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ABSTRACT: Cephalopods play an important ecological role in the Southern Ocean, being the
main prey group of numerous top predators. However, their basic ecology and biogeography is
still poorly known, particularly in the lightly sampled Pacific sector of the Southern Ocean. We col-
lected and analysed information on cephalopods in that area, using Antipodean and Gibson's
wandering albatrosses (Diomedea antipodensis antipodensis and D. antipodensis gibsoni, respec-
tively) breeding at Antipodes Islands and Auckland Islands, respectively, in the New Zealand sub-
antarctic islands as samplers, as they are known from tracking studies to cover huge areas of the
Pacific sector of the Southern Ocean (Antipodean wandering albatrosses mostly forage east of
New Zealand, whereas Gibson's wandering albatrosses forage west of New Zealand). A total of
9111 cephalopod beaks, from 41 cephalopod taxa, were identified from boluses (voluntarily regur-
gitated items by chicks). The families Histioteuthidae (e.qg. Histioteuthis atlantica) and Onycho-
teuthidae (e.g. Moroteuthis robsoni) were the most important cephalopods numerically and by
reconstructed mass, respectively, in both wandering albatross species. Combining this informa-
tion with previously gathered data on cephalopods in the Atlantic and Indian sectors of the South-
ern Ocean, we provide evidence from predators of the circumpolar distribution of numerous key
cephalopod species in the Southern Ocean, and provide new information on poorly known
cephalopods (i.e. relevance in the diet of wandering albatrosses, sizes consumed, biodiversity in
the South Pacific, assemblages according to predator breeding sites) in one of the most remote
ocean areas in the planet.
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INTRODUCTION

There remains much to be learnt about cephalopod
systematics and biogeography, and our knowledge of
this group is relatively poor compared to that of other
marine taxa (Roeleveld 1998). Cephalopods are
widely distributed throughout all oceans, inhabit
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diverse ecosystems, including coastal shelves, open
oceans and the deep sea, and support important fish-
eries worldwide (Hunsicker et al. 2010). Approxi-
mately 800 species of cephalopods have been
described, including demersal species (e.g. octopods)
and pelagic cephalopods, primarily squids (Boyle &
Rodhouse 2005).
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In the Southern Ocean (defined here as south of the
subtropical front), the cephalopod fauna is particu-
larly poorly known, despite growing evidence that
cephalopods play an important role in Antarctic
marine ecosystems (Collins & Rodhouse 2006, Mur-
phy et al. 2007, Xavier & Cherel 2009, Rodhouse et al.
2014). Cephalopods exhibit a ‘live fast and die young'
life cycle (i.e. fast growth rate with semelparity as a
reproductive strategy), which can result in either
positive or negative effects in response to environ-
mental change: due to having a fast life cycle, with
numerous species living 1-2 yr only (Boyle & Rod-
house 2005), cephalopods can be both sensitive (in
terms of rapid response; e.g. if environmental con-
ditions are unfavourable, cephalopod populations
could be highly affected) and resilient (in terms of
recovery; e.g. if environmental conditions promote
habitat expansion, cephalopod populations may be
able to recover quickly) to phenomena such as over-
fishing, and climate variability and change (Pecl &
Jackson 2008, André et al. 2010, Rodhouse 2013,
Constable et al. 2014). One of the main limitations to
advancing our understanding of Southern Ocean
cephalopods is that they are notoriously difficult
to catch through conventional, net-based sampling
approaches (Rodhouse et al. 1996, Collins et al. 2004,
Collins & Rodhouse 2006, Xavier et al. 2007a). There-
fore, much of our knowledge of cephalopods from the
Southern Ocean has been acquired through studies
of their predators (Cherel et al. 2004, Xavier & Cherel
2009, Xavier et al. 2013b). For example, of the 40 or
so cephalopod species recorded from seabird diet
studies in the Southern Ocean, only 3 are commonly
caught in net-haul samples (Clarke 1977, Rodhouse
1990, Cherel & Klages 1998, Xavier et al. 2003b).

Defining diet is a crucial first step in order to better
understand trophic interactions and hence build
robust, meaningful marine food web models (Hill et
al. 2012, Murphy et al. 2012), and identifying cepha-
lopods from stomach contents is a standard tech-
nique. Increased knowledge of the morphology of
cephalopod beaks (chitinous hard structures that
resist digestion) has enabled identification to species
level of most of the accumulated cephalopod beaks
recovered from the stomachs of predators such as
whales, seabirds and seals which prey on cephalo-
pods (Clarke 1986, Imber 1992, Lu & Ickeringill 2002,
Xavier & Cherel 2009, Xavier et al. 2011). This infor-
mation can not only help in characterizing the diet of
these predators, but also can provide useful insights
into cephalopod species composition, distribution,
abundance and ecology of the oceans within the
range of the predators studied (Cherel et al. 2004,

Xavier et al. 2006, 2013b, Xavier & Croxall 2007).
This can be particularly important for understanding
the ecology and status of cephalopod species that
have not been subject to a commercial fishery, as is
the case for Southern Ocean cephalopods (Collins &
Rodhouse 2006, Xavier et al. 2007b).

Albatrosses, including wandering albatrosses Dio-
medea spp., are cephalopod predators, which spe-
cialize in feeding on a wide range of oceanic squid
and octopod species in subtropical waters in the
north to Antarctic waters in the south (Imber 1992,
Ridoux 1994, Cherel & Klages 1998, Xavier et al.
2003). During the chick-rearing period, which can
last up to 9 mo, wandering albatross adults may pro-
vide as many as 60 different cephalopod taxa to their
chicks (Rodhouse et al. 1987, Imber 1992, Cherel &
Klages 1998, Xavier et al. 2003). Before fledging,
albatross chicks voluntarily regurgitate a bolus (also
known as a cast or pellet) of all indigestible items, in-
cluding cephalopod beaks, retained during the chick-
rearing period (Xavier et al. 2005). These boluses
represent a valuable non-invasive source of informa-
tion regarding predator-prey interactions between
albatrosses and their cephalopod prey (Xavier &
Cherel 2009, Xavier et al. 2011).

The Pacific sector of the Southern Ocean is con-
sidered one of the most poorly sampled areas for
cephalopods (Griffiths 2010), though there is high
demand for information on cephalopods from this
region for building integrated food web models of the
Southern Ocean (Murphy et al. 2012, Gutt et al. 2013,
Xavier et al. 2013a, in press). The wandering alba-
tross taxa breeding at Antipodes and Auckland
Islands are closely related, with recent genetic work
suggesting they should be regarded as a single spe-
cies, Diomedea antipodensis (Burg & Croxall 2004)
but this issue remains a contentious decision and one
that is likely to be revisited when new data are pub-
lished. This is because the populations of D. anti-
podensis breeding at Antipodes and at Adams Island
(as part of the Auckland Islands) are sometimes
considered as sub-species: Antipodean albatross
D. antipodensis antipodensis and Gibson's albatross
D. antipodensis gibsoni, respectively (Miskelly et al.
2008, Robertson et al. 2013), as they exhibit different
foraging areas (see next paragraph), are distinguish-
able genetically (Burg 2007), have different breeding
cycles (Walker & Elliott 2005) and can be sexed and
differentiated by plumage alone (K. Walker & G.
Elliott unpubl. data), Therefore, in this paper we con-
sider that Gibson's wandering albatrosses D. antipo-
densis gibsoni and Antipodean wandering albatros-
ses D. antipodensis antipodensis as sub-species.
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The diet of both sub-species comprises fish and
cephalopods, with the cephalopod component being
analysed previously in detail in 2 studies (Imber &
Russ 1975, Imber 1992). No further investigations of
their diets have been published in the last 20 yr.
While there is a small overlap in distribution, Anti-
podean wandering albatrosses mostly forage in the
Pacific Ocean east of New Zealand across to Chile
and down to Antarctic waters, whereas Gibson's
wandering albatrosses forage largely in and north of
the subtropical convergence in the Tasman Sea and
Great Australian Bight west of New Zealand (Walker
& Elliott 2006). Our main goal was to collect informa-
tion on the cephalopod fauna inhabiting the Pacific
sector of the Southern Ocean (and surrounding
waters) using Antipodean and Gibson's wandering
albatrosses as biological samplers, with a secondary
goal of comparing the cephalopod component of
their diets with results from previous studies across
the Southern Ocean. Finally, we integrate our results
to provide a broad overview of cephalopod biogeo-
graphy in one of the most remote areas of the
Southern Ocean.

MATERIALS AND METHODS

The boluses regurgitated voluntarily by Antipo-
dean and Gibson's wandering albatross (Diomedea
antipodensis antipodensis and D. antipodensis gib-
soni, respectively) chicks were collected randomly
from their nests at Antipodes Island (49°S, 178°E)
and Adams Island, Auckland Islands (51°S, 166°E),
respectively, between December 2001 and January
2002 (i.e. reflecting food delivered to albatross chicks
between April and December in the 2001 breeding
season).

The boluses were kept in plastic bags and frozen at
—20°C until analysed following Xavier et al. (2003)
and Xavier & Cherel (2009). Cephalopod beaks were
cleaned and separated into upper and lower beaks.
The upper beaks were counted and stored in 70 %
ethanol for later analyses, should there be substantial
differences between the number of upper and lower
beaks (Xavier et al. 2011). The lower beaks were
identified and counted, measured (i.e. lower rostral
length [LRL] for squid and lower hood length [LHL]
for octopus species) using Vernier calipers (with a
precision of 0.1 mm). The identification of the lower
beaks followed Xavier & Cherel (2009), and the sys-
tematic order by Clarke (1986), and was checked
against reference collections held at the British
Antarctic Survey (UK), Centre d'Etudes Biologiques

de Chizé (France) and at the National Institute of
Water and Atmospheric Research (New Zealand).
Beaks were classified as old or fresh according to
Xavier & Cherel (2009). For each taxa/family, fre-
quency of occurrence, number and reconstructed
mass was calculated, following Xavier et al. (2002).
Allometric equations were used to relate the LRL for
squid or the LHL for octopus species to the original
wet body mass (M, in g) and the mantle length (ML,
in mm) following Lu & Ickeringill (2002), Santos et
al. (2002) and Xavier & Cherel (2009). If allometric
equations were not available for a given species,
equations derived for the same family or of similar
morphology/ecology were applied. The differences
in the sizes of cephalopod species caught by both
albatross species were compared using non-para-
metric Mann-Whitney tests, using the LRL following
Cherel et al. (2004), of a minimum of 10 lower beaks
of a cephalopod species in one of the albatross spe-
cies. Values are given as mean + SD unless otherwise
stated.

RESULTS
Prey species

The boluses from both the New Zealand wander-
ing albatross sub-species contained mainly cephalo-
pod beaks, but also seabird feathers and pieces of
plastic. A total of 9111 beaks were analysed, of which
4855 were upper beaks and 4256 were lower beaks.
All beaks were old (i.e. with no transparent parts nor
flesh attached; Xavier & Cherel 2009). The boluses
from Antipodean wandering albatrosses Diomedea
antipodensis antipodensis contained 2505 upper
beaks and 2374 lower beaks (n = 25 samples), and
those from Gibson's wandering albatrosses D.
antipodensis gibsoni contained 2350 upper beaks
and 1882 lower beaks (n = 23 samples), with 2.7 %
and 11.1% more upper beaks than lower beaks,
respectively. As these percentage values are lower
than 30% of difference between beak types, only
lower beaks were identified, as suggested by Xavier
et al. (2011). A total of 40 and 44 taxa of cephalopods
were identified in Antipodean and Gibson's wander-
ing albatross boluses, respectively (Table 1).

For Antipodean wandering albatrosses, the most
frequently taken species was Histioteuthis atlantica
(which occurred in 100% of the samples), followed
by Taonius sp. B (Voss) (96 %), H. eltaninae (92 %),
Galiteuthis glacialis (88 %) and Moroteuthis knipo-
vitchi (84 %). Together, these species represented
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67 % of the total number of lower beaks (Table 1):
H. atlantica was the most important species numeri-
cally (23% by number), followed by G. glacialis
(13%). By reconstructed mass, M. robsoni (15%), H.
atlantica (12 %), Octopoteuthis cf. megaptera (12 %),
M. knipovitchi (12%) and Kondakovia longimana
(11%) were the most important species. Along with
Taonius sp. B (Voss) (6 %) and M. ingens (5 %), these
7 species (each represented by more than 5% by
reconstructed mass) together contributed 73% by
reconstructed mass of the cephalopod diet. O. cf.
megaptera, K. longimana, M. ingens and M. robsoni
were relatively less numerous (all 4 species com-
bined, 6% by number) in the diet of Antipodean
wandering albatrosses, but made a relatively large
contribution to the reconstructed mass (combined,
43 %), whereas G. glacialis and H. eltaninae were
numerous (13 % and 13 % by number, respectively),
but owing to the relatively small size of these species,
accounted for a relatively small contribution to
the reconstructed mass (3% and 2%, respectively;
Table 1).

For Gibson's wandering albatrosses, H. atlantica
was also the most frequent species (occurring in
100% of the samples) along with O. cf. megaptera
(100 %), followed by G. glacialis, Chiroteuthis ver-
anyi and Cycloteuthis akimushkini (Table 1). There
were only 4 species represented by more than 5% by
number, and these combined contributed only 53 %
of the total number of lower beaks; H. atlantica was
by far the most important species numerically, with
30% by number (Table 1). By reconstructed mass, 6
species each represented more than 5% of the total:
M. robsoni (20 %), Galiteuthis stC sp. (Imber) (16 %),
H. atlantica (14 %), M. ingens (11 %), O. cf. megap-
tera (9%) and Architeuthis dux (6%). Combined,
these 6 species contributed 77% by reconstructed
mass to the cephalopod component of the albatross
chick diet. Relatively large species, such as M.
ingens, O. cf. megaptera, M. robsoni, A. dux and
Galiteuthis stC sp. (Imber), were relatively less
numerous (combined, 11 %), but made a relatively
large contribution to the reconstructed mass (com-
bined, 64 %; Table 1). On the other hand, G. glacialis,
Taonius sp. B (Voss) and Argonauta nodosa were
relatively numerous (9%, 8% and 6% by number,
respectively) but owing to these species relatively
small size, represented a relatively modest contribu-
tion to the reconstructed mass (3 %, 1% and 0.8 % by
reconstructed mass, respectively; Table 1).

Comparing the cephalopod components of both
New Zealand wandering albatross sub-species, the
cephalopod species which were only consumed by

Antipodean wandering albatrosses were Haliphron
atlanticus, Martialia hyadesi, Psychroteuthis glacialis
and Vampyroteuthis infernalis; whereas Oegopsida
sp. A (Cherel), Histioteuthis meleagroteuthis, Bra-
chioteuthis circumantarctica, Architeuthis dux and
Argonauta nodosa were only consumed by Gibson's
wandering albatrosses (Table 1).

Numerically, both New Zealand wandering alba-
tross sub-species fed mainly on cephalopods from the
Family Histioteuthidae (42% and 41% by number
for Antipodean and Gibson's wandering albatrosses,
respectively), with Onychoteuthidae (particularly in
the diet of Antipodean wandering albatrosses; 43 %
by reconstructed mass), Cranchiidae and Octopoteu-
thidae becoming important by reconstructed mass.
In Gibson's wandering albatrosses, the contribution
by reconstructed mass is more evenly distributed
between these 4 families (Table 1). The main differ-
ences between the cephalopod diet of the 2 albatross
sub-species are the absence of Argonauta nodosa in
Antipodean wandering albatrosses (this cephalopod
species was relatively important numerically, at 6 %,
in the diet of Gibson's wandering albatrosses; Table 1),
the relatively high importance in terms of recon-
structed mass of Architeuthis dux and Galiteuthis
stC sp. (Imber; 16 %) in Gibson's wandering albatross
diets, and the relatively high numerical importance
of H. eltaninae (13 %), M. knipovitchi (9 %) and K.
longimana (2 %; Table 1) in the Antipodean wander-
ing albatross diet.

Prey size

Both Antipodean and Gibson's wandering albatross
sub-species fed on adult cephalopods (all beaks had
darkened wings), with the heaviest specimen being
that of Architeuthis dux (13.5 mm LRL, estimated
45.5 kg, 747 mm ML) collected from a Gibson's wan-
dering albatross. Antipodean wandering albatrosses
fed on relatively smaller squids (ranging from 8.5 to
933.2 mm ML) than Gibson's wandering albatrosses
(ranging from 10.9 to 1179.2 mm ML; Fig. 1); the only
octopod in the Antipodean wandering albatross diet
was Haliphron atlanticus, which can reach large ML
sizes (i.e. up to 22908 mm ML), and in Gibson's
wandering albatross, it was Argonauta nodosa, which
reaches up to 121 mm ML (Table S1 in the Supplement
at www.int-res.com/articles/suppl/m513p131_supp.
pdf).

Overall, both wandering albatross sub-species fed
on different sizes of 8 cephalopod species and on
similar sizes of 11 cephalopod species (Table S1;
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Fig. 1. Frequency of occurrence of all squid species by mantle length in the

diet of Antipodean wandering albatrosses Diomedea antipodensis antipo-

densis (upper panel) and Gibson's wandering albatrosses D. antipodensis

gibsoni (lower panel) from Antipodes and Auckland islands, respectively,
in the breeding season of 2001
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Fig. 2. Frequency of occurrence of Histioteuthis atlantica by lower rostral

length in the diet of Antipodean wandering albatrosses Diomedea antipo-

densis antipodensis (upper panel) and Gibson's wandering albatrosses D.

antipodensis gibsoni (lower panel) from Antipodes and Auckland islands,
respectively, in the breeding season of 2001

when comparing the LRL between the same
cephalopod species from both albatross
sub-species). For example, H. atlantica (the
most important cephalopod species, by fre-
quency of occurrence and numerically)
was consumed by both Antipodean and
Gibson's wandering albatrosses and showed
a bimodal frequency distribution of sizes
taken: Antipodean wandering albatrosses
fed on smaller sizes (modes: 3.5-4.0 and
6.0-6.5 mm LRL) compared to Gibson's
wandering albatrosses (modes: 4.5-5.0 and
6.5-7.0 mm LRL; Fig. 2). H. atlantica was
the only cephalopod species to exhibit such
a bimodal frequency distribution. G. gla-
cialis, on the other hand, was consumed by
both albatross sub-species over a similar
size range (mode: 5.0-5.5 mm LRL; Fig. 3).

DISCUSSION

Cephalopod diet of wandering albatrosses
breeding in New Zealand Islands

The overall diet of Antipodean and Gib-
son's wandering albatrosses (Diomedea
antipodensis antipodensis and D. anti-
podensis gibsoni, respectively) breeding
in the New Zealand region is unknown.
Based on diet data from other wandering
albatross populations, the cephalopod com-
ponent is likely to represent more than
50 % of the diets, with fish being the other
major component (Cherel & Klages 1998,
Xavier et al. 2004). One of the primary
aims of the present study was to provide a
detailed and comparative assessment of
the cephalopod component in the diet
of Antipodean and Gibson's wandering
albatrosses.

The relatively large diversity of ce-
phalopods eaten and the differences in the
proportion of each cephalopod species in
the diet of the 2 New Zealand wandering
albatross sub-species studied confirmed
the findings from a limited number of ear-
lier studies based on a much smaller num-
ber of samples collected in the 1970s and
1980s which were pooled and analysed
together (Imber & Russ 1975, Imber 1992).
When comparing our results from both
wandering albatross sub-species (samples
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Fig. 3. Frequency of occurrence of Galiteuthis glacialis by
lower rostral length in the diet of Antipodean wandering
albatrosses Diomedea antipodensis antipodensis (upper
panel) and Gibson's wandering albatrosses D. antipodensis
gibsoni (lower panel) from Antipodes and Auckland islands,
respectively, in the breeding season of 2001

collected in 2001) with the samples collected in 1973,
1975 and 1985 (Imber & Russ 1975, Imber 1992), the
most important cephalopod families remain consis-
tent across all years (Histioteuthidae by number and
Onychoteuthidae by reconstructed mass), with His-
tioteuthis atlantica being the most important by num-
ber (Table S2 in the Supplement at www.int-res.com/
articles/suppl/m513p131_supp.pdf), suggesting that
New Zealand wandering albatrosses' diet has not
markedly changed between decades. However, in
terms of reconstructed mass, Kondakovia longimana,
which was the most important cephalopod species in
Antipodean wandering albatrosses’ diet in the 1970s
and 1980s, was replaced in importance by Moro-
teuthis robsoniin 2001 (Table S2). For Gibson's wan-
dering albatrosses, M. robsoni in the 1970s and 1980s
was superseded by H. atlantica in 2001 as the most
important cephalopod species in the diet by recon-
structed mass (Table S2). Two further temporal dif-
ferences in the diets of New Zealand wandering
albatross sub-species are worth mentioning: firstly,
the increase in importance of the Family Octopo-
teuthidae, with the poorly known Octopoteuthis cf.
megaptera, increasing in the diet of Antipodean
wandering albatrosses from 2% in 1970s/1980s to
16 % in 2001 (by reconstructed mass), and Argonauta

nodosa increasing in importance in the diet of Gib-
son's wandering albatrosses from 1 % in 1970s/1980s
to 6% by number in 2001, thereby becoming the 4th
most numerous species taken in 2001.

Cephalopod assemblages targeted by wandering
albatrosses across the Southern Ocean

Assessing the cephalopod diet of wandering alba-
trosses according to the latitudinal gradient of the
location of their breeding colonies (from south to
north: South Georgia in the low Antarctic zone,
Crozet and Marion Islands in the Antarctic Frontal
Zone, and Auckland, Antipodes and Gough Islands
in subantarctic waters), we noticed the following:

The cephalopod families Onychoteuthidae, Cran-
chiidae and Histioteuthidae are important numerically
in the diet of wandering albatrosses Diomedea exu-
lans breeding in Antarctic waters at South Georgia
(with additionally Ommastrephidae in one year in the
1980s: our Table S3 in the Supplement; Rodhouse et
al. 1987), in the Atlantic sector of the Southern Ocean
(Table S3). By reconstructed mass, the Family Ony-
choteuthidae dominated at South Georgia (Clarke et
al. 1981, Rodhouse et al. 1987, Xavier et al. 2003). At
Marion Island and Crozet Islands, in the Indian Ocean
sector of the Southern Ocean, the Family Onycho-
teuthidae dominated by number and by reconstructed
mass in the diet of wandering albatrosses, mostly due
to K. longimana. In contrast, at Gough Island, located
further to the north (in subantarctic waters), the
Family Histioteuthidae dominated both by number
and by reconstructed mass in the diet of Tristan alba-
tross Diomedea dabbenena (our Table S3; Imber
1992), as it did in the present study at the subantarctic
Antipodes and Auckland Islands (i.e. Family Histio-
teuthidae being the most important by number and
Family Onychoteuthidae by mass; Table 1). Such re-
sults reflect the latitude of the breeding colonies of
wandering albatrosses, with a higher number of sub-
tropical cephalopod species in the northern breeding
colonies (our Tables S2 & S3; Ridoux 1994, Xavier et
al. 2003b). Indeed, cephalopod diversity seems to de-
cline with increasing latitude, e.g. as seen when eval-
uating the diet of Patagonian toothfish Dissostichus
eleginoides (as local cephalopod predators providing
an insight into cephalopod fauna in a region): 29 taxa
are found in Crozet waters (located within the Polar
Frontal Zone), whereas only 16 taxa are found in the
colder South Georgia waters (located in Antarctic wa-
ters), with all of these cephalopod taxa also occurring
at Crozet (Xavier et al. 2002, Cherel et al. 2004).
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The cephalopods taken by wandering albatrosses
in our study were of similar size to those taken previ-
ously in other studies (with comparable data for the
same identified species) on wandering albatrosses
from the Atlantic and Indian Ocean sectors of the
Southern Ocean (Ridoux 1994, Xavier et al. 2003).
One of the main exceptions was Gonatus antarcticus,
of which comparatively large individuals occurred in
the diet of Gibson's wandering albatrosses (mean
LRL: 7.3 £ 0.6 mm; Table S1) relative to Antipodean
wandering albatross diets (mean LRL: 6.4 + 0.8 mm;
Table S1) or in the diet of wandering albatrosses at
South Georgia (mean LRL: 6.3 = 0.0 SE mm; Xavier et
al. 2003b). Conversely, K. longimana occurs in a rela-
tively wide range of sizes in the diet of wandering
albatrosses at South Georgia (K. longimana, mean
LRL: 13.7 = 0.1 SE mm; range: 5.3-22.3 mm LRL;
Xavier et al. 2003b), whereas those taken by Anti-
podean wandering albatrosses, though on average
larger, were more restricted in range of sizes (mean
LRL: 14.2 + 1.7 mm; range: 10.7-18.4 mm LRL;
Table S1), a feature first noted by Imber (1992).
These species-specific differences most likely reflect
differences in the sea temperature-determined avail-
ability and/or abundance of cephalopods between
the differing latitude breeding grounds of wandering
albatrosses, as suggested by Imber (1992), Xavier et
al. (2003b) and Cherel et al. (2004).

Cephalopod fauna from the Pacific sector of
the Southern Ocean

Antipodean and Gibson's wandering albatrosses
proved to be valuable biological samplers of cepha-
lopods in the Pacific sector of the Southern Ocean, in
keeping with previous studies utilizing apex preda-
tors (Clarke et al. 1981, Rodhouse et al. 1987, Cherel
& Weimerskirch 1999, Xavier et al. 2003). We were
able to provide new information on the trophic role,
as prey, of some cephalopod taxa for which almost no
biological information is available. These include
Galiteuthis stC sp. (Imber), a significant species by
reconstructed mass (16.4%; Table 1) in Gibson's
wandering albatross diets (Table 1), but which have
been recorded in the diet of only a very small number
of other predators, including Patagonian toothfish
D. eleginoides in Crozet waters (Cherel et al. 2004).
Similarly, the present study found that the cephalo-
pod species Taonius sp. (Clarke), Moroteuthis sp. B
(Imber), Galiteuthis sp. 3 (Imber), Chiroteuthis sp. F,
?Mastigoteuthis sp. A (Clarke), Mastigoteuthis sp. A
(Imber) and Oegopsida sp. A (Cherel) were taken by

New Zealand wandering albatrosses, but they have
only occasionally been recorded in the diet of other
predators, including albatrosses, Patagonian tooth-
fish, penguins and tuna (Young et al. 1997, Tremblay
& Cherel 2003, Xavier et al. 2003, Cherel et al. 2004),
and their biology and ecology remain virtually un-
known. Remarkably, only a single specimen of Tao-
nius has ever been captured once in the Southern
Ocean using net sampling (Rodhouse 1990), although
beak analyses show that Taonius spp. (including
Taonius sp. B (Voss)) are eaten by not just the New
Zealand wandering albatrosses (Imber 1992, present
study), but also by a wide range of other predators
across the Southern Ocean, including 5 other species
of albatrosses and petrels, sharks, Patagonian tooth-
fish and whales (Xavier & Cherel 2009, present
study). Finally, the cosmopolitan species A. nodosa,
which is distributed worldwide in temperate waters
(including south of Australia), occurred in relatively
high numbers in the diet of Gibson's wandering
albatrosses (which forage extensively in temperate
waters; Walker & Elliott 2006); in contrast, previous
top-predator studies noted this species in relatively
low numbers (Cockcroft et al. 1993, Hume et al. 2004,
Baldassin et al. 2010), and it has never been recorded
in conventional net-sampling studies in the colder
waters of the Southern Ocean (Table 2). Without
studies such as the present one investigating
the composition of the diet of marine predators, we
would know much less about the distribution and
habitat requirements of cephalopods, despite their
crucial role as keystone species within the marine
environment.

Biogeography of cephalopods of the
Southern Ocean

Antipodean and Gibson's wandering albatross
populations forage over relatively large areas of the
central south and west Pacific sector of the Southern
Ocean respectively during their breeding season
(Walker & Elliott 2006), so we can draw some firm
conclusions about which cephalopod species occur
in these waters, albeit at a relatively large scale.
Furthermore, as diet and foraging data are available
for other wandering albatrosses, and other apex
predators, from the Atlantic and Indian sectors of
the Southern Ocean (Table 2), we can additionally
assess with some certainty, in comparison with
cephalopod data from nets (Table 2), which cephalo-
pod species have a circumpolar distribution. A total
of 28 cephalopod taxa, from 17 families, have a cir-
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cumpolar distribution (Table 2). The majority of the
most important cephalopod species in the diet of
Antipodean and Gibson's wandering albatrosses are
known to exhibit a circumpolar distribution: H. atlan-
tica, H. eltaninae, M. knipovitchi, Galiteuthis gla-
cialis, Taonius sp. B (Voss), K. longimana, M. robsoni,
M. ingens, Argonauta nodosa and Architeuthis dux
(Table 2). There is no evidence that the other 2 spe-
cies that are relatively important taxa in the diets of
the New Zealand wandering albatrosses are circum-
polar: Galiteuthis stC sp. (Imber) is only known to
occur in the Indian and Pacific sectors of the South-
ern Ocean, based on the diets of local predators
(Imber 1992, Cherel et al. 2004). Various Octopo-
teuthis spp. (including O. cf. megaptera) do occur
throughout the Southern Ocean in predators diets
(Ridoux 1994, Xavier et al. 2003), but the beaks of
species in this family need to be further reviewed in
order to resolve taxonomic relationships. Cephalo-
pod species with circumpolar distributions, and life
cycles that may allow relatively high numbers of
adult cephalopods to be available to albatrosses in
surface waters (Xavier & Croxall 2007, Xavier et al.
2013b), appear to represent a reliable prey source,
and constitute an important component in the diet of
wandering albatrosses across the entire Southern
Ocean. In the future, if the distributions of lower
trophic level organisms, such as squid, shift south
due to environmental change (IPCC 2013, Rodhouse
2013, Constable et al. 2014), more warm water
cephalopod species and fewer cold water species
(depending on albatross ability to adapt their forag-
ing to prey abundance/availability and distribution)
may be found in the diets of wandering albatrosses.
Our study on the diets of wandering albatrosses
(bring a comparison between data from the 1970s,
1980s and 2000s) provides a baseline contributing
study to assess Southern Ocean ecosystem change
and dynamics in future decades.

Predicting the distribution of cephalopod species of
the Southern Ocean according to water masses,
using wandering albatrosses as biological samplers,
has already been attempted with some success
(Xavier et al. 2006). However, further work would be
required to clearly delineate cephalopod species
according to water mass, as it is not possible to be
totally confident where an albatross consumed each
prey item in their long foraging trips. Indeed, isotopic
work to delineate cephalopod distributions in more
detail is underway to properly address this issue.

Future work should focus on improving the allomet-
ric equations (Xavier et al. 2007a, 2014) to better re-
construct mass estimates but also explore the impact

of scavenging in the estimates of albatross food con-
sumption. It is unlikely that an individual wandering
albatross would be able to consume the largest indi-
viduals of certain species (e.g. K. longimana). Also, it
is also possible that certain albatross individuals may
target parts of a squid (e.g. buccal masses, eyes),
which would over-inflate the reconstructing mass es-
timates at an individual level. However, from a popu-
lation perspective, wandering albatrosses may aggre-
gate to consume these larger individuals together (i.e.
obtaining pieces of these larger squid through tearing
and pulling may be easier), reducing such over-inflat-
ing estimates of squid consumption. Therefore, as-
sessing albatross behaviour at sea and comparing the
percentage of diet estimated by reconstructed mass
from beaks with the percentage of the diet obtained
from complementary biochemical analyses, such as
stable isotope or fatty acid analyses, should also be in-
cluded in future research.

Finally, future work on the description of the com-
plete diet of Antipodean and Gibson's wandering
albatrosses, assessment of the inter-annual variations
in their diets (including the cephalopod component)
and research cruises targeting the larger cephalopod
species commonly found in this study (Xavier et al.
2014) is highly desirable, as the biology of these is
still virtually unknown.
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