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ABSTRACT: Arctic coastal ecosystems are likely to be strongly affected by predicted environmental changes such as sea-ice decline and increase in freshwater input and turbidity. These changes
are expected to impact primary production dynamics and consequently benthic consumers. The
trophic relationship between primary producers and benthic primary consumers were compared
in 2 Arctic fjords with different seasonal ice-cover: Young Sound (NE Greenland, a high-Arctic
fjord) and Kongsfjorden (Svalbard Archipelago, a sub-Arctic fjord). For comparison, we selected
the filter-feeding bivalve Astarte moerchi (belonging to the complex A. borealis), which has a
broad geographical distribution in the Arctic. The bivalve digestive glands and food sources were
characterized with fatty acids (FAs), bulk stable isotopes, and compound-specific stable isotopes
of individual FAs. Our results suggest that diatoms of pelagic and/or benthic origin are the main
contributors to the A. moerchi diet in Young Sound and make up a less important fraction of the
diet in the Kongsfjorden population. A contribution by sympagic diatoms is clearly excluded in the
sub-Arctic fjord and needs to be further assessed in the Arctic fjord. The A. moerchi diet in subArctic Kongsfjorden is more diversified, varies with season, and has contributions from dinoflagellates and macroalgal detritus. These results, together with higher concentrations of total FAs in
the Young Sound population, demonstrated and characterized the trophic plasticity of this bivalve
species. Based on these results, we discuss potential effects of environmental factors (shifts in
trophic resources, increase in turbidity) for A. moerchi populations in changing Arctic ecosystems.
KEY WORDS: Arctic benthos · Climate change · Pelagic−benthic coupling · Filter-feeding
bivalves · Fatty acids · Trophic markers · Compound-specific carbon stable isotopes
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In Arctic coastal ecosystems, primary production
dynamics are expected to be affected by predicted
climate change (Weslawski et al. 2010, Krause-

Jensen et al. 2012). The main expected changes are
related to decline of sea-ice cover and accelerated
melt of glacial ice, which will increase freshwater
inputs and water column turbidity. In Arctic ecosystems, primary production is highly seasonal and is
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limited to spring and summer periods due to light
availability. The main primary producers in the Arctic are often considered to be sympagic (ice algae)
and pelagic (phytoplankton): ice algae start to grow
at the end of the polar night and stop when the sea
ice substratum melts, while phytoplankton develops
during sea-ice melting and ice-free periods (Hegseth
1998, Soreide et al. 2006, Leu et al. 2011, Kedra et
al. 2015). However, for shallow water systems, recent
evidence shows that the contribution of benthic producers as a carbon source should not be neglected, as
microphytobenthos and macroalgae can significantly
contribute to primary production in ice-free periods
(Glud et al. 2002, Renaud et al. 2015a, Attard et al.
2016, Gaillard et al. 2017, this Volume). The possible
effects of environmental changes on the dynamics
and relative abundance of primary producers are still
under debate. Sea-ice decline will decrease icealgae production and could also modify the dynamics
of stratification and light conditions, with possible
cascade effects on other primary producers (Soreide
et al. 2013, Kedra et al. 2015). Intensification of freshwater summer inputs could also change water column stratification and increase turbidity, which is
expected to alter light conditions for phototrophic
organisms. Whatever the local tendency of these
impacts, it is clear that changes in primary producers
will cascade to benthic primary consumers, which
are strongly coupled with pelagic dynamics and
dependent on organic matter availability (Sejr et al.
2009, Gaillard et al. 2015). The future of Arctic benthos is a subject of concern, given that benthic organisms are essential prey items for upper trophic levels
(e.g. sea ducks, bearded seals, walruses, and gray
whales; Born et al. 2003, Kedra et al. 2015, Renaud et
al. 2015b).
Even though a general description of the diversity
and distribution of benthic organisms on Arctic continental shelves is now available (Piepenburg et al.
2011), their trophic ecology still remains largely
unexplored (Legezynska et al. 2014). The study of
the diet of benthic macrofauna has proved to be useful to establish carbon flow and more particularly
to study the trophic relationship between primary
producers and benthic consumers. In fact, benthic
macrofauna can integrate productivity signals over
time, thanks to their relatively long life spans (compared to planktonic organisms) and a relative sedentary way of life (Renaud et al. 2011). Several methods
can be used to assess diets in aquatic ecosystems.
The use of fatty acids (FAs) as dietary markers is a
reliable tool to describe aquatic food webs (Graeve
et al. 1997, Dalsgaard et al. 2003, Budge et al. 2006,

Iverson 2009). This technique is based on the conservative transfer of FAs from the ingested sources to
the consumers. In a given environment, groups of
organisms at the base of the food web (e.g. diatoms,
dinoflagellates, bacteria) can be characterized by a
distinct combination of FA markers, making it possible to infer the consumers’ diet. For example, the
ratio between specific FAs such as 16:1ω7 to 16:0 is a
good indicator of diatoms (Reuss & Poulsen 2002,
Dalsgaard et al. 2003). This approach can also be
used for higher trophic levels, but has been shown to
be a reliable means for describing the diet of primary
consumers (herbivore zooplankton, filter-feeding
organisms). Furthermore, trophic interactions can be
quantified by coupling FA techniques with analyses
of naturally occurring stable isotopes of carbon (δ13C)
and nitrogen (δ13N ; Post 2002, Fry 2006). More recently, compound-specific isotope analysis has been
developed to disentangle food webs, using δ13C values of specific FAs. In the Arctic, this method has
been useful for studying carbon inputs from diatoms
(Graham et al. 2014, Wang et al. 2014, 2015, 2016,
Oxtoby et al. 2016). Budge et al. (2008) assessed differences in 16:4ω1 and 20:5ω3 values to determine
the relative contribution of phytoplankton and seaice algae as food sources. One of the major advantage of these 3 methods compared to stomach content analysis is that they can indicate assimilated
food sources in a more integrative way, from weeks
to months depending on the studied tissue (Paulet et
al. 2006, Ezgeta-Balic et al. 2012).
Within the benthic fauna, filter-feeding bivalves
have been used to investigate trophic links between
pelagic and benthic dynamics (Carroll et al. 2011).
Filter-feeding bivalves are primary consumers and
mostly sessile, thus their diet can be used as an indicator of local primary production regimes (EzgetaBalic et al. 2012). Astarte borealis (Schumacher,
1817) is a boreo-arctic burrowing bivalve of the family Astartidae, presenting a broad spatial distribution
with abundant populations located throughout the
Arctic Ocean (Gusev & Rudinskaya 2014). These
bivalves live in soft sediments generally in shallow
waters, but populations can be found at deeper
depths (Zettler 2002) down to the bathyal environment (Gaillard 2016). Like other bivalves of the
genus Astarte, A. borealis exhibits high polymorphism and morphological variability. In a taxonomic
study based upon shell morphology, Petersen (2000)
considered A. borealis as a species complex and
described 5 different species belonging to this complex: A. borealis, A. jenseni, A. nuuki, A. sericea, and
A. moerchi.
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In this study, we sampled 2 Astarte populations from 2 different Arctic fjords. We confirmed that sampled individuals belong to
the same species through genetic analysis,
and we identified this species as A. moerchi
following the morphological criteria of
Petersen (2000). The diet of A. moerchi
bivalves was studied with a multi-marker
approach coupling FAs analysis, bulk stable
isotopes, and compound-specific isotope
analysis on specific FAs. Two Arctic fjords
were chosen for this study: Young Sound in
northeastern Greenland and Kongsfjorden in
the Svalbard Archipelago. The interest of
this comparison relies on the fact that the first
site is a high-Arctic fjord, whereas the second is considered a sub-Arctic fjord (Dunbar
1968, Hop et al. 2002). Marine sub-Arctic
areas are submitted to higher temperatures,
less ice-cover, and less vertical stability than
high-Arctic zones. These factors result in
greater productivity in sub-Artic areas (Dunbar 1968). Our hypothesis was that, considering its wide geographical distribution, A.
moerchi presents a trophic plasticity that
Fig. 1. Locations of sites sampled in Young Sound (N E Greenland)
and Kongsfjorden (Svalbard Archipelago). See Table 1 for coordiallows this bivalve to cope with different
nates and sampling method
environmental conditions. More specifically,
we expected the diet of this species to differ
between the high-Arctic Young Sound and sub63 and 131 d, and their durations have increased over
Arctic Kongsfjorden. Our main objective was to
the last decade (Glud et al. 2007). Bottom water temcharacterize and compare A. moerchi diet between
peratures constantly remain below −1.0°C (Rysgaard
these 2 sites, and then discuss potential conseet al. 1998). Annual phytoplankton production is estiquences for populations of this bivalve in changing
mated to be 10 g C m−2 (Rysgaard et al. 1999).
Arctic ecosystems.
KF is a glacial open fjord approximately 30 km long
and has an estimated volume of 29.4 km3 (Svendsen
et al. 2002). KF has no marked sill, and the outer part
MATERIALS AND METHODS
connects with the North Atlantic Ocean via a trough,
the Kongsfjordrenna. It has a well-defined inner fjord
Study sites
area where the depth is less than 100 m, and a
deeper area in the outer part of the fjord (Svendsen et
Samples were collected in 2 fjords: Young Sound
al. 2002). Despite its high latitude, KF is considered
(YS) in northeastern Greenland (74° N , 20° W) and
sub-Arctic because it is influenced by warm Atlantic
Kongsfjorden (KF) on the western coast of the Svalwater from the West Spitsbergen Current (Hop et al.
bard Archipelago (79° N, 12° E; Fig. 1). YS is the outer
2002). Hydrological conditions are seasonally varipart of a 90 km long sill fjord with a total volume of
able and influenced by glacial input of freshwater
40 km3 and a mean depth of 100 m (Bendtsen et al.
and sediments that generate steep gradients of turbidity, nutrients, and salinity along the fjord’s axis. In
2007). The sill at the fjord entrance has a maximum
2002, ice cover was estimated to be present 5 to 7 mo
depth of 45 m, reducing exchanges with the open sea
yr−1 in the inner fjord basin and only about 1 mo yr−1
and the East Greenland Current system. This fjord
system is influenced by freshwater inputs from snow
in the central basin (Hop et al. 2002). However, iceand ice melting, especially during summer (Bendtsen
cover conditions changed in 2006, with increasing
et al. 2007), and is covered by sea ice 9 to 10 mo yr−1.
influx of Atlantic waters during winter (Cottier et al.
2007, Lalande et al. 2016) and a consequent increase
In the last 50 yr, sea-ice-free periods varied between
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of water temperatures in the fjord. Since 2007, sea ice
has been restricted to the inner fjord and, in 2013,
a mean annual seawater temperature of 3°C was
reported in the middle part of KF (Paar et al. 2015).
Annual phytoplankton production is estimated to be
35 to 50 g C m−2 (Hop et al. 2002).

Field sampling
Bivalves and their potential food sources were sampled in 2 different seasons: the early and late productive seasons. The early season (ES) corresponds to the
bloom period at both sites, which occurs sooner at KF
(generally April/May; Hop et al. 2002, Hodal et al.
2012, Hegseth & Tverberg 2013, Lalande et al. 2016)
than at YS (generally in July; Jensen et al. 2014). The
late season (LS) corresponds to the end of summer,
before the onset of winter conditions. Thus, sampling
at KF was done in May and September 2013, and at
YS during August and October 2014. Live specimens
of Astarte moerchi were collected either by scuba
diving (~8 m depth at KF) or by dredging (~20 m
depth at YS; Fig. 1, Table 1). A total of 32 individuals
were retained for trophic analyses, and shell heights
were measured with a caliper (average shell height
was 36.1 ± 1.8 (SD) mm at KF and 23.8 ± 3.2 mm at
YS). At each site, bivalves were collected in 6 to 10
replicates and were dissected to separate digestive
glands (used for trophic analysis) and adductor muscles (used for genetic analysis) from the rest of the tissues. Samples were frozen at −80°C and adductor
muscles were stored in 95% ethanol in preparation
for molecular analysis. Dietary sources were sampled
in both seasons at KF but only during ES at YS, due to
bad weather conditions during LS. The upper 1 cm of
sediments were collected either by scuba diving with
syringes (KF2 and KF, ~8 m depth, Fig. 1, Table 1) or
using a Kayak corer (YS, ~20 m depth). Pelagic par-

ticulate organic matter (p-POM) samples were obtained from bottom water (~8 m depth at KF and ~20 m
depth at YS) collected with N iskin bottles. Water
samples were then filtered on pre-combusted glass
fiber filters (Whatman GF/F, 47 mm diameter). To
characterize the pelagic phytoplankton, 20 ml samples of seawater were fixed in Lugol’s solution for
identification and stored at 4°C. Brown algae were
sampled either by scuba diving (KF3, Fig. 1, Table 1)
or using a hook (YS). Fucus sp., Desmarestia aculeata,
and Saccharina latissima were sampled only in ES at
YS, whereas Alaria esculenta and D. aculeata were
sampled in both seasons at KF. To characterize POM
from ice algae (i-POM), ice cores were collected in
June 2014 (Site YS1, Fig. 1, Table 1). The bottom
10 cm were taken from each core, then melted and
filtered on 47 mm GF/C filters. Sympagic production
was characterized with samples of i-POM collected
by scuba diving in May 2013, at 1 site in the inner
part of the fjord (site KF1, Fig. 1, Table 1). Dietary
sources were collected with at least 3 replicates, and
samples were frozen at −80°C until trophic analysis.

Sample analysis
Species identification
To confirm that the same bivalve species was sampled at both sites, a barcoding analysis of the cytochrome c oxidase subunit I (COI) gene of the mitochondrial DNA was done. 10 individuals from YS and
5 individuals from KF were sequenced. DN A was
extracted from the adductor muscle tissue using an
E.N.Z.A kit (Omega) specific for mollusks and according to the manufacturer’s protocol. A 652 bp region of
the COI gene (mt-DNA) was amplified with primers
COIL 1490 (5’ GGT CAA CAA ATC ATA AAG ATA
TTG G 3’) and COIH 2198 (5’ TAA ACT TCA GGG

Table 1. Sampling site coordinates for Kongsfjorden (KF, Svalbard) and Young Sound (YS, Greenland). i-POM (p-POM): icealgae (pelagic) particulate organic matter. i-POM was sampled in May 2013 at site KF1 and in June 2014 at Site YS1. ES (LS):
early (late) season
Site

Latitude

Longitude

Sampling

Kongsfjorden
KF
KFl
KF2
KF3

78° 55.762’ N
78° 56.292’ N
78° 54.507’ N
78° 58.651’ N

11° 56.05l’ E
12° 19.015’ E
12° 07.204’ E
11° 29.209’ E

Astarte moerchi ES and LS, p-POM LS, sediment LS
i-POM
p-POM ES, sediment ES
Macroalgae ES and LS

Young Sound
YS
YS1

74° 18.743’ N
74° 15.505’ N

20° 14.593’ W
20° 12.423’ W

A. moerchi ES and LS, p-POM ES sediment ES, macroalgae ES
i-POM

De Cesare et al.: Dietary plasticity of Astarte moerchi

TGA CCA AAA AAT CA 3’; Folmer et al. 1994), using
the PCR protocol described by Lee (2000). We sequenced the forward and backward branch for each
individual, to ensure accuracy of the DNA sequence
reads for 603 bp. Sanger sequencing was done on an
ABI3730xl analyzer at the Hospital Center of Laval
University in Quebec (Canada). Sequences were
proofread and aligned with Mega7 software (Tamura
et al. 2013). Intraspecific mean divergence, intra-population divergence for each site, and inter-population
divergence between KF and YS were calculated
using uncorrected p-distances (Collins & Cruickshank
2013) using the MEGA7 software (Tamura et al.
2013). All sequences have been deposited in GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) under accession numbers KX954354 to KX954368.
Six haplotypes were found, 2 at YS and 4 at KF. The
mean intraspecific divergences of all individuals of
A. moerchi sequenced (n = 15) was 3% (p-distance),
confirming that 1 morphospecies was sampled (Blagoev et al. 2009). Genetic distance within each population was 1 and 2% at KF and YS, respectively, and
the mean difference between the populations of KF
and YS was 4%, suggesting a slightly higher intraspecific genetic heterogeneity between populations
than within populations.

Bulk stable isotopes
Analyses of carbon and nitrogen isotopic ratios
were done by the UC Davis Stable Isotope Facility
(Department of Plant Sciences, University of California at Davis, Davis, CA, USA). All samples were
freeze-dried before treatment and analysis. To remove inorganic carbon that could bias δ13C values,
some samples were treated with HCl: both the
p-POM and i-POM samples were exposed to HCl
vapors for 4 h (Lorrain et al. 2003), and macroalgae
and sediments were treated with successive additions of 1M HCl until they stopped bubbling. Because acid wash can introduce changes in nitrogen
values, δ15N values were obtained from non-acidified
samples and δ13C data were obtained from acidified
macroalgae and sediment samples. Samples were
weighed in tin (non-acidified samples) or silver (acidified samples) capsules before analysis. The isotope
analysis was performed with an elemental analyzer
(PDZ Europa ANCA-GSL) interfaced with an isotope
ratio mass spectrometer (PDZ Europa 20-20). Isotopic
ratios for carbon and nitrogen were expressed using
the standard δ notation according to the following
equation:

161

δX = [(Rsample /Rreference) − 1] × 1000 (‰)

(1)

where X is 13C or 15N of the sample, and R is the
corresponding ratio 13C:12C or 15N:14N . The reference for carbon was Vienna Pee Dee Belemnite,
and atmospheric N 2 for nitrogen (Peterson & Fry
1987).

FA analysis
FA analysis was performed using the method of
Bligh & Dyer (1959) and modified as described by
Mortillaro et al. (2011). Samples of A. moerchi
digestive glands and potential food sources were
freeze-dried and weighed. After addition of an
internal standard (FA 23:0), lipids were extracted
by ultrasonification with a mixture of distilled
water:CHCl3:MeOH (1:1:2, v:v:v), then concentrated
under N 2 flux. Saponification was performed with a
mixture of 2 mol N aOH:MeOH (1:2, v:v) at 90°C
during 90 min, and the reaction was stopped by
adding HCl (35%). Samples were incubated with
BF3-MeOH at 90°C during 10 min, in order to
obtain FAs as methyl esters (Meziane & Tsuchiya
2002). These were isolated and stored frozen in
chloroform, and then concentrated under N 2 flux to
transfer in hexane. To separate and quantify the
FAs, 1 µl aliquots were analyzed by gas chromatography (GC, Varian CP-3800 equipped with a
flame ionization detector) equipped with a Supelco
OMEGAWAX 320 column (30 m × 0.32 mm i.d.,
0.25 μm film thickness) and using helium as a carrier gas. Each sample type (digestive gland, macroalga, sediment, p-POM, i-POM) was analyzed by
gas chromatography-mass spectrometry (GC-MS
Varian 450GC with Varian 220-MS) to identify
peaks. FAs are designated by the nomenclature
X:YωZ, where X is the number of carbons, Y is the
number of double bonds, and Z is the position of
the ultimate double bond from the methyl end. The
FA concentrations (expressed in mgFA gdw−1, where
dw is dry weight, or, for filters, mgFA lfw−1, where fw
is filtered water) were calculated according to
Schomburg (1987):
C FA =

AS C IS
⋅
AIS WS

(2)

where AS is the peak area of the FA, AIS is the peak
area of FA 23:0 (the internal standard), CIS is the concentration of FA 23:0 (mg), and WS is the dry weight
of the sample (g) or, for filter samples, the volume of
filtered water (l).
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Compound-specific isotope analysis of individual FAs
All compound-specific isotope analyses of methylated FAs were done at the UC Davis Stable Isotope
Facility. Methylated FAs were separated first by gas
chromatography (Thermo Scientific TRACE Ultra
equipped with a BPX70 column, 60 m × 0.25 mm
outer diameter, 0.25 µm film thickness), coupled to
an isotope-ratio mass spectrometer (Thermo Fisher
Scientific Finnigan DELTA Plus Advantage). Data
were corrected to account for the carbon atom added
during methylation, following Gladyshev et al. (2012):
δ13CFA =

δ13CFAME − (1 − x ) ⋅ δ13CMeOH
x

(3)

where δ13CFA is the isotopic value of free FA,
δ13CFAME is the measured isotopic value of methylated FA, x is the number of carbon atoms in the
(non-methylated) FA, and δ13CMeOH is the δ13C value
of the methanol used for methylated FA preparation
(−38.43 ‰ in our study). All δ13C values are reported
relative to Vienna PeeDee Belemnite using standard
δ notation.

Data analysis
Data on the FA composition of A. moerchi digestive
glands (relative FA composition, expressed in percentages) were analyzed using permutational multivariate analyses of variance (PERMAN OVA, 9999
permutations), matrix of Bray-Curtis similarities (55
FAs identified) using PRIMER 6 (Clarke 1993, Clarke
& Gorley 2006), and PERMANOVA+ (Anderson et al.
2008). Multivariate homogeneity of group dispersion
was verified before each analysis (PERMDISP, 9999
permutations), and data were transformed when necessary. Two sources of variation were tested: ‘Season’
fixed with 2 levels: ES (May/August) and LS (September/October), and ‘Site’ fixed with 2 levels: YS
and KF. The number of replicates varied between
6 and 10. The FA composition of potential feeding
sources were investigated via 1-factor PERMAN OVAs (9999 permutations) on untransformed
data (PERMDISP, p > 0.05) based on 21 FAs (macroalgae) to 47 FAs (sediments) with either 2 treatments
for i-POM, p-POM, and A. esculenta (fixed with 2
levels: YS vs. KF) or 3 treatments for sediments and
D. aculeata (fixed with 3 levels: YS, KF during ES and
KF during LS). The number of replicates varied
between 3 and 5. In case of significant PERMANOVA
tests, post hoc tests were carried out. Pairwise multiple comparison tests were used to identify differ-

ences among levels of sources of variation. When significant, a similarity percentages (SIMPER) procedure
(Clarke 1993) was performed on untransformed data
to identify which FAs contribute the most to dissimilarities between different levels. Relative FA composition (expressed in percentages) was visualized
using non-metric multidimensional scaling (n-MDS)
ordination based on Bray-Curtis similarities between
samples (R Core Team 2014). Univariate tests were
performed when replicates were higher than 4. Nonparametric Wilcoxon or Kruskal-Wallis tests were
used to compare differences in the 16:1ω7 to 16:0
ratio, percentages of 22:6ω3 and 18:4ω3, total FA
concentrations, and stable isotope values. When a
Kruskal-Wallis test was significant, a post hoc Wilcoxon test was done. For all statistical tests, the significance value was fixed at 0.05.
For bulk stable isotopes, we used a Bayesian stable
isotope mixing model (SIAR; Parnell et al. 2010) to
estimate probable dietary sources for A. moerchi.
Prior to analysis with SIAR, we excluded some
sources from analysis. At KF, ice algae (i-POM) were
excluded because of low abundance of sympagic
production in 2013 and also considering the results
from compound-specific isotope FA analysis that
exclude the contribution of this source. At YS, macroalgal sources were excluded based on results of FA
analysis, with the exception of Saccharina latissima,
an abundant brown alga in this fjord which, based on
compound-specific isotope FA analysis, is a probable
lipid source for A. moerchi. Although application of a
trophic enrichment factor is a subject of major debate
in trophic ecology, we chose to apply, prior to model
generation, correction factors reported by McCutchan
et al. (2003) for aquatic environments: + 0.4 (± 0.17) ‰
for δ13C and + 2.3 (± 0.17) ‰ for δ15N.

RESULTS
Food-source dietary markers
p-POM
During the ES, identification and counting of microalgae at KF (site KF2) revealed a dominance of
prymnesiophytes (Phaeocystis sp. cells, 66.2%) and
diatoms (33.6%) mainly consisting of Chaetoceros
sp., with very small percentages of dinoflagellates
and cryptophyceae. During LS (KF Site), 86.3% of
phytoplankton assemblages were composed of nanophytoflagellates, with dinoflagellates (4.5%), Cryptomonas sp. (7.8%), and few diatoms (1.4%). In con-
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trast, at YS, 100% of identified phytoplankton cells
during ES were diatoms, most of them belonging to
the genera Chaetoceros and Thalassiosira. At KF,
bulk stable isotope analyses on p-POM revealed
mean δ13C values of −23.1 ± 0.4 ‰ during ES and
−25.3 ± 0.5 ‰ during LS (Fig. 2). Mean δ15N values
were 4.0 ± 0.2 ‰ and 6.2 ± 0.3 ‰ in the 2 seasons,
respectively. At YS, p-POM samples during ES revealed a mean δ13C signature of −25.1 ± 0.1 ‰ and a
mean δ15N signature of 6.2 ± 0.4 ‰. At both sites, total
saturated FAs (indicators of the state of degradation
of organic matter) were major components of total
FAs associated with p-POM samples (> 69%, see
Table S1 in the Supplement at www.int-res.com/
articles/suppl/m567p157_supp.pdf). All FA profiles
differed among the 3 groups (PERMAN OVA p <
0.001; pairwise tests, p < 0.05). At KF, seasonal variations were mostly attributable to higher values of saturated FAs during LS (16:0, 18:0, and 12:0) and lower
mean proportions of 16:1ω7 (indicator of diatom biomass) during LS (0.2 ± 0.2% in LS vs 9.4 ± 3.9% in
ES). δ13CFA of p-POM samples of KF ranged from
a minimum of −27.8 ‰ (20:5ω3) to a maximum of
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−19.7 ‰ (16:1ω7), whereas those of YS ranged from
−33.9 ‰ (18:3ω3) to −27.6 ‰ (18:2ω6; Fig. 3).

i-POM
Bulk stable isotopes values for i-POM differed at
the 2 sites both for δ13C and δ15N (Fig. 2). At KF, mean
values were −15.7 ± 1.4 ‰ for δ13C and 4.8 ± 0.3 ‰
for δ15N , whereas at YS they were −28.9 ± 1.1 ‰
and 2.0 ± 1.7 ‰, respectively. The FA composition of
i-POM differed significantly between sites (PERMANOVA, p < 0.05). The average proportions of 16:1ω7
at KF were about twice those at YS (52.0 ± 0.3% vs.
24.1 ± 3.9%, respectively) and a much higher mean
percentage of 18:0 was found at YS (0.6 ± 0.0 vs.
24.8 ± 5.9, Table S1). At KF, δ13CFA of i-POM samples
ranged from a minimum of −18.0 ‰ (20:5ω3) to a
maximum of −14.6 ‰ (16:0), whereas at YS, they
ranged from −33.6 ‰ (18:3ω3) to −26.0 ‰ (16:0;
Fig. 3).

Macroalgae

Fig. 2. Mean δ13C and δ15N values for (a) Kongsfjorden (KF, Svalbard) and (b)
Young Sound (YS, Greenland). i-POM (p-POM): ice-algae (pelagic) particulate
organic matter; ES (LS) early (late) season. Error bars are standard deviation; n =
5 for Astarte moerchi digestive glands, and n = 3 for sources (including the
brown algae Alaria esculenta, Desmarestia aculeata, and Saccharina latissima)

Bulk stable isotope analyses of brown
algae revealed more depleted δ13C
values for Desmarestia aculeata (KF:
−25.4 ± 0.7 ‰, YS: −29.0 ± 1.8 ‰) than
in the other 3 species of brown algae
(KF: −19.3 ± 1.6 ‰ for Alaria esculenta; YS: −21.1 ± 0.0 ‰ for Saccharina latissima and −19.2 ± 2.2 ‰ for
Fucus sp.). δ15N values ranged from a
minimum of −1.1 ‰ and a maximum
of 4.5 ‰ for the 2 brown algae sampled at KF (D. aculeata and A. esculenta) and from 2.3 to 6.6 ‰ for those
sampled at YS (S. latissima, Fucus sp.,
and D. aculeata; Fig. 2). FA compositions of brown algae are shown
in Table S2. The major FAs in samples from both sites were polyunsaturated C18 chain (18:2ω6, 18:3ω3, and
18:4ω3) and C20 chain (20:5ω3 and
20:4ω6). Monounsaturated FA 18:1ω9
was also abundant (Table S2). At
KF, no seasonal variation in FA composition of A. esculenta was observed
(PERMAN OVA, p > 0.05). However,
differences were evident for 2 FAs:
18:4ω3 presented higher mean percentages in ES (27.5 ± 3.7% vs. 7.7 ±
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Fig. 3. Mean δ13C values of individual fatty acids (FAs) for (a) Kongsfjorden (KF, Svalbard) and (b) Young Sound (YS, Greenland). i-POM (p-POM): ice-algae (pelagic) particulate organic matter; ES (LS) early (late) season. Error bars are standard deviation. Three replicates were sent for analysis, but some samples were not concentrated enough to be measurable, so replicates
vary between 3 and 1. Full species names are given in Fig. 2

1.6%), and 20:4ω6 had higher mean percentages in
LS (18.8 ± 2.8% vs. 6.7 ± 1.6%). For D. aculeata FA
composition, PERMANOVA showed significant differences between YS and the ES and LS in KF (p <
0.001), mainly due to 16:1ω7, 16:0, and 18:4ω3. N o
seasonal effect was observed at KF (pairwise test, p >
0.05). δ13CFA of brown algae samples ranged from a
minimum of −32.8 ‰ (A. esculenta, 18:3ω3) to a maximum of −24.3 ‰ (D. aculeata, 18:3ω3) for KF, and
from −46.1 ‰ (D. aculeata, 18:2ω6) to −30.0 ‰ (S.
latissima, 20:5ω3; Fig. 3) for YS. At KF, A. esculenta
from both seasons were analyzed, and, as no seasonal effect was observed, data from ES and LS were
pooled.

Sediments
For sediment samples from KF, bulk stable isotope
analyses revealed mean δ13C values of −23.1 ± 0.8 ‰
in ES and −25.0 ± 0.4 ‰ in LS. Mean δ15N values were
5.6 ± 0.4 ‰ and 5.4 ± 0.4 ‰ in the 2 seasons, respectively (Fig. 2). At YS, sediment samples revealed a
mean δ13C signature of −24.8 ± 0.4 ‰ and a mean
δ15N signature of 6.1 ± 0.2 ‰ (Fig. 2). 16:1ω7, 16:0,
and 20:5ω3 were among the most abundant FAs in
sediment samples from both sites (Table S3). FA composition differed significantly between treatments
(PERMANOVA, p < 0.001), with no seasonal effect at
KF but with significant differences between ES at YS

and LS at KF (pairwise tests, p < 0.05), mainly due to
16:1ω7, which had on average higher proportions at
YS (30.9 ± 8.3%) than at KF during ES (21.8 ± 1.2%)
and LS (11.3 ± 3.0%; Table S3). Values of the 16:1ω7
to 16:0 ratio (frequently used as a diatom indicator)
showed the same differences, having an average
higher ratio at YS (1.7 ± 0.6) than at KF during ES
(1.2 ± 0.2) and LS (0.4 ± 0.2). δ13CFA of sediment
samples from KF ranged from a minimum of −28.4 ‰
(16:0) to a maximum of −22.2 ‰ (18:1ω9; Fig. 3).

Dietary markers in A. moerchi
δ13C values for A. moerchi ranged from −22.4 ‰ to
−21.6 ‰ at KF, and from −26.0 ‰ to −23.1 ‰ at YS
(Fig. 2). Differences between sites were significant,
and a significant seasonal effect was observed at YS
(Wilcoxon test, p < 0.05) but not at KF (Wilcoxon test,
p > 0.05). For δ15N, values ranged from 3.9 to 5.6 ‰ at
KF and from 5.9 to 7.6 ‰ at YS. Differences between
sites were significant (Wilcoxon test, p < 0.001), and
a significant seasonal effect was observed at KF
(Wilcoxon test, p < 0.05) but not at YS (Wilcoxon test,
p > 0.05). Results from the mixing model for KF and
YS showing the relative contributions of sources to A.
moerchi diet are detailed in Table 2.
A total of 55 FAs were identified in A. moerchi
digestive glands, and mean percentages (± SD) for
each FA are presented in Table S4. The 2 most abun-
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Table 2. Results of mixing model, showing the contributions to Astarte moerchi diet of 4 sources per site. Contributions are
expressed in mean percentages (± SD). Correction factors used for the model were + 0.4 (± 0.17) ‰ for δ13C and + 2.3 (± 0.17) ‰
for δ15N (McCutchan et al. 2003). KF: Kongsfjorden, YS: Young Sound, ES (LS): early (late) season, i-POM (p-POM): ice-algae
(pelagic) particulate organic matter

KF
A. moerchi ES
A. moerchi LS
YS
A. moerchi ES

p-POM

Sediment

Source
Desmarestia aculeata

Alaria esculenta

24.1 ± 13.1
14.9 ± 10.3

14.3 ± 10.6
20 ± 12.2

27.8 ± 10.7
20.4 ± 11.4

33.7 ± 7.6
44.7 ± 5.3

p-POM

Sediment

i-POM

Saccharina latissima

19 ± 11.3

21.9 ± 11.8

25.8 ± 6.9

33.3 ± 7.6

dant FAs were 20:5ω3 (min. average 20.5 ± 2.4%,
max. average 25.9 ± 1.2%) and 16:1ω7 (min. average
5.6 ± 0.6%, max. average 24.6 ± 2.2%). FA composition of digestive glands varied significantly between
seasons and sites (PERMANOVA, p < 0.001), with an
interaction between them (PERMANOVA, p < 0.01).
Each of the 4 groups had a specific FA composition
(pairwise tests, p < 0.01). An n-MDS based on a BrayCurtis similarity matrix using data from digestive
glands is shown in Fig. 4. Dissimilarity percentages
between FA compositions of each of the 4 groups
were determined with SIMPER analysis (Table S5).
Inter-site dissimilarities are mostly attributable to
contrasting proportions of 16:1ω7, whose contributions are higher than 30% for both ES and LS. Proportions of 22:6ω3 and 18:4ω3 (used in this study as

a dinoflagellate and a macroalgal marker, respectively) also contributed to inter-site dissimilarities,
with lowest values during both seasons at YS (< 3.0%
and <1.5%, respectively), and the highest values at
KF, where those FAs respectively reached 9.1 ± 0.8%
(LS) and 6.4 ± 1.0% (ES; Fig. 5, Table S5). Other FAs
contributing to inter-site dissimilarities were 18:1ω9
(highest percentages at KF of ~4%) and 20:5ω3
(highest percentage of 25.9 ± 1.2% during ES at YS).
Mean values of the 16:1ω7 to 16:0 ratio (diatom indicator) in A. moerchi digestive glands were significantly higher at YS during ES (2.4 ± 0.2) than during
LS (1.9 ± 0.4; Fig. 5). At KF, the ratio decreased significantly between ES (1.0 ± 0.2) and LS (0.5 ± 0.1,
Kruskal-Wallis test, p < 0.01; pairwise Wilcoxon test,
p < 0.05; Fig. 5). Branched FAs (bacterial markers)

Fig. 4. Nonmetric multidimensional scaling (n-MDS) ordination based on a Bray-Curtis similarity matrix of 55 fatty acids (FAs;
%) in Astarte moerchi digestive glands. Only FAs >1% are represented in the plot. Circles indicate Young Sound (YS, Greenland) and triangles indicate Kongsfjorden (KF, Svalbard) samples; early (ES) and late season (LS) are represented as filled and
open symbols, respectively (nYS ES = 10; nYS LS = 6; nKF ES = 10; nKF LS = 6). Encircled FAs are those considered as markers in this
study; 16:1ω7 (as well as the ratio 16:1ω7 to 16:0) is considered a diatom marker, 22:6ω3 is a dinoflagellate marker, and 18:4ω3,
18:1ω9, 18:2ω6, and 20:4ω6 are macroalgal markers
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Fig. 5. Fatty acids (FAs) used as markers in this study (ratio of 16:1ω7 to 16:0, percentages of 22:6ω3 and 18:4ω3) and total FA
concentrations (mg g−1) in Astarte moerchi digestive glands in Young Sound (YS, Greenland, white bars) and Kongsfjorden
(KF, Svalbard, gray bars) for 2 time periods, early (ES) and late season (LS; nYS ES = 10; nYS LS = 6; nKF ES = 10; nKF LS = 6). Differences are significant (p < 0.05, Kruskal-Wallis test) and letters above bars indicate differences tested by pairwise comparisons
using a Wilcoxon test

were detected in low percentages (minimum 0.6 ±
0.1%, maximum 1.4 ± 0.2%) in A. moerchi digestive
glands at both sites (Table S4). Total FA concentrations varied significantly between the 2 sites (Wilcoxon test, p < 0.01). At YS, concentrations were
higher during LS (207.7 ± 17.2 mg g−1) than during
ES (123.4 ± 48.3 mg g−1), whereas they were much
lower at KF, where no significant seasonal difference
was observed and the mean value was 36.5 mg g−1
(Kruskal-Wallis test, p < 0.01, pairwise Wilcoxon test,
p > 0.05 for 2 seasons at KF and p < 0.01 for other
comparisons, Fig. 5).
For A. moerchi digestive glands, at both sites,
δ13CFA values ranged from −34.2 ± 1.3 ‰ (18:3ω3 at
YS) to −27.5 ± 3.9 ‰ (18:1ω9 at KF; Fig. 3). At KF,
digestive glands from both seasons were analyzed
and, as no seasonal effect was observed, data from
ES and LS were pooled.

DISCUSSION
We compared the diet of 2 populations of Astarte
moerchi living in 2 contrasting Arctic coastal environments. At the sub-Arctic site KF, annual phytoplankton production is estimated to be roughly 3 to
5 times more elevated than at the high-Arctic site
YS (35−50 g C m−2 vs. 10 g C m−2, respectively; Rysgaard et al. 1999, Hop et al. 2002). As ice cover occurrence is much shorter at KF (<1 mo yr−1) than at
YS (9−10 mo yr−1), the productive season is longer
at the sub-Arctic site, and the peak of primary production occurs sooner during the year compared to
the high-Arctic site (April/May vs. July, respectively;
Hop et al. 2002, Jensen et al. 2014). Considering
such contrasting trophic conditions between sites, we
expected differences in the diet of these 2 populations of the filter-feeding bivalve A. moerchi. The
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multi-marker approach used in this study revealed
that diatoms represent an important fraction of the
diet in both populations. However, despite the common feature of diatom contribution, several dissimilarities could be observed in A. moerchi diet at the
2 sites, demonstrating the trophic plasticity of this
bivalve species.

Diatom contribution to A. moerchi diet
at YS and KF
FA markers suggest diatom contribution
to A. moerchi
High contributions of 16:1ω7 and 20:5ω3 were
found in the total FA composition of A. moerchi
digestive glands. Although 20:5ω3 can also potentially be synthesized de novo by bivalves (Monroig
et al. 2013), this FA is generally used as a diatom
marker (Dalsgaard et al. 2003). Concomitantly, large
proportions of 16:1ω7 and a value >1 of the 16:1ω7 to
16:0 ratio are considered to be reliable indicators of
a high contribution of diatoms in the environment
(sediments, POM) and in invertebrate tissues (Reuss
& Poulsen 2002, Dalsgaard et al. 2003). In the present
study, high contributions of 20:5ω3 and 16:1ω7 measured in A. moerchi digestive glands from YS, as well
as a ratio of 16:1ω7 to 16:0 of ~2, suggest that diatoms
make up an important part of the diet of this bivalve
both in ES and LS. At the sub-Arctic site KF, FA profiles and 16:1ω7 to 16:0 ratios suggest that the contribution of diatoms to the diet of A. moerchi is less relevant than at YS, especially during the LS. At both
sites, diatoms assimilated by A. moerchi can have a
pelagic, benthic, or sympagic origin. Relative contributions of these sources can be inferred from analyses of dietary markers in food sources: p-POM, sediments, and i-POM respectively.

Pelagic and benthic contribution
At the high-Arctic site YS, both phytoplanktonic
and microphytobenthic assemblages are dominated
by diatoms. The genus Chaetoceros is common in
pelagic assemblages (Krawczyk et al. 2015), and the
genera Pinnularia, Nitzschia, and Navicula are widespread in microalgal mats (Glud et al. 2002). It is
estimated that for water depths < 30 m, net benthic
photosynthesis is almost 7 times higher than gross
photosynthetic rates of the pelagic community (Glud
et al. 2002). At the sub-Arctic site KF, diatoms domi-
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nate the pelagic compartment during spring (along
with the prymnesiophyte Phaeocystis pouchetii; Hop
et al. 2002, Hodal et al. 2012) and are abundant in
microphytobenthos which, in shallow waters, has a
production rate comparable to that of pelagic production (Woelfel et al. 2010).
In our study, taxonomic identification confirmed
that the composition of pelagic assemblages in the
year of sampling was similar to what is reported in
literature. The contribution of pelagic and benthic
organic matter to the diet of A. moerchi can be
inferred from the comparison of isotopic signatures
of those consumers with those of p-POM and sediments. p-POM signatures include those of living phytoplanktonic cells and detrital material (> 0.7 μm) in
the water column, and sediment signatures include
those of living microphytobenthos and deposited
detritus. Especially in p-POM samples, elevated
percentages of saturated FAs and low amounts of
polyunsaturated FAs are a common feature in oligotrophic waters and suggest the presence of degraded
organic matter (Fileman et al. 1998). Although this
decaying process of organic matter was certainly
concomitant with high microbial activity, percentages of branched FAs are low in A. moerchi digestive
glands at both sites, suggesting a low ingestion of
bacterial sources.
Considering fractionation factors of + 0.4 ‰ for
δ13C and + 2.3 ‰ for δ15N (McCutchan et al. 2003),
our bulk isotope results indicate that at the 2 sites,
both p-POM and sediment contributions are relevant to the diet of A. moerchi. δ13C signatures of
specific FAs abundant in diatoms, like 16:1ω7 and
20:5ω3, can also allow us to infer lipid sources of A.
moerchi. For marine environments, previous literature on FA-specific stable isotope analysis showed
that FAs in consumers are depleted in 13C (and not
enriched, as for carbon bulk isotopes) compared to
FAs of their food source (Veefkind 2003, Bec et al.
2011, Gladyshev et al. 2012). This fractionation factor was estimated to be 3.17 ‰ by Gladyshev et al.
(2014). Even if caution is exercised in applying such
standard fractionations factors, which are still a subject of debate in trophic ecology (del Rio et al. 2009,
Budge et al. 2011), some conclusions can be drawn
from our data. At YS, p-POM appears to be a probable source of 16:1ω7 and 20:5ω3 for A. moerchi. At
KF, the assimilated 16:1ω7 could originate from benthic organic matter and 20:5ω3 from pelagic and
benthic organic matter. Globally, we can infer from
our isotopic results that pelagic organic matter, as
well as resuspended benthic organic matter, are
probable food sources for A. moerchi at both sites.
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We can thus suggest that organic matter from
phytoplankton and microphytobenthos (dominated
by diatoms at both sites) contribute to the diet of
these bivalves.

Sympagic contribution
At YS, diatoms dominate sympagic production
(Glud et al. 2007), which is considered to be lower
than in other similar systems, possibly due to inadequate light conditions below the snow cover and/or
freshwater inputs that would inhibit ice-algae production (Rysgaard & Sejr 2007). At KF, ice algae are
also mainly diatoms, but as ice cover influence is low
(and has been decreasing since 2006, Lalande et al.
2016), their development is limited at this site.
In our study, isotopic signatures of i-POM from KF
were relatively enriched (around −15 ‰), both for
bulk isotopes and for specific FAs. These signatures,
differing from p-POM, allow the discrimination of
both sources and clearly exclude i-POM contribution
to the diet of A. moerchi at KF. By contrast, at YS,
the isotopic signature is relatively depleted (around
−29 ‰), and interpreting the data is not obvious. Bulk
isotope results suggest that i-POM is a potential
source for A. moerchi, with a contribution, as estimated by the mixing model, of 25.8 ± 6.9%. For specific FAs, values are similar for i-POM and p-POM
samples: for example, 16:1ω7 and 20:5ω3 could be
assimilated by bivalves both from sympagic or
pelagic organic matter.
i-POM isotopic signatures differ strongly between
the 2 fjords, reflecting differences in the structure
and the dynamics of sympagic environments, which
are highly dynamic and complex systems. As isotopic
composition can be influenced by several factors like
ice porosity and freshwater intrusions (Thomas et
al. 2009), the isotopic values of sea-ice samples are
extremely variable at a regional scale and are also
related to the timing of sampling. Moreover, the rates
of isotopic carbon and nitrogen assimilation by consumers may vary according to species-specific turnover rates (Weems et al. 2012). Isotopic composition
of individual markers as individual FAs could allow
the detection of short-term food switches more efficiently than bulk stable isotopes (McMahon et al.
2006). Further development of trophic tools, such as
compound-specific stable isotope analyses, and sampling of ice algae at different times of the productive
season will be essential to assess contributions of
sympagic production to benthic consumers in Arctic
ecosystems.

Differences in food sources and FA storage suggest
dietary plasticity of A. moerchi
Diversified A. moerchi diet at KF
Whereas diatoms at both high- and sub-Arctic
fjords contribute to A. moerchi diets, the KF population exhibited a much more diversified and seasonally variable diet, with contributions of dinoflagellates and macroalgal detritus.

Dinoflagellate contribution
At KF, during September, the phytoplanktonic
pelagic biomass decreases and is dominated by
heterotrophic dinoflagellates, copepods, ciliates, and
nauplii (Hop et al. 2002, Bhaskar et al. 2016). Taxonomic identification confirmed a high abundance of
nanophytoflagellates in the water column in September during our sampling. The seasonal variability
in FA composition of A. moerchi sampled at KF was
due to higher contributions of 22:6ω3 in the digestive
glands during LS. Because 22:6ω3 is often considered
a dinoflagellate marker (Dalsgaard et al. 2003, Kelly
& Scheibling 2012), we hypothesize that its autumnal
increase reflects higher abundances of pelagic dinoflagellates. Percentages of 22:6ω3 in A. moerchi digestive glands were significantly lower at YS than at KF,
suggesting that dinoflagellate contribution is negligible at the high-Arctic site.

Macroalgal contribution
It is now well accepted that a large fraction of
macroalgal primary production is released as POM
(Buchholz & Wiencke 2016) and can thus be assimilated by filter-feeders (Wessels et al. 2004, Perez
et al. 2013). Macroalgal assemblages are known to
contribute to primary production both at YS and KF
(Hop et al. 2002, Krause-Jensen et al. 2007, Bartsch
et al. 2016). Results from FA analyses suggest
that macroalgal detritus could be assimilated by A.
moerchi especially at the sub-Arctic site KF because
of higher proportions of 18:4ω3, 18:1ω9, 18:2ω6, and
20:4ω6 in the digestive glands. Those FAs are often
considered as macroalgal markers (Dalsgaard et al.
2003, Kelly & Scheibling 2012) and were present
in the Pheaophyceae species we analyzed. δ13CFA
results confirm that, at KF, brown algae (both Alaria
esculenta and Desmarestia aculeata) are sources
of some FAs for A. moerchi. At YS, δ13CFA values
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showed that only Saccharina latissima, and not D.
aculeata, is a source of FAs assimilated by A. moerchi. Results from the mixing model on bulk stable isotopes confirmed that S. latissima contributes to A.
moerchi diet at YS and also showed that the macroalgal contribution is relevant at KF, especially for
A. esculenta.

Differences in total FA concentrations
FA concentrations in the digestive glands of A.
moerchi were higher in the high-Arctic compared
to sub-Arctic fjord, particularly during LS. For
bivalves, the digestive gland plays a key role in
energy storage for carbohydrates (mainly as glycogen) and lipids (Barber & Blake 1981, Napolitano &
Ackman 1992, Gosling 2003). Energy reserves are
generally accumulated during summer and are used
for gametogenesis during autumn and winter
(Gosling 2003). The observed differences in FA concentrations could originate from differences in food
availability between the 2 fjords and reflect variations due to a local acclimatization in energy storage.
For example, the longer ice-cover season at YS could
force A. moerchi to accumulate more lipid reserves in
its digestive gland compared to KF. Validation of
such an energy storage hypothesis (to be tested by
experimental work on A. moerchi) would confirm the
plasticity of A. moerchi to acclimatize, through physiological responses, to different trophic conditions.

CONCLUSIONS
The comparison between the high-Arctic and subArctic fjord suggest that A. moerchi assimilates
mainly diatoms but can also adjust its diet to several
other food sources, including dinoflagellates and
macroalgal detritus. Moreover, inter-site differences
in FA concentrations in digestive glands could be
related to plastic responses of the bivalve’s energy
storage ability. Although trophic plasticity suggests a
high potential for A. moerchi populations to endure
future climate changes in primary production regimes,
consequences to population dynamics are difficult to
predict. Other ecological processes such as reproduction/recruitment dynamics or interspecific interactions (e.g. newly introduced boreal species extending their distribution area) should be studied from
the perspective of investigating the impacts of climate change on Arctic biological communities. Our
study also shows that benthic primary producers
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(macroalgae and microphytobenthos) significantly
contribute as food sources for A. moerchi, especially
in sub-Arctic areas. Environmental factors influencing the dynamics of benthic primary producers, particularly increased turbidity (limiting light availability), would have major consequences on A. moerchi
and other filter-feeding species. In such a scenario,
filter-feeders would not only have to endure increased
inorganic input by adjusting filtration activity, but
would also need to respond to a decreased abundance of trophic sources. The general relevance of
macroalgal detritus and microphytobenthos to benthic consumers in Arctic coastal environments has
recently been highlighted (Glud et al. 2002, Renaud
et al. 2015a, Attard et al. 2016, Gaillard et al. 2017). In
Arctic studies, much research has focused on the relative contribution of phytoplankton and ice algae to
show the importance of ‘pelagic−benthic coupling,’
usually intended to describe the export of organic
matter of pelagic primary producers to benthic consumers (Renaud et al. 2015a). For shallow-water Arctic systems, this paradigm may be less pertinent, and
trophic studies should not neglect benthic sources.
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