(∗∗∗, P < 0.001)

PERMANOVA∗∗∗
(F = 14.99,
P < 0.001)
Betadisper∗
(P < 0.05)
Pairwise sig. tests
Shelf S vs. Shelf N
(∗, P < 0.05)
Shelf S vs. Basin
(∗∗, P < 0.01)
Shelf N vs. Basin
(∗∗, P < 0.01)

PERMANOVA∗∗∗
(F = 4.78,
P < 0.001)
Betadisper∗
(P < 0.05)
Pairwise sig. tests
Shelf S vs. Shelf N
(∗∗, P < 0.01)
Shelf S vs. Basin
(∗, P < 0.05)
Shelf N vs. Basin
(∗, P < 0.05)

c) Species
Three levels:
M. norvegica (Mn),
Microcalanus spp.
(Mp),
O. similis (Os)

PERMANOVA∗∗
(F = 3.29, P < 0.01)
Betadisper non-sig
Pairwise sig. tests
Os vs. Mn
(∗, P < 0.05)
Mp vs. Mn
(∗∗, P < 0.01)

PERMANOVA∗
(F = 1.95, p = 0.05)
Betadisper∗∗
(P < 0.01)
Pairwise sig. tests
Os vs. Mn
(∗, P < 0.05)
Mp vs. Mn
(∗∗, P < 0.01)

PERMANOVA
(F = 1.81, p = 0.098)
Betadisper non-sig
Pairwise sig. tests
Os vs. Mn
(∗, P < 0.05)
Mp vs. Mn
(∗, P < 0.05)

PERMANOVA∗∗∗
(F = 3.34,
P < 0.001)
Betadisper non-sig
Pairwise sig. tests
Os vs. Mp
(∗, P < 0.05)
Mp vs. Mn
(∗, P < 0.05)

PERMANOVA∗∗
(F = 2.54, P < 0.01)
Betadisper non-sig
Pairwise sig. tests
Mp vs. Mn
(∗, P < 0.05)

F-values denote the pseudo-F statistic (magnitude) computed by adonis. Asterisks denote significance (∗∗∗: P < 0.001, ∗∗: P < 0.01, ∗: P < 0.05, non-sig: P > 0.05), and all
P-values from pairwise tests were adjusted for multiple testing using the Benjamini-Hochberg method.

on average more prevalent in the Basin (64%) and at Shelf N
(52%) than at the southernmost Shelf S station (31%) (Fig. 2a
and Table II).

There were also spatial differences at lower taxonomic
levels, with two zOTUs dominating the Chaetognath relative
abundances. Using BLAST and NCBI’s nucleotide archive
(NT) to verify the taxonomy of taxa that are sparsely covered
in the protist ribosomal database, we found that the top two
Chateognath zOTUs were identical to Eukrohnia spp. (E.
hamata, E. bathypelagica) and Parasagitta spp. (P. elegans, P.
setosa) sequences, respectively. The zOTU assigned to Eukrohnia
spp. reached an average of 44% relative abundance in the
basin, as opposed to 7 and 11% at Shelf S and N, respectively.
On the contrary, Parasagitta spp. was most abundant at shelf
stations (Shelf S—19%, Shelf N—36%) and less so in the
basin (10%). Bacillariophyta prey were more important at the
southern stations Shelf S (21%) and Shelf N (14%) than in the
Basin (10%). Urochordata, which was primarily composed of a

zOTU with identical sequence to Oikopleura spp. (Oikopleura
vanhoeffeni, Oikopleura labradoriensis), were likewise more
prevalent prey at Shelf S (10%) and Shelf N (11%) than in the
Basin (2%). Dinophyceae were particularly abundant at Shelf S
(12%), while members of Dinophyta_X were abundant in the
Basin (6%).

Prey differences among copepod species. Although the com-
positional differences in prey among copepod species were not as
strong as those among seasons or stations, the species of copepod
was still a relevant predictor of diet (PERMANOVA, F = 3.29,
P < 0.01, Table III). Pairwise comparisons showed that the diet
of M. norvegica differed from the two other species (adj. P < 0.05
and < 0.01), whereas O. similis and Microcalanus spp. were statis-
tically indifferent (adj. P = 0.17). When the prey data was divided
to account for seasonality, consumer species remained a signifi-
cant predictor of prey composition in March (F = 1.95, P = 0.05),
August (F = 3.34, P < 0.001) and December (F = 2.54, P < 0.01,
Table III), but not in April–May (F = 1.81, P = 0.098).
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Fig. 4. Canonical correspondence analysis of class level prey
composition of copepods in all samples. Donut shaped points are the
centroids of seasonal clusters. Clusters are encircled by 95%
confidence ellipses. The fractions of the total inertia explained (in %)
are reported for each constraining axis. Only constraints that were
found to be significant by the ANOVA-like permutation tests for
CCA (P < 0.005) and survived backwards selection are reported.

The M. norvegica diet contained an abundant chaetognath
component (46%) at levels comparable to the other two
consumers (47–48%, Table II). However, a chaetognath zOTU
identified to Parasagitta sp. composed a higher fraction of the M.
norvegica prey reads (29% as opposed to 18% in Microcalanus
spp., and 23% in O. similis), and was responsible for 14%
of the dissimilarity between M. norvegica and the two other
consumers (SIMPER, Table IV). Urochordate prey were more
important for M. norvegica (13%) than for O. similis (7%) and
Microcalanus spp. (6%, Table II). A single appendicularian zOTU
characterized to Oikopleura spp. (12% in M. norvegica) explained
7% of the dissimilarity between M. norvegica and the two other
consumers (SIMPER, Table IV). Labyrinthulomycetes (class
Labyrinthulea) contributed more to the prey composition of M.
norvegica (1.9%) than it did for O. similis (0.7%) or Microcalanus
spp. (0.5%, Table II). The zOTU responsible for most of the
RRA (1.4% in M. norvegica) had 100% sequence similarity to
Oblongichytrium sp. (family Thraustochytriaceae, Table IV).

Spirotrich ciliate prey (Spirotrichea) were more abundant for
Microcalanus spp. (3.6%) than O. similis (2.0%) and M. norvegica
(0.4%) prey compositions (Table II). One zOTU identified to
the spirotrich tintinnid Xystonellidae family (Xystonella longi-
cauda in PR2, and Parafavella gigantea in NCBIs nt) was a signifi-
cant contributor to the dissimilarity between O. similis and Micro-
calanus spp. (Table IV). Likewise, Eukrohnia spp. (E. hamata, E.
bathypelagica) was more abundant in Microcalanus spp. (22%)
than O. similis (18%) and explained 12% of the dissimilarity
between the two. O. similis showed a higher relative abundance
of diatoms (18%) than Microcalanus spp. (14%) and M. norvegica
(15%). Of the diatom zOTUs, only Porosira sp. contributed sig-
nificantly to the dissimilarity between O. similis and Microcalanus
spp. diets.

DISCUSSION
Prey diversity: We studied the diets of O. similis, Microcalanus
spp. and M. norvegica because they are abundant Arctic repre-
sentatives of different copepod lineages (Cyclopoida, Calanoida,
Harpacticoida), and feeding traits (ambush predatory, filter-
feeding, aggregate feeding). Although coinhabiting the same
habitat (Kosobokova and Hirche, 2000; Barth-Jensen et al.,
2022), we hypothesized that their trophic traits would translate
into species-specific diets. Our results, however, show that other
parameters were more important drivers of prey composition.
Seasonality was particularly influential, with prey compositions
being explained by time of year sampled, and seasonally
shifting parameters (PAR, Chl a, POC, CN) being important
constraining variables. This is perhaps to be expected, since
the diversity and abundance of Arctic communities, and thus
prey availability, changes drastically in relation to seasonal
parameters like nutrients and light (Wilson et al., 2017; Paulsen
et al., 2018). From the sequencing data, we detected over
50 million prey sequence reads that identified to a broad
consortium of eukaryotes ranging from large metazoans to
small unicellular protists and autotrophs. In general, we saw
that diets shifted in composition with high relative abundances
of hetero- and mixotrophs in winter (chaetognaths, marine
fungi, dinoflagellates), diatoms at the Barents Sea shelves
during the spring-bloom (April–May), and diets in August
were more influenced by heterotroph metazoans (chaetognaths,
urochordates).

Are chaetognath prey DNA remnants from fecalia or juve-
niles? Although seasonality was important, our results indicate
that chaetognaths were important prey for the small copepods
year-round, and especially at the northern stations Shelf N and
Basin, where they composed 52 and 64% of the prey reads,
respectively. We must emphasize, however, that these findings
bear with them some uncertainty. Adults of the chaetognaths
occurring in the region (Parasagitta elegans, Pseudosagitta
maxima, Eukrohnia hamata) are large and thus unlikely targets for
ingestion. The chaetognaths are furthermore known consumers
of copepods (Falkenhaug, 1991; Grigor et al., 2020), and not
vice versa, although some copepod genera like the carnivorous
Pareuchaeta may be capable. We thus find it likely that the
strong signal is due to either ingestion of other chaetognath
material types, and/or contamination. The uncertainty of how
the chaetognath sequences entered the samples highlights
an important limitation to DNA-based trophic studies. Since
we do not observe feeding directly, we may not be able to
conclusively deduce the type of prey source material, nor the
nature of its association with the consumer species. It would
arguably be wrong to either discard such sequences or to
treat them as “full members” of the prey spectrum, given the
size of chaetognaths and their observed abundances. In the
current study, we therefore cautiously interpret the chaetognath
sequences as putative prey, while exploring its potential sources
based on current knowledge. We further argue that research with
more direct methods of identifying interactions is required to
validate its importance as prey for small Arctic copepods (e.g.
cinematography, experimental incubations or applied starvation
controls).
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Fig. 5. Canonical correspondence analysis of class level prey composition of copepods subset by season. Donut-shaped points are the centroids
of station clusters. Clusters are encircled by 95% confidence ellipses. The fractions of the total inertia explained (in %) are reported for each
constraining axis. Only constraints that were found to be significant by the ANOVA-like permutation tests for CCA (P < 0.005) and survived
backwards selection are reported.

Table IV: zOTUs contributing significantly to dissimilar prey compositions in Microcalanus spp. (Mp), M. norvegica (Mn) and O. similis (Os)

zOTU Class a_b RAa RAb CD p Id Accession

10 Chaetognatha Mp_Mn 18.2 28.8 14 0.02 Parasagitta setosa,
Parasagitta elegans

KX709930.1
KP857142.1

18 Urochordata Mp_Mn 5.6 12.2 7 0.01 Oikopleura vanhoeffeni,
Oikopleura labradoriensis

MG661056.1
MK621852.1

167 Labyrinthulomycetes Mp_Mn 0.3 1.4 1 0.04 Oblongichytrium sp. MK234637.1
10 Chaetognatha Os_Mn 23.3 28.8 14 0.00 P. setosa,

P. elegans
KX709930.1
KP857142.1

18 Urochordata Os_Mn 6.8 12.2 7 0.00 O. vanhoeffeni,
O. labradoriensis

MG661056.1
MK621852.1

107 Bacillariophyta Os_Mn 0.9 1.5 1 0.00 Fragilariopsis kerguelensis,
Fragilariopsis sp.

LR812489.1
MN824024.1

167 Labyrinthulomycetes Os_Mn 0.5 1.4 1 0.01 Oblongichytrium sp. MK234637.1
14 Chaetognatha Os_Mp 18.2 22.3 12 0.02 Eukrohnia hamata,

Eukrohnia bathypelagica
KM519853.1
DQ351886.1

12 Dinophyta_X Os_Mp 2.5 2.8 2 0.01 Uncultured eukaryote KJ760297.1
84 Spirotrichea Os_Mp 1.0 3.0 2 0.00 Parafavella gigantea MH673409.1
170 Dinophyta_X Os_Mp 1.5 1.3 1 0.03 Oncaea sp. MK370211.1
173 Bacillariophyta Os_Mp 1.0 0.7 1 0.00 Porosira sp.,

Porosira glacialis,
Porosira pseudodenticulata

MH843681.1
MH843667.1
MG022775.1

zOTUs are presented with class (PR2), consumers compared (a_b), average RRA in consumers (RAa and RAb), zOTU contribution to dissimilarity (CD), permutational
significance (p) and identified taxa with 100% sequence similarity (Id).

Alternative mechanisms of uptake may involve feeding on
juvenile stages such as eggs or larvae, fecalia or chaetognath
remains (e.g. decaying bodies, parts or egg-sacs). Feeding on
juvenile stages may be practically feasible if the co-occurring
chaetognaths produce small eggs or larvae that exist unprotected
in the water-column. A recent study of P. elegans disclosed the
diameter of its oocytes to be approximately 0.1 mm (Grigor
et al., 2017). P. elegans’ eggs are also released from the adult at an
early reproductive stage, and float towards the surface because
of their innate buoyancy (Hagen, 1999), making their juveniles
potentially available for predation by small copepods. (Cleary
et al., 2017) observed high RRA of chaetognaths in Calanus
glacialis, and also hypothesized feeding on juvenile stages,
especially in winter, when other prey were less abundant. We

likewise found high RRA of chaetognaths during the winter-like
seasons December (57%) and March (46%), but the relative
number of prey reads was at comparable levels in August (50%).
At the zOTU-level, P. elegans was on average most abundant
in December (∼35% of relative abundance), but these levels
are also comparable to the average composition from August
(∼27% of relative abundance). Hence, our data suggest that
putative juvenile feeding is not a phenomenon limited to winter
or seasons of low productivity. Still, a consistently high intake
of eggs or juveniles demands a consistent supply, and from
what we know on a scarcely researched matter—reproduction
in both P. elegans and E. hamata is likely seasonal, with one or
two respective spawning seasons yearly (Grigor et al., 2017). It
is therefore unreasonable to expect that juvenile feeding alone
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has supported the consistently high RRA of chaetognaths in the
current study.

Particle-associated feeding
Fecal pellets: Zooplankton are known regulators of vertical
carbon flux through egestion, ingestion and/or fragmentation of
fecal pellets and other organic particles (Riser et al., 2007). The
high abundances of both chaetognath and urochordate reads
may thus indicate utilization of particulate material from fecal
pellets, body parts, egg-sacs or housings, respectively. Whilst
Arctic chaetognaths may reproduce seasonally, we know they are
present year-round in the Svalbard region (Grigor et al., 2015).
Their fecal material could thus be available year-round, which
could partially explain why chaetognath reads are abundant
regardless of season. A study using similar methods with the
Arctic Pseudocalanus sp. identified a significant portion of prey
from much larger euphausiids, and similarly hypothesized that
it could have originated from feeding on euphasiid fecal pellets
(Cleary et al., 2016). Hence, utilization of particulate matter
from larger metazoans may be more important than previously
realized. How copepods interact with particles likely depends on
several factors including mode of feeding, sensory adaptations,
and the size-ratio between copepod and particle. Small filter-
feeding calanoids (Acartia sp., Temora longicornis, Centropages
sp.) have been found to feed mainly on smaller dispersed
food particles (Koski et al., 2017), whereas larger filter-feeding
Calanus spp. and Pseudocalanus spp.—in another study, fed on
larger settling aggregates and decreased organic particle flux by
over 60% in three Arctic locations (van der Jagt et al., 2020).
One would thus expect that Microcalanus spp.—as a small, filter-
feeding calanoid, would be able to exploit small unicellular
organisms and food particles, but not large aggregate particles
like appendicularian houses (16 mm long, and 12 mm wide
in O. labradoriensis, Gorsky et al., 2004) or chaetognath fecal
pellets (∼1.3 mm long, ∼ 0.3 mm wide in epipelagic Parasagitta
eneritica, Dilling and Alldredge, 1993).

Appendicularian prey. That M. norvegica uses larvacean
houses in some capacity has been known for quite some time
(Ohtsuka et al., 1993; Green and Dagg, 1997). It is however
unknown if the copepods ingest house material, which is a
complex mixture of mucopolysaccharides, and protein (oikosins,
Hosp et al., 2012), feed on its colonizers and aggregated
particles, or if they use them as benthic-like substrates for some
other non-dietary reasons. The increased relative abundance
of urochordate reads (with Oikopleura spp. comprising the
majority) in M. norvegica (13% as opposed to 7% or 6% in
O. similis and Microcalanus spp.), suggests an interaction with
appendicularian houses that is not occurring to the same extent
with the other two copepods. Feeding experiments with North
Sea M. norvegica, appendicularian houses and algal aggregates
(Phaeocystis spp. and diatoms) have shown that algal aggregates
led to substantially greater pellet production than appendicu-
larian houses (Koski and Lombard, 2022). Seen in context, our
results may thus indicate that M. norvegica uses appendicularians
for food purposes, but that it is rather the particles or organisms
collected by the house, or its colonizers, which it actively feeds
on, while the appendicularian prey reads may stem from mucous
house material glued to exoskeletons despite rigorous washing.

In August, prey compositions of M. norvegica and O. similis
differed significantly from Microcalanus spp. (P > 0.05), but
not from one another. While Microcalanus spp. did obtain a
lower relative abundance of urochordate prey, the cause of their
distinctiveness in August is likely multifaceted, with important
contributions from other taxa, such as a pronounced tintinnid
prey (family Xystonellidae) in Microcalanus spp. Compiled,
these results suggest that M. norvegica depends the most on
appendicularians for food, but it is not alone, as both O. similis
and Microcalanus spp. acquired respectably high RRA of the
prey type. This suggests that chemosensory is not a prerequisite
for utilizing appendicularians for food purposes. Perhaps the
mechanosensory of O. similis enables it to detect a heavily
sinking house, or that Microcalanus spp. may scavenge particulate
remains of fragmented appendicularians.

Fungi and Labyrinthulomycetes: We acquired many prey
sequences from taxa associated with decomposition and rem-
ineralization. Most notable of these were the marine fungi
(classes Ascomycota, Basidiomycota) and the enigmatic het-
erotroph protists in Labyrinthulomycetes (class Labyrinthulea).
Marine fungi have previously been detected in the prey compo-
sitions of Arctic calanoid copepods including Pseudocalanus spp.
(Cleary et al., 2016), C. glacialis (Cleary et al., 2017) and Calanus
finmarchicus (Yeh et al., 2020). Fungi were most abundant in the
winter seasons of March and December, suggesting that fungal
prey became viable in low-productive seasons, and potentially
when other preferred prey are rare. The Labyrinthulea, however,
which have been associated with a range of ecological roles
including marine snow degradation (Bochdansky et al., 2017)
and parasitism of autotrophs (Scholz et al., 2016)—were
most abundant during spring, at Shelf S and more so in M.
norvegica than the other copepods. Most of the labyrinthulean
zOTUs were assigned to the Oblongichytrium genus (family
Thraustochytriaceae), which also contributed the bulk of the
reads. The Aplanochytrium genus (family Aplanochytriidae),
which has been identified from gut contents of Pacific Calanus
sinicus (Hirai et al., 2018) and Indian Ocean mesozooplankton
(Damare and Raghukumar, 2010), was not detected although
entries of the genus existed in the PR2 database (v. 4.14.0). Since
Oblingichytrium co-occur with diatoms almost exclusively in the
diet of M. norvegica, it may be suggested that Oblongichytrium
colonized sinking aggregates, possibly of diatoms, of which M.
norvegica are proponents of, but which the other two copepods
disfavor for “fresher” food particles during the productive
spring season. Nevertheless, these findings are to the best of
our knowledge the first reports of Oblongichytrium prey in any
mesozooplankton and should be investigated further to better
understand the complexity of marine food webs.

CONCLUSIONS
We studied the trophic interactions of Arctic O. similis, M.
norvegica and Microcalanus spp. for the first time using prey
metabarcoding. We experienced that seasonality of Arctic
ecosystems overpowered species-specific dietary preferences.
During the productive Arctic spring, prey reads were mainly
dominated by diatoms, whereas winter prey mainly belonged to
heterotroph (chaetognath, fungi) and mixotroph taxa
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(dinoflagellates). Shelf copepod diets in late summer had a
greater contribution from heterotrophs and suggested greater
reliance on particulate matter from appendicularian housings
and chaetognaths. Of the latter, we find that fecal pellets are the
most probable source, but this interaction requires validation.
We further identified zOTUs that explained the dissimilarities
between consumers, including a novel Oblongichytrium prey
interaction for M. norvegica. In general, DNA metabarcoding
proves its usefulness for identifying trophic exchange in marine
food webs, and in particular for generating new hypotheses,
but the nature of potential interactions remains difficult to
describe or verify with DNA metabarcoding alone. Thus, a
deepened understanding of the role of small copepods in the
Arctic may benefit from studies that verify ingestion, for instance
by experimental incubations, starvation controls or through
cinematographic studies of prey capture.
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Barth-Jensen, C., Daase, M., Ormańczyk, M. R., Varpe, Ø., Kwaśniewski,
S. and Svensen, C. (2022) High abundances of small copepods early

developmental stages and nauplii strengthen the perception of a
non-dormant Arctic winter. Polar Biol., 45, 675–690. https://doi.o
rg/10.1007/s00300-022-03025-4.

Bass, D., Rueckert, S., Stern, R., Cleary, A. C., Taylor, J. D., Ward, G. M.
and Huys, R. (2021) Parasites, pathogens, and other symbionts of
copepods. Trends Parasitol., 37, 875–889. https://doi.org/10.1016/
j.pt.2021.05.006.

Benjamini, Y. and Hochberg, Y. (1995) Controlling the false discovery
rate: A practical and powerful approach to multiple testing. J. R.
Stat. Soc. Ser. B Methodol., 57, 289–300. https://doi.org/10.1111/
j.2517-6161.1995.tb02031.x.

Bochdansky, A. B., Clouse, M. A. and Herndl, G. J. (2017) Eukary-
otic microbes, principally fungi and labyrinthulomycetes, dominate
biomass on bathypelagic marine snow. ISME J., 11, 362–373. https://
doi.org/10.1038/ismej.2016.113.

Boxshall, G. A. (1979) The planktonic copepods of the northeastern
Atlantic Ocean: Harpacticoida, Siphonostomatoida and Mormonil-
loida. Bulletin of the British Museum (Natural History)., 35, 201–264.
https://doi.org/10.5962/p.20454.

Boyer, F., Mercier, C., Bonin, A., Le Bras, Y., Taberlet, P. and Cois-
sac, E. (2016) Obitools: a unix-inspired software package for
DNA metabarcoding. Mol. Ecol. Resour., 16, 176–182. https://doi.o
rg/10.1111/1755-0998.12428.

Camacho, C., Coulouris, G., Avagyan, V., Ma, N., Papadopoulos,
J., Bealer, K. and Madden, T. L. (2009) BLAST+: architec-
ture and applications. BMC Bioinformatics, 10, 421. https://doi.o
rg/10.1186/1471-2105-10-421.

Castellani, C., Irigoien, X., Harris, R. P. and Lampitt, R. S. (2005) Feeding
and egg production of Oithona similis in the North Atlantic. Mar. Ecol.
Prog. Ser., 288, 173–182. https://doi.org/10.3354/meps288173.

Clarke, K. R. (1993) Non-parametric multivariate analyses of changes
in community structure. Aust. J. Ecol., 18, 117–143. https://doi.o
rg/10.1111/j.1442-9993.1993.tb00438.x.

Cleary, A. C. and Durbin, E. G. (2016) Unexpected prevalence of par-
asite 18S rDNA sequences in winter among Antarctic marine pro-
tists. J. Plankton Res., 38, 401–417. https://doi.org/10.1093/plankt/
fbw005.

Cleary, A. C., Durbin, E. G., Rynearson, T. A. and Bailey, J. (2016)
Feeding by Pseudocalanus copepods in the Bering Sea: trophic link-
ages and a potential mechanism of niche partitioning. Deep Sea
Res 2 Top Stud Oceanogr, 134, 181–189. https://doi.org/10.1016/j.
dsr2.2015.04.001.

Cleary, A. C., Søreide, J. E., Freese, D., Niehoff, B. and Gabrielsen, T. M.
(2017) Feeding by Calanus glacialis in a high arctic fjord: potential sea-
sonal importance of alternative prey. ICES J. Mar. Sci., 74, 1937–1946.
https://doi.org/10.1093/icesjms/fsx106.

Damare, V. and Raghukumar, S. (2010) Association of the stramenopilan
protists, the aplanochytrids, with zooplankton of the equatorial Indian
Ocean. Mar. Ecol. Prog. Ser., 399, 53–68. https://doi.org/10.3354/me
ps08277.

Davis, N. M., Proctor, D. M., Holmes, S. P., Relman, D. A. and Callahan, B.
J. (2018) Simple statistical identification and removal of contaminant
sequences in marker-gene and metagenomics data. Microbiome, 6, 226.
https://doi.org/10.1186/s40168-018-0605-2.

Dilling, L. and Alldredge, A. L. (1993) Can chaetognath fecal pellets
contribute significantly to carbon flux? Mar. Ecol. Prog. Ser., 92, 51–58.
https://doi.org/10.3354/meps092051.

Dischereit, A., Wangensteen, O. S., Præbel, K., Auel, H. and Haver-
mans, C. (2022) Using DNA Metabarcoding to characterize the prey
Spectrum of two Co-occurring Themisto amphipods in the rapidly
changing Atlantic-Arctic gateway Fram Strait. Genes (Basel), 13:2035.
https://doi.org/10.3390/genes13112035.

Edgar, R. (2016) UNOISE2: improved error-correction for Illumina
16S and ITS amplicon sequencing. bioRxiv, https://doi.o
rg/10.1101/081257.

Falkenhaug, T. (1991) Prey composition and feeding rate of Sagitta ele-
gans var. arctica (chaetognatha) in the Barents Sea in early summer.
Polar Res., 10, 487–506. https://doi.org/10.1111/j.1751-8369.1991.
tb00668.x.

D
ow

nloaded from
 https://academ

ic.oup.com
/plankt/article/46/5/500/7748230 by guest on 01 N

ovem
ber 2024

https://academic.oup.com/plankt/article-lookup/doi/10.1093/plankt/fbae042#supplementary-data
https://doi.org/10.11582/2023.00065
https://doi.org/10.11582/2023.00065
https://doi.org/10.11582/2023.00065
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://github.com/snflo/bruteforce
https://doi.org/10.1126/science.177.4052.885
https://doi.org/10.1126/science.177.4052.885
https://doi.org/10.1126/science.177.4052.885
https://doi.org/10.1126/science.177.4052.885
https://doi.org/10.1126/science.177.4052.885
https://doi.org/10.1016/S0924-7963(02)00173-2
https://doi.org/10.1016/1054-3139(95)80054-9
https://doi.org/10.1007/s00227-001-0775-4
https://doi.org/10.1007/s00227-001-0775-4
https://doi.org/10.1007/s00227-001-0775-4
https://doi.org/10.1007/s00227-001-0775-4
https://doi.org/10.1007/s00300-022-03025-4
https://doi.org/10.1007/s00300-022-03025-4
https://doi.org/10.1007/s00300-022-03025-4
https://doi.org/10.1007/s00300-022-03025-4
https://doi.org/10.1016/j.pt.2021.05.006
https://doi.org/10.1016/j.pt.2021.05.006
https://doi.org/10.1016/j.pt.2021.05.006
https://doi.org/10.1016/j.pt.2021.05.006
https://doi.org/10.1016/j.pt.2021.05.006
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1038/ismej.2016.113
https://doi.org/10.1038/ismej.2016.113
https://doi.org/10.1038/ismej.2016.113
https://doi.org/10.1038/ismej.2016.113
https://doi.org/10.1038/ismej.2016.113
https://doi.org/10.5962/p.20454
https://doi.org/10.5962/p.20454
https://doi.org/10.5962/p.20454
https://doi.org/10.5962/p.20454
https://doi.org/10.1111/1755-0998.12428
https://doi.org/10.1111/1755-0998.12428
https://doi.org/10.1111/1755-0998.12428
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.3354/meps288173
https://doi.org/10.3354/meps288173
https://doi.org/10.3354/meps288173
https://doi.org/10.3354/meps288173
https://doi.org/10.3354/meps288173
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1093/plankt/fbw005
https://doi.org/10.1016/j.dsr2.2015.04.001
https://doi.org/10.1016/j.dsr2.2015.04.001
https://doi.org/10.1016/j.dsr2.2015.04.001
https://doi.org/10.1016/j.dsr2.2015.04.001
https://doi.org/10.1016/j.dsr2.2015.04.001
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.1093/icesjms/fsx106
https://doi.org/10.3354/meps08277
https://doi.org/10.3354/meps08277
https://doi.org/10.3354/meps08277
https://doi.org/10.3354/meps08277
https://doi.org/10.3354/meps08277
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.3354/meps092051
https://doi.org/10.3354/meps092051
https://doi.org/10.3354/meps092051
https://doi.org/10.3354/meps092051
https://doi.org/10.3354/meps092051
https://doi.org/10.3390/genes13112035
https://doi.org/10.3390/genes13112035
https://doi.org/10.3390/genes13112035
https://doi.org/10.3390/genes13112035
https://doi.org/10.3390/genes13112035
https://doi.org/10.3390/genes13112035
https://doi.org/10.1101/081257
https://doi.org/10.1101/081257
https://doi.org/10.1101/081257
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x
https://doi.org/10.1111/j.1751-8369.1991.tb00668.x


512 • Journal of Plankton Research Volume 46 Number 5 Pages 500–514 2024

Falk-Petersen, S., Pavlov, V., Berge, J., Cottier, F., Kovacs, K. M. and
Lydersen, C. (2015) At the rainbow’s end: high productivity fueled by
winter upwelling along an Arctic shelf. Polar Biol., 38, 5–11. https://
doi.org/10.1007/s00300-014-1482-1.

Fleddum, A., Kaartvedt, S. and Ellertsen, B. (2001) Distribution and feed-
ing of the carnivorous copepod Paraeuchaeta norvegica in habitats of
shallow prey assemblages and midnight sun. Mar. Biol., 139, 719–726.
https://doi.org/10.1007/s002270100618.

Flo, S., Vader, A. and Præbel, K. (2024) Brute force prey metabarcoding
to explore the diets of small invertebrates. Ecol Evol, 14, 12. https://
doi.org/10.1002/ece3.11369.

Friedman, M. M. and Strickler, J. R. (1975) Chemoreceptors and
feeding in calanoid copepods (Arthropoda: Crustacea). Proc. Natl.
Acad. Sci. USA, 72, 4185–4188. https://doi.org/10.1073/pnas.72.10.
4185.

Gallienne, C. P. and Robins, D. B. (2001) Is Oithona the most impor-
tant copepod in the world’s oceans? J. Plankton Res., 23, 1421–1432.
https://doi.org/10.1093/plankt/23.12.1421.

Gallienne, C. P., Robins, D. B. and Woodd-Walker, R. S. (2001) Abun-
dance, distribution and size structure of zooplankton along a 20◦ west
meridional transect of the Northeast Atlantic Ocean in July. Deep-Sea
Res. II Top. Stud. Oceanogr., 48, 925–949. https://doi.org/10.1016/
S0967-0645(00)00114-4.

Gerland, S. (2022) CTD Data from Nansen Legacy Cruise - Seasonal
Cruise Q1. Institute of Marine Research. https://doi.org/10.21335/
NMDC-1491279668.

González, H. E. and Smetacek, V. (1994) The possible role of the
cyclopoid copepod Oithona in retarding vertical flux of zooplank-
ton faecal material. Mar. Ecol. Prog. Ser., 113, 233–246. https://doi.o
rg/10.3354/meps113233.

Gorsky, G., Youngbluth, M. and Deibel, D. (eds.) (2004) In Response of
Marine Ecosystems to Global Change: Ecological Impact of Appen-
dicularians. J. Plankton Res., 19, 535–536. https://doi.org/10.1093/
plankt/fbi133.

Granéli, E. and Turner, J. T. (2002) Top-down regulation in ctenophore-
copepod-ciliate-diatom-phytoflagenate communities in coastal
waters: A mesocosm study. Mar. Ecol. Prog. Ser., 239, 57–68. https://
doi.org/10.3354/meps239057.

Green, E. P. and Dagg, M. J. (1997) Mesozooplankton associations with
medium to large marine snow aggregates in the northern Gulf of
Mexico. J. Plankton Res., 19, 435–447. https://doi.org/10.1093/pla
nkt/19.4.435.

Grigor, J. J., Marais, A. E., Falk-Petersen, S. and Varpe, Ø. (2015)
Polar night ecology of a pelagic predator, the chaetognath
Parasagitta elegans. Polar Biol., 38, 87–98. https://doi.org/10.1007/
s00300-014-1577-8.

Grigor, J. J., Schmid, M. S., Caouette, M., St.-Onge, V., Brown, T. A. and
Barthélémy, R. M. (2020) Non-carnivorous feeding in Arctic chaetog-
naths. Prog. Oceanogr., 186, 102388. https://doi.org/10.1016/j.pocea
n.2020.102388.

Grigor, J. J., Schmid, M. S. and Fortier, L. (2017) Growth and reproduc-
tion of the chaetognaths Eukrohnia hamata and Parasagitta elegans
in the Canadian Arctic Ocean: capital breeding versus income breed-
ing. J. Plankton Res., 39, 910–929. https://doi.org/10.1093/plankt/
fbx045.

Guardiola, M., Uriz, M. J., Taberlet, P., Coissac, E., Wangensteen, O. S.
and Turon, X. (2015) Deep-Sea, deep-sequencing: Metabarcoding
extracellular DNA from sediments of marine canyons. PLoS One, 10,
e0139633. https://doi.org/10.1371/journal.pone.0139633.

Guillou, L., Bachar, D., Audic, S., Bass, D., Berney, C., Bittner, L.,
Boutte, C., Burgaud, G. et al. (2013) The Protist ribosomal reference
database (PR2): A catalog of unicellular eukaryote small sub-unit
rRNA sequences with curated taxonomy. Nucleic Acids Res., 41, D597–
D604. https://doi.org/10.1093/nar/gks1160.

Hagen, W. (1999) Reproductive strategies and energetic adaptations of
polar zooplankton. Invertebr. Reprod. Dev., 36, 25–34. https://doi.o
rg/10.1080/07924259.1999.9652674.

Hirai, J., Hamamoto, Y., Honda, D. and Hidaka, K. (2018) Possible
aplanochytrid (Labyrinthulea) prey detected using 18S metagenetic
diet analysis in the key copepod species Calanus sinicus in the coastal
waters of the subtropical western North Pacific. Plankton Benthos Res,
13, 75–82. https://doi.org/10.3800/pbr.13.75.

Hirche, H. J. and Kosobokova, K. N. (2011) Winter studies on zooplank-
ton in Arctic seas: the Storfjord (Svalbard) and adjacent ice-covered
Barents Sea. Mar. Biol., 158, 2359–2376. https://doi.org/10.1007/
s00227-011-1740-5.

Hirche, H. J. and Mumm, N. (1992) Distribution of dominant copepods
in the Nansen Basin, Arctic Ocean, in summer. Deep Sea Research
Part A, Oceanographic Research Papers, 39, S485–S505. https://doi.o
rg/10.1016/S0198-0149(06)80017-8.

Hopkins, T. L. (1985) Food web of an Antarctic midwater ecosystem. Mar.
Biol., 89, 197–212. https://doi.org/10.1007/BF00392890.

Hopkins, T. L. (1987) Midwater food web in McMurdo sound, Ross
Sea, Antarctica. Mar. Biol., 96, 93–106. https://doi.org/10.1007/
BF00394842.

Hopkins, T. L. and Torres, J. J. (1989) Midwater food web in the vicinity
of a marginal ice zone in the western Weddell Sea. Deep Sea Research
Part A, Oceanographic Research Papers, 36, 543–560. https://doi.o
rg/10.1016/0198-0149(89)90005-8.

Hosp, J., Sagane, Y., Danks, G. and Thompson, E. M. (2012) The
evolving proteome of a complex extracellular matrix, the Oikopleura
house. PLoS One, 7, e40172. https://doi.org/10.1371/journal.po
ne.0040172.

van der Jagt, H., Wiedmann, I., Hildebrandt, N., Niehoff, B., and Iversen,
M. H. (2020) Aggregate feeding by the copepods Calanus and Pseu-
docalanus controls carbon flux attenuation in the Arctic Shelf Sea
during the productive period. Frontiers in Marine Science, 7, 543124.
https://doi.org/10.3389/fmars.2020.543124.

Kiørboe, T. (2011) How zooplankton feed: mechanisms, traits and trade-
offs. Biol. Rev., 86, 311–339. https://doi.org/10.1111/j.1469-185
X.2010.00148.x.

Kiørboe, T. and Visser, A. W. (1999) Predator and prey perception in
copepods due to hydromechanical signals. Mar. Ecol. Prog. Ser., 179,
81–95. https://doi.org/10.3354/meps179081.

Kjellerup, S. and Kiørboe, T. (2012) Prey detection in a cruising copepod.
Biol. Lett., 8, 438–441. https://doi.org/10.1098/rsbl.2011.1073.

Koski, M., Boutorh, J. and De La Rocha, C. (2017) Feeding on dispersed
vs. aggregated particles: the effect of zooplankton feeding behavior on
vertical flux. PLoS One, 12, e0177958. https://doi.org/10.1371/jou
rnal.pone.0177958.

Koski, M. and Lombard, F. (2022) Functional responses of aggregate-
colonizing copepods. Limnol. Oceanogr., 67, 2059–2072. https://
doi.org/10.1002/lno.12187.

Koski, M., Møller, E. F., Maar, M. and Visser, A. W. (2007) The
fate of discarded appendicularian houses: degradation by the cope-
pod, Microsetella norvegica, and other agents. J. Plankton Res., 29,
641–654. https://doi.org/10.1093/plankt/fbm046.

Koski, M., Valencia, B., Newstead, R. and Thiele, C. (2020) The miss-
ing piece of the upper mesopelagic carbon budget? Biomass, vertical
distribution and feeding of aggregate-associated copepods at the PAP
site. Prog. Oceanogr., 181, 102243. https://doi.org/10.1016/j.pocea
n.2019.102243.

Kosobokova, K. and Hirche, H. J. (2000) Zooplankton distribution across
the Lomonosov ridge, Arctic Ocean: species inventory, biomass and
vertical structure. Deep Sea res 1 Oceanogr res pap, 47, 2029–2060.
https://doi.org/10.1016/S0967-0637(00)00015-7.

Lombard, F., Eloire, D., Gobet, A., Stemmann, L., Dolan, J. R., Scian-
dra, A. and Gorsky, G. (2010) Experimental and modeling evidence
of appendicularian-ciliate interactions. Limnol. Oceanogr., 55, 77–90.
https://doi.org/10.4319/lo.2010.55.1.0077.

Lonsdale, D. J., Caron, D. A., Dennett, M. R. and Schaffner, R. (2000) Pre-
dation by Oithona spp. on protozooplankton in the Ross Sea, Antarc-
tica. Deep-Sea Res. II Top. Stud. Oceanogr., 47, 3273–3283. https://
doi.org/10.1016/S0967-0645(00)00068-0.

D
ow

nloaded from
 https://academ

ic.oup.com
/plankt/article/46/5/500/7748230 by guest on 01 N

ovem
ber 2024

https://doi.org/10.1007/s00300-014-1482-1
https://doi.org/10.1007/s00300-014-1482-1
https://doi.org/10.1007/s00300-014-1482-1
https://doi.org/10.1007/s00300-014-1482-1
https://doi.org/10.1007/s002270100618
https://doi.org/10.1007/s002270100618
https://doi.org/10.1007/s002270100618
https://doi.org/10.1007/s002270100618
https://doi.org/10.1002/ece3.11369
https://doi.org/10.1002/ece3.11369
https://doi.org/10.1002/ece3.11369
https://doi.org/10.1002/ece3.11369
https://doi.org/10.1073/pnas.72.10.4185
https://doi.org/10.1093/plankt/23.12.1421
https://doi.org/10.1093/plankt/23.12.1421
https://doi.org/10.1093/plankt/23.12.1421
https://doi.org/10.1093/plankt/23.12.1421
https://doi.org/10.1093/plankt/23.12.1421
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.1016/S0967-0645(00)00114-4
https://doi.org/10.21335/NMDC-1491279668
https://doi.org/10.21335/NMDC-1491279668
https://doi.org/10.21335/NMDC-1491279668
https://doi.org/10.21335/NMDC-1491279668
https://doi.org/10.3354/meps113233
https://doi.org/10.3354/meps113233
https://doi.org/10.3354/meps113233
https://doi.org/10.3354/meps113233
https://doi.org/10.3354/meps113233
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.1093/plankt/fbi133
https://doi.org/10.3354/meps239057
https://doi.org/10.3354/meps239057
https://doi.org/10.3354/meps239057
https://doi.org/10.3354/meps239057
https://doi.org/10.3354/meps239057
https://doi.org/10.1093/plankt/19.4.435
https://doi.org/10.1093/plankt/19.4.435
https://doi.org/10.1093/plankt/19.4.435
https://doi.org/10.1093/plankt/19.4.435
https://doi.org/10.1093/plankt/19.4.435
https://doi.org/10.1007/s00300-014-1577-8
https://doi.org/10.1007/s00300-014-1577-8
https://doi.org/10.1007/s00300-014-1577-8
https://doi.org/10.1007/s00300-014-1577-8
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1016/j.pocean.2020.102388
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1093/plankt/fbx045
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1080/07924259.1999.9652674
https://doi.org/10.1080/07924259.1999.9652674
https://doi.org/10.1080/07924259.1999.9652674
https://doi.org/10.3800/pbr.13.75
https://doi.org/10.3800/pbr.13.75
https://doi.org/10.3800/pbr.13.75
https://doi.org/10.3800/pbr.13.75
https://doi.org/10.1007/s00227-011-1740-5
https://doi.org/10.1007/s00227-011-1740-5
https://doi.org/10.1007/s00227-011-1740-5
https://doi.org/10.1007/s00227-011-1740-5
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1016/S0198-0149(06)80017-8
https://doi.org/10.1007/BF00392890
https://doi.org/10.1007/BF00392890
https://doi.org/10.1007/BF00392890
https://doi.org/10.1007/BF00392890
https://doi.org/10.1007/BF00394842
https://doi.org/10.1007/BF00394842
https://doi.org/10.1007/BF00394842
https://doi.org/10.1007/BF00394842
https://doi.org/10.1016/0198-0149(89)90005-8
https://doi.org/10.1016/0198-0149(89)90005-8
https://doi.org/10.1016/0198-0149(89)90005-8
https://doi.org/10.1016/0198-0149(89)90005-8
https://doi.org/10.1016/0198-0149(89)90005-8
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.1371/journal.pone.0040172
https://doi.org/10.3389/fmars.2020.543124
https://doi.org/10.3389/fmars.2020.543124
https://doi.org/10.3389/fmars.2020.543124
https://doi.org/10.3389/fmars.2020.543124
https://doi.org/10.3389/fmars.2020.543124
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.1111/j.1469-185X.2010.00148.x
https://doi.org/10.3354/meps179081
https://doi.org/10.3354/meps179081
https://doi.org/10.3354/meps179081
https://doi.org/10.3354/meps179081
https://doi.org/10.3354/meps179081
https://doi.org/10.1098/rsbl.2011.1073
https://doi.org/10.1098/rsbl.2011.1073
https://doi.org/10.1098/rsbl.2011.1073
https://doi.org/10.1098/rsbl.2011.1073
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1371/journal.pone.0177958
https://doi.org/10.1002/lno.12187
https://doi.org/10.1002/lno.12187
https://doi.org/10.1002/lno.12187
https://doi.org/10.1002/lno.12187
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1093/plankt/fbm046
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/j.pocean.2019.102243
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.1016/S0967-0637(00)00015-7
https://doi.org/10.4319/lo.2010.55.1.0077
https://doi.org/10.4319/lo.2010.55.1.0077
https://doi.org/10.4319/lo.2010.55.1.0077
https://doi.org/10.4319/lo.2010.55.1.0077
https://doi.org/10.1016/S0967-0645(00)00068-0
https://doi.org/10.1016/S0967-0645(00)00068-0
https://doi.org/10.1016/S0967-0645(00)00068-0
https://doi.org/10.1016/S0967-0645(00)00068-0
https://doi.org/10.1016/S0967-0645(00)00068-0
https://doi.org/10.1016/S0967-0645(00)00068-0


S. Flo et al. Small Arctic copepod diets • 513

Ludvigsen, M. (2022) CTD Data from Nansen Legacy Cruise - Seasonal
Cruise Q2. Institute of Marine Research. https://doi.org/10.21335/
NMDC-515075317.

Maar, M., Visser, A. W., Nielsen, T. G., Stips, A. and Saito, H. (2006)
Turbulence and feeding behaviour affect the vertical distributions of
Oithona similis and Microsetella norwegica. Mar. Ecol. Prog. Ser., 313,
157–172. https://doi.org/10.3354/meps313157.

Marquardt, M. (2022a) Concentration of particulate organic carbon
(POC) and particulate organic nitrogen (PON) from the sea water
and sea ice in the northern Barents Sea as part of the Nansen legacy
project. NIRD Research Data Archive, 2019706, Q3. https://doi.o
rg/10.11582/2022.00055.

Marquardt, M. (2022b) Concentration of particulate organic carbon
(POC) and particulate organic nitrogen (PON) from the sea water
and sea ice in the northern Barents Sea as part of the Nansen legacy
project. NIRD Research Data Archive, 2019711, Q4. https://doi.o
rg/10.11582/2022.00048.

Marquardt, M. (2022c) Concentration of particulate organic carbon
(POC) and particulate organic nitrogen (PON) from the sea water
and sea ice in the northern Barents Sea as part of the Nansen legacy
project. NIRD Research Data Archive, 2021703, Q1. https://doi.o
rg/10.11582/2022.00053.

Marquardt, M. (2022d) Concentration of particulate organic carbon
(POC) and particulate organic nitrogen (PON) from the sea water
and sea ice in the northern Barents Sea as part of the Nansen legacy
project. NIRD Research Data Archive, 2021704, Q2. https://doi.o
rg/10.11582/2022.00054.

Marquardt, M., Vader, A., Stübner, E. I., Reigstad, M. and Gabrielsen,
T. M. (2016) Strong seasonality of marine microbial eukaryotes in
a high-Arctic fjord (Isfjorden, in West Spitsbergen, Norway). Appl.
Environ. Microbiol., 82, 1868–1880. https://doi.org/10.1128/AE
M.03208-15.

Martinez, A. P. (2020) pairwiseAdonis: pairwise multilevel comparison
using Adonis. R package version, 0, 4.

McMurdie, P. J. and Holmes, S. (2013) Phyloseq: an R package for
reproducible interactive analysis and graphics of microbiome cen-
sus data. PLoS One, 8, e61217. https://doi.org/10.1371/journal.po
ne.0061217.

Mumm, N., Auel, H., Hanssen, H., Hagen, W., Richter, C. and Hirche, H.-J.
(1998) Breaking the ice: large-scale distribution of mesozooplankton
after a decade of Arctic and transpolar cruises. Polar Biol., 20, 189–197.
https://doi.org/10.1007/s003000050295.

Nielsen, T. G. and Sabatini, M. (1996) Role of cyclopoid copepods
Oithona spp. in North Sea plankton communities. Mar. Ecol. Prog. Ser.,
139, 79–93. https://doi.org/10.3354/meps139079.

Ohtsuka, S., Kubo, N., Okada, M. and Gushima, K. (1993) Attachment
and feeding of pelagic copepods on larvacean houses. J. Oceanogr., 49,
115–120. https://doi.org/10.1007/BF02234012.

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P.,
McGlinn, D., Minchin, P. R., O’Hara, R. B. et al. (2019) Vegan: com-
munity ecology package. Ordination methods, diversity analysis and
other functions for community and vegetation ecologists. R package,
ver, 2–3 CRAN R.

Paffenhöfer, G.-A. (1993) On the ecology of marine cyclopoid copepods
(Crustacea, Copepoda). J. Plankton Res., 15, 37–55. https://doi.o
rg/10.1093/plankt/15.1.37.

Paulsen, M. L., Seuthe, L., Reigstad, M., Larsen, A., Cape, M. R. and
Vernet, M. (2018) Asynchronous accumulation of organic carbon
and nitrogen in the Atlantic gateway to the Arctic Ocean. Fron-
tiers in Marine Science, 5:416. https://doi.org/10.3389/fmars.2018.
00416.

Piredda, R., Tomasino, M. P., D’Erchia, A. M., Manzari, C., Pesole,
G., Montresor, M., Kooistra, W. H. C. F., Sarno, D. et al. (2017)
Diversity and temporal patterns of planktonic protist assemblages
at a Mediterranean long term ecological research site. FEMS
Microbiol. Ecol., 93, fiw200. https://doi.org/10.1093/femsec/
fiw200.

Pond, D. W. and Ward, P. (2011) Importance of diatoms for Oithona
in Antarctic waters. J. Plankton Res., 33, 105–118. https://doi.o
rg/10.1093/plankt/fbq089.

Poulet, S. A. and Ouellet, G. (1982) The role of amino acids in the
chemosensory swarming and feeding of marine copepods. J. Plankton
Res., 4, 341–361. https://doi.org/10.1093/plankt/4.2.341.

Purcell, J. E., Hopcroft, R. R., Kosobokova, K. N. and Whitledge, T. E.
(2010) Distribution, abundance, and predation effects of epipelagic
ctenophores and jellyfish in the western Arctic Ocean. Deep-Sea
Res. II Top. Stud. Oceanogr., 57, 127–135. https://doi.org/10.1016/
j.dsr2.2009.08.011.

Reigstad, M. (2022) CTD data from Nansen Legacy Cruise - Seasonal
Cruise Q3. Institute of Marine Research. https://doi.org/10.21335/
NMDC-1107597377.

Reigstad, M., Wexels Riser, C. and Svensen, C. (2005) Fate of copepod
faecal pellets and the role of Oithona spp. Mar. Ecol. Prog. Ser., 304,
265–270. https://doi.org/10.3354/meps304265.

Riser, C. W., Reigstad, M., Wassmann, P., Arashkevich, E. and
Falk-Petersen, S. (2007) Export or retention? Copepod abundance,
faecal pellet production and vertical flux in the marginal ice zone
through snap shots from the northern Barents Sea. Polar Biol., 30,
719–730. https://doi.org/10.1007/s00300-006-0229-z.

Rognes, T., Flouri, T., Nichols, B., Quince, C. and Mahé, F. (2016)
VSEARCH: A versatile open source tool for metagenomics. PeerJ, 4,
e2584. https://doi.org/10.7717/peerj.2584.

Roura, Á., Strugnell, J. M., Guerra, Á., González, Á. F. and Richard-
son, A. J. (2018) Small copepods could channel missing carbon
through metazoan predation. Ecol Evol, 8, 10868–10878. https://
doi.org/10.1002/ece3.4546.

Saiz, E., Calbet, A. and Broglio, E. (2003) Effects of small-scale turbulence
on copepods: the case of Oithona davisae. Limnol. Oceanogr., 48,
1304–1311. https://doi.org/10.4319/lo.2003.48.3.1304.

Scholz, B., Guillou, L., Marano, A. V., Neuhauser, S., Sullivan, B. K.,
Karsten, U., Küpper, F. C. and Gleason, F. H. (2016) Zoosporic
parasites infecting marine diatoms - A black box that needs to
be opened. Fungal Ecol., 19, 59–76. https://doi.org/10.1016/j.fune
co.2015.09.002.

Søreide, J. (2022) CTD data from Nansen Legacy Cruise - Seasonal
Cruise Q4. Institute of Marine Research. https://doi.org/10.21335/
NMDC-301551919.

Stentiford, G. D. and Shields, J. D. (2005) A review of the parasitic
dinoflagellates Hematodinium species and Hematodinium-like infec-
tions in marine crustaceans. Dis. Aquat. Org., 66, 47–70. https://doi.o
rg/10.3354/dao066047.

Stoecker, D. K., Verity, P. G., Michaels, A. E. and Davis, L. H. (1987)
Feeding by larval and post-larval ctenophores on microzooplankton. J.
Plankton Res., 9, 667–683. https://doi.org/10.1093/plankt/9.4.667.

Sullivan, B. K. (1980) In situ feeding behavior of Sagitta elegans and
Eukrohnia hamata (Chaetognatha) in relation to the vertical distribu-
tion and abundance of prey at Ocean Station “P”1. Limnol. Oceanogr.,
25, 317–326. https://doi.org/10.4319/lo.1980.25.2.0317.

Svensen, C., Halvorsen, E., Vernet, M., Franzè, G., Dmoch, K., Lavrentyev,
P. J. and Kwasniewski, S. (2019) Zooplankton communities associated
with new and regenerated primary production in the Atlantic inflow
north of Svalbard. Front. Mar. Sci., 6, 293. https://doi.org/10.3389/
fmars.2019.00293.

Svensen, C. and Kiørboe, T. (2000) Remote prey detection in Oithona
similis: Hydromechanical versus chemical cues. J. Plankton Res., 22,
1155–1166. https://doi.org/10.1093/plankt/22.6.1155.

Svensen, C. and Nejstgaard, J. C. (2003) Is sedimentation of copepod
faecal pellets determined by cyclopoids? Evidence from enclosed
ecosystems. J. Plankton Res., 25, 917–926. https://doi.org/10.1093/
plankt/25.8.917.

Svensen, C., Seuthe, L., Vasilyeva, Y., Pasternak, A. and Hansen, E. (2011)
Zooplankton distribution across Fram Strait in autumn: are small
copepods and protozooplankton important? Prog. Oceanogr., 91,
534–544. https://doi.org/10.1016/j.pocean.2011.08.001.

D
ow

nloaded from
 https://academ

ic.oup.com
/plankt/article/46/5/500/7748230 by guest on 01 N

ovem
ber 2024

https://doi.org/10.21335/NMDC-515075317
https://doi.org/10.21335/NMDC-515075317
https://doi.org/10.21335/NMDC-515075317
https://doi.org/10.21335/NMDC-515075317
https://doi.org/10.3354/meps313157
https://doi.org/10.3354/meps313157
https://doi.org/10.3354/meps313157
https://doi.org/10.3354/meps313157
https://doi.org/10.3354/meps313157
https://doi.org/10.11582/2022.00055
https://doi.org/10.11582/2022.00055
https://doi.org/10.11582/2022.00055
https://doi.org/10.11582/2022.00048
https://doi.org/10.11582/2022.00048
https://doi.org/10.11582/2022.00048
https://doi.org/10.11582/2022.00053
https://doi.org/10.11582/2022.00053
https://doi.org/10.11582/2022.00053
https://doi.org/10.11582/2022.00054
https://doi.org/10.11582/2022.00054
https://doi.org/10.11582/2022.00054
https://doi.org/10.1128/AEM.03208-15
https://doi.org/10.1128/AEM.03208-15
https://doi.org/10.1128/AEM.03208-15
https://doi.org/10.1128/AEM.03208-15
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1007/s003000050295
https://doi.org/10.1007/s003000050295
https://doi.org/10.1007/s003000050295
https://doi.org/10.1007/s003000050295
https://doi.org/10.3354/meps139079
https://doi.org/10.3354/meps139079
https://doi.org/10.3354/meps139079
https://doi.org/10.3354/meps139079
https://doi.org/10.3354/meps139079
https://doi.org/10.1007/BF02234012
https://doi.org/10.1007/BF02234012
https://doi.org/10.1007/BF02234012
https://doi.org/10.1007/BF02234012
https://doi.org/10.1093/plankt/15.1.37
https://doi.org/10.1093/plankt/15.1.37
https://doi.org/10.1093/plankt/15.1.37
https://doi.org/10.1093/plankt/15.1.37
https://doi.org/10.1093/plankt/15.1.37
https://doi.org/10.3389/fmars.2018.00416
https://doi.org/10.1093/femsec/fiw200
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/fbq089
https://doi.org/10.1093/plankt/4.2.341
https://doi.org/10.1093/plankt/4.2.341
https://doi.org/10.1093/plankt/4.2.341
https://doi.org/10.1093/plankt/4.2.341
https://doi.org/10.1093/plankt/4.2.341
https://doi.org/10.1016/j.dsr2.2009.08.011
https://doi.org/10.1016/j.dsr2.2009.08.011
https://doi.org/10.1016/j.dsr2.2009.08.011
https://doi.org/10.1016/j.dsr2.2009.08.011
https://doi.org/10.1016/j.dsr2.2009.08.011
https://doi.org/10.21335/NMDC-1107597377
https://doi.org/10.21335/NMDC-1107597377
https://doi.org/10.21335/NMDC-1107597377
https://doi.org/10.21335/NMDC-1107597377
https://doi.org/10.3354/meps304265
https://doi.org/10.3354/meps304265
https://doi.org/10.3354/meps304265
https://doi.org/10.3354/meps304265
https://doi.org/10.3354/meps304265
https://doi.org/10.1007/s00300-006-0229-z
https://doi.org/10.1007/s00300-006-0229-z
https://doi.org/10.1007/s00300-006-0229-z
https://doi.org/10.1007/s00300-006-0229-z
https://doi.org/10.1007/s00300-006-0229-z
https://doi.org/10.7717/peerj.2584
https://doi.org/10.7717/peerj.2584
https://doi.org/10.7717/peerj.2584
https://doi.org/10.7717/peerj.2584
https://doi.org/10.7717/peerj.2584
https://doi.org/10.1002/ece3.4546
https://doi.org/10.1002/ece3.4546
https://doi.org/10.1002/ece3.4546
https://doi.org/10.1002/ece3.4546
https://doi.org/10.4319/lo.2003.48.3.1304
https://doi.org/10.4319/lo.2003.48.3.1304
https://doi.org/10.4319/lo.2003.48.3.1304
https://doi.org/10.4319/lo.2003.48.3.1304
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.1016/j.funeco.2015.09.002
https://doi.org/10.21335/NMDC-301551919
https://doi.org/10.21335/NMDC-301551919
https://doi.org/10.21335/NMDC-301551919
https://doi.org/10.21335/NMDC-301551919
https://doi.org/10.3354/dao066047
https://doi.org/10.3354/dao066047
https://doi.org/10.3354/dao066047
https://doi.org/10.3354/dao066047
https://doi.org/10.1093/plankt/9.4.667
https://doi.org/10.1093/plankt/9.4.667
https://doi.org/10.1093/plankt/9.4.667
https://doi.org/10.1093/plankt/9.4.667
https://doi.org/10.1093/plankt/9.4.667
https://doi.org/10.4319/lo.1980.25.2.0317
https://doi.org/10.4319/lo.1980.25.2.0317
https://doi.org/10.4319/lo.1980.25.2.0317
https://doi.org/10.4319/lo.1980.25.2.0317
https://doi.org/10.3389/fmars.2019.00293
https://doi.org/10.3389/fmars.2019.00293
https://doi.org/10.3389/fmars.2019.00293
https://doi.org/10.3389/fmars.2019.00293
https://doi.org/10.3389/fmars.2019.00293
https://doi.org/10.1093/plankt/22.6.1155
https://doi.org/10.1093/plankt/22.6.1155
https://doi.org/10.1093/plankt/22.6.1155
https://doi.org/10.1093/plankt/22.6.1155
https://doi.org/10.1093/plankt/22.6.1155
https://doi.org/10.1093/plankt/25.8.917
https://doi.org/10.1093/plankt/25.8.917
https://doi.org/10.1093/plankt/25.8.917
https://doi.org/10.1093/plankt/25.8.917
https://doi.org/10.1093/plankt/25.8.917
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001
https://doi.org/10.1016/j.pocean.2011.08.001


514 • Journal of Plankton Research Volume 46 Number 5 Pages 500–514 2024

Turner, J. T. (1984) The feeding ecology of some zooplankters that are
important prey items of larval fish. NOAA Technical Report NMFS, 7,
1-28.

Turner, J. T. (2004) The importance of small planktonic copepods and
their roles in pelagic marine food webs. Zool. Stud., 43, 255–266.

Turner, J. T. and Granéli, E. (1992) Zooplankton feeding ecology: graz-
ing during enclosure studies of phytoplankton blooms from the west
coast of Sweden. J. Exp. Mar. Biol. Ecol., 157, 19–31. https://doi.o
rg/10.1016/0022-0981(92)90071-H.

Tyrell, A. S., Jiang, H. and Fisher, N. S. (2020) Copepod feeding strategy
determines response to seawater viscosity: videography study of two
calanoid copepod species. J. Exp. Biol., 223, jeb220830. https://doi.o
rg/10.1242/jeb.234559.

Uchima, M. and Hirano, R. (1988) Swimming behavior of the marine
Copepodoithona davisae: internal control and search for environment.
Mar. Biol., 99, 47–56. https://doi.org/10.1007/BF00644976.

Uye, S., Aoto, I. and Onbé, T. (2002) Seasonal population dynamics and
production of Microsetella norvegica, a widely distributed but little-
studied marine planktonic harpacticoid copepod. J. Plankton Res., 24,
143–153. https://doi.org/10.1093/plankt/24.2.143.

Vader, A., Amundsen, R., Marquardt, M. and Bodur, Y. (2021) Chloro-
phyll A and phaeopigments. Institute of Marine Research. https://doi.o
rg/10.21335/NMDC-1477580440.

Van Duren, L. A. and Videler, J. J. (2003) Escape from viscosity:
the kinematics and hydrodynamics of copepod foraging and escape
swimming. J. Exp. Biol., 206, 269–279. https://doi.org/10.1242/je
b.00079.

Wassmann, P., Kosobokova, K. N., Slagstad, D., Drinkwater, K. F.,
Hopcroft, R. R., Moore, S. E., Ellingsen, I., Nelson, R. J. et al. (2015)
The contiguous domains of Arctic Ocean advection: trails of life and
death. Prog. Oceanogr., 139, 42–65. https://doi.org/10.1016/j.pocea
n.2015.06.011.

Wickham, H. (2016) ggplot2: Elegant Graphics for Data Analysis.
Springer-Verlag, New York, https://doi.org/10.1007/978-3-319-
24277-4.

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D., Fran-
cois, R., Grolemund, G., Hayes, A. et al. (2019) Welcome to the
tidyverse. J Open Source Softw, 4, 1686. https://doi.org/10.21105/jo
ss.01686.

Wilson, B., Müller, O., Nordmann, E.-L., Seuthe, L., Bratbak, G. and
Øvreås, L. (2017) Changes in marine prokaryote composition with
season and depth over an Arctic polar year. Front. Mar. Sci., 4, 95.
https://doi.org/10.3389/fmars.2017.00095.

Wold, A., Hop, H., Svensen, C., Assmann, K., Kwaśniewski, S.,
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