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Abstract:

A central question in ecology is how environmental heterogeneity structures community
composition and trophic organization, and whether changes in physical conditions alter
energy pathways without changing overall network connectivity. Arctic food webs have
generally been quantified at broader spatial scales which must average spatial heterogeneity,
limiting the ability to quantify asymmetric ecosystem responses to climate- and
anthropogenic-driven change at local scales. Resolving entire food webs at finer spatial scales
is therefore essential to identify mechanisms linking environmental gradients to community,
composition, energy flow and trophic structure. Here, we use Qikigtait, Nunavut, Canada to
characterize a coastal Arctic marine food web by integrating biotracers, DNA metabarcoding,
community metrics, and network analysis across >110 species and >1200 samples, from
invertebrates to marine mammals. We identified consistent north—south gradients in
temperature, salinity, and primary production, with warmer, fresher, phytoplankton-
dominated waters in the south and colder, more saline conditions in the north. These
gradients were reflected consistently across community composition and trophic dynamics.
Northern food webs exhibited higher fish species richness and stronger reliance on ice-
derived carbon. Southern food webs were dominated by brittle stars and Arctic cod
(Boreogadus saida), with greater pelagic contributions to energy pathways. Spatial
differences in trophic position were most pronounced among sessile invertebrates,
echinoderms, and decapods, reflecting shifts in trophic roles. Although overall food web
connectance was similar across regions, species mediating energy flow north of the islands
were benthic, whereas both benthic and pelagic species were central in the south. These
results demonstrate that fine-scale environmental heterogeneity can reorganize energy
pathways and trophic roles without altering overall network structure. In the rapidly warming

Arctic, where sea ice loss and altered hydrology are increasing spatial heterogeneity, such



localized responses are likely to generate asymmetric ecosystem change. By resolving food
web structure in detail at one location, this study provides mechanistic insight into how
climate- and anthropogenic-driven change may propagate through Arctic marine ecosystems

and informs broader predictions of ecosystem reorganization.

1. Introduction

Food webs describe feeding relationships and how energy and nutrients are transferred in an
ecosystem, from primary producers to top predators (Lindeman, 1942; Smith & Smith, 2009).
Organisms in a food web can be grouped into trophospecies, sets of species with similar
predators and prey, that form functional units linked by energy flow and carbon sources
(Kortsch et al., 2015; Paine, 1980; Stouffer & Bascompte, 2011). The number and strength of
trophic links (i.e., topology) reflect both food web structure and function and are shaped by
numerous factors such as heterogeneity in environmental conditions, species richness,
productivity and resource availability, competition, and the balance of generalist and
specialist interactions throughout the ecosystem (Kortsch et al., 2019; Stouffer & Bascompte,
2011; Vander Zanden & Rasmussen, 1996). This balance is composed of both strong and
weak interactions, with generalist species typically contributing more weak links and
specialist species maintaining stronger links that depend on fewer prey species (Bartley et al.,
2019; Bascompte et al., 2005; Kortsch et al., 2015). Changes to these interaction strengths
can cascade through multiple trophic levels, altering community composition, predatory-prey
dynamics, and ecosystem stability (Emblemsvag et al., 2022; Frank et al., 2005; Paine, 1980;
Yurkowski et al., 2017). The structure (i.e., topology) and function (i.e., interaction strength)
of food webs are also shaped by their responses to environmental variation, wherein

anthropogenic processes such as climate change are altering species interactions and food



web structure across ecosystems globally (Bartley et al., 2019; Fossheim et al., 2015; Kortsch
etal., 2019; Tews et al., 2004; Ward et al., 2025).

Arctic marine ecosystems are warming nearly four times faster than the global
average, leading to declines in sea ice extent, thinner ice, longer ice-free seasons, and
increased pelagic primary production (Arrigo et al., 2008; Hoegh-Guldberg & Bruno, 2010;
Johannessen et al., 1999; Rantanen et al., 2022). These changes are causing changes in
environmental heterogeneity that drive shifts in species distributions, community
composition, and food web structure (Frainer et al., 2017; Kortsch et al., 2019). Loss of sea
ice has facilitated the expansion of temperate-associated generalist species into Arctic waters,
increasing omnivory and weakening formerly strong, specialized interactions (Fossheim et
al., 2015; Kortsch et al., 2015). For example, Emblemsvag et al. (2022) found that in the East
Greenland shelf ecosystem, atmospheric warming, sea ice loss, and variability in sea surface
conditions created suitable habitat for Atlantic cod (Gadus morhua). As a large,
opportunistic, generalist apex predator, the increasing dominance of cod has reorganized the
demersal fish community by reducing species richness, increasing predation on endemic
Arctic species, and disrupting specialized predator-prey interactions. These changing species
distributions are influencing interspecific interactions within Arctic systems and rerouting
energy and carbon flows, resulting in community-wide reorganizations and rewiring of the
Arctic food web (Bartley et al., 2019; Fossheim et al., 2015; Frainer et al., 2017).

A key feature of Arctic productivity is ice algae, which detaches from the underside
of the ice in spring and sinks to the seafloor, providing an early, nutrient-rich food source for
benthic communities (North et al., 2014; Renaud et al., 2007), in turn, supporting rapid
feeding and post-winter growth. Furthermore, ice algae may be preferentially consumed by
some benthic organisms over pelagic phytoplankton (McMahon et al., 2006; North et al.,

2014; Renaud et al., 2007). Although the spring melt delivers the primary influx of sympagic



carbon to the ecosystem, the benthic environment also serves as an ice algal carbon bank,
storing sympagic carbon in sediments throughout the year and providing an important carbon
source for benthic deposit feeders (Koch et al., 2023; Koch et al., 2020; McMahon et al.,
2006). Once incorporated by benthic primary consumers, sympagic carbon can be transferred
through the food web from benthic primary consumers to higher trophic levels, including
habitat coupling mobile consumers and marine mammals (Amiraux et al., 2023; Koch et al.,
2021; Yurkowski et al., 2020). As such, shifts in the phenology, quantity, or availability of
ice algae may influence the structure and function of Arctic food webs (Niemi et al., 2024).
In turn, these climate- and anthropogenic-driven shifts in the structure and function of Arctic
marine food webs affect Inuit communities and culture by altering the availability, nutritional
quality, and reliability of harvested species from invertebrates to marine mammals, disrupting
traditional harvesting practices and migration-based hunting, and increasing reliance on
costly market foods (Hoover et al., 2016; Little et al., 2020; Steiner et al., 2021).

Most food web studies in the Arctic have been conducted at broad spatial scales,
spanning entire seas or marine regions such as Lancaster Sound (Hobson & Welch, 1992), the
Beaufort Sea (Hoover et al., 2022), the Barents Sea (Kortsch et al., 2015) and Hudson Bay
(Hoover et al., 2013), typically aggregating data from coarse environmental gradients and
areas encompassing thousands of square kilometres (but see Kortsch et al., 2019, Jordan et
al., 2024 & Bridier et al., 2021). While valuable to detect regional abiotic-biotic patterns,
these broad geographic approaches can lack the resolution needed to capture ecological
responses across finer-scale environmental gradients or localized disturbances, such as
marine-terminating glaciers retreating to land, hydroelectric developments altering freshwater
inputs from individual rivers, and changes in sea ice formation and break-up that locally
modify stratification, primary production and benthic-pelagic coupling. Furthermore, Arctic

food webs are expected to shift as ice algae decline and pelagic production increases (Kedra



et al., 2015). Finer-scale studies that integrate multiple methods to track carbon sources and
trophic dynamics, while accounting for climate- and anthropogenic-driven environmental
heterogeneity, are therefore essential to identify trophic mechanisms most sensitive to
localized environmental perturbations, and to predict how these fine-scale responses will
propagate through energy flows and trophic interactions to reshape the broader food web
structure.

The proposed Qikiqtait study area of conservation interest, located around the Belcher
Islands in southeastern Hudson Bay, is an important harvesting area for the local community
of Sanikiluag, Nunavut (Figure 1). This system is a unique marine area characterized by
strong tidal mixing and relatively cold surface water temperatures, which increase nutrient
availability and productivity (Yurkowski et al., 2023). However, climate warming combined
with anthropogenically induced changes to freshwater inputs is generating fine-scale (tens to
hundreds of kilometres) spatial and temporal environmental heterogeneity between northern
and southern Belcher Islands (Eastwood et al., 2020; Heath, 2011; Yurkowski et al., 2023). In
particular, hydroelectric developments discharge significantly more freshwater during winter
months (Guzzi et al., 2024), resulting in delayed ice formation and strong stratification,
especially south of the Belcher Islands (Eastwood et al., 2020), conditions associated with
thinner, more variable ice. Consistent with this, ice algal biomass is greater north of the

islands (F. Ahmed, pers. comm.), and Inuit hunters in Sanikiluag describe sea ice as thinner

and less predictable (ELOKA Sanikiluag Sea Ice Project. accessed January 22, 2026),
Together, these changes can introduce variability in the timing, magnitude, and distribution
of ice-associated primary production and nutrient availability at local spatial scales (Niemi et
al., 2024). Therefore, these local contrasts provide an ideal system for understanding how
climate- and anthropogenic-driven changes in freshwater inputs and sea ice dynamics can

cascade through Arctic marine food webs. Despite increasing evidence of these changes in


http://eloka-arctic.org/communities/sanikiluaq/seaice_project.html

Arctic and sub-Arctic ecosystems, most of which has been documented at broad spatial scales
(e.g., Hudson Bay-wide; see Pierrejean et al., 2020 and Hoover et al., 2013), our
understanding of Arctic coastal community composition and food web dynamics remains
limited at the local environmental gradient level. Without this level of detail, it is challenging
to identify the underlying mechanisms (i.e., energy transfer, competitive interactions, and
benthic-pelagic coupling) that structure Arctic coastal ecosystems and to identify the specific
factors that could drive regime shifts (Fisher et al., 2015; Kortsch et al., 2019).

Here, our objective is to examine in depth a single Arctic coastal ecosystem to
demonstrate how fine-scale spatial and environmental heterogeneity can shape local
differences in food-web structure and function. Specifically, using Qikigtait, Nunavut as our
focal system, we quantify how spatial variation in environmental conditions (water
temperature, salinity, FDOM and chlorophyll a) structure (1) community composition, (2)
carbon source use (ice algae versus phytoplankton), (3) trophic roles, and (4) food web
structure across all major taxonomic groups including benthic and pelagic invertebrates, fish,
and marine mammals. We applied these metrics using a combination of stable isotopes,
highly branched isoprenoids, DNA metabarcoding of stomach contents, and metrics of
community composition, including diversity, biomass, and species richness. Carbon (5*°C)
and nitrogen (5*°N) stable isotope ratios have been widely applied in ecology to provide
insight into carbon sources and habitat use, as well as trophic position (Boecklen et al., 2011),
while highly branched isoprenoids have been extensively used across Arctic environments to
examine consumer use of ice algae and phytoplankton carbon sources (Brown & Belt, 2012;
Koch et al., 2023). EcoDiet is an R package (Hernvann et al., 2022) that combines stable
isotope and stomach content data in a Bayesian model to estimate the likelihood of trophic
links and the relative contributions of different prey to consumer diets, while accounting for

uncertainty (Hernvann et al., 2022). EcoDiet has been applied in temperate and tropical



marine ecosystems, including the Celtic Sea (Hernvann et al., 2020) and the Gulf of Mexico
(Chee et al., 2024), but this study is the first to use EcoDiet to examine food web structure in
Arctic marine environments. Narrowing the geographical scope enabled us to evaluate key
ecological processes that govern the structure and function of the larger marine food web
(i.e., energy pathways, trophic roles, community composition, and food-web structure) in
relation to localized environmental heterogeneity at a resolution not typically possible in
broader surveys. Furthermore, this study offers insights into the mechanisms structuring
Acrctic coastal ecosystems, which can be applied more broadly to predict ecosystem

vulnerability under climate-driven and anthropogenic change.

2. Methods

Sample collection

Invertebrate and fish sampling was conducted in southeastern Hudson Bay, around the
Belcher Islands, Nunavut, between approximately 80.38 to 78.14°W and from 55.5 to 57.5°N
(Error! Reference source not found.) in August 2023 aboard the RV William Kennedy at

nine stations located either north or south of the Belcher Islands.
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Figure 1. Map of stations sampled. North of the islands and south of the island are blue and
orange, respectively, for eastern Hudson Bay and Belcher Islands.



To collect larger zooplankton, a bongo net (two nets, 0.5-m diameter, 500-um mesh) was
towed obliquely at each station for 15 minutes at approximately 2 knots speed-over-ground.
The tow line was deployed at 2 m s to within 10 m of the seafloor and retrieved at 0.5 m s
Invertebrate and fish samples were sorted into the lowest taxonomic resolution possible and
frozen (-20°C). In total, 805 zooplankton individuals from the north and 985 from the south
were collected using the bongo net, including gelatinous zooplankton, chaetognaths,
euphausiids, mysids, amphipods, pteropods and some decapods. Benthic invertebrates and
fish were collected using a 3 m wide Hi-lift beam trawl, towed for 7-15 minutes at ~2 knots
speed-over-ground at each station. Over ~8,566 m? in the north, 1,641 benthic invertebrates
and 118 fish were collected, and over ~9,786 m?in the south, 3,390 benthic invertebrates and
99 fish were collected (Appendix S1). Benthic invertebrates collected include decapods,
amphipods, molluscs, echinoderms, and sessile invertebrates, and fish collected include
capelin (Mallotus villosus), sandlance (Ammodytes sp.), Arctic cod, sculpins (Triglops
murrayi, Icelus bicornus, Myoxocephalus aenaeus, Myoxocephalus quadricornis), blennies
(Anisarchus medius, Stichaeus punctatus, Leptoclinus maculatus, Lumpenus fabricii,
Eumesogrammus praecisus), snailfish (Liparis fabricii, Careproctus reinhardti), alligatorfish
(Aspidophoroides olrikii), poachers (Leptagonus decagonus), lumpsuckers (Eumicrotremus
derjugini), eelpouts (Lycodes polaris), and flatfish (Hippoglossoides platessoides).
Additional invertebrate and fish samples were collected during coastal sampling efforts using
a 1 m wide benthic sled (invertebrates) and gillnets (3-4 in) for pelagic fish. Marine mammal
samples, including muscle (ringed seals (Pusa hispida): n = 12; bearded seals (Erignathus
barbatus): n = 7), liver (beluga whales (Delphinapterus leucas): n = 20), and stomach (ringed
seals: n = 12) samples were collected in 2022 and 2023 from late April to June around the

Belcher Islands by Inuit hunters through subsistence harvesting and ongoing community-
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based monitoring programs in collaboration between the Sanikiluaq Hunter’s and Trapper’s
Association and Fisheries and Oceans Canada.

Fish and invertebrate samples were shipped to the Freshwater Institute, Fisheries and
Oceans Canada, in Winnipeg, Manitoba, where they were taxonomically identified, measured
(length and weight) and up to 20 samples per species and per region (north and south) were
selected with efforts made to ensure an even distribution across stations, and processed for
stable isotope and highly branched isoprenoid analysis. Muscle tissue was subsampled from
larger invertebrates, and smaller invertebrates were sampled whole or pooled by species
when individual organisms did not provide sufficient material, such as in chaetognaths, small
amphipods, and brittle stars. Fish and marine mammals were similarly subsampled for muscle
(stable isotopes), liver (highly branched isoprenoids), and stomach contents (fish stomachs
preserved in 95% ethanol). The isotopic half-life ranges from weeks to a month in Arctic
invertebrates and approximately 1-4 months in fish muscle (Kaufman et al., 2008; VVander
Zanden et al., 2015), aligning with the open-water season when captured. For migratory
species such as Arctic char (Salvelinus alpinus) and beluga whale, liver was used for stable
isotope analysis due to its faster isotopic turnover rate (~ several weeks), reflecting a more
recent diet (Vander Zanden et al., 2015) when foraging in marine waters around the Belcher
Islands. All subsamples were stored in cryovials, freeze-dried (-50°C) for 48-72 hours and

homogenized into a fine powder.

Hydrographic data

Hydrographic profiles were obtained using two identical Seabird 19plus V2 conductivity,
temperature, and depth (CTD) sondes, each equipped with Biospherical scalar
photosynthetically active radiation (PAR) sensors, Seabird SBE-43 dissolved oxygen sensors,

and WetLabs ECO triplet fluorometer sensors for fluorescent dissolved organic matter
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(FDOM) and relative chlorophyll a concentration (chl a), mounted on a rosette. The
environmental variables used in this include water temperature (°C), salinity, chl a (mg m™)
and FDOM (mg m®). To support the interpretation of biological patterns, hydrographic
variables were summarized for each station. Average values of the upper 25 metres of the
water column were calculated for water temperature, salinity, chl a, and FDOM. Regional
variation in these parameters were used to contextualize spatial patterns observed in the

biological data.

Community composition analysis
Community composition was assessed for the northern and southern sampling regions using
metrics of biomass (g m), species richness, and diversity, and calculated both across each
region as a whole, and within functional groups. Total biomass was calculated for each region
and functional group by summing the biomass of all fish and invertebrate taxa collected by
benthic beam trawl and normalizing to square meter units (g m2) using the total areas swept
by the trawl in each region. In cases where only a portion of a taxon’s sample was retained
for laboratory analysis (e.g., % of Ophiura brittle stars retained), biomass was corrected to
estimate the total biomass for that taxon.

Species richness was defined as the total number of distinct taxa identified in each
region and functional group, and community diversity was quantified using the Shannon

diversity index (H’; Shannon, 1948), calculated as:

S
H' = = pin ()
i=1
Where pi is the proportional biomass of species i, and S is the total number of species.
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Shannon’s inverse diversity index was used to estimate the effective number of species (D) in
each region and functional group. The resulting value represents the number of equally
abundant species required to produce the observed Shannon Diversity, also described as the

effective number of species (Hill, 1973; Jost, 2006):

Diversity metrics were calculated using biomass-based data, which reflects the available
energy in an ecosystem and emphasizes the contribution of larger or more ecologically

influential taxa (Bambach, 1993; Singh et al., 2025).

Highly branched isoprenoid analysis

Between 5 and 9 samples of muscle (from invertebrates) and liver (from fish and marine
mammals) were selected per species and per region with efforts made to achieve an even
distribution across stations, where available, for HBI analysis. Liver was analysed for fish
and marine mammals as it stores ~70% of the HBIs in the organism (Brown et al., 2013). In
cases where individual organisms did not yield sufficient material, such as in small
amphipods or the livers of small fish species such as blennies and sculpins, multiple
individuals of the same species and station were combined as a single sample. Ground
samples were extracted for HBIs following methods described in Belt et al. (2012), which
involve a series of hexane extractions and nitrogen drying steps. Briefly, an internal standard
was first added to allow later quantification. Samples were then saponified in a methanolic
potassium hydroxide solution, followed by three cycles of hexane addition, vortexing, and
centrifugation. The resulting supernatant was dried under a nitrogen (N) stream, resuspended

in hexane and fractionated by column chromatography to isolate non-polar lipid extracts
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containing HBIs. The purified, non-polar lipid extracts containing HBIs were then analysed
using gas chromatography-mass spectrometry (GC-MS) using a 7890B Gas Chromatograph
(Agilent) coupled to a 5977B Mass Selective Detector (Agilent) equipped with a Purged
Ultimate Union (Agilent) which facilitates pre-column backflush for analysis.

HBI profiles were used to calculate the H-print for each sample, representing the
proportion of phytoplankton-derived HBIs (111) relative to ice algae-derived HBIs (IP25 and

I1) (Brown & Belt, 2017):

111
YIPs + 11 + 111

H —print =

A higher H-print value indicates a greater reliance on phytoplankton-derived primary carbon
sources, whereas a low H-print indicated greater reliance on ice algae-derived primary carbon
sources (Brown & Belt, 2017).

H-print values were further used to estimate the proportion of ice algae-derived
primary organic carbon (iPOC%) using the equation below (Brown et al., 2018; Kohlbach et

al., 2019).

iPOC(%) = 101.8 — 1.02 * H — print

In this case, a higher iPOC% reflects greater primary consumption of ice algae-derived
primary carbon sources, while a lower iPOC% indicates greater primary consumption of
phytoplankton-derived primary carbon sources (Brown et al., 2018). To facilitate
interpretation, invertebrates and fish were categorized by taxonomic and foraging traits. Fish
were grouped into benthic and benthopelagic functional groups, while invertebrates were
categorized as decapods, amphipods, echinoderms, molluscs, sessile invertebrates, and

gelatinous zooplankton.
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Stable isotope analysis

In total, 1023 invertebrate (n = 578 north; n = 445 south), 177 fish (n = 108 north; n = 69
south), and 39 marine mammal samples were processed for stable isotope analysis which
included up to 20 samples of muscle (from invertebrates) and liver (from migratory species
like Arctic char and beluga whale) selected per species and per region, where available.
Samples for stable isotope analysis were lipid extracted using a 2:1 chloroform:methanol
solution, following a modified version of the Bligh and Dyer (1959) method. To prevent bias
introduced by inorganic carbon in 5'3C signatures, samples rich in calcium carbonate
(CaCO0a3), such as brittle stars, sea stars, basket stars, feather stars and small crabs sampled
whole, were split in half. One-half was acidified with 10% hydrochloric acid (HCI) until
effervescence (CO- release) ceased (Cloern et al., 2002; Fry, 1988). Acidified samples were
then rinsed three times with Mili-Q water, re-dried and homogenized. The other half
remained untreated to avoid acidification bias in §1°N values (Connolly & Schlacher, 2013;
Jacob et al., 2005). Of the invertebrate samples, 83 were acidified (n = 11 north; n = 72 south)
to remove inorganic carbon.

Homogenized samples were subsampled and analysed for 5!3C and §*°N. Powdered
material was weighed into tin capsules, with invertebrate samples ranging from 800-1000pug,
and fish and marine mammal muscle and liver samples from 400-600ug. Samples were
analysed at the Great Lakes Institute for Environmental Research at the University of
Windsor, in Windsor, Ontario using a Delta V Advantage Mass spectrometer (Thermo)
coupled to a Costech 4010 Elemental Combustion system and a ConFlo gas interface. Stable
isotopes are expressed in per mil (%o) using delta (8) notation as calculated using the

following equation:
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Rsample - Rstandard

6X = x 1000

Rstandard

Where X is 83C or §!°N and R is the ratio of heavy to light isotopes (*3C/*2C or 1°N/*N).
Isotope values are expressed relative to the ratio of international reference standards
(Rstandard), Which are Vienna PeeDee Belemnite (VPDB) and atmospheric nitrogen (AIR) for
carbon and nitrogen, respectively. Values greater than the standard yield positive & values and
values below the standard yield negative & values (Kelly, 2000).

Precision was assessed by the standard deviation of replicate analyses of four
standards. NIST1577c, internal lab standard (tilapia muscle), USGS 40 and Urea (n=12 for
all) measured <0.20%o for both 31°N and §'°C for all the standards. The accuracy, based on
the certified values of USGS 40 (n = 12 for both §*°N and §!3C) analysed through runs and
not used to normalize samples showed a difference of 0.01%o for 5:°N and 0.07%o for 5!3C
from the certified value. Instrumentation accuracy was verified throughout the analysis using
NIST standards 8573, 8547 and 8574 for 8'°N and 8542, 8573 and 8574 for §'C (n = 10 for
all). The mean difference from the certified values were 0.16, 0.00 and -0.17%o for §'°N and -

0.21,0.21 and 0.18%o for 8*°C.

Stomach content analysis

Stomach content analysis was completed on fish and ringed seal stomachs following the
methodology outlined in Darcy et al. (2024), with additional sterilization steps to minimize
the risk of cross-contamination between samples. A subset of stomach contents was initially
analysed visually. Prey items were identified to the lowest possible taxonomic resolution
using field guides (Coad & Reist, 2016; Darcy et al., 2024; Lacasse et al., 2020; Nozéres et

al., 2014), online photos of species, and dichotomous keys (Klekowski & Westawski, 1991),
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enumerated, and weighed. This method enabled quantification of prey that are more resistant
to digestion and thus more likely to be identifiable, such as hard-bodied prey like crustaceans.
In contrast, soft-bodied (e.g., worms and jellyfish) and undeveloped, immature prey, are more
challenging to identify due to their rapid degradation during digestion and undeveloped
morphological features (Carreon-Martinez et al., 2011; Sakaguchi et al., 2017). To overcome
these limitations and detect a broader range of dietary items, a DNA metabarcoding approach
was used to characterize stomach contents at a finer taxonomic resolution.

For DNA analysis, stomach contents were dried, ground, and homogenized. A
subsample of 15 mg, or as much material as was available, of homogenized material per
stomach was used for DNA extraction. Extractions were performed using the QIAGEN
DNeasy Blood & Tissue extraction kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s protocol, with an additional step in which 4 pl of RNase A (100 mg/ml) was
added to each sample and incubated for 2 minutes at room temperature after the lysis stage.
Extracted DNA was quantified and normalized to approximately 20 ng pl™* where possible.
Where sample yields were low, extractions were retained at their original concentration.
Samples were then sent to Genome Quebec’s Centre d’expertise et de services (Montreal,
Quebec, Canada) for DNA metabarcoding.

Metabarcoding was performed using the mICOlintF / jgHCO2198 primer pair
targeting the mitochondrial COI gene region (Leray et al., 2013). These primers were
originally developed for broad metazoan diversity using barcode libraries derived from
marine invertebrates and fish associated with coral reef ecosystems but have since shown
success across diverse marine species and regions (Leray et al., 2013; Sevellec et al., 2024,
Geilings et al., 2021). Amplicon libraries were prepared using standard protocols for lllumina

NextSeq PE300 sequencing (~10M reads +/- 1 reads per run). Bioinformatics processing was
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conducted by the Canadian Centre for Computational Genomics (C3G) at McGill University,
Montreal, Quebec.

Sequencing data was analysed for variants using C3G’s GenPipes ampliconseq
pipeline (Bourgey et al., 2019) using the DADAZ2 sequencing steps to recover single-
nucleotide resolved Amplicon Sequence Variants (ASVs) from amplicon data (Callahan et
al., 2016). Lastly, taxonomic assignments to the resulting ASVs were made with a naive
Bayesian classifier trained on the CO1Classifier reference database

(https://github.com/terrimporter/CO1Classifier), which contains over 2,000,000 COI

sequences from 236,247 taxa, including 185,389 species, compiled from major public
barcode repositories with wide geographic ranges (i.e., GenBank and BOLD; Porter, 2017;
Porter & Hajibabaei, 2018). To ensure coverage, the reference database was cross-checked
against species captured in trawls around the Belcher Islands, and all species were
represented, although some barcodes showed evidence of possible regional variation. ASVs
with less than five reads were removed on a sample-by-sample basis.

Themisto libellula was the only species identified in the stomachs visually but
appeared underrepresented in the metabarcoding results, even to genus and family taxonomic
levels. This was likely due to high genetic variability within the genus, including the presence
of cryptic species, which may hinder accurate taxonomic assignment (Tempestini et al.,
2017). To address this, data from visual stomach content analysis were used to complement

the metabarcoding results and confirm Themisto presence in relevant samples.

Trophic position analysis
Trophic positions of consumers around the Belcher Islands were estimated using a one-source
model based on §'°N values, following Post (2002). This method estimated trophic position

using 8*°N values relative to a baseline primary consumer, where one can apply group-
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specific trophic discrimination factors (TDFs) to account for physiological and tissue-specific
isotopic fractionation (Hussey et al., 2014). Therefore, a scaled trophic position estimation
approach was used since tissue discrimination factors (TDF) of consumers typically decrease

with increasing prey 5'°N values up the food web (Hussey et al., 2014).

615Nconsumer - 615Nbaseline
TPconsumer = TPbaseline + TDF

Where TPconsumer IS the trophic position of the consumer, TPhaseline iS the trophic position of
the baseline organism, 5°Nconsumer and 3*°Nbaseline are the nitrogen isotope values (%o) of the
consumer and baseline, respectively, and TDF is the group-specific trophic discrimination
factor (%o). The primary baseline for most consumers was an average of several bivalve
genera (e.g., Ciliatocardium, Macoma, Hiatella, Ennucula, Chlamys and Mytilus), with a
mean 8°N value of 7.72%o and were assigned a trophic position of 2. Bivalves consume
microalgae, organic matter and detritus and are therefore appropriate representatives of
primary consumers in this system. For ringed seals, bearded seals, and beluga whales with a
primarily piscivorous diet at the time of sampling, we used Arctic cod as the baseline, with a
mean 5°N value of 14.96%o and a mean estimated TP of 3.97. This reflects the known
importance of Arctic cod in the diets of these predators (Matley et al., 2015; Watt &
Ferguson, 2015; Young et al., 2010), and accounts for TDF variability in consumers relative
to prey 5'°N (Hesslein et al., 1991).

A diet-tissue discrimination factor of 3.40%. was used for invertebrates (Minagawa &
Wada, 1984; Post, 2002). For fish, TDFs of 3.67%o. and 2.80%. were used for muscle and
Arctic char liver, respectively (Canseco et al., 2022; Caut et al., 2009; McCutchan et al.,

2003). The muscle and liver diet discrimination factors used to estimate trophic position of
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marine mammals were 2.4%o and 3.1%o for ringed and bearded seal muscle, and beluga whale

liver, respectively (Caut et al., 2009; Hobson et al., 1996; McCutchan et al., 2003).

Food web modelling

The EcoDiet statistical model was applied to integrate stable isotope data with
presence/absence data from visual and metabarcoding analyses of stomach contents. The R
package EcoDiet version 2.0.1 uses a Bayesian approach to estimate both the probability of
trophic links and diet proportions of each consumer or consumer group (Hernvann et al.,
2022). Uniform priors were used where stomach content data updated the prior information
on food web topology and stable isotope data updated the prior information on diet
proportion. The model runs in JAGS and uses Monte Carlo Markov Chain sampling to
generate posterior distributions (Hernvann et al., 2022). Only a single set of trophic
discrimination factors could be applied within EcoDiet for all species, and we therefore chose
3.4%o for *°N and 0.8%. for 6*3C based on these values being commonly applied in stable
isotope ecological literature and representing averages across numerous taxa (Minagawa &
Wada, 1984; Post, 2002). To ensure sufficient sample sizes for EcoDiet modelling, fish taxa
were aggregated to the family level or to broader classifications where metabarcoding did not
allow resolution to family, while invertebrates were grouped at the order level or higher
depending on taxonomic resolution. Data were grouped in this way because the dataset
comprised a manageable number of fish families with adequate sample representation for the
model, whereas prey diversity was much higher, and grouping them below order would have
resulted in too many categories with limited data and singularities. To support the north-south
comparison, migratory species such as Arctic char and marine mammals were excluded from
the analysis because of their high mobility and ability to travel between northern and southern

parts of the Belcher Islands.
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The igraph version 2.1.4 and NetIndices version 1.4.4.1 packages in R were used to
calculate a suite of structural food web metrics, including taxa richness, number of trophic
links, average link density, connectance, in-degree, out-degree and betweenness (see Table 1
for definitions). Taxonomic richness, number of trophic links, link density and connectance
were calculated at the network level, while out-degree, in-degree and betweenness were

calculated for consumer nodes.

Statistical analysis

All statistical analyses were conducted using Bayesian models in the brms version
2.22.0 package in R, with model outputs explored using the tidybayes version 3.0.7 and
bayestestR version 0.15.2 packages. A Bayesian generalized linear model with a beta-
distributed error was used to evaluate differences in ice algae reliance across functional
groups within each study region, and a Bayesian multiple linear regression assuming
normality was applied to assess both variation in trophic positions and regional differences in
environmental parameters. For all models, several random effect structures were tested, and
model performance was compared using Leave-One-Out Cross-Validation (LOO-CV) to
identify the best-fitting model using the loo version 2.8.0 package in R. The final models for
ice algae reliance and trophic positions included Genus as a random effect to account for
repeated measures and uneven sample sizes across taxa. Where organisms could not be
identified to the genus level, broader taxonomic assignments (e.g., family) were used instead;
such cases were rare and represented distinct genera from those successfully identified to
genus. Similarly, the models assessing differences in environmental parameters included
station as a random effect to account for spatial variability and repeated measures at each
station. Model results were interpreted using posterior probability distributions, focusing on

the probability and direction (pd) and the 95% credible interval (Cl) of regional differences
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within each functional group or environmental parameter. All analyses were conducted in R

version 4.3.0 (R Core Team 2023).

3. Results

Hydrographic data

Hydrographic parameters varied between study sites at the time of sampling. Within the
upper 25 m of the water column, stations north of the Belcher Islands exhibited lower average
water temperatures compared to those in the south (6.01 £ 1.49 °C vs. 7.81 £ 3.02 °C).
Concentrations of chlorophyll a (3.94 + 0.69 mg m= vs. 4.68 + 1.63 mg m?) and FDOM
(10.90 + 0.69 mg m vs. 15.29 + 1.70 mg m3) were also lower in northern stations versus
those in the south. In contrast, average salinity was higher at the northern stations relative to
the southern stations (27.84 + 0.34 vs 26.51 + 1.26; Table 2). Bayesian multiple linear
regression assuming normality, accounting for variation between sample stations, further
supported these patterns, providing strong posterior support for higher FDOM (pd = 1.00, CI
= 3.02 - 6.58) and chlorophyll a concentrations (pd = 0.92, Cl = -0.34 — 1.54) south of the
islands. In addition, there was strong support for warmer water temperatures (pd = 0.91, Cl =

-1.00 —4.38) and lower salinity (pd = 0.98, CI = -2.79 — -0.15) south of the islands (Figure 2).
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Figure 2. Posterior distributions of estimated differences in environmental variables (South —
North) from Bayesian multiple linear regression models assuming normality, with station as a
random effect. Points show the posterior mean, thick bars the 50% credible intervals, and thin
bars the 95% credible intervals. Positive values indicate higher measurements in the southern
region. FDOM denotes fluorescent dissolved organic matter.
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Community composition

Among the fish, species richness was higher north of the islands compared to the south (21
vs. 9 species, respectively); however, total fish biomass per square metre was greater in the
south (0.26 g m™) than in the north (0.09 g m). In contrast, invertebrate species richness was
equivalent between regions, with 50 species observed in both the north and the south.
Similarly, invertebrate biomass per square metre was comparable between regions (0.38 g m
in the north vs. 0.32 g m in the south; Table 3).

Based on biomass data (available energy), diversity was similar between regions (H’
= 2.63 in the north vs. 2.47 in the south), which is roughly equivalent to 14 equally common,
or effective, species in the north and 12 in the south. Of the functional groups, the highest
diversity north of the islands occurred in benthic fish and decapods (H” = 1.94 and 1.85,
respectively), equivalent to effective species numbers of approximately 7 and 6. South of the
islands, the highest diversity occurred in amphipods and decapods (1.98 and 1.81,

respectively), corresponding to effective species numbers of 7 and 6 (Table 3; Figure 3).
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Figure 3. Inverse Shannon’s Diversity and species richness by functional groups and region,
where bars represent the effective number of species (e'!) and the points represent observed
species richness (S). Blue denotes the northern region and orange denotes the southern

region.
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Ice algae reliance across functional groups

The highest overall ice algae reliance (iPOC%) by a species occurred in bearded seals
(73.43% + 7.55%), followed by benthic fish (68.36% + 25.48%). The overall lowest ice algae
reliance was found in euphausiids (13.09% * 2.75%), beluga whales (15.59% + 3.78%), and
amphipods (22.44% + 9.81%). Regionally, benthic fish and sessile invertebrates had the
highest iPOC% values in the north (74.92% + 22.91% and 53.35% + 14.53%, respectively),
while in the south, benthic fish and benthopelagic fish had the highest iPOC% (56.36% +
29.25% and 48.05% = 38.31%, respectively).

Strong posterior support for lower iPOC% in the south compared to the north was
found in benthopelagic fish (pd = 0.97; Cl =-1.92 — 0.05), decapods (pd = 0.98, Cl = -1.05 -
-0.03), molluscs (pd = 0.95, Cl = -2.43 - 0.17), and sessile invertebrates (pd = 0.90, CI = -
2.57 — 0.45). Moderate posterior support for higher iPOC% in the south was found in
gelatinous zooplankton (pd = 0.79, CI = -1.06 — 2.83) and low posterior support for regional
differences were observed in echinoderms (pd = 0.63, Cl = -0.73 — 0.53), benthic fish (pd =
0.57, Cl = -1.45 - 1.29) and amphipods (pd = 0.45, Cl = -0.94 — 0.45) (Table 4; Figure 4). Ice
algae reliance varied among marine mammal species, wherein bearded seals exhibited the
highest overall average iPOC% (73.43 + 7.55%, n = 7), followed by ringed seals (64.69 +

6.44%, n = 12), and beluga whales had the lowest (15.59 + 3.78%, n = 20).

26



Benthopelagic fish - ————— — '
i
. e
Benthic fish ———— i
=N

Molluscs A @ & j
Sessile invertebrates - & @ 2 :
Decapods e — e
i

Amphipods 4 ————— s TR
i
]

Echinoderms e e

Gelatinous zooplankton - o>
0.00 0.25 0.50 0.75 2.5 0.0 25 5.0

Estimated iPOC proportion

Region == North - South

Estimated Difference (South - North)

Figure 4. Posterior distributions of estimated iPOC (sea-ice derived primary organic carbon)
proportions for each functional group by region (A) and posterior distributions of regional
differences in estimated iPOC proportions (South — North) by functional group (B). A:
Distributions represent posterior estimates from a Bayesian generalized linear model with a
beta distributed error, grouped by functional group and region (North = blue, South =
orange). Densities reflect the uncertainty in estimated mean iPOC for each group, with black
lines indicating 80% and 95% credible intervals, respectively, and points representing
median. B: Half-eye plots represent the posterior median (point), 50% (thick line), and 95%
(thin line) credible intervals. Values are derived from a Bayesian generalized linear model
with a beta distributed error with a genus-level random effect. Positive values indicate higher

iIPOC estimates in the South compared to the North.
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Trophic positions

Overall, beluga whales exhibited the highest average trophic position (TP = 4.28 + 0.17: 5'°N
=15.91 + 0.54; n = 20), followed by ringed seals (TP = 3.91 + 0.34; 5!°N = 14.81 + 0.80; n =
12), and bearded seals (TP = 3.89 + 0.27; 5!°N = 14.76 + 0.66; n = 7). Regionally specific
and among fishes and invertebrates, benthopelagic fish occupied the highest trophic positions
in both regions (3.75 £ 0.41 north; 3.87 + 0.48 south), followed by benthic fish (3.57 £ 0.38
north; 3.64 + 0.29 south), and chaetognaths (3.39 + 0.05 north; 3.39 + 0.18 south).

Strong posterior support for higher trophic positions in functional groups south of the
Belcher Islands was found for sessile invertebrates (pd = 1, Cl = 0.37 — 1.12), decapods (pd =
1, ClI =0.11 - 0.23), and echinoderms (pd = 0.95, Cl = -0.02 — 0.29). Conversely, there was
strong support for lower trophic positions for gelatinous zooplankton south of the islands (pd
=0.99, Cl =-0.54 — -0.04). Moderate posterior support for higher trophic positions in the
south was observed in benthic fish (pd = 0.78, Cl =-0.08 — 0.19) and molluscs (pd = 0.87, ClI
=-0.12 — 0.44) and for lower trophic positions in the south in amphipods (pd = 0.85, Cl = -
0.15 - 0.04) and mysids and euphausiids (pd = 0.88, Cl = -0.42 — 0.10). Lastly, there was
lower posterior support for regional differences in benthopelagic fish (pd = 0.57, Cl =-0.19 —

0.21) and chaetognaths (pd = 0.51, Cl =-0.25 — 0.27) (Figure 5; Table 5).
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Figure 5. Posterior distributions of estimated trophic positions for each functional group by
region (A) and posterior distributions of regional differences in estimated trophic positions

Region == North -= South
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(South — North) by functional group (B). A: Distributions represent posterior estimates from a
Bayesian multiple linear regression model assuming normality, grouped by functional group

and region (North = blue, South = orange). Densities reflect the uncertainty in estimated
mean trophic position for each group, with black lines indicating 80% and 95% credible
intervals, respectively and points representing median. B: Half-eye plots represent the

posterior median (point), 50% (thick line), and 95% (thin line) credible intervals. VValues are
derived from a Bayesian multiple linear regression model assuming normality, with a genus-

level random effect. Positive values indicate higher trophic position estimates in the South

compared to the North.
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Network properties

Food web structure and key taxa differed between regions north and south of the Belcher
Islands in that taxa richness, number of trophic links and average link density were all greater
in the food web north of the Belcher Islands (61, 151 and 2.48, respectively), compared to the
food web south of the islands (47, 86 and 1.83). Despite these differences, connectance was
identical within each region (0.04). North of the islands, Stichaeidae (blennies) and Cottidae
(sculpins) exhibited the highest in-degree values (number of prey), feeding on 45 and 36 taxa,
respectively. In the south, Stichaeidae and Gadidae (cod) had the highest number of prey
items (28 and 25, respectively). For out-degree, Agonidae (poachers) and Cottidae were the
most frequently consumed consumer taxa in the north (each in 6 predators’ diets), while
Cottidae had the highest out-degree in the south (appearing in 4 predator species' stomachs).
Betweenness centrality was highest for Cottidae and Stichaeidae in the north (205 and 166),
and Gadidae and Stichaeidae had the highest betweenness values in the south (72 and 66;
Table 6). Food web network diagrams were constructed from EcoDiet posterior link
probabilities, with link thickness scaled to reflect interaction strength (Figure 6). In both
regions, benthic and benthopelagic fish families (i.e., Cottidae, Liparidae (snailfish),
Gadidae) occupied central positions within the food web. The northern network exhibited
stronger trophic links than the southern network. Regional differences in taxa were also
evident: Osmeridae (capelin) appeared as both a prey and a consumer in the north but was
absent in the south. Similarly, although Salmonidae were not included as predators due to
their high motility, salmonid DNA was detected in the stomach contents of northern
consumers (i.e., Cottidae, Liparidae, Osmeridae and Stichaeidae) but not in the south. Lastly,
DNA from birds, dinoflagellates, diatoms, and algae were detected in fish stomachs in both

regions, highlighting unexpected or incidental feeding interactions.
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Figure 6. Trophic network plots for the networks north (A) and south (B) of the Belcher
Islands based on EcoDiet outputs. Nodes represent taxa, with large labelled nodes indicating
fish species and smaller coloured nodes representing prey taxa, coloured by phylum. The x-
axis reflects relative 613C values and the y-axis reflects relative trophic position. Directed
edges (arrows) represent predicted trophic links, with line thickness scaled to the probability
of interaction.
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4. Discussion

This study provides what is among the most comprehensive characterizations of benthic
community composition, carbon flow, trophic structure, and food web organization in the
Arctic, regardless of area coverage. By focusing in-depth at localized spatial scale (~100 km),
our work adds important spatial context with localized environmental heterogeneity,
including trophic and community dynamics, for other explorations of Arctic food webs that
tend to cover more spatially extensive regions. Clear regional contrasts emerged, with
pronounced differences in interspecific interactions and trophic dynamics structured by fine-
scale environmental heterogeneity, revealing patterns that would have been averaged or
obscured had the system been treated as a single, homogenous area. North of the Belcher
Islands, waters were cooler, saltier, with lower relative chlorophyll a, higher benthic fish
richness, and greater invertebrate biomass (dominated by shrimp). In contrast, the south was
more influenced by freshwater inputs, with a greater standing stock of pelagic chlorophyll a,
and dominance by brittle stars and Arctic cod. The highest sympagic (ice algae-derived)
carbon reliance was observed in bearded seals and benthic fish, and organisms in the north
relied on relatively more sympagic carbon, particularly benthopelagic fish, sessile
invertebrates, molluscs and decapods. Highest trophic positions occurred in beluga whales,
ringed seals, and bearded seals, while sessile invertebrates, decapods, and echinoderms held
higher trophic positions in the south. Food web analysis showed more benthically centred
connector species in the north and mixed benthic-pelagic connectors in the south, suggesting
distinct but stable food web structures shaped by local environmental heterogeneity north and

south of the islands.

Environmental context
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Environmental conditions differed in the upper 25 m of the water column between the north
and south regions of the Belcher Islands. South of the islands, higher FDOM and water
temperatures, along with lower salinity, reflect a stronger freshwater influence. These
differences are consistent with the influence of freshwater inputs to the south of the islands
(Eastwood et al., 2020), originating in part from James Bay and the La Grande River in
Quebec, which has experienced extensive hydroelectric developments and variable
freshwater outputs throughout the year (Guéguen et al., 2011; Guzzi et al., 2024). In contrast,
higher salinity and colder water temperatures north of the islands, together with greater ice
algae biomass (F. Ahmed, pers. comm.), are consistent with a more classically Arctic-derived
system relative to the freshwater-influenced system in the south, which may experience more
variable ice conditions and less predictable primary production regimes (Arrigo et al., 2008).
Together, this fine-scale environmental heterogeneity sets the stage and supports the observed
variation in carbon pathways, community structure, and trophic interactions across regions,

discussed in more detail below.

Benthic community composition

Regional differences in community composition around the Belcher Islands likely reflect
underlying spatial variation in resource availability and physical habitat structure. Although
invertebrate biomass and species richness were similar between regions, the north supported
higher fish species richness and abundance-based diversity. This is consistent with its cooler,
more saline waters and greater ice algae biomass (F. Ahmed, pers. comm.), that may favour
more species-rich benthic fish assemblages and benthic-associated taxa such as shrimp
(Argis, Eualus) and stalked tunicates (Boltenia), which dominated both numerically and in
biomass. In contrast, south of the islands supported higher fish biomass (driven by Arctic

cod), benthic invertebrate communities dominated by brittle stars (Ophiurida spp.), and
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greater bivalve richness. Brittle star-dominated communities are common in Arctic marine
ecosystems and globally (Gage, 2004; Volage et al., 2021), where brittle stars can contribute
>50% of epibenthic biomass, and can reach densities up to 500 per m (Piepenburg &
Schmid, 1996, 1997). Brittle stars can occupy a wide range of substrates and, although often
classified as suspension feeders, they are also known to be opportunistic generalist
suspension feeders, with the ability to also capture and consume small prey (Volage et al.,
2021; Warner et al., 1982; Yokoyama & Amaral, 2008). Through suspension-feeding, brittle
stars can enhance bentho-pelagic coupling, capturing nutrients from the water column and
recycling them to the seafloor (Ambrose et al., 2001; Blicher & Sejr, 2011; Dinevik et al.,
2025). Lastly, despite their low caloric value, brittle stars are common prey of crabs and
fishes, as seen in the stomach of a snailfish south of the Belcher Islands (Burukovsky et al.,
2021; Hussy et al., 2016), consistent with their prominence in the south, where benthic fish
richness and thus predation pressure was lower.

In contrast, abundance and biomass north of the islands were dominated by shrimp,
where multiple shrimp species co-occurred in the region, likely facilitated by specialized
feeding behaviours. For example, Eualus targets pelagic prey such as copepods,
Spirontocaris and Lebbeus feed on benthic invertebrates such as hydrozoans and
foraminiferans, and Pandalus forages on diatoms, zooplankton, and other invertebrates
(Birkely & Gullinksen, 2003; Yunda-Guarin et al., 2025). Shrimp are also known to be
sensitive to environmental changes, particularly during early developmental stages (Storm &
Pedersen, 2003). Their higher abundance in the north may reflect more stable temperature
regimes and salinity gradients compared to environmental shifts observed in the south,
however, these relationships may shift with continued climate change. The high abundance of
shrimp north of the islands may serve as an important resource for higher trophic levels, as

shrimp are documented as key prey for marine mammals such as bearded seals and beluga
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whales (Finley & Evans, 1983; Quakenbush et al., 2015). Further, north of the islands, shrimp
were found in the stomachs of multiple fish groups including alligatorfish, cod, flatfish,
sculpins, and blennies, whereas south of the islands, they were only detected in cod stomachs.
The overall biomass north of the islands was also dominated by stalked tunicates. These
tunicates are not typically foraged on, but are known to form biogenic habitats (Francis et al.,
2014), increasing structural complexity and heterogeneity in an environment, providing
shelter, and altering hydrodynamic conditions. Off the east coast of Canada, stalked tunicate
beds are associated with higher abundances of brachiopods and sessile cnidarians and provide
shelter for larger mobile species such as fish and crabs (Francis et al., 2014). These beds
likely play a similar role in Qikigtait.

Fish assemblages also reflected spatial contrasts, with species richness considerably
higher in the north (21) than in the south (9). Multiple species of benthic fish were found in
the north but not the south, including fourline snakeblennies, eelpouts, flatfish, lumpsuckers,
and sculpins, which are all species that feed largely on benthic prey like worms and
crustaceans (Coad & Reist, 2016). Greater ice algae biomass north of the islands may
contribute to this pattern by supporting benthic communities that benefit from an early, high-
quality carbon input in spring, promoting post-winter growth and reproduction and sustaining
a richer benthic prey base from higher trophic levels like fish (Niemi et al., 2024; Amiraux et
al., 2022). Fish biomass was higher in the south, driven by the dominance of Arctic cod.
Stomach content analysis showed that cod primarily foraged pelagically and consumed
calanoid copepods, Themisto amphipods, and chaetognaths, consistent with previous studies
(Maes et al., 2022; Majewski et al., 2016; Walkusz et al., 2013; Walkusz et al., 2011). Arctic
cod are also an important prey resource for marine mammal predators such as beluga whales,

ringed seals, and bearded seals (Matley et al., 2015; Quakenbush et al., 2015; Young et al.,
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2010), and in fish such as Arctic char (Harwood et al., 2015; Ulrich & Tallman, 2021;
Yurkowski et al., 2018).

Compositional differences in abundance and biomass were reflected in patterns of
diversity north and south of the islands. Biomass-based metrics emphasize the contribution of
larger taxa and reflect available energy in an ecosystem (Bambach, 1993; Singh et al., 2025).
Biomass-based diversity was similar between regions, suggesting that the overall availability
of biomass for resource use remained comparable. However, when functional groups were
analysed independently, clear regional differences emerged. Among the fish, the greatest
diversity was found in benthic fish north of the islands (species richness = 19; effective
number of species = 7), where these fish also relied more heavily on ice algae carbon sources.
As secondary and tertiary consumers, this pattern is consistent with greater ice algae biomass
in the north likely supporting a richer benthic prey base. Among invertebrates, decapods and
amphipods exhibited the highest species richness and effective number of species across both
regions. Despite substantially higher decapod biomass north of the islands, the effective
number of species was similar between regions, reflecting comparable evenness among
dominant taxa. This pattern is consistent with size-spectrum theory, which predicts relatively
stable energy partitioning across trophic or size classes despite shifts in total biomass
(Boudreau & Dickie, 1992). In contrast, amphipods showed similar species richness across
regions (north = 11; south = 13), but nearly twice the biomass and effective number of
species in the south (= 7) compared with the north (= 4). In both regions, the biomass of
benthic amphipods was dominated by two species, Acanthostepheia malmgreni and Anonyx
nugax; however, their stronger dominance in the north, where they comprised 67% of the
total amphipod biomass, compared to 48% in the south, skewed evenness and resulted in a

lower effective number of species in the north.
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Temperature, salinity, and productivity are widely acknowledged drivers of
community composition in Arctic marine systems (Cusson et al., 2007; Macpherson, 2002;
Pierrejean et al., 2020). Pierrejean et al. (2020) identified salinity and surface-water
particulate organic carbon content as primary drivers of community composition throughout
Hudson Bay. Sediment type and benthic topography can also drive variation in benthic
community structure (Dewenter et al., 2023; Kraan et al., 2010), and data on benthic habitat
features remain sparse at fine scales in the Canadian Arctic (Cusson et al., 2007; Pierrejean et
al., 2020). Biological structures may also contribute to habitat heterogeneity, where the high
biomass of the stalked tunicate Boltenia ovifera north of the islands may support the more
diverse benthic assemblages observed. Species-specific traits further influence their
distributions, where responses to environmental gradients may vary taxonomically (Ehrman
etal., 2022; Loreau & de Mazancourt, 2013; Saeedi et al., 2022). For example, predictors of
community composition differ across taxonomic groups, such as silicate levels for brittle
stars and light availability for cephalopods like squid (Saeedi et al., 2022). South of the
Belcher Islands, the high abundance of brittle stars might be related to their tendency to
aggregate in large groups and form dense patches, as a large portions were collected from a
single station. These nuances emphasize the need to assess diversity and species assemblages
at finer spatial resolutions to identify underlying regional drivers of community composition

in Arctic ecosystems (Michel et al., 2012; Willis & Whittaker, 2002).

Spatial variation in ice algae reliance across functional groups

Ice algal reliance (iPOC%) was highest overall in bearded seals (73.4% + 7.6%), consistent
with their benthic foraging habits (Pauly et al., 1998), wherein adult bearded seals use
specialized vibrissae (whiskers) to detect benthic prey (Young et al., 2010). Regionally,

benthic fish exhibited the highest proportions of sympagic carbon in both areas (north: 74.9%
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+ 22.9%; south: 56.4% + 29.3%), reflecting foraging on benthic invertebrates (annelids,
arthropods, and molluscs) and other benthic fishes.

Ice algal reliance was consistently lower south of the islands among primary
consumers, including molluscs, sessile invertebrates, and decapods. The mollusc (primarily
Chlamys islandica) and sessile invertebrate (sponges, tunicates, and anemones) species used
here are mainly epibenthic suspension feeders, filtering phytoplankton, detritus, and other
particles from the water column, though anemones are more opportunistic, also consuming
small invertebrates and zooplankton (Crawford, 1992; Shick, 1991; Yahel et al., 2007).
Decapods (i.e., composed of primarily shrimp in this study) are benthic and epibenthic
foragers that feed on diatoms, zooplankton, and other invertebrates (Yunda-Guarin et al.,
2025). The largest regional difference within this species group was observed in parrot
shrimp (Spirontocaris spinus), with individuals north of the islands showing ice algal reliance
values of >40%, compared to <25% in the south, potentially driving the overall regional
pattern. Because suspension feeders like molluscs and sessile invertebrates primarily reflect
the availability of carbon sources in the water column (Gili & Coma, 1998), their diets in the
north likely reflect greater ice algae availability, whereas benthic and epibenthic foragers like
decapods may reflect both resource availability and dietary choice, as some invertebrates are
capable of selectively feeding on the more nutritious ice algae—derived resources when
present (McMahon et al., 2006).

Once incorporated by benthic primary consumers, sympagic carbon can be transferred
through the food web to higher trophic levels, including mobile consumers and marine
mammals (Amiraux et al 2023; Koch et al., 2021, Yurkowski et al, 2020). Mobile,
opportunistic species such as ringed seals and benthopelagic fish can act as habitat couplers,
feeding across benthic and pelagic systems and facilitating energy transfer between

sympagic, pelagic (phytoplankton-derived), and benthic (macroalgae) resource channels. Ice
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algal reliance patterns in benthopelagic fish (primarily Arctic cod) mirrored those of
decapods, with higher values in the north. Stomach content analysis showed that, while
Arctic cod in both areas fed on a range of both pelagic and benthic invertebrates, the Arctic
cod north of the islands consumed more shrimp and benthic fish compared to those in the
south, potentially contributing to their greater ice algal reliance via benthic foraging. This is
further consistent with the northern benthic biomass being dominated by shrimp.

Overall, our results suggest that carbon from ice algae plays a more prominent role
through the food web north of the Belcher Islands than in the south. Ongoing climate change
is altering the dynamics of ice algae production and availability (Arrigo et al., 2008; Frainer
etal., 2017; Ji et al., 2013; Kahru et al., 2016) and rising Arctic temperatures are leading to
reduced sea ice coverage, age, and thickness, resulting in increased light penetration and
enhanced phytoplankton production (Comiso, 2012; Johannessen et al., 1999). These changes
favour generalist fish species with broad diets and greater mobility (Fossheim et al., 2015;
Kortsch et al., 2015; Sunday et al., 2015). Comparatively, more specialized organisms may
be at a greater risk due to narrower dietary niches and less dietary flexibility (Fossheim et al.,
2015; Frainer et al., 2017). In the Barents Sea, for example, Cautain et al. (2022) found that
the proportion of sympagic carbon in the tissues of megafauna was highly correlated (r? =
0.754) with sea ice duration. As such, shifts in the timing, quantity or availability of ice algae
may influence the structure and function of Arctic food webs (Niemi et al., 2024). For
example, the resulting shift toward more phytoplankton sources would reduce the availability
of nutrient-rich ice algae-derived carbon sources for key bentho-pelagic couplers, with
potential cascading effects on higher trophic levels, including bearded seals, which currently

obtain >70% of their diet from ice algae-derived sources.

Spatial variation in trophic positions throughout the food web
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Across the full spectrum of sampled invertebrates, fish, and marine mammals, trophic
positions ranged from a low of 1.97 in molluscs north of the Belcher Islands to a high of 4.28
in beluga whales. There were regional differences in the trophic positions of invertebrates
like sessile invertebrates, decapods, echinoderms and gelatinous zooplankton, each occupying
higher trophic positions south of the Belcher Islands except for gelatinous zooplankton,
which occupied lower trophic positions south of the islands. The sessile invertebrates are
primarily suspension/filter feeders, and are restricted to the available resources in the water
column that can be filtered, such as particulate organic matter from primary producers, re-
suspended detritus, and potentially small zooplankton (Shick, 1991; Yahel et al., 2007).
Relatively higher proportions of ice algae-derived carbon sources in sessile invertebrates
north of the islands indicate greater reliance on pelagic resources south of the islands.
Regional differences in trophic positions among sessile invertebrates could reflect the
filtering of small zooplankton, or spatial variation in baseline §**N due to greater freshwater
influence south of the islands. Kuzyk et al. (2010) reported that §*°N from riverine discharge
entering the Hudson Bay can vary widely throughout the water column due to nutrient
utilization and post phytoplankton production processes, sometimes leading to enrichment in
5N. Thus, observed regional differences could result from both zooplankton resource
availability and differences in isotopic baselines.

Echinoderms also had higher trophic positions south of the islands compared to the
north, and in both areas showed broader trophic diversity, with trophic positions ranging from
2.0 (brittle star) to 3.77 (basket star) in the north and 2.31 (sea cucumber) to 4.84 (Pteraster
sea star) in the south. This reflects the wide spectrum of feeding strategies in Echinodermata,
from detritivory and herbivory (urchins; Rohonczy et al., 2024; Scheibling & Hatcher, 2001),
to suspension feeding with the ability to capture and consume small prey (brittle stars, sea

cucumbers, basket stars; Emson et al., 1991; Volage et al., 2021; Warner et al., 1982;
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Yokoyama & Amaral, 2008), to carnivory (sea stars; Gaymer et al., 2004). The Pteraster sea
star had the highest trophic position of both areas, and have been reported to feed on sponges,
benthic cnidaria, and can scavenge on upper pelagic predators (Katrin et al., 2006; Sargent et
al., 1983). Amiraux et al. (2023) found a similar trophic position for the Pteraster sea star
around the Southampton Islands (4.2) and posited that these megafaunal-predatory sea stars
are the benthic equivalent of the top predator polar bear of the pelagic realm.

Decapods also exhibited higher trophic positions south of the islands and also have a
wide breadth of foraging strategies. For example, the larger, benthic-associated Sabinea and
Argis species had the highest trophic positions overall (Argis: 3.71 north, 3.72 south, Sabinea
4.10 north, 4.03 south) and forage on infauna such as detritus, cumacea (hooded shrimp),
small bivalves and polychaetes (Kobiakov, 2024; Squires, 1965). Other species, such as
Pandalus, Eualus, Lebbeus and Spirontocaris, typically forage at lower trophic levels and
more epibenthically on diatoms and zooplankton (Yunda-Guarin et al., 2025), and had an
overall range in trophic positions of 2.69 — 3.31 in the north and 2.83 — 3.46 in the south. The
higher trophic position in decapods south of the islands are primarily represented in the
epibenthic foragers, suggesting that they may have been feeding on more pelagic-associated
zooplankton. This is corroborated by the proportions of ice algae-derived carbon sources, in
which decapods north of the islands relied more on ice algae carbon sources than those in the
south. Greater ice algae availability north of the islands likely supports direct coupling to
primary production, whereas in areas with fewer ice algae sources, decapods may feed at
higher trophic levels. This pattern illustrates how fine-scale environmental heterogeneity can
restructure trophic roles within a functional group over small spatial scales.

Finally, gelatinous zooplankton occupied a higher trophic position north of the islands
and commonly forage on microplankton, zooplankton and ichthyoplankton (fish larvae;

Graham & Kroutil, 2001; Javidpour et al., 2016; Titelman et al., 2007). As suitable habitat for
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gelatinous zooplankton such as jellyfish expands, their predatory nature may allow them to
outcompete fish in stressful environments (Lynam et al., 2011). For example, in the Irish Sea,
overfishing and rising water temperatures correlate with increased jellyfish abundance, and
because they forage on ichthyoplankton, they could prevent fish stocks from recovering
(Lynam et al., 2011). Around the Belcher Islands, the higher trophic position of gelatinous
zooplankton north of the islands is consistent with low abundance and biomass of the primary
pelagic forager, Arctic cod, potentially reducing competition for pelagic resources.

Regionally, benthopelagic fish occupied the highest trophic positions in both regions
(north: 3.75, south: 3.87), followed by benthic fish (north: 3.57, south: 3.64) and
chaetognaths (3.39 in both). The benthopelagic fish group (primarily Arctic cod) north of the
islands consumed a wide array of prey (copepods, decapods, chaetognaths, and benthic fish)
and showed higher proportions of ice algae-derived carbon in their tissue, whereas south of
the islands, they were feeding primarily on copepods and chaetognaths, with lesser
contributions from other taxa and lower proportions of ice algae-derived carbon.
Chaetognaths were found in the diet of Arctic cod in both regions, and despite their small
size, occupied the third highest trophic level in both regions, reflecting their pelagic carnivory
and competition with juvenile fish for zooplankton resources like copepods (Grigor et al.,
2015).

In both regions, benthic fish occupied the second highest trophic position. North of
the islands, the larger sculpin Myoxocephalus reached a trophic position of 4.17, feeding on
polychaetes, crabs and Anonyx amphipods. The eelpout Lycodes, despite its small size with
an average length of just 53 mm, reached a trophic position of 4.07, with a generalist
benthivore diet of primarily arthropods. South of the islands, the sea tadpole Careproctus had
the highest trophic position (4.01), also with a small size of 53 mm, and was feeding on both

Anonyx amphipods (TP of 3.48 south of the islands) and Cyanea jellies. There is growing

42



concern about the role of jellyfish in Arctic food webs, as their expanding distribution and
increasing importance as prey may contribute to regime shifts (Dischereit et al., 2024), and
they are frequently undetected in traditional morphometric stomach content analysis.
Previous studies have identified crustaceans, amphipods, polychaetes, and decapods as the
primary prey of sea tadpoles (Eriksen et al., 2020; Falk-Petersen et al., 1998), and the
detection of Cyanea in the stomachs of sea tadpoles here confirms DNA metabarcoding as a
robust tool for tracking the consumption of gelatinous prey items in Arctic food webs.

As top predators, beluga whales had the highest mean trophic positions (4.28),
consistent with their diet of primarily pelagic fish such as Arctic cod and capelin (Breton-
Honeyman et al., 2016; Kelley et al., 2010). Ringed seal and bearded seal trophic positions
followed closely (3.91 and 3.89, respectively), where ringed seals opportunistically feed on a
wide array of fish (capelin, sandlance, Arctic cod, sculpin, blennies) and pelagic and benthic
invertebrates (mysids, euphausiids, amphipods, decapods; Chambellant et al., 2013; Dehn et
al., 2007; Ogloff et al., 2019; Yurkowski et al., 2016), and bearded seals consume a mix of
fish such as Arctic cod and sculpins, and benthic invertebrates such as whelks and shrimp
(Finley & Evans, 1983; Young et al., 2010). The higher trophic positions of benthopelagic
fish, which was primarily composed of Arctic cod, and had similar trophic positions to that of
the seals and beluga whales, suggests that the marine mammals are likely feeding on a mix of
Arctic cod and lower trophic level fish, such as capelin (TP = 2.83, n = 1) and sandlance (TP

=2.64,n =1), as well as invertebrates.

Network properties
The comparative analysis of food web properties north and south of the Belcher Islands
revealed differences and similarities in complexity and organization that are likely associated

with underlying environmental and community composition gradients. The higher number of
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nodes and links, along with greater link density in the northern region, reflects greater species
richness and interaction diversity relative to the southern region. Notably, despite these
differences, connectance was similar between the regions, indicating that the complexity of
trophic relationships scaled predictably with community size and richness. Kortsch et al.
(2015) found that the northward expansion of typically larger, generalist, and opportunistic
species can lead to food webs with higher connectance as a result of the broad dietary niches
of most consumers. The southern region’s greater freshwater influence, warmer waters, and
lower salinity were expected to support more generalist species and therefore higher
connectance. However, the similar connectance observed across regions provides no evidence
of food web restructuring among the regions.

The greater number of nodes and higher link density observed north of the Belcher
Islands likely reflect greater ice algae biomass and both biogeographic and habitat
heterogeneity, which supports the region’s elevated species richness (61 taxa in the north
versus 47 in the south). Trawl data similarly revealed higher benthic fish richness in the
north, providing the structural basis for increased link density and suggesting broader prey
resource availability. In turn, this may facilitate broader dietary breadth among consumers.
These findings are consistent with work in the Barents Sea, where habitat heterogeneity was
positively associated with species richness and link density (Kortsch et al., 2019). In this
study, species with broader diets were not newcomers but characteristic Arctic taxa,
suggesting that local prey availability, rather than species turnover, as seen in other
ecosystems such as the Barents Sea (Kortsch et al., 2015), is driving this pattern.

Network centrality metrics, particularly betweenness centrality, reveal distinct
regional differences in the roles of certain species as connectivity hubs within the trophic
network. Betweenness centrality among the fish in the food web north of the islands was

dominated by benthic taxa, specifically sculpins and blennies. This suggests a benthically
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centred food web structure, where small benthic fish are important channels of energy and
nutrient flow throughout the food web. In contrast, the food web south of the islands showed
a combination of benthic and benthopelagic species (blennies and cod) dominating
betweenness centrality, reflecting a more pelagically influenced food web. This signals
different bottom-up drivers between systems, wherein benthic productivity and complexity
drive trophic interactions among species in the north versus pelagic-driven energy inputs
shaping the food web in the south. The prominence of small, benthic fishes as network hubs
underscores the ecological importance of these lesser-studied species in maintaining food
web cohesion and functional stability, an aspect frequently overlooked in Arctic marine
ecology which traditionally focuses on commercially or ecologically dominant taxa (Dey et
al., 2018).

Salmonids (Arctic char) were not included as predators in this study, yet salmonid
DNA was detected in the stomachs of four fish families north of the islands (sculpins,
snailfish, capelin and blennies), and no occurrences in the stomach samples south of the
islands. Arctic char spawn in the freshwater system and begin migrating to the marine
environment after 4-5 years, by which time they would likely be larger than the fish
containing their DNA. This suggests these fish were likely scavenging on the remains of
Arctic char rather than preying on them directly. Blennies also showed the strongest
associations with avian DNA, which may reflect opportunistic feeding behaviour, such as
scavenging bird carcasses or ingestion of bird feces from the seafloor. Additionally, DNA
signatures of dinoflagellates, diatoms, and brown algae were detected primarily in Greenland
cod (Gadus ogac), a known generalist predator, and in blennies collected north of the islands,
likely representing transient or secondary prey items. These unique detections represent the

utility of using DNA metabarcoding in stomach content analysis for identifying cryptic
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trophic interactions and dietary components that are often missed by traditional visual

stomach content analysis.

5. Limitations

This study faced several limitations that may have affected interpretations, particularly
regarding the resolution of environmental gradients and dietary data. Analyses at the level of
individual stations would have better accounted for variation in environmental parameters
and depth across sites. However, due to limited sample sizes, stations were pooled into north
and south areas. For example, although brittle stars were dominant south of the islands, most
were collected at a single station, which may reflect a local feature rather than a widespread
pattern. Nonetheless, very few brittle stars were collected at northern stations, supporting the
conclusion that brittle star dominance is a feature more representative of southern sites and
represents regional differences. Furthermore, within-region variability was lower than
between-region differences, reinforcing the strength of the regional patterns detected in this
study.

Although overall DNA metabarcoding improved dietary resolution relative to visual
stomach content analysis, it was not without limitations. Some prey taxa may have been
underrepresented due to incomplete reference libraries, particularly for Arctic taxa. For
instance, Themisto amphipods were observed in stomach contents but rarely detected via
DNA metabarcoding, likely due to genomic plasticity or gaps in reference sequences for
Hudson Bay species. Further, some taxa could not be resolved to species or genus level due
to DNA degradation or insufficient species or regional representation in the reference
database. Lastly, this study used a single primer pair, whereas other studies have improved
coverage by combining multiple primers targeting the same or different genes. However, the

target gene used here (CO1) is the most widely used and is well represented in reference
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libraries, and many studies also rely on a single region (Gielings et al., 2021). These
limitations highlight the value of a mixed approach, with a subsample of stomachs visually
analysed to validate and supplement molecular findings where needed.

The application of EcoDiet was similarly constrained by data availability. Stomach
content data were primarily available only for fish consumers, while literature describing
quantitative diet composition for many Arctic invertebrates remains scarce. Additionally,
stable isotope data were not available for several prey taxa (e.g., small copepods or worms)
that were not captured in the trawls or pelagic nets. These sample sizes and data gaps
required the aggregation of taxa into broader groups to achieve model convergence,
potentially masking some even finer scale trophic dynamics or differences between regions.
Ultimately, despite these limitations, this study provides the first fine-scale, multi-taxa
assessment of food web structure and function in a model Arctic system characterized by
spatial heterogeneity in freshwater influence and ice algae availability at a scale of 10s to
100s of kilometres, using a unique dataset spanning more than 120 species, including
community composition data from over 5000 organisms, stable isotope analyses from more
than 1200 individuals, highly branched isoprenoid analysis on a subset of over 250 samples,

and DNA metabarcoding of over 200 stomachs.

6. Conclusion

Herein, the integration of multiple tools revealed clear regional differences in community
composition, resource use and food web structure. South of the Belcher Islands, organisms
tended to rely less on ice algae-derived carbon than in the north, with trophic positions
generally higher, reflecting less ice algae supply. Food web structure also differed, with north
of the islands supporting broader diet breadths and benthically centred key connector species,

whereas the food web south of the islands exhibited narrower diets and a mix of benthic and
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pelagic central species. Despite these regional contrasts, overall food web connectance was
similar across regions, indicating that the food web south of the islands, while more strongly
influenced by freshwater inputs, has a similar level of structural complexity to the north.

These results suggested that freshwater influence, likely driven by currents from
James Bay and runoff from rivers along the coast of southeastern Hudson Bay alongside La
Grande River in James Bay, which has several large hydroelectrical developments, alters
baseline nutrient dynamics and primary production regimes across this relatively small
latitudinal gradient (55.5° to 57.5°) between north and south of the Belcher Islands. Mid-
trophic level organisms in Arctic ecosystems remain understudied (Hoover et al., 2013), yet
they are both harvested by the local communities like Sanikiluag (scallops, sea cucumbers
and urchins) and act as key bentho-pelagic couplers, supporting many higher-trophic-level
and locally harvested species such as Arctic char, Greenland cod, ringed and bearded seals,
and beluga whales.

Our study demonstrated how local environmental variability has potential
implications for these harvested species through disruptions to bentho-pelagic coupling, shifts
in prey biomass, and changes in prey quality. This work also highlights the role of smaller,
lesser-studied fish (i.e., benthic fishes) as key species and emphasizes the value of whole
food web evaluations in Arctic marine ecology, which traditionally focuses on commercially
or ecologically dominant taxa and charismatic species (Dey et al., 2018). Studies conducted
over broader spatial scales, spanning hundreds to thousands of kilometres, can average or
obscure fine-scale variation in food web structure and function, including energy pathways,
trophic roles, network characteristics, and community composition, particularly as it relates to
climate and anthropogenically-driven local environmental gradients or perturbations. By
contrast, we demonstrated that examining ecosystems at finer spatial scales (tens to hundreds

of kilometres) reveals significant differences in ecosystem structure associated with
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anthropogenic and climate-driven change. Together, these findings underscore the need for
fine-scale, ongoing monitoring to inform conservation and management decisions under a

rapidly changing Arctic climate.

7. Acknowledgements

We thank the Sanikiluag Hunters and Trappers Organization, Arctic Eider Society and
subsistence seal and beluga whale hunters for their support to undertake this research and for
the contribution of samples from their harvests. We thank Megan Wardekker, Robert Bajno,
and Dr. Wendylee Stott for their support with lab work and sample processing, the staff at the
Great Lakes Institute for Environmental Research at the University of Windsor for
completing isotopic analysis, the staff at North/South Consulting in Winnipeg, Manitoba for
completing visual stomach contents analysis, and the staff at Genome Quebec and the
Canadian Centre for Computation Genomics at McGill University for completing DNA
metabarcoding and bioinformatics. This work would not have been possible without the
William Kennedy ship crew and science team, and the Arctic Research Foundation. This
research was funded by Fisheries and Oceans Canada (Marine Conservation Target Program),
the NSERC Discovery Grants Program, Northern Research Supplement, and the University
of Manitoba. This study was also supported in part by the Churchill Marine Observatory
(CMO), which was funded by the Canada Foundation for Innovation and other partners,

including the Arctic Research Foundation (ARF).

8. Conflict of Interest Statement

The authors declare no conflicts of interest.

49



9. References
Ambrose, W. G., L. M. Clough, P. R. Tilney, and L. Beer. 2001. “Role of Echinoderms in
Benthic Remineralization in the Chukchi Sea.” Marine Biology 139 (5): 937-949.

https://doi.org/10.1007/s002270100652.

Amiraux, R., J. Lavaud, K. Cameron-Bergeron, L. C. Matthes, I. Peeken, C. J. Mundy, D. G.
Babb, and J. E. Tremblay. 2022. “Content in Fatty Acids and Carotenoids in
Phytoplankton Blooms during the Seasonal Sea Ice Retreat in Hudson Bay Complex,
Canada.” Elementa: Science of the Anthropocene 10 (1).

https://doi.org/10.1525/elementa.2021.00106.

Amiraux, R., D. J. Yurkowski, P. Archambault, M. Pierrejean, and C. J. Mundy. 2023. “Top
Predator Sea Stars Are the Benthic Equivalent to Polar Bears of the Pelagic Realm.”
Proceedings of the National Academy of Sciences of the United States of America 120

(1). https://doi.org/10.1073/pnas.2216701120.

Arrigo, K. R., G. van Dijken, and S. Pabi. 2008. “Impact of a Shrinking Arctic Ice Cover on
Marine Primary Production.” Geophysical Research Letters 35 (19): L19603.

https://doi.org/10.1029/2008 GL035028.

Bambach, R. K. 1993. “Seafood through Time: Changes in Biomass, Energetics, and
Productivity in the Marine Ecosystem.” Paleobiology 19 (3): 372—-397.

https://doi.org/10.1017/S0094837300000336.

Bartley, T. J., K. S. McCann, C. Bieg, K. Cazelles, M. Granados, M. M. Guzzo, A. S.
MacDougall, T. D. Tunney, and B. C. McMeans. 2019. “Food Web Rewiring in a
Changing World.” Nature Ecology & Evolution 3 (3): 345-354.

https://doi.org/10.1038/s41559-018-0772-3.

Bascompte, J., C. J. Melian, and E. Sala. 2005. “Interaction Strength Combinations and the

Overfishing of a Marine Food Web.” Proceedings of the National Academy of

50


https://doi.org/10.1007/s002270100652
https://doi.org/10.1525/elementa.2021.00106
https://doi.org/10.1073/pnas.2216701120
https://doi.org/10.1029/2008GL035028
https://doi.org/10.1017/S0094837300000336
https://doi.org/10.1038/s41559-018-0772-3

Sciences of the United States of America 102 (15): 5443-5447.

https://doi.org/10.1073/pnas.0501562102.

Belt, S. T. 2018. “Source-Specific Biomarkers as Proxies for Arctic and Antarctic Sea Ice.”
Organic Geochemistry 125: 277-298.

https://doi.org/10.1016/j.orggeochem.2018.10.002.

Belt, S. T., T. A. Brown, A. N. Rodriguez, P. C. Sanz, A. Tonkin, and R. Ingle. 2012. “A
Reproducible Method for the Extraction, Identification and Quantification of the
Arctic Sea Ice Proxy IP25 from Marine Sediments.” Analytical Methods 4 (3): 705—

713. https://doi.org/10.1039/c2ay05728j.

Birkely, S. R., and B. Gulliksen. 2003. “Feeding Ecology in Five Shrimp Species (Decapoda,
Caridea) from an Arctic Fjord (Isfjorden, Svalbard), with Emphasis on Sclerocrangon
boreas (Phipps, 1774).” Crustaceana 76 (6): 699-715.

https://doi.org/10.1163/156854003322381513.

Blicher, M. E., and M. K. Sejr. 2011. “Abundance, Oxygen Consumption and Carbon
Demand of Brittle Stars in Young Sound and the NE Greenland Shelf.” Marine

Ecology Progress Series 422: 139-144. https://doi.org/10.3354/meps08915.

Bligh, E. G., and W. J. Dyer. 1959. “A Rapid Method of Total Lipid Extraction and
Purification.” Canadian Journal of Biochemistry and Physiology 37 (8): 911-917.

https://doi.org/10.1139/059-099.

Boecklen, W. J., C. T. Yarnes, B. A. Cook, and A. C. James. 2011. “On the Use of Stable
Isotopes in Trophic Ecology.” Annual Review of Ecology, Evolution, and Systematics

42: 411-440. https://doi.org/10.1146/annurev-ecolsys-102209-144726.

Boudreau, P. R., and L. M. Dickie. 1992. “Biomass Spectra of Arctic Ecosystems in Relation
to Fisheries Yield.” Canadian Journal of Fisheries and Aquatic Sciences 49 (8):

1528-1538. https://doi.org/10.1139/f92-169.

o1


https://doi.org/10.1073/pnas.0501562102
https://doi.org/10.1016/j.orggeochem.2018.10.002
https://doi.org/10.1039/c2ay05728j
https://doi.org/10.1163/156854003322381513
https://doi.org/10.3354/meps08915
https://doi.org/10.1139/o59-099
https://doi.org/10.1146/annurev-ecolsys-102209-144726
https://doi.org/10.1139/f92-169

Bourgey, M., R. Dali, R. Eveleigh, K. C. Chen, L. Letourneau, J. Fillon, M. Michaud, et al.
2019. “GenPipes: An Open-Source Framework for Distributed and Scalable Genomic

Analyses.” GigaScience 8 (6): giz037. https://doi.org/10.1093/gigascience/qiz037.

Breton-Honeyman, K., M. O. Hammill, C. M. Furgal, and B. Hickie. 2016. “Inuit Knowledge
of Beluga Whale (Delphinapterus leucas) Foraging Ecology in Nunavik (Arctic
Quebec), Canada.” Canadian Journal of Zoology 94 (10): 713-726.

https://doi.org/10.1139/cjz-2015-0259.

Bridier, G., F. Olivier, L. Chauvaud, M. K. Sejr, and J. Grall. 2021. “Food Source Diversity,
Trophic Plasticity, and Omnivory Enhance the Stability of a Shallow Benthic Food
Web from a High-Arctic Fjord Exposed to Freshwater Inputs.” Limnology and

Oceanography 66 (S1): S259-S272. https://doi.org/10.1002/In0.11688.

Brown, T. A., C. Alexander, D. J. Yurkowski, S. H. Ferguson, and S. T. Belt. 2014.
“Identifying Variable Sea Ice Carbon Contributions to the Arctic Ecosystem: A Case
Study Using Highly Branched Isoprenoid Lipid Biomarkers in Cumberland Sound
Ringed Seals.” Limnology and Oceanography 59 (5): 1581-1589.

https://doi.org/10.4319/10.2014.59.5.1581.

Brown, T. A., and S. T. Belt. 2012. “Closely Linked Sea Ice—Pelagic Coupling in the
Amundsen Gulf Revealed by the Sea Ice Diatom Biomarker IP25.” Journal of

Plankton Research 34 (8): 647-654. https://doi.org/10.1093/plankt/fbs045.

Brown, T. A., and S. T. Belt. 2017. “Biomarker-Based H-Print Quantifies the Composition of
Mixed Sympagic and Pelagic Algae Consumed by sp.” Journal of Experimental
Marine Biology and Ecology 488: 32-37.

https://doi.org/10.1016/j.jembe.2016.12.007.

Brown, T. A., S. T. Belt, S. H. Ferguson, D. J. Yurkowski, N. J. Davison, J. E. F. Barnett, and

P. D. Jepson. 2013. “Identification of the Sea Ice Diatom Biomarker IP25 and Related

52


https://doi.org/10.1093/gigascience/giz037
https://doi.org/10.1139/cjz-2015-0259
https://doi.org/10.1002/lno.11688
https://doi.org/10.4319/lo.2014.59.5.1581
https://doi.org/10.1093/plankt/fbs045
https://doi.org/10.1016/j.jembe.2016.12.007

Lipids in Marine Mammals: A Potential Method for Investigating Regional Variations
in Dietary Sources within Higher Trophic Level Marine Systems.” Journal of
Experimental Marine Biology and Ecology 441: 99-104.

https://doi.org/10.1016/j.jembe.2013.01.020.

Brown, T. A., M. P. Galicia, G. W. Thiemann, S. T. Belt, D. J. Yurkowski, and M. G. Dyck.
2018. “High Contributions of Sea Ice—Derived Carbon in Polar Bear Tissue.” PL0S

One 13 (1). https://doi.org/10.1371/journal.pone.0191631.

Burukovsky, R. N., V. L. Syomin, A. K. Zalota, M. I. Simakov, and V. A. Spiridonov. 2021.
“Food Spectra of Snow Crabs (Chionoecetes opilio (O. Fabricius, 1788) (Decapoda,
Oregoniidae)), Non-Indigenous Species of the Kara Sea.” Oceanology 61 (6): 964—

975. https://doi.org/10.1134/S0001437021060205.

Callahan, B. J., P. J. McMurdie, M. J. Rosen, A. W. Han, A. J. A. Johnson, and S. P. Holmes.
2016. “DADAZ2: High-Resolution Sample Inference from Illumina Amplicon Data.”

Nature Methods 13 (7): 581-583. https://doi.org/10.1038/Nmeth.3869.

Canseco, J. A., E. J. Niklitschek, and C. Harrod. 2022. “Variability in C and N Trophic
Discrimination Factors for Teleost Fishes: A Meta-Analysis of Temperature and
Dietary Effects.” Reviews in Fish Biology and Fisheries 32 (2): 313-329.

https://doi.org/10.1007/s11160-021-09689-1.

Carreon-Martinez, L., T. B. Johnson, S. A. Ludsin, and D. D. Heath. 2011. “Utilization of
Stomach Content DNA to Determine Diet Diversity in Piscivorous Fishes.” Journal of

Fish Biology 78 (4): 1170-1182. https://doi.org/10.1111/j.1095-8649.2011.02925.x.

Caut, S., E. Angulo, and F. Courchamp. 2009. “Variation in Discrimination Factors (A15N
and A13C): The Effect of Diet Isotopic Values and Applications for Diet
Reconstruction.” Journal of Applied Ecology 46 (2): 443-453.

https://doi.org/10.1111/j.1365-2664.2009.01620.X.

53


https://doi.org/10.1016/j.jembe.2013.01.020
https://doi.org/10.1371/journal.pone.0191631
https://doi.org/10.1134/S0001437021060205
https://doi.org/10.1038/Nmeth.3869
https://doi.org/10.1007/s11160-021-09689-1
https://doi.org/10.1111/j.1095-8649.2011.02925.x
https://doi.org/10.1111/j.1365-2664.2009.01620.x

Cautain, I. J., K. S. Last, D. McKee, B. A. Bluhm, P. E. Renaud, A. F. Ziegler, and B. E.
Narayanaswamy. 2022. “Uptake of Sympagic Organic Carbon by the Barents Sea
Benthos Linked to Sea Ice Seasonality.” Frontiers in Marine Science 9: 1009303.

https://doi.org/10.3389/fmars.2022.1009303.

Chambellant, M., I. Stirling, and S. H. Ferguson. 2013. “Temporal Variation in Western
Hudson Bay Ringed Seal (Pusa hispida) Diet in Relation to Environment.” Marine

Ecology Progress Series 481: 269-287. https://doi.org/10.3354/meps10134.

Chee, C., R. T. Leaf, and K. S. Dillon. 2024. “Combining Biotracer and Stomach Contents
Analysis to Understand Trophic Dynamics in the Northern Gulf of Mexico.”

Ecological Informatics 82: 102746. https://doi.org/10.1016/j.ecoinf.2024.102746.

Cloern, J. E., E. A. Canuel, and D. Harris. 2002. “Stable Carbon and Nitrogen Isotope
Composition of Aquatic and Terrestrial Plants of the San Francisco Bay Estuarine
System.” Limnology and Oceanography 47 (3): 713-729.

https://doi.org/10.4319/10.2002.47.3.0713.

Coad, B. W., and J. Reist. 2016. Bibliography on the Marine Fishes of Arctic Canada

(Canadian Manuscript Report of Fisheries and Aquatic Sciences 3101). Fisheries and

Oceans Canada.
Comiso, J. C. 2012. “Large Decadal Decline of the Arctic Multiyear Ice Cover.” Journal of

Climate 25 (4): 1176-1193. https://doi.org/10.1175/Jcli-D-11-00113.1.

Connolly, R. M., and T. A. Schlacher. 2013. “Sample Acidification Significantly Alters
Stable Isotope Ratios of Sulfur in Aquatic Plants and Animals.” Marine Ecology

Progress Series 493: 1-8. https://doi.org/10.3354/meps10560.

Crawford, R. E. 1992. Biology of the Iceland Scallop and Some Implications for Management

of an Arctic Fishery (Canadian Manuscript Report of Fisheries and Aquatic Sciences

2159). Fisheries and Oceans Canada.

54


https://doi.org/10.3389/fmars.2022.1009303
https://doi.org/10.3354/meps10134
https://doi.org/10.1016/j.ecoinf.2024.102746
https://doi.org/10.4319/lo.2002.47.3.0713
https://doi.org/10.1175/Jcli-D-11-00113.1
https://doi.org/10.3354/meps10560

Cusson, M., P. Archambault, and A. Aitken. 2007. “Biodiversity of Benthic Assemblages on
the Arctic Continental Shelf: Historical Data from Canada.” Marine Ecology Progress

Series 331: 291-304. https://doi.org/10.3354/meps331291.

Darcy, A., C. Nozeres, D. Ricard, K. Robertson, and F. E. Sylvain. 2024. Identification Guide
for Commonly Encountered Prey Items Found in Stomach Contents of Northwest
Atlantic Marine Fishes (Canadian Technical Report of Fisheries and Aquatic Sciences
3344). Fisheries and Oceans Canada.

Dehn, L. A., G. G. Sheffield, E. H. Follmann, L. K. Duffy, D. L. Thomas, and T. M. O’Hara.
2007. “Feeding Ecology of Phocid Seals and Some Walrus in the Alaskan and
Canadian Arctic as Determined by Stomach Contents and Stable Isotope Analysis.”

Polar Biology 30 (2): 167-181. https://doi.org/10.1007/s00300-006-0171-0.

Dewenter, J., J. Yong, P. J. Schupp, K. Léhmus, I. Kroncke, S. Moorthi, D. Pieck, L.
Kuczynski, and S. Rohde. 2023. “Abundance, Biomass and Species Richness of

Macrozoobenthos along an Intertidal Elevation Gradient.” Ecology and Evolution 13

(12). https://doi.org/10.1002/ece3.10815.
Dey, C. J., D. J. Yurkowski, R. Schuster, D. S. Shiffman, and S. J. Bittick. 2018. “Patterns of
Uncertainty in Life-History and Extinction Risk for Arctic Vertebrates.” Arctic

Science 4 (4): 710-721. https://doi.org/10.1139/as-2018-0006.

Dinevik, H., A. Altenburger, and B. A. Bluhm. 2025. “Slow Growth and High Longevity
Characterize the Common, Large Arctic Brittle Star, Ophiopleura borealis.” Frontiers

in Marine Science 12: 1555911. https://doi.org/10.3389/fmars.2025.1555911.

Dischereit, A., J. K. Throm, K. M. Werner, S. Neuhaus, and C. Havermans. 2024. “A Belly
Full of Jelly? DNA Metabarcoding Shows Evidence for Gelatinous Zooplankton
Predation by Several Fish Species in Greenland Waters.” Royal Society Open Science

11 (8). https://doi.org/10.1098/rs0s.240797.

55


https://doi.org/10.3354/meps331291
https://doi.org/10.1007/s00300-006-0171-0
https://doi.org/10.1002/ece3.10815
https://doi.org/10.1139/as-2018-0006
https://doi.org/10.3389/fmars.2025.1555911
https://doi.org/10.1098/rsos.240797

Dunne, J. A., R. J. Williams, and N. D. Martinez. 2002. “Food-Web Structure and Network
Theory: The Role of Connectance and Size.” Proceedings of the National Academy of
Sciences of the United States of America 99 (20): 12917-12922.

https://doi.org/10.1073/pnas.192407699.

Eastwood, R. A., R. W. Macdonald, J. K. Ehn, J. Heath, L. Arragutainag, P. G. Myers, D. G.
Barber, and Z. A. Kuzyk. 2020. “Role of River Runoff and Sea Ice Brine Rejection in
Controlling Stratification throughout Winter in Southeast Hudson Bay.” Estuaries and

Coasts 43 (2): 756—786. https://doi.org/10.1007/s12237-020-00698-0.

Ehrman, A. D., H. Swanson, S. MacPhee, A. Majewski, P. Archambault, J. Eert, J. Reist, and
M. Power. 2022. “Isotopic and Traits-Based Trophic Diversity of Canadian Beaufort
Sea Benthic Communities in Relation to Food Supply.” Arctic Science 8 (4): 1148—

1164. https://doi.org/10.1139/as-2021-0040.

Emblemsvag, M., K. M. Werner, I. NGfiez-Riboni, R. Frelat, H. T. Christensen, H. O. Fock,
and R. Primicerio. 2022. “Deep Demersal Fish Communities Respond Rapidly to
Warming in a Frontal Region between Arctic and Atlantic Waters.” Global Change

Biology 28 (9): 2979-2990. https://doi.org/10.1111/gch.16113.

Emson, R. H., P. V. Mladenov, and K. Barrow. 1991. “The Feeding Mechanism of the Basket
Star Gorgonocephalus arcticus.” Canadian Journal of Zoology 69 (2): 449-455.

https://doi.org/10.1139/z91-070.

Eriksen, E., A. N. Benzik, A. V. Dolgov, H. R. Skjoldal, M. Vihtakari, E. Johannesen, T. A.
Prokhorova, F. Keulder-Stenevik, I. Prokopchuk, and E. Strand. 2020. “Diet and
Trophic Structure of Fishes in the Barents Sea: The Norwegian-Russian Program
“Year of Stomachs’ 2015—Establishing a Baseline.” Progress in Oceanography 183:

102262. https://doi.org/10.1016/j.pocean.2019.102262.

56


https://doi.org/10.1073/pnas.192407699
https://doi.org/10.1007/s12237-020-00698-0
https://doi.org/10.1139/as-2021-0040
https://doi.org/10.1111/gcb.16113
https://doi.org/10.1139/z91-070
https://doi.org/10.1016/j.pocean.2019.102262

Exchange for Local Observations and Knowledge of the Arctic (ELOKA). n.d. “Sea Ice —
Belcher Islands.” National Snow and Ice Data Center. Retrieved January 22, 2026.

https://eloka.nsidc.org/sea-ice-belcher-islands.

Falk-Petersen, I. B., V. Fricoll, B. Gulliksen, T. Haug, and W. Vader. 1998. “Age/Size
Relations and Food of Two Snailfishes, Liparis gibbus and Careproctus reinhardii
(Teleostei, Liparididae) from Spitsbergen Coastal Waters.” Polar Biology 8: 353-358.

https://doi.org/10.1007/BF00442026.

Finley, K. J., and C. R. Evans. 1983. “Summer Diet of the Bearded Seal (Erignathus,
barbatus) in the Canadian High Arctic.” Arctic 36 (1): 82—89.

https://doi.org/10.14430/arctic2246.

Fisher, J. A. D., M. Casini, K. T. Frank, C. Méllmann, W. C. Leggett, and G. Daskalov.
2015. “The Importance of Within-System Spatial Variation in Drivers of Marine
Ecosystem Regime Shifts.” Philosophical Transactions of the Royal Society B:

Biological Sciences 370 (1659). https://doi.org/10.1098/rsth.2013.0271.

Fossheim, M., R. Primicerio, E. Johannesen, R. B. Ingvaldsen, M. M. Aschan, and A. V.
Dolgov. 2015. “Recent Warming Leads to a Rapid Borealization of Fish Communities
in the Arctic.” Nature Climate Change 5 (7): 673-678.

https://doi.org/10.1038/Nclimate2647.

Frainer, A., R. Primicerio, S. Kortsch, M. Aune, A. V. Dolgov, M. Fossheim, and M. M.
Aschan. 2017. “Climate-Driven Changes in Functional Biogeography of Arctic
Marine Fish Communities.” Proceedings of the National Academy of Sciences of the
United States of America 114 (46): 12202-12207.

https://doi.org/10.1073/pnas.1706080114.

S7


https://eloka.nsidc.org/sea-ice-belcher-islands
https://doi.org/10.1007/BF00442026
https://doi.org/10.14430/arctic2246
https://doi.org/10.1098/rstb.2013.0271
https://doi.org/10.1038/Nclimate2647
https://doi.org/10.1073/pnas.1706080114

Francis, F. T. Y., K. Filbee-Dexter, and R. E. Scheibling. 2014. “Stalked Tunicates (Boltenia
ovifera) Form Biogenic Habitat in the Rocky Subtidal Zone of Nova Scotia.” Marine

Biology 161 (6): 1375-1383. https://doi.org/10.1007/s00227-014-2425-7.

Frank, K. T., B. Petrie, J. S. Choi, and W. C. Leggett. 2005. “Trophic Cascades in a Formerly
Cod-Dominated Ecosystem.” Science 308 (5728): 1621-1623.

https://doi.org/10.1126/science.1113075.

Fry, B. 1988. “Food Web Structure on Georges Bank from Stable C, N, and S Isotopic
Compositions.” Limnology and Oceanography 33 (5): 1182-1190.

https://doi.org/10.4319/10.1988.33.5.1182.

Gage, J. D. 2004. “Diversity in Deep-Sea Benthic Macrofauna: The Importance of Local
Ecology, the Larger Scale, History and the Antarctic.” Deep-Sea Research Part I1:
Topical Studies in Oceanography 51 (14-16): 1689-1708.

https://doi.org/10.1016/j.dsr2.2004.07.013.

Gaymer, C. F., C. Dutil, and J. H. Himmelman. 2004. “Prey Selection and Predatory Impact
of Four Major Sea Stars on a Soft Bottom Subtidal Community.” Journal of
Experimental Marine Biology and Ecology 313 (2): 353-374.

https://doi.org/10.1016/j.jembe.2004.08.022.

Gielings, R., M. Fais, D. Fontaneto, S. Creer, F. O. Costa, W. Renema, and J. N. Macher.
2021. “DNA Metabarcoding Methods for the Study of Marine Benthic Meiofauna: A
Review.” Frontiers in Marine Science 8: 730063.

https://doi.org/10.3389/fmars.2021.730063.

Gili, J. M., and R. Coma. 1998. “Benthic Suspension Feeders: Their Paramount Role in
Littoral Marine Food Webs.” Trends in Ecology & Evolution 13 (8): 316-321.

https://doi.org/10.1016/S0169-5347(98)01365-2.

58


https://doi.org/10.1007/s00227-014-2425-7
https://doi.org/10.1126/science.1113075
https://doi.org/10.4319/lo.1988.33.5.1182
https://doi.org/10.1016/j.dsr2.2004.07.013
https://doi.org/10.1016/j.jembe.2004.08.022
https://doi.org/10.3389/fmars.2021.730063
https://doi.org/10.1016/S0169-5347(98)01365-2

Gilman, S. E., M. C. Urban, J. Tewksbury, G. W. Gilchrist, and R. D. Holt. 2010. “A
Framework for Community Interactions under Climate Change.” Trends in Ecology &

Evolution 25 (6): 325-331. https://doi.org/10.1016/].tree.2010.03.002.

Graham, W. M., and R. M. Kroutil. 2001. “Size-Based Prey Selectivity and Dietary Shifts in
the Jellyfish, .” Journal of Plankton Research 23 (1): 67—74.

https://doi.org/10.1093/plankt/23.1.67.

Grigor, J. J., A. E. Marais, S. Falk-Petersen, and O. Varpe. 2015. “Polar Night Ecology of a
Pelagic Predator, the Chaetognath.” Polar Biology 38 (1): 87-98.

https://doi.org/10.1007/s00300-014-1577-8.

Guéguen, C., M. A. Granskog, G. McCullough, and D. G. Barber. 2011. “Characterisation of
Colored Dissolved Organic Matter in Hudson Bay and Hudson Strait Using Parallel
Factor Analysis.” Journal of Marine Systems 88 (3): 423-433.

https://doi.org/10.1016/j.jmarsys.2010.12.001.

Guzzi, A. C., J. K. Ehn, C. Michel, J. E. Tremblay, J. P. Heath, and Z. A. Kuzyk. 2024,
“Influence of Altered Freshwater Discharge on the Seasonality of Nutrient
Distributions near La Grande River, Northeastern James Bay, Quebec.” Elementa:

Science of the Anthropocene 12 (1). https://doi.org/10.1525/elementa.2023.00133.

Harwood, L. A., T. G. Smith, J. C. George, S. J. Sandstrom, W. Walkusz, and G. J. Divoky.
2015. “Change in the Beaufort Sea Ecosystem: Diverging Trends in Body Condition
and/or Production in Five Marine Vertebrate Species.” Progress in Oceanography

136: 263—-273. https://doi.org/10.1016/j.pocean.2015.05.003.

Hattab, T., F. Leprieur, F. Ben Rais Lasram, D. Gravel, F. L. Loc’h, and C. Albouy. 2016.
“Forecasting Fine-Scale Changes in the Food-Web Structure of Coastal Marine
Communities under Climate Change.” Ecography 39 (12): 1227-1237.

https://doi.org/10.1111/ec0q.01937.

59


https://doi.org/10.1016/j.tree.2010.03.002
https://doi.org/10.1093/plankt/23.1.67
https://doi.org/10.1007/s00300-014-1577-8
https://doi.org/10.1016/j.jmarsys.2010.12.001
https://doi.org/10.1525/elementa.2023.00133
https://doi.org/10.1016/j.pocean.2015.05.003
https://doi.org/10.1111/ecog.01937

Heath, J. 2011. People of a Feather. Film. First Run Features.

Hernvann, P. Y., D. Gascuel, A. Griss, J. N. Druon, D. Kopp, I. Perez, C. Piroddi, and M.
Robert. 2020. “The Celtic Sea through Time and Space: Ecosystem Modeling to
Unravel Fishing and Climate Change Impacts on Food-Web Structure and
Dynamics.” Frontiers in Marine Science 7: 578717.

https://doi.org/10.3389/fmars.2020.578717.

Hernvann, P. Y., D. Gascuel, D. Kopp, M. Robert, and E. Rivot. 2022. “EcoDiet: A
Hierarchical Bayesian Model to Combine Stomach, Biotracer, and Literature Data
into Diet Matrix Estimation.” Ecological Applications 32 (2): e2521.

https://doi.org/10.1002/eap.2521.

Hesslein, R. H., M. J. Capel, D. E. Fox, and K. A. Hallard. 1991. “Stable Isotopes of Sulfur,
Carbon, and Nitrogen as Indicators of Trophic Level and Fish Migration in the Lower
Mackenzie River Basin, Canada.” Canadian Journal of Fisheries and Aquatic

Sciences 48 (11): 2258-2265. https://doi.org/10.1139/f91-265.

Hill, M. O. 1973. “Diversity and Evenness: A Unifying Notation and Its Consequences.”

Ecology 54 (2): 427-432. https://doi.org/10.2307/1934352.

Hobson, K. A., D. M. Schell, D. Renouf, and E. Noseworthy. 1996. “Stable Carbon and
Nitrogen Isotopic Fractionation between Diet and Tissues of Captive Seals:
Implications for Dietary Reconstructions Involving Marine Mammals.” Canadian
Journal of Fisheries and Aquatic Sciences 53 (3): 528-533.

https://doi.org/10.1139/cjfas-53-3-528.

Hobson, K. A., and H. E. Welch. 1992. “Determination of Trophic Relationships within a
High Arctic Marine Food Web Using 613C and 615N Analysis.” Marine Ecology

Progress Series 84 (1): 9-18. https://doi.org/10.3354/meps084009.

60


https://doi.org/10.3389/fmars.2020.578717
https://doi.org/10.1002/eap.2521
https://doi.org/10.1139/f91-265
https://doi.org/10.2307/1934352
https://doi.org/10.1139/cjfas-53-3-528
https://doi.org/10.3354/meps084009

Hoegh-Guldberg, O., and J. F. Bruno. 2010. “The Impact of Climate Change on the World’s
Marine Ecosystems.” Science 328 (5985): 1523-1528.

https://doi.org/10.1126/science.1189930.

Hoover, C., C. Giraldo, A. Ehrman, K. D. Suchy, S. A. MacPhee, J. Brewster, J. D. Reist, P.
H. Swanson, and L. Loseto. 2022. “The Canadian Beaufort Shelf Trophic Structure:
Evaluating an Ecosystem Modelling Approach by Comparison with Observed Stable

Isotope Structure.” Arctic Science 8: 292-312. https://doi.org/10.1139/as-2020-0035.

Hoover, C., S. Ostertag, C. Hornby, C. Parker, K. Hansen-Craik, L. Loseto, and T. Pearce.
2016. “The Continued Importance of Hunting for Future Inuit Food Security.”

Solutions 7 (4): 40-51. https://thesolutionsjournal.com/article/the-importance-of-

hunting-for-future-inuit-food-security/.

Hoover, C., T. Pitcher, and V. Christensen. 2013. “Effects of Hunting, Fishing and Climate
Change on the Hudson Bay Marine Ecosystem: |. Re-Creating Past Changes 1970—
2009.” Ecological Modelling 264: 130-142.

https://doi.org/10.1016/j.ecolmodel.2013.02.005.

Hussey, N. E., M. A. MacNeil, B. C. McMeans, J. A. Olin, S. F. J. Dudley, G. CIiff, S. P.
Wintner, S. T. Fennessy, and A. T. Fisk. 2014. “Rescaling the Trophic Structure of
Marine Food Webs.” Ecology Letters 17 (2): 239-250.

https://doi.org/10.1111/ele.12226.

Hiissy, K., N. G. Andersen, and E. M. Pedersen. 2016. “The Influence of Feeding Behaviour
on Growth of Atlantic Cod (Gadus morhua, Linnaeus, 1758) in the North Sea.”

Journal of Applied Ichthyology 32 (5): 928-937. https://doi.org/10.1111/jai.13160.

Jacob, U., K. Mintenbeck, T. Brey, R. Knust, and K. Beyer. 2005. “Stable Isotope Food Web
Studies: A Case for Standardized Sample Treatment.” Marine Ecology Progress

Series 287: 251-253. https://doi.org/10.3354/meps287251.

61


https://doi.org/10.1126/science.1189930
https://doi.org/10.1139/as-2020-0035
https://thesolutionsjournal.com/article/the-importance-of-hunting-for-future-inuit-food-security/
https://thesolutionsjournal.com/article/the-importance-of-hunting-for-future-inuit-food-security/
https://doi.org/10.1016/j.ecolmodel.2013.02.005
https://doi.org/10.1111/ele.12226
https://doi.org/10.1111/jai.13160
https://doi.org/10.3354/meps287251

Javidpour, J., A. N. Cipriano-Maack, A. Mittermayr, and J. Dierking. 2016. “Temporal
Dietary Shift in Jellyfish Revealed by Stable Isotope Analysis.” Marine Biology 163

(5). https://doi.org/10.1007/s00227-016-2892-0.

Ji, R. B., M. B. Jin, and O. Varpe. 2013. “Sea Ice Phenology and Timing of Primary
Production Pulses in the Arctic Ocean.” Global Change Biology 19 (3): 734-741.

https://doi.org/10.1111/gch.12074.

Johannessen, O. M., E. V. Shalina, and M. W. Miles. 1999. “Satellite Evidence for an Arctic
Sea Ice Cover in Transformation.” Science 286 (5446): 1937-1939.

https://doi.org/10.1126/science.286.5446.1937.

Jordéan, F., G. Capelli, R. Primicerio, A. Hidas, V. Fabian, K. Patonai, and A. Bodini. 2024.
“Spatial Food Webs in the Barents Sea: Atlantification and the Reorganization of the
Trophic Structure.” Philosophical Transactions of the Royal Society B: Biological

Sciences 379 (20230164). https://doi.org/10.1098/rsth.2023.0164.

Jost, L. 2006. “Entropy and Diversity.” Oikos 113 (2): 363-375.

https://doi.org/10.1111/j.2006.0030-1299.14714.X.

Kahru, M., Z. P. Lee, B. G. Mitchell, and C. D. Nevison. 2016. “Effects of Sea Ice Cover on
Satellite-Detected Primary Production in the Arctic Ocean.” Biology Letters 12 (11).

https://doi.org/10.1098/rsbl.2016.0223.

Katrin, P., M. K., and E. A. Wolf. 2006. “Aggregations of Arctic Deep-Sea Scavengers at
Large Food Falls: Temporal Distribution, Consumption Rates and Population
Structure.” Marine Ecology Progress Series 325: 121-135.

https://doi.org/10.3354/meps325121.

Kaufman, M. R., R. R. Gradinger, B. A. Bluhm, and D. M. O’Brien. 2008. “Using Stable
Isotopes to Assess Carbon and Nitrogen Turnover in the Arctic Sympagic

Amphipod.” Oecologia 158 (1): 11-22. https://doi.org/10.1007/s00442-008-1122-y.

62


https://doi.org/10.1007/s00227-016-2892-0
https://doi.org/10.1111/gcb.12074
https://doi.org/10.1126/science.286.5446.1937
https://doi.org/10.1098/rstb.2023.0164
https://doi.org/10.1111/j.2006.0030-1299.14714.x
https://doi.org/10.1098/rsbl.2016.0223
https://doi.org/10.3354/meps325121
https://doi.org/10.1007/s00442-008-1122-y

Kedra, M., C. Moritz, E. S. Choy, C. David, R. Degen, S. Duerksen, 1. Ellingsen, B. Gorska,
J. M. Grebmeier, D. Kirievskaya, et al. 2015. “Status and Trends in the Structure of
Arctic Benthic Food Webs.” Polar Research 34 (1).

https://doi.org/10.3402/polar.v34.23775.

Kelley, T. C., L. Loseto, R. E. A. Stewart, M. Yurkowski, and S. H. Ferguson. 2010.
“Importance of Eating Capelin: Unique Dietary Habits of Hudson Bay Beluga.” In A
Little Less Arctic: Top Predators in the World’s Largest Northern Inland Sea, Hudson
Bay, edited by S. H. Ferguson, L. Loseto, and M. L. Mallory, 53-69. Springer
Science.

Kelly, J. F. 2000. “Stable Isotopes of Carbon and Nitrogen in the Study of Avian and
Mammalian Trophic Ecology.” Canadian Journal of Zoology 1 (27).

https://doi.org/10.1139/299-165.

Klekowski, R. Z., and J. M. Westawski. 1991. Atlas of the Marine Fauna of Southern
Spitsbergen. Institute of Oceanology, Polish Academy of Sciences.

Kobiakov, K. A. 2024. “Biological Characteristics and Food Composition of the Shrimp
Sabinea septemcarinata (Sabine 1824) (Crustacea, Crangonidae) from the Shelf of the
Kara and Laptev Seas.” Biology Bulletin 51 (7): 2024-2033.

https://doi.org/10.1134/S1062359024700535.

Koch, C. W., T. A. Brown, R. Amiraux, C. Ruiz-Gonzalez, M. MacCorquodale, G. A.
Yunda-Guarin, D. Kohlbach, L. L. Loseto, B. Rosenberg, N. E. Hussey, et al. 2023.
“Year-Round Utilization of Sea Ice-Associated Carbon in Arctic Ecosystems.” Nature

Communications 14 (1964). https://doi.org/10.1038/s41467-023-37612-8.

Koch, C. W., L. W. Cooper, C. Lalande, T. A. Brown, K. E. Frey, and J. M. Grebmeier.

2020. “Seasonal and Latitudinal Variations in Sea Ice Algae Deposition in the

63


https://doi.org/10.3402/polar.v34.23775
https://doi.org/10.1139/z99-165
https://doi.org/10.1134/S1062359024700535
https://doi.org/10.1038/s41467-023-37612-8

Northern Bering and Chukchi Seas Determined by Algal Biomarkers.” PLoS One 15

(4): 1-31. https://doi.org/10.1371/journal.pone.0231178.

Koch, C. W., L. W. Cooper, R. J. Woodland, J. M. Grebmeier, K. E. Frey, R. Stimmelmayr,
C. Magen, and T. A. Brown. 2021. “Female Pacific Walruses (Odobenus rosmarus
divergens) Show Greater Partitioning of Sea Ice Organic Carbon than Males:
Evidence from Ice Algae Trophic Markers.” PL0S One 16 (8).

https://doi.org/10.1371/journal.pone.0255686.

Kohlbach, D., B. A. Langel, M. Graeve, M. Vortkamp, and H. Flores. 2019. “Varying
Dependency of Antarctic Euphausiids on Ice Algae- and Phytoplankton-Derived
Carbon Sources during Summer.” Marine Biology 166 (6).

https://doi.org/10.1007/s00227-019-3527-z.

Kortsch, S., R. Primicerio, M. Aschan, S. Lind, A. V. Dolgov, and B. Planque. 2019. “Food-
Web Structure Varies along Environmental Gradients in a High-Latitude Marine

Ecosystem.” Ecography 42 (2): 295-308. https://doi.org/10.1111/ecog.03443.

Kortsch, S., R. Primicerio, M. Fossheim, A. V. Dolgov, and M. M. Aschan. 2015. “Climate
Change Alters the Structure of Arctic Marine Food Webs Due to Poleward Shifts of
Boreal Generalists.” Proceedings of the Royal Society B: Biological Sciences 282

(1814): 31-39. https://doi.org/10.1098/rspb.2015.1546.

Kraan, C., G. Aarts, J. van der Meer, and T. Piersma. 2010. “The Role of Environmental
Variables in Structuring Landscape-Scale Species Distributions in Seafloor Habitats.”

Ecology 91 (6): 1583-1590. https://doi.org/10.1890/09-2040.1.

Kuzyk, Z. Z. A., R. W. Macdonald, J. E. Tremblay, and G. A. Stern. 2010. “Elemental and
Stable Isotopic Constraints on River Influence and Patterns of Nitrogen Cycling and
Biological Productivity in Hudson Bay.” Continental Shelf Research 30 (2): 163-176.

https://doi.org/10.1016/j.csr.2009.10.014.

64


https://doi.org/10.1371/journal.pone.0231178
https://doi.org/10.1371/journal.pone.0255686
https://doi.org/10.1007/s00227-019-3527-z
https://doi.org/10.1111/ecog.03443
https://doi.org/10.1098/rspb.2015.1546
https://doi.org/10.1890/09-2040.1
https://doi.org/10.1016/j.csr.2009.10.014

Lacasse, O., V. Roy, C. Nozeres, D. Deslauriers, and W. Walkusz. 2020. Invertebrate
Biodiversity and Photo Catalogue from the 2018 Northern and Striped Shrimp Stock
Assessment Survey in Davis Strait, Hudson Strait, and Northern Labrador Coast.
Canadian Technical Report of Fisheries and Aquatic Sciences 3351. Fisheries and
Oceans Canada.

Leray, M., J. Y. Yang, C. P. Meyer, S. C. Mills, N. Agudelo, V. Ranwez, J. T. Boehm, and R.
J. Machida. 2013. “A New Versatile Primer Set Targeting a Short Fragment of the
Mitochondrial COI Region for Metabarcoding Metazoan Diversity: Application for
Characterizing Coral Reef Fish Gut Contents.” Frontiers in Zoology 10 (34).

https://doi.org/10.1186/1742-9994-10-34.

Li, H. L., C. Q. Ke, Q. H. Zhu, and S. Shu. 2019. “Spatial-Temporal Variations in Net
Primary Productivity in the Arctic from 2003 to 2016.” Acta Oceanologica Sinica 38

(8): 111-121. https://doi.org/10.1007/s13131-018-1274-5.

Lindeman, R. L. 1942. “The Trophic-Dynamic Aspect of Ecology.” Ecology 23 (4): 399-418.

https://doi.org/10.2307/1930126.

Little, M., H. Hagar, C. Zivot, W. Dodd, K. Skinner, T. A. Kenny, A. Caughey, J. Gaupholm,
and M. Lemire. 2020. “Drivers and Health Implications of the Dietary Transition
among Inuit in the Canadian Arctic: A Scoping Review.” Public Health Nutrition 24

(9): 2650-2668. https://doi:10.1017/S1368980020002402.

Loreau, M., and C. de Mazancourt. 2013. “Biodiversity and Ecosystem Stability: A Synthesis
of Underlying Mechanisms.” Ecology Letters 16: 106-115.

https://doi.org/10.1111/ele.12073.

Lynam, C. P., M. K. S. Lilley, T. Bastian, T. K. Doyle, S. E. Beggs, and G. C. Hays. 2011.

“Have Jellyfish in the Irish Sea Benefited from Climate Change and Overfishing?”

65


https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1007/s13131-018-1274-5
https://doi.org/10.2307/1930126
https://doi:10.1017/S1368980020002402
https://doi.org/10.1111/ele.12073

Global Change Biology 17 (2): 767—782. https://doi.org/10.1111/].1365-

2486.2010.02352.x.

Macpherson, E. 2002. “Large-Scale Species-Richness Gradients in the Atlantic Ocean.”
Proceedings of the Royal Society B: Biological Sciences 269 (1501): 1715-1720.

https://doi.org/10.1098/rspb.2002.2091.

Maes, S. M., F. L. Schaafsma, H. Christiansen, B. Hellemans, M. Lucassen, F. C. Mark, H.
Flores, and F. A. M. Volckaert. 2022. “Comparative Visual and DNA-Based Diet
Assessment Extends the Prey Spectrum of Polar Cod Boreogadus saida.” Marine

Ecology Progress Series 698: 139-154. https://doi.org/10.3354/meps14145.

Majewski, A. R., W. Walkusz, B. R. Lynn, S. Atchison, J. Eert, and J. D. Reist. 2016.
“Distribution and Diet of Demersal Arctic Cod, Boreogadus saida, in Relation to
Habitat Characteristics in the Canadian Beaufort Sea.” Polar Biology 39 (6): 1087—

1098. https://doi.org/10.1007/s00300-015-1857-y.

Matley, J. K., A. T. Fisk, and T. A. Dick. 2015. “Foraging Ecology of Ringed Seals (Pusa
hispida), Beluga Whales (Delphinapterus leucas) and Narwhals (Monodon
monoceros) in the Canadian High Arctic Determined by Stomach Content and Stable

Isotope Analysis.” Polar Research 34. https://doi.org/10.3402/polar.v34.24295.

McCutchan, J. H., J. F. Saunders, A. L. Pribyl, and W. M. Lewis. 2003. “Open-Channel
Estimation of Denitrification.” Limnology and Oceanography: Methods 1: 74-81.

https://doi.org/10.4319/lom.2003.1.74.

McMahon, K. W., W. G. Ambrose, B. J. Johnson, M. Y. Sun, G. R. Lopez, L. M. Clough,
and M. L. Carroll. 2006. “Benthic Community Response to Ice Algae and
Phytoplankton in Ny Alesund, Svalbard.” Marine Ecology Progress Series 310: 1-14.

https://doi.org/10.3354/meps310001.

66


https://doi.org/10.1111/j.1365-2486.2010.02352.x
https://doi.org/10.1111/j.1365-2486.2010.02352.x
https://doi.org/10.1098/rspb.2002.2091
https://doi.org/10.3354/meps14145
https://doi.org/10.1007/s00300-015-1857-y
https://doi.org/10.3402/polar.v34.24295
https://doi.org/10.4319/lom.2003.1.74
https://doi.org/10.3354/meps310001

Michel, C., B. A. Bluhm, V. Gallucci, A. J. Gaston, F. J. L. Gordillo, R. Gradinger, R. R.
Hopcroft, N. Jensen, T. Mustonen, A. Niemi, et al. 2012. “Biodiversity of Arctic
Marine Ecosystems in Response to Climate Change.” Biodiversity 13: 200-214.

https://doi.org/10.1080/14888386.2012.724048.

Minagawa, M., and E. Wada. 1984. “Stepwise Enrichment of N15 along Food-Chains:
Further Evidence and the Relation between 615N and Animal Age.” Geochimica Et

Cosmochimica Acta 48 (5): 1135-1140. https://doi.org/10.1016/0016-7037(84)90204-

7.

Niemi, A., B. A. Bluhm, T. Juul-Pedersen, D. Kohlbach, M. Reigstad, D. H. Sogaard, and R.
Amiraux. 2024. “Ice Algae Contributions to the Benthos during a Time of Sea Ice
Change: A Review of Supply, Coupling, and Fate.” Frontiers in Environmental

Science 12 (1432761). https://doi.org/10.3389/fenvs.2024.1432761.

North, C. A., J. R. Lovvorn, J. M. Kolts, M. L. Brooks, L. W. Cooper, and J. M. Grebmeier.
2014. “Deposit-Feeder Diets in the Bering Sea: Potential Effects of Climatic Loss of
Sea Ice-Related Microalgal Blooms.” Ecological Applications 24 (6): 1525-1542.

https://doi.org/10.1890/13-0486.1.

Nozeres, C., D. Archambault, and R. Miller. 2014. Photo-catalogue d'Invertébrés de
I'Estuaire et du Nord du Golfe du Saint-Laurent lors des Relevés au Chalut (2005—
2013) (Rapport manuscrit canadien des sciences halieutiques et aquatiques 3035).
Fisheries and Oceans Canada.

Ogloff, W. R., D. J. Yurkowski, G. K. Davoren, and S. H. Ferguson. 2019. “Diet and Isotopic
Niche Overlap Elucidate Competition Potential between Seasonally Sympatric
Phocids in the Canadian Arctic.” Marine Biology 166 (8).

https://doi.org/10.1007/s00227-019-3549-6.

67


https://doi.org/10.1080/14888386.2012.724048
https://doi.org/10.1016/0016-7037(84)90204-7
https://doi.org/10.1016/0016-7037(84)90204-7
https://doi.org/10.3389/fenvs.2024.1432761
https://doi.org/10.1890/13-0486.1
https://doi.org/10.1007/s00227-019-3549-6

Paine, R. T. 1980. “Food Webs: Linkage, Interaction Strength and Community
Infrastructure.” Journal of Animal Ecology 49 (3): 667—-685.

https://doi.org/10.2307/4220.

Pauly, D., A. W. Trites, E. Capuli, and V. Christensen. 1998. “Diet Composition and Trophic
Levels of Marine Mammals.” ICES Journal of Marine Science 55 (3): 467-481.

https://doi.org/10.1006/jmsc.1997.0280.

Piepenburg, D., and M. K. Schmid. 1996. “Brittle Star Fauna (Echinodermata: Ophiuroidea)
of the Arctic Northwestern Barents Sea: Composition, Abundance, Biomass and
Spatial Distribution.” Polar Biology 16 (6): 383-392.

https://doi.org/10.1007/Bf02390420.

Piepenburg, D., and M. K. Schmid. 1997. “A Photographic Survey of the Epibenthic
Megafauna of the Arctic Laptev Sea Shelf: Distribution, Abundance, and Estimates of
Biomass and Organic Carbon Demand.” Marine Ecology Progress Series 147 (1-3):

63—75. https://doi.org/10.3354/meps147063.

Pierrejean, M., D. G. Babb, F. Maps, C. Nozais, and P. Archambault. 2020. “Spatial
Distribution of Epifaunal Communities in the Hudson Bay System: Patterns and
Drivers.” Elementa: Science of the Anthropocene 8 (1).

https://doi.org/10.1525/elementa.00044.

Porter, T. M. 2017. Eukaryote CO1 Reference Set for the RDP Classifier (Version v4.0.1).

Zenodo. https://doi.org/10.5281/zenodo.4741447 .

Porter, T. M., and M. Hajibabaei. 2018. “Automated High Throughput Animal CO1
Metabarcode Classification.” Scientific Reports 8 (4226).

https://doi.org/10.1038/s41598-018-22505-4.

68


https://doi.org/10.2307/4220
https://doi.org/10.1006/jmsc.1997.0280
https://doi.org/10.1007/Bf02390420
https://doi.org/10.3354/meps147063
https://doi.org/10.1525/elementa.00044
https://doi.org/10.5281/zenodo.4741447
https://doi.org/10.1038/s41598-018-22505-4

Post, D. M. 2002. “Using Stable Isotopes to Estimate Trophic Position: Models, Methods,
and Assumptions.” Ecology 83 (3): 703-718. https://doi.org/10.1890/0012-
9658(2002)083[0703: Usitet]2.0.Co;2.

Quakenbush, L. T., R. S. Suydam, A. L. Bryan, L. F. Lowry, K. J. Frost, and B. A. Mahoney.
2015. “Diet of Beluga Whales, Dephinapterus leucas, in Alaska from Stomach
Contents, March—-November.” Marine Fisheries Review 77: 70-84.

https://doi.org/10.7755/MFR.77.1.7.

R Core Team. 2023. R: A Language and Environment for Statistical Computing. Vienna,

Austria: R Foundation for Statistical Computing. https://www.R-project.org/.

Rantanen, M., A. Y. Karpechko, A. Lipponen, K. Nordling, O. Hyvaérinen, K. Ruosteenoja, T.
Vihma, and A. Laaksonen. 2022. “The Arctic Has Warmed Nearly Four Times Faster
than the Globe since 1979.” Communications Earth & Environment 3 (168).

https://doi.org/10.1038/s43247-022-00498-3.

Renaud, P. E., A. Riedel, C. Michel, N. Morata, M. Gosselin, T. Juul-Pedersen, and A.
Chiuchiolo. 2007. “Seasonal Variation in Benthic Community Oxygen Demand: A
Response to an Ice Algal Bloom in the Beaufort Sea, Canadian Arctic?”” Journal of

Marine Systems 67 (1-2): 1-12. https://doi.org/10.1016/].jmarsys.2006.07.006.

Rohonczy, J., J. Chételat, S. A. Robinson, L. Arragutainag, J. P. Heath, C. McClelland, R.
Mickpegak, and M. R. Forbes. 2024. “Contrasting Trophic Transfer Patterns of
Cadmium and Mercury in the Arctic Marine Food Web of East Hudson Bay,
Canada.” Environmental Science and Pollution Research 31 (13): 20586—20600.

https://doi.org/10.1007/s11356-024-32268-3.

Saeedi, H., D. Warren, and A. Brandt. 2022. “The Environmental Drivers of Benthic Fauna
Diversity and Community Composition.” Frontiers in Marine Science 9 (804019).

https://doi.org/10.3389/fmars.2022.804019.

69


https://doi.org/10.7755/MFR.77.1.7
https://www.r-project.org/
https://doi.org/10.1038/s43247-022-00498-3
https://doi.org/10.1016/j.jmarsys.2006.07.006
https://doi.org/10.1007/s11356-024-32268-3
https://doi.org/10.3389/fmars.2022.804019

Sakaguchi, S. O., S. Shimamura, Y. Shimizu, G. Ogawa, Y. Yamada, K. Shimizu, H. Kasai,
H. Kitazato, Y. Fujiwara, K. Fujikura, et al. 2017. “Comparison of Morphological and
DNA-Based Techniques for Stomach Content Analyses in Juvenile Chum Salmon: A
Case Study on Diet Richness of Juvenile Fishes.” Fisheries Science 83 (1): 47-56.

https://doi.org/10.1007/s12562-016-1040-6.

Sargent, J. R., I. B. Falkpetersen, and A. G. Calder. 1983. “Fatty-Acid Compositions of
Neutral Glycerides from the Ovaries of the Asteroids Ctenodiscus crispatus, Asterias
lincki and Pteraster militaris from Balsfjorden, Northern Norway.” Marine Biology

72 (3): 257-264. https://doi.org/10.1007/Bf00396831.

Scheibling, R. E., and B. G. Hatcher. 2001. “The Ecology of Strongylocentrotus
droebachiensis.” Developments in Aquaculture and Fisheries Science 32: 271-306.

https://doi.org/10.1016/S0167-9309(01)80018-1.

Sevellec, M., A. Lacoursiere-Roussel, E. Normandeau, L. Bernatchez, and K. Howland.
2024. “Tidal Effect on Environmental DNA Communities in Arctic Estuarine and
Marine Ecosystems.” Frontiers in Marine Science 11: 13904809.

https://doi.org/10.3389/fmars.2024.1390489.

Shannon, C. E. 1948. “A Mathematical Theory of Communication.” The Bell System

Technical Journal 27 (3): 379-423. https://doi.org/10.1002/].1538-

7305.1948.tb01338.x.

Shick, J. M. 1991. A Functional Biology of Sea Anemones. Edited by P. Calow. Springer
Science & Business Media, B.V.

Singh, P., J. Ferre, B. Thrasher, P. M. Monarrez, K. Al-Ramadan, D. L. Cantrell, D. L.
Lehrmann, M. Morsilli, and J. L. Paynes. 2025. “Macroevolutionary Coupling of
Marine Biomass and Biodiversity across the Phanerozoic.” Current Biology 35.

https://doi.org/10.1016/j.cub.2025.06.006.

70


https://doi.org/10.1007/s12562-016-1040-6
https://doi.org/10.1007/Bf00396831
https://doi.org/10.1016/S0167-9309(01)80018-1
https://doi.org/10.3389/fmars.2024.1390489
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1016/j.cub.2025.06.006

Smith, T. M., and R. L. Smith. 2009. Elements of Ecology. 7th ed. Pearson Benjamin
Cummings.

Squires, H. J. 1965. Decapod Crustaceans of Newfoundland, Labrador and the Canadian
Eastern Arctic (Manuscript Report Series [Biological], no. 810). Fisheries Research
Board of Canada, Biological Station, St. John’s, Newfoundland.

Steiner, N. S., J. Bowman, A. Campbell, M. Chierici, E. Eronen-Rasimus, M. Falardeau, H.
Flores, A. Fransson, H. Herr, S. J. Insley, et al. 2021. “Climate Change Impacts on
Sea-Ice Ecosystems and Associated Ecosystem Services.” Elementa: Science of the

Anthropocene 9 (1). https://doi.org/10.1525/elementa.2021.00007.

Storm, L., and S. A. Pedersen. 2003. “Development and Drift of Northern Shrimp Larvae
(Pandalus borealis) at West Greenland.” Marine Biology 143 (6): 1083-1093.

https://doi.org/10.1007/s00227-003-1113-9.

Stouffer, D. B., and J. Bascompte. 2011. “Compartmentalization Increases Food-Web
Persistence.” Proceedings of the National Academy of Sciences of the United States of

America 108 (9): 3648-3652. https://doi.org/10.1073/pnas.1014353108.

Sunday, J. M., G. T. Pecl, S. Frusher, A. J. Hobday, N. Hill, N. J. Holbrook, G. J. Edgar, R.
Stuart-Smith, N. Barrett, T. Wernberg, et al. 2015. “Species Traits and Climate
Velocity Explain Geographic Range Shifts in an Ocean-Warming Hotspot.” Ecology

Letters 18 (9): 944-953. https://doi.org/10.1111/ele.12474.

Tempestini, A., L. Fortier, A. Pinchuk, and F. Dufresne. 2017. “Molecular Phylogeny of the
Genus Themisto (Guerin, 1925) (Amphipoda: Hyperiidae) in the Northern
Hemisphere.” Journal of Crustacean Biology 37 (6): 732—742.

https://doi.org/10.1093/jcbiol/rux076.

Tews, J., U. Brose, V. Grimm, K. Tielborger, M. C. Wichmann, M. Schwager, and F. Jeltsch.

2004. “Animal Species Diversity Driven by Habitat Heterogeneity/Diversity: The

71


https://doi.org/10.1525/elementa.2021.00007
https://doi.org/10.1007/s00227-003-1113-9
https://doi.org/10.1073/pnas.1014353108
https://doi.org/10.1111/ele.12474
https://doi.org/10.1093/jcbiol/rux076

Importance of Keystone Structures.” Journal of Biogeography 31 (1): 79-92.

https://doi.org/10.1046/j.0305-0270.2003.00994 ..

Thompson, R. M., U. Brose, J. A. Dunne, R. O. Hall, S. Hladyz, R. L. Kitching, N. D.
Martinez, H. Rantala, T. N. Romanuk, D. B. Stouffer, et al. 2012. “Food Webs:
Reconciling the Structure and Function of Biodiversity.” Trends in Ecology &

Evolution 27 (12): 689-697. https://doi.org/10.1016/j.tree.2012.08.005.

Titelman, J., L. Gandon, A. Goarant, and T. Nilsen. 2007. “Intraguild Predatory Interactions
between the Jellyfish Cyanea capilata and Aurelia aurita.” Marine Biology 152 (4):

745-756. https://doi.org/10.1007/s00227-007-0721-1.

Tylianakis, J. M., T. Tscharntke, and O. T. Lewis. 2007. “Habitat Modification Alters the
Structure of Tropical Host-Parasitoid Food Webs.” Nature 445 (7124): 202—-205.

https://doi.org/10.1038/nature05429.

Ulrich, K. L., and R. F. Tallman. 2021. “The Capelin Invasion: Evidence for a Trophic Shift

in Arctic Char Populations from the Cumberland Sound Region, Nunavut, Canada.”

Arctic Science 7 (2): 413-435. https://doi.org/10.1139/as-2020-0001.
Vander Zanden, M. J., M. K. Clayton, E. K. Moody, C. T. Solomon, and B. C. Weidel. 2015.
“Stable Isotope Turnover and Half-Life in Animal Tissues: A Literature Synthesis.”

PLoS One 10 (1). https://doi.org/10.1371/journal.pone.0116182.

Vander Zanden, M. J., and J. B. Rasmussen. 1996. “A Trophic Position Model of Pelagic
Food Webs: Impact on Contaminant Bioaccumulation in Lake Trout.” Ecological

Monographs 66 (4): 451-477. https://doi.org/10.2307/2963490.

Volage, F., J. F. Hamel, and A. Mercier. 2021. “Population Structure, Habitat Preferences,
Feeding Strategies, and Diet of the Brittle Star Ophiopholis aculeata in Nearshore and
Offshore Habitats of the Northwest Atlantic.” Invertebrate Biology 140 (3).

https://doi.org/10.1111/ivb.12346.

72


https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1016/j.tree.2012.08.005
https://doi.org/10.1007/s00227-007-0721-1
https://doi.org/10.1038/nature05429
https://doi.org/10.1139/as-2020-0001
https://doi.org/10.1371/journal.pone.0116182
https://doi.org/10.2307/2963490
https://doi.org/10.1111/ivb.12346

Walkusz, W., A. Majewski, and J. D. Reist. 2013. “Distribution and Diet of the Bottom
Dwelling Arctic Cod in the Canadian Beaufort Sea.” Journal of Marine Systems 127:

65—75. https://doi.org/10.1016/j.jmarsys.2012.04.004.

Walkusz, W., J. E. Paulic, W. J. Williams, S. Kwasniewski, and M. H. Papst. 2011.
“Distribution and Diet of Larval and Juvenile Arctic Cod (Boreogadus saida) in the
Shallow Canadian Beaufort Sea.” Journal of Marine Systems 84 (3-4): 78-84.

https://doi.org/10.1016/j.jmarsys.2010.09.001.

Ward, C. A., T. D. Tunney, I. Donohue, C. Bieg, K. R. S. Hale, B. C. McMeans, J. C. Moore,
and K. S. McCann. 2025. “Global Change Asymmetrically Rewires Ecosystems.”

Ecology Letters 28 (7): e70174. https://doi.org/10.1111/ele.70174.

Warner, G., M. Jangoux, and J. M. Lawrence. 1982. “Food and Feeding Mechanisms:
Ophiuroidea.” In Echinoderm Nutrition, edited by M. Jangoux and J. M. Lawrence,
161-181. A. A. Balkema.

Warren, P. H. 1994. “Making Connections in Food Webs.” Trends in Ecology & Evolution 9

(4): 136-141. https://doi.org/10.1016/0169-5347(94)90178-3.

Watt, C. A, and S. H. Ferguson. 2015. “Fatty Acids and Stable Isotopes (613C and 815N)
Reveal Temporal Changes in Narwhal (Monodon monoceros) Diet Linked to
Migration Patterns.” Marine Mammal Science 31 (1): 21-44.

https://doi.org/10.1111/mms.12131.

Willis, K. J., and R. J. Whittaker. 2002. “Species Diversity—Scale Matters.” Science 295

(5558): 1245-1248. https://doi.org/10.1126/science.1067335.

Yahel, G., F. Whitney, H. M. Reiswig, D. I. Eerkes-Medrano, and S. P. Leys. 2007. “In Situ
Feeding and Metabolism of Glass Sponges (Hexactinellida, Porifera) Studied in a
Deep Temperate Fjord with a Remotely Operated Submersible.” Limnology and

Oceanography 52 (1): 428-440. https://doi.org/10.4319/10.2007.52.1.0428.

73


https://doi.org/10.1016/j.jmarsys.2012.04.004
https://doi.org/10.1016/j.jmarsys.2010.09.001
https://doi.org/10.1111/ele.70174
https://doi.org/10.1016/0169-5347(94)90178-3
https://doi.org/10.1111/mms.12131
https://doi.org/10.1126/science.1067335
https://doi.org/10.4319/lo.2007.52.1.0428

Yokoyama, L. Q., and A. C. Z. Amaral. 2008. “The Diet of Ophionereis reticulata
(Echinodermata: Ophiuroidea) in Southeastern Brazil.” Revista Brasileira De

Zoologia 25 (3): 576-578. https://doi.org/10.1590/S0101-81752008000300029.

Young, B. G., L. L. Loseto, and S. H. Ferguson. 2010. “Diet Differences among Age Classes
of Arctic Seals: Evidence from Stable Isotope and Mercury Biomarkers.” Polar

Biology 33 (2): 153-162. https://doi.org/10.1007/s00300-009-0693-3.

Yunda-Guarin, G., S. Atchison, K. D. Baker, F. Cyr, C. C. Parrish, W. Walkusz, J. A. D.
Fisher, and T. D. Eddy. 2025. “Trophic Ecology and Nutritional Status of Northern
Shrimp in Canada’s Sub-Arctic.” PL0oS One 20 (5).

https://doi.org/10.1371/journal.pone.0322745.

Yurkowski, D. J., S. H. Ferguson, C. A. D. Semeniuk, T. M. Brown, D. C. G. Muir, and A. T.
Fisk. 2016. “Spatial and Temporal Variation of an Ice-Adapted Predator’s Feeding
Ecology in a Changing Arctic Marine Ecosystem.” Oecologia 180 (3): 631-644.

https://doi.org/10.1007/s00442-015-3384-5.

Yurkowski, D. J., N. E. Hussey, S. H. Ferguson, and A. T. Fisk. 2018. “A Temporal Shift in
Trophic Diversity among a Predator Assemblage in a Warming Arctic.” Royal Society

Open Science 5 (10). https://doi.org/10.1098/rs0s.180259.

Yurkowski, D. J., N. E. Hussey, A. T. Fisk, K. L. Imrie, R. F. Tallman, and S. H. Ferguson.
2017. “Temporal Shifts in Intraguild Predation Pressure between Beluga Whales and
Greenland Halibut in a Changing Arctic.” Biology Letters 13 (11).

https://doi.org/10.1098/rsbhl.2017.0433.

Yurkowski, D. J., K. F. Johnson, P. C. Carvalho, M. W. Johnson, A. W. Prodaehl, T.
Mackey, K. Dawson, L. Candlish, D. W. Capelle, K. Dunmall, et al. 2023.

Biophysical and Ecological Overview Summary of the Qikiqtait Study Area and

74


https://doi.org/10.1590/S0101-81752008000300029
https://doi.org/10.1007/s00300-009-0693-3
https://doi.org/10.1371/journal.pone.0322745
https://doi.org/10.1007/s00442-015-3384-5
https://doi.org/10.1098/rsos.180259
https://doi.org/10.1098/rsbl.2017.0433

Adjacent Waters (Canadian Technical Report of Fisheries and Aquatic Sciences
3532). Fisheries and Oceans Canada.

Yurkowski, D. J., E. S. Richardson, N. J. Lunn, D. C. G. Muir, A. C. Johnson, A. E.
Derocher, A. D. Ehrman, M. Houde, B. G. Young, C. D. Debets, et al. 2020.
“Contrasting Temporal Patterns of Mercury, Niche Dynamics, and Body Fat Indices

of Polar Bears and Ringed Seals in a Melting Icescape.” Environmental Science &

Technology 54 (5): 2780-2789. https://doi.org/10.1021/acs.est.9b06656.

75


https://doi.org/10.1021/acs.est.9b06656

Tables

Table 1. Definitions of structural network metrics used to describe food web topology.

Food-web attribute

Meaning

Taxa Richness (S)

Number of trophic links (L)

Link Density (=L/S)

Connectance (=L/S?)

In-Degree
Out-Degree

Betweenness Centrality

Total number of taxa (nodes) in the food web.

Total number of feeding interactions (edges) among the
taxa in the network.

Average number of links per taxon. Reflects the degree
of dietary generalism across the web (Tylianakis et al.,
2007).

Proportion of all possible trophic links that are realized.
Indicates the overall complexity of interconnectivity of
the food web (Warren, 1994).

Number of incoming edges to a node; the number of
consumers (predators) that feed on a given taxon.

Number of outgoing edges from a node; the number of
prey consumed by a given taxon.

Frequency with which a node lies on the shortest paths
between all other pairs of nodes. Represents the taxon's
role in connecting parts of the network.
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Table 2. Environmental variables measured at the individual stations north and south of the

Belcher Islands, with regional averages.

Water
Chla FDOM temperature
Region | Station (mg m3) (mg m3) (°C) Salinity
North | BI-08 3.72 £ 0.64 10.73 £0.53 6.73 £0.83 27.57 £0.08
BI-09 3.92+£0.38 11.08 £ 0.62 551+1.13 27.93+0.16
BI-10 4.31+£0.55 10.66 £ 0.59 5.96 +1.33 27.90 £ 0.23
BlI-11 4.39 £0.69 10.70 £ 0.47 6.67 £ 1.24 27.67 £0.27
BI-12 3.37£0.61 11.36 £ 0.91 5.19+1.20 28.13+0.48
Average North 3.04+069  10.90+0.69  6.01+149  27.84+0.34
South | BI-04 522+1.82 13.57 £ 0.66 8.03 £2.02 26.99 = 0.51
BI-16 447 +1.48 15.77 £ 0.44 5.93+1.10 27.14 + 0.50
BI-17 479+£0.91 16.20 £ 1.25 11.18 £3.01 24.86 = 1.50
BI-M2 3.71+1.50 17.34 £0.72 5.76 £ 2.80 26.66 = 1.09
Average South 4.68 £1.63 15.29+£1.70 7.81 £ 3.02 26.51 +1.26

Note: Chl a = chlorophyll a (mg m); FDOM = fluorescent dissolved organic matter (mg m-

%)
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Table 3. Summary of community composition by functional group north and south of the

Belcher Islands.

North South
Functional Biomass Biomass
Group N Nm? S (@gm?) H' g N Nm? S (gm? H e
ﬁgﬁth"pe'agic 9 0023 2 0024 006 1.06 54 0006 2 0187 001 1.01
ﬁ;’:thic 110 0013 19 0068 1.94 6.93 33 0003 7 0072 107 291
Decapods 1341 0157 16 0.165 1.85 6.38 422 0043 12 0102 181 6.1

Amphipods 200 0.023 11 0.004 141 411 260 0.027 13 0.008 1.98 7.23
Echinoderms 8 0001 7 0012 085 235 2675 0.273 10 0.186 133 3.78

Molluscs 20 0002 3 0005 058 1.78 15 0002 7 0005 116 3.9
Mysids/ 245 0029 4 0004 096 26 7 000l 3 7.7x105 101 276
Euphausiids

Sessile 88 001 6 018 063 187 45 0005 4 0018 075 2.12
invertebrates

Gelatinous 7 0001 3 0001 075 212 1 %999 1 002 0 1
zooplankton 1

Totals 2029 0237 71 0471 2.63* 14* 3512 0359 59 0581 2.47* 12*

*Totals for H” and e represent overall diversity metrics and are not additive across
functional groups.

Note: N = number of individuals; N m number of individuals per square metre trawled; S =
species richness (total number of species); H’ = Shannon’s diversity index; e’ = effective

number of species (inverse Shannon’s diversity index).
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Table 4. Estimated iPOC by functional group and region with modelled difference between

South and North and the probability of a positive or negative effect.

North South
A iPOC Probability

Median iPOC Median iPOC  (South — North) of
Group N (95% CI) N (95% Cl) (95% CI) Direction
Benthic fish 10 0.80(0.72-0.88) 6 0.65(0.49-0.79) -0.11 (-1.45-1.29) 0.57
Esﬁth"pe'ag'c 9 0.66(0.52-0.79) 13 0.51(0.40-0.62) -0.92 (-1.92-0.05) 0.97
Amphipods 15 030(0.21-041) 20 0.26(0.19-0.36) -0.24 (-0.94-0.45) 0.45
Echinoderms 18  040(0.29-051) 29 0.37(0.29-0.46) -0.10 (-0.73-0.53) 0.63
Gelatinous 2 0.23(0.05-0.53) 4 031(0.13-0.54) 0.79 (-1.06-2.83) 0.79
zooplankton
Sessile 11 0.53(0.39-0.67) 8 0.31(0.18-0.46) -1.01(-2.57-0.45) 0.90
invertebrates
Decapods 32 0.40(0.33-048) 32 0.29(0.22-0.36) -0.54 (-1.05-0.03) 0.98
Molluscs 8  0.46 (0.29-0.63) 4 0.23(0.08-0.43) -1.07 (-2.43-0.17) 0.95

Note: N denotes sample size, values are posterior medians with 95% credible intervals

derived from a Bayesian generalized linear model with a beta distributed error. A iPOC

(South — North) reflects modelled difference between South and North and Probability of

Direction indicates the certainty that the effect is positive or negative.
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Table 5. Estimated trophic position (TP) by functional group and region, with calculated

mean °N, posterior median trophic positions, modelled differences in trophic positions

between South and North and the probability of a positive or negative effect.

North South
A TP
(South —  Probability
Mean Median TP Mean Median TP North) of
Group N 35N  (95% Cl) N 85N  (95%Cl) (95%Cl) Direction
. 13.48 3.57 13.74 3.64 0.05
Benthicfish 97 141 (3523620  *  +107 (356372 (-0.08-019 078
Benthopelagic 11 13.87 3.75 26 14.56 3.86 0.02 057
fish +159 (3.59-3.92) +176 (3.76-3.97) (-0.19-0.21) :
. 11.60 3.14 10.78 2.90 0.05
Amphipods 69 145 (3.08-3.21) 133 1176 (285295 (015004 08
. 9.07 2.40 11.32 3.06 0.13
Echinoderms 19 'y 76 (2.28-2.52) 1255 (3.00-312) («0.02-029) 0
Gelatinous 12 9.80 2.61 15 8.29 2.17 -0.29 0.99
zooplankton +0.96 (2.45-2.77) +0.76 (2.02-2.31) (-0.54--0.04) '
Sessile 47 8.76 231 24 10.82 291 0.75 1.00
invertebrates +1.80 (2.23-2.39) +£0.92 (2.80-3.02) (0.37-1.12) ‘
11.70 3.17 12.44 3.39 0.17
Decapods Bl 162 (313321 157 1125 (335-343) (0.11-0.23) 1.00
7.62 1.97 9.02 2.38 0.15
Molluscs 17 11420 (184210 17 1136 (225-252) (0.12:044) 087
12.44 3.39 12.45 3.39 0.00
Chaetognaths 8 517 (319358) 0 106 (322357) (-025:027) 051
Mysids/ 9.37 2.49 8.94 2.36 -0.16
Euphausiids 45 +0.36 (2.40-2.57) 6 042 (214-257) (-042-0.10)  0.88

Note: N denotes sample size, mean §'°N (+ standard deviation) are calculated values, median

TPs are posterior values with 95% credible intervals derived from a Bayesian multiple linear

regression model assuming normality. A TP (South — North) reflects modelled difference

between South and North and Probability of Direction indicates the certainty that the effect is

positive or negative.
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Table 6. Calculated network metrics for selected fish taxa in the networks north and south of

the Belcher Islands.

In Degree Out Degree Betweenness
Family North  South North  South  North  South
Benthic fish Agonidae 10 12 6 3 16 20
Cottidae 36 6 6 4 205 21
Cyclopteridae 8 0 1 1 1 0
Liparidae 19 16 3 1 14 9
Stichaeidae 45 28 4 3 166 66
Zoarcidae 2 0 2 1 0 0
Pleuronectidae 12 - 1 - 14 -
Perciformes* 0 0 1 1 0 0
Benthopelagic
fish Osmeridae 6 - 1 - 0 -
Salmonidae** 0 - 4 - 0 -
Ammodytidae 0 0 4 1 0 0
Gadidae 13 25 5 3 9 72

*Taxon identified at a higher taxonomic level due to limited resolution in diet data.

**Salmonid predators were not included as a predator in the network analysis; values reflect

occurrences of Salmonidae in the diet of other predators.

Note: In-degree represents the number of prey per taxon, out-degree represents the number of

predators per taxon, betweenness indicates the extent to which a taxon serves as a connector

within the network, and a dash (-) indicated absence of the taxon in that region.
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APPENDIX S1

Table S1. Species included in each analysis, organized by functional group, indicating
inclusion in community composition, stable isotope (SI), highly branched isoprenoid (HBI),
and stomach content analysis (SCA). Community composition analyses include only
organisms collected by benthic trawl to allow normalization by area swept. For SI, HBI, and
SCA, functional groups were supplemented with samples collected during coastal sampling
when necessary to achieve adequate sample sizes. For some HBI and Sl analyses, reported
values represent the number of analytical samples rather than individual organisms, as
multiple individuals were sometimes pooled to obtain sufficient material.

Analyses
Functional Community
Group Common name Species hame composition Si HBI SCA
Marine Beluga Delphinapterus leucas 20 20
mammals Bearded seal Pusa hispida 12 12 12
Ringed seal Erignathus barbatus 7 7
Benthic fish Alligatorfish Leptagonus decagonus 23 23 2 22
Blennies Anisarchus medius 19 21 2 19
Eumesogrammus praecisus 3 3 3
Leptoclinus maculatus 17 25 2 21
Lumpenus fabricii 1 1 1
Stichaeus punctatus 4 4 1 4
Stichaeidae 2 2 2
Eelpout Lycodes polaris 7 7 2
Flatfish Hippoglossoides platessoides 1 1 1 1
Lumpsucker Eumicrotremus derjugini 1 1 1
Poacher Aspidophoroides olrikii 5 5 5
Sculpins Icelus bicornis 8 7 1 7
Icelus sp. 2 2 2
Myoxocephalus aenaeus 1 1 1
Myoxocephalus quadricornis 2 3 3 3
Triglops murrayi 36 23 7 19
Cottidae 1 1 1
Snailfish Careproctus reinhardti 2 2 2
Liparis fabricii 6 6 2 5
Liparis sp. 2 2 1
Benthopelagic ~ Arctic char Salvelinus alpinus 5 5 5
fish Capelin Mallotus villosus 1 1 1
Cod Boreogadus saida 61 28 11 28
Gadus ogac 2 2 2
Sandlance Ammodytes sp. 1 1 1
Amphipods Benthic amphipods Acanthostepheia malmgreni 89 40 10
Ampelisca eschrichtii 2 2
Ampeliscidae 38 18
Anonyx nugax 68 40 12
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Anonyx sp. 1
Arrhis phyllonyx 29 14
Eusirus cuspidatus 30 21
Haploops sp. 2 1
Monoculodes sp. 14 7
Onisimus sp. 1 1
Paroediceros lynceus 1
Rhachotropis aculeata 17 16
Stegocephalus inflatus 3 1
Syrrhoe crenulata 28 2
Themisto abyssorum 3
Pelagic amphipods Themisto libellula 133 38 13
Hyperia galba 1
Chaetognaths Arrow worms Chaetognatha 18
Decapods Shrimp Argis dentata 360 40 6
Eualus belcheri 10 10 1
Eualus fabricii 426 21
Eualus gaimardii 103 31 3
Eualus macilentus 119 40 5
Eualus sp. 55 8
Lebbeus groenlandicus 9 9
Lebbeus polaris 28 21 2
Lebbeus sp. 158 20
Pandalus montagui 124 40 7
Pandalus sp. 1
Sabinea septemcarinata 178 42 20
Sabinea sp. 12 1
Spirontocaris sp. 11 2
Spirontocaris spinus 126 40 15
Crabs Hyas c. alutaceus 34 21 5
Hyas sp. 5
Pagurus sp. 4 2
Echinoderms Sea stars Henricia sp. 5 5
Leptasterias groenlandica 14 14 8
Leptasterias polaris 3
Pteraster militaris 1 1 1
Asteroidea 20 4
Sun stars Solaster endeca
Crossaster papposus
Basket star Gorgonocephalus sp. 1 1
Brittle stars Ophiocten sericeum 7
Ophiocten sp. 1
Ophiopholis aculeata 2
Ophiopus arcticus 24
Ophiurida 2588 21 5
Feather star Heliometra glacialis 7 7
Sea cucumber Cucumaria frondosa 12 16
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Urchin Strongylocentrotus sp. 13 30 11
Gelatinous Ctenophora Ctenophora 3 1
zooplankton Cubozoan Cubozoa 1 2
Hydrozoan Euphysa sp. 2
Scyphozoans Cyanea capillata 2 14 5
Aurelia aurita 5
Unknown cnidarian Cnidaria 5 1
Molluscs Bivalves Chlamys islandica 4 11 12
Ciliatocardium ciliatum 3 1
Ennucula tenuis 1 1
Hiatella arctica 18 8
Macoma calcarea 1 1
Mytilus sp. 1
Gastropods Cylichna alba 1
Margarites groenlandicus 2 1
Margarites sp. 3
Patella sp. 1
Plicifusus kroyeri 4 2
Clione limacina 4
Limacina helicina 1
Mysids/ Mysid Mysis sp. 11 9
Euphausiids Euphausiids Thysanoessa longicaudata 10 7
Thysanoessa rashii 76 21
Thysanoessa sp. 155 14
Sessile Anemones Actiniaria 2 2
invertebrates Stomphia coccinea 40 19 7
Barnacle Balanus sp. 32 13
Sponge Porifera 13 13 6
Tunicates Boltenia ovifera 43 21 5
Ascidia 3 3 1
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