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ABSTRACT: We assessed macrofaunal polychaete species diversity on the West Antarctic Peninsula
at mean depths of 500 to 600 m along a cross-shelf transect near Anvers Island, Antarctica. Fifteen
megacore samples from 3 sites were analysed to species level, revealing 78 polychaete species of
which several are new to science. Quantitative samples allowed an assessment of species abun-
dances and the relative contribution of dominance to overall species diversity. The composition of the
assemblages varied across the shelf: the 2 outermost stations on the transect were relatively similar
but differed from the innermost station, which had higher diversity and major differences in species
composition, possibly linked to changes in the sediment characteristics and degree of food availabil-
ity. Species diversity, measured by rarefaction, evenness and species richness estimators, was similar
to values reported at other bathyal settings and slightly higher than that reported from the Arctic
shelf, but in general lower than that reported at temperate and tropical abyssal sites. Dominance was
much higher at Antarctic deep-shelf sites in comparison to temperate bathyal and abyssal sites.
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INTRODUCTION

Species diversity, encompassing both species rich-
ness and dominance, is not constant across habitats,
communities or ecosystems. Variance in species diver-
sity and its causes have been of primary interest to
ecologists since the discipline was first invented.
Locally operating variables such as productivity, dis-
turbance, recruitment, predation, competitive exclu-
sion and environmental heterogeneity are thought to
be important in controlling local diversity (Huston
1979, Rosenzweig 1995, Gray 2002, Leibold et al.
2004). Regional influences such as region size, degree
of isolation and levels of speciation, adaptive radiation
and evolutionary opportunity are thought to be impor-
tant in determining the ultimate size of the available
species pool (e.g. Wilson & Hessler 1987, Wilson 1998,
Gaston 2000, Witman et al. 2004, Rex et al. 2005). In
marine diversity studies, such regional influences are
often ignored, even though the connectedness of habi-
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tat patches within a region via larval dispersal will
cause local and regional processes to interact (Leibold
et al. 2004, Witman et al. 2004). The Antarctic conti-
nental shelf habitats present a unique context to test
theories of ecological diversity because it is influenced
on regional scales by isolation from the Antarctic Cir-
cumpolar Current, and on local scales by low tempera-
tures and extreme seasonality in primary production
(Page & Linse 2002, Ducklow et al. 2006, Smith et al.
2006, Glover et al. 2008).

Taxonomic, biogeographic and macro-ecological
studies have historically supported the view of a low-
diversity Southern Ocean, based largely on the appar-
ent decline in diversity with latitude (e.g. Crame 2000).
However, a number of recent field programs have
recovered surprisingly long species lists of Antarctic
benthic taxa, many new to science, suggesting that
diversity may in fact be much higher than previously
thought (Richardson & Hedgpeth 1977, Gallardo et al.
1977, Gray 2001, Hilbig 2001, Clarke & Johnston 2003,
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Hilbig 2004, Hilbig et al. 2006, Brandt et al. 2007).
Unfortunately it has proved difficult to collect quantita-
tive data on Antarctic benthic diversity that are compa-
rable with other habitats (Gutt et al. 2004). The aim of
this paper is to expand our knowledge of Antarctic bio-
diversity by examining polychaete species diversity
from a new set of West Antarctic Peninsula (WAP) shelf
samples, and assess whether Antarctic marine benthic
diversity is relatively higher or lower than other deep-
water low-latitude sites for which comparable data are
available. An additional goal is to explore the impact of
changes in food availability in the sediments on ben-
thic diversity at a local scale in Antarctica.

The average depth of the Antarctic continental shelf
is approximately 450 m, and in places it is over 1000 m
deep (Clarke & Johnston 2003). The expanses of deep
Antarctic shelf and deep basins result in over 90 % of
the Antarctic region being deeper than 1000 m. The
shelf benthic fauna thus relies on the sinking flux of
particulate organic matter sinking from the euphotic
zone, or advected from other areas, reminiscent of
conditions in the deep sea (Smith et al. 1997, 2006).
Furthermore, the Antarctic shelf is subject to intense
variation in surface primary productivity as a result of
extreme seasonality in photoperiod and sea-ice cover
(Eicken 1992, Ducklow et al. 2006). Productivity, and,
therefore, food availability to benthic heterotrophs, has
been suggested to be one of the most important factors
influencing diversity in soft-sediment marine environ-
ments (Rosenzweig 1995, Gray 2002). However, other
environmental variables, including variations in tem-
perature, salinity, depth, current energy, bottom-water
oxygen and sediment type, can also influence diversity
on local and regional scales (e.g. Grassle & Maciolek
1992, Levin et al. 2001). The issue is further compli-
cated by the non-equilibrium dynamics associated
with disturbance and succession, where intermediate
stages of succession can have elevated diversity in the
absence of productivity changes (e.g. Connell 1978,
Kukert & Smith 1992, Snelgrove & Smith 2002). Thus,
diversity changes are difficult to ascribe solely to vari-
ations in productivity. In our region of study on the
WAP shelf, productivity (as measured by benthic
abundance, sediment oxygen consumption and sedi-
ment food quality) is higher at the innermost station
relative to the 2 outermost stations (Mincks et al. 2005,
Glover et al. 2008); we thus include in this study a pre-
liminary test of the impact of this productivity change
on species diversity in the Antarctic, albeit over a rela-
tively small spatial scale.

At local scales, species diversity may include ele-
ments of both the total number of species (species rich-
ness) and the distribution of individuals amongst spe-
cies (dominance versus evenness). Historically, rather
few studies have investigated dominance in Antarctic

soft-sediment benthic communities owing to a lack of
quantitative sampling. In particular, the majority of
samples addressing benthic faunal diversity have
come from epibenthic sleds, trawls and semi-quantita-
tive grab samples, where large mesh sizes were used
for sieving and the abundances cannot be considered
reliable. Previous studies of deep-sea sediment in-
fauna have determined that mesh sizes of a maximum
of 300 ym are required to adequately sample poly-
chaetes, and the results show very high local diversity,
with low dominance (e.g. Hessler & Sanders 1967,
Grassle & Maciolek 1992, Glover et al. 2002, Snelgrove
& Smith 2002). Given the similarities in physical char-
acteristics between the bathyal deep sea and the deep
Antarctic shelf (low temperatures, absence of light,
high pressure, reliance on advected or sinking flux of
organic matter, and fine sediments) and potentially
shared evolutionary history (e.g Thatje et al. 2005),
we hypothesize similar levels of local diversity and
dominance for our quantitative polychaete samples.

In summary, we present a new data set of marine
benthic diversity from Antarctica, and assess the
following hypotheses: (1) Antarctic shelf polychaete
diversity and community structure are homogeneous
across the WAP shelf and (2) polychaete species diver-
sity as measured by both species richness and even-
ness is the same in deep Antarctic shelf environments
as in lower-latitude sedimented bathyal environments.

MATERIALS AND METHODS

Sampling sites. Three study sites were sampled as a
part of the multidisciplinary Food for Benthos on the
Antarctic Continental Shelf (FOODBANCS) project,
with 5 cruises over the period November 1999-March
2001 (Smith et al. 2008). For the purposes of this spatial
study, only data from the last cruise in March 2001 are
presented in this paper. Quantitative abundance data
and seasonal trends for the entire macrofaunal compo-
nent of the sampling program have already been pre-
sented in Glover et al. (2008).

The study area was located on the WAP shelf, which
extends for approximately 1500 km from the Belling-
hausen Sea near 75°S, 80°W to the northern tip of
peninsula near 63° S, 60° W. The shelf is approximately
200 km wide and averages approximately 500 m in
depth. The 3 sampling stations (Stn A at 580 m, Stn B at
615 m and Stn C at 566 m) are located along a transect
crossing the WAP shelf near Anvers Island (Fig. 1).
These stations were selected as representative of
regional conditions at the inner, mid and outer WAP
shelf, spanning a distance of 100 km across the shelf
(Smith et al. 2008). Stn A lies within a basin roughly
25 km across, whereas Stns B and C are located on
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Fig. 1. Bathymetric map of the West Antarctic Peninsula. The enlarged region indicates the location of the sampling sites (Stns A,
B and C). Bathymetric contours are at intervals of 500 m (right-hand panel). Bathymetric map produced using GeoMapApp
(Www.geomapapp.org)

broad, flat portions of the continental shelf (Fig. 1). The
study sites were characterised by fine-grained sedi-
ments and low topographic relief. A time-lapse camera
and towed video system provided imagery of the
seabed and showed no evidence of iceberg scour or
resuspension of sediments during the 15 mo of the
study (Sumida et al. 2008; Fig. 2). A visible seafloor
cover of phytodetritus was observed during the 2001
cruise (Smith et al. 2008; Fig. 2). A suite of environ-
mental variables, including sediment porosity, chloro-
phyll a (chl a), enzymatically hydrolyzable amino acids
(EHAA; estimates bio-available fraction of the protein
pool; cf. Mayer et al. 1995) and phytodetritus cover,

were recorded along with macrofaunal and megafau-
nal abundance (summarised in Table 1). Stn A differed
from Stns B and C in terms of megafaunal (Sumida et
al. 2008) and macrofaunal (Glover et al. 2008) compo-
sition. Stn A was also characterised by 5-fold higher
sediment concentrations of chl g, slightly higher con-
centrations of EHAA and greater phytodetritus cover
in March 2001 compared with Stns B and C (Mincks et
al. 2005, Smith et al. 2008, Sumida et al. 2008).
Sample collection and processing. The samples
were collected using a Bowers and Connelly mega-
corer, a type of multicorer, with twelve 10-cm diameter
tubes. Previous studies indicate that this is currently the

Fig. 2. Video-still images of the seafloor at (A) Stn A and (B) Stn B taken using a towed video camera in February 2001.
Phytodetritus accumulation and consumption by elasipodid holuthurians is visible. Laser beams are 10 cm apart
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Table 1. Station, position, depth, abundance, dominant taxa and environmental variables for ssampled FOODBANCS stations. All data are for 2001 only, with the exception

of macrofaunal abundance, which represents combined data for all cruises 1999 to 2001. EHAA: enzymatically hydrolyzable amino acids
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most quantitative sampler available for deep-sea stud-
ies (Shirayama & Fukushima 1995, Gage & Bett, 2005).
Between 4 (Stn B) and 5 (Stns A and C) deployments
were made at randomly selected coordinates within
1 km of the central point of each station. A single tube
was taken for macrofauna analysis from each deploy-
ment replicate. Recovered megacore tubes were care-
fully extruded and sliced into 0-1, 1-5 and 5-10 cm
layers at approximately in situ temperatures on deck.
The entire layer for each slice was bulk-preserved in
10 % borate-buffered formalin in seawater. In the labo-
ratory, samples were carefully washed on a 300 pm
mesh and preserved in 80% ethanol. Samples were
stained in Rose Bengal and quantitatively sorted under
a dissecting microscope. Leica MZ6 and DM5000 stereo
and compound microscopes were used to identify spec-
imens. Named species identification (where possible)
was carried out using published identification keys. In
the case where a named species identification could not
be obtained, the specimen was recorded as a morpho-
species in a genus (e.g. Tharyx sp. A) or family (e.g.
Ampharetidae sp. A). For every species found, a
voucher specimen was erected. Images of these speci-
mens were captured using a Zeiss V.20 and AxioCam
HRc, and a Leica DFC 480 dedicated camera system
connected to the DM5000 (Fig. 3). A voucher worksheet
was created for every such specimen, with a brief diag-
nostic description of the species, including drawings
and photographs. Voucher worksheets for the refer-
ence collection have been made public on the Natural
History Museum hosted website (http://polychaetes.
info). The full species list including abundance counts is
available in Table S1 in the supplement (www.int-res.
com/articles/suppl/m428p119_supp.pdf).

Analysis of taxonomic composition and assemblage
structure. The assemblage structure of the stations
was assessed using an ordination approach to deter-
mine whether the stations were different in species
composition, or representatives of a relatively homoge-
nous shelf environment. Previously reported between-
station differences in megabenthic (Sumida et al. 2008)
and macrobenthic fauna (Glover et al. 2008) from
FOODBANCS sites, as well differences in some envi-
ronmental variables measured (Mincks et al. 2005,
Smith et al. 2006, Smith et al. 2008), suggested an envi-
ronmental change along the station transect from
Stn A to Stns B and C. Because species are thought to
have a unimodal distribution around their optimum
(Jongman et al. 1987), a unimodal response-based cor-
respondence analysis (CA) was chosen for ordination
analysis (see Fig. 4). For completeness, a multidimen-
sional scaling (MDS) analysis was also undertaken;
results showed very similar patterns and are not
included here. Polychaete assemblages were detected
by CA using CANOCO software (ter Braak & Smilauer
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Fig. 3. Stereomicroscope images of dominant polychaetes at the FOODBANCS stations. Clockwise from top left: Aurospio food-
bancsia, Aricidea cf. simplex, Euchone sp. B and Glycera cf. capitata

2002). All data were logyo(x+1)-transformed to limit the
influence of the most dominant species. The percent-
age composition of the top 5 numerically dominant
species at each station was also determined and is pre-
sented in tabular form.

Environmental variables. As part of the FOOD-
BANCS project, which was primarily concerned with
measuring temporal changes on the Antarctic shelf, a
number of environmental variables were collected
from the 3 stations (e.g chl a, EHAA, microbial biomass
[ATP concentrations], C:N ratios, sediment porosity
and % organic C; Mincks et al. 2005). The specific
measurements relevant to our samples taken in Febru-
ary 2001 are provided in Table 1. As our spatial sam-
pling size was quite low (3 stations), it was not statisti-
cally appropriate to use these environmental variables
directly in the multivariate or regression analyses.

Analysis of species diversity. The concept of species
diversity includes both species richness (the actual
number of species) and the degree of dominance (or
evenness). Most indices of diversity, calculated from
quantitative samples, take into account some degree of
both richness and dominance. Local diversity at each
station was assessed by calculating the Shannon-
Wiener diversity index H' [log(e)] and Pielou's even-
ness index J' using the PRIMER package (Clarke &
Gorley 2006). We wused the rarefaction approach
(Sanders 1968), implemented in the package ECOSIM
(Gotelli & Entsminger 2000) and conducted on pooled
samples per station, to study species diversity patterns

independent of sample size, although as with the
diversity indices, rarefaction is also influenced by dom-
inance (Gage & Tyler 1991, Gage & May 1993). To
study actual species richness independent of domi-
nance effects, it is ideal to have a suite of samples
where species counts are no longer increasing with
sampling effort (i.e. are saturated); however, at all of
our sites, and in published data from other sources,
there was no evidence that this asymptote had been
reached (see Fig. 5). However, extrapolation methods
can be used to provide some estimate of richness, and
there has been extensive discussion of their relative
merits (e.g. Colwell & Coddington 1994, Brose et al.
2003, Magurran 2004, O'Hara 2005, Walther & Moore
2005). Here we follow the decision path for estimator
choice developed by Brose et al. (2003). We used the
Jackknife 2 (Jack2) and Chaol estimators imple-
mented using the Primer package (Clarke & Gorley
2006). Jack2 is considered to perform well for both
even and uneven communities, and Chaol is likely to
provide a lower bound to species richness, producing
only conservative estimates (O'Hara 2005).

To place our diversity estimates in a geographical
and bathymetrical context, we collected and analysed
published species diversity data from a range of deep-
sea and shelf marine benthic habitats (summarized in
Table 5). Differences in sampling design, sampling
gear, number of replicates, mesh size, sample han-
dling, method of data analysis and reporting of data
vastly reduced the suite of data sets that could be
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included in our analysis. We limited our choice of data
to studies of polychaete diversity where the sample-
size-independent measure of rarefaction was reported,
or where original data sets were available for calcula-
tion of rarefaction curves, Jack2 and Chaol. We fur-
ther limited our selection of data sets to those based on
core or grab samples, eliminating studies that used
sledge- or trawl-based data, which tend to poorly sam-
ple small infaunal taxa.

RESULTS
Taxonomy

A total of 78 species were identified from 1035 indi-
viduals and 14 samples, belonging to 27 different poly-
chaete families. Of the 1035 individuals collected, 78 %
were identified to a named species, with 19% poten-
tially new to science. Of the 78 species, only 35 % could
be identified to a named species, with 65 % potentially
new to science. The estimated number of species new
to science (65 %) can only be interpreted as an upper
limit in our samples —the actual figure is likely to be
lower as some species were in too poor condition to be
confidently identified beyond being different from
anything else in the sample. A single species, dis-
covered and described as new to science during
the FOODBANCS program— Aurospio foodbancsia
Mincks et al.,, 2009 —was by far the most abundant
species, representing 52 % of all individuals examined
in all samples combined.

Polychaete assemblages

At all stations, samples were heavily dominated by
polychaetes of the family Spionidae, in particular by
Aurospio foodbancsia (Fig. 3). This single species con-
tributed 26 % of the individuals at Stn A, 63 % at Stn B
and 70 % at Stn C (Table 2). A more even distribution
of individuals amongst species was observed at Stn A.
Two species of Paraonidae, Aricidea cf. simplex Day,
1963 and Levinsenia cf. gracilis Tauber, 1879, contri-

buted 9% each at Stn A. These species are thought to
have cosmopolitan distributions, but probably repre-
sent species complexes for which genetic evidence is
still lacking. A. simplex was very rare at Stn C and L.
gracilis was completely absent at Stns B and C. The
only species besides A. foodbancsia that was abundant
at all 3 stations was the syllid Exogone cf. minuscula
Hartman, 1953. The opheliid Ophelina cf. farallonensis
Blake, 2000 was abundant at both Stns A and C, but
rare at Stn B. All stations were characterised by large
numbers of rare species. At Stn A, 83 % of the species
(46 species out of 55) were each represented by <2 %
of the individuals; at Stn B, this was 81 % (27 species
out of 33), and at Stn C 76 % (26 species out of 33).
Corresponcence analysis revealed the relatedness of
the individual samples, the sampling stations and the
species most important in driving the assemblage
structure (Fig. 4). The samples showed clear separation
between Stn A and Stns B and C (ANOSIM); however,
there were differing degrees of heterogeneity within
the stations. The broad scatter of samples from Stn A
suggests high heterogeneity at this site, driven by
variations in the abundances of Levinsenia, Aricidea,
Asabellides, Notomastus, Laonice and Maldane (for
clarity, only the generic names are provided in Fig. 4).
With the exception of one outlier sample (B-757), the
samples from Stns B and C are closely grouped
because of the high dominance of Aurospio foodbanc-
sia. Other abundant species at these stations included
the lumbrinerid Paraninoe antarctica Monro, 1930 and
the glycerid Glycera cf. capitata Orsted, 1843. The out-
lier sample from Stn B showed lower Aurospio abun-
dance and higher abundance of Nothria, Anobothrus
and Sternaspis. All of the Stn C samples were domi-
nated by Aurospio and were tightly clustered. In sum-
mary, there was a considerable degree of heterogene-
ity in the WAP shelf region of interest. Stn A samples
showed the highest heterogeneity, Stn B intermediate
and Stn C the least (Fig. 4). In terms of species compo-
sition, there was a shift from the innermost station (A)
to the outer 2 stations (B and C), primarily driven by
the increased abundance of subsurface deposit feeders
at the innermost station, and reduced levels of domi-
nance by the surface-deposit feeding A. foodbancisa.

Table 2. Top 5 dominant polychaete species found at each station. For each species, the percentage of the total number of
individuals is given

Stn A % total Stn B % total Stn C % total
Aurospio foodbancsia 26 Aurospio foodbancsia 63 Aurospio foodbancsia 70
Aricidea cf. simplex 9 Exogone cf. minuscula 4 Ophelina cf. farallonensis 5
Levinsenia cf. gracilis 9 Flabelligella sp. A 4 Glycera cf. capitata 3
Exogone cf. minuscula 7 Euchone sp. B 3 Paraninoe antarctica 3
Ophelina cf. farallonensis 7 Aricidea cf. simplex 3 Exogone cf. minuscula 3
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Fig. 4. Correspondence analysis (CA) depicting core samples
as circles (Stn A,: blue; Stn B: red; Stn C: green). Species (trian-
gles) are arranged in the same ordination space, providing an
indication of the species that are likely to be driving the shifts
in assemblage structure. Species are labelled (to genus), as are
outlier samples from the main Aurospio group. Samples that
lie close together are more similar in species composition;
samples that lie far apart are dissimilar in species composition.
Species that lie close to each sample have high abundances in
that sample. For clarity, only species that contribute at least
25 % of the abundance have been displayed, and only samples
from the outliers and Stn A have been labelled

Local diversity

Species accumulation curves indicate that all sites
were under-sampled (Fig. 5A). The highest accumula-
tion rate of species with samples was at Stn A, the sec-
ond highest at Stn B and the lowest at Stn C. A total of
60 species were recorded at Stn A, 35 at Stn B and
34 at Stn C (Table 3). Rarefaction analysis produced
a similar result, indicating under-sampling even on
pooled samples, although in relative terms Stn B
rarefaction curves were closer to Stn A, driven by the
slightly higher heterogeneity at that site (Fig. 5B). H'
was highest at Stn A (2.5), dropping to 1.61 at Stn B
and 1.3 at Stn C. Similar between-station changes
occurred in the evenness index (J') (which was lowest
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Fig. 5. (A) Species accumulation curve for FOODBANCS
Stns A, B and C based on pooling of samples. (B) Rarefaction
curves for FOODBANCS Stns A, B and C

at Stn C) and in the results from the rarefaction analy-
ses (ES[200]) (Table 3, Fig. 3). The data suggest highest
diversity in terms of species richness and evenness at
Stn A, and lower diversity at Stns B and C, with Stn C
lowest in some variables (e.g. ES[200]).

Global comparisons

To place the species diversity at the FOODBANCS
stations in a global context, we compiled published
estimates of local polychaete diversity based on sedi-
ment core or grab samples that used 300 to 1000 pm
sieve sizes (listed in Table 5) from a broad global suite
of studies. Rarefaction analysis or published figures
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reveal a broad range of local species diversity at these
sites, from ES(150) of <20 to >60 (Fig. 7). Although we
made attempts to single out studies for which there
would be less sample bias, the lower species diversity
recorded at the Arctic sites is likely to be heavily influ-
enced by the larger mesh size (1000 pm). However, a
clear trend is the lower diversity at the Antarctic
bathyal stations compared with a broad range of
abyssal plain samples (Fig. 7). This is apparently dri-
ven by the much higher dominance of certain species
at the Antarctic shelf/bathyal stations, even though
these sites may have a similar long ‘tail’ of rare species
(Fig. 8). ES(150) at the Antarctic shelf/ bathyal sites
was close to values reported for temperate bathyal
regions. Within a given habitat, the abyssal and Arctic
sites displayed the most consistent levels of rarefaction
diversity, the former being high in diversity and the
latter low (although probably driven lower in the
Arctic by sampler bias); the Antarctic and temperate
slope sites were the most variable.

60 3.0
DOES(200)

50 =H 25
aJ’

ES(200)
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Fig. 6. Local polychaete species diversity at the FOODBANCS

stations on the West Antarctic Peninsula shelf. The expected

numbers of species from 200 individuals based on rarefaction

analysis (ES[200]), Shannon-Wiener diversity index (H') and

Pielou's evenness (J') are illustrated graphically. Error bars
are +SE

Table 3. Station, total area sampled, number of individuals (n), density (m~?), species richness (S), Shannon-Wiener diversity
index (H'), Pielou's evenness index (J') and estimated number of species from 200 individuals based on rarefaction (ES(200)).
Means are presented +SE, except in the case of ES, where 95 % confidence intervals are given

Stn Area n Density S H' J' ES(200)
sampled (cm) (ind. m?) (loge) (95% CI)
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B 320 214 6656 +1080 35 1.61+0.11 0.6+0.04 35 (32,37)
C 400 420 10500899 34 1.3+0.1 0.5+0.03 23 (19,27)
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Fig. 7. Regional-scale variability in local benthic polychaete diversity estimated using rarefaction analyses, color-coded by (A)

sampling programme and (B) habitat. Data are based on published studies cited in Table 4. Within this context, the FOODBANCS

sites lie in the middle of the range for other published Antarctic shelf studies; they are lower in diversity compared with abyssal
and tropical sites and higher in diversity relative to Arctic shelf sites
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Table 4. Estimates of polychaete diversity on a regional scale from deep-sea and high-latitude shelf environments made using

comparable sampling devices (sediment corers). Comparative data are from Glover et al. (2001, 2002), Schaff et al. (1992), Hilbig

(2001), Hilbig et al. (2006) and Feder et al. (2007). ES(150): expected number of species at a sample size of 150 individuals;
n: number of individuals; S: species richness; nd: no data

Locality Depth Sampling Mesh Area No. n Density S ES(150)
(habitat) (m) gear size sampled replicates (ind. m™2)

Site (mm) (m?)

N Pacific (abyss)

DOMES 5100 USNEL box core 0.3 11.75 47 846 72 104 57.8
ECHO 4800 USNEL box core 0.3 3.75 15 704 188 113 62.2
PRA 4800 USNEL box core 0.3 4 16 1324 331 100 50.0
EqgPac ON 4300 USNEL box core 0.3 0.75 3 291 336 73 66.7
EqgPac 2N 4400 USNEL box core 0.3 1 4 245 240 82 76.8
EqgPac 5N 4400 USNEL box core 0.3 0.75 3 240 320 76 69.6
NE Atlantic (abyss)

EOS 4600 USNEL box core 0.5 2 8 214 143 74 62.8
PAP 4800 USNEL box core 0.5 1.25 5 427 342 100 59.0
TAP 5035 USNEL box core 0.5 0.54 3 186 258 57 514
NW Atlantic (slope)

Carolinall 850 USNEL box core 0.063, 0.3 nd 2146 15776 69 39.0
Carolinalll 850 USNEL box core 0.063, 0.3 nd 3888 36230 34 15.7
W Antarctic (deep shelf)

FB A 580 Megacore 0.3 0.04 5 382 9500 58 35.5
FB B 615 Megacore 0.3 0.032 4 214 6875 37 28.8
FB C 566 Megacore 0.3 0.04 5 420 10350 34 20.0
EASIZIT 047 Multibox corer 0.5 nd n/a n/a n/a 47.5
EASIZII 224 279 Multibox corer 0.5 0.168 186 1107.1 53 48.0
EASIZII 299 212 Multibox corer 0.5 0.168 886 5273.8 73 34.0
EASIZII 300 423 Multibox corer 0.5 0.168 909 5410.7 53 24.5
EASIZIT 325°% 829 Multibox corer 0.5 0.168 676 4023.8 53 26.5
EASIZII 326 625 Multibox corer 0.5 0.168 504 3000 60 34.0
EASIZII 341 428 Multibox corer 0.5 0.168 499 2970 65 42.3
EASIZII 345 218 Multibox corer 0.5 0.168 497 2958.3 39 26.5
EASIZII 356 120 Multibox corer 0.5 0.168 1076 6404.8 44 26.0
EASIZII 188 225 Multibox corer 0.5 0.12 180 1500 49 45.5
Arctic (shelf, Chukchi Sea)

KS 105 25 van Veen grab 1 0.5 5 2057 4356 61 28.0
CH 45 43 van Veen grab 1 0.5 5 794 750 41 26.0
CH 43 18 van Veen grab 1 0.5 5 714 1564 34 19.9
KS 14 22 van Veen grab 1 0.5 5 302 640 30 234
KS 106b 51 van Veen grab 1 0.5 5 6938 28450 68 29.0
KS 21 36 van Veen grab 1 0.5 5 232 472 14 12.3
KS 16 25 van Veen grab 1 0.5 5 910 1936 44 27.0
KS 10 12 van Veen grab 1 0.5 5 1412 2972 58 27.0
CH 47 47 van Veen grab 1 0.5 5 630 1328 34 22.5
CH 44 32 van Veen grab 1 0.5 5 2010 4700 34 20.0
KS 20 38 van Veen grab 1 0.5 5 4134 8896 56 17.0
KS 15 17 van Veen grab 1 0.5 5 1382 2852 49 24.0
KS 101 van Veen grab 1 0.5 5 6132 12736 58 23.0
KS 19 34 van Veen grab 1 0.5 5 4436 9116 51 16.0
“Deep shelf/slope

Where data were available, we made estimates of
total species richness using the Jack2 and Chao1l esti-
mators (Fig. 8). It should be noted that all the studied
sites were under-sampled, so there is a great deal of
uncertainty in these estimators. Nevertheless, some
trends were apparent. The innermost Antarctic shelf
stations (B and C) were characterized by lower total
species richness compared with Stn A, which rivalled

other temperate and tropical deep-sea abyssal sites for
total richness. It should be noted that separate analyses
(not included here) that included the pooling of data
from Stns B and C produced diversity levels at the B/C
‘province’ that rivalled Stn A for diversity. The highest
total species richness by these measures is reported for
tropical abyssal stations, the lowest at the Antarctic
shelf stations and a disturbed site in the temperate
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Atlantic abyss (Madeira Abyssal Plain). To investigate
the global distribution of dominance/evenness at
deep-sea sites, we also calculated k-dominance curves
(Fig. 9). In general, abyssal stations showed consis-
tently low dominance whereas high-latitude bathyal
and shelf stations showed high levels of dominance.

DISCUSSION
Polychaete community structure on the WAP shelf

When comparing the 3 FOODBANCS stations (A, B
and C) in terms of polychaete community assemblages,
polychaete species diversity and measurements of
sediment food availability (chl a) (Mincks et al. 2005,
Smith et al. 2008), there is one unifying theme. The
Stn A community is more heterogeneous, has higher
species richness, higher evenness and apparently
greater quantities of labile food material (measured by
% organic C and chl a) for deposit feeders in the sedi-
ment compared with Stns B and C, which exhibit simi-
lar values for most variables (Table 1). However, there
was no substantial difference in ATP, C:N ratios, sedi-
ment porosity or quantities of EHAA between the sta-
tions (Table 1). Nevertheless, it seems highly likely
that this shift in community structure across the WAP
shelf is driven by these variables and associated with a
change in productivity; in particular, the increased
abundance of subsurface deposit-feeding polychaetes
at Stn A is suggestive of fundamental changes in the
characteristics of the sediments, which may be related
to the topographic focusing of organic material in the
basin surrounding Stn A. This pattern is also in agree-
ment with trends detected for the macrofauna as a
whole (Glover et al. 2008). Recent publication of long-
term data sets (1995 to 2006) of WAP productivity
(Vernet et al. 2008) provides supporting evidence for
this change across the WAP shelf region, with higher
production observed close to our inshore Stns A and B
(900 to 1000 mg C m2 d™!) compared with lower levels
(~670 mg C m2 d!) close to our Stn C. These differ-
ences in surface productivity are related to sea-ice
dynamics and the formation of a shallow mixed layer in
surface water (see Vernet et al. 2008 for discussion).

Correspondence analysis (Fig. 4) revealed that the
polychaete assemblages from Stns B and C formed a
similar but not entirely homogenous group (ANOSIM,
R =0.51, p = 0.016), whilst Stn A was composed of a
different assemblage (ANOSIM, R = 0.87, p = 0.008).
Video surveys of megafauna (Sumida et al. 2008)
showed a similar pattern. The most striking result in
terms of the community structure was the very high
abundance of Aurospio foodbancsia at all stations, but
particularly at Stns B and C, which caused them to

cluster closely (Table 2, Fig. 4). Even at the most
species-diverse station (A), A. foodbancsia constituted
26 % of total polychaete abundance, increasing to 63 %
at Stn B and 70 % at Stn C. The fact that A. foodbanc-
sia, which is arguably the most abundant macrofaunal
species in the WAP shelf region (when small mesh
sizes are used), was new to science prior to the FOOD-
BANCS project illustrates how the smaller macrofauna
on the shelf is poorly sampled around the Antarctic
Peninsula, with much basic taxonomy remaining to be
done.

The high dominance of Aurospio foodbancsia on our
WAP shelf sites seems to indicate an opportunistic
response to recent disturbance. However, we did not
detect significant shifts in the abundance of A. food-
bancsia over the course of the 15-mo FOODBANCS
study (Mincks et al. 2009), and the observed frequen-
cies of ovigerous females over time were not consistent
with reproductive variability, as might be expected if
the species was adapted to respond to rapid shifts in
food availability (Mincks et al. 2009) or to disturbance
from iceberg scour at shallower depths. Interestingly,
we found that a large percentage of specimens were
parasitized by an unknown turbellarian (Mincks et al.
2009), which may be a consequence of the very high
population densities achieved by the species on the
WAP shelf.

Stn A showed not only marked dissimilarity in spe-
cies composition from Stns B and C, but also a higher
level of between-sample heterogeneity. This species
mosaic at Stn A was mainly driven by shifts in the
abundance of 3 species of Paraonidae: morphospecies
Aricidea sp. H, Aricidea cf. simplex and Levinsenia cf.
gracilis. Of these, both L. gracilis and A. simplex are
considered cosmopolitan species more often confined
to deeper water (Blake 1996). It is quite probable, but
untested genetically, that these species represent com-
plexes of cryptic species and that the Antarctic shelf
forms may be different species. Given the limitations of
our morphological study, we have no evidence to sup-
port any potential recent genetic exchanges with pop-
ulations of similar morphospecies in other ocean
basins. However, genetic data from a recent study of
Aurospio foodbancsia does indicate a small, almost
undetectable morphological change from deep-water
Aurospio dibranchiata to shelf-depth A. foodbancsia
(Mincks et al. 2009).

Overall, Paraonidae was the most species-rich
family at our WAP sites with 10 species. Paraonids
are considered subsurface deposit feeders, and they
drive much of the functional change in the poly-
chaete community from Stns B and C, where they
are rare and the community is dominated by surface
deposit feeders, to Stn A, where they are much more
abundant (Fig. 4). Maldanid polychaetes were also
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found only at Stn A, represented mainly by Maldane
sarsi. These animals are considered ‘conveyor belt’
species, which feed head-down in sediments, rapidly
subducting organic material down around their
burrows (Graf 1992). The abundance of subsurface
deposit feeders at Stn A is consistent with enhanced
productivity and food availability in the sediment, as
evidenced by higher values of phytodetritus cover
and higher concentrations of chl a in the sediments
at relative to Stns B and C (Mincks et al. 2005, Smith
et al. 2008), most likely caused by higher overlying
productivity (Vernet et al. 2008) and/or topographic
focusing of sediment.

Polychaete species diversity on the Antarctic shelf

By any estimators of species accumulation (Fig. 5),
the stations in this study are under-sampled and as
such it is impossible to accurately predict polychaete
species diversity for the entire WAP shelf region. This
is a common problem in studies where samples are
from quite small sediment cores relative to the vast
expanses of the sedimented shelf or deep-sea habitat
that they are attempting to describe. Nevertheless,
using estimators of accumulation, evenness and com-
paring diversity normalised to random subsamples of
individuals, it is possible to make some valid compar-
isons, both within this study and between this and
other previous published diversity data sets.

At a local level, a clear trend is apparent for the
WAP shelf region we have studied. There is a
decrease in species diversity from Stn A, which is
closest to the Antarctic mainland, to Stn C, which is
furthest away (Figs. 1 & 6). We have only limited envi-
ronmental data that correlate with this trend, with the
exception of the apparent increase in sediment chl a
content and March 2001 phytodetritus cover at Stn A
versus Stns B and C. However, there is no obvious
environmental gradient between Stns B and C sup-
porting a diversity decline, other than simply distance
from the mainland. Although our sample size is low
and we are unable to make rigorous statistical com-
parisons, we conclude that there is tentative support
for a relationship between species diversity and pro-
ductivity at our sites, with the highest diversity site
also having the highest apparent productivity, mea-
sured by benthic macrofaunal abundance (Glover et
al. 2008) and food availability in the sediment (Mincks
et al. 2005). This is also supported by the evidence
from surface-water measurements of productivity,
which show a clear enhancement of production fur-
ther inshore close to our Stns A and B (Vernet et al.
2008). Of course we cannot exclude the possibility
that other unmeasured variables are also significant.

Given that more general ecological theory suggests
a unimodal relationship between productivity and
diversity (e.g. Huston 1979, Rosenzweig 1995), our
results suggest that polychaete diversity on the WAP
shelf may be food limited, and that the sites lie on the
‘increasing’ phase of this monotonic curve. It is in-
teresting to compare this clear spatial variability in
diversity and species composition on the WAP shelf
with the almost complete lack of temporal variability in
response to dramatic changes in the fluxes of organic
matter between Antarctic seasons (Smith et al. 2006,
Smith et al. 2008, Glover et al. 2008 and references in
the same volume). Although species-level analysis has
only been carried out for the single time-point
analysed in the present study, the apparent consis-
tency of macrofaunal and megafaunal community
compositional change across the FOODBANCS time
series lends weight to the spatial differences observed
between Stns A and B/C. We can at least conclude that
the unusual diversity and compositional pattern at
Stn A is not a result of a recent opportunistic recruit-
ment in response to a seasonal input of food (cf. Mincks
& Smith 2007).

The second clear pattern is the apparent high levels
of dominance, or low levels of evenness, for the
Antarctic shelf stations we have examined (Figs. 6 &
9). In general, high-latitude deep-shelf environments
appear to have higher dominance than lower-latitude
abyssal environments (Fig. 9). High dominance has
long been recognized as characteristic of communities
under stresses such as disturbance (Magurran 2004)
and unpredictability in environmental conditions
(Preston & Preston 1975). The FOODBANCS project
found a strong seasonal and even stronger inter-
annual variability in chl a and particulate organic C
flux to the seafloor (Mincks et al. 2005, Smith et al.
2008), suggesting unpredictability in food supply.
However, little such variation was found in the sedi-
ments, where food appears to accumulate and remain
accessible to the benthos throughout the year as a
‘foodbank’ (Mincks et al. 2005, Smith et al. 2006,
2008). We cannot therefore ascribe the high level of
dominance to unpredictability in food supply. Other
possibilities include ice scour or sediment resuspen-
sion, but the FOODBANCS stations are well below
the maximum depth of ice scour in this region, and
there is no evidence from time-lapse cameras (de-
ployed from December 1999 to March 2001 at Stn B)
or video surveys during 5 cruises that these processes
occur at the FOODBANCS stations.

High dominance has been observed in some other
Antarctic datasets (Gambi et al. 1997, Sicinski &
Janowska 1993, Ragua-Gil et al. 2004). At the FOOD-
BANCS sites, high dominance by elasipodid holothuri-
ans was also reported in megafaunal studies (e.g. Sum-
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ida et al. 2008), but this is common in most deep-sea
studies of holothurians. Gambi et al. (1997) noted high
dominance of polychaetes from shallow depths of the
Ross Sea. During the sampling of 14 stations, they col-
lected 5768 individuals belonging to 77 species, but
just 6 species accounted for 76 % of the total abun-
dance. Similarly, Sicinski & Janowska (1993) noted
high dominance in polychaete assemblages from
Admiralty Bay on the WAP, with 70 % of the individu-
als belonging to just 5 dominant species.

Antarctic benthic diversity in a regional and
global context

There is a large body of literature addressing
macro-ecological gradients in diversity, in particular
the apparent declines in diversity with increasing lati-
tude in terrestrial habitats, and the drivers behind
such declines (e.g. Pianka 1966, Rohde 1992, Gaston
2000). For marine benthic ecosystems, the presence of
a latitudinal decline in diversity is much more contro-
versial. For example, several studies have both sup-
ported the idea of reduced marine diversity in the
Antarctic (e.g. Dell 1965, Dayton 1990, Crame 2000,
Rex et al. 2005) whereas numerous studies have chal-
lenged it (Gallardo et al. 1977, Richardson & Hedg-
peth 1977, Gray 2001, Hilbig 2001, Clarke & Johnston
2003, Hilbig 2004, Hilbig et al. 2006, Brandt et al.
2007). A broad meta-analysis of these diversity pat-
terns is beyond the scope of the present study, but our
data are of relevance to the debate. In particular, we
believe it is essential to have an adequate under-
standing of the sample biases in any study. For exam-
ple, in this study we have uncovered a potential
wealth of species new to science—some of them
highly abundant—in the small sediment infauna that
is retained on a 300 pm sieve. This is probably a result
of using a hydraulically dampened megacorer that is
able to collect virtually undisturbed long cores of sed-
iment. In contrast, more widely used trawl or epiben-
thic sledge samplers will collect over a much broader
area, but miss small infauna that can be collected by
the corers. The major methodological issues of com-
parative diversity studies have been well discussed
(e.g. Gray 2002). The main issues are with differences
in sampling design (gear, effort and mesh size) and
we are well aware that these may influence our
results. In our study we have been careful to include
only infaunal sampling and to at least a sediment
depth of 10 cm, where the majority of macrofauna
(>85%) is found (Shaff et al. 1992, Glover et al. 2001,
Glover et al. 2002, G. Paterson et al. unpubl. data).

The data included in our analyses suggest that the
local diversity (measured by rarefaction, dominance

indices and species richness estimators) is broadly
similar across the WAP shelf, Weddell Sea shelf and
temperate bathyal regions (Figs. 7 to 9). Arctic shelf
diversity has often been suggested to be low relative
to similar Antarctic environments, although data to
the contrary have recently been reported (e.g.
Piepenburg 2005, Wlodarska-Kowalczuk 2007). We
compared polychaete diversity on the Antarctic shelf
(present study and Weddell Sea sites) with data from
the shallow Chukchi Sea (Feder et al. 2007) and found
similar or slightly lower species richness at the Arctic
sites (Fig. 7) based on rarefaction. Arctic communities
also exhibited low evenness, similar to Antarctic com-
munities. This comparison must be viewed with some
caution because of the use of a larger 1 mm mesh size
at shallower Arctic sites (typical of many shallow-
water studies) relative to the 300 pm mesh used in
ours and other deep-water studies. However, infaunal
organisms also tend to be larger in shallow waters,
and representative samples may thus be obtained
using different mesh sizes in each habitat. In a com-
parable study of diversity at Arctic and Antarctic
marine inlets (where disturbance from ice-rafted
debris is likely to be high), similar levels of local and
point-scale diversity were reported in both systems
(Wlodarska-Kowalczuk et al. 2007). Our Stn C values
are comparable to those of Wlodarska-Kowalczuk et
al. (2007) (ES[50] = 10.7+3.4, 9.7+4.2 and 10.5+4.9),
whereas Stns A and B are higher in diversity, so the
lower limits of the range of diversity values on the
Antarctic shelf may overlap with the upper range of
values in the Arctic.

Abyssal plain sites, both temperate and tropical,
generally show higher diversity than Antarctic sites
based on rarefaction, richness estimators and evenness
(Figs. 7 to 9). However, species richness at WAP Stn A
approaches the lower limits of values for abyssal sites,
as measured by rarefaction (Fig. 7), and is equivalent
based on Chaol and Jack2 (Fig. 8). Dominance can
influence rarefaction results (Gray 2000); thus, Chaol
and Jack2 may be more informative in this situation.
WAP Stns B, C and other shelf and bathyal Antarctic
sites showed lower species richness than temperate
and tropical abyssal plains. Abyssal samples were
collected using box cores with a greater surface area
than the megacore used in the Antarctic studies, which
may have influenced estimates of species richness
given the steepness of the rarefaction curves. How-
ever, abundances were also much higher at Antarctic
sites (Table 4), which may have alleviated some of the
bias due to the smaller sampled area. For example, at
the DOMES site in the abyssal Pacific, the sampling
area was approximately 100 times as large as the
sample area for the 3 FOODBANCS stations, but the
number of specimens was approximately the same and
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the number of species recorded at the FOODBANCS
sites was approximately 25 % lower (Table 4). Schiiller
et al. (2009) also reported comparable levels of poly-
chaete diversity at Antarctic sites sampled during the
ANDEEP III expedition relative to abyssal Altantic
mesotrophic and oligotrophic sites (Cosson-Sarradin et
al. 1998), although sampling methods again differed
between studies. Rarefaction estimates from these
studies also correspond well with our data and those
from the EASIZ study (Hilbig 2001), but are lower
than those reported for other temperate and tropical
abyssal sites.

Dominance levels also varied between Antarctic and
abyssal sites, with the single-most abundant species
typically comprising only 7 to 12 % of total abundance
in the abyss (Grassle & Maciolek 1992), in contrast to
the much higher dominance observed in the Antarctic
and Arctic shelf sites (Feder et al. 2007, present study).
Gray et al. (1997) also concluded that evenness in the
deep sea is higher than in shallower coastal environ-
ments. Extensive polychaete data sets from the recent
ANDEEP expeditions to the Weddell Sea shelf and
slope and Southern Ocean abyssal plain are also con-
sistent with observations of high evenness at abyssal
sites relative to Antarctic shelf sites (Schiiller & Ebbe
2007, Schiiller et al. 2009). Antarctic shelf and slope
polychaetes thus appear to approach other temperate
and tropical bathyal/abyssal environments in diversity,
but in general species richness is slightly lower and
dominance is much higher.

In a re-examination of data from temperate deep-sea
and shelf sites (Levin et al. 2001), individual rarefac-
tion and species accumulation curves suggested that
the deep sea supports higher diversity than the conti-
nental shelf. Brey et al. (1994) also compared diversi-
ties of deep-sea isopods, gastropods and bivalves
collected from the Weddell Sea (500 to 2000 m) with
data published by Rex et al. (1993) for deep-sea tropi-
cal Atlantic using the rarefaction method. They con-
cluded that at least for the taxa investigated, there was
no latitudinal decline in deep-sea benthic diversity.
However, these findings have been criticised owing to
the much larger area sampling scale in the Weddell
Sea compared with the deep tropical Atlantic (Rex et
al. 1997).

Although variables such as local food availability
may play an important role in structuring local diver-
sity, regional influences are also expected to be impor-
tant in Antarctica. It has been argued that regional
diversity influences the pool of available species and
can therefore impact local diversity if local communi-
ties are not species saturated (Leibold et al. 2004, Wit-
man et al. 2004). Gutt et al. (2004) concluded that
diversity of macrofauna from the Antarctic shelf is only
intermediate in comparison with other tropical and

O

O

temperate habitats and only 'slightly’ higher than in
the Arctic, a finding that at local scales is consistent
with our results. The formation of the Antarctic circum-
polar current during the late Eocene and early Oligo-
cene (41 to 28 million yr ago) and the cooling of the
Antarctic continent led to the ongoing oceanographic
isolation of the Antarctic shelf (Scher & Martin 2006).
This cooling is thought to have reduced diversity in
groups such as the bivalve molluscs, decapod crus-
taceans and teleost fish whilst encouraging adaptive
radiation and endemism in the notothenoid fish and
serolid crustaceans (Clarke 1992, Wilson et al. 2007). In
molluscs, the well-established inverse relationship be-
tween latitude and species diversity may well be the
result of major centers of radiation being located in the
tropics (especially the Indo-West Pacific), with many
species simply not yet reaching Antarctica (Crame
2000). The Antarctic shelf environment is of particular
interest as recent geological studies have suggested
that it may still be recovering from a relatively recent
extinction event associated with the massive expan-
sion of the Antarctic ice sheet during the last glacial
maximum some 24 to 12 thousand yr ago (e.g. Thatje et
al. 2005). We suggest that the twin effects of oceano-
graphic isolation from larval input from lower latitudes
and recent expansion and contraction of the Antarctic
ice sheet have reduced the diversity of some Antarctic
groups (e.g. molluscs) but allowed recent adaptive
radiation in others, such as polychaetes. Future taxo-
nomic revisions of the Antarctic polychaetes, incorpo-
rating molecular data alongside broad meta-analyses
of species records, is necessary to test this hypothesis.
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