MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 249: 145–155, 2003

Published March 10

Zoobenthic biodiversity, biomass and abundance at
Adelaide Island, Antarctica
David K. A. Barnes1,*, Simon Brockington2
1

Biological Sciences Division, British Antarctic Survey, Natural Environment Research Council, High Cross,
Madingley Road, Cambridge CB3 0ET, United Kingdom
2
Svitzer Ltd, Morton Peto Road, Great Yarmouth, Norfolk NR31 0LT, United Kingdom

ABSTRACT: The waters surrounding Antarctica are amongst the most isolated large areas of continental shelf, cut off for about 15 to 30 million yr by both deep water and the oceanographic barrier of
the Polar Frontal Zone (PFZ). Although certain taxa are notably absent, shelf seabed richness (of the
mostly endemic species) can be very high. Most of Antarctica’s shallow shelf lies between 67 and
72° S, although virtually all the growing southern polar marine biology literature has been carried out
to the north or south of this. Here we report one of the first, and the most detailed, quantitative studies of benthic faunal abundance, diversity and biomass from within this latitudinal belt (at Adelaide
Island, Antarctic Peninsula). Representatives of 16 phyla, 25 classes, 34 orders and at least 75 species
were found in the 40 samples of 0.25 m2 area. This is rich, especially for polar localities described to
date. Faunal abundance increased logarithmically from <100 to >10 000 individuals m–2 from the
intertidal to 35 m respectively. Annelids and bryozoans were the most numerous, and cryptofauna
(such as these 2 phyla) exerted a major influence on both patterns and absolute values of diversity.
Subtidal biomass increased from 500 to 10 000 g m–2 at 3 to 35 m respectively and is, overall, the highest for any polar locality within the 0 to 40 m depth range. The echinoid Sterechinus neumayeri was
the principal cause of these high values as it dominated biomass at all subtidal depths, although
molluscs (particularly the limpet Nacella concinna) were important in the shallows. Striking subtidal
zonation was apparent, demarked by both inter- and intra-specific characteristics. We suggest that
faunistic bathymetric organisation essentially forms 3 zones comprising different suites of species
and is also demarked by the population structure of the species S. neumayeri. Not only do the species
S. neumayeri and N. concinna show strong zonation in occurrence but also their grazing activity is
probably a strong agent producing similar patterns in cryptobenthos (through removal of recruits).
We propose a general schematic (a diagram) of zonation as declining in the littoral southwards
towards the PFZ and increasing in the subtidal southwards from the PFZ.
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Coastal benthos have been fundamental in the construction and testing of major ecological and evolutionary theories for many decades. The continental shelf
seabed has, in comparison with any other region, the
most prolific fossil record and arguably the oldest
living fauna (Valentine 1973, Jablonski & Bottjer 1990),
the largest number of higher taxa and different body
plans represented, and amongst the most productive

and complex systems (Barnes & Hughes 1999). Explanations of patterns of biodiversity, biomass and abundance of seafloor fauna still raise considerable debate
at global, regional or even local level and are clearly
complex (Gray 2001). Benchmark early explanations
of wide-scale geographic trends were on bivalves
(Stehli et al. 1967) and corals (Stehli & Wells 1971) and
Sanders’ (1968) California transect from shallow to
deep water. Only relatively recently, however, have
highly robust data sets been presented with attempts
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at correcting for many confounding factors. Latitudinal
clines have again become the focus of attention, especially in the more intensely sampled northern hemisphere waters. Roy et al (1998) found a strong poleward decline in gastropod species on both Pacific and
Atlantic American coasts as Clarke & Lidgard (2000)
found in north Atlantic bryozoans. In contrast, overall
latitudinal or longitudinal patterns are not clear in the
southern hemisphere (Clarke 1992), in part due to the
lower shelf biodiversity (Brey et al. 1994). Although
construction of global data for some taxa, e.g. bivalves
(Crame 2000), is advanced, there is a paucity of
sampling or knowledge of others. The southern hemisphere differs considerably from the northern in that
water occupies considerably more surface area, and at
some latitudes, there is only water whereas at others
there is only land. At extreme latitudes, the polar regions differ in topography (land vs sea), age, depth and
substratum.
Despite the enormity of the Antarctic coastline, little
quantitative sampling of benthos has been carried out
in inshore waters (Arntz et al 1994). High Antarctic
assemblages may have very low rates of colonisation,
be dominated by sponges and their predators, and are
structured by anchor ice (Dayton et al. 1970, 1974). In
the maritime Antarctic islands, in contrast, there is a
diverse range of taxa and whilst recruitment to assemblages is slow, colonisation is continuous (though
seasonal in some taxa) and it is principally summer icescour rather than winter ice encasement that structures
communities (Barnes 1995, Stanwell-Smith & Barnes
1997). Between the high Antarctic and maritime
islands are 15° of latitude where our knowledge is
rudimentary with the exception of a few sites, such as
King George Island, the Palmer Archipelago or Kapp
Norvegica (Gallardo & Castillo 1969, Zamorano 1983,
Rauschert 1991, Klöser et al. 1993, 1994a,b). In particular, between 67 and 72° latitude (where most of
Antarctica’s shallow shelf lies), only at the Vestfold
Hills has shallow shelf fauna even been studied in
moderate detail (Kirkwood & Burton 1988, Tucker
1988). There have been and are, however, some extensive deep-water study programmes, particularly in the
Weddell Sea (Voß 1988, Galéron et al. 1992, Gutt &
Starmans 2001). The intense and frequent scouring
that such work has reported, even at several 100 m
depth, in both the Antarctic and Arctic (Gutt et al.
1996, McCook & Chapman 1997, Gutt & Starmans
2001), can only allude to ice-mediated disturbance in
shallow water. Ice effects seem likely to reach maximal
influence in the intertidal region, which is scoured by
floating ice during the summer and encased by an
icefoot during winter.
In the current study we undertook a quantitative
sampling programme of mega-, macro- and crypto-

benthos at a previously unsampled southerly latitude
and region. We hypothesise that biodiversity, biomass
and abundance all increase monotonically with increasing depth. This is because we consider ice-scour
(which decreases dramatically with depth) as the dominant influence on biodiversity, biomass and abundance. We also hypothesise that bathymetric trends
in benthos do not vary with taxonomic level and
attribute considered. Taxa dominating scale or structure of communities are used for special discussion, as
are scale, pattern and process effects on southerly
faunal zonation.

MATERIALS AND METHODS
Study site. Samples were collected adjacent to the
British Antarctic Survey Research Station on Rothera
Point at the south-west end of Adelaide Island, west
Antarctic Peninsula. Mean annual salinity generally
varies little with depth throughout the year. Hyposaline lens formation in the upper water column was
observed on a limited number of occasions at the
height of the austral summer, but never reduced salinity of the upper 10 m by more than 1 psu relative to the
underlying water column (but other depths — which
were untested — may have become more dilute). The
annual sea temperature range varied between ~–1.9
and ~+1.0°C. The sea surface freezes to form fast ice
for several months over winter each year. At the point
of fast ice connection to the shore an ice foot builds up
and encases the full 2 m of the intertidal zone. Formation of anchor ice was also observed on 1 occasion
(winter) during the 26 mo observation period. This subsurface ice attached to the seabed formed gradually
over 5 d in July 1998. Coverage was complete (locally)
to 4 m, and more patchy down to 8 m depth. Scour by
brash ice and icebergs was often observed, and both
intensity and frequency of scour decreased with depth.
Protocol. The abundance and biomass of benthic
taxa were assessed in January and February (austral
summer) of 1998 along a transect running south from
Cheshire Island, Adelaide Island (68° S, 68° W). The
substratum profile, type and characteristic organisms
are shown in Fig. 1. Mega- and macrofaunal sampling
was carried out using SCUBA. Divers collected all nonencrusting biota within 2 replicate 0.25 m2 quadrats at
3, 6, 9, 12 and 20 m, and 1 quadrat collection was made
at 35 m. The fauna in 30 replicate quadrats was examined from the intertidal zone. Care was taken to ensure
all cryptic macrofauna was recovered by systematic
removal of overlying rocks. Smaller non-encrusting
species (e.g. terrebellid polycheates) were carefully
removed using forceps. All material was placed into
mesh bags underwater and returned to the laboratory
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where samples were sorted to the lowest taxonomic
level possible; at least order and, where possible, species. As well as counting all individuals all organisms
were weighed (wet mass). Particular attention was
paid to the echinoid Sterechinus neumayeri, which
was considered to have an important role in the community. The size of a minimum of 80 randomly selected
individuals of S. neumayeri was measured from each
depth using Vernier callipers. The shape of the size
distributions was recorded (as a plot) together with the
mode values.
Encrusting cryptofauna was measured by collecting
all boulders, cobbles and pebbles in quadrats (again
using SCUBA). These were examined in the laboratory
using a binocular microscope, and all colonists counted. Colonies of taxa such as bryozoans and hydroids
were each counted as 1 individual. Biomass of cryptofauna was estimated for each taxon from previous
(same species) mass estimates of colonists from
another Antarctic locality (Barnes 1995). The age
structure and mass at age of some of the common
encrusting species was taken from Barnes & Arnold
(2001a). For ease of comparison megafauna and
cryptofauna biomass and abundance values were
multiplied to provide estimates per m2. Diversity of
assemblages was estimated using the Shannon-Wiener
information functions H ’ and Pielou’s J ’ at species,
order, class and phylum levels on abundance data. We
appreciate this has 2 drawbacks due to the wide size
range of animals involved and the combination of colonial and unitary taxa. Nevertheless we consider that it
will be most useful to other researchers in this form as
most comparable data we found in the literature has
been treated similarly.
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mega/macrofaunal diversity was lowest at species rank
but proportionally increased with taxonomic level.
Shannon H ’ values of mega/macrofaunal diversity
were uniformly lower than total fauna diversity at species rank. At higher taxonomic levels, however, Shannon H ’ values of mega/macrofaunal diversity were
higher (apart from 3 m) than total faunal diversity values. The overall patterns of total faunal diversity were
broadly similar from phylum to species, but changes
with depth were less at higher taxonomic levels. At all
levels diversity was low at the shallowest sites.
Trends of evenness (Shannon J ’ values not shown)
followed similar patterns to those of diversity, with
respect to depth and taxonomic level. Total fauna
evenness fell in the range 0.3 to 0.9 for all samples (values were similar at higher taxonomic levels although
the lowest values were encountered at phylum level).
Mega/macrofaunal evenness showed the same increase with taxonomic level as recorded for J ’ values,
and macrofaunal evenness was greater than total
evenness over the whole depth range at phylum level.
As well as the large number of taxa present, numbers of individuals were high. Abundance of phyla varied, even within depth horizons by nearly 5 orders of
magnitude. Annelids and bryozoans were most numerous, occurring in 1000s per m2 whilst flatworms, sipunculans and priapulans were never more abundant than
10 per m2. Most phyla were, however, present in 10s
per m2. Brachiopods and priapulans showed no distinct
patterns with depth but other phyla exhibited 1 of 3
main patterns (Fig. 3). Many, including the 4 overall
most numerous phyla, initially sharply increased with
depth but all reached asymptotes before 35 m. The
second pattern was of mid-depth abundance and
fewer individuals < 6 m and > 20 m (Fig. 3b) shown by
the nemerteans and cnidarians amongst others. The
mollusc data was scattered — they were most numer-

The fauna at the high latitude, shallow marine
study site was taxonomically rich; representatives of
16 phyla, 25 classes, 34 orders and at least 75 species
(Table 1) were present. Echinoderms, bryozoans, sponges and molluscs were the major contributors. Values of
diversity (Shannon H’) ranged from 0.1 to 0.9 and
formed relatively simple patterns with depth and taxonomic level (Fig. 2). Although Shannon H ’ values were
calculated on abundance data, recalculation with biomass data showed the same pattern with slightly reduced values. Cryptofauna (mainly annelids and bryozoans) exerted a major influence on both patterns and
absolute values of diversity, so total fauna and mega/
macrofauna alone are plotted separately in Fig. 2. Values of total faunal diversity were greatest at the lowest
taxonomic level (species) and progressively decreased
to the highest taxonomic level (phylum). In contrast,

Fig. 1. Shore profile and substratum of study locality at
Adelaide Island, Antarctica. Characteristic macro-organism
species are shown in their zones of abundance
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Table 1. Various species. Taxa recorded between intertidal* and 35 m depth at Adelaide Island, Antarctica. Terminology and
listing order follows Barnes (1998). Only a single class is recognised in each of the Priapula and Entoprocta (and only a single
order in the latter) which are shown as (–)
Phylum

Class

Porifera

Demospongiae

Cnidaria
Platyhelminthes
Priapula
Nemertea
Nematoda
Sipuncula
Annelida

Anthozoa
Hydrozoa
Turbellaria
–
Anopla
Unknown
Unknown
Polychaeta

Mollusca

Gastropoda

Bivalvia

Crustacea

Chelicerata
Entoprocta
Bryozoa

Polyplacophora
Copepoda
Malacostraca
Arachnida
Pycnogona
–
Stenolaemata
Gymnolaemata

Brachiopoda
Echinodermata

Articulata
Asteroidea

Chordata

Echinoidea
Holothuroidea
Ophiuroidea
Ascidiacea

Order
Axinellida
Dendroceratida
Haplosclerida
Poecilosclerida
Spirophorida
Alcyonacea
Leptothecata
Tricladida
Priapulida
Heteronemertea
Unknown
Unknown
Phyllodocida
Spionida
Terrebellida
Docoglossida
Nudibranchia
Pteriida
Arcida
Ischnochitonida
Harpacticoida
Amphipoda
Isopoda
Acariformes
Pycnogonida
–
Cyclostomatida
Cheilostomatida

Terebratulida
Phanerozonida
Forcipulatida
Echinoida
Dendrochirotida
Ophiurida
Phlebobranchia

ous at shallow depth but high again at the deepest
sample (35 m).
Overall faunal abundance was high and increased by
nearly an order of magnitude from 3 to 35 m. Faunal
abundances in the intertidal zone were variable but low
(between 0 and 30 m–2) and SDs were of considerably
higher magnitude than means after 30 samples. The
variation in abundances from the intertidal to the subtidal zone was much greater and dwarfed any subsequent
increase with depth. Similar patterns were evident for
overall biomass though the scale of increase differed.
Biomass increased over nearly 2 orders of magnitude
from 3 to 35 m, but observations suggested a 3 order of
magnitude change from the intertidal to 3 m.

Species
Homaxinella sp.
Dendrilla antarctica
Haliclona dancoi, Haliclona sp.1, Haliclona sp.2
Mycale acerata
Chinachyra sp.1, Tetilla antarctica
Urticiniopsis antarctica, Alcyonium sp.
Halecium sp., Symplectoscyphus sp.
1 unknown species
1 (maybe 2) unknown species
Parbolasia antarctica, Tetrahymena sp.?*
Unknown species*
Unknown species*
Nereis sp.*, Nephtys sp.
~4 unknown species
1 unknown species
Nacella concinna*, Laevilitorina caliginosa*, Iothia
coppingeri, Magarella antarctica, unknown species
Charcotia granulosa, Tritoniella belli
Limatula hodgsoni
Lissarca sp., unknown species
Nutallochiton mirandus
Tigriopus angulatus*, unknown species
Bovalia gigantean, Paraceradocus gibba, unknown species*
Glyptonotus antarcticus, 1 unknown species
Unknown species
Nymphon sp.
Barentsia sp.
Disporella sp., Tubulipora sp., Lichenopora sp.
Aimulosia Antarctica, Arachnopusia inchoata, Celleporella
antarctica, Celleporella bougainvillea*, Fenestrulina rugula,
Hippadanella inerma, Inversiula nutrix, Micropora
brevissima, Smittina sp., Smittina rogickae, Xylochotridens
rangifer
Liothyrella uva
Odontaster validus, Perknaster fuscus, Porania antarctica
Cryptasterias tarqueti, Diplasterias brucei
Sterechinus neumayeri
Cucumaria antarctica, Psolus antarctica, 3 unknown species
Ophiurontus victoriae, 1 unknown species
1 unknown species

In strong contrast to relative abundance, echinoderms dominated biomass at all depths from 3 to 35 m
(Fig. 3c). Patterns of biomass with depth for most phyla
were similar to those of abundance. Echinoderm mass
increased steadily with depth over the entire transect,
although from 3 to 12 m this was due almost entirely to
a single species: the regular echinoid Sterechinus neumayeri. Furthermore from 20 to 35 m echinoderm biomass was contributed almost entirely by holothurians,
mainly Cucumaria antarctica. The biomass of a number of other phyla also peaked at the deeper sample
depths (Fig. 3c). Mollusc biomass (the second greatest
overall), as with abundance, decreased steadily with
depth after a peak at 6 m caused principally by a
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reduction in population density of the
limpet Nacella concinna. Annelids and
Porifera were notable in being major
contributors to both faunal abundance
and biomass. Although 2 orders of
Annelida were numerically dominant
over the entire range, 1 order (Terrabelida) was responsible for the biomass
peak at 20 m.
Fauna could essentially be categorised into 3 scales of biomass, with
representatives of each category separated by approximately 1 order of
magnitude at any particular depth. At
intermediate levels of biomass (5 to

Fig. 3. Various species. Abundance and biomass of macro animal phyla with depth at
the study locality. Abundance plots (a,b,c)
are split by type of pattern with bathymetry.
Taxa are indicated on plots or in legend. Raw
data (logplot of x+1) of abundance-depth
relationships for annelids, bryozoans, chelicerates, chordates, cnidarians, crustaceans,
echinoderms, entoprocts, nemerteans, sipunculans and sponges all have significant quadratic functions in which all r2 > 54.7%,
ANOVA, F > 6.2, p < 0.05. Biomass of 6 selected taxa are shown (d), labelled on plot.
Raw data of biomass-depth relationships for
annelids, bryozoans, chordates and sponges
all have significant quadratic functions in
which all r2 > 64.3%, ANOVA, F > 8.7,
p < 0.025
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Zoobenthic diversity (Shannon H')
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sublittoral (7 to 20 m) was characterised by a decrease
in abundance of both N. concinna and I. nutrix and an
increase of the Cyclostome bryozoan Tubulipora sp.
and of macro-algal biomass. Percentage substratum
cover in this zone increased to 90%. The deepest sublittoral zone was characterised by increasing abundances of the holothurian Cucumaria antarctica and
the demosponge Mycale acerata.
Within 1 species alone (the echinoid Sterechinus
neumayeri), the tri-zonation of the site at Adelaide
Island subtidal was clear (Fig. 7). In the shallows this
species showed relatively low abundance (<100 m–2)
but individuals were large (modal size 18 mm) and,
therefore, had high biomass. They were also the most
conspicuous members of the community. At 10 m S.

Fig. 4. Relationship between biomass and diversity at Adelaide Island. Bryozoans and echinoderms (symbols as in
Fig. 3) were the only major taxa to show (weak) relationships
between biomass and diversity. Overall (across taxa) relationship is shown as fitted line and is a 1st-order regression (fit
and significance indicated on plot)

0
5

15
20
25
30
35
0.01

0.1

1

10

100

1000

10000

1000

10000

Biomass (g m–2)
0
5
10

Depth (m)

100gm–2), phylum dominance changed with depth.
Only bryozoa were recorded at 3 m, and this phylum
showed a steady increase with depth, reaching a maximum of 50gm–2 at 20 m. Nemertean biomass peaked
sharply between 6 and 12 m, contributed to principally
by 1 species, the large heteronemertean Parborlasia
antarctica. At the lower biomasses (0.001 to 5 g m–2)
2 cryptic phyla (Entoprocta and Chelicerata) progressively increased biomass with depth to 20 m. Both
mites and pycnogonans were present though the latter
contributed most of the individuals encountered in the
study. The relationship between biomass and diversity
was not simple. Only 2 of the major taxa showed consistent trends, but there was a strong link between
total biomass and diversity (Fig. 4). Overall biomass
and abundance was high at all depths relative to other
polar or temperate reported values (Fig. 5).
The subtidal zone was quite distinct from the intertidal in that numbers of taxa, animal abundance, biomass and percentage cover were all highly increased.
Although the increase of both numbers and biomass of
fauna was gradual with depth and many taxa were
present throughout the depth range sampled, distinct
subtidal zonation was apparent. Three broad zones
were recognised with characteristic macro/megabenthos and cryptofauna (Fig. 6). The high sublittoral (0 to
7 m) was colonised by relatively high abundances
of the non-homing limpet Nacella concinna and the
cheilostome bryozoan Inversiula nutrix. Most other
species (with the exception of Sterechinus neumayeri
and spirorbid polycheates) were absent and total percentage cover in this region was below 20%. The mid-

Depth (m)
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Fig. 5. Faunal biomass (upper) and abundance (lower) with
depth and region. The symbols are: Antarctic data (d), temperate data (s), arctic data (d) and data from current study
(d). Literature data are from Gruzov & Pushkin (1970), Propp
(1970), Richardson & Hedgepeth (1977), Dayton (1990), Brey
& Clarke (1993), Arntz et al. (1994), Holte et al. (1996), Sjer
et al. (2000), references therein and authors’ unpubl. data
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Fig. 6. Macrobiota (left): macroalgae (s), Cucumaria antarctica (d), Nacella concinna (d): Cryptofauna (right):
Tubulipora sp. (s), Mycale acerata (d), Inversiula nutrix (d).
Data for taxa with s and d have significant quadratic functions
(r2 > 85.6%, ANOVA, F > 18.8, p < 0.03). Curve for N.
concinna fitted by eye; relationship for I. nutrix is a linear
function (r2 > 65%, ANOVA, F = 16.7, p < 0.02)

neumayeri peaked in biomass. At this depth they were
abundant (500 m–2) but small (bimodal size peaks at 4
and 20 mm). At 35 m depth S. neumayeri individuals
were most numerous (600 m–2) but of smallest size
(4 mm). The patterns within S. neumayeri were important, as were those to a lesser extent in the limpet
Nacella concinna, in that they are also involved in
structuring processes of other fauna, especially the
bryozoans and annelids.
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order of magnitude higher (e.g. McGuiness 1990,
Maughan & Barnes 2000). In comparison with Arctic
sites the species richness we reported from Adelaide
Island may be very high (see Dayton 1990, Arntz et al.
1994). For example, previously we have found 3 to
42 species per m2 across a similar depth range in Arctic
Spitsbergen after sampling 10 × the area of the present
study (authors’ unpubl. data). Holte et al. (1996) and
Sjer et al. (2000) similarly report 8 to 42 species from
comparable sample areas and depths from high arctic
soft sediments. Although there is now an established
marine diversity literature even in polar waters, methodological, area, depth or substratum differences do
make hard comparisons difficult with other Antarctic
(and other regional) data. Sublittoral species numbers
reported for high Antarctic or Scotia Arc localities
(Ushakov 1963, Gruzov & Pushkin 1970, Propp 1970,
Dayton et al. 1974, Arntz et al. 1994, Barnes 1995,
Arnaud et al. 1998) are also lower. The cryptobenthic
richness of exposed Antarctic Peninsula sites, such as
Snow Island and South Georgia, reported by Barnes
& Arnold (2001a,b) are much lower (both <10 species
per m2 at 6 and 12 m depth). However sublittoral collections at subantarctic Marion Island yielded 64 to
106 species in 0.4 m2 area collections and a total of
203 species in 4 m2 (Becley & Branch 1992). The really
striking new values of richness in our study were, however, for the intertidal zone where 9 species were
found. For many decades the land-air interface in
Antarctica was considered virtually devoid of macroscopic life, other than very temporary visitors such as
large vertebrates. Whilst 9 littoral species (in 7.5 m2)
is still very low compared to non-polar waters (see

DISCUSSION
The number of at least 75 species found in a total
sample area of 7.5 m2 in the intertidal and 2.75 m2 in
the subtidal is high, but not exceptional, in terms of
hard substratum species richness for any locality.
Maughan & Barnes (2000) used comparable sample
methods on similar substratum at a temperate site,
Lough Hyne in Ireland, renowned for its benthic richness. They found uniformly fewer (range 10 to 67,
mean 43) species at 3 to 18 m depth at mean sample
areas of 2.747 m2. Similarly at Milos Island (Mediterranean Sea), also a site of established regional benthic
richness (Morri et al. 1999), numbers of hard substratum shallow benthic species were comparable with
Lough Hyne and lower than our polar study site. On
the west Atlantic seaboard (Maine), Ojeda & Dearborn
(1989) encountered just 60 species from sampling an
area 14 times the size of our sample site in the rocky
subtidal. In contrast, typical temperate and tropical
species richness in the littoral zone is probably an

Fig. 7. Sterechinus neumayeri. Abundance and wetmass of
echinoid with depth. Values are presented as mean with SD
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McGuiness 1990), it is probably a record for those in
freezing seas. Barnes & Arnold (2001b) found just
5 species in twice the area on the Signy Island littoral
and < 5 at several Antarctic Peninsula shore sites from
62 to 66° S (authors’ unpubl. data). Even 9 littoral
species were not the most notable feature in the data;
this was the level of higher taxon richness. Ironically
Antarctica and subzero waters have probably achieved
most fame amongst ecologists for the absence, or near
absence, of certain higher taxa. Despite the notorious
rarity of balanomorph and decapod crustaceans, there
must be few localities in which 16 animal phyla and 25
classes are represented in just 10 m2, as was the case
reported here.
As in most environments the abundance of species
and individuals was very unevenly distributed between higher-level taxa and functional groups, though
colonial and unitary forms were nearly of numerical
equivalence. If a large spatial scale is considered sessile and mobile species tend to be of similar importance in Antarctic benthic systems and cryptobenthic
suspension feeders tend to be particularly numerous at
high southern polar latitudes (Voß 1988). Our findings
reflected this and suspension feeders certainly dominated absolute abundances. Such taxa tend to be particularly abundant in young assemblages like those on
artificial panels (Schoener et al 1978), shells (Kay &
Keough 1981), coral and rock rubble (Hughes & Jackson 1992) and polar substrata at most depths (Bullivant
1967, Winston & Heimberg 1988, Galeron et al. 1992).
Whilst suspension feeding and sessile nature are positive attributes to maintenance of low metabolic costs in
a cold water, food limited environment and may aid
establishment (Peck et al 1997), presence also requires
opportunistic colonisation of space whenever it becomes available. Possession of pelagic larvae and variable timing of release or duration would enable an
organism to have this recruitment potential. In contrast
to the predictions of Thorson’s rule (Mileikovsky 1971),
Stanwell-Smith et al. (1998) found many pelagic larvae in the first detailed, year-round Antarctic study.
Whether the diversity of pelagic (and particularly
planktotrophic) larvae is high is debatable (Arntz &
Gili 2001) when the (high) richness of the sublittoral
benthos at the location of Stanwell-Smith et al.’s (1998)
study is taken into account. Unlike the surrounding
benthos and recruits to artificial panels (StanwellSmith & Barnes 1997), the larvae found by StanwellSmith et al. (1998) were not dominated by benthic suspension feeders. In fact, many of the individually
highly successful species, such as Sterechinus neumayeri and Nacella concinna, have planktonic larvae.
Both the biomass and (to a lesser extent) the abundance values of macrobiota at Adelaide Island
reported here are amongst the highest for any temper-

ate or polar locality for the depths surveyed (Fig. 5).
Only 1 ice-sheltered Antarctic site at Signy Island
(White & Robins 1972) and samples at 1 depth (5 m) at
subantarctic Marion Island (Becley & Branch 1992) had
higher biomass. The highest fauna abundances we
found (at 35 m) are the only ones matching the same
order of magnitude reported decades ago from
McMurdo Sound (>118 712 ind. m–2) by Dayton &
Oliver (1977). Sterechinus neumayeri and Nacella
concinna were each almost entirely responsible for the
dominance of their respective phyla in shallow water
at Adelaide Island, with respect to biomass. The echinoid abundance and mass, as well as that of sponges
(at greater depth), suggests significant commonality
with the high Antarctic system at McMurdo Sound
(Dayton et al 1970, 1974). Other features of the fauna
(e.g. limpet proliferation in shallow water) and disturbance regime (rarity of anchor ice) bear more resemblance to characters of Signy Island in the maritime
Antarctic. In terms of latitude and, therefore, light climate, Adelaide Island is intermediate (not in geographic relation) between these 2 well-studied localities (Signy Island and McMurdo Sound). In many ways
Adelaide Island’s biotic patterns seem to reflect this,
possibly even in terms of biogeography (Clarke 1996,
Barnes & DeGrave 2000). It is possible that the intermediate position of ice disturbance and light climate
experienced by the study locality, together with its
geographic proximity to much of the continent’s shelf
area has resulted in the prolific higher taxon richness,
diversity and abundance. Intermediate disturbancepromoted diversity (Connell 1978, Huston 1979) has
rarely been invoked to systems at continent spatial
scale (but see Gutt 2001), or at geological timescale,
but there is no theoretical barrier why the same processes should not work at higher scales. Most of
Antarctica’s species are endemic but few of its genera
are (though both vary with taxon; see Arntz & Gili
2001), and all the classes and phyla are found widely
elsewhere.
Zonation is a familiar and ubiquitous organisation of
organisms by geography, topography and exposure.
Due to the tight horizons and small spatial scale, vertical littoral zonation of algae and invertebrates tends
to be the most obvious and the most studied by biologists. Although shore zonation is striking at temperate
latitudes, winter freezing and the lack of macroorganisms results in the disappearance of the phenomenon approaching polar waters. On Tristan da
Cunha (37° S, 13’ W), Gough (41° S, 10’ W) and Falklands (51° S, 60’ W) shores littoral zonation is marked
in the fauna and flora (see de Villiers 1976). At or
beyond the Polar Frontal Zone (PFZ), however, only
changes in macroalgal distributions separate shore
heights on the subantarctic islands of the Prince
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Edward archipelago, Kerguelen and South Georgia.
No littoral zonation is apparent on any shores south of
these islands. Floating ice, which scours polar shores
and reduces littoral zonation, also, however, enhances
sublittoral zonation. At Signy Island in the South
Orkneys at 60° S, sublittoral zonation is obvious
(Barnes 1995) and in the South Shetlands (62° S) an
upper surf zone, a middle kelp zone and a more faunistically rich 15 to 30 m zone was noted by Gruzov &
Pushkin (1970). Further south, though, the benthos
forms sharper patterns as described by Propp (1970)
at the Haswell Islands (66° S), at Adelaide Island in
the present study, and in the Vestfold Hills by Kirkwood & Burton (1988). Not only are these zones clear
from assemblage constitution (Fig. 7) but also from
characters of individual species spanning the bathymetric study range (Fig. 6). A similarly strong intensity of faunal depth horizons was previously reported
at McMurdo Sound, a high Antarctic locality (Dayton
et al. 1970). Thus the intensity of vertical zonation
undergoes a graded change centred around the maximum extent of sea-ice front (Fig. 8). In the Arctic,
littoral zonation becomes similarly reduced with latitude (Ellis & Wilce 1961), but clear in the sublittoral
(Dayton 1990), though equivalent changes occur at
much higher boreal (than anti-boreal) latitude.
As species, which are both highly abundant and
vertically partitioned, Sterechinus neumayeri and
Nacella concinna are causative of zonation patterns
per se but they also exert influences over other taxa
intensifying zonation. Both are grazers and may be
responsible for large-scale removal of many recruits
and even some adult cryptofauna. Differential grazing
pressure of numbers of both species may also be
responsible for patterns in cryptofauna. This is neither
a new phenomenon, geographically restricted nor
unusual, but this is the first time it has been suggested
for a polar locality. Both echinoids and limpets control
many temperate subtidal and intertidal benthic
systems (respectively) and have frequently, though
sometimes debatably (Elner & Vadas 1990), been
described as keystone taxa because of this. Demonstration of such a role at Adelaide Island would not,
however, be straightforward for several reasons. First,
the role of these pivotal species would still be minor to
zonation directly created by ice-scour and experimental exclusion of ice is considerably problematical. Second, community development in Antarctica takes
place at least an order of magnitude slower than those
in warm water (Stanwell-Smith & Barnes 1997) so any
experimental time-frame would need to work in
decades. Finally, high Antarctic recruitment may be
characterised by long periods of almost zero recruitment punctuated by stochastic pulses of settlement
(Dayton 1989).

Intensity of faunal zonation
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Fig. 8. Faunal zonation in relation to latitude and the position
of the PFZ. Diagram is a schematic suggesting manner of
change of intensity of zonation based on strength of littoral
and sublittoral macrobiota patterns at sites at latitudes indicated by (1) Tristan da Cunha, (2) Gough Island, (3) Prince Edward Archipelago, (4) Falkland Islands, (5) South Georgia,
(6) Signy Island, (7) South Sandwich Archipelago, (8) Haswell
Island, (9) Adelaide Island, (10) Vestfold Hills and (11) McMurdo Sound
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