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Abstract. The West Antarctic Peninsula (WAP) is one of the most rapidly changing regions in the world.
Steep environmental gradients in sea ice cover and glacier melting are observed, but much remains to
be documented regarding the impact of these differences on biological communities and ecosystem
processes. Here, we study how environmental variability impacts trophic interactions and ecological
habitats of benthic communities along the WAP. During the Belgica 121 expedition, dominant benthic
mega- and macrofauna, as well as primary producers, were sampled in multiple stations featuring
different environmental conditions around the Gerlache Strait. Stable isotope ratios of carbon, nitrogen,
and sulfur were measured and combined in an isotope niche analysis (SIBER). Our results suggest that
changes in environmental features, notably ice-related conditions, could alter food source availability
and organic matter fluxes towards benthic organisms. Isotopic compositions of abundant species were
more variable in stations with stronger ice-related disturbance. Besides variability in isotopic baseline,
this result could possibly also be linked to the use of a wider diversity of food sources (niche expansion)
in stations affected by different ice-related conditions. Overall, our findings provide important insights
towards understanding the interplay between environmental conditions and ecological habits of benthic
consumers along the WAP.
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Introduction

Polar ecosystems are mainly constrained by seasonal light cycles which affect sea ice dynamics, wind
forcing, and ocean circulation (Lumpkin & Speer 2007; Ducklow et al. 2012; Marshall & Speer 2012).
Globally, Antarctic sea ice cover slowly increased from the late 1970s to 2010 (Parkinson & Cavalieri
2012; Holland 2014), but has decreased rapidly from 2014 to 2017 (Parkinson 2019). Regardless of
global trends, local decreases in sea ice cover around the West Antarctic Peninsula (WAP) have been
reported for decades (Parkinson & Cavalieri 2012; Holland 2014; Hendry et al. 2018). Consequently,
this region is highly relevant in a climate change context, due to the steep environmental gradients that
can be encountered (Hendry et al. 2018; Henley ef al. 2019; Queirds et al. 2024; Griffiths ef al. 2024).

In Antarctic communities, ice represents a major environmental driver (Smale & Barnes 2008; Convey
et al. 2014; Griffiths er al. 2024). Glacier calving or iceberg scouring will result in direct physical
damage to communities (Barnes 1999). Sea ice formation obstructs the water column, decreasing light
availability for primary producers (Barnes 1999; Ingels et al. 2021; Amsler ef al. 2023). Following sea
ice breakup, significant algal blooms can be observed during southern summers (Moline ef al. 2004;
Ducklow et al. 2012). Sympagic (i.e., linked to sea ice) algae constitute an important part of primary
production in polar environments (Lizotte 2001; Niemi et al. 2024). When sea ice melts, those algae fall,
bringing a significant export of organic matter to the benthic ecosystem and maintaining sea ice-benthic
coupling (Gillies et al. 2012; Henley et al. 2019; Rossi et al. 2019).

Organisms in Antarctica follow the seasonal cycle of sea ice. The benthic community is mainly composed
of opportunistic or scavenging organisms, such as sea stars or sea urchins (Norkko ez al. 2007; Henley
et al. 2019; Griffiths et al. 2024). Suspension or deposit-feeding organisms may also be strongly
represented because of high seasonal primary production export from the surface (Thomas et al. 2008;
Henley et al. 2019; Griffiths et al. 2024). Other grazing or suspension-feeding gastropods or bivalves
can be found in smaller abundance. Studies on benthic organisms’ feeding have shown the importance
of pelagic and sea ice primary producers in their diet (Gillies et al. 2012; Wing et al. 2012; Calizza et
al. 2018; Henley et al. 2019; Rossi et al. 2019). However, benthic primary production also constitutes
a significant part of consumers’ diets (Dunton 2001). Benthic algae, mainly represented by large brown
algae such as Himantothallus grandifolius and underlying red algae such as Iridaea cordata, form large
amounts of organic matter (Ducklow et al. 2013; Amsler ez al. 2023; Whippo et al. 2024). Even after
their death, those macroalgae litter accumulations provide shelter and habitat for benthic fauna (Norkko
et al. 2004; Whippo et al. 2024). Besides this macroalgae primary production, the development of an
epilithic biofilm composed of microalgae (microphytobenthos), offers another primary source of energy
(Corbisier et al. 2004; Calizza et al. 2018; Ha et al. 2019). Several studies observed trophic plasticity
of benthic consumers in different Antarctic regions, in response to the environmental influence on the
diversity and availability of basal food sources (Norkko et al. 2007; Michel et al. 2016; Rossi et al.
2019; Griffiths et al. 2024). For instance, a significant decrease in the trophic position of omnivorous
organisms was observed in Adelie Land in the absence of a sea ice break-up, suggesting a shift towards
a more herbivorous diet (Michel et al. 2019).

Food webs are typically described along two principal dimensions (Elton 1927): the diversity of
producers supporting the food web and the different trophic levels of the consumers. Stable isotope
analysis (SIA) is widely used to delineate the trophic structure of a community (Fry 2006; Norkko ef al.
2007; Rossi et al. 2019). The isotopic composition of an organism is a proportional mix of the isotopic
composition of its food sources, combined with a trophic enrichment factor (Fry 2006; Boecklen et al.
2011). The carbon isotope ratio (*C:"?C) is commonly used to distinguish the basal food sources of the
food web (Corbisier et al. 2004; Norkko et al. 2007; Gillies et al. 2012). Carbon sources might present
distinct isotopic ratios, and '*C:'>C can provide insights into the relative importance of these sources in
the diet of consumers (Corbisier ef al. 2004; Seyboth et al. 2018). The nitrogen isotope ratio ("N:'“N)

94



VOISIN A. et al., Food web structure in a rapidly changing environment

can be used to define the trophic position of consumers, based on a food web baseline. A large and
predictable stepwise variation is expected in N:'*N values between each trophic level (Norkko et al.
2007; Casey & Post 2011; Gillies et al. 2012; Seyboth et al. 2018). Sulfur isotope ratio (**S:32S) may
improve the understanding of source assimilation by consumers and can complement the analysis of
carbon isotope ratios (Connolly et al. 2004; Connolly & Schlacher 2013). Pelagic production mostly
relies on sulfates, leading to a **S-enriched ratio in food sources such as suspended particulate organic
matter (SPOM) (Fry et al. 1988). Conversely, the use of sulfides by sediment-associated producers
results in higher incorporation of the light isotope in food sources, and more *S-depleted tissues (Rees
et al. 1978; Connolly et al. 2004). A wide range of 6*S values has been found in estuarine and marine
food web studies (0**S = -14.0 to +20.4%0 — reviewed by Connolly ef al. 2004). Since there is natural
variability in the isotopic compositions of organisms across environments, defining a trophic baseline is
essential to compare food webs from different locations (Fry 2006). This baseline allows for meaningful
interpretation of consumers isotopic differences being related to their diet instead of environmental
variability (Post 2002; Fry 2006; Layman et al. 2012).

This work aims to describe and understand dietary habits of benthic organisms among a variety of
environmental conditions. We studied the food web from the primary producers up to various trophic
guilds found in consumers, in an attempt to answer the following question: are trophic diversity and
the use of species food sources influenced by environmental variability? To address this question, we
measured 6°C, 6'°N, and §*S ratios of representative species assemblages to build isotopic niches. We
also studied isotopic variability of three benthic species (i.e., Nacella concinna, Odontaster validus,
Parborlasia corrugatus) which are common in the Gerlache Strait. The main hypothesis of the current
study is that environmental variability, at a spatial scale around 100 km, across the Gerlache Strait may
influence benthic communities differently. High ice-related disturbance, such as iceberg scouring, may
reduce trophic diversity through the loss of organisms or basal food sources. Benthic species might
resort to trophic plasticity and shift towards other food sources. For instance, grazers may switch their
feeding from macroalgae to biofilm growing on the surface of rocks, due to a loss of macroalgae that
are stripped off by ice.

Material and methods
Sampling design

During the southern summer from February to March 2019, 7 stations, displaying different environmental
features (Table 1 — more details in Danis et al. 2019), were sampled in shallow areas along the Gerlache
Strait (Figure 1, Table 1), West Antarctic Peninsula (Danis et al. 2021; Danis et al. 2022). Sampling was
conducted by scuba diving at depths ranging from 8 to 20 meters. Benthic organisms were stored in zip
lock bags per taxa and grouped in larger bags per station. Primary producers as well as several other taxa
and trophic guilds ranging from primary to higher consumers, were collected (Table 2). Organisms were
identified on board, to the lowest taxonomic level possible with various documentation including, but
not limited to, Rauschert & Arntz (2015) as well as De Broyer et al. (2014) and Danis et al. (2019). To
assess primary pelagic producers’ variability, 2 to 4 water samples were taken at each station. Samples
were collected with a Niskin bottle and 3 L each were filtered through a 47 mm diameter Whatman GF/F
glass microfiber filter. Each sample was frozen at -26°C and shipped to the Freshwater and Oceanic
Science Unit of research at the University of Liege, Belgium.

Sample preparation

Different animal tissues have different biological turnover rates, which can influence the interpretation
of isotopic data (Vander Zanden et al. 2015). Therefore, to characterize food web structure and study
trophodynamics, it is necessary to select material with an adequate turnover rate (i.e., weeks to months),
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Figure 1 — General map of the sampling area: a. Southern Ocean. b. Western Antarctic Peninsula.
c. Gerlache Strait (Stations details are provided in Table 1). Each pictured was taken underwater during
scuba diving (more details in Danis et al. 2019). Gray highlights correspond to stations under ice-
related disturbances (e.g., glacier calving, iceberg scouring), while white highlights indicate undisturbed

stations.
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TABLE 1

Location and description of the stations sampled during the Belgica 121 expedition. Gray highlights
correspond to stations under different ice-related disturbances (e.g., glacier calving, iceberg scouring),
while white highlights indicate undisturbed stations. Station characteristics describe local observations
within the few points sampled. Due to high degrees of heterogeneity in Antarctic habitats, these do not
represent an exhaustive description of the surrounding habitats.

Stations Latitude (S) Longitude (W) Characteristics

Protected cove with gradient in rock versus

Feyn Harbour (FH) 64°32.798 61°59.885 mud substrates.

Open to Neumayer Channel, muddy bottom

Green Reef (GR) 64°43.590 63°16.974 .
with gravel

Highly protected and almost enclosed inner bay,

Hovgaard Islands (HI) | 65°06.057 64°04.992 soft sediments

Protected inner bay. Muddy bottom with gravels

Melchior Islands (MI) | 64°19.246 62°55.375
and dropstones

Continental fjord rocky and gravely bottom

Neko Harbour (NH) 64°50.565 62°32.009 i e e priehes

Skontorp Cove (SK) 64°54.190 62°51.845 Highly protected inner cove with muddy bottoms

Open sea, rocky shallows to muddy substrate

Useful Island (UI) 64°43.146 62°52.159 it mrels i depin

providing relevant information on the integration of dietary intakes through an organism’s life (Fry
2006; Mateo et al. 2008). Consequently, structural tissues and muscles were selected in contrast to soft,
metabolically active tissues with faster and/or hard-to-predict turnover rates such as guts or gonads (Fry
2006). Due to differences in size and structure, dissection procedures and selected tissues differed among
organisms (Table 2). For the water filters, deposited suspended particulate organic matter (SPOM) was
scraped off with a scalpel blade. The whole filter, or a fraction of it, was analyzed depending on the
overall amount of available matter. After dissection or scraping, samples were stored in 4 mL or 20 mL
vials depending on the size of the selected tissue, and oven-dried at 50°C. Samples were then grounded
to a homogeneous powder using mortar and pestle or, when required, a MM301 mixer mill (Retsch
GmBH, Haan, Germany — cycles of 120 seconds at 25 Hz).

Organisms were carefully dissected to exclude skeletal parts with high inorganic matter concentrations
(Jaschinski et al. 2008). Those tissues containing significant concentrations of carbonates were acidified
to remove the inorganic carbon fraction (Table 2) before isotopic analysis (Mateo et al. 2008). Some
acidification methods can alter nitrogen (N) and sulfur (S) isotopic ratios by causing the deterioration
of organic N and S (Bunn et al. 1995; Jaschinski ef al. 2008; Mateo et al. 2008; Connolly & Schlacher
2013). To avoid this issue, a vapor phase acidification method was used to prevent isotopic alteration and
the loss of organic compounds (Jaschinski et al. 2008). Samples were put in a closed glass container with
an opened vial of fuming HCI 37% to release acid vapors. Several “Champagne tests” were performed
to check the acidification method’s efficiency in removing all carbonates from samples (Hedges & Stern
1984; Jaschinski et al. 2008). Afterwards, the samples were dried again completely depending on the
degree of acid moistening.
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TABLE 2

List of organisms sampled and tissues selected for analyses. Trophic groups (TG) with associated
references: DF = deposit feeder; F = basal food source; G/H = grazer/herbivore; O = omnivore; P =
predator; S = scavenger; SF = suspension feeder. There is a tick in the “HCI” column when organisms
were acidified before analysis.

Group Taxa HC1 Analyzed tissue Trophic groups and references
Suspended particulate organic matter (SPOM) Filter fragments F
Macroalgae (not
Ochrophyta identified) Blade fragments F
Rhodophyta Iridaea cordata Blade fragments F
Trematocgrp s Blade fragments F
antarcticus
(not identified) Blade fragments F
Porifera Dendrilla antarctica Body fragments SF McClintock et al. (2005)
Homaxinella McClintock et al. (2005);
balfourensis Body fragments SE Thurber (2007)
Mpycale acerata Body fragments SF McClintock et al. (2005)
(not identified) Body fragments
S L. Ectoderm, lower .
Cnidaria Glyphoperidium bursa body region P Danis et al. (2019)
. Body wall, .
Nemertea Parborlasia corrugatus . . P/S Gibson (1983); Clarke (2008)
anterior region
. Serpulidae (not .
Annelida identified) V' Whole animal
Arthropoda
Amphipoda Eusirus sp. V' Whole animal P Nyssen et al. (2005)
. . . G/H  Iken et al. (1998); Huang et al.
(not identified) v Whole animal DF (2007): Amsler et al. (2009)
Isopoda Glyptonotus antarcticus Pereopods P/S Presler (198(62) (’) gi‘(;rblswr etal.
(not identified) v Whole animal
Mollusca
Bivalvia Aequiyoldia eightsii Adductor muscle  SF Danis et al. (2019)
Laternula elliptica Adductor muscle  SF Ahn (1993); Norkko et al.
(2007)
Gastropoda Margarella refulgens WhOI:ilZ‘ﬁthout G/H Michel et al. (2019)
Nacella concinna Foot muscle G/H Corbisier et al. (2004); Clarke
(2008)
Austrodoris sp. Foot muscle O Wigele (1989)
Whole without Harper & Peck (2003);
Trophon sp. v shell P Curelovich et al. (2016)
(not identified) v Whole animal
Polyplacophora (not identified) V' Whole animal
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Group Taxa HCl Analyzed tissue Trophic groups and references
Bryozoa (not identified) V' Whole animal SF Wood (2015)
Echinodermata
Asteroidea Odontaster validus \ Tegument O/S MeClintock (1994); Clarke
(2008)
Odontaster
meridionalis \ Tegument P Dayton et al. (1974)
Odontaster roseus \ Tegument (0] Dayton et al. (1974)
Perknaster sp. \ Tegument 0/S McClintock (1994)
Cuenotaster involutus Tegument P/S McClintock (1994)
Diplasterias brucei \ Tegument P/S McClintock (1994)
Granaster nutrix \ Tegument O McClintock (1994)
Psilaster charcoti \ Tegument P Gillies et al. (2012)
Neosml.laster \ Tegument P/S McClintock (1994)
georgianus
Acodontaster sp. \ Tegument P Dayton ef al. (1974)
Labidiaster sp. \ Tegument P/S McClintock (1994)
Lysasterias sp. \ Tegument P/S McClintock (1994)
Henricia sp. \ Tegument (0] Jangoux (1982)
(not identified) \ Tegument
Ophiuroidea  Ophionotus victoriae Wh"l‘;lvl:‘th"“t 0 McClintock (1994)
o . . Aristotle’s McClintock (1994); Norkko
Echinoidea Sterechinus neumayeri lantern muscle O/DF et al. (2007)
Holoturoidea  Heterocucumis steineni Body wall SF Clarke (20((;%)1’ 9]?&1115 etal.
Chordata Ascidiacea (not Body fragments SF Tatian et al. (2004)

identified)

Isotopic analysis

Stable isotope analysis of C, N, and S was conducted at the University of Liege. An isotope ratio mass
spectrometer (IsoPrimel100 isotope ratio mass spectrometer — Isoprime, Cheadle, United Kingdom)
for continuous-flow, elemental analysis (vario MICRO cube C-N-S elemental analyzer — Elementar
Analysensysteme GMBH, Hanau, Germany) was used to measure isotope ratios (precision: 0.3%o for
0BC, 0.3%o for 0'°N, and 0.7%o for 0**S), expressed in isotope ratios according to the delta notation ()
in per mille (%o).

{ Rsample - Rstandard\

6X=\ /><1000

standard

The 0 of X represents deviations of the analysed element isotope ratios from international standards
as defined below. X is the heavy isotope of the sample ('*C, '°N, or **S) and R refers to the ratio of the
heavy isotope over the light isotope ('3C/2C, *'N/™N, or *S/*S). International reference standards used
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were Vienna Pee Dee Belemnite for carbon, Atmospheric Air for nitrogen, and Vienna Canyon Diablo
Troilite for sulfur. The analysis sequence was made of primary analytical standards, certified by the
International Atomic Energy Agency (IAEA): sucrose (IAEA-C6; 0"3C = -10.80 + 0.47%0), ammonium
sulfate (TAEA-N1; 6N = 0.40 + 0.20%o), and silver sulfide (TAEA-S1; §*S = -0.30%0 and TAEA-S2;
0%*S =22.70 + 0.20%o0). As secondary analytical standard, sulphanilic acid was used (Sigma-Aldrich;
oBC = -25.62 + 0.36%0; 6N = -0.13 £ 0.55%o; 0**S = 5.87 + 0.50%o0). Replicates allowed to correct
the deviation of the spectrometer during analyses on multi-batch measurements. For animal batches,
replicates of the sea star Psilaster charcoti tegument were used, whereas replicates of brown algae
Himantothallus grandifolius blade fragments were used for plant batches.

Sample powder was put in 4 x4 x5 mm tin cups (Elementar Analysensysteme GmbH) and weighed on a
0.001 mg precision scale. Animal and plant samples were split into different batches. An amount of 2 to
2.5 mg for animal samples, and around 4mg for plant samples were analyzed, except for red algae where
analysed sample size was limited to around 2 mg because of their high sulfur concentrations (Foltran
et al. 1996). For small samples, a specific batch was made with tin cups containing between 0.5 and
1 mg of powder. SPOM scraped from filters was put into 8 x 8 X 15 mm cups. Tungsten oxide was added
to all samples to enhance combustion and improve the performance of sulfur isotope analysis.

0BC, 0N, and 0**S values were presented as mean + standard deviation (SD) according to species
or taxonomic groups (Appendix 1). Isotopic ratios were plotted to compare organisms’ isotopic
compositions among sampled stations in the Gerlache strait.

Data analysis

Each species or taxa was assigned to a trophic group depicting their overall feeding behavior and diet.
A total of 7 groups were defined: basal food source (F), predator (P), scavenger (S), omnivore (O),
deposit feeder (DF), grazer/herbivore (G/H), and suspension feeder (SF). Omnivores were considered
as organisms feeding on both plant and animal matter and scavengers as necrophagous organisms
feeding on dead animal matter. These trophic categories were made according to the available literature
and do not allow a precise categorization of organisms’ feeding habits. For instance, the line between
omnivorous and scavenging, or between suspension and deposit feeding behaviors can be very subtle,
depending on the circumstances in which a species thrives (Getz 2011; Williams & Martinez 2004; De
Santana et al. 2013). However, these categories allow a description of ecological processes through
species groups with similar trophic functions (Table 2).

The following analyses were performed in the R statistical computing environment (R Core Team 2022),
using the SIBER package (Jackson & Parnell 2023). Layman metrics were quantified using mean isotopic
ratio values of all individual measurements for each species in each station (Layman et al. 2007), both in
a 0"C-0"N and a 0"*C-0**S space. Six metrics, illustrated in Appendix 2, were quantified to interpret the
trophic structure among stations (Table 3). 6*C, 6'°N, and 6**S ranges describe the distance between the
most enriched and depleted species for each element. The total area (TA) of the convex hull including
all species at each sampling station represents the space covered by the isotopic niche, a proxy for the
overall trophic diversity of the sampled species assemblage. The mean distance to the centroid (CD) also
provides an average measure of the degree of trophic diversity and is less sensitive to outliers than TA.
It also highlights distinct ecological habits of organisms, illustrated by a greater distance. The CD is an
average Euclidean distance of each species to the 6'*C-0'"N or 6"*C-5*S centroid, described as the mean
of 01°C, 65N, and 0**S values for all species in the food web. Finally, two other metrics provide details on
species’ relative positions to each other in the niche area. The mean nearest neighbor distance (MNND)
measures the species aggregation level, also named ecological redundancy. The standard deviation of
the nearest neighbor distance (SDNND) estimates the evenness of species aggregation in space.
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We focused on changes in trophic habits for three common species from the Gerlache Strait (Figure 2):
Nacella concinna is a gastropod from the Nacellidae family described as a herbivore grazing various
basal food sources that might be available in the benthic compartment (Corbisier et al. 2004; Clarke
2008). The sea star Odontaster validus is an Asteroidea that has been reported as an omnivore with
predominantly predatory behavior (McClintock 1994; Clarke 2008; Le Bourg et al. 2021). Parborlasia
corrugatus is a Nemertean exhibiting a wide range of diets, mainly characterized by predatory and
scavenging behaviors but sometimes also described as omnivorous, feeding on more basal sources
(Gibson 1983; Smale et al. 2007; Clarke 2008; Michel et al. 2019). To make direct comparisons possible
while taking potential isotopic baseline effects into account (Fry 2006), the mean isotopic values of
Iridaea cordata were used (Appendix 1). This macroalgae was chosen by the guidelines suggested by
Post (2002) for estimating a suitable trophic baseline. This macroalgae was collected at the same time
as the consumers and covered almost all the spatial variability of the study, only being absent from
Hovgaard Islands. The method developed by Turner ef al. (2010) was used to determine the need for
correction. This test calculates the Euclidean distance between centroids of two distributions, based on
bivariate means: 0"*C-0"°N or 0'*C-0*S. Centroid positions are then considered different if this distance
is significantly greater than zero (Turner ef al. 2010). Results from the data on /. cordata (Appendix 3)
showed significant differences among certain stations and confirmed natural isotopic variability. Then,
to correct the isotopic ratios of benthic consumers, mean isotopic ratios of /. cordata were subtracted
from the isotopic ratios of the studied species at each station: AX =6X_ - 5XprimaIy oroduce? where X
is ’C, BN, or S (full results in Appendix 3). Once the corrected isotopic values were obtained, these
distance computations and significance tests were also carried out for the three benthic species (Table 5).
Corrected SIBER standard ellipse areas (SEAc) were used to provide a more robust analysis of
consumers’ isotopic niche for small samples, as suggested by Jackson et al. (2011). SEAc, illustrated in
Appendix 2, is a proxy for the size of the “core” consumer isotopic niche (i.e., most typical individuals
in the population). Like TA, it is a measure of the trophic diversity but is less sensitive to outliers and
small sample sizes than the Layman metrics (Jackson et al. 2011). Bayesian Standard Ellipse Areas
(SEADb) were also estimated to provide unbiased estimates of isotopic niche width with 95% credibility
intervals (Table 4). SEAb were computed based on 2.10* iterations, and the burn-in was set at 10%.
Finally, using the Turner et al. (2010) method described above, the distance between species’ centroids
was calculated at each station to assess any significant differences.

| g v J = \ \:‘V ¢ ““’ .

Figure 2 —Benthic species studied in SIBER analyses: (a) Nacella concinna (Strebel, 1908), (b) Odontaster
validus (Koehler, 1906), (¢) Parborlasia corrugatus (Mclntosh, 1876). © Camille Moreau
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TABLE 3

Layman metrics in (a) 6"°*C-6""N and (b) ¢'°C-6*S space for each sampled station of the Belgica 121
expedition. Abbreviations: TA = total convex hull area; CD = mean distance to the centroid; MNND =
mean nearest neighbor distance; SDNND = standard deviation of the nearest neighbor distance. Gray
highlights correspond to stations under ice-related disturbances (e.g., glacier calving, iceberg scouring),
while white highlights indicate undisturbed stations.

Stations Range TA CD MNND SDNND
0PN oBC  o*S a b a b a b a b

FH 7.8 154 115 62.5 919 46 49 1.5 19 0.7 1.6
GR 6.1 94 63 274 23.7 26 3 2 1.8 14 05
HI 104 162 72 79.8 68 4 38 23 2 2 1.5
MI 92 139 638 41.1 36.2 3.8 35 1.7 1.6 22 19
NH 7 67 99 18.8 35.1 24 29 14 21 12 14
SK 10.5 125 4.6 76.8 40 3.8 32 1.6 1.1 1 0.9
Ul 74 145 6.5 59.6 60.7 37 4 1.7 15 1.1 12

TABLE 4

Standard ellipse area corrected for small sample size (SEAc) and estimated through Bayesian
models (SEAD) in (a) APC-A"N and (b) APC-A*S space for each sampled station of the Belgical21
expedition. No data are provided if too few samples (less than 6) were collected to fit an ellipse and
compute associated parameters. Gray highlights correspond to stations under ice-related disturbances
(e.g., glacier calving, iceberg scouring), while white highlights indicate undisturbed stations.

SIBER Stations  Nacella concinna Odontaster validus I:z:fz;ﬁli:
a b a b a b
SEAc FH 1.8 6.3 1.3 3.5 22 53
GR 0.9 4.2 22 2.1 1.5 2
MI - - - - 3 8.9
NH 24.1 15.6 17 10.4 - -
SK 1.9 2.6 4.3 2.6 - -
Ul 6.2 4.3 10.7 8 2.4 7.9
SEAb FH 1.8£0.6 6.4+2.2 1.3+£0.5 34+1.2 3.6£1.3 62+23
GR 09+03 42+1.6 22+0.6 2.1+0.6 1.8£0.7 2.1+0.8
MI - - - - 3.8£1.9 8.7+4.0
NH 24.2+8.8 15.4+53 17.0+£3.8 10.4+2.1 = =
SK 1.9+0.5 2.6+0.7 42+1.8 2.6+1.1 - -
Ul 6.5+2.5 4.4+1.6 10.7+3.0 8.0+2.3 24409 8.0+3.0
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TABLE 5

Mean distance between centroids of three benthic species for each station, in both bidimensional isotopic
space. Significant p-values from the Turner tests are indicated by: * < 0.05, ** <0.01, and *** <0.001.
No data means the absence of data for at least one species. Gray highlights correspond to stations
under ice-related disturbances (e.g., glacier calving, iceberg scouring), while white highlights indicate
undisturbed stations.

Stations ABC-ABN
Nacella concinna — Odontaster  Nacella concinna — Parborlasia Odontaster validus —
validus corrugatus Parborlasia corrugatus
FH 8.71 *** 7.88 H** 4.72 xx*
GR 4.85 *** 4.50 *** 3.47 ***
NH 379 - -
SK T2 - -
Ul 8.00 *** 779 5 4.08 ***
ABC-A4%S
FH 7.50 *** 8.96 *** 1.4 *
GR 11310 kot 50 w5 6.18 ***
NH 2.41 *** - -
SK 1.40 *** - -
Ul 6.01 *** .64 %% 3.74 *H*

Results

Species assemblage

Layman metrics showed different patterns among stations (Table 3). Regarding the 6'°N range, higher
values were found in HI, SK, and MI while lower values were observed in FH, NH, and UI. The lowest
value occurred in GR, a station with ice-related disturbances (Table 3). The highest 6'3C range value was
found in HI, followed by FH with both values being above 15%o (Table 3). Slightly lower values were
obtained in MI, SK, and Ul, while two ice-related, disturbed stations (i.e., GR and NH) had the lowest
values, below 10%o. Ranges of 0**S showed higher inter-station differences: FH had the highest value,
closely followed by NH, with values up to two times higher than SK. MI, GR, and UI displayed similar
values ranging between 6 and 7%o (Table 3). The lowest value was observed in SK, a station with ice-
related disturbances (Table 3). For TA, stations with the highest 6*'S values also had high §'°N values.
However, in the 6'3C-6*S space, FH had a higher TA (Table 3). Indeed, in FH, the value increased
considerably in the ¢'*C-0**S space, while the value of SK almost dropped by half compared to the 6'3C-
0N space (Figure 3).

Similar to FH, an increase in TA values between the two isotopic spaces was observed in NH and UI.
The same pattern as at SK was also observed at HI and MI, two undisturbed stations (Table 3) while GR
showed a lower decrease (Table 3). In both isotopic spaces, the lowest values of CD were found in GR
and NH, whereas the highest values were reported in FH (Table 3). Low values and limited variation
were observed for MNND values (Table 3). Overall, SDNND values were low (Table 3).
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Figure 3 — Species assemblage-wide isotopic niches in a (a) 6'*C-0"°N and (b) §'*C-0**S space of stations
sampled during the Belgica 121 expedition. Lines and shapes refer to convex hulls used to estimate
Layman metrics. Density plots on the side, show the distribution of 0'*C, 6'°N, and §*S values for each
assemblage of benthic consumers (mean values for each taxon).

Species

Nacella concinna showed lower 4'°N values for each station than the other two consumers (Figure 4a).
The A3C of N. concinna was less negative than for the other two species, with high variability in NH.
The ellipses for N. concinna were spread over the 4**S axis (Figure 4b), reducing the overlap among
the stations for this species, as observed in the A*C-A"N space (Figure 4a). High variability in isotopic
ratios was also illustrated by the computation of the SEA (Table 4). Indeed, SEAc and SEAb showed
similar results, and the highest values and standard deviations were obtained for both at NH, SK, and UI
stations, which are classified as stations with ice-related disturbances.

The A"N values of P. corrugatus varied depending on the station, ranging from being just above the
mean values of N. concinna to AN values of O. validus (Figure 4a). A"3C values of P. corrugatus were
lower than N. concinna. The lowest values were found in FH and MI, while higher values were observed
in GR and UlI, two stations with ice-related disturbances (Figure 4a). 4**S values showed the opposite
trend, with higher values in FH and MI, but lower values in GR and UI (Figure 4b).

Odontaster validus had the highest mean 4N values. Higher values and more variability were found
at stations with ice-related disturbances (i.e., NH and Ul — Figure 4a, Appendix 4) as obvious by
calculating SEAs (Table 4). Odontaster validus had a wide range of A4*C values (Figure 4a) depending
on the station. A high variability of 4**S was also noted in NH and UI (Figure 4b, Table 4) while 4*S in
individuals from FH and UI was lower than in NH, SK, and GR.

In the A*C-AN space, the mean distance between the centroids of the three species was significantly
different, regardless of the station (Table 5). This means that no overlap was found between the three
species. However, in the A3C-A4*S isotopic space, N. concinna and O. validus overlapped in GR
(Figure 4b). Moreover, the centroid distance between these two species was the lowest computed and
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Figure 4 — Isotopic values in (a) 43C-4"N and (b) A'3C-4**S space of three benthic species for each
station. Ellipses represent standard ellipse areas, following the method of Jackson et al. (2011). Density
plots on the side show distribution of individual A3 C, AN, and 4**S values for each station.

did not significantly differ from zero, a pattern that was also observed when comparing O. validus and
P. corrugatus in Ul (Table 5).

Discussion

Species assemblage

Analysis of basal food sources and consumers provides insights into the variability of trophic structures
together with a better understanding of the environmental influence across locations (Fry 2006). At
a species assemblage scale, Layman metrics revealed noticeable differences between stations being
affected by different ice-related conditions and undisturbed stations. Overall, higher trophic diversity,
measured by the convex hull’s total area (TA), was found at two undisturbed stations: Feyn Harbour
and Hovgaard Islands. These higher values of trophic diversity might be related to higher diversity in
basal food source use as well as reliance on a wider range of trophic levels. Among grazers, N. concinna
showed high 0**S compared to other species, thereby increasing the TA of Foyn Harbour. Moreover,
an unusually high 0N of Margarella refulgens might reflect different trophic levels in Hovgaard
Island. These two stations were protected areas in coves or inner bays thereby reducing the impact of
environmental variations and offering more sheltered habitats (Bartley et al. 2019; Jin et al. 2022). Less
disturbances caused by iceberg scouring or glacier melting could then enable the growth of diverse
basal food sources, such as macroalgae. Consequently, consumers might have more diverse diets and
more divergent isotopic compositions (Layman et al. 2007). An assemblage of consumers that feed on
completely different food sources might show a greater distance between each other and thus increase
plot dispersion, convex hull’s total area, distance from the centroid, and trophic diversity, like in Foyn
Harbour (Layman et al. 2007).
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However, Skontorp Cove, a station affected by ice-related disturbances, also had a high trophic diversity
value in the 0'*C-0"°N space, while in the '*C-0**S space, this station was more similar to other stations
being affected by ice-related disturbances. Skontorp Cove also had the highest value of the 6'°N range,
suggesting that its high trophic diversity is more due to the diversity of trophic levels increasing the
convex hull. Even if the 6'*C range was high, the low 0*S range value suggested less diversity in the
basal food sources as compared to Feyn Harbour or Hovgaard Island. The benthic community in this
area might be supported by diverse consumers with wide dietary spectra (Norkko et al. 2007; Michel
et al. 2016; Rossi et al. 2019; Griffiths et al. 2024). In Skontorp Cove, samples were mainly represented
by different species of sea stars, such as Odontaster meridionalis, known as a predator and having high
standard deviations in 6'*C and 0"°N (Appendix 1).

Conversely, the lowest trophic diversity was found in two stations being affected by different ice-related
conditions: Neko Harbour and Green Reef. This can be observed in both the vertical and horizontal
structure of the food web (Layman et al. 2007). With ice-related disturbances, the loss of organisms
or basal food source diversity can influence food web structure. Glacier calving, iceberg scouring, or
anchored ice in winter could have reduced the availability of some basal food sources (e.g., macroalgae),
which can be observed here by the low carbon range values (Barnes 1999; Brown et al. 2004; Barnes &
Conlan 2007; Cordone et al. 2020; Ko et al. 2023). A decrease in 0'°N values, as observed here, could
also reflect a loss of food source diversity, if the consumer turned to other, more basal food sources
(Michel et al. 2019). For instance, a difference of 5.6%0 between the mean 06'°C values of Laternula
elliptica in Foyn Harbour (6'3C = -26.1 + 1.0%0) and Green Reef (0"*C = -20.5 + 3.0%0) might suggest
such a shift in food source use.

Species

Consumers’ isotopic ratios are proportional mixtures of their food sources’ isotopic compositions
(Fry 2006). A benthic consumer feeding on a '*C-depleted food source can therefore end up with less
negative isotope values if it also feeds on other "*C-enriched sources food sources (Fry 2006). The
observed changes in 6"°C, 6"°N, and 0**S values could therefore be the result of two processes: dietary
shifts or changes in isotopic composition of baseline items. By explicitly removing the latter through
mathematical correction, our results indicate potential differences in feeding behavior.

Nacella concinna is described in the literature as a grazer feeding on microphytobenthos and microbial
films (Corbisier et al. 2004; Clarke 2008). The lowest 4N values of this species were consistent
with this diet, compared to O. validus, an omnivorous sea star (McClintock 1994; Clarke 2008), and
P corrugatus, a nemertean predator/scavenger (Gibson 1983; Clarke 2008). Not all basal food sources
could be sampled or analyzed in this study (i.e., sediments, microphytobenthos, and sea ice algae),
but the high carbon isotopic variability of N. concinna suggested that different individuals may rely
on basal food sources with distinct 6"°C. Overall, macroalgae are known to have "*C-depleted carbon
values: -23.18+0.46%o (Pacophyceae, Desmarestia menziesii, East Antarctica — Gillies et al. 2012) or
-34.6+1.6%o (Rhodophyta, Phyllophora antarctica, East Antarctica — Michel et al. 2019). Conversely,
other basal food sources found at the benthic level had '*C-enriched values. Studies in King
George Island showed that microphytobenthos had 6"3C of -16.7+£2.1%0 (Corbisier et al. 2004) or
-13.15+0.35%0 (Pasotti ef al. 2015). In other ecosystems around Antarctica, sea ice algae showed 0*C
values ranging from -16.0£0.1%o to -12.441.9%o. in the Ross Sea (Calizza et al. 2018) to -12.5+1.7%o
in Adelie Land (Michel et al. 2019). As shown above, the diversity of basal food sources can be related
to the environment and different ice-related conditions in the current study. The sampling station Neko
Harbour is located in a fjord with intense glacial activity. Glacier calving and run-off may change the
overall geochemistry of an environment, increasing turbidity and sedimentation at a local scale (Smale
& Barnes 2008; Ko et al. 2023). Moreover, induced iceberg scouring from glacier calving might directly
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remove patches of benthic communities, thus considerably altering the availability of basal food sources
(Barnes 1999; Ingels et al. 2021; Griffith ef al. 2024). A decrease in macroalgal abundance might explain
the reliance of grazers like N. concinna on other basal food sources like diatoms (e.g., microphytobenthos
or sea ice algae), as observed by McMahon et al. (2006) in the Svalbard archipelago (Arctic). 434S values
observed in this study might also support this interpretation. In sediments, the recycling of organic
matter by bacteria results in the use of sulfides and the incorporation of light isotopes. Consequently,
organisms using food sources with links to sediments will have **S-depleted tissues (Rees et al. 1978;
Fry et al. 1988; Connolly et al. 2004; Raoult et al. 2024), as observed in the other stations of the current
study being affected by ice-related disturbances.

Several metrics point towards considerable trophic plasticity in the two other consumer species. Wide
ranges of 4°C, AN, and 4*S were observed for O. validus and P. corrugatus, the latter even showing
different A°N values depending on the sampling station. This consumer showed a gradual enrichment
in N among individuals. This feature might be more associated with a trophic continuum (France
et al. 1998), as already documented for the Antarctic Peninsula (Kaehler et al. 2000; Corbisier et al.
2004; Jacob et al. 2006) and is often observed when consumers display high trophic plasticity. In the
literature, P. corrugatus is documented as a scavenger that feeds on dead organisms or may shift to
more basal food sources, eventually being classified as an omnivore (Gibson 1983; Smale et al. 2007;
Clarke 2008; Michel et al. 2019) feeding on higher consumers or dead organisms which both can lead
to N-enriched tissues (Fry 2006). In Useful Island and Green Reef, two stations affected by different
ice-related conditions, P. corrugatus showed higher 45N values and lower 4*S values compared to
the other stations. This species might have a higher trophic position, feeding on benthic and dead
organic matter in these two stations, while in Foyn Harbour and Melchior Islands higher presence of
macroalgae could lead to more omnivorous behavior and lower AN values. Odontaster validus showed
high variability in isotopic composition and SEA. The 4"C values suggested that its diet was based
on different basal food sources. This is also reflected in the A4**S with lower values being observed
in Foyn Harbour as compared to Green Reef, even if 4"°C values of this species were similar at both
stations. Under ice-related disturbance, O. validus had a larger ellipses area in the A3C-A"N space.
Individual specimens showed scattered isotope ratios, (e.g., O. validus from Neko Harbour) potentially
indicating ecological differences between each individual and resulting in large ellipse areas (Le Bourg
et al. 2021). Odontaster validus is an omnivore able to feed on a great diversity of prey (McClintock
1994; Le Bourg et al. 2021). Its diet can range from primary producers and associated detritus to higher
consumers such as suspension feeders, omnivores, or even predators (Zenteno-Devaud et al. 2022), and
it has also been reported to feed on carrion (Clarke 2008). Therefore, this species can be considered as
a generalist consumer (Bearhop et al. 2004; Norkko et al. 2007; Gillies et al. 2012; Michel et al. 2019).
Previous studies, together with the results presented in the current study, suggest that trophic plasticity
allows O. validus to adapt its diet to food item availability.

Conclusion

The results obtained in this study provided information on the potential effects of environmental
variations on the trophic ecology of Antarctic benthic communities. Undisturbed stations such as
Fayn Harbour and Hovgaard Island had higher trophic diversity. In contrast, high glacial activities and
ice-related disturbances might result in low trophic diversity, as observed in Neko Harbour. This
could be linked with lower specific diversity, resulting in decreased availability of certain food items.
Skontorp Cove, despite being a station affected by ice-related disturbances, displayed high trophic
diversity, driven rather by wide ranges of trophic levels than diversity in basal food sources. This finding
emphasizes the complex interplay between environmental disturbances and dietary adaptations within
benthic communities. A more detailed analysis of three consumer species belonging to different trophic
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guilds showed how their trophic plasticity modulates their response to different conditions. Under ice-
related disturbance, consumers appeared to turn to benthic recycled organic matter. The diverse diet of
O. validus seemed to allow this species to remain flexible in its reliance on food sources, regardless of
the environmental conditions. Further research is needed to understand how environmental conditions
shape the trophic ecology of Antarctic communities. Studying these ecosystems over multiple time
points (e.g., seasonal and longer-term periods) could improve our understanding of the dynamics that
influence the ecology of these communities.

Acknowledgments

This research project was made possible by the execution of the Belgica 121 expedition (B121). Within
the framework of the RECTO project (contract nr. BR/154/A1/RECTO) financed by the Belgian Science
Policy, the expedition aimed to carry out a biodiversity census along the West Antarctic Peninsula
using a nimble sampling platform, the R/V Australis, a steel-hulled, fully-rigged motor sailing vessel.
G. Lepoint is a Senior Researcher at the National Fund for Scientific Research (FNRS).

Data availability
All data are available at https://doi.org/10.48361/ptbggs

References

Ahn 1.-Y. (1993). Enhanced particle flux through the biodeposition by the Antarctic suspension-feeding
bivalve Laternula elliptica in Marian Cove, King George Island. Journal of Experimental Marine
Biology and Ecology 171: 75-90. https://doi.org/10.1016/0022-0981(93)90141-a

Amsler C.D., Amsler M.O., McClintock J.B. & Baker B.J. (2009). Filamentous algal endophytes in
macrophytic Antarctic algae: prevalence in hosts and palatability to mesoherbivores. Phycologia 48:
324-334. https://doi.org/10.2216/08-79.1

Amsler C.D., Amsler M.O., Klein A.G., Galloway A.W., Iken K., Mcclintock J.B., Heiser S., Lowe A.T.,
Schram J.B. & Whippo R. (2023). Strong correlations of sea ice cover with macroalgal cover along the
Antarctic Peninsula: Ramifications for present and future benthic communities. Elementa: Science of
the Anthropocene 11 (1): €00020. https://doi.org/10.1525/elementa.2023.00020

Barnes D.K. (1999). The influence of ice on polar nearshore benthos. Journal of the Marine Biological
Association of the United Kingdom, 79, 401-407. https://doi.org/10.1017/s0025315498000514

Barnes D.K. & Conlan K.E. (2007). Disturbance, colonization and development of Antarctic benthic
communities. Philosophical Transactions of the Royal Society B: Biological Sciences 362: 11-38.
https://doi.org/10.1098/rstb.2006.1951

Bartley T.J., Mccann K.S., Bieg C., Cazelles K., Granados M., Guzzo M.M., Macdougall A.S., Tunney
T.D. & Mcmeans B.C. (2019). Food web rewiring in a changing world. Nature Ecology & Evolution 3:
345-354. https://doi.org/10.1038/s41559-018-0772-3

Bearhop S., Adams C.E., Waldron S., Fuller R.A. & Macleod H. (2004). Determining trophic niche
width: a novel approach using stable isotope analysis. Journal of Animal Ecology 73: 1007-1012.
https://doi.org/10.1111/1.0021-8790.2004.00861.x

Boecklen W.J., Yarnes C.T., Cook B.A. & James A.C. (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

108


https://doi.org/10.48361/ptbggs
https://doi.org/10.1016/0022-0981(93)90141-a
https://doi.org/10.2216/08-79.1
https://doi.org/10.1525/elementa.2023.00020
https://doi.org/10.1017/s0025315498000514
https://doi.org/10.1098/rstb.2006.1951
https://doi.org/10.1038/s41559-018-0772-3
https://doi.org/10.1111/j.0021-8790.2004.00861.x
https://doi.org/10.1146/annurev-ecolsys-102209-144726

VOISIN A. et al., Food web structure in a rapidly changing environment

Brown K.M., Fraser K.P., Barnes D.K. & Peck L.S. (2004). Links between the structure of an Antarctic
shallow-water community and ice-scour frequency. Oecologia 141: 121-129.
https://doi.org/10.1007/s00442-004-1648-6

Bunn S.E., Loneragan N.R. & Kempster M.A. (1995). Effects of acid washing on stable isotope ratios
of C and N in penaeid shrimp and seagrass: Implications for food-web studies using multiple stable
isotopes. Limnology and Oceanography 40: 622—625. https://doi.org/10.4319/10.1995.40.3.0622

Calizza E., Careddu G., Caputi S.S., Rossi L. & Costantini M.L. (2018). Time- and depth-wise trophic
niche shifts in Antarctic benthos. PloS ONE 13 (3): ¢0194796.
https://doi.org/10.1371/journal.pone.0194796

Casey M.M. & Post D.M. (2011). The problem of isotopic baseline: reconstructing the diet and trophic
position of fossil animals. Earth-Science Reviews 106: 131-148.
https://doi.org/10.1016/j.earscirev.2011.02.001

Clarke A. (2008). Ecological stoichiometry in six species of Antarctic marine benthos. Marine Ecology
Progress Series 369: 25-37. https://doi.org/10.3354/meps07670

Connolly R.M. & Schlacher T.A. (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

Connolly R.M., Guest M. A., Melville A.J. & Oakes J.M. (2004). Sulfur stable isotopes separate producers
in marine food-web analysis. Oecologia 138: 161-167. https://doi.org/10.1007/s00442-003-1415-0

Convey P., Chown S.L., Clarke A., Barnes D.K., Bokhorst S., Cummings V., Ducklow H.W., Frati F.,
Green T.G.A., Gordon S., Griffiths H. J., Howard-Williams C., Huiskes Ad.H.L., Laybourn-Parry J.,
Lyons W.B., Mcminn A., Morley S.A., Peck L.S., Quesada A., Robinson S.A., Schiaparelli S., Wall D.H.
(2014). The spatial structure of Antarctic biodiversity. Ecological Monographs 84: 203-244.
https://doi.org/10.1890/12-2216.1

Corbisier T.N., Petti M.A.V., Skowronski R.S.P. & Brito T.A.S. (2004). Trophic relationships in the
nearshore zone of Martel Inlet (King George Island, Antarctica): ¢ 13 C stable-isotope analysis. Polar
Biology 27: 75-82. https://doi.org/10.1007/s00300-003-0567-z

Cordone G., Salinas V., Marina T.I., Doyle S.R., Pasotti F., Saravia L.A. & Momo F.R. (2020). Green
vs brown food web: Effects of habitat type on multidimensional stability proxies for a highly-resolved
Antarctic food web. Food Webs 25: ¢00166. https://doi.org/10.1016/j.fooweb.2020.e00166

Curelovich J., Lovrich G.A. & Calcagno J.A. (2016). The role of the predator Trophon geversianus in
an intertidal population of Mytilus chilensis in a rocky shore of the Beagle Channel, Tierra del Fuego,
Argentina. Marine Biology Research 12: 1053—1063. https://doi.org/10.1080/17451000.2016.1228976

Danis B., Christiansen H., Guillaumot C., Heindler F., Houston R., Jossart Q., Lucas K., Moreau C.,
Pasotti F. & Robert H. (2019). Report of the Belgica 121 Expedition to the West Antarctic Peninsula.
https://doi.org/10.3897/arphapreprints.e70609

Danis B., Christiansen H., Guillaumot C., Heindler F.M., Jossart Q., Moreau C., Pasotti F., Robert H., Wallis
B. & Saucede T. (2021). The Belgica 121 expedition to the Western Antarctic Peninsula: a high resolution
biodiversity census. Biodiversity Data Journal 9: €70590. https://doi.org/10.3897/arphapreprints.e70609

Danis B., Wallis B., Guillaumot C., Moreau C., Pasotti F., Heindler F.M., Robert H., Christiansen
H., Jossart Q. & Saucede T. (2022). Nimble vessel cruises as a complementary platform for Southern
Ocean biodiversity research: concept and preliminary results from the Belgica 121 expedition. Antarctic
Science 34: 336-342. https://doi.org/10.1017/s0954102022000165

Dayton P.K., Robilliard G.A., Paine R.T. & Dayton L.B. (1974). Biological accommodation in the
benthic community at McMurdo Sound, Antarctica. Ecological Monographs 44 (1): 105-128.
https://doi.org/10.2307/1942321

109


https://doi.org/10.1007/s00442-004-1648-6
https://doi.org/10.4319/lo.1995.40.3.0622
https://doi.org/10.1371/journal.pone.0194796
https://doi.org/10.1016/j.earscirev.2011.02.001
https://doi.org/10.3354/meps07670
https://doi.org/10.3354/meps10560
https://doi.org/10.1007/s00442-003-1415-0
https://doi.org/10.1890/12-2216.1
https://doi.org/10.1007/s00300-003-0567-z
https://doi.org/10.1016/j.fooweb.2020.e00166
https://doi.org/10.1080/17451000.2016.1228976
https://doi.org/10.3897/arphapreprints.e70609
https://doi.org/10.3897/arphapreprints.e70609
https://doi.org/10.1017/s0954102022000165
https://doi.org/10.2307/1942321

Belg. J. Zool. 155: 93—119 (2025)

De Broyer C., Koubbi P., Griffiths H.J., Raymond B., Udekem D’Acoz C.D’, Van De Putte A.P., Danis
B., David B., Grant S., Gutt J., Held C., Hosie G., Huettmann F., Post A., Ropert-Coudert Y. (eds). 2014.

Biogeographic Atlas of the Southern Ocean. Scientific Committee on Antarctic Research. Cambridge,
XII + 498 pp. https://doi.org/10.3989/scimar.2016.80n1135

De Santana C.N., Rozenfeld A.F., Marquet P.A. & Duarte C.M. (2013). Topological properties of polar
food webs. Marine Ecology Progress Series 474 15-26. https://doi.org/10.3354/meps10073

Ducklow H., Clarke A., Dickhut R., Doney S.C., Geisz H., Huang K., Martinson D.G., Meredith M.P.,
Moeller H.V. & Montes-Hugo M. (2012). The marine system of the Western Antarctic Peninsula.
Antarctic Ecosystems: an Extreme Environment in a Changing World. Blackwell Publishing Ltd Oxford,
UK. https://doi.org/10.1002/9781444347241.ch5

Ducklow H.W., Fraser W.R., Meredith M.P., Stammerjohn S.E., Doney S.C., Martinson D.G., Sailley
S.F., Schofield O.M., Steinberg D.K. & Venables H.J. (2013). West Antarctic Peninsula: an ice-dependent
coastal marine ecosystem in transition. Oceanography 26: 190-203.
https://doi.org/10.5670/oceanog.2013.62

Dunton K.H. (2001). 615N and 613C measurements of Antarctic Peninsula fauna: trophic relationships
and assimilation of benthic seaweeds. American Zoologist 41: 99—112.
https://doi.org/10.1093/icb/41.1.99

Elton C.S. (1927). Animal Ecology. University of Chicago Press.

Foltran A., Maranzana G., Rascio N., Scarabel L., Talarico L. & Andreoli C. (1996). Iridaea cordata
from Antarctica: an ultrastructural, cytochemical and pigment study. Botanica Marina 39: 533-542.
https://doi.org/10.1515/botm.1996.39.1-6.533

France R., Chandler M. & Peters R. (1998). Mapping trophic continua of benthic foodwebs: body size-
015N relationships. Marine Ecology Progress Series 174: 301-306. https://doi.org/10.3354/meps174301

Fry B., Ruf W., Gest H. & Hayes J.M. (1988). Sulfur isotope effects associated with oxidation of sulfide
by O2 in aqueous solution. Chemical Geology: Isotope Geoscience Section 73: 205-210.
https://doi.org/10.1016/0168-9622(88)90001-2

Fry B. (2006). Stable Isotope Ecology. Vol. 521. p. 318. New York: Springer.

Getz W.M. (2011). Biomass transformation webs provide a unified approach to consumer—resource
modelling. Ecology Letters 14: 113—124. https://doi.org/10.1111/j.1461-0248.2010.01566.x

Gibson R. (1983). Antarctic nemerteans: the anatomy, distribution and biology of Parborlasia corrugatus
(MclIntosh, 1876) (Heteronemertea, Lineidae). Biology of the Antarctic Seas XIV 39: 289-316.

Gillies C.L., Stark J.S., Johnstone G.J. & Smith S.D.A. (2012). Carbon flow and trophic structure of an
Antarctic coastal benthic community as determined by 613C and 615N. Estuarine, Coastal and Shelf
Science 97: 44-57. https://doi.org/10.1016/j.ecss.2011.11.003

Griffiths H.J., Cummings V.J., Van de Putte A., Whittle R.J. & Waller C.L. (2024). Antarctic benthic
ecological change. Nature Reviews Earth & Environment 5: 645—664.
https://doi.org/10.1038/s43017-024-00583-5

Ha S.-Y., Ahn L.-Y., Moon H.-W., Choi B. & Shin K.-H. (2019). Tight trophic association between
benthic diatom blooms and shallow-water megabenthic communities in a rapidly deglaciated Antarctic
fjord. Estuarine, Coastal and Shelf Science 218: 258-267. https://doi.org/10.1016/j.ecss.2018.12.020

Harper E.M. & Peck L. (2003). Predatory behaviour and metabolic costs in the Antarctic muricid
gastropod Trophon longstaffi. Polar Biology 26: 208-217. https://doi.org/10.1007/s00300-002-0455-y

110


https://doi.org/10.3989/scimar.2016.80n1135
https://doi.org/10.3354/meps10073
https://doi.org/10.1002/9781444347241.ch5
https://doi.org/10.5670/oceanog.2013.62
https://doi.org/10.1093/icb/41.1.99
https://doi.org/10.1515/botm.1996.39.1-6.533
https://doi.org/10.3354/meps174301
https://doi.org/10.1016/0168-9622(88)90001-2
https://doi.org/10.1111/j.1461-0248.2010.01566.x
https://doi.org/10.1016/j.ecss.2011.11.003
https://doi.org/10.1038/s43017-024-00583-5
https://doi.org/10.1016/j.ecss.2018.12.020
https://doi.org/10.1007/s00300-002-0455-y

VOISIN A. et al., Food web structure in a rapidly changing environment

Hedges J.1. & Stern J.H. (1984). Carbon and nitrogen determinations of carbonate-containing solids 1.
Limnology and Oceanography 29: 657—663. https://doi.org/10.4319/10.1984.29.3.0657

Hendry K.R., Meredith M.P. & Ducklow H.W. (2018). The marine system of the West Antarctic Peninsula:
status and strategy for progress. Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences 376: €¢20170179. https://doi.org/10.1098/rsta.2017.0179

Henley S.F., Schofield O.M., Hendry K.R., Schloss I.R., Steinberg D.K., Moffat C., Peck L.S., Costa
D.P., Bakker D.C.E. & Hughes C. (2019). Variability and change in the west Antarctic Peninsula marine
system: Research priorities and opportunities. Progress in Oceanography 173: 208-237.
https://doi.org/10.1016/j.pocean.2019.03.003

Holland P.R. (2014). The seasonality of Antarctic sea ice trends. Geophysical Research Letters 41:
4230-4237. https://doi.org/10.1002/2014GL060172

Huang Y.M., Amsler M.O., Mcclintock J.B., Amsler C.D. & Baker B.J. (2007). Patterns of gammaridean
amphipod abundance and species composition associated with dominant subtidal macroalgae from the
western Antarctic Peninsula. Polar Biology 30: 1417-1430. https://doi.org/10.1007/s00300-007-0303-1

Iken K., Quartino M.L., Barrera-Oro E., Palermo J., Wiencke C. & Brey T. (1998). Trophic relations
between macroalgae and herbivores. Reports on Polar and Marine Research 299: 258-262.

Ingels J., Aronson R.B., Smith C.R., Baco A., Bik,H.M., Blake J.A., Brandt A., Cape M., Demaster
D., Dolan E., Domack E., Fire S., Geisz H., Gigliotti M., Griffiths H., Halanych K.M., Havermans C.,
Huettmann F., Ishman S., Kranz S.A., Leventer A., Mahon A.R., McClintock J., McCormick M.L.,
Mitchell B.G., Murray A.E., Peck L., Rogers A., Shoplock B., Smith K.E., Steffel B., Stukel M.R.,
Sweetman A.K., Taylor M., Thurber A.R., Truffer M., van de Putte A., Vanreusel A. & Zamora-Duran
M.A. (2021). Antarctic ecosystem responses following ice-shelf collapse and iceberg calving: Science
review and future research. Wiley Interdisciplinary Reviews: Climate Change 12: e682.
https://doi.org/10.1002/wcc.682

Jackson A. & Parnell A. (2023). SIBER: Stable Isotope Bayesian Ellipses in R . R package version
2.1.9. Available from https://CRAN.R-project.org/package=SIBER [accessed 18 September 2025].
https://doi.org/10.32614/cran.package.siber

Jackson A.L., Inger R., Parnell A.C. & Bearhop S. (2011). Comparing isotopic niche widths among
and within communities: SIBER—Stable Isotope Bayesian Ellipses in R. Journal of Animal Ecology 80:
595-602. https://doi.org/10.1111/.1365-2656.2011.01806.x

Jacob U., Brey T., Fetzer I., Kaehler S., Mintenbeck K., Dunton K., Beyer K., Struck U., Pakhomov
E.A. & Artz W.E. (2006). Towards the trophic structure of the Bouvet Island marine ecosystem. Polar
Biology 29: 106—113. https://doi.org/10.1007/s00300-005-0071-8

Jaschinski S., Hansen T. & Sommer U. (2008). Effects of acidification in multiple stable isotope analyses.
Limnology and Oceanography: Methods 6: 12—15. https://doi.org/10.4319/lom.2008.6.12

Jin H., van Leeuwen C.H., Temmink R.J. & Bakker E.S. (2022). Impacts of shelter on the relative
dominance of primary producers and trophic transfer efficiency in aquatic food webs: Implications for
shallow lake restoration. Freshwater Biology 67: 1107-1122. https://doi.org/10.1111/fwb.13904

Kaehler S., Pakhomov E.A. & McQuaid C.D. (2000). Trophic structure of the marine food web at
the Prince Edward Islands (Southern Ocean) determined by 613C and J15N analysis. Marine Ecology
Progress Series 208: 13-20. https://doi.org/10.3354/meps208013

Ko Y.W,, Lee D.S., Kim J.H., Ha S.Y., Kim S. & Choi H.G. (2023). The glacier melting process is
an invisible barrier to the development of Antarctic subtidal macroalgal assemblages. Environmental
Research 233: e116438. https://doi.org/10.1016/j.envres.2023.116438

111


https://doi.org/10.4319/lo.1984.29.3.0657
https://doi.org/10.1098/rsta.2017.0179
https://doi.org/10.1016/j.pocean.2019.03.003
https://doi.org/10.1002/2014GL060172
https://doi.org/10.1007/s00300-007-0303-1
https://doi.org/10.1002/wcc.682
https://CRAN.R-project.org/package=SIBER
https://doi.org/10.32614/cran.package.siber
https://doi.org/10.1111/j.1365-2656.2011.01806.x
https://doi.org/10.1007/s00300-005-0071-8
https://doi.org/10.4319/lom.2008.6.12
https://doi.org/10.1111/fwb.13904
https://doi.org/10.3354/meps208013
https://doi.org/10.1016/j.envres.2023.116438

Belg. J. Zool. 155: 93—119 (2025)

Layman C.A., Arrington D.A., Montafia C.G. & Post D.M. (2007). Can stable isotope ratios provide for
community-wide measures of trophic structure? Ecology 88: 42—48.
https://doi.org/10.1890/0012-9658(2007)88[42:csirpf]2.0.co;2

Layman C.A., Araujo M.S., Boucek R., Hammerschlag-Peyer C.M., Harrison E., Jud Z.R., Matich P.,
Rosenblatt A.E., Vaudo J.J., Yeager L.A., Post D.M. & Bearhop S. (2012). Applying stable isotopes
to examine food-web structure: an overview of analytical tools. Biological Reviews 87 (3): 545-562.
https://doi.org/10.1111/j.1469-185x.2011.00208.x

Le Bourg B., Kuklinski P., Balazy P., Lepoint G. & Michel L.N. (2021). Interactive effects of body size
and environmental gradient on the trophic ecology of sea stars in an Antarctic fjord. Marine Ecology
Progress Series 674: 189-202. https://doi.org/10.3354/meps13821

Lizotte M.P. (2001). The contributions of sea ice algae to Antarctic marine primary production. American
Zoologist 41: 57-73. https://doi.org/10.1093/icb/41.1.57

Lumpkin R. & Speer K. (2007). Global ocean meridional overturning. Journal of Physical Oceanography
37:2550-2562. https://doi.org/10.1175/jp0o3130.1

Marshall J. & Speer K. (2012). Closure of the meridional overturning circulation through Southern
Ocean upwelling. Nature Geoscience 5: 171—180. https://doi.org/10.1038/ngeo1391

Mateo M.A., Serrano O., Serrano L. & Michener R.H. (2008). Effects of sample preparation on stable
isotope ratios of carbon and nitrogen in marine invertebrates: implications for food web studies using
stable isotopes. Oecologia 157: 105—-115. https://doi.org/10.1007/s00442-008-1052-8

McClintock J.B. (1994). Trophic biology of Antarctic shallow-water echinoderms. Marine Ecology
Progress Series 111: 191-202. https://doi.org/10.3354/meps111191

McClintock J.B., Amsler C.D., Baker B.J. & Van Soest R.W.M. (2005). Ecology of Antarctic marine
sponges: an overview. Integrative and Comparative Biology 45: 359-368.
https://doi.org/10.1093/icb/45.2.359

McMahon K.W., Ambrose Jr W.G., Johnson B.J., Sun M.-Y., Lopez G.R., Clough L. M. & Carroll M.L.
(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

Michel L.N., David B., Dubois P., Lepoint G. & De Ridder C. (2016). Trophic plasticity of Antarctic
echinoids under contrasted environmental conditions. Polar Biology 39: 913-923.
https://doi.org/10.1007/s00300-015-1873-y

Michel L.N., Danis B., Dubois P., Eleaume M., Fournier J., Gallut C., Jane P. & Lepoint G. (2019).
Increased sea ice cover alters food web structure in East Antarctica. Scientific Reports 9: 1-11.
https://doi.org/10.1038/s41598-019-44605-5

Moline M.A., Claustre H., Frazer T.K., Schofield O. & Vernet M. (2004). Alteration of the food web
along the Antarctic Peninsula in response to a regional warming trend. Global Change Biology 10:
1973-1980. https://doi.org/10.1111/j.1365-2486.2004.00825.x

Niemi A., Bluhm B.A., Juul-Pedersen T., Kohlbach D., Reigstad M., Segaard D.H., Amiraux, R. (2024).
Ice algae contributions to the benthos during a time of sea ice change: a review of supply, coupling, and
fate. Frontriers in Environmental Science 12: €1432761. https://doi.org/10.3389/fenvs.2024.1432761

Norkko A., Thrush S.F., Cummings V.J., Funnell G.A., Schwarz A.-M., Andrew N. L. & Hawes 1. (2004).
Ecological role of Phyllophora antarctica drift accumulations in coastal soft-sediment communities of
McMurdo Sound, Antarctica. Polar Biology 27: 482—494. https://doi.org/10.1007/s00300-004-0610-8

112


https://doi.org/10.1890/0012-9658(2007)88[42:csirpf]2.0.co;2
https://doi.org/10.1111/j.1469-185x.2011.00208.x
https://doi.org/10.3354/meps13821
https://doi.org/10.1093/icb/41.1.57
https://doi.org/10.1175/jpo3130.1
https://doi.org/10.1038/ngeo1391
https://doi.org/10.1007/s00442-008-1052-8
https://doi.org/10.3354/meps111191
https://doi.org/10.1093/icb/45.2.359
https://doi.org/10.3354/meps310001
https://doi.org/10.1007/s00300-015-1873-y
https://doi.org/10.1038/s41598-019-44605-5
https://doi.org/10.1111/j.1365-2486.2004.00825.x
https://doi.org/10.3389/fenvs.2024.1432761
https://doi.org/10.1007/s00300-004-0610-8

VOISIN A. et al., Food web structure in a rapidly changing environment

Norkko A., Thrush S.F., Cummings V.J., Gibbs M.M., Andrew N.L., Norkko J. & Schwarz A.M. (2007).
Trophic structure of coastal Antarctic food webs associated with changes in sea ice and food supply.
Ecology 88: 2810-2820. https://doi.org/10.1890/06-1396.1

Nyssen F., Brey T., Dauby P. & Graeve M. (2005). Trophic position of Antarctic amphipods—enhanced
analysis by a 2-dimensional biomarker assay. Marine Ecology Progress Series 300: 135-145.
https://doi.org/10.3354/meps300135

Parkinson C.L. (2019). A 40-y record reveals gradual Antarctic sea ice increases followed by decreases
at rates far exceeding the rates seen in the Arctic. Proceedings of the National Academy of Sciences 116:
14414-14423. https://doi.org/10.1073/pnas.1906556116

Parkinson C.L. & Cavalieri D.J. (2012). Antarctic sea ice variability and trends, 1979-2010. The
Cryosphere 6: 871-880. https://doi.org/10.5194/tc-6-871-2012

Pasotti F., Saravia L.A., De Troch M., Tarantelli M.S., Sahade R. & Vanreusel A. (2015). Benthic trophic
interactions in an Antarctic shallow water ecosystem affected by recent glacier retreat. PLoS ONE 10:
e0141742. https://doi.org/10.1371/journal.pone.0141742

Post D.M. (2002). Using stable isotopes to estimate trophic position: models, methods, and assumptions.
Ecology 83: 703-718. https://doi.org/10.2307/3071875

Presler P. (1986). Necrophagous invertebrates of the Admiralty Bay of King George Island (South
Shetland Islands, Antarctica). Polish Polar Research 7 (1-2): 25-61.

Queirds J.P., Borras-Chavez R., Friscourt N., GroB3 J., Lewis C.B., Mergard G. & O’Brien K. (2024).
Southern Ocean food-webs and climate change: A short review and future directions. PLOS Climate 3:
€0000358. https://doi.org/10.1371/journal.pclm.0000358

Raoult V., Phillips A.A., Nelson J., Niella Y., Skinner C., Tilcock M.B., Burke P.J., Szpak P., James W.R.
& Harrod C. (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

Rees C.E., Jenkins W.J. & Monster J. (1978). The sulphur isotopic composition of ocean water sulphate.
Geochimica et Cosmochimica Acta 42: 377-381. https://doi.org/10.1016/0016-7037(78)90268-5

Rauschert M. & Arntz W. (2015). Antarctic Macrobenthos : a Field Guide of the Invertebrates Living at
the Antarctic Seafloor. Arntz & Rauschert Selbstverlag.

R Core Team (2022). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. Available from https://www.R-project.org/ [accessed 18
September 2025].

Rossi L., Caputi S.S., Calizza E., Careddu G., Oliverio M., Schiaparelli S. & Costantini M.L. (2019).
Antarctic food web architecture under varying dynamics of sea ice cover. Scientific Reports 9: 1-13.
https://doi.org/10.1038/s41598-019-48245-7

Seyboth E., Botta S., Mendes C.R.B., Negrete J., Dalla Rosa L. & Secchi E.R. (2018). Isotopic evidence
of the effect of warming on the northern Antarctic Peninsula ecosystem. Deep Sea Research Part II:
Topical Studies in Oceanography 149: 218-228. https://doi.org/10.1016/j.dsr2.2017.12.020

Smale D.A. & Barnes D.K. (2008). Likely responses of the Antarctic benthos to climate-related changes
in physical disturbance during the 21% century, based primarily on evidence from the West Antarctic
Peninsula region. Ecography 31: 289-305. https://doi.org/10.1111/j.0906-7590.2008.05456.x

Smale D.A., Barnes D.K.A., Fraser K.P.P., Mann P.J. & Brown M.P. (2007). Scavenging in Antarctica:
intense variation between sites and seasons in shallow benthic necrophagy. Journal of Experimental
Marine Biology and Ecology 349: 405-417. https://doi.org/10.1016/j.jembe.2007.06.002

113


https://doi.org/10.1890/06-1396.1
https://doi.org/10.3354/meps300135
https://doi.org/10.1073/pnas.1906556116
https://doi.org/10.5194/tc-6-871-2012
https://doi.org/10.1371/journal.pone.0141742
https://doi.org/10.2307/3071875
https://doi.org/10.1371/journal.pclm.0000358
https://doi.org/10.1016/j.chemosphere.2024.141816
https://doi.org/10.1016/0016-7037(78)90268-5
https://www.R-project.org/
https://doi.org/10.1038/s41598-019-48245-7
https://doi.org/10.1016/j.dsr2.2017.12.020
https://doi.org/10.1111/j.0906-7590.2008.05456.x
https://doi.org/10.1016/j.jembe.2007.06.002

Belg. J. Zool. 155: 93—119 (2025)

Tatian M., Sahade R. & Esnal G.B. (2004). Diet components in the food of Antarctic ascidians living at
low levels of primary production. Antarctic Science 16: 123—128.
https://doi.org/10.1017/s0954102004001890

Thomas D.N., Fogg G.E., Convey P., Fritsen C.H., Gili J.M., Gradinger R., Laybourn-Parry J., Reid K.
& Walton D.W.H. (2008). The Biology of Polar Regions. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199298112.001.0001

Thurber A.R. (2007). Diets of Antarctic sponges: links between the pelagic microbial loop and benthic
metazoan food web. Marine Ecology Progress Series 351: 77-89. https://doi.org/10.3354/meps07122

Turner T.F., Collyer M.L. & Krabbenhoft T.J. (2010). A general hypothesis-testing framework for stable
isotope ratios in ecological studies. Ecology 91 (8): 2227-2233. https://doi.org/10.1890/09-1454.1

Vander Zanden M.J., Clayton M.K., Moody E.K., Solomon C.T. & Weidel B.C. (2015). Stable isotope
turnover and half-life in animal tissues: a literature synthesis. PloS ONE 10: e0116182.
https://doi.org/10.1371/journal.pone.0116182

Wigele H. (1989). Diet of some Antarctic nudibranchs (Gastropoda, Opisthobranchia, Nudibranchia).
Marine Biology 100: 439-441. https://doi.org/10.1007/BF00394819

Whippo R., Iken K., Amsler C.D., Lowe A.T., Schram J.B., Klein A.G., Heiser S., Amsler M.O.,
McClintock J.B. & Galloway A.W. (2024). Fatty acid profiles and stable isotope composition of
Antarctic macroalgae: a baseline for a combined biomarker approach in food web studies. Polar Biology
47: 367-386. https://doi.org/10.1007/s00300-024-03234-z

Williams R.J. & Martinez N.D. (2004). Limits to trophic levels and omnivory in complex food webs:
theory and data. The American Naturalist 163: 458—468. https://doi.org/10.1086/381964

Wing S.R., Mcleod R.J., Leichter J.J., Frew R.D. & Lamare M.D. (2012). Sea ice microbial production
supports Ross Sea benthic communities: influence of a small but stable subsidy. Ecology 93: 314-323.
https://doi.org/10.1890/11-0996.1

Wood T.S. (2015). Phyla ectoprocta and entoprocta (Bryozoans). /n: Thorp J.H. & Rogers D.C. (eds)
Thorp and Covich's Freshwater Invertebrates (4" Edition): 327-345. Academic Press.
https://doi.org/10.1016/b978-0-12-385026-3.00016-4

Zenteno-Devaud L., Aguirre-Martinez G.V., Andrade C., Cardenas L., Pardo L.M., Gonzalez H.E. &
Garrido 1. (2022). Feeding ecology of Odontaster validus under different environmental conditions in
the West Antarctic Peninsula. Biology 11 (12): e1723. https://doi.org/10.3390/biology11121723

Manuscript received: 15 October 2024

Manuscript accepted: 17 September 2025
Published on: 1 October 2025
Branch editor: Steven Degraer

114


https://doi.org/10.1017/s0954102004001890
https://doi.org/10.1093/acprof:oso/9780199298112.001.0001
https://doi.org/10.3354/meps07122
https://doi.org/10.1890/09-1454.1
https://doi.org/10.1371/journal.pone.0116182
https://doi.org/10.1007/BF00394819
https://doi.org/10.1007/s00300-024-03234-z
https://doi.org/10.1086/381964
https://doi.org/10.1890/11-0996.1
https://doi.org/10.1016/b978-0-12-385026-3.00016-4
https://doi.org/10.3390/biology11121723

VOISIN A. et al., Food web structure in a rapidly changing environment

Appendix 1

0"C, 0N, and 6**S mean + standard deviation in per mille (%o0) for each sample among stations.
N = number of organisms or samples analyzed. *N corresponds to the number of organisms pooled to
analyze small organisms.

Samples Stations N oBC o"N oS
Suspended particulate organic matter (SPOM) FH 2 268 09 53 +£03 22 +0.1
GR 4 257 +£04 74 +£1.6 22 02
HI 2 279 £08 6.1 =£0.1 219 =+0.1
MI 1 -26.9 5.5 21.3
NH 1 -275 43 21.9
SK 2 266 £14 93 +2.1 218 +0.8
Ul 1 -273 6.6 22.2
Ochrophyta (not identified) FH 6 -28.6 £72 41 +£05 152 *19
MI 2 227 +£03 47 +0.1 179 +£0.2

Rhodophyta Iridaea cordata FH 10 -17.7 £1.2 45 £0.6 173 +0.8
GR 10 -17.6 =14 32 £07 177 £1.0
MI 10 -17.2 £1.0 53 0.6 17.2 +0.7
NH 6 -15.1 £06 45 +£03 179 =0.1
SK 9 -163 0.8 35 +£05 19 0.6
Ul 11 -17.1 +£22 42 +1.6 188 =+0.8

Trematocarpus antarcticus FH 10 -20.2 +£13 53 +£04 19.8 =£0.1
HI 10 -20.8 £44 55 +£0.8 19.7 0.1
(not identified) FH 1 -22.6 4.1 18.6
NH 3 -31.1 £04 32 +£0.1 186 =04
Porifera Dendrilla antarctica FH 10 -27 0.8 3 +02 174 =£0.6
MI 2 -265 £04 4  £02 193 +03
Homaxinella balfourensis HI 10 -27 £0.5 42 0.1 179 =+04
Mycale acerata GR 1 -143 6.9 17.1
SK 2 -232 £0.6 7.5 0.7 187 +04
Ul 10 -252 +£34 7.6 =£1.5 183 *1.2
(not identified) Ul 1 -244 6.7 17.7
Cnidaria Glyphoperidium bursa FH 3 -17 £23 94 +05 169 03
HI 12 -149 £1.1 105 £09 17 0.6
Nemertea Parborlasia corrugatus FH 9 -193 £19 79 +£09 177 £13
GR 9 -162 £12 89 0.6 152 0.5
HI 6 -17 +£1.0 98 +04 164 =05
MI 7 -184 £19 9 +08 179 +£1.2
NH 2 -17.2 £0.6 89 02 17.5 0.5
SK 1 -l64 9.5 17.4
Ul 9 -164 £12 10 £0.6 16.6 +2.0
Annelida Serpulidae (not identified) SK 4 244 +£12 58 +34 185 0.6
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Samples Stations N oBC O"N oS
Arthropoda
Amphipoda Eusirus sp. Ul 1 -15.8 10.9 16.9
(not identified) FH 19 -17.8 £25 72 £0.7 141 +14
GR 1 -17.5 8.2 17.5
MI 3 -168 £0.5 69 +£12 125 +£13
NH 3 -169 1.1 91 £13 18 24
SK 2 -175 £04 8 +08 19 +£1.8
Isopoda Glyptonotus antarcticus FH 4 -159 +£2.1 86 =£0.7 151 =+2.0
GR 12 -16.1 £20 7.6 =£1.1 18.6 +0.7
HI 5 -156 +£1.8 88 £0.8 149 +1.8
(not identified) SK 2 -189 £09 69 28 19.1 <27
Ul 2 -167 +£5.0 8.1 +22 185 +3.7
Mollusca
Bivalvia Aequiyoldia eightsii FH 2 -139 £1.5 88 0.8 13.1 2.5
GR 1 -14.6 7.5 15.4
Laternula elliptica FH 11 -26.1 £1.0 42 09 167 =*£1.2
GR 17 -20.5 £3.0 4.6 +£05 173 =+1.1
Gasteropoda Margarella refulgens FH 10 -16.6 £09 7.8 +0.8 164 =*1.1
HI 3 -157 £1.5 14.6 4.0 164 04
MI 10 -15 +£08 7 +£0.6 158 +£13
Ul 10 -142 +£04 7.7 =£1.1 181 1.5
Nacella concinna FH 10 -11.6 £1.7 64 +£03 222 +1.2
GR 9 -129 £1.0 58 03 193 +£1.2
HI 11 -11.7 +04 7.1 +03 18.8 +0.5
NH 10 -11.5 £38 7 £19 188 =+£1.2
SK 15 -129 £12 55 05 192 +0.7
Ul 9 -10.7 £1.2 6.1 £1.7 185 1.1
Austrodoris sp. FH 10 -18.1 1.1 74 05 16.7 *0.5
MI -19 +£24 85 +04 166 =07
Trophon sp. HI -14.1 £02 114 +0.6 16.6 =£0.6
(not identified) Ml 1 -14.7 12.3 14.6
Polyplacophora (not identified) HI 1 -15.7 10.2 13.9
Bryozoa (not identified) FH 2 241 4.1 17.5
HI 2 -19.1 £6.1 75 +£44 176 +24
NH 2 -182 +4.7 11.6 +35 185 +1.7
SK 6 -254 £24 42 £1.6 183 +1.0
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Samples Stations N oBC O"N oS
Echinodermata
Asteroidea Odontaster validus FH 10 -13.6 +1.1 108 +04 158 =+0.9

GR 15 -132 £1.2 10.6 +05 20.6 =£0.6
NH 19 -153 £1.5 124 +34 188 =£2.1
SK 8 -157 +£0.6 109 2.0 202 =£1.2
Ul 15 -142 +£1.2 135 +£2.6 17.7 2.0

Odontaster meridionalis SK 3 -17.7 £45 147 £53 199 +14
Odontaster roseus Ul 1 -20.5 8.6 21.5
Perknaster sp. FH 1 -21.9 8.8 19.4
HI 1 -20.6 9.1 17.8
NH 1 -16.5 14 21.7
SK 2 -16.7 £0.8 122 0.1 213 0.6
Cuenotaster involutus MI 1 -14.1 13.1 16.4
Diplasterias brucei MI 3 -187 £37 9 «£1.5 169 =+1.1
Granaster nutrix MI 1 -20.2 8.4 17.4
SK 2 -13 £12 119 +0.6 189 +£2.0
Ul 1 -155 11 21.6
Psilaster charcoti HI 2 -108 £0.6 139 +£0.8 163 *1.2
MI 10 -143 £1.5 13.1 +£19 163 =+1.1
Neosmilaster georgianus NH 12 -145 +£1.6 102 +1.0 16.7 £0.9
Acodontaster conspicuus SK 1 -174 10.2 20.7
Acodontaster sp. SK 1 -134 9.8 20.9
Labidiaster annulatus NH 2 -148 +43 113 +0.6 222 +1.2
Labidiaster sp. NH 1 -l64 12.4 12.3
Lysasterias sp. GR I -11.1 7.7 21.5
SK 1 -21.8 8.7 21.5
Ul 1 -14 10.6 20.8
Henricia sp. SK 1 -16.6 9.4 21.3
(not identified) Ul I -11.5 9.4 21.1
Ophiuroidea Ophionotus victoriae SK 4 -18 60 76 =*£1.8 19.8 1.5
Echinoidea Sterechinus neumayeri FH 10 -12.5 £0.6 9 +03 10.7 =£1.6

HI 10 -11.6 £03 9.7 02 14 +04
MI 10 -12.6 £04 9.6 +£03 147 +2.1

Ul 4 -16.7 £08 9 +02 17.8 =+03

Holoturoidea Heterocucumis steineni HI 2 -189 +£02 82 +£04 21.1 03

Chordata Ascidiacea (not identified) FH 8 -259 +£2.1 65 £05 167 +09
SK 1 -19.5 8.7 16.9
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Appendix 2

Layman and SIBER metrics illustration: CD = mean distance to centroid; CR = carbon range; MNND = mean
nearest neighbour distance; NR = nitrogen range; SDNND = standard deviation of nearest neighbour distance;

SEA = Standard Ellipse Area; TA = convex hull’s total area.
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Appendix 3

Mean distance between centroids of /ridaea cordata for each station, in both biplots representation.
Significant p-values obtained from the Turner test are represented by: * < 0.05, ** < 0.01, and
**%k <0.001.

OPC-0"N FH GR MI NH SK

GR 1.23

MI 0.99 2.10 **

NH 2.54 % 2.72 % 2.18

SK 1.65 * 1.3 1.95 ** 1.49

Ul 0.64 1.12 1.06 1.94 1.04
OPC-0%S FH GR MI NH SK

GR 0.4

MI 0.53 0.62

NH 2.60 ** 243 * 2.12 %

SK 2.13 #x 1.77 ** 1.92 ** 1.57

Ul 1.63 ** 1.24 * 1.61 ** 2.15 * 0.77
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Appendix 4

ABC, APN, and 4*'S mean + standard deviation in per mille (%o) for each sample among stations.
A correction based on mean Iridiaea cordata isotopic ratios. N = number of organisms or samples
analyzed.

Phyla Species Stations N A"C AN A4¥S
Mollusca
Gasteropoda Nacella concinna FH 10 6.1 1.7 19 =£03 49 +£1.2

GR 9 47 +£10 26 +£03 16 =£12
NH 10 36 +38 25 +19 09 +1.2
SK 15 34 +12 2 05 02 0.7

Ul 9 64 12 19 =+£17 -03 =£I1.1
Echinodermata
Asteroidea Odontaster validus FH 10 41 =+1.1 63 =£04 -1.5 0.9
GR 15 44 +£12 74 =£05 29 =06
NH 19 -02 =+£15 79 +£34 09 +21
SK 8 06 =+06 74 £20 12 =12
Ul 15 29 +£12 93 £26 -1.1 +£2.0
Nemertea
Parborlasia corrugatus FH 9 -16 19 34 09 04 =13
GR 9 14 +12 57 +06 -25 =£05
MI 7 -12 +£19 37 =£08 07 <12
Ul 9 07 +£12 58 +£06 -22 =+£2.0
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