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Abstract The Victoria-Land Transect project onboard
the Italian research vessel ‘‘Italica’’ in February 2004,
was a large-scale attempt to obtain benthic samples of
smaller macrozoobenthic specimens systematically along
a latitudinal and a depth transect along the Victoria-
Land coast. Data presented from this survey are based
on Rauschert dredge samples, which were taken at four
areas at depth ranging from 84 to 515 m. A cluster
analysis based on relative numbers of abundance was
performed and demonstrated a change in community
structure depending on the location along the latitudinal
transect. A change in community structure with depth
was not recorded. Dominant taxa of the Ross Sea fauna
along the Victoria-Land coast were the Arthropoda
(65.7%), followed by Annelida (20.7%), Mollusca
(9.6%) and Echinodermata (2.5%). Total number of
abundance decreased with depth with an exception at
Cape Russell, whereas a trend in biomass was not doc-
umented. Abundance and biomass proportions of major
taxa changed gradually along the latitudinal transect.

Introduction

Numerous studies were performed to describe the
benthos of high Antarctic shelf seas (e.g. Dearborn 1967;

Dayton et al. 1970; Dayton and Oliver 1977; Dell 1990;
Galerón et al. 1992; Gerdes et al. 1992; Arntz et al. 1994;
Starmans et al. 1999), and one of the most striking
characteristics, recorded of the benthos of the Antarctic
shelf, is its richness in biomass and diversity (e.g.
Hedgpeth 1969; Dell 1972; White 1984; Picken 1985;
Dayton et al. 1994; Brey and Gerdes 1997). Particularly,
the macrozoobenthic community structure of the south-
eastern Weddell Sea shelf is rather well known. Thus,
three major benthic communities can be found in this
area, which are characterized by suspension feeders,
such as Porifera and Bryozoa, or mainly Bryozoa, or
detritus feeders such as Holothurida and Polychaeta
(Voß 1988; Gerdes et al. 1992; Gutt and Starmans 1998).

Most of the research characterizing habitats of the
Ross Sea has been done around McMurdo Sound
(Waterhouse 2001). Information about macrozooben-
thic communities along the Victoria-Land coast (Ross
Sea) is limited to only few restricted shallow water areas
as Terra Nova Bay. Often previous sampling was cen-
tred on certain benthic groups such as Amphipoda,
Mollusca, Polychaeta, and Porifera (e.g. Dayton 1972;
Stockton 1984; Gambi et al. 1997; Knox and Cameron
1998; Cattaneo-Vietti et al. 1999; Cantone et al. 2000).

A first systematic classification of benthic communi-
ties of the southern Ross Sea was described from
material obtained during the Trans-Antarctic Expedi-
tion from 1955–1958 and material collected by the New
Zealand Oceanographic Institute. Bullivant (1967b)
described 3 major benthic assemblages, which were
linked to the substratum. The Deep Shelf Mixed
Assemblage is characterized by Polychaeta, Bryozoa,
Gorgonaria, and Echinodermata. Important elements of
the Deep Shelf Mud Bottom Assemblage are Polychaeta
and Echinodermata, whereas in the Pennell Bank
Assemblage Bryozoa, Gorgonaria, Porifera, Tunicata,
Cnidaria, and Echinodermata are common (Bullivant
1967b).

During the ROSSMIZE (Ross Sea Marginal Ice Zone
Ecology) project carried out from RV ‘‘Italica’’ in 1994
and 1995, several macrobenthic samples were taken
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using a box-corer. While the sample areas were distrib-
uted in shallower waters along the Victoria-Land coast,
only three stations in depths of 450, 580, and 810 m were
sampled (Gambi and Bussotti 1999).

The cruise with RV ‘‘Italica’’, which was carried out
in cooperation with the New Zealand RV ‘‘Tangaroa’’,
was a large scale attempt to take samples systematically
along a latitudinal and depth gradient. As there is little
known about the ecosystem of the northern Victoria-
Land coast, both the Italian research programme as well
as the New Zealand Biodiversity Strategy programme
‘‘BioRoss’’ will essentially enhance our knowledge about
biodiversity, structure, and composition of macrozoo-
benthic communities in the Ross Sea. The results shown
in this paper represent some of the first analysed datasets
from the study area.

Materials and methods

During the 19th Antarctic expedition of RV ‘‘Italica’’
to the Ross Sea in austral summer 2004, 18 dredge
samples were taken along a latitudinal transect between
Cape Adare and Terra Nova Bay. Sampling was per-
formed in four areas: Cape Adare, Cape Hallett,

Coulman Island, and Cape Russell (Fig. 1; Table 1).
As the sample station at Santa Maria Novella (Terra
Nova Bay) is located nearby the Cape Russell area it is
treated as part of this area and pooled for further
analysis. Samples of area Cape Hallett were obtained
from two depths transects inside and outside Cape
Hallett Bay. At each area a slightly modified Rauschert
dredge (Fig. 2, cf Lörz et al. 1999) with a mesh size of
500 lm and an opening of 0.5 m, was used to take
samples from water depth between 84 and 515 m. The
dredge was trawled over the ground at a mean veloc-
ity of 1 knot. Haul lengths varied from 59 to 575 m
(Table 1). As this type of dredge was specially designed
to obtain small macrobenthic animals like peracarid
crustaceans, an inner net with a mesh size of 1 cm was
used to hold back larger objects to prevent the small
dredge from being blocked too quickly. The material
was sieved on a 500 lm mesh, preserved in 90% pre-
cooled ethanol, and kept in �25�C for later DNA
extraction.

In the laboratory, samples were sorted into major
taxonomic groups using a stereomicroscope. Biomass is
given as ash free dry mass (AFDM) calculated from wet
mass (WM) using conversion factors presented by Brey
(2001).

Fig. 1 Victoria-Land coast
(Ross Sea, Antarctica); sample
areas: Cape Adare, Cape
Hallett, Coulman Island, and
Cape Russell, position of
sampling marked with dots
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A cluster analysis was carried out with the pro-
gramme Primer (v. 5.1.2) of the Plymouth Marine
Laboratory (Clarke and Goreley 2000) using Bray-

Curtis-Index (Bray and Curtis 1957) and group average
method. Because of the semi-quantitative nature of data
from a dredge, relative numbers of abundance were used
to calculate the analysis. As proper transformation for
relative data, the function of arc sin was applied.

Results

A total of 27 taxonomic groups were identified from the
area under investigation. The number of taxa varied
between 14 and 27 with stations. In terms of abundance
and biomass, the macrozoobenthic community of the
Ross Sea shelf along the Victoria-Land coast collected
with the Rauschert dredge was dominated by Arthro-
poda, followed by Annelida, Mollusca, and Echinoder-
mata (Fig. 3). The Annelida were dominated by
Polychaeta (99.7% of total annelid abundance and

Table 1 Rauschert dredge stations of the Victoria-Land Transect Cruise, Ross Sea

Station north to south Date Position Depth [m] Haul length [m] Sediment

latitude [S] longitude [E]

Cape Adare
A1 15/02/2004 71�15.5¢ 170�41.9¢ 515 358 sand with few pebbles and stones
A2 14/02/2004 71�17.3¢ 170�39.2¢ 421 298 sand and gravel
A3 14/02/2004 71�18.7¢ 170�29.2¢ 305 257 sand
A4 14/02/2004 71�18.4¢ 170�28.9¢ 230 376 sand and pebbles
A5 15/02/2004 71�18.7¢ 170�25.5¢ 119 59 sand with pebbles and stones
Cape Hallett
H out 1 09/02/2004 72�15.7¢¢ 170�24.8¢ 458 375 mud and pebbles
H out 2 11/02/2004 72�17.5¢¢ 170�29.4¢ 353 375 sandy mud and stones
H out 4 12/02/2004 72�18.5¢¢ 170�26.8¢ 235 194 sand
H in 2 10/02/2004 72�16.9¢ 170�12.2¢ 391 186 coarse sand and small gravel
H in 3 16/02/2004 72�17.0¢ 170�13.1¢ 316 194 muddy sand with stones
H in 4 16/02/2004 72�17.1¢ 170�14.0¢ 196 169 mud and sand
H in 5 16/02/2004 72�17.2¢ 170�17.9¢ 84 113 small gravel
Coulman Island
C1 18/02/2004 73�24.5¢ 170�23.2¢ 474 375 mud and small gravel
C2 18/02/2004 73�22.7¢ 170�06.9¢ 410 153 mud and pebbles
Cape Russell
SMN 20/02/2004 74�43.2¢ 164�13.1¢ 366 192 sand with gravel and stones
R2 21/02/2004 74�49.0¢ 164�18.1¢ 364 575 fine sand
R3 20/02/2004 74�49.3¢ 164�11.5¢ 330 565 rock, sand, mud and pebbles
R4 20/02/2004 74�49.3¢ 164�11.5¢ 208 97 rock, mud and large stones

500 mm

180 mm

Fig. 2 Rauschert dredge, changed after Nickel (2003)
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Fig. 3 Relative composition of
major taxa from the Antarctic
Ross Sea shelf off the Victoria-
Land coast; a abundance,
b biomass (AFDM)
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100% of total annelid biomass); only few specimens of
Hirudinea were found. Most Arthropoda belonged to
the Crustacea (95.3% of total abundance and 95.9% of
total biomass). Further arthropod taxa, other than
Crustacea, belonged to Pycnogonida and Acari.

Sampling areas of Coulman Island and Cape Adare
differed in the distribution pattern of major benthic taxa

when compared with the other areas. Most abundant
taxon of the Coulman Island area was Annelida
(62.8%), whereas the community of Cape Adare is
characterized by an increased proportion of Mollusca
(32.1%), which is attributed to an increase in Gastro-
poda (Fig. 4; Table 2) at stations A3 and A4 (Fig. 5).
Again, in terms of biomass Annelida (58.9%) showed an
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Table 2 Relative abundance (%) of macrozoobenthic taxa from investigated sub-areas of the Antarctic Ross Sea shelf

Cape Adare Cape Hallett Coulman Island Cape Russell Ross Sea total

Arthropoda 53.80 76.23 26.56 80.04 65.75
Acari 3.33 0.65 0.00 0.93 0.98
Pycnogonida 1.40 2.75 0.91 1.33 2.13
Amphipoda 31.13 50.19 7.35 27.13 38.64
Cumacea 0.18 2.12 1.51 29.07 4.34
Decapoda 0.00 0.01 0.01 0.05 0.01
Isopoda 12.47 16.77 8.34 14.31 14.61
Mysidacea 0.21 0.02 0.03 0.66 0.11
Tanaidacea 5.02 3.61 8.49 6.49 4.83
Unidentified 0.06 0.11 0.00 0.08 0.08
Echinodermata 6.11 1.99 2.03 0.78 2.50
Asteroidea 0.19 0.09 0.07 0.05 0.10
Crinoidea 0.05 0.03 0.03 0.00 0.03
Echinoidea 0.05 0.03 0.04 0.04 0.04
Holothuroidea 1.32 0.04 0.21 0.13 0.27
Ophiuroidea 4.49 1.80 1.67 0.56 2.06
Mollusca 32.13 6.13 5.12 2.69 9.56
Bivalvia 1.19 0.89 3.31 0.58 1.32
Cephalopoda 0.00 0.00 0.00 <0.01 <0.01
Gastropoda 30.43 2.90 0.95 1.29 6.59
Polyplacophora 0.00 0.02 0.00 <0.01 0.01
Scaphopoda 0.00 0.01 0.55 <0.01 0.09
Aplacophora 0.52 2.23 0.31 0.80 1.54
Annelida 6.87 14.58 62.80 14.64 20.69
Hirudinea 0.01 0.09 0.03 0.00 0.06
Polychaeta 6.86 14.49 62.77 13.64 20.63
Others 1.09 1.07 3.99 1.85 1.50
Brachiopoda 0.06 0.05 0.20 0.03 0.07
Cnidaria 0.04 0.01 0.00 0.00 0.01
Nemertini 0.72 0.74 1.92 1.08 0.95
Plathelminthes 0.04 0.14 0.00 0.06 0.10
Sipunculida 0.23 0.12 1.27 0.68 0.36
Tunicata <0.01 0.01 0.00 0.00 <0.01
Mean abundance [ind. m�2] 26 74 65 20 26
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exceptionally high portion at Coulman Island, but the
biomass of Mollusca (4.6%) was not increased at Cape
Adare (Fig. 6; Table 3).

Taking into account an increased proportion of
Annelida at Coulman Island, a trend of decreasing
portions of abundance with latitude was found for
Echinodermata, whereas portions of abundance of the
Annelida showed the lowest numbers at the northern
area Cape Adare. The portion of Arthropoda abun-
dance increased, but biomass decreased with latitude
(Tables 2, 3).

Cape Russell showed the lowest mean abundances
(21 ind. m�2), whereas at Cape Hallett mean abundance
was highest (75 ind. m�2, Table 4). Mean biomass value
was lowest at Cape Russell and varied between
0.018 gm�2 (AFDM) (Cape Russell) and 0.033 gm�2

(AFDM) (Cape Hallett), (see Table 4).

The samples reflected a tendency of decreasing
abundance with increasing depth (Table 5), with the
only exception at Cape Russell where abundance in-
creased with depth (Fig. 5). Biomass distribution dis-
played the same tendency, but both abundance and
biomass numbers increased in the deepest samples from
400 to 515 m (Table 5).

The cluster analysis showed a separation of stations
into six clusters (Fig. 7). Cluster C (similarity of about
40%) contained the stations off Coulman Island, cluster
A2 (similarity of about 50%) combined stations A3 and
A4. Again, stations off Coulman Island and stations A3
and A4 off Cape Adare differed from the other stations.
Cluster R (similarity of about 60%) contained the sta-
tions of Cape Russell with one exception: station R4 is
located in the cluster H of Cape Hallett. The remaining
clusters A1 and H are separated at about 65% similarity
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and comprise the stations of Cape Adare and Cape
Hallett respectively. Merely station Hin5 is located
within Cluster A1. As a general attribute, with respect to
the exceptions mentioned above, stations are grouped
according to their sample area.

Most characteristic for cluster C (Coulman Island) is
the very high portion of Polychaeta (Table 3) and the
lowest portion of Amphipoda and Isopoda. Cluster A2

as part of the area Cape Adare is characterized by re-
duced portions of Amphipoda, Tanaidacea, and Poly-
chaeta, whereas Holothuroidea, Ophiuroidea, and
especially Gastropoda show increased portions. Differ-
ences in between the remaining clusters are less distinct.

Cluster R showed the highest portions of Cumacea and
low portions of Polychaeta. Within Cluster A1 Amphi-
poda were increased, whereas Isopoda and Cumacea
were reduced. On the other hand, Tanaidacea showed a
higher portion than in the other clusters.

Discussion

Selectivity of Rauschert dredge

A Rauschert dredge was used for sampling during
the cruise with RV ‘‘Italica’’, which is known for its

Table 3 Relative biomass (AFDM %) of macrozoobenthic taxa from investigated sub-areas of the Antarctic Ross Sea shelf

Cape Adare Cape Hallet Coulman Island Cape Russell Ross Sea total

Arthropoda 63.34 57.08 29.13 51.85 53.76
Acari 0.25 0.03 0.00 <0.01 0.08
Pycnogonida 1.89 6.23 1.24 1.01 3.75
Amphipoda 56.22 43.88 21.91 24.61 41.16
Cumacea 1.22 1.47 2.30 10.82 2.72
Decapoda 0.00 0.41 0.03 0.66 0.28
Isopoda 3.40 4.72 3.20 14.22 5.38
Mysidacea 0.03 0.00 0.01 0.00 0.01
Tanaidacea 0.32 0.29 0.46 0.50 0.35
Unidentified <0.01 0.05 0.00 0.03 0.03
Echinodermata 5.69 3.39 4.79 1.47 3.92
Asteroidea 0.68 0.59 0.29 0.10 0.51
Crinoidea 0.03 0.01 0.22 0.00 0.05
Echinoidea 0.32 0.17 0.07 0.10 0.18
Holothuroidea 0.46 0.70 2.60 1.01 0.97
Ophiuroidea 4.19 1.91 1.60 0.27 2.22
Mollusca 4.59 4.57 3.23 3.51 4.24
Bivalvia 0.37 0.53 1.99 0.54 0.71
Cephalopoda 0.00 0.00 0.00 2.26 0.29
Gastropoda 3.99 3.43 1.02 0.51 2.83
Polyplacophora 0.00 0.02 0.00 0.07 0.02
Scaphopoda 0.00 0.02 0.13 <0.01 0.03
Aplacophora 0.22 0.57 0.10 0.12 0.36
Annelida 24.88 33.24 58.90 42.15 36.17
Hirudinea 0.00 0.01 0.02 0.00 0.01
Polychaeta 24.88 33.23 58.88 42.15 36.17
Others 1.50 1.73 3.95 1.02 1.92
Brachiopoda 0.33 0.08 0.43 0.13 0.20
Cnidaria 0.06 0.01 0.00 0.00 0.02
Nemertini 0.98 1.18 3.30 0.35 1.34
Plathelminthes 0.05 0.16 0.00 <0.01 0.09
Sipunculida 0.08 0.15 0.22 0.53 0.19
Tunicata <0.00 0.14 0.00 0.00 0.07
Mean biomass [AFDM gm�2] 0.021 0.034 0.032 0.018 0.044

Table 4 Benthos data of the investigated sub-areas of the Antarctic Ross Sea shelf

Cape Adare Cape Hallett Coulman Island Cape Russell

No. of stations 5 7 2 4
Depth range [m] 119–515 84–460 410–474 208–366
Mean abundance [ind. m�2] 26±17 75±91 65±60 21±18
Min-max abundance [ind. m�2] 3–55 10–287 5–125 5–51
Mean biomass [AFDM gm�2] 0.021±0.008 0.033±0.040 0.032±0.038 0.018±0.012
Min-max biomass [AFDM gm�2] 0.010–0.031 0.004–0.108 0.005–0.058 0.011–0.031
Mean biomass [WM gm�2] 0.199±0.232 0.128±0.047 0.178±0.217 0.090±0.057
Min-max biomass [WM gm�2] 0.068–0.177 0.023–0.631 0.024–0.332 0.052–0.156
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effectiveness of catching smaller macrozoobenthic ani-
mals (especially peracrid crustaceans) compared to
other sampling gear such as a Agassiz trawl (Lörz et al.
1999). Previous surveys to the Ross Sea were restricted
to certain areas of the Victoria-Land coast or used
wide-meshed nets for dragged gear only (e.g. Bullivant
1967a; Dayton et al. 1974; Gambi et al. 1997; Catta-
neo-Vietti et al. 2000). For that reason only a minor
part of the species from the Ross Sea fauna is recorded
so far. The use of the Rauschert dredge substantially
increased the numbers of recorded cumacean species
from the Ross Sea known until now (to 290%) and we
expect to find similar situations for other peracarid
crustaceans, which are known as a particularly speciose
group of the Southern Ocean (DeBroyer and
Jazdzewski 1996; Brandt 1999). One disadvantage of
the dredge is its semi-quantitative sampling, making
comparison with quantitative sampling gear, such as
grabs, more difficult (Eleftheriou and Holme 1984;
Rumohr 1990). Nevertheless, dragged gear qualifies for
collecting samples from a vast surface compared to
qualitative sampling gear, which lead to the deployment
of dredges and trawls in preliminary studies to give
primary insight into distribution and community
structures (Arntz et al. 1996; Arnaud et al. 1998).
Dragged gears are, in addition, particularly valuable to

assess the species diversity of an area. The Rauschert
dredge is equipped with a net to hold back all objects
larger than 1 cm, which otherwise would quickly block
the net. This selective nature of the dredge explains
differences to other studies carried out with other
dredges, like Agassiz trawls. For that reason, our
samples did contain only very few of Porifera, often
these were only fractions; but we know from using
other methods such as the SplashCam that Porifera are
an important element of the communities in question.
Porifera are typical of high Antarctic shelf communities
and contribute an important amount, up to 47%, to
biomass in the Weddell Sea (Gerdes et al. 1992; Brey
and Gerdes 1999). Further taxa, which were not re-
corded sufficiently, were Ascidiacea, Bryozoa, and
Cnidaria these taxa are important in terms of biomass
as well (Bullivant 1967b; Dayton et al. 1974, 1994; Voß
1988; Brey and Gerdes 1999), thus a comparison be-
tween the two areas has to be treated very carefully,
considering different sampling gear. Ascidiacea, Bryo-
zoa, and Porifera were excluded from this quantitative
analysis, because of the irregular catches. As a conse-
quence of the method, absolute numbers in biomass
were lower than what we can expect for this area by
comparison with other studies from the Weddell Sea
(0.124–1,640 g wet weight) (Gerdes et al. 1992) and the

Table 5 Depth distribution of macrozoobenthic abundance and biomass of the Antarctic Ross Sea shelf

Depth No. of
stations

Mean abundance
[ind. m�2]

Min-max abundance
[ind. m�2]

Mean biomass
[AFDM m�2]

Min-max biomass
[AFDM m�2]

Mean biomass
[WM m�2]

Min-max biomass
[WM m�2]

84–200 m 3 134 29–287 0.043 0.005–0.108 0.124 0.011–0.315
201–300 m 3 44 5–72 0.033 0.026–0.041 0.103 0.082–0.129
301–400 m 7 21 10–51 0.015 0.006–0.031 0.041 0.016–0.078
401–515 m 5 33 3–125 0.026 0.005–0.058 0.075 0.012–0.166
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sub-Antarctic Magellan region (0.01–22.88 gC m�2)
(Thatje and Mutschke 1999).

Community structure

The investigation of the macrozoobenthic community
along a latitudinal transect was one of the main aims of
the Victoria-Land Transect Cruise (Ramorino 2004). We
were not able to identify all taxa to species level and thus
in this paper we do only present preliminary data for the
major 27 groups, which enable us to present an overall
assessment of community structure. Species-level iden-
tification will be done by specialists for each taxonomic
group; a future work that might take years to be com-
pleted. Data from this survey showed a gradual change
in community composition of major macrozoobenthic
taxa along a latitudinal cline. According to the cluster
analyses, the structure of the community depended on
the sample area.

Special situations were found for the community of
Coulman Island and two of the stations (A3, A4) off
Cape Adare. In the latter, the community was domi-
nated by Polychaeta (62 %), and Gastropoda (47 %),
respectively, instead of Arthropoda. The sediment of
Cape Adare showed only slight variation and in con-
trast to abundance, biomass distribution of the devi-
ating stations corresponded more with the remaining
stations of the area. Thrush et al. (2004) recorded ice-
berg disturbance with a SplashCam for Cape Hallett
and Cape Russell, and concluded that the iceberg dis-
turbance regime was an important factor in determin-
ing community structure. Therefore the difference of
the deviating stations appeared to be caused by iceberg
disturbance. Unfortunately only two samples were
taken at Coulman Island, thus deviation of community
structure of this area might result from a disturbed
area as well. However conditions at Coulman Island
differed to that of the other areas, since the sediment
mainly consisted of mud instead of sandy sediments,
what could be an indication for a distinct community
at Coulman Island. Furthermore, Bullivant (1967b)
described the ‘‘Deep Shelf Mud Bottom Assemblage’’
dominated by polychaetes, which was found close to
Coulman Island. In their quantitative analysis of the
Ross Sea benthos in 1994 and 1995, Gambi and
Bussotti (1999) excluded the very few colonial organ-
isms (sponges, cnidarians, and bryozoans), which were
found in the samples. From there a comparison of the
two studies should be simplified, still the different gear
used has to be taken into account. As the box-corer is
predominantly samples infauna, one should expect
more infaunal organisms in the samples from 1994 and
1995. During 1994 and 1995 the stations with muddy
sediment were dominated by Polychaeta (58–78%),
whereas the station with sandy sediment was domi-
nated by Crustacea (mainly Amphipoda) (50%). This
reflects similar differences found between the stations
with different sediment types of this study.

The contrasting trends found in the change of pro-
portion of arthropod abundance and biomass can be
explained with changing proportions of arthropod taxa.
The portion of Isopoda and Cumacea increases with
latitude, whereas the portion of Amphipoda is low at the
southernmost sample area Cape Russell. Amphipoda
tend to be larger than Isopoda and Cumacea, and thus
the biomass of Amphipoda is higher than that of Iso-
poda and Cumacea, hence a decreasing proportion of
biomass despite an increasing portion of abundance of
Arthropoda with latitude.

A tendency towards increasing density with
decreasing latitude as it was found further to the
south at the west coast of McMurdo Sound (Dayton
and Oliver 1977) was not confirmed for the sample
areas and therefore might be limited to McMurdo
Sound. This result corresponds with the assumption
that no distinct latitudinal gradient exists in organism
density and biomass from the Magellan region to the
high Antarctic (Gerdes and Montiel 1999; Piepenburg
et al. 2002). The pattern of decreasing abundance
coincided with decreasing depth, as known from sev-
eral regions, such as the high Antarctic Weddell Sea
and the sub-Antarctic Magellan Region (Brey and
Gerdes 1998; Thatje and Mutschke 1999; Piepenburg
et al. 2002).
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