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Abstract Although Bouvet Island is of considerable
importance for Southern Ocean species conservation,
information on the marine community species inventory
and trophic functioning is scarce. Our combined study
of stable isotopes and feeding relationships shows that
(1) the marine system conforms to the trophic pattern
described for other Antarctic systems within the Ant-
arctic circumpolar current (ACC); (2) both the benthic
and the pelagic subsystem are almost exclusively linked
via suspended particulate organic matter (SPOM); and
(3) there is no evidence of a subsystem driven by mac-
roalgae. Bouvet Island can therefore be characterized as
a benthic ‘‘oasis’’ within a self-sustaining open ocean
pelagic system.

Introduction

Bouvet Island (Bouvetøya, 54�72¢60S, 3�24¢E) is located
just south of the Antarctic Polar Front (APF) and
within the Antarctic circumpolar current (ACC, Fig. 1,
Foldvik et al. 1981; Perissinotto et al. 1992). Owing to
its geographical isolation (i.e. 2,590 km downstream of
the South Sandwich Islands, 2,570 km upstream of the
Prince Edward Islands and 1,600 km north of Queen
Maud Land, Antarctica) the island represents a pristine
environment and has been identified as an important
case study for the conservation of intact ecosystems
(Chown and Gaston 2002). Nevertheless, marked cli-
mate change and subsequent invasion of hitherto alien
species have already affected other remote systems of
the Southern Ocean (e.g. South Georgia; Bergstrom
and Chown 1999; Chown and Gaston 2002; Gaston
et al. 2003; Frenot et al. 2005) and may thus endanger
the ecology of Bouvet Island, too. Unfortunately, to
date, next to nothing is known about the Bouvet Island
marine community species inventory and the trophic
functioning of the system. From existing oceano-
graphic, biogeographic and ecological data we can infer
that (1) the pelagic compartment of the Bouvet eco-
system is part of the Antarctic surface water ecosystem
(ASW; Perissinotto et al. 1992), i.e. we expect ASW
species inventory and trophic structure; (2) the Bouvet
inventory of top predatory birds and mammals, albeit
enormous in numbers and biomass (Cooper et al. 1984;
Croxall 1984; Haftorn 1986; Isaksen et al. 2000; Kirk-
man et al. 2001; Keith et al. 2002) resembles that of
other Sub-Antarctic islands such as the Prince Edward
Islands (Perissinotto et al. 1990; Perissinotto and
McQuaid 1992; Pakhomov and Froneman 1999); and
(3) the benthic compartment of the Bouvet ecosystem
should be structured accordingly, with a typical mac-
roalgal depth zonation and a fauna characteristic for
systems shaped by strong currents, though species
composition may differ from comparable sites such as
the South Sandwich Islands (LAMPOS; Jacob et al.
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2003; Arntz and Brey 2003) or the Prince Edwards Is-
lands (Kaehler et al. 2000).

Here we present the first attempt towards a better
understanding of the Bouvet Island food web based on
stable isotope signatures of nitrogen and carbon and
information on the diet of the most significant species.

Material and methods

Sampling of marine flora and fauna was conducted near
Bouvet Island during RV ‘‘Polarstern’’ cruise ANT
XXI/2 in 2003/2004 (Fig. 1, Arntz and Brey 2005). Four
Agassiz trawl samples (mouth opening 3 m·1 m,
10 mm·10 mm cod end mesh size, 20 min trawl time)
were taken between 100 and 550 m water depth.
Abundant taxa were identified to species level whenever
possible, and sampled for stable isotope analysis. Small
organisms were sampled whole, whereas pieces of body
wall or muscle tissue were sampled from macro and
megafaunal specimens. A total of four macroalgal
samples (Rhodophyta spp.), 96 invertebrate samples of
benthic and hyperbenthic invertebrates referring to 15
different taxa (among them decapods, amphipods, bry-
ozoans, crinoids, holothurians, nemerteans, cnidarians,
polychaetes, pycnogonids and asteroids) and ten sam-
ples of the nototheniod fish Lepidonotothen larseni were
collected (Table 1). All samples were kept frozen at
�30�C until further analysis.

Stable isotope signatures

d13C and d15N signatures serve as proxies of the trophic
distance of an organism from the primary food source of
the corresponding food chain. d13C signatures are

commonly used as valuable carbon source tracers (e.g.
Lesage et al. 2001), whereas d15N values are a useful tool
for detecting the trophic position and therefore the
trophic hierarchy of the system. Samples were lyophili-
sated for 24 h in a Finn-Aqua Lyovac GT2E and then
ground to a fine powder. Each sample was acidified to
remove CaCO3 in accordance with Fry (1988), Cloern
et al. (2002) and Jacob et al. (2005) by adding 1 mol l�1

hydrochloric acid (HCl) drop-by-drop until CO2 release
stopped, re-dried at 60�C without rinsing to minimize
loss of dissolved organic matter and ground again.
Stable isotope analysis and concentration measurements
of nitrogen and carbon were performed simultaneously
with a THERMO/Finnigan MAT Delta plus isotope
ratio mass spectrometer, coupled to a THERMO NA
2500 elemental analyzer via a THERMO/Finnigan
Conflo II- interface. Stable isotope ratios are given in the
conventional delta notation (d13C; d15N) relative to
atmospheric nitrogen (Mariotti et al. 1984) and PDB
(PeeDee Belemnite standard). Standard deviation for
repeated measurements of lab standard material (pep-
tone) proved to be better than 0.15& for nitrogen and
carbon. Standard deviations of concentration measure-
ments of replicates of our lab standard are <3% of the
concentration analyzed.

In order to fill gaps in invertebrate and macroalgae
species coverage, we added some stable isotope data
referring to other sub-Antarctic localities, i.e. Prince
Edward Island (Kaehler et al. 2000, 2005) and Anvers
Island (Dunton 2001) (Fig. 1). Isotope signatures of
Antarctic seabirds, mammals and particulate organic
matter (POM) were taken from Rau et al. (1991, 1992),
E.A. Pakhomov (unpublished data) and K. Mintenbeck
(unpublished data). Data for the pelagic predatory squid
Kondakovia longimana were taken from Wada et al.
(1987).

Fig. 1 Map showing Anvers
Island, South Sandwich Islands,
Bouvet Island and the Prince
Edward Islands. Grey band
indicates region of the Antarctic
circumpolar current (ACC)
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Feeding relationships

Information on feeding links between species occurring
in the Bouvet Island ecosystem was collected by a
thorough literature search. Following the approach of
Martinez (1991), a directional feeding link was assigned
to any pair of species A and B whenever an investigator
reports or assumes that A consumes B. Suspended par-
ticulate organic matter (SPOM) is considered as a non-
predatory taxon as it includes significant resources (dead
organic matter, nano- and micro-plankton) for many
benthic invertebrates and is therefore itself a highly
interacting system (Warren 1989; Walker 1985; Hall and
Raffaelli 1991).

Results

Judging from the trawl sample debris, the seafloor
around Bouvet Island was covered by coarse sands,
stones and gravel (see also Arntz and Thatje 2005).
Accordingly, the benthic system was dominated by
typical hard bottom life forms. Crinoids (e.g. Anthome-
tra adriani), holothurians (e.g. Taeniogyrus contortus)
and asteroids (e.g. Porania antarctica glabra) were
dominant in the Agassiz trawl samples. Red macroalgae
and hydroids were also common, as well as bryozoans
(mainly Austroflustra spp.) and some large sponges and
gorgonians (mainly Primnoisis sp.). Other dominant

Table 1 Summary of taxa sampled, isotope signatures and the source of the data used to compile the trophic structure of the marine
ecosystem of Bouvet Island

Taxa Species d15N range (&) d13C range (&) Reference

‘‘POM’’ �2.83 to 4.40 �30.23 to �21.17 Rau et al. (1991)
‘‘POM’’ 0.92 �28.83 E.A. Pakhomov (unpublished data)
‘‘POM’’ 2.10 �30.79 E.A. Pakhomov (unpublished data)
Phytodetritus 3.44 �19.15 Kaehler et al. (2000)
Chlorophyceae 5.86 �11.46 Dunton (2001)
Phaeophyceae 0.57 to 13.79 �35.31 to �13.22 Dunton (2001)
Rhodophyceae 1.02 to 9.36 �35.21 to �17.64 Dunton (2001)
Porifera 1.24 to 2.77 �22.06 to �21.79 Kaehler et al. (2000)
Hydroidea 2.55 �22.34 Kaehler et al. (2000)
Gorgonaria Primnoisis sp. 4.60 to 7.77 �24.80 to �19.70 This study
Pennatularia 8.16 �25.71 This study
Nemertini Parborlasia corrugatus 8.62 to 11.99 �26.96 to �23.19 This study
Bivalvia 3.81 �19.29 to �16.27 Kaehler et al. (2000)
Gastropoda 6.53 �26.54 to �12.79 This study
Cephalopoda 8.37 �19.12 Kaehler et al. (2000)
Squid Kondakovia longimana �25.37 Wada et al. (1987)
Polychaeta Polynoidae 4.14 to 12.42 �25.10 to �17.43 This study

Harmothoe spinosa 9.70 �23.33 This study
Laetmonice producta 7.34 to 8.11 �25.30 to �23.46 This study

Copepoda �1.59 to �1.06 �27.00 to �24.87 Kaehler et al. (2000)
Amphipoda 0.69 to 9.53 �25.03 to �18.06 This study
Isopoda 0.95 to 6.73 �25.89 to �15.32 Kaehler et al. (2000)
Decapoda 5.16 to 7.38 �24.18 to �17.01 This study
Chaetognatha 3.03 �23.39 Kaehler et al. (2000)
Pantopoda 6.20 to 10.55 �26.03 to �24.55 This study
Bryozoa 5.01 to 6.34 �24.73 to �24.63 This study

Austroflustra spp. 5.38 to 5.95 �26.34 to �25.91 This study
Brachiopoda 3.81 �18.41 Kaehler et al. (2000)
Ophiuroidea Ophiurolepis spp. 6.30 to 8.22 �18.87 to �16.37 Kaehler et al. (2000)
Asteroidea 6.07 to 10.70 �21.99 to �15.52 This study

Porania antarctica glabra 10.23 to 11.39 �21.85 to �15.86 This study
Crinoidea Promachocrinus kerguelensis 5.96 to 6.70 �21.45 to �19.10 This study

Anthometra adriani 7.59 to 8.12 �21.12 to �12.40 This study
Holothuroid ea 5.70 to 7.39 �26.88 to �18.86 This study

Echinopsolus acanthocola 6.10 �27.62 This study
Bathyplotes bongraini 7.38 �23.25 This study
Psolus antarcticus 4.93 to 9.22 �24.47 to �17.01 This study
Taeniogyrus contortus 4.82 to 6.54 �27.29 to �24.33 This study

Ascidiacea 4.79 to 8.50 �26.00 to �24.37 This study
Pisces Lepidonotothen larseni 8.00 to 9.93 �26.19 to �21.03 This study
Aves Pygoscelis adeliae 5.34 to 12.39 �26.84 to �22.78 Dunton (2001)

P. antarctica 6.91 �27.04 Dunton (2001)
Daption capense 5.61 to 7.37 �28.45 to �26.14 Rau et al. (1992)
Fulmares glacialoides 5.41 to 7.70 �28.71 to �25.97 Rau et al. (1992)
Macronectes giganteus 8.71 �24.38 Mintenbeck (unpublished data)
Pagodroma nivea 5.99 to 8.70 �28.48 to �25.95 Rau et al. (1992)
Thalassoica antarctica 4.99 to 6.31 �29.07 to �27.08 Rau et al. (1992)

Mammalia Arctocephalus gazella 7.13 to 8.75 �25.65 to �24.47 This study
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elements were serpulid polychaetes, small amphipods
(Caprellidae and Lyssianassidae), small pycnogonids
and the nototheniid fish species L. larseni and L. kempi.
Typical infaunal or epifaunal deposit feeders like echi-
noids, sipunculids and echiurids were absent (Arntz and
Thatje 2005).

Stable isotope signatures

Among the food sources of the marine ecosystem of
Bouvet Island, POM signatures ranged from �28.83 to
�30.79 in d13C and from �0.92 to 2.10 for d15N (E.A.
Pakhomov, unpublished data). Isotopic composition of
macroalgae ranged from �11.5 to less than �35& in
d13C and from 0.6 to 9.4& in d15N (Fig. 2b; Table 1).

With regard to d15N of the fauna, copepods had the
lowest values. d15N values ranged between �1.06 and
�1.59, d13C values between �24.87 and �27.0 (Table 1).
The Adelie penguin (Pygoscelis adeliae) and benthic
predators like the nemerteans had the highest values
(Table 1).

Feeding relationships

Two hundred and eighty-two feeding links connecting
58 different taxa were inferred from the literature. The
preliminary food web shown in Fig. 3 indicates a distinct
separation between (1) a bentho-demersal compartment

highly entangled within itself and coupled to the SPOM
box and (2) a pelagic compartment, coupled to the
SPOM box and zooplankton.

Discussion

Scattered and missing data are one of the primary con-
cerns when analyzing structural properties such as food
webs of remote and poorly investigated systems (Connor
and Simberloff 1978; Gaston 1996). On the other hand,
stable isotope signatures are vulnerable to misinterpre-
tation owing to their relative ease of use and assumed
simplicity in interpretation (Gannes et al 1997; Schmidt
et al. 2003). In order to compensate for these short-
comings we (1) combined information on general tro-
phic hierarchy (stable isotope signatures d13C and d15N)
with information on trophic links (diet composition) as
recommended by Vander Zanden et al. (2000) and (2)
added data from other, ecologically comparable Sub-
Antarctic locations.

Regarding the pelagic community as well as long
ranging top predators (seabirds, mammals, pelagic
cephalopods), there is no evidence that trophic position
derived from stable isotope signatures or feeding rela-
tions differ distinctly between sites within the ACC
(Fig. 1), as is to be expected in a uniform circum-Ant-
arctic ACC pelagic system (Rau et al. 1991, 1992). This
may be different in carbon isotope signatures of benthic
macroalgae (Fischer and Wiencke 1992), which may be

Fig. 2 d15N and d13C signatures
of the marine flora and fauna of
Bouvet Island. Signatures for
missing compartments (e.g.
zooplankton, and land-based
predators) are added from other
localities as described in the
text, a (filled circle) Anvers
Island, (filled diamond) Bouvet
Island, (filled triangle) Prince
Edward Islands, (filled square)
Weddell Sea b (filled diamond)
benthic primary producers,
(filled triangle) pelagic primary
producers; c (filled triangle)
benthic predators, (inverted
triangle) benthic suspension
feeders, (filled diamond) benthic
deposit feeders; d (filled
diamond) land-based (filled
triangle) predators, pelagic
predators, (inverted triangle)
zooplankton; (open circle) all
signatures used in the study
(Table 1)
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affected by local conditions such as light regime. Nev-
ertheless, there is some evidence that such site-specific
differences are smaller than the general differences be-
tween microalgae and macroalgae (Kaehler et al. 2000,
2005). With respect to substrate and hydrographic re-
gime, the shallow water benthic environment (above
100 m) is likely to be quite similar around Bouvet Island,
Anvers Island, South Sandwich Islands or the Prince
Edward Islands (see e.g. Perissinotto et al. 1992).
Therefore, we expect similar communities, mainly com-
posed of macroalgae and their grazers (see e.g. Dunton
2001; Iken et al. 1997; Kaehler et al. 2000; Corbisier
et al. 2004), and a suspension feeder-predator assem-
blage as encountered below 100 m. We know neither the
extent nor the exact taxonomic composition of this
macroalgae—grazer subsystem at Bouvet Island, albeit
there is some anecdotal evidence of its existence: rocky
surfaces in the swell zone appeared to be colonized by
algae, and algal debris appeared to be present on some

pebble beaches, as indicated by visual inspection from
ship and helicopter.

Owing to the structural similarity of the system to
other Sub-Antarctic and Antarctic open ocean systems
(e.g. Hopkins 1993) and the conservative feeding
behaviour of species, we assume the proposed food web
to be representative for Bouvet Island. Given that both
the isotope data and the feeding link data cover the
major trophic groups from the pelagic and the benthic
compartment, we are confident that our first attempt at
the trophic structure of Bouvet Island is founded on a
sound base.

Primary food sources

Unlike the shelf ice limited high Antarctic seas, which
rely on pelagic primary production and ice algae pro-
duction (Rau et al. 1991, 1992), many near shore Sub-

Fig. 3 Conceptual model of the
SPOM driven part of the
Bouvet Island food web
(macroalgae and grazers are not
shown) based on all
information available from
Bouvet Island and comparable
sites within the ACC. The
SPOM box includes all living
nano- and micro-plankton as
well as dead organic matter.
Arrows leading back to the
group/species itself represent
cannibalism
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Antarctic ecosystems are heavily subsidized by carbon
from benthic primary producers, i.e. microalgae and
particularly macroalgae (Attwood et al. 1991; Fischer
and Wiencke 1992; Dunton 2001; Kaehler et al. 2005).

Shallow-water primary producers are consumed by a
variety of species covering a wide trophic range from
exclusive herbivores, e.g. the gastropod Laevilittorina
antarctica, to high level omnivores such as the fish spe-
cies Notothenia coriiceps/neglecta (Barrera-Oro and
Casaux 1990; Iken et al. 1997; Kaehler et al. 2000, 2005;
Dunton 2001).

None of these known macroalgal consumers were
found in our samples, indicating that they are restricted to
the depth zone of macroalgal presence. Compared to
SPOM as well as to potential consumer species, macro-
algal isotopic signatures are particularly high in d15N
(0.6–9.4&) and stretch across an extremely wide range in
d13C (<�35 to�11.5, Fig. 2b). Hence stable isotopes can
provide no evidence that macroalgal matter enters the
deeper part of the benthic food web analysed here in
significant proportions, either directly or via the SPOM
pool. However, it remains to be seen whether future
sampling will indicate a relative importance of macroal-
gae or an absence of macroalgal consumers at Bouvet, if
macroalgae are scarce. We do not have enough informa-
tion onmacroalgal abundance and distribution to exclude
the possibility that some of the primary producers might
be important, even though this seems unlikely at present.

Degradation and assimilation of macroalgal matter
through detrital food webs is a common feature in many
nearshore systems of temperate (Adin and Riera 2003) as
well as Antarctic regions (Dunton and Schell 1987; Iken
et al. 1997; Corbisier et al. 2004; Kaehler et al. 2005).
Precondition for this pathway, however, are compara-
tively calm hydrographic conditions, which allow sedi-
mentation of SPOM, formation of soft bottoms and
development of the corresponding deposit feeding com-
munity. Such conditions exist in well-protected bays and
coves such as Admiralty Bay and Potter Cove at King
George Island or Palmer Station Bay at Anvers Island
(Iken et al. 1997; Dunton 2001; Corbisier 2004), but not at
Bouvet Island (e.g. average current speed>30 cm/s,
Hofmann 1985) and similarly exposed shores. Here,
macroalgal production that is not consumed directly by
herbivores is likely to be exported eastwards to the open
ocean by the ACC. Therefore we assume pelagic primary
production to be the principal food source of the Bouvet
marine ecosystem. The ACC is a highly productive
frontal area by itself, but Perissinotto et al. (1992) showed
that over the Bouvet Island shelf plankton standing stock
and production are even higher, most likely owing to the
island mass effect which causes local upwelling (IME,
Doty and Oguri 1956; Heywood et al. 1990).

Trophic structure

When macroalgae and grazers are excluded and all living
nano- and micro-plankton as well as dead organic

matter are summarized into one SPOM box, then this
SPOM fuelled marine food web is clearly separated in
a pelagic and a benthic part (Fig. 3). The benthic
system is dominated by (1) a variety of suspension
feeders which are all linked directly to SPOM and (2)
mobile benthic predators. Competition between many
suspension-feeding taxa may be reduced significantly
by consumption of different size fractions and/or types
of SPOM (Orejas et al. 2001). Among the predators,
nemerteans, asteroids and polychaetes are quite flexible
in their alimentation, as indicated by their wide range
in stable isotope signatures (Fig. 2c) as well as by the
many documented feeding links. This has also been
observed on the eastern Weddell Sea shelf where most
of the structuring compartments were regarded as
omnivores (Jarre-Teichmann et al. 1997). Apparently,
there exist only a few direct links between pelagic
animals and benthic predators. Our data include the
ophiuroid Ophiurolepis spp. (feeding on euphausiids,
Dahm 1996). Other Antarctic benthic predators of
pelagic animals not found here but known to be
present in the ACC region are for example the
hydrozoan Tubularia ralphii (copepods, Orejas et al.
2001) and the anthozoan Anthomastus bathyproctus
(salps, Orejas et al. 2001).

The alimentation of the pelagic top predators (pelagic
fish, squid, whales and land-based predators) appears to
be much less variable than the one of the benthic pre-
dators. Pelagic predator isotope variability is lower
(Fig. 2d) with diets consisting mainly of krill, hyperiid
amphipods, mysids and decapods (Fig. 3; Dewitt et al.
1990; Mc Kenna 1991; Bushula et al. 2005).

Conclusions

At present, our Bouvet trophic model shows some
obvious gaps, mainly with respect to the macroalgae-
grazer complex as well as regarding the role of demersal
fish species, which were absent in our samples but
apparently play an important role in Antarctic shelf
areas (Barrera-Oro and Casaux 1990; Gröhsler 1994;
Brenner et al. 2001; Mintenbeck 2001).

Nevertheless, a rather clear picture emerges that
shows Bouvet Island as a benthic ‘‘oasis’’ within a self-
sustaining open ocean pelagic system. Except for the
hitherto unknown macroalgae-grazer complex, the
whole benthic food web is coupled directly to SPOM,
and the detritus food web, which is typical for most
benthic systems (Jarre-Teichmann et al. 1997), is missing
completely.
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