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ABSTRACT

Each species occupies a distinct ecological niche, defined by a specific set of environmental conditions and resource require-
ments necessary for its survival and reproduction. However, climate change is altering species distributions, predator-prey rela-
tionships, and resource partitioning between species, with these changes being pronounced in the Arctic. Stable isotope analysis
of carbon (8'3C) and nitrogen (5'°N) has been widely used to estimate isotopic niches and quantify niche overlap among species
using a two-dimensional approach (2D). However, 8'3C is not always sufficient to differentiate habitat and resource use among
species due to minimal variation between end-members. Incorporating sulfur stable isotopes (§3*S) can enhance resolution in
such cases. Using an Arctic coastal food web as a model system, we used a three-dimensional isotopic niche approach (3D: §'3C~
8°N-834S) with 664 individuals across 49 species spanning multiple taxonomic groups (invertebrates, fish, seabirds, and marine
mammals) that utilize resources from benthic and pelagic habitats. We compared the traditional 2D isotopic niches with a 3D
framework using nicheROVER to assess how the addition of a third dimension changes niche size estimates and probability of
niche overlap between species. We found that several benthic-associated species, including the common eider (Somateria mol-
lissima) and various benthic invertebrates, tended to show greater changes in isotopic niche size with the addition of §34S than
pelagic-associated species. In addition, niche overlap among benthic-associated taxa generally decreased with the 3D approach,
suggesting better resolution of habitat use and resource partitioning. This reflects the greater ecological diversity, foraging spe-
cialization, and more complex food web structure characteristic of benthic than pelagic ecosystems. We recommend incorporat-
ing 84S for aquatic studies that involve benthic habitats and emphasize the value of multidimensional approaches to increase the
resolution of ecological niche analysis.

1 | Introduction determining the extent of their niche overlap is important for

assessing the level of competition, resource partitioning, and
Food webs are complex and dynamic, and understanding the trophic relationships in an ecosystem. Niche theory provides a
interactions among species is essential for interpreting eco- foundational framework in ecology, describing how each species
system structure and function. Different species can occupy requires a specific set of environmental conditions and resources
similar feeding guilds and ecological roles (Blondel 2003), and to survive and reproduce (Hutchinson 1957). This concept was
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expanded by Hutchinson (1957), who introduced the notion that
the niche is an n-dimensional hypervolume, where each axis
represents a different environmental or resource variable nec-
essary for the species to exist. These axes can be categorized as
either bionomic—defined by biological resources and interspe-
cific interactions (e.g., competition, predation)—or scenopoetic,
which encompasses abiotic factors (e.g., temperature and salin-
ity) (Hutchinson 1978). Within this framework, the fundamental
niche encompasses the full range of conditions a species can tol-
erate in the absence of interspecific interactions such as compe-
tition and predation. In contrast, the realized niche reflects the
actual conditions under which the species exists, constrained by
interspecific interactions with other species that occupy similar
habitat and utilize similar resources (Hutchinson 1957). As a
result, the realized niche is typically narrower than the funda-
mental niche (Soberon and Arroyo-Pena 2017).

In ecological studies, stable isotope analysis, particularly of car-
bon (8'3C) and nitrogen (§'°N), is widely used to estimate isotopic
niches (Newsome et al. 2007; Jackson et al. 2011), identify food
sources (Post 2002; Brown et al. 2016; Szpak and Buckley 2020;
Cui et al. 2023), determine trophic position (Post 2002), assess
spatial and temporal niche variability (Yurkowski et al. 2016),
and quantify niche overlap among species (Jackson et al. 2011;
Swanson et al. 2015). Stable isotope bi-plots (i.e., 8'3C and §'°N)
are mainly used by ecologists to describe the isotopic niche;
however the definition of Hutchison's niche as “n-dimensional
hypervolumes” implies niche as a multidimensional set of re-
sources and therefore could include other stable isotopes or
biological variables that would provide more resolution for esti-
mating a species’ niche and niche overlap between species (van
Oordt et al. 2024).

The use of sulfur isotopes (§°*S) in food web studies has grown
in recent years (Raoult et al. 2024). While 8"°N is commonly
used to infer trophic level, due to increases in 8'°N of consum-
ers up the food web (Hobson and Welch 1992; Post 2002), §13C
and 8%#S are more indicative of resource use, as they generally
exhibit minimal trophic fractionation (typically <1%.). Carbon
stable isotope ratios (8'3C) are often used to trace carbon sources
in the food web. For instance, in a marine system, benthic pri-
mary producers (e.g., benthic algae and seagrass) generally have
higher 8'3C values than the pelagic producers like phytoplank-
ton, allowing researchers to distinguish between benthic and
pelagic food sources (Hobson and Welch 1992). In Arctic marine
ecosystems, carbon sources such as ice algae and phytoplank-
ton also differ in 8'3C, with ice algae typically enriched in 13C
(Hobson and Welch 1992; Hobson et al. 2002). Similarly, §34S
can differentiate pelagic and benthic food sources in the marine
environment. In the water column, sulfur is primarily present
as sulfate, while in the sediments, sulfur is often available as
sulfides due to the activity of anaerobic bacteria present in the
sediments (Peterson and Fry 1987; Peterson 1999). Sulfates and
sulfides have distinct 8°*S values and can therefore be used
to distinguish between benthic and pelagic originating food
sources, with the former being relatively lower in §3*S (Peterson
and Fry 1987; Connolly et al. 2004). This isotopic distinction
enables the identification of species that utilize resources from
pelagic and benthic compartments, thereby revealing benthic—
pelagic coupling in aquatic environments. Additionally, §34S
can be used to distinguish between freshwater and marine

residency within estuarine systems, as §34S values often follow
a salinity gradient, with marine typically showing higher val-
ues compared to freshwater systems (Hesslein et al. 1991; Fry
and Chumchal 2011). The application of 84S has helped clar-
ify habitat use and resource utilization across a wide range of
taxa, including marine mammals (Szpak and Buckley 2020;
Cani et al. 2024), sea turtles (Weber et al. 2023), sharks (Burke
et al. 2024; Besnard et al. 2025), fish (Fry and Chumchal 2011;
Cybulski et al. 2022), and invertebrates (Yamanaka et al. 2000;
Bopp et al. 2023). In many cases, 83*S has revealed dietary pat-
terns that 8'3C alone could not detect, highlighting its value in a
multi-isotope approach.

Understanding food web and isotopic niche dynamics in the
Arctic is especially critical, as the region is undergoing rapid
environmental change, including ocean warming and extended
periods of open water (Crawford et al. 2021) that has influenced
species distributions and interspecific interactions (Dupont
et al. 2024; Stroeve et al. 2024). These shifts have facilitated
the northward expansion of sub-Arctic species, potentially in-
creasing interspecific competition and altering trophic relation-
ships and niche dynamics within Arctic food webs (Fossheim
et al. 2015; Dupont et al. 2024). Our comprehensive database
includes multiple species of marine taxa from the Arctic, includ-
ing 50 invertebrates, 14 fish, 2 seabirds, and 3 marine mammals
species, all of which forage in either pelagic or benthic habitats.
The main objective of this study is to demonstrate how the in-
clusion of &**S alongside 8'3C and 8'°N can affect the ecolog-
ical interpretation of isotopic niche analyses and to determine
whether the magnitude of change varies across taxa and habi-
tats for pelagic and benthic-associated species. Specifically, we
compared the traditional two-dimensional (2D: §'*C-8'°N) ap-
proach to a three-dimensional (3D: §'*C-8'°"N-834S) framework
to examine how isotopic niche overlap shifts with the addition
of 834S, and whether these changes vary between foraging hab-
itats (pelagic and benthic) or among taxonomic groups: inverte-
brates, fish, seabirds, and marine mammals. We hypothesized
that estimates of isotopic niche size would differ between 2D
(813C-8"N) and 3D (8'3C-8'°N-8%*S) approaches, and that
these differences would vary among taxa and foraging habitats.
Specifically, we expected isotopic niche size to be larger under
the 3D framework for benthic species, reflecting the greater di-
versity of end-member resources available in benthic habitats.
We also predicted that isotopic niche overlap among taxa would
decrease when using the 3D approach, particularly among ben-
thic foragers, as the incorporation of 84S should enhance dis-
crimination among food resources used by each taxa.

2 | Methods
2.1 | Sample Collection

Samples of marine mammals, seabirds, fish, and inver-
tebrates (n=664, 49 species; Table S1) were collected
around Southampton Island, Nunavut, Canada (64.5999°N,
84.1348°W) during the summer (June to September) over
3years (2016, 2018, and 2019). In 2016, benthic and pelagic in-
vertebrates and fish samples were collected using a Campelen
1200 trawl aboard the MV Nuliajuk. In 2018 and 2019, in-
vertebrate and fish samples were collected aboard the RV
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William Kennedy using benthic beam trawls, Ponar grab and
box core (25x25x50cm) as part of the Southampton Island
Marine Ecosystem Project (SIMEP). A 3-m beam trawl (0.5-
cm cod-end mesh) was towed (2-3 knots for 15min) at the
bottom to collect benthic fish and invertebrates. Zooplankton
were collected with an obliquely towed bongo net (500-um
mesh). All samples were sorted in the field to the lowest tax-
onomic group and frozen at —20°C for further analysis. The
samples had their taxonomic identification visually verified
in the lab to the lowest taxonomic group possible (i.e., class,
genus or species) using taxonomic keys and guides for Arctic
fish (Coad and Reist 2018) and invertebrates (Klekowski and
Westawski 1990; Lacasse et al. 2020). A total of 427 inverte-
brates and 133 fish, consisting of 32 and 12 species/taxa, re-
spectively, were subsampled for further analysis.

Marine mammal muscle samples from beluga whale
(Delphinapterus leucas, n=8), narwhal (Monodon monoceros,
n=10), and ringed seal (Pusa hispida, n=40) subsistence har-
vest were collected by Naujaat (Arviq) community members
during summer (2016, 2018, and 2019). Frozen tissues were
shipped to the Freshwater Institute (Winnipeg, MB) as part
of an ongoing community-based monitoring program with
Fisheries and Oceans Canada (DFO). Seabird blood samples
(n=46) from common eider (Somateria mollissima) and thick-
billed murre (Uria lomvia) were collected (2018 and 2019) by the
long-term monitoring program in East Bay and Coats Islands
(Environment and Climate Change Canada—ECCC and McGill
University, respectively). Plasma was analyzed for the common
eiders sampled during pre-incubation (at arrival; in May), while
red blood cells (RBCs) were analyzed for thick-billed murres
sampled during chick-rearing (in July). Since plasma has a
turnover rate of a few hours to days (Hobson and Clark 1993;
Hahn et al. 2012; Barquete et al. 2013), we expected that plasma
samples collected from common eiders would reflect their local
breeding diet during pre-incubation rather than their migratory
diet as samples were collected in May. In contrast, RBCs samples
collected from thick-billed murres during chick-rearing should
reflect diet over several weeks, again representing local breed-
ing diets as samples were collected in July. Blood samples were
shipped frozen (—20°C) to the Freshwater Institute (Winnipeg,
MB) for analysis.

2.2 | Stable Isotope Analysis

Muscle from fish and marine mammals, blood from seabirds
and the whole body, gonad, muscle or soft tissues from inver-
tebrates (Table S1) were subsampled and analyzed for carbon,
nitrogen and sulfur stable isotopes (§'3C, 8'°N, and 834S). Frozen
samples were freeze-dried for 48h at —50°C and homogenized
prior to analysis. As higher lipid content can affect §'*C (Post
et al. 2007), lipids were extracted from the invertebrate tissues
and fish and marine mammal muscles using a modified 2:1 chlo-
roform: methanol method developed by Bligh and Dyer (1959).
For 813C and 8'°N, 400-600 g of tissue was weighed into tin cap-
sules while for §34S, 3000-6000 ug of tissue was weighed into tin
capsules with an additional 300-500 ug of Vanadium Pentoxide.
Stable isotope analysis was performed using a Delta V Advantage
Mass spectrometer (Thermo Finnigan, San Jose, CA, USA) cou-
pled to a Costech 4010 Elemental Combustion system (Costech,

Valencia, CA, USA) and a ConFlo IV gas interface (as described
in Amiraux, Mundy, et al. 2023) at the Chemical Tracers
Laboratory, Great Lakes Institute for Environmental Research
(GLIER) at the University of Windsor, Ontario. Stable isotope
ratios are expressed in per mil (%o) in standard delta (§) nota-
tion relative to the international standards Pee Dee Belemnite
(Carbon), atmospheric N, (Nitrogen), and Vienna Canon Diablo
Triolite (Sulfur). Instrument accuracy ranged from 0.06%o to
0.14%o for 8" N (NIST8573, NIST8547, NIST8574); 0.01 to 0.09%o
for 813C (NIST8542, NIST8573, NIST8574); and 0.25 to 0.30%o
for 84S (NIST8555, NIST8529). Instrument precision was mea-
sured as the standard deviation of standard replicates and was
<0.25%0 for 8°N, <0.13%c for 8'3C (NIST1577c, internal lab
standard, tilapia muscle, USGS 40 and Urea) and <0.43%o. for
8343 (USGS 42, NIST 8555 and NIST 8529).

As inorganic carbon can increase 8'*C and does not reflect dietary
sources, species with inorganic carbon present as calcium carbon-
ate (CaCO,) such as sea stars, sea spiders, and brittle stars had their
813C corrected mathematically in this study. We calculated the
correct 83C using the linear regression (Equation 1) derived from
Jacob et al. (2005). The carbonate proxy used in the study was 0.9
as the average for echinoderms from Kazanidis et al. (2019).

813 Cuge — 82 Cpeiq = 0.181 + 4.08 X carbonate proxy
6y)
2.3 | Data Analysis

Species across four taxonomic classifications (invertebrates,
fishes, marine mammals, and seabirds) were grouped into 29 dif-
ferent taxa (Table 1, Table S1). To ensure a sufficient sample size
to estimate the isotopic niche for some taxa, we combined closely
related species with similar foraging strategies with each taxa
containing an average of 22 individuals (range=8-111). To val-
idate these groupings that contained multiple species (i.e., deca-
pod, other shrimps; sculpins), we conducted multivariate analysis
(Permutational Multivariate Analysis of Variance [PERMANOVA]
and Principal Component Analysis [PCA]; Figures S1-S14) to en-
sure that the combined species exhibited appropriate clustering
within the isotopic niche space using the three stable isotopes val-
ues (813C, 81N, and 834S). Each taxa were further assigned as ben-
thic (n=19) or pelagic (n=10) based on their habitat as defined in
World Register of Marine Species (WoRMS; https://marinespecies.
org) and/or FishBase (https://fishbase.net.br). The classification
allowed us to explore the magnitude of change in niche size and
niche overlap from 8'3C and 8'°N (two dimensions) to 8'3C, §'°N,
and &*S (three dimensions) isotopic niche analysis among taxa
that inhabit and primarily forage on benthic or pelagic-derived
resources. Median sample size was higher for pelagic taxa (21.5;
IQR: 11.75-36.25) than for benthic taxa (14; IQR: 12-19); therefore,
comparisons between habitats should be interpreted with caution.

We used the nicheROVER package (Swanson et al. 2015) in
R (4.3.1) to calculate the 95% niche size estimate of stable iso-
topes and the probability of niche overlap for each pairwise spe-
cies combination (see Swanson et al. 2015) using two (2D, ;.
8'3C and 8'°N) and three dimensions (3D, .: 8"°C, 8"°N, and
8%4S). We used a threshold of 60% or higher to identify biologi-
cally significant niche overlap between taxa (Matley et al. 2017;

Cybulski et al. 2022; Raoult et al. 2024). Estimated isotopic niche
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TABLE 1 | Carbon, nitrogen, and sulfur stable isotope ratios (mean +SD %) and two-dimensional (%.%) and three-dimensional (%.%) isotopic
niche size (median and scaled) for each taxa (n =sample size) by foraging habitat.

2D isotopic
niche 3D isotopic niche
Scaled Scaled
Foraging Niche niche niche
habitat Taxa n s13C SN 5348 size size Niche size size
Pelagic Ringed seal 40 —-18.26+0.39 17.53+1.27 17.40+0.54 7.33 -0.33 18.07 -0.41
Narwhal 10 —18.13+0.32  15.57+1.38  17.53+0.77 4.21 -0.72 10.69 —0.58
Beluga 8 —18.28+£0.10  16.13+0.41  17.46+0.55 0.66 -1.17 1.47 —0.80
Thick-billed 31 —20.20+0.37 14.84%+0.50 17.27+0.26 2.86 —-0.89 3.08 —0.76
murre
Arctic cod 14 -19.60+0.79 14.28+0.56  17.66+0.70 7.27 -0.34 21.06 -0.35
Mysid/ 59 —20.10£0.62 9.80+0.88 18.14+0.89 9.95 0.00 37.08 0.02
Euphausiid
Hydrozoan 11 —20.55+0.86  11.44+0.63  20.56+£0.94 8.05 -0.24 28.47 -0.18
Copepod 22 —-20.08+0.43 9.59+0.51  16.84+0.94 3.73 —0.78 14.89 —0.49
Chaetognath 21 —19.79+0.58 13.35+£0.41 17.05+0.62 3.35 —0.83 8.26 —0.64
Pelagic 38 —-19.90+0.85 10.49+0.84 19.47+0.46 12.86 0.37 23.66 -0.29
amphipod
Benthic Common eider 15 —16.99+96 13.26+£1.61 14.68+3.61 24.25 1.80 204.26 3.86
Arctic shanny 20 -19.15+0.38  15.80+0.60 17.53+0.72 4.06 -0.74 12.53 —0.54
Fourline 9 —18.58+0.51  16.08+0.48 16.40+1.10 4.18 -0.72 16.55 —-0.45
snakeblenny
Slender 13 —17.70+£1.08 13.85+£0.76  15.39+0.89 6.14 —0.48 11.86 -0.56
eelblenny
Banded gunnel 14 —19.58+0.55 14.57+0.89  18.67+0.26 7.17 -0.35 7.47 —0.66
Gymnocanthus 17 -16.35+£0.30 14.02+0.55 13.90+0.43 2.62 -0.92 4.24 -0.73
sp. sculpin
Myoxocephalus 18 -19.17+0.86  15.51+1.30 18.14+1.39  19.55 1.21 86.15 1.15
spp. sculpin
Triglops spp. 28 —19.65+0.77 14.54+0.68 18.13+0.75 9.32 —-0.08 24.79 —-0.26
sculpin
Snail 9 —17.58+0.86  14.07+0.83 17.80+1.23 8.89 -0.13 32.53 —-0.08
Sea urchin 12 -19.15+0.88 9.04+0.60 18.74+0.71 8.90 -0.13 24.11 —-0.28
Sea star 12 —20.84+£1.06* 17.24%+1.22 21.44%1.35 20.95 1.38 103.96 1.56
Sea spider 9 —20.92+0.88* 11.10+0.49 17.79%+0.46 6.53 —0.43 11.98 —0.55
Brittle star 16 —-19.34+1.29* 9.79+1.45  21.39+1.07  31.33 2.69 109.50 1.68
Sea cucumber 13 —-16.53+0.57 11.71+0.46  17.64+0.82 4.62 -0.67 13.88 -0.51
Nudibranch 10 —-20.95+0.21 13.19+0.42 19.61+0.59 1.31 -1.09 3.38 -0.75
Isopod 14 —18.07+0.72 9.90+£0.61  20.02+0.44 6.83 —-0.39 12.37 —0.55
Argis dentata 23 -15.22+1.17 14.38+0.78 12.41+1.58  15.76 0.73 68.25 0.74
Other shrimps 111 —18.30+0.94 13.12+1.04 17.37+0.80 18.35 1.06 64.31 0.65
Benthic 47 —16.89+0.86 1298+1.77 18.87+0.54 27.50 2.21 69.22 0.76
amphipod
aSamples with §!*C mathematically corrected.
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sizes (mean), calculated as Bayesian Ellipse Area (2D %0%) and
Bayesian Ellipsoid Volume (3D %o%), were standardized (mean-
centered and scaled) to account for differences in measurement
units and produce standardized isotopic niche sizes. This stan-
dardization removes unit-specific biases and enables direct com-
parison between 2D and 3D niche sizes within taxa (Cybulski
et al. 2022). Standardization was applied to posterior means
rather than full posterior distributions; therefore, while this ap-
proach facilitates comparison among niche metrics, associated
Bayesian uncertainty may not be fully propagated through the
analysis. To assess the effect of including a third isotope, we
calculated the degree of change as the difference between the
standardized 3D and 2D niche sizes. A non-parametric Kruskal-
Wallis test was used to analyze differences in isotopic niche sizes
among taxa inhabiting benthic and pelagic habitats.

3 | Results

The mean values across all species for §3C ranged from
—20.95%0£0.21%0 (nudibranch) to —15.22%0+1.17%0 (Argis
dentata), for 8N from 9.04%0+0.88%. (sea urchin) to
17.53%0 % 1.27%o (ringed seal), and for 83*S from 12.41%o =+ 1.58%o
(A. dentata) to 21.44%o + 1.35%o (sea stars) (Table 1; Figures S15-
S18). The range of mean stable isotopes was greater across spe-
cies foraging in the benthic habitat (§'3C: 5.4%c; 8'°N: 8.2%o,
and 834S: 9.0%0) compared to those in the pelagic habitat (§'3C:
2.4%o; 815N: 7.9%0, and 83*S: 3.7%o), with 813C and 84S ranges 2.3
and 2.4 times greater in benthic-associated relative to pelagic-
associated species.

Isotopic niche size of species varied by foraging habitat and taxa.
The 2D isotopic niche size 2D, ) in taxa that mainly forage
in the benthic habitat was on average 12.01, ranging from 1.31
to 31.33%0?, compared to taxa that mainly forage in the pelagic
habitat that was on average 6.03, ranging from 0.66 to 12.86%o>
(Table 1). The 3D isotopic niche size (3D, , ) in benthic was on
average 46.39, ranging from 3.38 to 204.26%.> and for pelagic
species the average was 16.67, ranging from 1.47 to 37.08%o°
(Table 2). Although the average isotopic niche size was higher in
benthic than in the pelagic group for both 2D and 3D approaches,
it was not statistically significant (2D: y*=2.43, p=0.12; 3D:
x>=2.02, p=0.15). When comparing the 2D and 3D standard-
ized isotopic niche sizes (2Dg4 yicne @0d 3Dy 1iene)s the degree
of change (niche difference) in benthic-associated species was
two times larger (mean degree of change =0.39) than in pelagic-
associated species (mean degree of change=0.20) (Figure 1).
Common eider had the highest increase (2D ;pe=1.80;
3D,y niche = 3-86) in isotopic niche size with the addition of &**S,
followed by beluga and nudibranch, while benthic amphipods
had the largest decrease in isotopic niche size (2D, ;e =2-21;
3Dy4 niche = 0-76), followed by brittle stars and pelagic amphipods
(Figure 1). Overall, the isotopic niche overlap decreased when
including 84S for both pelagic and benthic habitats (Tables 2-4).
For taxa in the benthic habitat, 37 out of 171 pairwise compar-
isons had biologically significant niche overlap (>60%) when
using only 8'3C and 8'°N (2D) and this level of overlap decreased
to 14 of 171 with the addition of §34S (3D). In the pelagic habitat,
10 out of 45 pairwise comparisons had biologically significant
niche overlap when using the 2D approach, which decreased to
5 of 45 with 834S (3D).

The probability of overlap of the common eider isotopic niche
with other benthic species (benthic amphipods and other
shrimps) decreased to below 25% when using the 3D approach
with 84S (2D: 88% and 61%). The benthic amphipod's stan-
dardized isotopic niche decreased with the 3D approach and
had the second highest degree of change (Figure 1), decreasing
the probability of isotopic niche overlap with A. dentata from
60% to 0%, other shrimps from 61% to 21%, and with common
eider from 83% to 39% (Figure 2). Moreover, other shrimps,
Gymnocanthus sp. sculpin, slender eelblenny, common eiders,
isopods, and sea cucumbers, which previously had significant
overlap (> 64%) with the benthic amphipods, had overlap per-
centages drop below 55% (Table 2). The standardized isotopic
niche size of brittle stars also decreased with the addition of
&3S (Figure 1), reducing the probability of overlap with sea
spider and sea urchins from >89% to <31% (Figure 2). Sea
stars and nudribranch showed no significant overlap with
any other benthic taxa using either the 2D or 3D approach
(Table 2).

With the 3D isotopic niche approach, the pelagic amphipod
reduced its standardized isotopic niche size and had the high-
est degree of change within the pelagic group (Figure 1), as
reflected in the probability of overlap with other taxa. Species
that previously fell within the pelagic amphipod’s standardized
isotopic niche, such as hydrozoans, mysids, and copepods, had
their overlap percentages drop below 60% (2D: >83% to 3D:
<42%; Table 3; Figure 2). Additionally, the pelagic amphipod's
probability of falling into the mysid standardized isotopic niche
decreased from 79% (2D) to 50% (3D), and the mysid's overlap
with copepods decreased from 61% (2D) to 44% (3D) (Table 3).

For fish, the addition of 84S resulted in minimal changes to
the standardized isotopic niche of Arctic cod (the only pelagic
species) and its overall niche overlap with the benthic species.
Using the 2D approach, Arctic cod showed significant isoto-
pic niche overlap with two sculpins (Myoxocephalus spp. 86%
and Triglops spp. 92%) and banded gunnel (71%). When &3S
was incorporated (3D), the overlap probabilities decreased but
generally remained significant (>76%), with the exception of
banded gunnel for which overlap decreased substantially to
15% (Table 4). Banded gunnel showed a significant isotopic
niche overlap with Arctic cod, as well as with Myoxocephalus
spp. and Triglops spp. sculpins, and these overlaps remained sig-
nificant using either 2D (72%, 94%, 86%, respectively; Table 4)
or 3D approaches (60%, 87%, 84%, respectively; Table 4). In
addition, blennies (Arctic shanny and Fourline snakeblenny)
and sculpins (Myoxocephalus spp. and Triglops spp.) showed
significant isotopic niche overlap when using both the 2D and
3D approaches (64%-100%; Table 4). The isotopic niche overlap
between the 3 sculpin species remained the same regardless of
the use of 2D or 3D approach, with only Triglops spp. overlap-
ping significantly with Myoxocephalus spp. (=87%; Figure 3;
Table 4). Gymnocanthus sp. and slender eelblenny had non-
significant overlap (Table 4) with other fish species regardless
of the approach used. Overall, the addition of &°**S improved
isotopic niche discrimination among only a few benthic fishes,
reducing pairwise niche overlap estimates for Fourline snake-
blenny-Arctic shanny and Arctic shanny-Fourline snakeblenny
(65%-69% reduced to 44%-49%), as well as for Triglops spp.—
banded gunnel (74% reduced to 31%; Table 4).
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Common eider
Beluga
Nudibranch
Copepod
Fourline snakeblenny
Arctic shannx
Chaetognatl
Gymnocanthus sp.
Sea star
Sea cucumber
Narwhal
Thick-billed murre
Hydrozoan
Snail
Mysid/Euphausiid
Argis dentata
Arctic cod
Myoxocephalus spp.
Slender eelblenny
Ringed seal [ ]
Sea spider
Sea urchin
Tral Isopod
riglops spp.
Banded gunnel
Other shrimps
Pelagic amphipod | ]
Brittle star
Benthic amphipod

Foraging

Benthic
I Pelagic

Taxa

-1 0 1 2
Degree of change

FIGURE1 | Degree of change between standardized isotopic niches
(2D and 3D) for each taxa in descending order. Benthic taxa are shown
in red and pelagic taxa in blue.

For marine mammals, the 3D isotopic niche of belugas still had
significant overlap with those of narwhals (2D: 79%, 3D: 68%)
and ringed seals (2D: 97%, 3D: 92%) (Table 5; Figure 3). A similar
pattern was observed with thick-billed murres and Arctic cod,
where murres continued to show significant overlap with Arctic
cod's isotopic niche (2D: 76%, 3D: 71%). Interestingly, narwhals,
ringed seals, and thick-billed murres had minimal to zero prob-
ability to overlap with other species’ isotopic niches, regardless
of the approach used. Overall, the addition of §3*S affected the
isotopic niche overlap among the benthic-associated taxa and
invertebrates, but had a minimal influence on isotopic niche
overlap on marine mammals.

4 | Discussion

This is the first study to examine changes to isotopic niche dy-
namics and potential ecological interpretation when incorpo-
rating 84S alongside traditional 8'3C and 8'°N values across
numerous species and taxa that inhabit pelagic and benthic
Arctic marine ecosystem. While previous research focused
on a more limited number of species when comparing the use
of 2D and 3D approaches (e.g., Rossman et al. 2016; Skinner
et al. 2019; Cybulski et al. 2022; Raoult et al. 2024), our study
includes multiple taxonomic groups (invertebrates, fishes, birds
and marine mammals) and focuses on comparisons between
distinct habitats (pelagic vs. benthic). By directly comparing
benthic and pelagic environments, we address a key gap in food
web ecology and demonstrate the added value of incorporating
8348, particularly for species or habitat types where its inclusion
enhances the resolution of trophic interactions and ecological
interpretation.

Our analysis revealed that the degree of change between 2D
(8'3C-8""N) and 3D (8'3C-8'°N-834S) isotopic niches was more
pronounced in invertebrates and benthic-associated foragers.
This distinction likely reflects the greater ecological complex-
ity and diversity of foraging strategies characteristic of benthic
ecosystems, in contrast to the more linear structure of pelagic

food webs. In the Arctic, sympagic-pelagic-benthic coupling
plays a key role in supporting benthic ecosystems where carbon
inputs from pelagic sources (e.g., phytoplankton, ice algae and
detritus) are transferred to the benthos (Stasko et al. 2018; Niemi
et al. 2024). In addition, benthic organisms can acquire sulfur
either from the water column, where it is present as sulfate
with a higher 84S value, or from the sediment, where it exists
as sulfides with a lower 84S value (Peterson 1999; Yamanaka
et al. 2000). In addition, Southampton Island's Ordovician oil
shales are geologically distinctive and may represent a local
sulfur source throughout the region (Zhang 2011). These shales
may be composed of more isotopically light sulfur and could
contribute to lower benthic 83*S values, raising the possibility
that part of the benthic sulfur signal observed in some taxa may
reflect geological inputs, that can be incorporated biologically
into the food web.

Among benthic invertebrates, several taxa exhibit high tro-
phic plasticity, employing diverse feeding strategies such as
suspension feeding, surface and subsurface deposit feeding,
and predation/scavenging (Legezynska et al. 2012; Volage
et al. 2021). These varied strategies are reflected in a broader
range of stable isotope values (Christianen et al. 2017; Stasko
et al. 2018). In our study, amphipods, brittle stars, and other
shrimps showed substantial contraction in standardized
isotopic niche size with the addition of §3*S. Amphipods,
which display both scavenging and predatory behaviors, typ-
ically occupy mid-trophic levels (TP: 2-3) (Amiraux, Mundy,
et al. 2023; Ziegler et al. 2023; Bridier et al. 2024). Brittle
stars are opportunistic feeders capable of switching between
suspension and deposit feeding depending on food avail-
ability (Volage et al. 2021). Other shrimps included species
from the genera Eualus, Lebbeus, and Spirontocaris, which
are known to feed on a mix of amphipods, foraminiferans,
hydrozoans, including some pelagic copepods (Birkely and
Gulliksen 2003). This trophic plasticity allows these taxa to
exploit a range of food sources in response to fluctuations
in resource availability (e.g., ice algae vs. phytoplankton),
which is an important adaptation to the variable Arctic en-
vironment. Relying solely on a 2D approach (8'3C and 8'°N)
may mask niche partition and lead to misinterpretation of
ecological data, as the inclusion of 84S (3D) provided a better
resolution, revealing finer-scale resource partitioning among
these benthic taxa. In contrast, sea stars showed minimal
change in isotopic niche size. Some species, such as those in
the Pterasteridae family, function as top predators (TP: 4-5)
(Amiraux, Yurkowski, et al. 2023) which likely explains their
limited overlap with lower-trophic benthic invertebrates. As
opportunistic scavengers, sea stars can utilize both benthic
and pelagic carrion (Garrido et al. 2021; Amiraux, Yurkowski,
et al. 2023), which may explain the limited influence of §*S on
their isotopic niche size. Among seabirds, the inclusion of §3*S
was more informative for common eiders, whose diet mainly
consists of benthic invertebrates such as bivalves, polychaetas,
amphipods, decapods, and echinoderms (Merkel et al. 2007;
Kristjdnsson et al. 2013). When 83*S was included, the isoto-
pic niche of common eiders showed the most pronounced in-
crease in size and decrease in overlap with other taxa, likely
reflecting their specialized benthic foraging strategy focused
on invertebrates. As observed in our study, species associ-
ated with benthic environments tend to show greater shifts
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TABLE 3 | Probability of isotopic niche overlap between taxa A (rows) with taxa B (columns) using 2D (§'°N and 8'3C) and 3D (§"°N, §'3C, and

8%*S) approach in pelagic invertebrates.

Pelagic invertebrates Chaetognath Copepod Hydrozoan Mysid/Euphausiid Pelagic amphipod
2D Chaetognath 0 14 0 4
3D Chaetognath 0 0 0 0
2D Copepod 0 12 99 95
3D Copepod 0 1 73 4
2D Hydrozoan 4 6 46 83
3D Hydrozoan 0 0 9 42
2D Mysid/Euphausiid 0 61 25 87
3D Mysid/Euphausiid 0 44 9 25
2D Pelagic amphipod 1 36 45 79

3D Pelagic amphipod 0 6 46 50

Note: Biologically significant overlaps (>60%) are highlighted.

in isotopic niche size and overlap when 834S is incorporated
in the analysis, highlighting the importance of the use of
sulfur isotopes in ecological studies focused on species that
rely primarily on benthic ecosystems. In contrast, thick-billed
murres are primarily pelagic feeders, consuming forage fish
such as capelin (Mallotus villosus), Arctic cod and sandlance
(Ammodytes spp.), as well as lower trophic-level prey (i.e., co-
pepods, amphipods, mysids) (Gaston and Noble 1985; Moody
et al. 2012; Smith and Gaston 2012; Gaston and Elliott 2014;
Gongora et al. 2018). Similar to other pelagic species, their
standardized isotopic niche size showed minimal change with
the addition of 834S. Notably, thick-billed murres had signif-
icant isotopic niche overlap with Arctic cod (with both 2D
and 3D analyses), likely due to both species feeding on sim-
ilar pelagic invertebrates such as copepods, amphipods and
mysids in the area (Walkusz et al. 2013). In contrast to adults
where invertebrates are a large part of the diet, murre chicks
are fed primarily fish (Gaston and Noble 1985; Gaston and
Elliott 2014).

As reported in a previous study (Fuirst et al. 2024), all fish
species occupied similar trophic positions, ranging between
3 and 4. Standardized isotopic niche sizes among benthic
fishes varied with the inclusion of §**S where Arctic shanny,
Gymnocanthus sp. and fourline snakeblenny showed an ex-
pansion in niche size under the 3D approach, whereas Triglops
spp. and banded gunnel exhibited a reduction. Overall, the
incorporation of §%*S did not substantially change or reduce
isotopic niche overlap among benthic fish, except for Arctic
shanny-Fourline snakeblenny and Banded gunnel-Triglops
spp. sculpin pairs. Gymnocamthus sp. sculpin and slender
eelblenny exhibited zero or low niche overlap with other ben-
thic species when evaluated using either 2D or 3D isotopic
approaches. Although these species were reported to have sim-
ilar diets in the Siberian Arctic, feeding primarily on benthic
amphipods and polychaetes (Gray et al. 2017), their isotopic
niche overlap in present study was low and below significance
(<£42%). In contrast, Triglops and Myoxocephalus sculpins
are known to feed on a broader mix of benthic and bentho-
pelagic crustaceans (e.g., amphipods, mysids and shrimps),

as well as other fishes (Gray et al. 2017; Landry et al. 2018;
Tokranov et al. 2022), which likely explains the higher niche
overlap with other benthic species and the more pelagic Arctic
cod. Consistent with observations from the Siberian Arctic,
Gymnocamthus sp. sculpin showed no overlap with the other
two sculpin taxa.

In contrast, the standardized isotopic niche size of Arctic
cod remained relatively unchanged with the addition of §3*S.
Despite occupying a distinct pelagic habitat and feeding
primarily on copepods, amphipods, and mysids (Walkusz
et al. 2013; Majewski et al. 2016), Arctic cod still fell within
the isotopic niche of 3 out of 7 benthic fish species in the 2D
analysis. While generally considered pelagic, Arctic cod ex-
hibit benthic-pelagic behavior where larger, older individuals
(age+1) tend to reside near the seafloor, feeding predomi-
nantly on amphipods, whereas smaller, younger fish (age 0)
remain in the epipelagic zone, feeding mainly on copepods
(Geoffroy et al. 2016; Majewski et al. 2016; Malizia et al. 2023).
The individuals analyzed in the study were adults (+1) that
can access deeper mesopelagic waters (Geoffroy et al. 2016),
which likely contributed to the substantial isotopic niche
overlap observed with benthic species such as Myoxocephalus
spp. (= 86%) and Triglops spp. (>76%) in both 2D and 3D iso-
topic space. Similar to Arctic cod, M. scorpius have also been
reported to exhibit benthic-pelagic coupling, with larger in-
dividuals feeding more frequently on fish and smaller indi-
viduals relying primarily on benthic invertebrates (Landry
et al. 2018). The inclusion of &3*S, however, reduced Arctic
cod's overlap with banded gunnel, highlighting subtle differ-
ences in resource use between the two species. Specifically,
banded gunnel fed on prey with higher §34S values, suggesting
greater reliance on pelagic sources compared to Arctic cod.
Similarly, §3*S helped identify a higher proportion of pelagic
inputs in sharks, highlighting its value in systems where ben-
thic-pelagic coupling is expected (Raoult et al. 2024). These
findings align with Cybulski et al. (2022), who demonstrated
that 834S can help distinguish isotopic niches among fish spe-
cies that occupy different trophic guilds but share similar tro-
phic positions.
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FIGURE 3 | Two-dimensional (2D: 8'3C, 8!°N) isotopic niche ellipses (left) and three-dimensional (3D: §'3C, 8'°N, §%*S) isotopic niche ellipsoids
(right) representation of marine mammals (top), seabirds (center), and benthic fish (bottom) showing minimal change in niche overlap when using

either 2D or 3D framework.

TABLE 5 | Probability of isotopic niche overlap between taxa A (rows) with taxa B (columns) using 2D (8'°N and 8'3C) and 3D (8'°N, §'3C, and

8%4S) approaches in seabirds and marine mammals.

Common eider Thick-billed murre
Seabirds 2D Common eider 0
3D Common eider 0
2D Thick-billed murre 5
3D Thick-billed murre 5
Beluga Narwhal Ringed seal
Marine mammals 2D Beluga 79 97
3D Beluga 68 92
2D Narwhal 16 51
3D Narwhal 15 51
2D Ringed seal 11 24
3D Ringed seal 10 19

Note: Biologically significant overlaps (>60%) are highlighted.

For marine mammals, the small change in standardized iso-
topic niche size suggests limited value in incorporating 83*S to
assess isotopic niche overlap among the three top marine pred-
ators. Regardless of whether a 2D or 3D isotopic space was used,
belugas’ isotopic niche fell within both narwhal's and ringed
seal's isotopic niches, reflecting their shared reliance on pelagic
prey. Beluga whales primarily consume pelagic fish, such as
Arctic cod and capelin (M. villosus) (Loseto et al. 2009; Kelley
et al. 2010; Choy et al. 2020). Similarly, narwhals predom-
inantly feed on pelagic fish (e.g., Arctic cod), although some
populations are known to feed on benthic fish, like Greenland
halibut (Reinhardtius hippoglossoides) (Watt et al. 2013; Watt
and Ferguson 2015). Ringed seals also primarily feed on pe-
lagic fish (e.g., capelin, Arctic cod) and invertebrates (e.g.,
mysids, euphausiids, amphipods) (Yurkowski et al. 2016;
Ogloff et al. 2019), but their diet is more variable, occasionally
including benthic invertebrates (e.g., decapods) and fish (e.g.,
Stichaeidae) (Labansen et al. 2007; Schiett et al. 2024). Given
the shared reliance on pelagic fishes, the 84S values across
these species were likely to overlap with minimal impact on the
degree of change in isotopic niche size area (2D) and volume
(3D). Similar to our study, the incorporation of §**S values did
not improved niche resolution among marine mammal species
in coastal Africa (Cani et al. 2024). It is also important to note
that these highly migratory predators may forage across multi-
ple regions before feeding around Southampton Island, adding
further uncertainty to the degree of isotopic separation that can
be expected.

It is also important to note that the coupling between pelagic
and benthic ecosystems is particularly tighter in the Arctic
compared to warmer regions, mainly driven by its strong
seasonality in primary production and the rapid sinking of

ice algae to the seafloor (Darnis et al. 2012). Values of &3S
have been shown to be a valuable indicator to differentiate
between benthic and pelagic feeding habitats in marine eco-
systems (Szpak and Buckley 2020; Cybulski et al. 2022; Raoult
et al. 2024). It has also been used to assess habitat use in es-
tuaries (Connolly et al. 2004), freshwater lakes (Croisetiere
et al. 2009; Onishi et al. 2023), and inshore-offshore gradi-
ent (Rossman et al. 2016). The interpretation of §3S values is
often complicated by regional variability in benthic-pelagic
coupling, particularly in the Arctic where the flux of sinking
pelagic organic matter to the seafloor varies across regions
(Stasko et al. 2018). In areas with stronger pelagic input, ben-
thic species may exhibit elevated 83*S values due to the incor-
poration of pelagic-derived sulfur. Conversely, some pelagic
species may feed on resuspended benthic organic matter, re-
sulting in lower 834S values that can obscure their true forag-
ing strategies. In other aquatic systems, such as estuaries, the
gradient of salinity drives the §34S values as the sulfate present
in saltwater is typically higher in 83*S compared to freshwa-
ter (Connolly et al. 2004; Fry and Chumchal 2011). A similar
pattern is observed along inshore-offshore gradients, where
terrestrial inputs tend to lower §3*S values relative to more
pelagic, offshore zones (Cani et al. 2023; Karalis et al. 2025).
These complexities reinforce the importance of 834S as a tool
for investigating isotopic niche dynamics in aquatic ecosys-
tems, while also emphasizing the need for careful consider-
ation of regional and ecological context when interpreting
niche size and overlap among species. Finally, niche estimates
derived from some taxa with low sample sizes (< 10) should
be interpreted with some caution, as mean isotopic niche esti-
mates, and particularly the credible intervals around those es-
timates, are sensitive to sampling effort (Syviranta et al. 2013;
Rossman et al. 2016).
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5 | Conclusion

This study is the first to investigate changes in isotopic niche
dynamics and ecological interpretations by integrating §34S with
the more commonly used 8'3C and 8'°N across multiple taxo-
nomic groups—including invertebrates, fishes, birds, and ma-
rine mammals—that utilize resources from benthic and pelagic
environments. Our findings suggest that the niche of benthic-
associated species tended to be more influenced by the inclusion
of 84S, highlighting its potential to substantially improve reso-
lution in food web studies focused on species that inhabit or rely
on benthic environment. It is also important to acknowledge the
practical limitations associated with §34S analysis. Compared to
813C and 8N, 84S typically requires larger sample sizes and
incurs higher analytical costs, as it is analyzed separately. In
some cases, these additional requirements may not be justified,
particularly if 634S does not substantially enhance ecological in-
terpretations for certain species, taxa, or habitats. Nevertheless,
incorporating 83*S remains valuable, especially when estimat-
ing isotopic niche overlap among species. This is particularly
true for benthic-associated and benthic-pelagic coupling spe-
cies, where &**S can offer critical insights into resource parti-
tioning and habitat use that may not be captured by carbon and
nitrogen stable isotopes alone. In addition, the use of multiple
stable isotopes (i.e., 834S, §2°H, 8§'80) can enhance trophic resolu-
tion in other complex ecosystems such as freshwater, estuarine,
coastal, terrestrial environments, broadening the applicability
of this approach beyond the Arctic marine environment.

Author Contributions

Paloma C. Carvalho: conceptualization (equal), formal analysis
(lead), investigation (equal), visualization (lead), writing - original
draft (lead). Kelsey F. Johnson: conceptualization (equal), formal
analysis (supporting), investigation (equal), writing — review and edit-
ing (equal). Kyle H. Elliott: data curation (equal), funding acquisition
(equal), resources (equal), writing - review and editing (equal). Steven
H. Ferguson: data curation (equal), funding acquisition (equal), re-
sources (equal), writing — review and editing (equal). Aaron T. Fisk:
data curation (equal), funding acquisition (equal), resources (equal),
writing — review and editing (equal). H. Grant Gilchrist: data cu-
ration (equal), funding acquisition (equal), resources (equal). Kevin
J. Hedges: data curation (equal), funding acquisition (equal), re-
sources (equal). Oliver P. Love: data curation (equal), funding acqui-
sition (equal), resources (equal). C. J. Mundy: data curation (equal),
funding acquisition (equal), resources (equal), writing - review and
editing (equal). Andrea Niemi: data curation (equal), funding acqui-
sition (equal), resources (equal), writing — review and editing (equal).
Wesley R. Ogloff: data curation (equal), resources (equal), writing —
review and editing (equal). Bruno Rosenberg: data curation (equal),
methodology (equal), resources (equal). Cortney A. Watt: data cura-
tion (equal), funding acquisition (equal), resources (equal), writing -
review and editing (equal). David J. Yurkowski: conceptualization
(equal), data curation (equal), formal analysis (supporting), funding
acquisition (equal), project administration (lead), resources (equal),
writing - original draft (supporting), writing - review and editing
(lead).

Acknowledgments

This work was made possible through the support of the Arviq Hunters
and Trappers Organization and their hunters, who assisted with the
collection of marine mammals. We extend our sincere thanks to the
crew and scientists aboard the Nuliajuk 2016 cruise, and R/V William

Kennedy 2018 and 2019 SIMEP cruises, for their contributions to data
collection and fieldwork.

Funding

This study was supported by MEOPAR, NSERC, Churchill Marine
Observatory (CFI), Arctic Research Foundation, and Fisheries and
Oceans Canada.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that supports the findings of this study are available in the
Supporting Information of this article.

References

Amiraux, R., C. J. Mundy, M. Pierrejean, et al. 2023. “Tracing Carbon
Flow and Trophic Structure of a Coastal Arctic Marine Food Web
Using Highly Branched Isoprenoids and Carbon, Nitrogen and Sulfur
Stable Isotopes.” Ecological Indicators 147, no. September 2022: 109938.
https://doi.org/10.1016/j.ecolind.2023.109938.

Amiraux, R., D. J. Yurkowski, P. Archambault, M. Pierrejeanb, 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 120, no. 1: €2216701120. https://doi.org/10.1073/pnas.22167
01120.

Barquete, V., V. Strauss, and P. G. Ryan. 2013. “Stable Isotope Turnover
in Blood and Claws: A Case Study in Captive African Penguins.” Journal
of Experimental Marine Biology and Ecology 448: 121-127. https://doi.
org/10.1016/j,jembe.2013.06.021.

Besnard, L., G. Le Croizier, J. E. Sonke, et al. 2025. “Using Carbon,
Nitrogen, Sulfur, and Mercury Isotopes to Trace Elasmobranch
Foraging Habitats in Contrasting Biogeochemical Environments.”
Environmental Science & Technology 59, no. 32: 16972-16984. https://
doi.org/10.1021/acs.est.5c01680.

Birkely, S.-R., and B. Gulliksen. 2003. “Feeding Ecology in Five Shrimp
Species (Decapoda, Caridea) From an Arctic Fjord (Isfjorden, Svalbard),
With Emphasis on Sclerocragon boreas (Phipps, 1774).” Crustaceana 76,
no. 6: 699-715.

Bligh, E. G., and W. J. Dyer. 1959. “Canadian Journal of Biochemistry
and Physiology.” Canadian Journal of Biochemistry and Physiology 37,
no. 8: 911-917.

Blondel, J. 2003. “Guilds or Functional Groups: Does It Matter?” Oikos
100, no. 2: 223-231. https://doi.org/10.1034/j.1600-0706.2003.12152.x.

Bopp, J., J. A. Olin, M. Sclafani, B. Peterson, M. G. Frisk, and R. M.
Cerrato. 2023. “Contrasting Trophic Niche and Resource Use Dynamics
Across Multiple American Horseshoe Crab (Limulus polyphemus)
Populations and Age Groups.” Estuaries and Coasts 46, no. 1: 227-245.
https://doi.org/10.1007/s12237-022-01116-3.

Bridier, G., F. Olivier, L. Chauvaud, V. Le Garrec, G. Droual, and J.
Grall. 2024. “Benthic Food Web Structure of a Highly Stratified Sub-
Arctic Archipelago on the Newfoundland Shelf (Northwest Atlantic
Ocean).” Estuarine, Coastal and Shelf Science 310: 108982. https://doi.
0rg/10.1016/j.ecss.2024.108982.

Brown, T. A., S. T. Belt, M. Gosselin, M. Levasseur, M. Poulin, and C.
J. Mundy. 2016. “Quantitative Estimates of Sinking Sea Ice Particulate
Organic Carbon Based on the Biomarker IP25.” Marine Ecology Progress
Series 546: 17-29. https://doi.org/10.3354/meps11668.

Burke, P. J., L. Meyer, V. Raoult, C. Huveneers, and J. E. Williamson.
2024. “Multi-Disciplinary Approach Identifies Pelagic Nutrient Linkage

Ecology and Evolution, 2026

13 of 16

95U8917 SUOLUWOD SAII1D 3|l |dde au Aq peuseAob aJe sajoile YO ‘8sn J0 se|n. Joj A%eiqiauluQ AS|IM UO (SUOIPUOI-PUe-SLLS) /W0 A3 | ' Alelg /U1 |UO//:SANL) SUONIPUOD pue SWis 1 8y} 88S *[9202/50/7T] Uo ARlq1aulluO A8|IM ‘TL9EL '§999/200T OT/I0P/W0d A3 |1m ARe1q|BU1|UO//SANY WOJ) pepeojUMOQ ‘S ‘9202 ‘85225702


https://doi.org/10.1016/j.ecolind.2023.109938
https://doi.org/10.1073/pnas.2216701120
https://doi.org/10.1073/pnas.2216701120
https://doi.org/10.1016/j.jembe.2013.06.021
https://doi.org/10.1016/j.jembe.2013.06.021
https://doi.org/10.1021/acs.est.5c01680
https://doi.org/10.1021/acs.est.5c01680
https://doi.org/10.1034/j.1600-0706.2003.12152.x
https://doi.org/10.1007/s12237-022-01116-3
https://doi.org/10.1016/j.ecss.2024.108982
https://doi.org/10.1016/j.ecss.2024.108982
https://doi.org/10.3354/meps11668

by Sawsharks.” Reviews in Fish Biology and Fisheries 34, no. 4: 1567-
1584. https://doi.org/10.1007/s11160-024-09888-6.

Cani, A., L. Cardona, A. Aguilar, A. Borrell, and M. Drago. 2024. “Fine-
Tuning the Isotopic Niche of a Marine Mammal Community Through
a Multi-Element Approach and Variable Spatial Scales.” Estuarine,
Coastal and Shelf Science 298: 108641. https://doi.org/10.1016/j.ecss.
2024.108641.

Cani, A., L. Cardona, M. Valdivia, E. M. Gonzélez, and M. Drago.
2023. “Niche Partitioning Among Marine Mammals Inhabiting
a Large Estuary as Revealed by Stable Isotopes of C, N, S, and O.”
Estuaries and Coasts 46, no. 4: 1083-1097. https://doi.org/10.1007/
$12237-023-01193-y.

Choy, E. S., C. Giraldo, B. Rosenberg, et al. 2020. “Variation in the Diet
of Beluga Whales in Response to Changes in Prey Availability: Insights
on Changes in the Beaufort Sea Ecosystem.” Marine Ecology Progress
Series 647: 195-210. https://doi.org/10.3354/meps13413.

Christianen, M. J. A., J. J. Middelburg, S. J. Holthuijsen, et al. 2017.
“Benthic Primary Producers Are Key to Sustain the Wadden Sea Food
Web: Stable Carbon Isotope Analysis at Landscape Scale.” Ecology 98,
no. 6: 1498-1512. https://doi.org/10.1002/ecy.1837.

Coad, B. W,, and J. D. Reist. 2018. Marine Fishes of Arctic Canada.
University of Toronto Press.

Connolly, R. M., M. A. Guest, A. J. Melville, and J. M. Oakes. 2004.
“Sulfur Stable Isotopes Separate Producers in Marine Food-Web
Analysis.” Oecologia 138, no. 2: 161-167. https://doi.org/10.1007/s0044
2-003-1415-0.

Crawford, A., J. Stroeve, A. Smith, and A. Jahn. 2021. “Arctic Open-
Water Periods Are Projected to Lengthen Dramatically by 2100.”
Communications Earth & Environment 2, no. 1: 1-10. https://doi.org/10.
1038/s43247-021-00183-x.

Croisetiere, L., L. Hare, A. Tessier, and G. Cabana. 2009. “Sulphur
Stable Isotopes Can Distinguish Trophic Dependence on Sediments
and Plankton in Boreal Lakes.” Freshwater Biology 54, no. 5:1006-1015.
https://doi.org/10.1111/j.1365-2427.2008.02147.X.

Cui, L., Z. Jiang, X. Huang, S. Liu, and Y. Wu. 2023. “Identification of
Food Sources in Tropical Seagrass Bed Food Web Using Triple Stable
Isotopes and Fatty Acid Signatures.” Frontiers in Marine Science 10:
1-12. https://doi.org/10.3389/fmars.2023.1093181.

Cybulski, J. D., C. Skinner, Z. Wan, et al. 2022. “Improving Stable
Isotope Assessments of Inter- and Intra-Species Variation in Coral Reef
Fish Trophic Strategies.” Ecology and Evolution 12, no. 9: 1-16. https://
doi.org/10.1002/ece3.9221.

Darnis, G., D. Robert, C. Pomerleau, et al. 2012. “Current State and
Trends in Canadian Arctic Marine Ecosystems: II. Heterotrophic Food
Web, Pelagic-Benthic Coupling, and Biodiversity.” Climatic Change 115,
no. 1: 179-205. https://doi.org/10.1007/s10584-012-0483-8.

Dupont, N., J. M. Durant, @. Langangen, and L. Christian Stige. 2024.
“Changes in Prey-Predator Interactions in an Arctic Food Web Under
Climate Change.” Progress in Oceanography 229: 103380. https://doi.
org/10.1016/j.pocean.2024.103380.

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, no. 7: 673-677. https://doi.org/10.1038/nclimate2647.

Fry, B., and M. M. Chumchal. 2011. “Sulfur Stable Isotope Indicators of
Residency in Estuarine Fish.” Limnology and Oceanography 56, no. 5:
1563-1576. https://doi.org/10.4319/10.2011.56.5.1563.

Fuirst, M., K. H. Elliott, S. H. Ferguson, et al. 2024. “Seasonal Variation
in Trophic Structure and Community Niche Dynamics of an Arctic
Coastal Community of Marine Vertebrates.” Arctic Science 47: 34-47.

Garrido, I., L. M. Pardo, L. E. Johnson, and D. Schories. 2021. “Selective
Feeding by a Predatory Sea Star Across a Depth Gradient in Northern

Patagonia, Chile.” Frontiers in Marine Science 8: 636208. https://doi.
org/10.3389/fmars.2021.636208.

Gaston, A.J., and K. H. Elliott. 2014. “Seabird Diet Changes in Northern
Hudson Bay, 1981-2013, Reflect the Availability of Schooling Prey.”
Marine Ecology Progress Series 513: 211-223. https://doi.org/10.3354/
meps10945.

Gaston, A. J., and D. G. Noble. 1985. “The Diet of Thick-Billed Murres
(Uria lomvia) in West Hudson Strait and North-East Hudson Bay.”
Canadian Journal of Zoology 63, no. 5: 1148-1160. https://doi.org/10.
1139/285-173.

Geoffroy, M., A. Majewski, M. LeBlanc, et al. 2016. “Vertical Segregation
of Age-0 and Age-1+ Polar Cod (Boreogadus saida) Over the Annual
Cycle in the Canadian Beaufort Sea.” Polar Biology 39, no. 6: 1023-1037.
https://doi.org/10.1007/s00300-015-1811-z.

Goéngora, E., B. M. Braune, and K. H. Elliott. 2018. “Nitrogen and Sulfur
Isotopes Predict Variation in Mercury Levels in Arctic Seabird Prey.”
Marine Pollution Bulletin 135: 907-914. https://doi.org/10.1016/j.marpo
1bul.2018.07.075.

Gray, B. P., B. L. Norcross, A. H. Beaudreau, A. L. Blanchard, A.
C. Seitz, and B. Sea. 2017. “Food Habits of Arctic Staghorn Sculpin
(Gymnocanthus tricuspis) and Shorthorn Sculpin (Myoxocephalus scor-
pius) in the Northeastern Chukchi and Western Beaufort Seas.” Deep-
Sea Research. Part II 135: 111-123. https://doi.org/10.1016/j.dsr2.2016.
05.013.

Hahn, S., B. J. Hoye, H. Korthals, and M. Klaassen. 2012. “From Food
to Offspring Down: Tissue-Specific Discrimination and Turn-Over of
Stable Isotopes in Herbivorous Waterbirds and Other Avian Foraging
Guilds.” PLoS One 7, no. 2: 3-8. https://doi.org/10.1371/journal.pone.
0030242.

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 Mackenczie River Basin, Canada.”
Canadian Journal of Fisheries and Aquatic Sciences 48: 2258-2265.

Hobson, K. A., and R. G. Clark. 1993. “Turnover of 13 C in Cellular and
Plasma Fractions of Blood: Implications for Nondestructive Sampling
in Avian Dietary Studies Published by: American Ornithologists’ Union
Linked References Are Available on JSTOR for This Article: Turnover
of 13C in Ce.” Auk 110, no. 3: 638-641.

Hobson, K. A., A. Fisk, N. Karnovsky, M. Holst, J. M. Gagnon, and
M. Fortier. 2002. “A Stable Isotope (813C, §15N) Model for the North
Water Food Web: Implications for Evaluating Trophodynamics and the
Flow of Energy and Contaminants.” Deep-Sea Research. Part II, Topical
Studies in Oceanography 49: 5131-5150. https://doi.org/10.1016/S0967
-0645(02)00182-0.

Hobson, K. A., and H. E. Welch. 1992. “Determination of Trophic
Relationships Within a High Arctic Marine Food Web Using 813C and
815N Analysis.” Marine Ecology Progress Series 84, no. 1: 9-18. https://
doi.org/10.3354/meps084009.

Hutchinson, G. E. 1957. “Concluding Remarks.” Ecology 43, no. 3:
225-237.

Hutchinson, G. E. 1978. An Introduction to Population Ecology. Vol. 260.
Yale University Press.

Jackson, A. L., R. Inger, A. C. Parnell, and S. Bearhop. 2011. “Comparing
Isotopic Niche Widths Among and Within Communities: SIBER—
Stable Isotope Bayesian Ellipses in R.” Journal of Animal Ecology 80,
no. 3: 595-602. https://doi.org/10.1111/j.1365-2656.2011.01806.x.

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/10.1179/
joc.2011.23.1.32.

Karalis, P., E. Dotsika, A. E. Poutouki, et al. 2025. “Isotopic Analysis
(813C, 815N, and 634S) of Modern Terrestrial, Marine, and Freshwater

14 of 16

Ecology and Evolution, 2026

85U8017 SUOLILLIOD BAFeaID 3|qedljdde 8Ly Aq pauienob ale sapiie VO !8sN 4O Sa|nu Joj AReIq)T 8UI|UO AB|1/M UO (SUO I pUOD-pUe-SWLBHWI0D" 4B | 1M Afeiq 1 Bu1|UO//:SHNY) SUORIPUOD PUe SWwie | 8L} 88S *[9202/S0/T] Uo Areiq)TauliuO A8|IM ‘TL9EL '€899/200T OT/I0P/W00" A8 1M AeIq1jeulUo//Sdny Wwoly papeojumod 'S ‘9202 ‘852.G702


https://doi.org/10.1007/s11160-024-09888-6
https://doi.org/10.1016/j.ecss.2024.108641
https://doi.org/10.1016/j.ecss.2024.108641
https://doi.org/10.1007/s12237-023-01193-y
https://doi.org/10.1007/s12237-023-01193-y
https://doi.org/10.3354/meps13413
https://doi.org/10.1002/ecy.1837
https://doi.org/10.1007/s00442-003-1415-0
https://doi.org/10.1007/s00442-003-1415-0
https://doi.org/10.1038/s43247-021-00183-x
https://doi.org/10.1038/s43247-021-00183-x
https://doi.org/10.1111/j.1365-2427.2008.02147.x
https://doi.org/10.3389/fmars.2023.1093181
https://doi.org/10.1002/ece3.9221
https://doi.org/10.1002/ece3.9221
https://doi.org/10.1007/s10584-012-0483-8
https://doi.org/10.1016/j.pocean.2024.103380
https://doi.org/10.1016/j.pocean.2024.103380
https://doi.org/10.1038/nclimate2647
https://doi.org/10.4319/lo.2011.56.5.1563
https://doi.org/10.3389/fmars.2021.636208
https://doi.org/10.3389/fmars.2021.636208
https://doi.org/10.3354/meps10945
https://doi.org/10.3354/meps10945
https://doi.org/10.1139/z85-173
https://doi.org/10.1139/z85-173
https://doi.org/10.1007/s00300-015-1811-z
https://doi.org/10.1016/j.marpolbul.2018.07.075
https://doi.org/10.1016/j.marpolbul.2018.07.075
https://doi.org/10.1016/j.dsr2.2016.05.013
https://doi.org/10.1016/j.dsr2.2016.05.013
https://doi.org/10.1371/journal.pone.0030242
https://doi.org/10.1371/journal.pone.0030242
https://doi.org/10.1016/S0967-0645(02)00182-0
https://doi.org/10.1016/S0967-0645(02)00182-0
https://doi.org/10.3354/meps084009
https://doi.org/10.3354/meps084009
https://doi.org/10.1111/j.1365-2656.2011.01806.x
https://doi.org/10.1179/joc.2011.23.1.32
https://doi.org/10.1179/joc.2011.23.1.32

Ecosystems in Greece: Filling the Knowledge Gap for Better
Understanding of Sulfur Isotope Imprints—Providing Insights for the
Paleo Diet, Paleomobility, and Paleoecolo.” Applied Sciences 15, no. 8:
4351. https://doi.org/10.3390/app15084351.

Kazanidis, G., S. Bourgeois, and U. F. M. Witte. 2019. “On the Effects
of Acid Pre-Treatment on the Elemental and Isotopic Composition of
Lightly- and Heavily-Calcified Marine Invertebrates.” Ocean Science
Journal 54, no. 2: 257-270. https://doi.org/10.1007/s12601-019-0014-x.

Kelley, T. C., L. 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. L. Loseto, and M. L. Mallory, 53-70. Springer. https://doi.
0rg/10.1007/978-90-481-9121-5_3.

Klekowski, R. Z., and J. M. Westawski. 1990. Atlas of the Marine Fauna
of Southern Spitsbergen. Ossolineum.

Kristjansson, T. O., J. E. Jénsson, and J. Svavarsson. 2013. “Spring
Diet of Common Eiders (Somateria mollissima) in Breidafjordur, West
Iceland, Indicates Non-Bivalve Preferences.” Polar Biology 36, no. 1:
51-59. https://doi.org/10.1007/s00300-012-1238-8.

Labansen, A. L., C. Lydersen, T. Haug, and K. M. Kovacs. 2007. “Spring
Diet of Ringed Seals (Phoca hispida) From Northwestern Spitsbergen,
Norway.” ICES Journal of Marine Science 64, no. 6: 1246-1256. https://
doi.org/10.1093/icesjms/fsm090.

Lacasse, O., V. Roy, C. Nozéres, 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: iv-163.

Landry, J. J., A. T. Fisk, D. J. Yurkowski, et al. 2018. “Feeding Ecology of
a Common Benthic Fish, Shorthorn Sculpin (Myoxocephalus scorpius)
in the High Arctic.” Polar Biology 41, no. 10: 2091-2102. https://doi.org/
10.1007/s00300-018-2348-8.

Legezynska, J., M. Kedra, and W. Walkusz. 2012. “When Season
Does Not Matter: Summer and Winter Trophic Ecology of Arctic
Amphipods.” Hydrobiologia 684, no. 1: 189-214. https://doi.org/10.
1007/s10750-011-0982-z.

Loseto, L. L., G. A. Stern, T. L. Connelly, et al. 2009. “Journal of
Experimental Marine Biology and Ecology Summer Diet of Beluga
Whales Inferred by Fatty Acid Analysis of the Eastern Beaufort Sea
Food Web.” Journal of Experimental Marine Biology and Ecology 374,
no. 1: 12-18. https://doi.org/10.1016/j.jembe.2009.03.015.

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, no. 6: 1087-1098. https://doi.org/10.1007/s0030
0-015-1857-y.

Malizia, J., M. Launay, I. M. Bruvold, et al. 2023. “Morphology of Arctic
Cod (Boreogadus saida) Assessed According to Habitat Preference and
Age in the Beaufort Sea.” Arctic Science 9, no. 4: 825-837. https://doi.
org/10.1139/as-2022-0043.

Matley, J. K., A. J. Tobin, C. A. Simpfendorfer, A. T. Fisk, and M. R.
Heupel. 2017. “Trophic Niche and Spatio-Temporal Changes in the
Feeding Ecology of Two Sympatric Species of Coral Trout (Plectropomus
Leopardus and P. laevis).” Marine Ecology Progress Series 563: 197-210.
https://doi.org/10.3354/meps11971.

Merkel, F. R., S. E. Jamieson, K. Falk, and A. Mosbech. 2007. “The Diet
of Common Eiders Wintering in Nuuk, Southwest Greenland.” Polar
Biology 30, no. 2: 227-234. https://doi.org/10.1007/s00300-006-0176-8.

Moody, A. T.,K. A.Hobson, and A. J. Gaston. 2012. “High-Arctic Seabird
Trophic Variation Revealed Through Long-Term Isotopic Monitoring.”
Journal fiir Ornithologie 153, no. 4: 1067-1078. https://doi.org/10.1007/
$10336-012-0836-0.

Newsome, S. D., C. M. del Rio, S. Bearhop, and D. L. Phillips. 2007. “A
Niche for Isotopic Ecology.” Frontiers in Ecology and the Environment
(1957) 5, no. 8: 429-436. https://doi.org/10.1890/060150.01.

Niemi, A., B. A. Bluhm, T. Juul-Pedersen, et al. 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: 1-10. https://doi.org/10.3389/fenvs.2024.1432761.

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, no. 8: 1-12. https://doi.org/10.1007/
$00227-019-3549-6.

Onishi, Y., T. Yamanaka, and K. Koba. 2023. “Major Contribution of
Sulfide-Derived Sulfur to the Benthic Food Web in a Large Freshwater
Lake.” Geobiology 21, no. 5: 671-685. https://doi.org/10.1111/gbi.12569.

Peterson, B. J. 1999. “Stable Isotopes as Tracers of Organic Matter Input
and Transfer in Benthic Food Webs: A Review.” Acta Oecologica 20, no.
4:479-487. https://doi.org/10.1016/S1146-609X(99)00120-4.

Peterson, B. J., and B. Fry. 1987. “Stable Isotopes in Ecosystem Studies.”
Annual Review of Ecology and Systematics 18, no. 1987: 293-320.

Post, D. M. 2002. “Using Stable Isotopes to Estimate Trophic Position:
Models, Methods, and Assumptions.” Ecology 83, no. 3: 703-718. https://
doi.org/10.1890/0012-9658(2002)083[0703:USITET]2.0.CO;2.

Post, D. M., C. A. Layman, D. A. Arrington, G. Takimoto, J. Quattrochi,
and C. G. Montana. 2007. “Getting to the Fat of the Matter: Models,
Methods and Assumptions for Dealing With Lipids in Stable Isotope
Analyses.” Oecologia 152, no. 1: 179-189. https://doi.org/10.1007/s0044
2-006-0630-x.

Raoult, V., A. A. Phillips, J. Nelson, et al. 2024. “Why Aquatic
Scientists Should Use Sulfur Stable Isotope Ratios (§34S) More Often.”
Chemosphere 355: 141816. https://doi.org/10.1016/j.chemosphere.2024.
141816.

Rossman, S., P. H. Ostrom, F. Gordon, and E. F. Zipkin. 2016. “Beyond
Carbon and Nitrogen: Guidelines for Estimating Three-Dimensional
Isotopic Niche Space.” Ecology and Evolution 6, no. 8: 2405-2413.
https://doi.org/10.1002/ece3.2013.

Schioett, S., D. M. Holland, D. Holland, S. Rysgaard, and A. Rosing-
Asvid. 2024. “The Diet and Diving Behaviour of the Ringed Seal (Pusa
hispida) in Kangia (Ilulissat Icefjord), Greenland.” Polar Biology 47, no.
12: 1409-1422. https://doi.org/10.1007/s00300-024-03310-4.

Skinner, C., A. C. Mill, S. P. Newman, J. Newton, M. R. D. Cobain, and
N. V. C. Polunin. 2019. “Novel Tri-Isotope Ellipsoid Approach Reveals
Dietary Variation in Sympatric Predators.” Ecology and Evolution 9, no.
23:13267-13277. https://doi.org/10.1002/ece3.5779.

Smith, P. A., and A. J. Gaston. 2012. “Environmental Variation and the
Demography and Diet of Thick-Billed Murres.” Marine Ecology Progress
Series 454: 237-249. https://doi.org/10.3354/meps09589.

Soberon, J., and B. Arroyo-Pena. 2017. “Are Fundamental Niches Larger
Than the Realized? Testing a 50-Year-Old Prediction by Hutchinson.”
PLo0S One 4: 1-14.

Stasko, A. D., B. A. Bluhm, C. Michel, et al. 2018. “Benthic-Pelagic
Trophic Coupling in an Arctic Marine Food Web Along Vertical Water
Mass and Organic Matter Gradients.” Marine Ecology Progress Series
594: 1-19. https://doi.org/10.3354/meps12582.

Stroeve, J., A. Crawford, S. Ferguson, et al. 2024. “Ice-Free Period Too
Long for Southern and Western Hudson Bay Polar Bear Populations
if Global Warming Exceeds 1.6 to 2.6°C.” Communications Earth &
Environment 5, no. 1: 1-12. https://doi.org/10.1038/s43247-024-01430-7.

Swanson, H. K., M. Lysy, M. Power, A. D. Stasko, J. D. Johnson,
and J. Reist. 2015. “A New Probabilistic Method for Quantifying n-
Dimensional Ecological Niches and Niche Overlap.” Ecology 96, no. 2:
318-324.

Ecology and Evolution, 2026

15of 16

85U8017 SUOLILLIOD BAFeaID 3|qedljdde 8Ly Aq pauienob ale sapiie VO !8sN 4O Sa|nu Joj AReIq)T 8UI|UO AB|1/M UO (SUO I pUOD-pUe-SWLBHWI0D" 4B | 1M Afeiq 1 Bu1|UO//:SHNY) SUORIPUOD PUe SWwie | 8L} 88S *[9202/S0/T] Uo Areiq)TauliuO A8|IM ‘TL9EL '€899/200T OT/I0P/W00" A8 1M AeIq1jeulUo//Sdny Wwoly papeojumod 'S ‘9202 ‘852.G702


https://doi.org/10.3390/app15084351
https://doi.org/10.1007/s12601-019-0014-x
https://doi.org/10.1007/978-90-481-9121-5_3
https://doi.org/10.1007/978-90-481-9121-5_3
https://doi.org/10.1007/s00300-012-1238-8
https://doi.org/10.1093/icesjms/fsm090
https://doi.org/10.1093/icesjms/fsm090
https://doi.org/10.1007/s00300-018-2348-8
https://doi.org/10.1007/s00300-018-2348-8
https://doi.org/10.1007/s10750-011-0982-z
https://doi.org/10.1007/s10750-011-0982-z
https://doi.org/10.1016/j.jembe.2009.03.015
https://doi.org/10.1007/s00300-015-1857-y
https://doi.org/10.1007/s00300-015-1857-y
https://doi.org/10.1139/as-2022-0043
https://doi.org/10.1139/as-2022-0043
https://doi.org/10.3354/meps11971
https://doi.org/10.1007/s00300-006-0176-8
https://doi.org/10.1007/s10336-012-0836-0
https://doi.org/10.1007/s10336-012-0836-0
https://doi.org/10.1890/060150.01
https://doi.org/10.3389/fenvs.2024.1432761
https://doi.org/10.1007/s00227-019-3549-6
https://doi.org/10.1007/s00227-019-3549-6
https://doi.org/10.1111/gbi.12569
https://doi.org/10.1016/S1146-609X(99)00120-4
https://doi.org/10.1890/0012-9658(2002)083[0703:USITET]2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083[0703:USITET]2.0.CO;2
https://doi.org/10.1007/s00442-006-0630-x
https://doi.org/10.1007/s00442-006-0630-x
https://doi.org/10.1016/j.chemosphere.2024.141816
https://doi.org/10.1016/j.chemosphere.2024.141816
https://doi.org/10.1002/ece3.2013
https://doi.org/10.1007/s00300-024-03310-4
https://doi.org/10.1002/ece3.5779
https://doi.org/10.3354/meps09589
https://doi.org/10.3354/meps12582
https://doi.org/10.1038/s43247-024-01430-7

Syvéranta, J., A. Lensu, T. J. Marjomiki, S. Oksanen, and R. I. Jones.
2013. “An Empirical Evaluation of the Utility of Convex Hull and
Standard Ellipse Areas for Assessing Population Niche Widths From
Stable Isotope Data.” PLoS One 8, no. 2: 1-8. https://doi.org/10.1371/
journal.pone.0056094.

Szpak, P.,and M. Buckley. 2020. “Sulfur Isotopes (834S) in Arctic Marine
Mammals: Indicators of Benthic vs. Pelagic Foraging.” Marine Ecology
Progress Series 653: 205-216. https://doi.org/10.3354/meps13493.

Tokranov, A. M., P. O. Emelin, and A. M. Orlov. 2022. “Small and
Abundant but Understudied Ribbed Sculpin Triglops pingelii (Cottidae,
Teleostei) From the Kara Sea (Siberian Arctic): Distribution, Biology,
and Comparison With Congeners.” Diversity 14: 853.

van Oordt, F., A. Cuba, E. S. Choy, J. E. Elliott, and K. H. Elliott. 2024.
“Amino Acid-Specific Isotopes Reveal Changing Five-Dimensional
Niche Segregation in Pacific Seabirds Over 50 Years.” Scientific Reports
14, no. 1: 1-12. https://doi.org/10.1038/s41598-024-57339-w.

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, no. 3: 1-13. 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.

Watt, C. A., and S. H. Ferguson. 2015. “Fatty Acids and Stable Isotopes
(813C and 815N) Reveal Temporal Changes in Narwhal (Monodon
monoceros) Diet Linked to Migration Patterns.” Marine Mammal
Science 31, no. 1: 21-44. https://doi.org/10.1111/mms.12131.

Watt, C. A., M. P. Heide-Jorgensen, and S. H. Ferguson. 2013. “How
Adaptable Are Narwhal? A Comparison of Foraging Patterns Among
the World's Three Narwhal Populations.” Ecosphere 4, no. 6: 1-15.
https://doi.org/10.1890/ES13-00137.1.

Weber, S., J. A. Cullen, and M. M. P. B. Fuentes. 2023. “Isotopic Niche
Overlap Among Foraging Marine Turtle Species in the Gulf of Mexico.”
Ecology and Evolution 13, no. 11: 1-12. https://doi.org/10.1002/ece3.
10741.

Yamanaka, T., S. Shimoyama, and H. Mizota. 2000. “An Evaluation
of Source Sulfur in Soft Tissues of Marine and Freshwater Benthic
Animals From Japan Using Stable Isotope Analysis.” Benthos Research
55, no. 1: 17-22.

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, no. 3: 631-644. https://doi.org/10.1007/
s00442-015-3384-5.

Zhang, S. 2011. “Late Ordovician Conodont Biostratigraphy and
Redefinition of the Age of Oil Shale Intervals on Southampton Island.”
Canadian Journal of Earth Sciences 48, no. 3: 619-643. https://doi.org/
10.1139/E10-089.

Ziegler, A. F., B. A. Bluhm, P. E. Renaud, and L. J. Lis. 2023. “Weak
Seasonality in Benthic Food Web Structure Within an Arctic Inflow
Shelf Region.” Progress in Oceanography 217: 103109. https://doi.org/10.
1016/j.pocean.2023.103109.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: ece373671-sup-0001-DataS1.
xlsx. Data S2: ece373671-sup-0002-Supinfo.docx.

16 of 16

Ecology and Evolution, 2026

85U8017 SUOLILLIOD BAFeaID 3|qedljdde 8Ly Aq pauienob ale sapiie VO !8sN 4O Sa|nu Joj AReIq)T 8UI|UO AB|1/M UO (SUO I pUOD-pUe-SWLBHWI0D" 4B | 1M Afeiq 1 Bu1|UO//:SHNY) SUORIPUOD PUe SWwie | 8L} 88S *[9202/S0/T] Uo Areiq)TauliuO A8|IM ‘TL9EL '€899/200T OT/I0P/W00" A8 1M AeIq1jeulUo//Sdny Wwoly papeojumod 'S ‘9202 ‘852.G702


https://doi.org/10.1371/journal.pone.0056094
https://doi.org/10.1371/journal.pone.0056094
https://doi.org/10.3354/meps13493
https://doi.org/10.1038/s41598-024-57339-w
https://doi.org/10.1111/ivb.12346
https://doi.org/10.1111/ivb.12346
https://doi.org/10.1016/j.jmarsys.2012.04.004
https://doi.org/10.1016/j.jmarsys.2012.04.004
https://doi.org/10.1111/mms.12131
https://doi.org/10.1890/ES13-00137.1
https://doi.org/10.1002/ece3.10741
https://doi.org/10.1002/ece3.10741
https://doi.org/10.1007/s00442-015-3384-5
https://doi.org/10.1007/s00442-015-3384-5
https://doi.org/10.1139/E10-089
https://doi.org/10.1139/E10-089
https://doi.org/10.1016/j.pocean.2023.103109
https://doi.org/10.1016/j.pocean.2023.103109

	2D to 3D: Exploring Variation of Niche Dimensionality Across Consumers in a Coastal Arctic Ecosystem and Implications on Interpretation
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Sample Collection
	2.2   |   Stable Isotope Analysis
	2.3   |   Data Analysis

	3   |   Results
	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


