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ABSTRACT

In deep-pelagic ecosystems, the trophic ecology of micronektonic species (such as fish, jellyfish, krill, shrimps, and cephalopods)
is largely overlooked, with most research focusing almost exclusively on fish. However, like fish, invertebrate organisms play key
roles in food webs, both as consumers and as predators. Here, we aimed to provide an integrated overview of the relative trophic
position, segregation, and overlap of all main groups of species constituting the deep-pelagic micronektonic community. Stable
nitrogen (§'°N) and carbon (§'3C) isotope compositions have thus been measured in 13 species belonging to three groups (jelly-
fish, crustaceans, and cephalopods) sampled in the Bay of Biscay slope area (Northeast Atlantic), as proxies for trophic level and
feeding habitat of species. The addition of published isotopic data from deep-pelagic fish sampled in the same zone also allowed
the inclusion of vertebrates in the analyses of the trophic structure of the community. The invertebrate community exhibited
wide ranges of 8'°N and 8'3C values (6.45%0 and 2.71%o, respectively). Cephalopods appeared to segregate along a continuum
of 8'°N values, with important differences between muscular and fast-swimming species (Histioteuthis reversa and Todarodes
sagittatus) presenting higher 8'5N values than gelatinous species (Teuthowenia megalops and Haliphron atlanticus). In contrast,
crustaceans appeared to have lower 85N values and to be more strongly segregated by 8'3C values, suggesting different feeding
habitats (range 8§'3C =2.71%.). Some species showed more pelagic (*3C-depleted) signatures (e.g., Meganyctiphanes norvegica)
while others showed 3C-enriched values, possibly corresponding to a more benthopelagic diet (e.g., the two Pasiphaeidae spe-
cies). Isotopic niche calculations at the group level revealed important overlaps between cephalopods and fish, as well as between
jellyfish and crustaceans. These results are of significant importance for understanding the complex functioning of growing
interest deep-pelagic food webs on slope areas, by promoting a multi-taxa approach.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2025 The Author(s). Marine Ecology published by Wiley-VCH GmbH.
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1 | Introduction

Mesopelagic (200-1000 m depth) and bathypelagic (>1000m
depth) zones are home to a wide variety of micronektonic or-
ganisms (i.e., organisms between 2 and 20cm in length that
actively swim against currents) including fish, crustaceans,
cephalopod mollusks, and jellyfish. Although the ecological
functioning of these deep-pelagic compartments is still poorly
understood, they represent an increasingly growing area of re-
search (Ramirez-Llodra et al. 2010; Webb et al. 2010; St. John
et al. 2016). This recent increase in interest can be explained
by the significant ecosystem services these communities pro-
vide (Martin et al. 2020). The daily migration of mesopelagic
organisms to feed in productive surface waters transfers en-
ergy and matter to the deep sea (Irigoien et al. 2014; Young
et al. 2015). Trophic interactions between deep-pelagic and
slope demersal species also contribute to long-term carbon
storage (Trueman et al. 2014). More globally, in marine food
webs, these organisms represent a key intermediate trophic
level, consuming primary consumers and providing food for
higher trophic level species, notably by making themselves
available at night to epipelagic predators such as tunas or
marine mammals, and during the day to deep-benthic pred-
ators (Pauly et al. 1998; Pusineri et al. 2005, 2007; Trueman
et al. 2014; Preciado et al. 2017). Finally, the potential enor-
mous biomass that these deep-pelagic communities could
represent has aroused human interest in their exploitation,
especially in the context of diminishing coastal resources
(Irigoien et al. 2014). However, the relative contribution of the
different taxa in the total biomass is still largely unknown.

In recent decades, the study of deep-pelagic fishes has led to con-
siderable advances in our understanding of their trophic ecology
(Choy et al. 2015; Drazen and Sutton 2017; Richards et al. 2019,
2023; Eduardo et al. 2020, 2021). This increase in knowledge has
not been the same for mesopelagic and bathypelagic invertebrate
organisms, which remain overlooked. In the MesopTroph isoto-
pic database, the number of individual data available for meso-
pelagic species of the class Actinopterygii (a class that includes
all bony fish species) was twice as high as the number of data
available for mesopelagic species of all other classes combined
(i.e., Cephalopoda, Appendicularia, Copepoda, Malacostraca,
and Scyphozoa) (Silva et al. 2022). The probable lower commer-
cial interest and the difficulty of sampling some highly mobile
species (i.e., cephalopods) with the trawls commonly used likely
constitute major reasons for the under-representation of inver-
tebrates in deep-pelagic studies. However, the diversity of in-
vertebrates, from filter feeders to predatory micronektonivores,
undoubtedly translates into a diversity of roles in food webs
(Haddock and Choy 2024). For instance, cephalopods comprise
a large diversity of foraging behaviors and trophic connections
within food webs (Navarro et al. 2013; Villanueva et al. 2017).
They play key roles in oceanic ecosystems as predators of second-
ary consumers and micronekton and as prey for many top pred-
ators (Clarke 1996; Spitz et al. 2011; Logan and Lutcavage 2013;
Staudinger et al. 2013; Young et al. 2013). Meso- and bathype-
lagic large crustaceans link zooplankton to higher trophic levels
and contribute to transporting significant quantities of organic
matter to the deep sea through vertical migrations in the water
column (Aguzzi et al. 2007). Moreover, some species can adopt
a benthopelagic behavior in slope areas, providing an important

resource in the diet of other species (Orsi-Relini and Relini 1990;
Cartes 1993a). Jellyfish bottom interactions may also play a key
functional role in slope and canyon ecosystems, where import-
ant aggregations have been observed (Billett et al. 2006; Smith
Jr. et al. 2014). Contrary to the basic assumption that gelati-
nous organisms are dead ends in food webs, this large biomass
could be exploited by deep-sea fish with benthopelagic affini-
ties in slope areas but also by decapod and cephalopod species
(Moore et al. 1993; Robison 2004; Drazen and Sutton 2017; Choy
et al. 2017; Hoving and Haddock 2017). This possible conversion
of gelatinous energy into energy available to higher trophic lev-
els likely plays an important role in the functioning of oceanic
food webs (Sutton et al. 1995; Verity and Smetacek 1996; Gartner
Jr et al. 1997; Robison 2004; Arai 2005; Choy et al. 2017).

Given the many roles these invertebrate species play in food
webs, it has become crucial to better understand their trophic
ecology and their position within deep-sea food webs. The com-
bination of stable isotope analysis (SIA) of carbon (§!3C) and ni-
trogen (8'°N) is an effective tool for studying the trophic ecology
of these species. It provides time-integrated information about
food sources assimilated by organisms (Peterson and Fry 1987;
Vander Zanden and Rasmussen 2001). Stable nitrogen isotope
ratios (8N values) can be used as an indicator of the relative
trophic position of the species, as they undergo a predictable
enrichment from one trophic level to another (Peterson and
Fry 1987; Vander Zanden and Rasmussen 2001). On the other
hand, carbon isotope ratios (8'3C values) show little fraction-
ation among trophic levels (DeNiro and Epstein 1978) and are
more often used to determine carbon sources in food webs. They
can help to distinguish benthic sources from pelagic sources
(DeNiro and Epstein 1978; France 1995; Fanelli et al. 2009), es-
pecially in slope areas (Fanelli et al. 2009).

Few previously published studies have examined the trophic
ecology of micronektonic invertebrates using more than one
taxon or type of organism (Burghart et al. 2010; Fanelli, Cartes,
et al. 2011; Ménard et al. 2014; Valls et al. 2014; Annasawmy
et al. 2018, 2020). Here, the objective of this study was both to
provide information on a wide range of different species and
to develop an inter-taxon view of the structure of the deep mi-
cronektonic community. To achieve this, the SIA of carbon and
nitrogen has been measured in 13 invertebrate meso- to bat-
hypelagic species from three different types of organisms (i.e.,
jellyfish, crustaceans, and cephalopods hereafter referred as
“taxa” for ease reading) collected from the Bay of Biscay slope
area in the Northeast Atlantic. The primary aim was to compare
their relative positions in an isotopic space. Second, previously
published stable isotope data from mesopelagic and bathype-
lagic fish species (Chouvelon et al. 2022) collected in the same
area were integrated to broaden our view and provide a more ho-
listic representation of the trophic structure of this community.

2 | Materials and Methods
2.1 | Sampling
Organisms were collected by meso- to bathypelagic trawling

in canyons of the Bay of Biscay continental slope (Northeast
Atlantic) between 2017 and 2022 during the EVHOE (Evaluation
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Halieutique de I'Ouest de I'Europe; https://doi.org/10.18142/8)
scientific cruise, which takes place every autumn. The trawl net
was 192m long with a headline of 76 m and a foot rope of 70 m.
The average vertical opening was about 24m, and the horizon-
tal opening was 58 m. Each haul was conducted at night at a
specifically chosen immersion depth between 370 and 2000m,
although most organisms dedicated to this study were collected
in trawls carried out in the deep scattering layer (generally be-
tween 500 and 800m depth). Once the trawl reached the se-
lected depth, it was towed horizontally (i.e., constant immersion
depth) for 1h at 4 kn.

2.2 | Carbon and Nitrogen Stable Isotope Analysis

Stable isotope analyses of carbon (§'3C values) and nitrogen (§'°N
values) were carried out on 133 samples from 13 different species,
including seven crustaceans (class of Malacostraca), four ceph-
alopods (class of Cephalopoda), and two jellyfish species (class
of Scyphozoa). The giant octopus (Haliphron atlanticus) was
included in this micronektonic community as the maximum re-
ported total length for this species is 4m, but the mantle length
of the individual sampled in this study was equal to 18.5cm
(total length 58 cm), which probably means that it was a juvenile
(O'Shea 2004). Specifically, six crustacean samples of the 133
samples were reused from Chouvelon et al. (2022). In addition,
to gain a better understanding of the trophic structure within the
mesopelagic community, the isotopic values of the invertebrates
were compared to those of mesopelagic and bathypelagic fish spe-
cies collected from the same trawl events (Chouvelon et al. 2022).
These fish species (i.e., Lampanyctus crocodilus, Myctophum punc-
tatum and Notoscopelus kroyeri, Xenodermichthys copei, Searsia
koefoedi, Arctozenus risso, Serrivomer beanii, Argyropelecus olfer-
sii, Chauliodus sloani, Stomias boa, and Aphanopus carbo) rep-
resented the majority of deep-pelagic fish biomass in the Bay of
Biscay slope area (Spitz et al. 2023).

For crustaceans, cephalopods, and fish species, a small piece of
muscle was collected from individuals for SIA (as described by
Chouvelon et al. 2022), while the whole organism was collected
for jellyfish. Samples were frozen at —20°C. To have sufficient
material for SIA, the muscles of the smallest individuals were
pooled. Within these pools, the individuals were of equivalent
size and sampled at the same depths. In the laboratory, samples
were freeze-dried for 72h. To reduce the samples into a fine
powder, samples containing a single individual were manually
homogenized, while samples containing a pool of individuals
were homogenized using a ball mill (MM400 Retsch). A fraction
of this powder (0.50+0.05mg dry mass) was then weighed in
tin cups. Analyses were conducted using an isotope ratio mass
spectrometer (Delta V Advantage with Conflo IV interface,
Thermo Scientific) coupled to an elemental analyzer (Flash EA,
2000; Thermo Scientific). Results are presented in the usual §
notation relating to deviation from international standards
(Vienna Pee Dee Belemnite for 8'3C values, atmospheric nitro-
gen for 8'°N values) in parts per thousand (%.). Based on re-
peated measurements of USGS-61 and USGS-62 samples used
as internal laboratory standards, the experimental analytical
precision was < 0.15%o for 8°N and < 0.10%. for 8§'3C.

Determination of the C:N ratio of each sample provided informa-
tion on the lipid content (Post et al. 2007; Hoffman et al. 2015).
As lipids are highly depleted in '3C, variations in 8'3C values can
occur between species with very different lipid contents, while
their diet may be similar, biasing the interpretation of §'3C val-
ues. Hence, samples with a C:N ratio > 3.5 had their §'3C values
mathematically standardized using the equation for aquatic an-
imals (Post et al. 2007):
613Ccorrected = 613Cuntreatedsample —3.324+099xC: Nuntreatedsample

This correction only concerned eight samples out of the 133
analyzed, with only one presenting a C:N ratio >3.7 (and
seven samples between 3.5 and 3.7). All the new isotopic data
(i.e., excluding the six crustacean samples [of the 133] reused
from Chouvelon et al. 2022, see above, as well as the fish data
of Chouvelon et al. 2022) are publicly available through the
data InDoRES platform (DOI: https://doi.org/10.48579/PRO/

VCZZXA4).

2.3 | Statistical Analyses

The differences in §'°N and 8'3C values among the taxonomic
classes or taxa (i.e., jellyfish, crustaceans, cephalopods and
fish) were assessed using permutational analysis of variance
(PERMANOVA). Since not all the distributions were normally
distributed, a Kruskal-Wallis test was subsequently employed
to determine whether the observed differences among groups
were due to variations in 85N or 8!3C values, or a combina-
tion of both. To identify the specific pair of taxa that exhib-
ited a significant difference for each isotope, a Wilcoxon test
was used.

In addition, given the clear visual separation of the three groups
of crustaceans (Pasiphaea multidentata, Pasiphaea sivado,
Acanthephyra pelagica and Ephyrina figueirai, vs. Sergia ro-
busta and Systellaspis debilis, vs. Meganyctiphanes norvegica)
and the relatively large sample size within crustaceans (N=94),
we further tested for significant differences among visually seg-
regated groups with respect to both isotope values.

2.4 | Isotopic Niches

All individuals of all species were grouped by taxonomic class
to compare isotopic niches among invertebrate taxa. For com-
parison with a vertebrate taxon (i.e., fish), previously published
isotope data of meso- to bathypelagic fish in the same area were
used to compute the fish isotopic niche (Chouvelon et al. 2022).
Isotopic niches of each taxon were then measured using stan-
dard ellipses with a threshold of 0.40, meaning that each ellipse
contains approximately 40% of the individuals of the taxon. The
ellipses were generated graphically using the ggplot2 package
and the stat_ellipse function, which allows the creation of el-
lipses based on a multivariate normal distribution (Jackson
et al. 2011; Friendly et al. 2013). Then, the measurement of iso-
topic niches overlaps among taxa at 40% was performed. These
analyses were performed with the R package rKIN (Eckrich
et al. 2020; Albeke 2023).
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All graphics were realized using the R package ggplot2
(Wickham et al. 2016), and all analyses were performed in the R
environment version 4.4.1 (R Core Team 2023).

3 | Results

3.1 | Stable Isotopes in the Invertebrate
Community

The meso- to bathypelagic invertebrate community showed a
813C range of 2.71%0 and a 8'°N range of 6.45%. between the most
extreme individual (sample) values. Among the species, the elon-
gate jewel squid Histioteuthis reversa presented the highest 8'°N
values (mean value of 12.36%o +0.33%o; Table 1 and Figure 1),
while the crustacean species Systellaspis debilis showed the
lowest values (mean value of 7.70%. +0.48%.). Regarding 8'3C
values, two crustacean species exhibited the most extreme val-
ues. Ephyrina figueirai had the most enriched '3C values (mean
value of —18.81%0 %+ 0.39%0), whereas the northern krill species
Meganyctiphanes norvegica had the most depleted values (mean
value of —20.46%o + 0.24%o).

The comparison of the species' positions in the isotopic space re-
vealed that crustacean (malacostraca) species were highly segre-
gated along the 8'3C axis, whereas cephalopod species were more

segregated along the 8N axis (Figure 1). The three taxonomic
classes exhibited significant differences in isotopic composition, as
indicated by the PERMANOVA test (p-value <0.05). The observed
differences were corroborated by the 8'°N values, which revealed a
significant divergence between the cephalopods on the one hand,
and both the jellyfish and crustaceans on the other hand (Kruskal-
Wallis test, p-value <0.05). Significant differences in carbon and
nitrogen isotopic composition were found between the three visu-
ally distinct groups of crustaceans (Kruskal-Wallis test, p-values
<0.05 for both isotope values). The krill species Meganyctiphanes
norvegica stood out for its depleted '3C values. Within the other two
groups, the shrimp species Sergia robusta and Systellaspis debilis
showed lower 8'3C and 8'°N values than the four species in the last
group, Pasiphaea multidentata, Pasiphaea sivado, Acanthephyra
pelagica, and Ephyrina figueirai. Regarding cephalopod species,
the gelatinous giant octopod Haliphron atlanticus had a "N value
of 8.72%o, whereas Histioteuthis reversa had a mean 8'°N value
of 12.36%0=+0.33%0. The two species of jellyfish exhibited values
within the range of crustaceans. Atolla vanhoeffeni was found to be
more enriched in >N and *C (mean 8N value = 8.88%o =+ 0.38%o;
mean 8'3C value=-19.67%0=+0.17%o) than Periphylla periphylla
(8N value =8.20%o; 8'3C value =—20.10%o).

The calculation of isotopic niches at the taxon level revealed
that crustaceans had the largest isotopic niche (1.44%o, Table 2)
whereas jellyfish had the smallest (0.29%0). The cephalopod

TABLE 1 | Number of samples for stable isotope analysis (N), total number of individuals for the species (n), mean + standard deviation of

individual sizes, 8'°N and 8'3C values for each species. Sizes correspond to the cephalothorax length for crustaceans, the length of the mantle for

cephalopods, and the diameter of the bell for jellyfish. NA, missing value.

N samples (n Mean size Mean Mean
Class Family Species individuals) (cm) SN (%o) S13C (%o)
Malacostraca Oplophoridae Systellaspis debilis 12 (68) 1.56 £0.15 7.70+£0.48 —19.51+£0.22
(crustaceans) Ephyrina figueirai 10 (16) 2484045  9.60+0.25  —18.81+0.39
Acanthephyra 7(7) 2.33+0.43 8.98+0.28 —19.07+£0.27
pelagica
Pasiphaeidae Pasiphaea sivado 9 (206) 2.13+£0.10 9.60+0.17 —19.36 £0.20
Pasiphaea 6 (6) 3.77+0.62 9.24+0.48 —19.25+0.15
multidentata
Euphausiidae Meganyctiphanes 46 (509) 0.87+0.04 8.39+0.37 —20.46+0.24
norvegica
Sergestidae Sergia robusta 4(15) 2.10 7.76 £1.04 —19.75+0.25
Cephalopoda Alloposidae Haliphron 1(1) 18.5 8.72 —-19.88
(cephalopods) atlanticus
Cranchiidae Teuthowenia 15(15) 14.37 £2.57 9.87+0.41 —20.00£0.20
megalops
Histioteuthidae Histioteuthis 8(8) 6.75+1.83 12.36+0.33 —20.07+£0.23
reversa
Ommastrephidae Todarodes 8(8) 24.12+7.11 11.00+0.25 —19.31+0.27
sagittatus
Scyphozoa Atollidae Atolla vanhoeffeni 6 (20) 7.50+£0.50 8.88+0.38 —19.67+0.17
(ellyfish) Periphyllidae Periphylla 103) NA 8.20 -20.10
periphylla
40f 10 Marine Ecology, 2025
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isotopic niche was more stretched along the §°N axis, whereas
the crustacean niche presented a more elongated form and was
stretched along the 8'3C axis (Figure 1). The fish isotopic niche
also presented an elongated form and was diagonally oriented
(813C-8"N axis).

In terms of niche overlap, the niche occupied by jellyfish—given
their smaller sample size—was entirely encompassed within the
crustacean niche. Jellyfish and crustaceans were highly segre-
gated from fish and cephalopods on the §'°N axis. An important
overlap was found between fish and cephalopods, with half of
the fish's isotopic niche being covered by that of cephalopods
(overlap values of 54%).

4 | Discussion
This study provides original trophic information inferred from

SIA on 13 meso- and bathypelagic micronektonic invertebrate
species belonging to three different taxa (i.e., cephalopods,

crustaceans, and jellyfish) from the slope area in the Bay of
Biscay, NE Atlantic. The isotopic dataset on invertebrates pre-
sented in this study (n =133 samples in total) provides new in-
sights into the structure of deep-pelagic food webs by including
underrepresented species (Drazen and Sutton 2017).

Cephalopods exhibited the widest range of §!°N values (~4%o),
likely reflecting the diversity of their feeding behavior and di-
etary habits across species and trophic levels (Cherel et al. 2009;
Coll et al. 2013; Navarro et al. 2013). Our study revealed im-
portant differences between fast-swimming muscular spe-
cies (Histioteuthis reversa and Todarodes sagittatus) on the
one hand, with higher §'°N values compared to the gelatinous
species (Haliphron atlanticus and Teuthowenia megalops) on
the other hand, having more !*N-depleted values. The elon-
gated jewel squid H. reversa had the highest mean 8'°N value
(12.36%0 +0.33%0). This species is known to primarily feed on
myctophid fish, pelagic crustaceans, and cephalopods, placing
it at the upper level of the pelagic food web (Quetglas et al. 2010;
Fanelli et al. 2012; Valls et al. 2017). The European flying

. " H. reversa
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y ’ ¥ &
104 T. megalopﬁ'”E F N
* o«

- vanjg i
vanhoeffeni @
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H. atlanticus

A
8- ! P. periphylla

* T. sagittatus ]

Taxon

# Cephalopods
Crustaceans

A Jellyfish

* Fish*

21 -20
5'3C %o

-19 -18

FIGURE1 | Mean isotopic values (§'°N and §'3C values), standard deviation per species and standard ellipses at 40% by taxon. Cephalopod species
are represented by green squares, crustacean species by yellow dots, and jellyfish by red triangles. *Fish isotopic data from Chouvelon et al. (2022). A
silhouette (not to scale) of each invertebrate species considered is shown, while only two fish silhouettes to represent the taxon.

TABLE 2 | Nsamples, mean and standard deviations of 8'°N and 8'3C values, and isotopic niche area for each taxonomic class.

Class N samples Mean 8N (%o) Mean 8'3C (%o) Isotopic niche area (%o)
Malacostraca (crustacean) 94 8.62+0.74 —19.85+£0.68 1.44
Cephalopoda (cephalopod) 32 10.74+1.14 —19.84+0.38 1.39
Scyphozoa (jellyfish) 7 8.79+0.43 -19.73+0.22 0.29
Actinopterygii (Fish?) 33 10.69+0.90 —-19.52+0.44 0.96

2Fish isotopic data from Chouvelon et al. (2022).
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squid T. sagittatus had the second highest mean 8N value
(11.00%0 £+ 0.25%0) and was differentiated from other cephalo-
pod species by its higher 8'3C values. Although cephalopods
generally show low variation in their §'3C values, indicating po-
tentially similar basal carbon resource use, some species may
exhibit differences due to feeding near the bottom in slope areas
(Cherel et al. 2009). T. sagittatus is documented to feed on krill
species such as Meganyctiphanes norvegica and mesopelagic fish,
as well as on supra-benthic and nektobenthic prey (Nesis 1987;
Cherel et al. 2009; Fanelli et al. 2012; Valls et al. 2017), which
may explain its higher 8'3C values compared to other oceanic
species. The other two cephalopod species, H. atlanticus and T.
megalops, presented the lowest 8'°N values. To the best of our
knowledge, information on the trophic ecology of T. megalops is
still missing in the literature. The juvenile giant octopod H. at-
lanticus had the lowest 8'°N values (8.72%0) among cephalopod
species. It is typically found in areas with steep topography and
feeds on low pelagic trophic level species, including gelatinous
species (Cherel et al. 2009; Hoving and Haddock 2017; Miller
et al. 2018).

In contrast to cephalopods, which were segregated along a con-
tinuum of a 8'°N values, crustaceans showed higher variability
in 813C values (total range = 2.71%o), which would rather reflect
segregation in feeding habitats and differences in basal carbon
resources. Our results showed significant differences among
three groups of crustacean species. First, four species (Pasiphaea
multidentata, Pasiphaea sivado, Acanthephyra pelagica, and
Ephyrina figueirai) presented the highest mean isotopic val-
ues for both elements. The second group, consisting of Sergia
robusta and Systellaspis debilis, had intermediate 8'3C values
and the lowest mean 8'5N values. Finally, Meganyctiphanes nor-
vegica differed from the other Malacostraca species by having
the most 13C-depleted isotopic composition. By presenting the
lowest mean 8'3C values, M. norvegica may be the species with
the most pelagic feeding habits. The diet of this species has been
described to include detritus, ctenophores, chaetognaths, and
copepods (Sameoto 1980), most (if not all) of these items being
pelagic. Differences were found among the remaining groups,
with the two species S. robusta and S. debilis exhibiting consid-
erably lower 8'3C and 8'°N values than the other four crustacean
species. In the Bay of Biscay slope area, morphological differ-
ences between Sergestidae and Pasiphaeidae species have been
linked to differences in feeding habits (Lagardere 1975). In con-
trast to Sergestidae species, Pasiphaeidae species indeed present
large claws on the first two pairs of pereiopods, allowing them
to capture larger prey such as mysids, euphausiids, young ceph-
alopods, and even fish, and they would also feed near the bottom
(Lagardere 1975; Hargreaves 1984; Cartes 1993b; 1993a; Aguzzi
et al. 2007; Burghart et al. 2010). The consumption of relatively
large prey and the benthopelagic behavior of these species could
explain, at least in part, the higher 8'3C and 8'°N values we
found in Pasiphaeidae species compared to other crustacean
species. With regards to Oplophoridae, in a continental slope
area, A. pelagica has been described to hunt both in the water
column and near the bottom, with a diet partly composed of fish
that may explain the high §'*C and 8'°N values found for this
species (Burukovsky 2009; Burukovsky and Falkenhaug 2015).
The literature still lacks information on the diet of E. figueirai,
but the use of stable isotopes of mercury on individuals from
the Bay of Biscay also seems to lead to a benthopelagic habit

for this species, which at least partially explains the high 8§'3C
values (Médieu et al. 2024). Conversely, the diet of Sergestidae
species was described to be mainly based on low trophic level
species, including small planktonic crustaceans, copepods, and
ostracods (Lagardere 1975; Cartes 1993a). Variation in 85N val-
ues between species may be influenced by differences in feed-
ing depth, as well as reflecting differences in diet. Individuals
at greater depths have a greater reliance on the food chain
based on bacterial degradation of organic particles, resulting in
the enrichment of 8'°N values compared to shallower individ-
uals (Choy et al. 2015; Gloeckler et al. 2018; Romero-Romero
et al. 2019; Richards et al. 2020). Foraging depths of mesopelagic
and bathypelagic crustaceans are scarce in the literature. Still,
in the Gulf of Mexico, S. debilis was found to occupy the epipe-
lagic layer at night preferentially, whereas in the Mediterranean
canyons, the species P. multidentata actively feeds near the bot-
tom during both day and night, which may partly explain the
difference in 8N values observed in our study between these
two species (Cartes 1993b; Burdett et al. 2017).

The two jellyfish species presented values within the range of
crustaceans. Quantifying the proportions of jellyfish and other
gelatinous zooplankton in the diet of predators can be challeng-
ing due to several biases (Drazen and Sutton 2017). One of the
main issues is the rapid digestion of these organisms, which can
result in their underrepresentation in stomach content analyses
compared to their actual contribution (Purcell and Arai 2001;
Arai et al. 2003). Recent diet analysis methods, such as animal-
borne video recorders and eDNA approaches, confirmed that
gelatinous species can be widely consumed by some predators
(Thiebot and McInnes 2019). As a predator, the species Periphylla
periphylla has been reported to feed on calanoid copepods, espe-
cially Calanus spp., along with exoskeletons of the northern krill
M. norvegica, ostracods of the genus Conchoecia, chaetognaths,
and even gonatid squid (Sernes et al. 2008; Fanelli, Cartes,
et al. 2011; Choy et al. 2017). The trophic ecology of Atolla spe-
cies has been largely overlooked. There is currently no informa-
tion on the diet of the species Atolla vanhoeffeni. Although our
data set is not balanced among the different types of organisms,
our study showed that jellyfish (N samples =7) and crustaceans
(N samples =94) did not differ significantly in their carbon and
nitrogen isotopic compositions. The trophic ecology of gelati-
nous organisms is poorly understood, but it is becoming increas-
ingly clear that they can adopt a wide range of feeding strategies,
from detritivores to predators of detritivores and to herbivores
(Haddock and Choy 2024). As our study only included two jel-
lyfish species, it will be necessary to subsequently increase the
diversity sampled within this taxon to gain a better understand-
ing of the diversity of trophic strategies adopted by these species.

The computation of isotopic niches at the taxon level, including
deep-pelagic fish, suggested differences in trophic segregation
strategies among taxa. The isotopic niche of cephalopods was
more elongated along the 8'°N axis, potentially indicating a
broader range of trophic levels, whereas the crustacean niche
was more elongated along the 8'3C axis, suggesting stronger
segregation in feeding habitats (e.g., pelagic vs. benthopelagic).
Fish species seemed to adopt a compromise between both, with
an isotopic niche that followed the §'"N-8'3C axis. Important
overlaps were found between the two a priori highest trophic
level taxa on the one hand, that is, fish and cephalopods, and the
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two lowest trophic level taxa on the other hand, that is., crusta-
ceans and jellyfish. On the continental slope of the Catalan Sea
(Northwest Mediterranean Sea), an important segregation be-
tween crustaceans and fish species was also documented, with
crustaceans presenting more '3C enriched values than fish. This
reflected a greater abundance of benthic prey in the diet of deca-
pods (Papiol et al. 2013). The segregation in 8'°N values between
these two taxa was also important. In our study area, although
the range of 8'3C values was higher for crustaceans than for
fish (range 8'3C =2.71%0 and 2.04%o respectively), the segrega-
tion between these two taxa was more evident with 8'°N values
(mean values of 8.62%o + 0.74%0 and 10.69%o + 0.90%o for crusta-
ceans and fish, respectively). Fish diets generally include more
fish, decapods, and cephalopods compared to crustacean diets,
which likely explains the difference in 8N observed between
these taxa (Papiol et al. 2013). In the Indian Ocean, communities
exhibited larger overlaps between fish, crustaceans, and squids,
implying a potential competition for food (Ménard et al. 2014;
Annasawmy et al. 2018, 2020). Additionally, the relatively low
isotopic niche overlap observed in our study may partly be ex-
plained by the sampling season. In October (autumn season
in the NE Atlantic, when the present sampling took place), the
strong stratification of the water column and low primary pro-
duction may lead species to exploit a wider range of resources
(e.g., fresh primary and secondary production vs. degraded or-
ganic matter) in order to reduce competition. Conversely, during
periods of high production, species may benefit from the abun-
dant resources associated with phytoplankton blooms, relying
predominantly on this single source (Fanelli, Cartes, et al. 2011;
Fanelli, Papiol, et al. 2011; Papiol et al. 2013). It is important to
note that the diversity of species sampled in our study was lower
(n=24 species including fish species) than in studies conducted
in the Indian Ocean. This may lead to an underestimation of the
overlap of isotopic niches.

In conclusion, a high diversity of ecological trophic strategies
was observed within the meso- to bathypelagic invertebrate
community from the Bay of Biscay canyons in the NE Atlantic.
This finding likely indicates resource partitioning within the
community and a more complex food web structure than com-
monly thought. Additionally, in this continental slope area, bot-
tom interactions may play a crucial role in the deep-pelagic food
web structure. The varying degrees of overlap and segregation
highlighted in this study require a better quantification of the
trophic interactions between these different taxa in order to pre-
dict the effects of increasing pressure on each component of this
community, which is still too little understood compared to its
importance in the functioning of the ocean.
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