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Universidad del País Vasco, E-48080 Bilbao, Vizcaya, Spain

A. Ramos ( )
Instituto Espan8 ol de Oceanografı́a, Puerto Pesquero s/n,
E-29640 Fuengirola, Málaga, Spain
fax: 34-5-2463808; e-mail: bentart@ccuma.sci.uma.es

F.J. Garcı́a
Laboratorio de Biología Marina, Fac. de Biología,
Avda Reina Mercedes 6, Universidad de Sevilla,
E-41080 Sevilla, Spain

J.S. Troncoso
Dpto de Recursos Naturales y Medio Ambiente, Fac. de Ciencias,
Universidad de Vigo, E-36200 Vigo, Pontevedra, Spain

G. San Martin
Dpto de Biología, Fac. de Ciencias, Universidad Autónoma
de Madrid, E-28049 Madrid, Spain

C. Sanz
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Abstract Macrobenthic assemblages were investigated
at 26 stations located around Livingston Island, De-
ception Island and the Bransfield Strait at depths
ranging from 42 to 671 m. Representatives of 30 major
taxa were found. The maximal density was 5,260 speci-
mens · m~2 at Livingston Island; the mean abundance
per station ranged from 160 to 4,380 specimens ·m~2.
The total biomass of the macrozoobenthos declined
with depth, with mean values of 3,201 g ·m~2 at shal-
lower depths ((100 m) and 210 g · m~2 further down
('100 m). After multivariate analysis (cluster analysis,
MDS) based on Bray-Curtis dissimilarities, most sta-
tions could be assigned to one of three groups on
the basis of distinct biomass differences between sites.
The first cluster with a rich Ascidiacea biomass is

common on shallower bottoms. The second, with
Ophiuroidea as a characteristic group, is common on
deeper bottoms. The absence of an ‘indicator’ taxon is
characteristic of the remaining cluster of those stations
with the lowest biomass values. No significant correla-
tions were detected between macrobenthic biomass and
any sediment parameters measured, probably because
part of the benthos (i.e. the epifauna) could be better
explained by the coupling with a highly productive
water column. The role of the epi-infauna sensu Gal-
lardo as the main factor structuring benthic assem-
blages in the investigated area is discussed.

Introduction

Research over the past few decades has established that
the Antarctic benthos, especially on the shelf, is charac-
terized by high biomass levels (Knox 1994). However,
according to Gutt (1991), biomass exhibits extreme
variation and thus wide variation rather than high
biomass is to be regarded as characteristic of the Ant-
arctic benthos. Suspension-feeding epifauna in Antarc-
tic waters appear to have a biomass one or two orders
of magnitude larger than that of deposit-feeding in-
fauna (Gallardo 1987). A third benthic component,
‘epi-infauna’, was proposed by Gallardo (1987). This
term was coined for the Antarctic epifaunal sessile
suspension feeders occurring on soft substrata. This
soft-bottom epi-infauna shares many attributes with
the epifauna living on hard substrates, such as large
biomass and a similar feeding mode.

The South Shetland Islands are one of the principal
Antarctic investigation areas (Arntz et al. 1994), where
two Sites of Special Scientific Interest have been desig-
nated. Studies were mainly carried out in more or less
closed bays of Greenwich Island (Gallardo and Castillo
1969; Gallardo et al. 1977), Deception Island (Retamal et
al. 1982), King George Island (Jazdzewski et al. 1986) and
Anvers Island (Lowry 1975; Richardson and Hedgpeth



Fig. 1 Position of the sampling
stations during the BENTART-
95 cruise

1977). Gallardo (1992) has summarized all benthic field
studies carried out to date at the South Shetland Is-
lands. The results of Mühlenhardt-Siegel (1988, 1989)
were based on dredge hauls around the South Shetland,
Elephant and South Orkney Islands in both summer
and winter.

Spain as a member state of the SCAR, has managed
different Antarctic scientific programmes close to its
Antarctic station (Base Juan Carlos I) on Livingston
Island. Two projects, BENTART-94 (Olaso 1994) and
BENTART-95 (Ramos 1995), were devoted to studying
the fauna of the seabed around Livingston and Decep-
tion Islands and the Bransfield Strait. The aims of the
present paper are (1) to distinguish faunal assemblages

and (2) to identify environmental variables probably
responsible for the distribution of the benthic assem-
blages.

Materials and methods

Field sampling

The research programme of the BENTART-95 cruise aboard RV
Hespérides was carried out from 16 January to 4 February 1995,
during the austral night. Twenty-six stations located around Livin-
gston Island, Deception Island and in the Bransfield Strait in water
42—671 m deep (Fig. 1, Table 1) were sampled using a quantitative
van Veen (VV) grab of 0.1 m2 sampling area and a boxcorer (BC)
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Fig. 3 Dendrogram using complete linkage. Three main clusters are
delineated, characterized by Ascidiacea, Ophiuroidea and low bio-
mass values

Fig. 2 Mean biomass (solid bars, kg WW ·m~2), densities (light bars,
specimens ·m~2]1,000) and number of taxa (line) at the sampling
stations

with a maximum 60-cm breakthrough and an effective sampling
area of 30]20 cm. Four VV grabs plus 1 BC were accomplished at
each station. The first VV grab was used immediately after sampling
for measures of temperature and pH at the surface with a Hanna
HI 9025c pH meter, and later subsampled for sediment grain size
distributions, organic content and carbonates. The BC was used to
obtain vertical profiles of redox (Eh) values, measured with an Orion
ORP 9678 electrode coupled to a Hanna model HI 9025c mV meter,
and for subsequent meiobenthic studies. Readings of Eh were taken
after an arbitrary 60-s period (Pearson and Stanley 1979). A stan-
dard redox solution (Hanna HI 7020) was used as reference. The
three remaining replicate VV grabs were used to obtain means and
standard deviations of the quantified biotic variables. The content of
each replicate was sieved using three mesh sizes (5, 1 and 0.5 mm)
and later separated into major taxonomic groups (Table 2). Only
specimens retained on a 1.0-mm screen were counted on board the
ship and their wet weight (WW) biomass was determined according
to the recommendations of Jazdzewski et al. (1986) and Mühlen-
hardt-Siegel (1988). Finally, the biological material was preserved
and distributed to taxonomists in Spain for further identification.
Analyses of sediment particle size distribution, organic content (loss-
on-ignition method) and carbonates were performed following
Buchanan (1984).

Data analyses

Data analysis followed the scheme proposed by Field et al. (1982).
‘Root-root’ transformed biomass values were used to construct
a Bray-Curtis dissimilarity matrix. Classification was performed
using the complete linkage clustering technique, whereas ordination
(multidimensional scaling, MDS) was used to evaluate the group
separation derived by cluster analysis. ‘Indicator’ taxa separating
each station group were identified by the magnitude of the Kruskal-
Wallis test. H values were calculated for each taxon and listed in
order of the magnitude of its contribution to the different station
groups. Spearman’s rank correlation coefficients were used to assess
the strength and direction of the relationship between macrobenthic
biomass and environmental variables (pH, Eh, organic matter, car-
bonates, median particle size, sorting coefficient of sediments and
water depth).

Results

Number of taxa, abundance and biomass

Figure 2 presents the number of taxa as well as the
mean abundance and biomass at each sampling sta-
tion. The stations at Deception Island, all taken inside
Port Foster, were characterized by relatively low values
for all three parameters (6—10 taxa, 160—876 speci-
mens · m~2, 50—220 g ·m~2), except for the relatively
shallow station D1 (45 m depth) where the highest
biomass was found (6,673 g ·m~2). The stations of
Livingston Island exhibited large variations in the
number of taxa, abundances and biomass. The highest
biomass value was recorded at L13 (5,205 g · m~2),
the lowest (23.3 g · m~2) at the deep offshore station
L21 (653 m). Abundances varied between 4,380 speci-
mens · m~2 (L19) and 240 specimens ·m~2 (L21), the
number of taxa between 32 (L7) and 9 (L10).

Overall, the average macrobenthic biomass was
1,169 g ·m~2. Ascidians accounted for almost half of it

(46.7%), followed by sponges (19.9%) and polychaetes
(13.4%); the rest (20%) was distributed among several
groups such as bryozoans, bivalves and echinoderms.
In terms of abundance, polychaetes were the most
important group (about 50%), followed by bivalves.
Crustaceans, echinoderms, ascidians, sponges and
other groups had much lower densities.

Benthic assemblages

Three main groups could be discriminated both in the
cluster dendrogram (Fig. 3) and the MDS plot (Fig. 4).
The first cluster, ‘Ascidiacea dominance’ (A), consisted
of shallower stations (mostly(100 m) strongly domin-
ated in biomass by epifaunal Ascidiacea (Fig. 5,
Table 2). Together with other filter-feeding taxa,
such as sponges and bryozoans, they accounted for
over 85% of the mean WW biomass (3,201 g · m~2).
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Fig. 4 MDS plot. Stress is 0.16. Station groups delineated in the
dendrogram in Fig. 3 are also present here

Fig. 5 Biomass proportions of major taxonomic components in the
station clusters distinguished in the study area. Pies area is propor-
tional to the mean biomass (g wet weight · m~2). A Ascidiacea
dominance, O Ophiuroidea abundance, ¸B low biomass (no ‘indi-
cator’)

The second cluster ‘Ophiuroidea abundance’ (O) and
the third cluster ‘low biomass’ (LB) were formed by
deeper stations (mostly'100 m), characterized by the
presence of epibenthic Ophiuroidea and the absence of
a distinctive epifauna, respectively. The biomass in the
two last clusters was dominated by polychaetes (Fig. 5).
The third cluster (LB) included stations with the lowest
mean biomass (102 g ·m~2), while that of cluster O was
slightly higher (271 g ·m~2).

Ordination based on MDS was used to evaluate the
group separation derived by the cluster analysis. The
two-dimensional plot (Fig. 4) corroborated the results

of the classification. Two major groups (A and LB) are
segregated along dimension 1, which can be identified
as an ‘increasing biomass gradient’. Group O with
intermediate biomass values and populated distinc-
tively by an Ophiuroidea epifauna remains in the
centre of the plot.

Non-parametric Kruskal-Wallis tests of biomass dif-
ferences among the clusters, performed for each taxon,
confirmed the importance of epifaunal Ascidiacea
(H"21.4; P(0.0001) and Ophiuroidea (H"11.1;
P"0.0038) as the core taxa defining cluster groups
A and O, respectively. However, no ‘indicator’ taxon
was found for the remaining group LB. Using major
taxonomic categories, a particular infaunal taxon could
not be found to explain the existence of this third
group.

Relationship between biotic and environmental
variables

The sediments at the stations investigated consisted
mainly of poorly sorted silty clays, with relatively high
contents of organic matter (Table 1). Carbonate con-
tents were low, probably due to strong terrestrial in-
fluences; higher values were found close to Walker Bay.
The superficial sediments appeared to be oxidized,
as shown by Eh values greater than !100 mV. The
pH values in surface sediments were below 7.0 at sta-
tions located inside Port Foster (Deception Island). It
remains to be demonstrated these values indicate the
prevalence of acidic conditions induced by episodes
of volcanic activity within this sea-breached caldera.
Spearman’s rank correlations between biomass data
and abiotic environmental variables (Table 1) showed
the absence of significant values, with the exception of
depth (r

4
"!0.57).

Discussion

WW biomass values from the Antarctic peninsula and
adjacent islands range from 51 to 46,000 g ·m~2,
with a grand mean of about 1,000 g ·m~2 (Gutt 1991).
According to Knox (1994), epifaunal biomass is gen-
erally much greater than infaunal biomass (up to
4,200 g ·m~2 and up to 700 g · m~2, respectively). The
average biomass in our study (1,169 g ·m~2) is in the
ranges of those previously compiled in the literature by
Jazdzewski et al. (1986), Mühlenhardt-Siegel (1988),
Gerdes et al. (1992) and Knox (1994) from different
Antarctic locations.

The absence of significant correlations between mac-
robenthic biomass and any of the sediment parameters
examined suggests that water depth (or depth-related
factors) plays the most important role in structuring the
macrobenthic biomass along a vertical gradient of
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increasing depth. Since benthic assemblages depend
heavily on the supply of food from the water column,
the vertical pattern of biomass in the investigated area
suggests a possible response to the degree of plank-
ton/benthos interaction.

As has been recently noted (Dayton et al. 1994), the
Antarctic seas show two contrasting situations: a
highly productive plankton system capable of sup-
porting large populations of tetrapod vertebrates and
cephalopods, but benthic assemblages characterized by
low growth rates and secondary production. Since the
epifaunal filter-feeders obtain their food from sedi-
menting phytoplankton and resuspension from the
sediments (Knox 1994), they are most prevalent at
shallower depths (Barnes and Hughes 1988) where they
can achieve large biomasses provided that sufficient
concentrations of suspended particulate organic matter
are available in the water column. However, deposit-
feeding infauna will be succesful on sediments regard-
less of their bathymetric position, although large
quantities of sediment may have to be sorted and/or
consumed (Barnes and Hughes 1988) to concentrate
a comparable quantity of food. It is always more
rewarding to wipe off particles retained on passive
filters placed in the water column than to swallow large
quantities of soft organic-rich sediments with their
large percentage of inorganic ash. In fact, Gallardo
(1987) suggested that the relatively small biomasses of
infaunal organisms on Antarctic soft bottoms were
caused by filter-feeders reducing the food material
reaching the sediments. The group of shallow-stations
(A), delimited in the classification and ordination
methods, is defined by the dominance of suspension-
feeders (Ascidiacea, Porifera and Bryozoa) and
delineates the most eutrophic environments in the in-
vestigated area. Three stations (L6, L7 and L8) are close
to a cape (Miers Bluff ), suggesting the existence of
an area of relatively rapid water flow off Livingston
Island, which promotes a high biomass of suspension-
feeders.

Both deeper station clusters O and LB showed a de-
posit-feeding polychaete biomass dominance. The main
difference between them lies in the presence in cluster
O of a rich epifauna of ophiuroids, some of which are
important predators in the Antarctic (Sieg and Wägele
1990; Dayton 1990; Arntz et al. 1994). In fact, a
prey-predator dependence can be suggested, since
ophiuroids are absent at those stations with the lowest
biomass values (corresponding to station cluster LB).
Stomach content analysis of aggregated ophiuroids
on deep bottoms of the Scotia and Weddell Seas
(Sokolova 1993) demonstrated that they used a con-
tinuous ‘rain of planktonic corpses’ as a food source.
Thus, large aggregations of ophiuroids may indicate
that aphotic conditions on deeper bottoms ('100 m)
are strongly affected by the large productivity of the
euphotic water masses above. On the other hand, low
endobenthic biomass (as shown by the LB cluster

group) can be used to detect oligotrophic areas with
low levels of pelagic production (Ahn and Kang
1991).

The differences in faunal composition between sta-
tions are probably due to different trophic dynamics.
The relationship between pelagic productivity and
benthic biomass was studied by Dayton and Oliver
(1977). They related the existence of a high benthic
biomass to eutrophic water columns, whereas lower
benthic biomasses resulted from oligotrophic, nutrient-
poor water flowing above the benthos. Shallow waters
close to the coast of the investigated area probably
develop high productivity in the euphotic zone, promo-
ting the dominance of a suspension-feeding epifauna to
such an extent that infaunal assemblages appear
smothered by it (Gallardo 1987). In fact, the high con-
centrations of particles measured in the Weddell Sea
were limited to a depth of about 80 m (Rabitti et al.
1990). On the other hand, deep aphotic water masses
cannot sustain a rich epifauna, promoting the domi-
nance of a deposit-feeding infauna unable to attain the
large biomasses of the epifauna, since the food quality
of soft organic-rich sediments is always lower due to
their inherently higher percentage of inorganic ash
(Valiela 1984).

In conclusion, our results show (1) a trophic zona-
tion of the Antarctic benthos based on water depth and
(2) the displacement of the deposit-feeding infauna to
deeper bottoms when competing for food and space
with the suspension-feeding epifauna in the shallower
waters of nutrient-enriched environments, as suggested
previously by Gallardo (1987).
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