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ABSTRACT: The abyss of the Sea of Japan represents an example of an isolated deep-sea environment that contains mostly endemic fauna and has a complicated Quaternary history. To determine
the trophic structure and sources supporting this abyssal benthic community, the carbon and nitrogen stable isotope ratios and fatty acid (FA) compositions of key invertebrate species and sedimentary organic matter (SOM) were analysed. Samples were collected at a range of depths from 2481 to
3666 m in the deep-water basin of the Sea of Japan in August 2010. Species of the most abundant
invertebrates — including polychaetes, sea anemones, peracarid crustaceans, bivalves and brittle
stars — showed similar δ15N values, corresponding to relatively high and similar trophic positions.
Analysis of FA trophic markers showed that all of these equally 15N-enriched omnivores, carnivores
and scavenger species in the Sea of Japan abyssal environment fed mostly on sinking zooplankton
animals. The resulting FA profiles of these species showed a high 18:1ω9/18:1ω7 ratio, and the
22:6ω3 and 20:5ω3 polyunsaturated FAs were the most abundant FAs. Only one macrobenthic species, the filter-feeding Thyasira (Parathyasira) sp., had low 22:6ω3 and 20:5ω3 FA proportions, but it
exhibited significant levels of 18:2ω6 and 16:1ω10 FAs characteristic of the SOM of the deep waters
of the Sea of Japan. These data reveal the dominant role of descending zooplankton as a food resource for mega- and macrobenthos in this marginal deep-water environment. Despite the proximity of the productive shelf area, which exports plant residues to the deep-water basin of the Sea of
Japan, we found no isotopic or FA indications of feeding on allochtonous detritus of seagrasses or
macroalgae among abyssal consumers. Our data did not support cannibalism as a feeding mode of
the abundant abyssal carnivorous polychaetes, as had previously been suggested. Different key invertebrate species of the Sea of Japan abyssal food web occupied similar trophic positions and fed
predominantly on descended zooplankton. We suggest that the simple structure of the Sea of Japan
abyssal food web, lacking abundant deposit-feeder food chains, is the result of the young evolutionary age of this community rather than the low availability of bottom detritus or the specific structure
of the pelagic community that provides abundant downward flow of zooplankton.
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Abyssal food webs, with the exception of areas of
chemosynthesis, are rather uniform and characterised by the predominance of deposit feeders in the

eutrophic regions of the global ocean floor (Sokolova
1972, 1997). Particulate organic carbon (POC) synthesised in the upper pelagic layers sinks mainly as
seasonal pulses of diatoms and zooplankton faeces
and is consumed by deep-sea detritivorous zooben-
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thos and bacteria (Billett et al. 1983, Graf 1989, Witte
et al. 2003, Mayor et al. 2012). However, regional
changes in the pelagic food web can modify the composition and quantity of organic matter flowing from
the pelagic zone to the bottom and affect the structure of the abyssal food web (Smith et al. 2008 and
references therein). Comparative studies of particular abyssal food webs can reveal new features of biodiversity in the ocean.
The abyss of the Sea of Japan (SJ) represents an
example of a very young isolated deep-sea community. The semi-closed marginal SJ, which has a greatest depth of approximately 3700 m, has its own deep
waters formed by the sinking of cool surface water in
severe winters and is separated from the north
Pacific deep waters by the shallowness of the straits.
The SJ deep waters are characterised by lower temperature (0.0 to 0.2°C), lower salinity (34.06 to
34.07 ‰) and an extremely high level of dissolved
oxygen (> 200 µmol kg−1) (Zenkevich 1963, Gamo
2011) in comparison to the adjacent deep-water
areas of the north Pacific (Watling et al. 2013).
Another prominent feature of the SJ abyss is the specific character and very young age of its biota. It has
been shown that the glacio-eustatic sea-level drop
isolated the SJ from the Pacific Ocean during the last
glacial maximum, resulting in water column stratification and anoxic conditions in the deep-water layer
(Kido et al. 2007 and references therein). Consequently, the benthic communities that repopulated
the SJ deep waters are likely to be younger than
17 kyr.
The species abundance of benthic fauna of the SJ
decreases rapidly with increased water depth, and
only some tens of invertebrate species have been
recorded at depths > 2000 m (Derjugin 1939, Zenkevich 1963). Few species contribute notably to the
total biomass of the SJ abyssal benthos (Mokievskii
1954, Pasternak & Levenstein 1978), and most of
them are apparently endemic. The abyssal species
known to be in the adjacent north Pacific are absent
in the SJ (Levenstein & Pasternak 1973). Despite
low species abundance, the mean biomass of
zoobenthos on the abyssal floor in the SJ is similar
to or slightly higher than that in the abyssal area of
the north-western Pacific (Pasternak & Levenstein
1978, Shuntov 2001). The polynoid polychaetes Harmothoe dominate in the SJ abyss, locally comprising
up to 90% of the total benthos biomass and giving a
carnivorous appearance to the whole abyssal community (Mokievskii 1954, Pasternak & Levenstein
1978). The food sources for these evidently carnivorous polychaetes remain unclear, given that the

biomass of other small invertebrates in this benthic community is very low. Based on gut content
analysis, even cannibalism was considered an important feeding mode for Harmothoe derjugini, which
is endemic to the SJ abyss (Sokolova 1982). Recently,
high abundance of small peracarid crustaceans in
SJ deep waters was shown by a novel sampling
approach (Brandt et al. 2013), and the isopod Eurycope spinifrons was recognised as the most important key species of the abyssal benthic community,
presumably feeding on phytodetritus (Elsner et al.
2013).
Primary production in the SJ was evaluated as
lower than that in other north Pacific seas (Shuntov
2001), and other organic matter flows were considered to support the SJ abyssal community in addition
to the low POC fluxes to the seafloor. The deep-water
pelagic communities of the SJ have a very low abundance of predatory zooplankton, bathypelagic fish
and deep-water shrimp, which results in underconsumption of abundant interzonal zooplankton sinking to the bottom (Vinogradov 1973). It was supposed
that the combination of cold water and the specific
trophic structure of the bathypelagic communities in
the SJ results in the large flow of interzonal zooplankton sinking to the abyssal floor, where it
becomes the primary food for benthic animals (Vinogradov & Sazhin 1978). Horizontal flow of plant
organic matter from the shelf has been hypothesized
to be important for the abyssal benthos of the SJ
(Mokievskii 1954, Elsner et al. 2013). Abundant seagrasses and macroalgae residues were obtained in
many grab samples (Mokievskii 1954), and seagrass
fragments were often recorded by underwater camera on the abyssal plain of the SJ (Brandt et al. 2013).
The importance of enhanced flows of descending
zooplankton or allochtonous plant residues for the
development of the specific composition of abyssal
benthos of the SJ has not yet been studied.
The study of abyssal species’ diets is difficult, in
part because some deep-water invertebrates are
capable of surviving prolonged starvation, and may
regurgitate ingested food upon lifting by trawl
(Sokolova 1986). Alternative methods have been
established to study trophic relationships in deepsea ecosystems, such as the analysis of stable
carbon and nitrogen isotopes or the fatty acid (FA)
composition of consumers. The analysis of the natural ratios of stable carbon and nitrogen isotopes has
been widely used for the study of trophic relationships in deep-sea ecosystems (Suchanek et al. 1985,
Iken et al. 2001, Polunin et al. 2001, Blankenship &
Levin 2007, Fanelli et al. 2009), providing time-
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integrated averages of assimilated food items (e.g.
Hobson & Welch 1992). However, analysis of the FA
composition can significantly enhance the quality of
deep-sea trophic studies because it captures more
complex feeding interactions (Howell et al. 2003,
Drazen et al. 2008a,b). Many potential food sources
have specific FA compositions that can be used to
trace their consumption by consumers. Therefore,
FA analysis of consumers has been used extensively
in the identification of trophic pathways in marine
food webs (e.g. Dalsgaard et al. 2003, Kelly &
Scheibling 2012).
The main goal of this study was to reveal the trophic
structure in the abyssal food web of the SJ. To do this,
we analysed stable carbon and nitrogen isotope ratios
and FA compositions of the most abundant consumer
species and probable food sources, and compared the
obtained data with the assignment of species to functional groups based on the literature. We tested the
following hypotheses: (1) the flow of descended interzonal zooplankton is a more important resource for
the SJ abyssal benthos than POC flow, (2) allochtonous
detritus of seagrasses and macroalgae could be a substantial subsidy for the SJ deep-water macro- and
megabenthos, (3) different key species should use different organic matter sources and occupy different
trophic positions and (4) cannibalism can be an important feeding strategy in allowing polynoid polychaetes
to flourish in the SJ abyss.
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MATERIALS AND METHODS
Study site and species sampling
Materials for this study were obtained in the northwestern part of the Japan Basin, the deepest and
largest basin of the SJ. According to Derjugin (1939),
the bottom of the SJ at depths > 2000 m is an abyssal
zone because of the uniformity of fauna, sediments
and hydrological conditions. This point of view is
supported by the existence of a clear boundary (benthic front) between deep water masses in the SJ at
depths of 2000 to 2500 m, separating the extremely
homogenous water mass below the boundary (the
Bottom Water) from the deep water of the SJ (Gamo
2011). Given these peculiarities of the study area, we
considered benthos collected in the SJ at depths
> 2000 m as a single abyssal community, even though
the conventional upper limit of the abyssal zone is at
a water depth of 3000 m (e.g. Smith et al. 2008). Sampling was performed in August 2010 during the joint
Russian/German SoJaBio (Sea of Japan Biodiversity
Studies) expedition onboard the RV ‘Akademik M.A.
Lavrentyev’ (51st cruise) to the slope and deep-sea
basin of the SJ. The stations for this expedition were
located along 4 transects (see Malyutina & Brandt
2013). For this study, the most abundant macro- and
megabenthic invertebrates were collected at all stations of these transects below a depth of 2000 m

Fig. 1. SoJaBio study area in the Sea of Japan. Dots indicate sampling locations in abyssal zone
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(Fig. 1) to obtain a sufficient amount of materials for
stable isotope and FA analyses and to more completely represent the main species of the SJ abyssal
community. A relatively high annual mean POC flux
of 30.7 mg m−2 day−1 at a depth of 1 km was recorded
in the deepest part of our study area (41.24° N,
132.35° E) (Otosaka et al. 2008). Nevertheless, we
expected higher food availability for benthos sampled at the stations on the periphery of the Japan
Basin floor in the vicinity of highly productive shelf
waters (basin periphery stations: A6, B5, C1 and D2).
During the sampling, seagrass residues were documented at the deepest stations (> 3000 m) of all 4
transects by underwater cameras attached to an
epibenthic sledge (Brandt et al. 2013), indicating the
accumulation of plant debris in the deepest part of
the Japan Basin (the deepest stations: A7, B1, B4, C3
and D1).
Animals were collected using an Agassiz trawl and
epibenthic sledge (Malyutina & Brandt 2013). For
analyses of sedimentary organic matter (SOM), 3 bottom-sediment cores were collected with a multiple
corer at each sampling station, and the upper 3 cm
layer was taken. Particulate organic matter (POM)
was obtained by filtering approximately 300 cm3 of
the bottom water collected in the multiple corer over
precombusted (at 450°C for 4 h) GF/F filters. These
POM samples mainly contained resuspended matter
from the flocculent layer of the bottom sediments
rather than organic matter from the water column.
For FA analysis of possible food sources, a composite
sample of approximately 135 individual Oolina lineata foraminiferans was immediately separated manually under a dissecting microscope from the total
meiobenthos obtained by the multiple corer at Stn B4
and processed in the same way as the invertebrate
samples. The zooplankton sample including euphausiids Thysanoessa spp. was obtained by trawl in the
northern part of the study area (44.5° N, 137.1° E) at a
water depth of 1500 m. Animals were dissected on
board after collection, and whole individuals or tissue
subsamples were processed separately for isotope
and FA analyses.

Stable isotope analysis
For the isotopic analysis, muscle tissues were
sampled from molluscs and actinia, arm fragments
were sampled from ophiuroids, and individuals
without intestines were taken for crustaceans, polychaetes and ascidians. The individuals of all invertebrates species sampled on board were adults of

the same size class. All samples were oven-dried at
60°C and stored in a desiccator. Dried samples
were ground to a fine powder using an agate mortar and pestle, and 0.5 mg subsamples were packaged into tin caps. Because of the low lipid content
of the majority of isotopic samples analysed,
neither lipid extraction nor lipid correction was
performed. An exception was made for amphipods
because samples from these invertebrates contained
some storage lipids (according to their high C/N
ratio values) and subsamples of amphipods were
re-analysed for δ13C values after lipid removal by
hexane (Logan & Lutcavage 2008). Subsamples of
ophiuroids and crustaceans, which contained skeletal carbonate, and samples of SOM and POM were
placed in silver cups, treated with 1 M HCl and reanalysed for carbon isotope compositions (Jaschinski et al. 2008).
For evaluation of probable ontogenetic variations
in the nitrogen isotope composition of the polychaete Harmothoe derjugini, 20 individuals represented by different size classes were taken from
a single sample obtained by epibenthic sledge at
Stns A7–9 (water depth 3340 to 3347 m) (Alalykina
2013) and preserved on board in formalin because
of logistical problems. According to a recent review
of the literature and experimental data (Rennie et
al. 2012 and references therein), preservation in
formalin does not cause ecologically significant differences in δ15N values among invertebrates samples of the same species. Because of fragmentation
of some individuals during sampling, the width of
the 10th segment without parapodia and setae was
used to determine the size classes of polychaetes.
Isotopic analysis was performed at the Stable Isotope Laboratory (Far Eastern Geological Institute
FEB RAS, Vladivostok) using a FlashEA 1112 elemental analyser coupled to a MAT 253 isotope mass
spectrometer (ThermoQuest, Germany) by a ConFlo
IV interface. Sample isotopic ratios were expressed
in the conventional δ notation as parts per thousand
(‰) according to the following equation:
δ13C or δ15N = [(Rsample − Rstandard)/ Rstandard] × 1000,
where R = 13C/12C or 15N/14N. The δ values were
expressed relative to the international reference
standards of Pee Dee Belemnite for carbon, and
atmospheric N2 for nitrogen. The internal laboratory
standard was measured after every sixth sample
during analysis to control the data quality. Based
on the SD of the replicates of the laboratory standard, the internal precision was ± 0.1 ‰ for both
δ13C and δ15N.
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Fatty acid analysis
For FA analysis, samples were placed in vials containing a chloroform−methanol mixture immediately
after collection and stored at −20°C. Lipids were
extracted from all samples using the extraction
method of Bligh & Dyer (1959). Fatty acid methyl
esters (FAMEs) were prepared from the total lipids
according to the generally accepted procedure of
Carreau & Dubacq (1978) and purified with preparative thin layer chromatography in benzene. The 4, 4dimethyloxazoline derivatives of FAs were prepared
according to Svetashev (2011). FAMEs were analysed on a Shimadzu GC 2010 chromatograph using
a fused quartz capillary (30 m × 0.25 mm) column
coated with SUPELCOWAX 10 (Supelco). FAs were
identified based on the gas chromatography-mass
spectrometry data from the FAMEs and from the 4, 4dimethyloxazoline derivatives of the FAs. Mass spectrometry was performed on a Shimadzu GCMS
QP5050A spectrometer using MDN 5S columns (temperature gradient from 170° to 290°C at 2°C min−1,
and then held for 25 min). All spectra were obtained
using the electron impact method at 70 eV.

Data analysis
Statistical analysis of the data was performed using
Statistica v. 6.0 with one-way ANOVA and Tukey’s
test at a significance level of p < 0.05. Data were
tested for normality and homogeneity of variance
using the Shapiro-Wilks W and Levene’s tests. FA
profiles were compared between taxa using principal
component analysis (PCA) with PRIMER v. 6 software. Only FAs that contributed >1.0% of the total
FA in at least one sample were included in the statistical analysis. The values of FA contents were normalised before the PCA analysis for better visualisation of minor FAs as trophic markers; the mean was
subtracted from values for each variable, and then
the value was divided by the SD using the normalisation function in PRIMER v. 6.
The relative trophic position (TP) of the consumers
(Table 1) was calculated using the following equation
(Post 2002):
TP = λ + (δ15Nconsumer − δ15Nbase)/Δδ15N,
where λ is the trophic position of the organism used
to estimate δ15Nbase, δ15Nconsumer is the δ15N value of
the species in question and Δδ15N is the 15N-enrichment factor per trophic level. We used a Δδ15N value
of 3.4 ‰ (Minagawa & Wada 1984, Post 2002). We
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chose the filter-feeding sponge Hexactinellida as the
baseline species and assumed that it had a trophic
position of 2 (Table 1).

RESULTS
Stable isotopes
We did not find significant differences in the δ13C
values of SOM sampled at different stations (1-way
ANOVA, F = 0.68, p = 0.42). The δ15N values of SOM
were also similar among stations, except for significantly lower values at Stn B5 (ANOVA Tukey’s HSD
test, p < 0.003). The POM samples had lower δ13C
and δ15N values than the SOM samples (Table 1).
Deep-water zooplankton samples represented by
Thysanoessa spp. had δ13C and δ15N values of −21.7 ±
0.4 ‰ and 8.9 ± 0.4 ‰, respectively.
A relatively narrow range of δ13C values (ca. 3.5 ‰)
was recorded for samples of benthic invertebrates.
We found significant inter-specific differences in this
narrow range of δ13C values (Table 1) in which the
actinia Edwardsia sojabio and the isopod Eurycope
spinifrons were the most 13C-depleted species, and
the bivalves Delectopecten vancouverensis and
Thyasira (Parathyasira) sp. were the most 13Cenriched species. Generally, the invertebrate samples collected from the deepest stations had significantly lower δ13C values than samples from the basin
periphery stations (1-way ANOVA, F = 28.21, p <
0.00001). However, the samples from these 2 areas
were composed mainly of different species. We
found a considerable range of δ15N values (approx.
8 ‰) for all samples of benthic invertebrates
(Table 1). The following 6 species composed the main
group in the middle of the δ15N range: D. vancouverensis, E. sojabio, E. spinifrons, the amphipod
Anonyx derjugini and the polychaetes Harmothoe
derjugini and Harmothoe impar impar (Fig. 2). The
mean δ15N values for these species varied from 11.6
to 13.1 ‰ and were not significantly different
(ANOVA Tukey’s HSD test, p > 0.08).The lowest and
highest δ15N values were recorded for the unidentified glass sponge Hexactinellida (7.7 ‰) and the
ascidia Styela squamosa (15.4 ‰). The bivalve mollusc Thyasira (P.) sp. had significantly lower δ15N values than invertebrates from the main group. The
mean δ15N value of the brittle star Ophiura leptoctenia occupied an intermediate position between those
of Thyasira (P.) sp. and the main group invertebrates.
Samples of Ophiura leptoctenia found at 2 stations
(A6 and D2) at similar water depths showed an
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Table 1. δ13C and δ15N values (mean ± SD) for benthic invertebrates, particulate organic matter (POM), and bottom sediments
(SOM) from abyssal stations in the Sea of Japan. Species mean values (bold) marked with the same letters are not significantly
different (p > 0. 05, ANOVA Tukey’s HSD test). TP: trophic position of consumers. Sampling gears — AGT: Agassiz trawl; EBS:
epibenthic sledge; MUC: multiple corer
Station

Depth (m)

Gear

n

δ13C (‰)

δ15N (‰)

TP

Hexactinellida

B5

2676

AGT

2

−21.7bcde ± 0.4

Cnidaria: Actinaria

Edwardsia sojabio

A6
A7
B4
D2

2481
3213
3330
2637

AGT
EBS
EBS
EBS

7.7 ± 0.3

2.0

1
3
2
4

−22.9
−23.6 ± 0.3
−23.6 ± 0.1
−22.9 ± 0.4
−23.2a ± 0.4

12.4
12.4 ± 0.4
13.2 ± 0.1
12.0 ± 0.6
12.4bc ± 0.6

3.4
3.4
3.6
3.3
3.4

Mollusca: Bivalvia

Delectopecten
vancouverensis

A6
B5
C1
D2

2481
2635
2725
2699

AGT
MUC
EBS
MUC

2
2
2
3

2635
2787

MUC
AGT

6
3

−20.5 ± 0.8
−20.3 ± 0.2
−19.9 ± 0.5
−20.4 ± 0.3
−20.3e ± 0.4
−21.1 ± 0.2
−19.8 ± 0.1
−20.8e ± 0.7

12.1 ± 0.5
12.2 ± 0.1
11.7 ± 0.1
11.2 ± 0.4
11.8c ± 0.5
9.4 ± 0.6
11.1 ± 0.3
9.9a ± 1.0

3.3
3.3
3.2
3.0
3.2
2.5
3.0
2.7

Thyasira
(Parathyasira) sp.

B5
C1

Crustacea: Amphipoda

Anonyx derjugini

A6
D2

2481
2637

AGT
EBS

4
3

−22.3 ± 0.6
−21.1 ± 0.2
−21.8bcd ± 0.8

13.0 ± 0.9
13.1 ± 0.1
13.1bc ± 0.6

3.6
3.6
3.6

Crustacea: Isopoda

Eurycope spinifrons

B4

3330

EBS

3

−22.5ab ± 0.5 11.6abc ± 0.3

Polychaeta

3.2

Harmothoe impar impar

A6
B5

2481
2676

EBS
AGT

1
6

Harmothoe derjugini

A7
B1
C3
D1

3213
3665
3410
3357

EBS
EBS
AGT
AGT

6
2
3
6

−21.1
−20.8 ± 0.7
−20.8de ± 0.5
−21.5 ± 0.4
−22.8 ± 0.3
−21.7 ± 0.2
−22.1 ± 0.5
−21.9bc ± 0.7

13.0
13.2 ± 0.5
13.1c ± 0.6
12.7 ± 0.3
11.5 ± 0.1
11.8 ± 0.9
13.3 ± 0.4
12.6bc ± 0.7

3.6
3.6
3.6
3.5
3.1
3.2
3.6
3.4

Echinodermata:
Ophiuroidea

Ophiura leptoctenia

A6
D2

2481
2637

AGT
EBS

3
2

−20.8 ± 0.1
−21.2 ± 0.1
−21.0cde ± 0.2

13.0 ± 0.2
9.1 ± 0.1
11.5ab ± 2.1

3.6
2.4
3.1

Ascidiacea

Styela squamosa

B5

2676

AGT

4

−20.7de ± 0.3

15.4 ± 0.6

4.3

POM

B1
C3
D1

3666
3419
3358

MUC
MUC
MUC

1
3
1

−24.7
−24.4 ± 0.7
−23.5
−24.3 ± 0.7

3.1
3.1 ± 2.2
3.5
3.2 ± 1.6

SOM

A6
A7
B1
B4
B5
C3
D1

2511
3344
3666
3333
2635
3421
3358

MUC
MUC
MUC
MUC
MUC
MUC
MUC

3
3
2
3
3
3
3

−22.5 ± 0.3
−23.3 ± 0.6
−23.2 ± 0.5
−22.8 ± 0.4
−23.2 ± 0.2
−22.9 ± 0.6
−22.8 ± 0.3
−22.9 ± 0.4

6.9 ± 0.1
7.4 ± 0.2
7.7 ± 0.1
7.3 ± 0.2
6.2 ± 0.2
7.2 ± 0.1
7.2 ± 0.2
7.1 ± 0.5

Group/source

Species

Porifera

extremely large δ15N intra-specific difference of
approximately 4 ‰ (Table 1). The intra-specific variations of δ15N values of the other species studied were
much lower and did not exceed a 1.8 ‰ difference
between individuals collected at different stations.
We found no ontogenetic shift in the δ15N values of
the most abundant species in the SJ abyssal zone

Harmothoe derjugini. No significant correlation of
δ15N signatures with an increase in body size (the
width of body from 1.2 to 7.5 mm, n = 20) was
observed (R2 = 0.06, p = 0.29) for this species. Indeed, some large individuals were even depleted
in 15N compared to juveniles (see Fig. A1 in the
Appendix).
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Ss

14
Ad

12

Hi
Dv

Hd

E
Es

Ol
T

10

δ15N

Euphausiids

8

Hs
SOM

6

Copepods

4
POM

2
0
–26

–24

–22

–20

–18

δ13C
Fig. 2. δ13C versus δ15N biplot showing the stable isotope
composition (mean ± SD) of benthic consumers, suspended
particulate organic matter (POM), and sedimentary organic
matter (SOM) collected in the abyssal zone (solid symbols)
and mezooplankton (open symbols) in the Sea of Japan. Ad:
Anonyx derjugini; Dv: Delectopecten vancouverensis; E:
Edwardsia sojabio; Es: Eurycope spinifrons; Hd: Harmothoe
derjugini; Hi: Harmothoe impar impar; Hs: Hexactinellid
sponge; Ol: Ophiura leptoctenia; T: Thyasira (Parathyasira)
sp.; Ss: Styela squamosa. Data on copepods (Metridia pacifica) from Park et al. (2011)

Fatty acid composition
The SOM and POM samples from all stations
showed similar FA profiles (see Table A1). The main
FA was 16:0, with average concentrations of 21.7%
in SOM and 22.8% in POM. The second most prevalent FA was 18:1ω9, with average concentrations of
13.3% in SOM and 15.9% in POM. We found elevated average concentrations of 16:1ω10 (4.2% in
SOM and 4.6% in POM), which exceeded the levels
of 16:1ω7 in POM and some SOM samples. Polyunsaturated FAs (PUFA) were represented mainly by
18:2ω6, with average concentrations of 8.2% in SOM
and 8.8% in POM. The concentrations of 20:5ω3
were, on average, 2.9% in SOM and 3.4% in POM.
The concentrations of 20:4ω6 and 22:6ω3 were relatively low in all SOM and POM samples. Low proportions of odd and branched FAs were found in SOM
and POM samples (generally <1% of total FAs). The
levels of 18:1ω7 in SOM and POM were 3.8% and
2.3% on average, respectively.
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In the lipids of the foraminifera Oolina lineata, the
dominant FAs were 20:5ω3 (19.1%), 16:1ω7 (13.3%),
20:4ω6 (12.3%), 18:1ω9 (5.6%) and 16:4ω1 (5.6%).
We found no substantial differences in FA composition among samples of the same species of benthic
invertebrates collected at different stations and
pooled FA data from different sites (Table 2), with the
exception of samples of the brittle star Ophiura leptoctenia from Stns A6 and D2, which showed large
differences in the contents of all main FAs (ANOVA
Tukey’s HSD test, p < 0.01). The FA compositions
of most invertebrate species were dominated by
monounsaturated FAs (MUFAs), the content of which
ranged from 31.2 to 53.5%. The levels of MUFAs
were higher than the levels of PUFAs in 5 of the 9
species studied. In all species, 18:1ω9 was the major
MUFA, with the exception of O. leptoctenia, for
which 20:1ω13 was the major MUFA. High levels
of 20:1 and 22:1 MUFAs were observed in Delectopecten vancouverensis and Edwardsia sojabio.
The highest level of 18:1ω7 was found in lipids of
Eurycope spinifrons, and the highest level of 16:1ω7
was found in Anonyx derjugini (Table 2). The total
percentage of SFAs in the lipids of abyssal invertebrates ranged from 14.3 to 22.6%, with the highest
values measured in O. leptoctenia. Among the saturated FAs (SFA), 16:0 was dominant in all invertebrates, and the content of 16:0 varied from 7.4% in
Styela squamosa to 15.3% in O. leptoctenia. The proportion of other SFAs did not exceed 5% of the total
FAs (Table 2). PUFA proportions ranged from 17.9%
in Thyasira (Parathyasira) sp. to 40.1% in O. leptoctenia. In most species, the FA 20:5ω3 was the dominant
PUFA, although 22:6ω3 was only the dominant PUFA
in the polychaetes Harmothoe derjugini and Harmothoe impar impar. A high level of 22:5ω3 was
observed in E. sojabio, and a high level of 24:6ω3 was
detected in O. leptoctenia (Table 2).
Invertebrate species from the SJ abyssal zone were
clearly separated by their FA compositions on the
PCA plots (Fig. 3). The exceptions were 2 species of
polychaetes, Harmothoe derjugini and Harmothoe
impar impar, which showed a partly overlapping
area on the PCA plot. The first 3 principal components together explained 58.4% of the total variance.
The FAs that contributed most to the separation of
species along PC1, which explains 23.2% of the total
variance, were 22:1ω11, 20:1ω11, 22:2Δ7,15 and
20:2Δ5,13. The FAs that contributed most to the separation of species along PC2, which explains 19.0%
of the total variance, were anteiso-17:0, 16:1ω5,
20:1ω9 and 20:5ω3. The FAs that contributed most to
the separation of species along PC3, which explains
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Table 2. Fatty acid composition (% of total fatty acids) of total lipids from benthic invertebrates (mean ± SD). Table contains only fatty acids
with concentrations >1% in at least one sample. Prefixes ‘i ’ and ‘a ’: iso and anteiso methyl branching, respectively
Fatty
acid

Harmothoe Harmothoe Anonyx Eurycope Edwardsia Delectopecten
Thyasira
Ophiura leptoctenia
Styela
derjugini impar impar derjugini spinifrons
sojabio vancouverensis (Parathyasira) Stn A6
Stn D2 squamosa
(n = 12)
(n = 5)
(n = 7)
(n = 3)
(n = 6)
(n = 3)
sp. (n = 5)
(n = 3)
(n = 3)
(n = 5)

14:0
3.0 ± 0.6
ai15:0
0.1 ± 0.0
i16:0
0.1 ± 0.0
16:0
10.7 ± 0.9
ai17:0
0.3 ± 0.1
16:1ω5
0.4 ± 0.1
16:1ω7
5.4 ± 1.5
7Me16:1ω10 0.3 ± 0.0
18:0
2.5 ± 0.4
18:1ω11
2.5 ± 1.0
18:1ω9
6.8 ± 1.8
18:1ω7
4.5 ± 0.3
18:1ω5
0.9 ± 0.1
18:2ω6
1.7 ± 0.3
18:4ω3
0.6 ± 0.1
20:1ω13
5.2 ± 0.9
20:1ω11
0.0
20:1ω9
1.8 ± 0.3
20:1ω7
1.9 ± 0.6
20:2Δ5,11
0.7 ± 0.3
20:2Δ5,13
1.5 ± 0.5
20:2ω6
0.9 ± 0.2
20:4ω6
2.0 ± 0.3
20:5ω3
15.4 ± 2.2
22:1ω13
1.8 ± 0.6
22:1ω11
0.0
22:1ω9
0.4 ± 0.2
22:2Δ7,13
1.0 ± 0.4
22:2Δ7,15
1.2 ± 0.2
22:5ω3
1.4 ± 0.3
22:6ω3
15.9 ± 2.9
24:6ω3
0.0
Other fatty
acidsa
a

9.1

2.9 ± 0.8
0.1 ± 0.0
0.0
11.1 ± 1.6
0.1 ± 0.1
0.4 ± 0.1
4.8 ± 1.1
0.2 ± 0.1
2.1 ± 0.4
1.2 ± 0.9
9.4 ± 2.7
6.1 ± 0.6
0.8 ± 0.3
2.3 ± 0.4
0.5 ± 0.3
5.0 ± 2.0
0.0
2.2 ± 0.9
1.4 ± 0.2
1.0 ± 0.4
1.8 ± 0.9
0.9 ± 0.1
1.2 ± 0.5
14.6 ± 3.0
1.2 ± 0.6
0.0
0.4 ± 0.4
1.0 ± 0.3
1.9 ± 0.8
0.9 ± 0.2
15.9 ± 3.3
0.0

1.9 ± 0.7
0.1 ± 0.0
0.1 ± 0.0
13.2 ± 1.6
0.3 ± 0.1
0.1 ± 0.1
11.4 ± 2.5
0.6 ± 0.2
0.8 ± 0.2
0.0
27.4 ± 2.9
5.7 ± 0.7
0.8 ± 0.3
1.4 ± 0.3
0.7 ± 0.2
0.0
2.4 ± 0.7
2.4 ± 0.4
0.9 ± 0.4
0.0
0.0
0.4 ± 0.2
1.2 ± 0.4
10.6 ± 1.8
0.0
1.3 ± 0.4
0.6 ± 0.1
0.0
0.0
0.3 ± 0.0
7.2 ± 1.0
0.0

8.6

8.2

2.1 ± 0.3
1.6 ± 0.6
0.1 ± 0.0
0.2 ± 0.1
0.2 ± 0.1
0.1 ± 0.1
10.4 ± 1.1 10.7 ± 2.2
0.6 ± 0.2
0.1 ± 0.1
0.4 ± 0.1
0.2 ± 0.1
10.4 ± 2.1
3.5 ± 1.3
0.7 ± 0.2
0.7 ± 0.2
1.8 ± 1.4
3.9 ± 0.4
0.1 ± 0.1
0.1 ± 0.1
15.1 ± 0.9
9.4 ± 2.7
7.2 ± 0.6
3.9 ± 0.8
0.9 ± 0.0
1.1 ± 0.6
1.8 ± 0.4
2.2 ± 0.9
1.1 ± 0.1
0.2 ± 0.1
0.0
0.0
1.8 ± 0.6
5.0 ± 1.8
2.1 ± 0.8
2.9 ± 0.7
0.5 ± 0.2
1.1 ± 0.2
0.0
0.0
0.0
0.0
0.4 ± 0.3
0.6 ± 0.5
2.3 ± 0.2
1.8 ± 0.4
18.7 ± 3.3 18.7 ± 2.1
1.9 ± 0.8
0.0
0.4 ± 0.2
5.3 ± 2.2
0.1 ± 0.1
2.2 ± 0.6
0.0
0.0
0.0
0.0
0.6 ± 0.2 11.9 ± 4.0
7.5 ± 2.5
2.0 ± 0.4
0.0
0.0
10.8

10.6

3.6 ± 0.7
0.2 ± 0.1
0.3 ± 0.1
11.8 ± 0.8
0.6 ± 0.1
0.5 ± 0.1
6.7 ± 1.5
0.5 ± 0.0
2.9 ± 0.9
0.3 ± 0.1
7.5 ± 1.5
4.1 ± 1.2
0.8 ± 0.1
1.6 ± 0.7
0.5 ± 0.1
0.0
6.9 ± 0.6
2.0 ± 0.4
2.1 ± 0.5
0.4 ± 0.0
0.2 ± 0.0
0.5 ± 0.0
1.9 ± 0.5
12.4 ± 0.3
0.0
5.7 ± 0.7
0.4 ± 0.4
0.3 ± 0.2
0.2 ± 0.3
1.5 ± 0.1
12.2 ± 0.9
0.0

2.8 ± 0.3
1.5 ± 0.5
0.9 ± 0.2
11.0 ± 3.1
2.1 ± 1.2
5.0 ± 1.2
11.0 ± 1.8
0.3 ± 0.3
5.6 ± 1.7
0.0
11.1 ± 1.9
4.1 ± 0.3
1.2 ± 0.3
5.8 ± 1.6
0.7 ± 0.2
3.4 ± 0.6
0.0
1.1 ± 0.5
2.2 ± 0.2
0.5 ± 0.3
0.5 ± 0.2
0.7 ± 0.2
2.8 ± 0.7
4.8 ± 0.9
1.0 ± 0.5
0.0
0.2 ± 0.3
0.0
0.2 ± 0.2
1.0 ± 0.2
2.2 ± 0.7
0.0

11.4

16.3

5.1 ± 0.4 4.5 ± 0.4 1.9 ± 0.3
0.4 ± 0.0 0.1 ± 0.0 0.3 ± 0.0
0.2 ± 0.0 0.1 ± 0.0 0.5 ± 0.1
7.5 ± 0.4 15.3 ± 1.8 7.4 ± 1.3
0.2 ± 0.0 0.1 ± 0.0 0.5 ± 0.1
0.3 ± 0.0 0.2 ± 0.0 0.8 ± 0.2
3.7 ± 0.1 5.0 ± 0.3 7.2 ± 2.3
0.6 ± 0.0 0.3 ± 0.0 1.3 ± 0.4
4.4 ± 0.1 2.7 ± 0.5 3.7 ± 0.3
1.5 ± 0.1 0.9 ± 0.0 0.5 ± 0.1
7.4 ± 0.9 14.1 ± 0.5 8.2 ± 2.7
4.5 ± 0.2 6.6 ± 0.2 4.0 ± 0.3
1.2 ± 0.1 0.4 ± 0.0 0.3 ± 0.1
1.5 ± 1.2 2.1 ± 1.2 1.9 ± 0.5
0.1 ± 0.0 0.1 ± 0.1 0.2 ± 0.1
8.5 ± 0.4 7.2 ± 1.6 0.0 ± 0.0
0.0
0.0
2.7 ± 1.1
0.9 ± 0.2 2.2 ± 0.1 1.5 ± 0.4
0.6 ± 0.0 0.6 ± 0.1 1.1 ± 0.2
1.0 ± 0.0 1.1 ± 0.5
0.0
0.1 ± 0.0 0.2 ± 0.1
0.0
0.2 ± 0.0 0.1 ± 0.1 1.0 ± 0.9
1.6 ± 0.1 0.9 ± 0.1 7.0 ± 2.3
18.3 ± 0.1 14.8 ± 0.4 17.2 ± 3.8
0.0
0.0
0.0
2.3 ± 0.3 2.8 ± 0.4 4.7 ± 2.3
1.0 ± 0.1 2.1 ± 0.2 0.6 ± 0.1
0.0
0.3 ± 0.1 0.0 ± 0.0
0.2 ± 0.0
0.0
0.0
0.1 ± 0.0 0.1 ± 0.0 1.2 ± 0.4
4.4 ± 0.4 1.9 ± 0.4 10.0 ± 2.0
13.7 ± 0.4 4.9 ± 0.7
0.0
8.5

8.3

14.3

Other fatty acids were 14:1ω7, i15:0, 15:0, 16:1ω10, 16:3ω4, 16:4ω1, i17:0, 17:0, 17:1ω8, i18:0, 18:3ω3, 19:0, 19:1ω8, 21:5ω3, 22:4ω6,
22:5ω6, 24:1ω9

16.2% of the total variance, were 16:1ω7, 18:1ω9,
18:0 and 24:6ω3 (Fig. 3).

DISCUSSION
Food sources for benthic invertebrates
Our mean estimates of isotopic compositions for
abyssal SOM and POM collected with the multiple
corer (Table 1) were similar to the δ13C and δ15N values of particles collected by sedimentary traps and
the SOM in the Japan Basin reported previously
(Nakanishi & Minagawa 2003). A comparison of
SOM isotope data for the abyssal zone (Table 1) and

the continental slope of the SJ (Kharlamenko et al.
2013; Table 1) showed no difference in δ13C levels,
and did not confirm the contribution of the 13Cenriched organic matter of seagrasses (Kharlamenko
et al. 2001) or macroalgae (France 1995) to the SOM
at the deepest stations where seagrass debris was
observed (Brandt et al. 2013).
The FA compositions of abyssal SOM samples
(Table A1 in the Appendix) were similar to those of
SOM samples from the continental slope of the SJ
obtained during the SoJaBio expedition (Kharlamenko et al. 2013), indicating a similarity in sources
of organic matter that contribute to the SJ abyssal
and bathyal environments. Two characteristic features of all deep-water SOM samples from the SJ
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Fig. 3. Plot of the first 3 principal components derived from
the fatty acid composition of individual specimens of invertebrates of the abyssal zone in the Sea of Japan. Arrows:
fatty acids contributing most to the distribution of species
along each component. Ad: Anonyx derjugini; Dv: Delectopecten vancouverensis; E: Edwardsia sojabio; Es: Eurycope
spinifrons; Hd: Harmothoe derjugini; Hi: Harmothoe impar
impar; Ol: Ophiura leptoctenia; T: Thyasira (Parathyasira)
sp.; Ss: Styela squamosa

(high levels of 18:2ω6 and the presence of 16:1ω10)
are not typical of deep-water marine sediments
(Baird & White 1985, Baird et al. 1985). The FA
18:2ω6 has often been considered to be a marker of
terrestrial organic matter in shallow-water marine
SOM (Napolitano et al. 1997, Budge & Parrish 1998),
although the sources of this FA in marine SOM can
include fungi, macroalgae, protozoa, cyanobacteria
(Findlay et al. 1990) and seagrasses (Khotimchenko
1993). Approximately 73% of the PUFAs preserved
in the sediments in Trinity Bay, Newfoundland were
shown to be composed of 18:2ω6 and 18:3ω3 in similar proportions. It was suggested that other PUFAs of
marine origin, rather than these C18 PUFAs of terrestrial origin, were selectively consumed by zoobenthos (Budge & Parrish 1998). In the SOM and POM
samples from the abyssal zone of the SJ, 18:2ω6 comprised 38-69% of the total PUFA content, whereas
the levels of 18:3ω3 did not exceed 0.9% of the total
FA content (Table A1). Terrestrial plant detritus,
macroalgae and seagrasses have approximately
equal 18:2ω6 and 18:3ω3 contents (Khotimchenko
1993, Budge & Parrish 1998, Khotimchenko 1998).
Therefore, allochtonous detritus of seagrasses and

129

macroalgae could not be a substantial contributor to
the SOM of the SJ abyssal zone.
In deep-water SOM, the main C16 MUFA was usually 16:1ω7 (Baird & White 1985, Baird et al. 1985),
and 16:1ω10 was rarely detected — and then as a
minor component only (Baird & White 1985). As the
main C16 MUFA, 16:1ω10 was found in the POM of
several oceanic areas around Australia and in lipids
derived from the cuticle and muscle of some crustaceans (Nichols et al. 1989), and also in the faecal
pellets of copepods and euphausiids (Mayzaud et al.
2007). In some of our SOM samples and all of our
POM samples, levels of 16:1ω10 were higher than
those of 16:1ω7, indicating that zooplankton residues
and faecal pellets are important sources for the SJ
abyssal SOM.
The relatively high total PUFA content in our SOM
samples was similar to that in SOM from the SJ continental slope (Kharlamenko et al. 2013) and other
deep-water areas (Würzberg et al. 2011b). The contents of total organic carbon in the bottom sediments
(0 to 1 cm layer) sampled in the Japan Basin and the
continental slope of the SJ during the SoJaBio expedition varied from 0.90 to 2.54% (of dry matter) and
showed no correlation with water depth (Trebukhova
et al. 2013). Along with the high PUFA levels in SOM
samples, these data suggested that the quantity and
quality of SOM as a food source for benthic invertebrates were not generally depleted in the abyssal
environment of Japan Basin compared to continental
slope of the SJ and other deep-water eutrophic areas
(Sokolova 1997).
The FA composition of Oolina lineata was characterised by elevated concentrations of 20:4ω6. Similar
concentrations of this fatty acid were also found in
other deep-sea benthic foraminifera (Suhr et al. 2003,
Würzberg et al. 2011b). Given that consumers of
the diatom-based epipelagic food web are usually
depleted in 20:4ω6 (Dalsgaard et al. 2003), we used
this FA as a marker for evaluation of benthic protists
in the abyssal food web of the SJ.
The euphausiid Thysanoessa spp. and copepod
Metridia pacifica were the most abundant interzonal
mesozooplankton species entering the deep waters
of the SJ (Vinogradov 1973, Vinogradov & Sazhin
1978). Data on the isotopic composition of the SJ zooplankton are extremely limited. The δ13C and δ15N
values reported for M. pacifica from the sites (Park et
al. 2011) corresponding to the southern part of our
study area were lower than the values of the corresponding isotopic signatures of our euphausiid
Thysanoessa spp. samples (Fig. 2). The large difference in δ15N values (ca. 4 ‰) can be partly attributed
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to the higher trophic status of omnivorous euphausiids compared to the primary consumer M. pacifica
(Park et al. 2011). The differences in δ13C values
(approximately 2.5 ‰) of mesozooplankton species
may indicate considerable spatial variations of isotopic values of the plankton food base in the study
area, which corresponds to a known inshore–
offshore isotopic trend (Miller et al. 2008).

Feeding mode of invertebrates
In our collection, specimens of the blind endemic
polynoid polychaete Harmothoe derjugini, the most
abundant species among the SJ deep-water macroand megabenthos (Pasternak & Levenstein 1978),
were found only at the deepest stations. Based on gut
content analysis, H. derjugini has been classified as a
carnivorous and even cannibalistic species, ingesting
individuals of its own species in addition to slowly
moving or immobile sunken planktonic amphipods
(Sokolova 1982). Cannibalism presupposes that large
individuals should occupy higher trophic positions
and have significantly higher δ15N values than small
size classes of the same species (Hobson & Welch
1995). We found no significant trend in δ15N values
among different-sized individuals of H. derjugini collected at the same station, which suggested that both
young and adult polychaetes shared the same diet
and similar trophic status and did not support the
notion that this species was primarily cannibalistic
(Sokolova 1986). The FA profile of H. derjugini was
similar to the profiles of deep-sea carnivorous polychaetes (Würzberg et al. 2011a) and was characterised by high 20:5ω3 and 22:6ω3 contents, indicating an epipelagic origin of the prey of this species
(Dalsgaard et al. 2003). Relatively low C20 and C22
MUFA levels indicated that planktonic amphipods,
which usually have a high abundance of 20:1ω9 and
22:1ω11 (Falk-Petersen et al. 1987), could not be an
important source of food for the H. derjugini individuals that we collected. The FA 22:6ω3, which is one of
the most important PUFAs in the higher trophic levels of pelagic food webs (Dalsgaard et al. 2003), was
the main FA of H. derjugini, and its concentration
was highest in this organism among all of the studied
invertebrates (Table 2). Copepods were also noted as
a possible food source for H. derjugini (Sokolova
1986). Notably, the consumption of copepods should
be accompanied by an increase in the concentration
of C22 and C20 MUFAs (Petursdottir et al. 2012), but
this was not observed in the case of H. derjugini. One
reason for this finding could be that the copepod

Metridia pacifica dominated zooplankton in the SJ at
depths >1000 m (Vinogradov & Sazhin 1978). This
copepod species was characterised by low concentrations of C20 and C22 MUFAs and a high concentration of 22:6ω3 (El-Sabaawi et al. 2010). The high proportion of 22:6ω3 in the lipids of H. derjugini once
again highlights that, in some cases, 22:6ω3 can
serve as an indicator for a carnivorous diet of invertebrates (Kharlamenko et al. 1995).
Another abundant polychaete, identified as Harmothoe impar impar (a subspecies of eurybathic H.
impar considered to be an active predator; Fauchald
& Jumars 1979), was not found to co-occur with Harmothoe derjugini in our survey and was represented
only by large adult individuals at the basin periphery
stations. The compositions of FAs in our samples of
H. impar impar were similar to those of H. derjugini
(Table 2). Notable differences were only found in
the proportion of some minor FAs, which did not
exceed 2.5% of the total FA content. In the threedimensional (3D) plot of the first 3 principal components derived from the FA composition of individual
specimens of invertebrates in the SJ abyssal zone
(Fig. 3), H. impar impar occupied the same area as
H. derjugini, indicating a similar diet for these polychaetes. Similar high δ15N values of both species
(Fig. 2) confirmed the similarity in the trophic position of these polychaetes, which inhabit different
depth ranges on the SJ abyssal floor. Notable 13Cenrichment of H. impar impar from the basin periphery stations in comparison to H. derjugini from
the deepest stations can be attributed to spatial 13Cenrichment of mesozooplankton close to the mainland (Miller et al. 2008), which we believe are the
main prey for both of these species, rather than to differences in diet.
The peracarid crustaceans Anonyx derjugini and
Eurycope spinifrons were endemic to the abyssal
zone of the SJ and constituted a separate group in
Fig. 3. Lysianassid amphipods of the genus Anonyx
were observed to feed on dead or weakened animals
and showed typical adaptations necessary for scavenger feeding (Sainte-Marie 1984, Nygård et al.
2012). A. derjugini had high levels of 18:1ω9 and the
highest 18:1ω9/18:1ω7 ratio among the studied invertebrates (Table 2). Large quantities of the FA 18:1ω9
can be synthesised by amphipods to overcome long
periods of starvation, a common situation for scavengers (Nyssen et al. 2005). The 18:1ω9/18:1ω7 ratio
was shown to reflect the peculiarities of this feeding
behaviour and, to some degree, the trophic levels of
the benthos, increasing from suspension feeders to
predators and then to scavengers (Graeve et al.
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1997). High δ15N values of A. derjugini confirmed the
high trophic position of this species, similar to that of
the carnivorous polychaetes Harmothoe derjugini
and Harmothoe impar impar (Fig. 2). On the 3D plot
of the first 3 principal components derived from the
FA compositions of individual specimens of invertebrates of the SJ (Fig. 3), A. derjugini was spatially
distant from H. derjugini and H. impar impar, primarily because of its high concentration of 18:1ω9 and
relatively low concentration of 22:6ω3. We propose
that A. derjugini is a scavenger and feeds mostly on
dead animals, in contrast to the Harmothoe species.
The endemic isopod Eurycope spinifrons was
recently shown to be one of the most abundant species of abyssal invertebrates in the SJ (Brandt et al.
2013), and individuals of E. spinifrons at deeper stations grow larger because of reduced competition
(Elsner et al. 2013). Isopods of the genus Eurycope
were previously regarded as deposit-feeders, but
because of the regular presence of the remains of
animals in their guts, they have been referred to as
carnivores (Sokolova 1986) or omnivores, given that
they are capable of both deposit-feeding and predation (Sokolova 1997). Given that the guts of E.
spinifrons individuals from the SJ contained mainly
diatoms and some ciliates, flagellates and plant
fibres, possibly from seagrasses, Elsner et al. (2013)
suggested that this species mainly consumes phytodetritus. The FA profiles of E. spinifrons samples
were similar to those of Anonyx derjugini (Fig. 3),
indicating similarity in the food sources of these
peracarid crustaceans. The mean δ15N value of E.
spinifrons was not significantly lower than that of the
polychaetes Harmothoe and scavenger A. derjugini
(Table 1). The 18:1ω9/18:1ω7 ratio of E. spinifrons
confirmed the high trophic position of this isopod;
this ratio was similar to those of the carnivores Harmothoe spp. but lower than that of A. derjugini
(Table 2), as is typical for scavengers (Nyssen et al.
2005). Given that foraminifera could play an important role in the diet of some Eurycope species
(Svavarsson et al. 1993), we compared the FA compositions of E. spinifrons with those of the foraminifera
Oolina lineata, which was the most abundant species
at the isopod collection site (Stn B4). Both species
showed some similar features, including their high
levels of 20:5ω3, C16 PUFAs and 16:1ω7, which are
common indicators of consumers of diatom-based
food webs (Kharlamenko et al. 2008). However, the
concentration of 20:4ω6 in E. spinifrons was too low
to determine whether this carnivorous species feeds
upon foraminifera, because feeding on foraminifera
may lead to higher concentrations of 20:4ω6 in the
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lipid compositions of isopods (Würzberg et al. 2011b).
E. spinifrons showed no isotopic or FA signs of
notable contribution of seagrasses or macroalgae
detritus to its food sources. This species was among
the most 13C-depleted invertebrates in the SJ abyss
(Fig. 2), whereas deep-water consumers that directly
or indirectly derived a significant proportion of their
nutrition from seagrasses detritus were shown to be
highly 13C-enriched (Suchanek et al. 1985).
The actinia E. sojabio appeared to be very common at abyssal depths in the SJ, dwelling in soft
bottom sediments, and is not known in other regions
(Sanamyan & Sanamyan 2013). Deep-sea anemones
that inhabited soft bottom sediments were classified
as carnivores that preyed upon slowly moving benthic isopods (Sokolova 1986). In terms of isotopic
composition, E. sojabio is very similar to Eurycope
spinifrons, the only isopod species recorded in the
SJ abyss (Golovan et al. 2013), suggesting similar
trophic positions and food sources for these 2 invertebrate species rather than a predator-prey relationship. The FA compositions of E. sojabio revealed
high concentrations of the MUFAs C20 and C22,
which are characteristic of planktonic copepods and
amphipods (Falk-Petersen et al. 1987). Moreover, E.
sojabio showed the highest proportions of 20:5ω3
along with the lowest δ13C values among the investigated the SJ abyssal invertebrates, suggesting that
the most likely food for E. sojabio is planktonic crustaceans.
Pasternak & Levenstein (1978) identified the pectinid bivalve Delectopecten vancouverensis as an
abundant species in the SJ abyssal zone. An interesting feature of the D. vancouverensis specimens collected in our survey was the attachment of many
individuals of this species to the tubes of polychaetes
a few inches above the soft bottom (Fig. 4). This position significantly narrowed the choice of potential
food items. Most deep-sea pectinids are considered
to be carnivores (Sokolova 1986) and have been
shown to prey primarily upon benthic harpacticoid
copepods (Hicks & Marshall 1985). The high δ15N
values and 18:1ω9/18:1ω7 ratio of D. vancouverensis
from the SJ, which were similar to those of carnivorous polychaetes, confirmed the high trophic position
of this bivalve mollusc. The FA profile of D. vancouverensis was similar to that of Edwardsia sojabio and
characterised by high proportions of the MUFAs
20:1ω11 and 22:1ω11 in comparison to other studied
species (Table 2). The presence of high concentrations of C20 and C22 MUFAs in the lipids of D. vancouverensis confirmed the important role of copepods as
food for this carnivorous bivalve.
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Fig. 4. Bivalve mollusc Delectopecten vancouverensis
attached to the tube of a polychaete

All samples of the bivalve mollusc Thyasira (Parathyasira.) sp. were located away from the other species on the 3D plot of first 3 principal components
(Fig. 3), indicating unusual food sources for this animal. Many thyasirid species may contain symbiotic
bacteria in their gills (Southward 1986, Dufour 2005),
and these chemoautotrophic symbionts may be the
source of 13C-depleted organic matter for their bivalve
hosts (Dando & Southward 1986, Dando & Spiro
1993). Tissues of the symbiotrophic thyasirid showed
lower δ13C values than other sympatric bivalves
(Dando & Spiro 1993). The FA composition of symbiont-containing thyasirids showed high proportions
of 18:1ω7 and 20:1ω13 MUFAs and only low proportions of C20 and C22 PUFAs (Fullarton et al. 1995).
Samples of Thyasira (P.) sp. from the abyssal zone of
the SJ had δ13C values similar to those of other
bivalves from the continental slope of the SJ (Kharlamenko et al. 2013), and their FA compositions had
low concentrations of 18:1ω7 and 20:1ω13 (Table 2)
in contrast to known symbiotrophic thyasirids. It has
been experimentally shown that the degree of
thyasirid symbiotrophy strongly depends on the
quantity of nutritive particles and concentration of
reduced sulphur compounds in the local environment. With high concentrations of oxygen in the
interstitial water and an abundance of organic matter, the δ13C values of thyasirids did not differ from
those of filter-feeders from the same community
(Dufour & Felbeck 2006). The absence of reduced
sulphur compounds in the SJ abyssal sediments or
the absence of bacterial symbionts, as in other species of subgenus Parathyasira (Dufour 2005), may be
the main reason for the lack of an isotopic and FA signature of symbiotrophy in our Thyasira (P.) sp. sam-

ples. However, this species drastically differed from
other studied abyssal invertebrates by its low proportion of C20 and C22 PUFAs, its high levels of 18:2ω6
and the odd and branched bacterial FAs in its lipids.
According to these FA characteristics, Thyasira (P.)
sp. appeared to be the only species in the studied
invertebrate community, relying mostly on SOM and
bacteria associated with the sediment for food.
The stomach contents of Ophiura leptoctenia vary
greatly depending on the location of the collection
(Litvinova 1979). Thus, this brittle star may be a carnivore or deposit feeder, and the main food of O. leptoctenia was found to be euphausiids in most cases
(Litvinova 1979). Our data confirmed the high degree
of omnivory of O. leptoctenia, which used a carnivorous feeding mode together with detritophagy in the
SJ abyssal zone. O. leptoctenia showed largest intraspecific difference in δ15N values among samples collected at different sites. We considered this isotopic
difference to mainly result from a shift in the trophic
position of this omnivorous species rather than a consequence of spatial variations of the δ15N of the food
base, because other invertebrates collected at these
stations had similar δ15N values. The samples of O.
leptoctenia characterised by high δ15N values (Stn A6)
had significantly higher concentrations of 22:6ω3 and
24:6ω3 (ANOVA Tukey’s HSD test, p < 0.001) than
individuals with low δ15N values (Stn D2). The latter
were characterised by a high 16:0 content and higher
levels of MUFAs. On the 3D plot, they were located
far from Harmothoe derjugini and other carnivores
(Fig. 3).
The ascidia Styela squamosa was not abundant in
the SJ abyssal zone and was collected at only one site
(Stn B5) close to the continental slope. Because it
had the highest δ15N values recorded in this study,
this species had the highest apparent trophic status
among the studied invertebrates, but the reason for
this 15N-enrichment remains unknown. The main
food source for the shallow-water filter-feeding Styela
species is live microalgae (Jiang et al. 2008). The
abyssal species S. squamosa lacked the opportunity to
consume live microalgae, as confirmed by its high
δ15N values, it but could ingest suspended food particles of the same size class from the microbial food
web. S. squamosa had a peculiar FA composition, i.e.
high concentrations of both 20:4ω6 and 7Me16:1ω10
FAs. This last FA is considered to be typical for the microbial food web (Carballeira et al. 1996), and 20:4ω6
was abundant in the benthic protist Oolina lineata
identified in our study. The combined FA and stable
isotope results suggested that S. squamosa could be a
‘top predator’ of the relatively long microbial food web.
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Trophic structure of abyssal community
We found no correlation between the δ15N and δ13C
values measured in all invertebrate samples (r =
−0.02, N = 73). In deep-sea communities, strong positive correlations between the δ15N and δ13C values of
consumers point toward a single primary food source
supporting the community (Polunin et al. 2001,
Fanelli et al. 2011). The absence of such a correlation
in the SJ community could reflect the heterogeneity
of food sources entering this benthic food web. For
example, the above-mentioned 13C-enrichment of invertebrates collected at the basin periphery stations
relative to those from the deepest stations may indicate the lateral transport of 13C-enriched fresh organic matter from the shelf area. However, we did
not observe corresponding 13C enrichment for samples of the more refractory SOM from the abyssal
plain (this study) in comparison to those from the
continental slope (Kharlamenko et al. 2013).
Another reason for the absence of a correlation
between δ15N and δ13C may be the minimal presence
of macro- and megabenthic primary consumers among
species abundant in the SJ abyssal zone. The simplicity of the food web structure in the SJ abyssal
community recorded in the δ15N versus δ13C biplot
(Fig. 2) suggests that the phytodetritus-based food
chains are not well developed here. It appears that
the core of this abyssal community consists of several
invertebrate species of relatively high trophic status
that consume only the most valuable part of possible
food resources entering the deep-sea bottom from
the pelagic environment (i.e. animal tissues).
Our analysis of the stable isotope and FA compositions of key invertebrate species corroborated the
earlier assumptions that the abyssal zoobenthos of
the SJ was mainly carnivorous (Pasternak & Levenstein 1978). The majority of the collected zoobenthic
species showed high δ15N values corresponding to
trophic positions higher than the third trophic level.
However, the δ15N data alone may not be sufficiently
robust to distinguish among the feeding guilds of
deep-sea invertebrates (Gontikaki et al. 2011). Our
data on FA trophic markers confirmed that all these
equally 15N-enriched omnivores, carnivores or scavenger species in the SJ abyssal environment fed
mostly on sinking zooplankton animals and were
loosely connected with food chains based on bottom
detritus and SOM. The phenomenon of ‘dead body
rain’ as the main food source for abyssal benthos is
known in highly productive areas of the ocean,
where large populations of commercially exploitable
euphausiids have been found (Sokolova 1994, 1997).
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The absence of mesopelagic predators in the deep
waters of the SJ was considered a cause of the predominance of carnivorous zoobenthos because of
the abundance of zooplankton remains reaching the
abyssal floor (Vinogradov 1973, Vinogradov & Sazhin
1978), and our data could corroborate this hypothesis. However, a relatively high downward flow of
interzonal mesozooplankton could explain the abundance of carnivores among the SJ abyssal benthos
but cannot be a cause of the scarcity of depositfeeders in benthic communities.
The quantity and quality of SOM in the SJ abyssal
zone did not sufficiently differ from that of adjacent
areas sufficiently to prevent deposit-feeder distribution. However, only one consumer species, the filterfeeding Thyasira (Parathyasira) sp., was shown to be
tightly associated with SOM as its food source in our
study. Other macrobenthos, which can most likely be
associated with SOM, were represented in the SJ
abyss by several eurybathic and widespread polychaetes species (Alalykina 2013) and 2 species of
small opportunistic tanaidacean crustaceans (Golovan et al. 2013), which were not included in our survey because of their low biomass. The meiofauna,
another important trophic link connected with SOM,
showed a density in SJ deep waters at least 10 times
lower than what had been recorded for the adjacent
Pacific Ocean, and polychaetes (most likely juveniles) were the most abundant meiobenthic group at
all of the deepest stations of the SoJaBio expedition
survey (Trebukhova et al. 2013).
This study of the trophic structure of the abyssal
community of the SJ revealed the dominant role of
descended zooplankton as a food resource for megaand macrobenthos in this marginal deep-water environment. Despite the proximity of the productive
shelf area, which provides plant residues to the deepwater basin of the SJ, we found no isotopic or FA
indications of feeding on allochtonous detritus of seagrasses and macroalgae among abyssal consumers.
Various key consumer species of the SJ abyssal food
web occupied similar trophic positions and fed predominantly on descended zooplankton. Our data did
not corroborate cannibalism as a feeding mode of the
abundant abyssal carnivorous polychaetes as has
been suggested.
We hypothesise that the specific food web structure
of the SJ abyssal invertebrate community, which is
characterised by the dominance of evidently endemic species that rely on ‘the rain of corpses’ and
the absence of deposit feeders, is a result of the very
short historical development of this isolated abyssal
community following a deep-water anoxic event dur-
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marine environment. Adv Mar Biol 46:225−340
ing the Last Glacial Maximum. It is likely that we
have only observed the initial step of the abyssal suc- ➤ Dando PR, Southward AJ (1986) Chemoautotrophy in
bivalve molluscs of the genus Thyasira. J Mar Biol Assoc
cession in which endemic carnivores have developed
UK 66:915−929
and exploited the most valuable food sources, but the ➤ Dando PR, Spiro B (1993) Varying nutritional dependence of
the thyasirid bivalves Thyasira sarsi and T. equalis on
trophic niches of deposit-feeders remain unoccupied.
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Appendix. Additional data
Table A1. Fatty acid composition (mean ± SD) of sedimentary organic matter lipids (% of total fatty acids) sampled at various
depths (m) in the abyssal zone of the Sea of Japan. Letter plus number IDs are station identifiers
Fatty acid

14:0
14:1ω7
ai15:0
15:0
15:1ω7
16:0
16:1ω10
16:1ω7
16:1ω5
i17:0
ai17:0
17:0
17:1ω8
18:0
18:1ω9
18:1ω7
18:1ω5
i19:0
18:2ω6
19:1
18:3ω3
20:0
20:1ω13
20:2ω6
20:4ω6
20:5ω3
22:1
22:5ω3
22:6ω3
Othersa

A6
2511 m
(n = 3)

B5
2635 m
(n = 2)

A7
3344 m
(n = 3)

B1
3666 m
(n = 2)

B4
3333 m
(n = 3)

C3
3421 m
(n = 4)

D1
3358 m
(n = 3)

3.5 ± 0.1
0.8 ± 0.1
1.6 ± 0.3
2.2 ± 1.0
0.6 ± 0.1
18.9 ± 0.7
5.0 ± 0.4
5.2 ± 1.5
0.9 ± 0.3
0.4 ± 0.1
0.4 ± 0.0
0.8 ± 0.1
1.1 ± 0.1
5.9 ± 0.0
13.6 ± 0.5
3.8 ± 1.2
0.2 ± 0.1
0.6 ± 0.1
8.0 ± 0.6
0.2 ± 0.0
0.9 ± 0.1
0.6 ± 0.0
0.7 ± 0.1
2.2 ± 0.9
2.0 ± 0.5
2.9 ± 0.5
0.8 ± 0.2
1.1 ± 0.2
0.9 ± 0.2
14.2

4.9 ± 0.6
0.6 ± 0.0
1.8 ± 0.5
1.4 ± 0.0
0.4 ± 0.0
23.2 ± 7.1
3.8 ± 0.2
7.1 ± 4.2
1.7 ± 0.8
0.6 ± 0.3
0.1 ± 0.2
0.9 ± 0.2
0.9 ± 0.1
9.5 ± 6.0
10.0 ± 1.4
4.5 ± 2.0
0.2 ± 0.1
0.5 ± 0.0
4.8 ± 0.9
0.3 ± 0.0
0.5 ± 0.1
0.9 ± 0.0
0.4 ± 0.3
1.5 ± 1.3
1.4 ± 1.1
2.7 ± 2.1
1.0 ± 0.0
1.5 ± 0.1
0.4 ± 0.4
12.5

4.2 ± 0.7
1.2 ± 0.3
1.1 ± 0.2
2.1 ± 0.5
0.7 ± 0.2
23.8 ± 1.0
5.8 ± 1.2
2.4 ± 0.5
0.1 ± 0.0
0.1 ± 0.1
0.3 ± 0.2
0.9 ± 0.2
1.4 ± 0.1
8.3 ± 1.6
17.0 ± 0.6
1.5 ± 0.3
0.2 ± 0.0
0.6 ± 0.1
10.5 ± 1.6
0.3 ± 0.1
0.6 ± 0.4
0.9 ± 0.1
0.5 ± 0.3
1.2 ± 0.4
0.4 ± 0.3
1.0 ± 0.6
0.8 ± 0.2
1.2 ± 0.2
0.3 ± 0.2
10.6

6.4 ± 0.3
0.8 ± 0.1
1.5 ± 0.1
2.0 ± 0.2
0.5 ± 0.0
30.0 ± 1.1
3.9 ± 0.7
3.0 ± 0.1
0.6 ± 0.2
0.3 ± 0.0
0.3 ± 0.1
0.9 ± 0.0
0.9 ± 0.2
12.0 ± 0.5
10.6 ± 2.4
2.4 ± 0.1
0.3 ± 0.2
0.2 ± 0.4
6.0 ± 2.8
0.3 ± 0.0
0.5 ± 0.3
1.2 ± 0.3
0.5 ± 0.1
0.9 ± 0.1
0.3 ± 0.1
0.9 ± 0.7
1.3 ± 0.3
1.6 ± 0.2
0.3 ± 0.2
9.6

3.2 ± 1.4
0.5 ± 0.1
1.0 ± 0.3
1.4 ± 0.2
0.4 ± 0.1
19.5 ± 2.1
3.9 ± 1.1
3.8 ± 1.0
0.9 ± 0.5
0.3 ± 0.0
0.5 ± 0.3
0.9 ± 0.3
1.0 ± 0.3
7.0 ± 1.3
14.8 ± 4.3
3.2 ± 0.8
0.4 ± 0.3
0.6 ± 0.2
11.2 ± 4.4
0.4 ± 0.5
0.8 ± 0.6
0.8 ± 0.3
1.5 ± 2.1
0.9 ± 0.4
0.7 ± 0.4
4.0 ± 4.3
1.1 ± 0.3
1.3 ± 0.2
0.7 ± 0.6
13.3

3.9 ± 0.4
0.5 ± 0.1
1.2 ± 0.2
1.1 ± 0.1
0.3 ± 0.0
18.8 ± 0.4
3.1 ± 0.6
7.3 ± 0.2
1.1 ± 0.1
0.6 ± 0.1
0.5 ± 0.0
0.5 ± 0.1
0.6 ± 0.2
6.5 ± 0.6
14.2 ± 1.6
5.2 ± 1.1
0.2 ± 0.1
0.6 ± 0.2
11.0 ± 1.2
0.2 ± 0.1
0.7 ± 0.3
0.7 ± 0.1
0.3 ± 0.1
0.4 ± 0.2
1.7 ± 0.3
5.9 ± 0.8
0.8 ± 0.2
1.0 ± 0.2
0.6 ± 0.1
10.5

4.7 ± 0.4
0.7 ± 0.1
1.8 ± 0.3
1.3 ± 0.2
0.4 ± 0.0
17.6 ± 3.8
4.2 ± 0.2
6.3 ± 0.2
1.7 ± 0.2
0.6 ± 0.2
0.3 ± 0.1
0.7 ± 0.1
1.0 ± 0.2
5.7 ± 1.3
12.6 ± 3.1
5.9 ± 0.4
0.3 ± 0.2
0.7 ± 0.0
5.8 ± 1.8
0.1 ± 0.1
0.5 ± 0.1
0.7 ± 0.1
0.6 ± 0.3
2.6 ± 1.4
0.8 ± 0.2
2.6 ± 1.9
0.9 ± 0.1
1.4 ± 0.2
0.9 ± 0.6
16.6

a

Other fatty acids were 12:0, 7Me:16:1ω10, 16:2, 16:3ω4, 16:4ω1, 17:1, i18:0, 19:0, 19:1, i20:0, 23:0, 24:1ω9, 24:0, 25:0, 26:0

16

δ15N (‰)

15

Fig. A1. Harmothoe derjugini. Stable nitrogen isotope ratios for individuals of various size. All individuals were
taken from the only benthos sample obtained by epibenthic sledge at Stns A7–9 (water depth 3340 to 3347 m)
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