
ORIGINAL PAPER

P.M. Arnaud á C.M. LoÂ pez á I. Olaso á F. Ramil
A.A. Ramos-EsplaÂ á A. Ramos

Semi-quantitative study of macrobenthic fauna in the region
of the South Shetland Islands and the Antarctic Peninsula

Received: 20 February 1997 /Accepted: 8 September 1997

Abstract During the BENTART 95 Expedition, 24
Agassiz trawls for macrozoobenthos sampling were
carried out at depths of 40±850 m, from north of
Livingston Island to the Antarctic Peninsula. The sam-
ples were analysed using a semi-quantitative method,
and with the resulting numerical data, transformed into
a six-point scale, we constructed a Bray-Curtis similarity
matrix. A total of 74,624 specimens, belonging to 38
taxonomic groups, were collected. The most abundant
group was Polychaeta Sedentaria, with 36% of the total,
whereas the highest relative masses were from Ascidiacea
(23%), Echinoidea Regularia (18%) and Ophiuroidea
(16%). The maximum number of specimens recorded
was 15,600 ind./50 l. Cluster analysis separated stations
located in Foster Bay (Deception Island), characterised
by low taxonomic richness and high relative mass (av-
erage: 26.7 kg). A zonation of ascidians, regular sea
urchins and ophiuroids was observed at Deception Is-
land, clearly related to depth and substratum type. The
remaining stations were separated into two groups. The

®rst one comprised the shallowest stations (40±130 m),
dominated by sessile active ®lter-feeders, belonging to
Ascidiacea, Demospongia and Bryozoa, and probably
related to high primary production zones. The second
group comprised deeper stations and was dominated by
classes exhibiting a diversity of trophic strategies:
Ophiuroidea and Asteroidea, to 400 m, and Polychaeta
Sedentaria at greater depths.

Introduction

Previous abundance and biomass assessments of
Antarctic benthic fauna have been carried out either by
scuba-diving, as far down as 50 m (Gruzov et al. 1967;
Everson and White 1969; Propp 1970; Hardy 1972;
White and Robins 1972; Dayton and Oliver 1977;
Nakajima et al. 1982; Zamorano 1983; Jazdzewski et al.
1991; Barnes 1995a, b), or by di�erent sampling devices,
grabs and corers (e.g., Van Veen, Petersen, Smith
Mclntyre, Boxcorer, Multiboxcorer) (Gallardo and
Castillo 1969; DesbruyeÁ res and Guille 1973; Mills and
Hessler 1974; Lowry 1975; Gallardo et al. 1977; Guille
1977; Richardson and Hedgpeth 1977; Retamal et al.
1982; Jazdzewski et al. 1986; MuÈ hlenhardt-Siegel 1988,
1989; Gerdes et al. 1992; Saiz-Salinas et al. 1997).

Although trawling has been used frequently in
Antarctica, the data obtained have been analysed only
qualitatively (Bullivant 1959; Ushakov 1963; Retamal
et al. 1982). Voû (1988), studying macrozoobenthic
communities of the Weddell Sea, calculated fauna den-
sities from 1000 m2 of bottom surface, using samples
obtained with an Agassiz trawl; however, Eleftheriou
and Holme (1984) pointed out that this method is only
semi-quantitative, due to the lack of accurate knowledge
regarding the surface e�ectively sampled by the trawl.
Recently, Arnaud et al. (1990) proposed a semi-quanti-
tative method for studying macrozoobenthic communi-
ties by trawling. The aim of this method, which involves
no speci®c identi®cation of the material, is to give a
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preliminary insight into the distribution and trophic
structure of communities in the study area. It was used
during EPOS leg 3 Expedition in the Weddell Sea, and
the results (Arnaud et al. 1990; Galeron et al. 1992)
con®rmed those obtained by Voû (1988). This method
was also used by Arntz et al. (1996) for the study of
benthic communities in the Magellan region.

During the BENTART 95 Expedition on board the
R/V Hesperides, the macrozoobenthos was sampled
from north of Livingston Island to the Antarctic Pen-
insula, as part of a project studying the benthic ¯ora and
fauna of the South Shetland Islands. This paper deals
with the primarily epibenthic macrofaunal communities.

Materials and methods

A total of 24 operations were carried out with an Agassiz trawl
(2.01 m wide and 1.12 m high, having a mesh size of 10 mm) at
depths of 40±850 m, ranging from north of Livingston Island to the
Antarctic Peninsula (Fig. 1, Table 1). Before each operation, a
bathymetric survey was conducted with echo-sounding. The actual
working time on the bottom for each trawl was 5 min.

The large volume of benthic material brought in with the trawls
made exhaustive sorting impossible. Therefore, a semi-quantitative
method, developed during the EPOS programme on board the R/S
Polarstern (Arnaud et al. 1990), was used. A subsample of 50 l was
taken randomly from each catch, and immediately sieved using
three mesh sizes: 10, 5 and 1 mm. The material retained on the
largest mesh was then split into 38 taxonomic groups, which were

Fig. 1 Position of Agassiz trawl
stations during the BENTART-
95 cruise
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counted (or estimated on a six-point subjective scale, in the case of
colonial organisms) and weighed. Finally, the fauna was preserved
in 4% formaldehyde or 70° alcohol for later study.

To enable both the numerical data (derived from counting
solitary organisms) and the estimates (concerning the colonial
groups) to be used, a six-point scale of relative abundance was
employed: absent, very rare, rare, rather common, common and
very common. These data of transformed abundance were used to
construct a Bray-Curtis similarity matrix. Classi®cation was per-
formed using the complete linkage clustering technique.

Results

Faunistic composition

A total of 74,624 specimens of macrobenthic inverteb-
rates (size >10 mm) were collected, mainly from the
epibenthos, but also from the endobenthos (Echiura,
Priapulida, Sipuncula, Scaphopoda, Bivalvia), belonging
to 38 high-range taxa (phylum, class, order).

The taxon having the highest number of individuals
was Polychaeta Sedentaria (36%) (Fig. 2a). The highest
relative masses were yielded by Ascidiacea (23%), Echi-
noidea Regularia (18%) and Ophiuroidea (16%)
(Fig. 2b). Ophiuroidea were collected at every station
sampled; Asteroidea andAscidiacea were present at more
than 90% of stations, and Hydroidea, Polychaeta Err-
antia and Sedentaria, and Amphipoda were collected at
more than 75% of stations. Pterobranchia, Turbellaria
and Polyplacophora were sampled at only one station.

The highest number of specimens were found at station
31, due to the number of Polychaeta Sedentaria, and the
highest relative mass was collected at station 17, due to
Echinoidea Regularia. Taxonomic richness reached a
maximumof 28 taxa at stations 19 and 30, while station 17
yielded the minimum, 6 taxa (Fig. 3).

A�nity between stations

The dendrogram of similarity derived from the Bray-
Curtis index (Fig. 4), after the number of specimens was
transformed into a scale from 1 to 6 (Table 2), distin-
guishes two groups of stations: a group comprising the

Table 1 Station data for the
Agassiz trawl stations Station Date (1995) Latitude S Longitude W Depth (m) Bottom type

1 23.01 62°55.01¢ 60°36.44¢ 40 Gravel
2 16.01 62°56.29¢ 60°38.71¢ 148 Mud
3 17.01 62°37.70¢ 60°22.81¢ 92 Mud
4 17.01 62°38.45¢ 60°24.18¢ 173 Mud
5 23.01 62°41.68¢ 60°31.81¢ 256 Mud
6 18.01 62°43.58¢ 60°26.96¢ 49 Mud
7 18.01 62°44.12¢ 60°27.70¢ 80 Mud
9 19.01 62°39.56¢ 60°38.62¢ 182 Gravel and mud
10 21.01 62°40.53¢ 60°38.95¢ 220 Mud
11 20.01 62°56.86¢ 60°39.34¢ 167 Mud
12 20.01 62°57.67¢ 60°38.00¢ 167 Mud
15 22.01 62°45.79¢ 60°35.70¢ 335 Mud
16 24.01 62°45.17¢ 60°33.10¢ 429 Mud
17 23.01 62°59.36¢ 60°33.85¢ 107 Sand
18 24.01 62°58.10¢ 60°40.24¢ 114 Sand
19 25.01 62°43.73¢ 60°31.46¢ 235 Mud
22 31.01 63°03.55¢ 60°39.54¢ 330 Gravel
23 29.01 63°57.14¢ 60°59.73¢ 141 Gravel
24 30.01 63°58.52¢ 60°52.60¢ 233 Gravel
27 02.02 62°20.41¢ 60°19.67¢ 70 Mud and gravel
28 02.02 62°12.12¢ 60°23.18¢ 126 Mud
29 03.02 62°05.16¢ 60°25.94¢ 237 Mud
30 03.02 62°01.41¢ 60°26.26¢ 710 Mud and gravel
31 04.02 62°01.40¢ 60°28.84¢ 1019 Mud

Fig. 2 Abundance in terms of number (upper) and relative mass
(lower) by group in total Agassiz trawls
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stations of the inner bay (Foster Bay) of Deception Island
(group I) and another comprising the remaining stations
(group II), including four subgroups. The average relative
mass of each group is represented in Fig. 5.

Group I is clearly distinguishable from the remaining
stations (similarity<50%). It is characterised by a lower
taxonomic richness (less than 50% of the taxa collected),
but a higher relative mass (average of 26.6 g � 9.9) than
group II (average of 13.9 g � 6.3). A zonation of the
dominant taxa is also noticeable: 40±50 m, Ascidiacea
(st. 1); 100±150 m, Echinoidea Regularia (sts. 2, 17, 18);
and 150±170 m, Ophiuroidea (sts. 11, 12).

In group II, station 15 is clearly di�erentiated (simi-
larity<50%). It shows a comparatively lower richness
(12 taxa) and number of specimens (116 individuals)
than the remaining stations in the group, with a pre-
dominance of Ophiuroidea and Polychaeta Errantia
(mainly Aphroditidae), and the lowest mass (750 g) in
the group.

The remaining stations are divided into two sub-
groups, depending on depth. Subgroup Ila comprises the

stations shallower than 130 m, either south (sts. 3, 6, 7)
or north (sts. 27, 28) of Livingston Island, where a
dominance of sessile active suspension-feeders (Ascidi-
acea, Demospongia and Bryozoa) was observed. Its
stations south of Livingston Island show a great domi-
nance of Ascidiacea, both in number of individuals and
relative mass, while north of Livingston Island the
dominance of ®lter-feeders is only in relative mass.

The second group (including subgroups Ib, Ic and Id)
comprises the stations deeper than 140 m, characterised
by a predominance of vagile fauna, mainly Echinoder-
mata (140±419 m) and Polychaeta Sedentaria (710±
850 m). It may be divided into three subgroups. Sub-
group Ib includes stations south of Livingston Island, at
South Bay and Walker Bay, between 150 and 260 m.
These stations, showing a distinct dominance of
Ophiuroidea, in terms of number and relative mass, and
a scarcity of sessile epifauna, have muddy bottoms,
probably as a consequence of a high sedimentation rate
proceeding from the glaciers of the bays.

The more heterogeneous subgroup Ic comprises sta-
tions from the Orleans Strait (sts. 23, 24) and north of
Livingston Island (st. 29) between 140 and 286 m. A
predominance of Ophiuroidea and Asteroidea was ob-
served, but with many suspension-feeders (Crinoidea,
Ascidiacea, Demospongia, Hexactinellida, Bryozoa).
This abundance of suspension-feeders, as well as the
heterogeneous granulometry (with pebbles, gravel, sand
and mud), suggest the existence of currents at the bot-
tom.

Subgroup Id includes ®ve stations from the Brans®eld
Strait (st. 22), south of Livingston Island (sts. 16, 19)
and north of Livingston Island (sts. 30, 31). In the
shallowest of these stations (sts. 16, 19, 22: 214±419 m),
Echinodermata (Ophiuroidea, Asteroidea, Echinoidea)
and Arthropoda (Pycnogonida, Isopoda) prevailed,
while in the deepest ones (sts. 30, 31: 710±850 m)
Polychaeta (Maldanidae) were dominant, in both num-
ber of individuals and weight. Within this subgroup,
station 22 (Brans®eld Strait) is noteworthy, because,
together with the predominance of Echinodermata, it
yielded abundant sessile fauna, mainly Brachiopoda and
Pennatularia (the latter collected only at this station,
which has a gravelly bottom).

Discussion

The most evident result was the di�erence between the
stations at Deception Island and the stations located
elsewhere, an already well-known consequence of the
island's volcanic activity (Gallardo et al. 1977; Retamal
1981; Gallardo 1987, 1992). In addition, some new fea-
tures were revealed, especially regarding depth zonation
and the faunistic composition of the communities found
in the area of South Shetlands. The scarcity of hexac-
tinellid sponges, and the abundance of ascidians, found
at most stations and previously noted at neighbouring

Fig. 3 Relative mass (kg wet weight) and abundance (number of
specimens) values, with superimposed major taxa richness, from the
Agassiz trawls, in 50-l samples

Fig. 4 Dendrogram resulting from clustering of transformed abun-
dance values
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Table 2 Relative abundance of macrozoobenthic taxa according to a six-point classi®cation (no sign absent, ) very rare, + rare, s rather
common, · common, d very common)

Station no. 1 2 3 4 5 6 7 9 10 11 12 15 16 17 18 19 22 23 24 27 28 29 30 31

Hexactinellida ) ) d d
Demospongia · ) ) s + ) s + · · d ) + d ) +
Actiniaria ) ) + ) s ) + s ·
Scleractinia ) · ) + · ·
Hydroidea + ) ) + ) ) ) ) ) ) · ) ) ) · · s ) )
Alcyonaria ) ) ) s s
Pennatularia + +
Gorgonaria + ) ) + ) ) ) · ) ) ) · )
Bryozoa · ) · + s ) · ) s ) ) d · d ) + ) )
Brachiopoda ) + + · s
Turbellaria )
Nemertini + ) + + s · · d s s + ) s +
Echiurida + ) )
Priapulida ) ) )
Sipunculida ) )
Pol. Errantia s + ) ) d · + + + s · ) · · s · + ) + · ·
Pol. Sedentaria + d + s · ) · ) + · d · s + s + s d d
Aplacophora ) )
Polyplacophora s
Prosobranchia ) ) · s + s · + + · · + s ) ) · ·
Opistobranchia ) s ) + )
Scaphopoda ) ) +
Bivalvia ) + + + · + s + s · + · ) s + + s
Cephalopoda ) + + + + ) ) s + s + ) s s
Pycnogonida s · d ) · + ) d d d s + + · d
Decapoda + d s s d · + d · +
Mysidacea + s + d d ) d · · + + · +
Isopoda ) + s s · · ) + d + · + s d + · d
Amphipoda ) + + + + + ) ) s + · s + + · + + · s
Cirripedia s + ) +
Crinoidea + d + · d · · s
Asteroidea ) s s s d · · s ) + s + s · d s · · · · · ·
Ophiuroidea d · d d d + · d d d d · d d d d · d d + · d · ·
Ech Regular. d d s ) d · s d d + · · s ) s
Ech Irregul. s + s + · · · + s ) + + +
Holothuroidea s + + d s s + ) + s s · · ) + ) · +
Pterobranchia +
Ascidiacea d + d s ) d d d ) · ) · · · · + · · d + + +

Fig. 5 Major benthic fauna components, using relative mass (g wet
weight) values in the separated clusters
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King George Island (Jazdzewski et al. 1986; Rauschert
1991; Jazdzewski and Sicinski 1993), are an indication
that the benthic communities of the South Shetland Is-
lands have distinctive features, compared with those of
continental Antarctica. The main di�erences regarding
other Antarctic bottoms may be found in the composi-
tion of the shallow communities.

The Deception Island stations con®rm a high general
dominance of echinoderms in Foster Bay as a whole,
particularly Ophionotus victoriae and Sterechinus neu-
mayeri, which were also dominant in the samples of the
ExpeÂ dition Antarctique FrancË aise 1908±1910 (Koehler
1912). This suggests, in keeping with Gallardo et al.
(1977), that this benthic community has reached the
highest level of organisation that the island's volcanic
activity allows. Nevertheless, a previously unreported
relative dominance of suspension-feeders (mainly as-
cidians) was observed in the shallowest areas, although
Retamal et al. (1982) had noted the presence of ascidians
at depths shallower than 100 m.

The depth zonation at Deception Island seems to
depend on the type of substratum. Whereas most
Antarctic bottoms are characterised by the heterogeneity
of the substratum (due to material falling from icebergs)
(Knox 1994) the distribution of sediments in Foster Bay
shows the features of a closed bay (A. Ramos and J. Rey,
unpublished data), with the grain size decreasing with
depth. The shallowest station (1) has a gravelly bottom;
those placed at moderate depths (2, 17, 18) have sandy
bottoms, and the deepest ones (11, 12) are muddy. Each
zone has a characteristic fauna, dominated respectively
by ascidians, regular sea urchins and ophiurans.

The abundance of suspension-feeders in shallow wa-
ters of Foster Bay could be related to currents of some
intensity. Ushakov (1963) and Voû (1988) pointed out
that currents at the bottom level result in both coarse
granulometry, due to the removal of small particles, and
resuspension of nutrients that are an appropriate food
source for suspension-feeders, thus enhancing the pres-
ence of this type of organisms.

The fauna of moderate and deep waters of Foster Bay
is dominated by echinoderms, with mainly necr-
ophagous habits (Arnaud 1970, 1977, 1992; Presler 1986)
and independent of the seasonality of primary produc-
tion (Arntz et al. 1994). For instance, O. victoriae, which
feeds commonly on benthic micro¯ora (Kellog et al.
1982), may have a rather catholic diet, including krill,
but is never a suspension-feeder (Dearborn 1977; Fratt
and Dearborn 1984).

The remaining stations, except station 15, form a
homogeneous group. However, two subgroups may be
distinguished: shallow stations (less than 130 m) with a
predominance of active suspension-feeders, and deep
stations (more than 140 m) showing a variety of trophic
strategies (carnivores, detritivores, necrophages, sus-
pension-feeders). The existence of a community of sessile
®lter-feeders (mainly ascidians, demosponges and ± less
abundant ± bryozoans) at the shallowest stations on
muddy bottoms contrasts with the situation that has

been described at other sites in the Antarctic Ocean.
There, ascidians and bryozoans are predominant on
hard bottoms, while the soft ones are dominated by
detritivores or suspension-feeders, mainly polychaetes,
molluscs and crustaceans (Jazdzewski et al. 1986).

Studies in the Weddell Sea revealed two di�erent
types of communities dominated by ®lter-feeders, both
on hard substrata: one in stable areas and the other on
unstable bottoms (Voû 1988; Galeron et al. 1992). These
were associated, as noted above, with the existence of
currents of a certain intensity at the bottom level, which
remove small particles and resuspend organic substances
(Voû 1988). In this study, the community is similar to
that of unstable areas in the Weddell Sea (Galeron et al.
1992), but the muddy nature of the bottom indicates that
currents are not strong, and the unusual dominance of
sessile ®lter-feeders on this type of seabed could be re-
lated to a high but seasonal primary production that
enhances the development of species with short
life-cycles and high growth rates, such as ascidians and
bryozoans.

At moderate depth on soft bottoms, ophiurids and
asteroids, both mobile and with a variety of trophic
strategies, are dominant, while the deepest stations are
characterised by detritivores, mainly maldanid poly-
chaetes.

Group Ic comprises deep stations on bottoms of hard
gravel, pebbles and stones produced by deposits from
icebergs, in which ophiurids and asteroids are abundant,
although a rich variety of suspension-feeders are also
present (crinoids, ascidians, demosponges, hexactinellid
sponges and bryozoans). The type of bottom and the
existence of currents transporting nutritive particles may
result in stable environmental conditions, enabling the
development of long-lived suspension±feeders (Dayton
et al. 1974). It is remarkable that hexactinellid sponges,
characteristic of epibenthic communities o� continental
Antarctica (Galeron et al. 1992), occurred only in the
Orleans Strait, at stations 23 and 24, the nearest to the
Antarctic Peninsula.
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