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Deception Island is an active volcano in Antarctic waters under high sedimentation regimes, which may affect
the abundance and structure of soft-bottom assemblages. During the summer of 2012-2013, a survey of the
shallow water soft-bottom assemblages of Deception Island was carried out to examine patterns of abundance

Zea urchin and size structure of the three dominant echinoderms (Ophionotus victoriae, Sterechinus neumayeri and
ea,Star . Odontaster validus) at 8 locations encompassing a gradient in proximity from the open ocean, including two
Sedimentation . . . . .

Density depths (5 vs. 15 m) per location. Abundance patterns of the three species varied with depth; organisms were

typically more abundant at 15 relative to 5 m depth. Our results partially supported the hypothesis that
echinoderms from locations adjacent to the open ocean present larger abundances. Body sizes varied
significantly among locations and depths for the three species and some places presented a density-size
pattern. High sedimentation rates, combined with low ice-related disturbance, may be the reason behind the
large abundances of echinoderms found in this waters.

1. Introduction

The distribution of benthic organisms on the Antarctic continental
shelf is highly variable across scales of spatial variation (Arntz et al.,
1994; Barnes and Conlan, 2007; Gray, 2001; Gutt, 2000; Teixid6 et al.,
2004). This patchiness is probably related to the effects of ice
disturbance at current timescales, through the actions of ice scouring
and anchor ice formation (Brown et al., 2004; Dayton et al., 1969; Gutt
and Piepenburg, 2003; Smale, 2007), as well as at evolutionary
timescales, following the cyclical advance and retreat of the Antarctic
ice sheet (Clarke et al., 1992; Clarke et al., 2004). These mechanisms of
disturbance, in combination with other factors such as sedimentation,
food availability and currents flow, have shaped a highly heterogeneous
seascape. Coastal benthic communities of Antarctica are characterized
by a high abundance and diversity of marine invertebrates (Dell, 1972;
Arntz et al., 1994, 1997), and the dominance of suspension feeding
organisms (Jazdzeski et al., 1986; Ramos, 1999). The most abundant
invertebrates include soft corals, tunicates, and, especially, sponges
and echinoderms (Dearborn, 1972; Dayton et al., 1974; White, 1984,
Cattaneo-Vietti et al., 1999; Clarke and Johnston, 2003). Particularly,
Antarctic echinoderms are important contributors to the overall
benthic biomass and production, playing a significant role in the global
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marine carbon cycle (Lebrato et al., 2010). Furthermore, echinoderms
easily add up to 45% of the overall abundance of the benthos (Moya
et al., 2003), even reaching 98% of the total epifaunal community at 8—
12 m depth in Whaler’s Bay, Deception Island (Barnes et al., 2008).
Deception Island (DI), one of the South Shetland islands located
west of the Antarctic Peninsula, is part of an environment with low
fluctuations in temperature and salinity (Arntz et al., 1994). Compared
to nearby islands, DI is clearly depauperated in terms of fauna (Lovell
and Trego, 2003). In fact, DI is a volcanically active island that has not
erupted since 1970 (Elderfield, 1972); many taxa are still poorly
represented, and the colonizers are mainly those with planktotrophic
larvae (Barnes et al., 2008). The walls of the volcano are covered by
pyroclastic ashes and lapilli-tuff, which are snow-covered from June
through November. The transportation of sediment (lapilli-tuff) by
winds, as well as the melting water forming into Port Foster, results in
a relatively flat area of sand and silt across the caldera. The sediments
of DI are similar to those of other South Shetland islands (Saiz-Salinas
et al., 1997), yet the benthic community may be different from those
elsewhere. In 1964-65, the two most abundant epibenthic organisms
were: Ophionotus victoriae and Sterechinus neumayeri; during the
eruption of December 1967, however, their populations suffered from a
mass mortality (Gallardo and Castillo, 1968). Between 1967 and 1981,
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the epibenthic megafaunal community recovered to its pre-eruption
conditions, with the return of Ophionotus victoriae, Sterechinus
neumayeri and Odontaster validus (Retamal et al, 1982).
Subsequent studies confirmed that epibenthic assemblages remained
stable, with the continued dominance of O. victoriae, and remarkable
low abundances of sessile organisms associated to soft-bottoms
(Cranmer et al., 2003; Lovell and Trego, 2003; Barnes et al., 2008).
According to the literature, suspension-feeders are very scarce in DI,
where ascidians characterize the filter-feeding community (Arnaud
et al., 1998).

Three species of echinoderms, generally occurring together, reach
high values of abundance at DI: the ophiuroid Ophionotus victoriae
Bell 1902 (Cranmer et al., 2003), the echinoid Sterechinus neumayeri
and the asteroid Odontaster validus (Koehler, 1912). O. victoriae is an
opportunistic generalist with high diet plasticity, feeding on 13
different phyla including krill (Dearborn, 1977; Fratt and Dearborn,
1984; Pawson, 1994) but mainly detritivore. It is extremely common
along the Antarctic Peninsula. This species inhabits a variety of
substrates at depths ranging from 5 to 1266 m (Madsen, 1967). S.
neumayeri is the most abundant sea urchin in shallow Antarctic waters
and occurs on gravel and rocks down to 500 m water depth (Brey and
Gutt, 1991). They feed mainly on benthic diatoms as well on red algae
and seal faeces (Dearborn, 1965; Pearse and Giese, 1966; McClintock,
1994). The sea star O. validus is abundant and widely distributed in
most of the shallow benthic environments surrounding the Antarctic
continent (Dearborn, 1965; McClintock et al., 1988), being most
common between 15 and 200 m depth (Dearborn, 1977). O. validus
has an opportunistic behavior and a variable diet; it may act as a
suspension feeder, as an herbivore, as a scavenger, and as an active
predator (Dearborn, 1977; Dayton, 1974; Pearse, 1964; Peckham,
1964).

Although the benthic community of DI has been studied on several
occasions, it is not known if the abundance and distribution of
epibenthic megafauna vary spatially. The aim of this study was to
examine patterns of abundance, distribution and size structure of three
dominant benthic echinoderms (Ophionotus victoriae, Sterechinus
neumayeri and Odontaster validus) at shallow coastal waters. The
sampling was designed to cover two depths (5 and 15 m) at each of 8
locations along the bay, which encompasses a gradient in proximity
from the open ocean. We hypothesized that there would be differences
in the abundance, distribution and size structure of each species
between both depths and among locations, due to varying environ-
mental conditions with varying proximity from the entrance of the bay.

2. Material and methods
2.1. Study area

During January 2013, the abundances and size structure of the
three dominant soft-bottom echinoderms (Ophionotus victoriae,
Sterechinus neumayeri and Odontaster validus) were determined,
through SCUBA diving, at eight locations along Port Foster, inside
the caldera of DI, South Shetland Island, Antarctica (Fig. 1, Table 1).
This area is typically covered by ice, for at least seven months every
year. The water temperature at 15 m depth ranges from 0° to 2 °C, and
the primary production is highly seasonal (Smith et al., 2003). The
water column is stratified in the warmer months (Lenn et al., 2003),
followed by mixing during the austral winter months (June-October)
(Glatts et al., 2003). The locations, in order of increasing distance from
the open sea, were assigned to three groups: (i) outer group; Whaler's
Bay South (WB-S), Whaler's Bay North (WB-N), (ii) intermediate
group; Bidones Point East (BID-E), Bidones Point West (BID-W),
and Spanish Antarctic Base (BAE; in front of the Gabriel de Castilla
Antarctic Base), and (iii) inner group; Fumarole Bay (FUM), Telephone
Bay (TEL; area recently opened to Port Foster), and Pendulum Cove
(PEN; an area with abnormal water temperature due to an hydro-
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thermal vent) (Somoza et al., 2004). At each location, two depths (5
and 15 m) were surveyed. Port Foster is very steep all along the bay
with a sheltered platform down to ca. 4-6 m depth; below this
platform, the slope increases dramatically reaching rapidly depths of
ca. 100 m.

2.2. Sampling design and biotic measurements

Three replicated transects were carried out at each location.
Transects were 5-10 m apart and ran along a depth gradient from
15 to 5 m depth. Along each transect line, we counted the number of
specimens of the three species by recording, every 0.5 m, the organisms
laying under the transect line (line-intercept transect, LIT). In addition,
at each of two depth strata (5 and 15 m) per location, six replicated
quadrats (0.5 mx0.5 m) were randomly deployed, and specimens
inside counted. When possible, 60 organisms per species and depth
were collected, all of which were measured (disk diameter for the brittle
star, body diameter for the sea urchin and body length for the sea star)
and weighted (wet weight), before being returned to the sea.

2.3. Abiotic measurements

Three replicated 10 cm diameter (0.008 m?) cores were taken at
each depth and location, which penetrated approximately 10 cm into
the sediment. Sub-samples were analyzed for grain size, the degree of
sorting and the content of organic matter. Organic matter content was
calculated after drying each sediment sample for 72 h at 60 °C and
subsequently calcinating the sample with a muffle furnace at 550 °C for
10 h. The percentage of organic matter was then calculated using the
difference in weight before and after calcination. To assess the grain
size and the degree of sorting, sediments were initially treated with 1 M
hydrochloric acid to remove carbonates before combustion. Sediment
grain size was obtained by calculating the mean and standard deviation
from cumulative plots along a phi scale, analyzed on a Beckman-
Coulter LS 13 320 Laser Diffraction Particle Size Analyzer. The degree
of sorting was expressed as: p=—log> D/Dg (Krumbein, 1934), where
D is the diameter of the particle and Dy, is a reference diameter, equal
to 1mm (to make the equation dimensionally consistent).
Unfortunately, sediment samples from Whalers Bay South (5 m depth)
were lost, and data could not be determined for this location.

2.4. Statistical analyses

To test for differences in the abundances (ind m™2) of each
echinoderm from deployed quadrats at each depth strata and location,
a two-way analysis of variance (ANOVA) including “depth” as a fixed
factor and ‘location’ as a random factor, was performed (Zar, 1984)
for each species. In case of significant 'depthxlocation’ interactions,
pair wise tests between ‘depth’ levels were performed separately for
each location. Abundance data were fourth root-transformed prior to
each analysis to avoid heterogeneous variances. We omitted Pendulum
Cove from the analysis, due to the absence of any organism. To work
out the influence of environmental drivers on patterns of echinoderm
abundances, a generalized linear model (GLM) was performed for each
species. Environmental (quantitative) drivers were included, as well as
depth and the distance from the entrance of channel, to predict
abundances. To determine the degree to which echinoderm popula-
tions were clumped, uniformly or randomly distributed, the coefficient
of variation (standard deviation/mean) of each species were calculated.
Finally, data from the three transects per location were pooled for each
0.5 m interval; a simple linear regression was then adjusted to predict
echinoderm abundances according to depth for each location.
Differences in the frequency of sizes of each specie between the two
depths were statistically tested through a chi-square test for each
location.
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Fig. 1. Sampling area (A) at the Antarctic continent, including (B) South Shetland Islands, and (C) Deception Island. Black stars correspond to sampling locations: WB-N, Whalers Bay
North; WB-S, Whalers Bay South; BID-E, Bidones Point East; BID-W, Bidones Point West; BAE, Antarctic Spanish Base; FUM, Fumaroles Bay; TEL, Telephone Bay; PEN,

Pendulum Cove. GAC, Gabriel de Castilla Spanish Antarctic Base.
3. Results
3.1. Patterns of abundance: data from quadrats

Maximum abundances reached 412 ind m™2 (TEL-15) for
Ophionotus victoriae, 324 ind m™2 (BID-W-15) for Sterechinus
neumayeri and 24 ind m~2 (BID-E-15) for Odontaster validus
(Fig. 2). We did not find any specimen of O. validus in 6 out of the 8
locations at 5 m depth; only WB-N-15 and WB-S-15 showed the
presence of sea-stars at this depth stratum. No specimens of O.
victoriae were observed at BAE-5, BID-W-5, PEN-5 and TEL-5, while
no S. neumayeri were found at BID-W-5, FUM-5 and PEN-5.

Table 1

Pendulum Cove was the only location without any specimen of the
three species. Patterns of abundance of the three echinoderms incon-
sistently differed between depth strata (*De x lo”, p < 0.0001). Pairwise
tests, however, showed that the three species generally reached larger
abundances at 15 m than at 5 m (Fig. 2). In turn, this inter-location
variation did not prevent overall differences in the abundances of the
three species between the two depth strata (*De’, p < 0.0001). Further,
coefficient of variation indicates different structure between species
and locations (Table 2). For the whole study, O. victoriae (0.77 + 0.64),
S. neumayeri (0.52+0.45), and O. validus (1.44 +0.76) showing
significant differences between them (p < 0.0087) and no significant
differences between depths. S. neumayeri were the less aggregated

Sediment characteristics of each sampling location, including mean grain size (n=3), ¢: degree of sorting, and percent organic matter content (% O.M., n=3). All values are given as mean

+ standard deviation.

Sediment descriptors

Code Station Depth Latitude (S) Longitude Mean size Verbal description of %OM’
(m) w) (um) £ S.D. Classification Mean (%)’ Sorting S.D.

BAE B.A.E Gabriel de Castilla 15 62°58728,6" 60°40'45,2" 139.32 +52.55 Fine sand 2.917+0.53 very poorly sorted 3.821+0.75

5 558 £ 106.92 Mediumsand ~ 0.863 +0.96 moderately sorted 2314+ 0.60

BID-E Bidones Point East 15 62°59729,2" 60°37'43,2" 161.25+73.32 Fine sand 2.762+0.73 very poorly sorted 2.082+0.23

5 776.45 + 78.89 Coarse sand 0.370 +0.14 very well sorted 3.386 +2.50

BID-W Bidones Point West 15 62°59'01,8" 60°38'35,2"  440.93 + 66.83 Medium sand 1.194 +0.22 poorly sorted 2.706 + 1.82

9 609.80 + 38.88 Medium sand 0.716 + 0.09 moderately sorted 9.438 +7.88

FUM Fumarole’s Bay 15 62°5800,5" 60°42'31,7" 420.28+305.19  Medium sand 1.646 + 1.33 poorly sorted 0.695 £ 0.35

5 830.78 £ 46.11 Coarse sand 0.269 + 0.08 very well sorted 2.350 + 1.04

PEN Pendulum Cove 15 62°56'12,6" 60°36'15,2" 106.92 + 30.52 Fine sand 3.278 £ 0.47 very poorly sorted 4.931 +5.00

5 481.93+81.72  Medium sand 1.069 +0.25 poorly sorted 4,925 +6.84

TEL Telephone Bay 15 62°55'44,2"  60°40'39,1” 284.65 £70.76  Medium sand 1.850 +0.39 poorly sorted 6.323 +8.80

5 566.43 +95.60 Mediumsand ~ 0.835+0.24 moderately sorted 1.118 £0.26

WB-S Whaler’s Bay South 15 62°59'19,3" 60°3329,1"  54.83+5.88 Coarse silt 4.195+0.16  extremely poorly sorted ~ 1.282 + 1.62
5 - - - - R

WB-N  Whaler’s Bay North 15 62°59'23,7" 60°33'40,9" 169.66 +208.23 Fine sand 3.321+1.76 very poorly sorted 2.055 + 0.60

5 508.57+25.08  Mediumsand  0.977 +0.07 poorly sorted 4.254 £2.43

133



C. Angulo-Preckler et al.

@A)

ikl

o“',od"’@“

>

A% @*

®) -

)

¥ ,0" od" & B @ o

Mean abundance (nd'm

©

il

o* Od'{ i‘, <

-
D wem

Fig. 2. Abundances of (A) Ophionotus victoriae, (B) Sterechinus neumayeri and (C)
Odontaster validus from quadrats deployed at 5 and 15 m at each location. Error bars
depict standard errors. *; significant differences between depths (p < 0.05).

specie evenly distributed in all location except BAE-5, whereas O.
victoriae showed a similar uniformly distribution pattern, though three
5m locations displayed a patchy distribution (WBN, WBS, FUM).
Moreover, O. validus exhibited a clumped distribution in all location
but BID-W-15 and BID-E-15.

3.2. Patterns of abundance: data from transects

A positive, significant, relationship was majorly observed between
abundances of O. victoriae and depth (only two locations showed no
significant differences, BAE and FUM) (Fig. 3). For S. neumayeri, a
positive significant relationship was found at BAE, BID-W, FUM, and
TEL; a negative relation at BID-E and WB-N, and no relation at WB-S.
Finally, depth did not influence abundances of O. validus, probably due
to its lower abundance respect to the other two studied species.
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Table 2
Coefficient of variation (abundance standard deviation/mean abundance) of each species
by locations. Sample abbreviations as listed in Table 1.

Locations Depth (m) Ophionotus Stherechinus Odontaster
victoriae neumayeri validus
WBN 15 0.25 0.42 0.92
1.05 0.48 2.45
WBS 15 0.48 0.53 2.45
1.22 0.25 1.55
BID-W 15 0.66 0.1 0.35
BID-E 15 0.48 0.22 0.79
0.57 0.5 -
BAE 15 0.28 0.28 1.31
- 1.82 -
FUM 15 0.69 0.8 -
2.45 - -
TEL 15 0.32 0.28 1.67
- 0.53 -
Total mean 0.77 0.52 1.44

3.3. Abiotic factors

The mean organic matter content of the sediment did not sig-
nificantly differ (p=0.067) between 5 m (2.89 + 0.86%) and 15 m depth
(4.55 £ 1.09%), including a high variability between locations (from
1.12% to 9.44%, with a maximum of 19.45% in one of the replicates of
BID-W-5; Table 1). Grain size and the degree of sorting significantly
differed between depths (p < 0.001); sediment grain size was larger at 5
relative to 15 m depth, while the degree of sorting showed a reversal
pattern, both of them correlated with the depth.

3.4. Environmental drivers of abundance patterns

Abundance patterns were differently affected by proximity from the
open ocean. O. victoriae significantly decreased its abundance with
increasing distance, while S. neumayeri and O. validus showed the
larger abundances at the intermediate locations (Fig. 4). Depth was the
variable most contributing to spatial variation of the three species,
including significantly higher abundances at 15 m depth (Table 3). The
content in organic matter only influenced the brittle star, while grain
size contributed to explain variation for both the brittle star and the sea
urchin.

3.5. Size frequency patterns

For the whole study, all three echinoderms showed significant
differences in mean sizes between depth strata (Fig. 5, Table 4). O.
victoriae showed larger individuals at 15 m, whereas S. neumayeri and
O. validus showed the opposite trend, with larger individuals at 5 m.
The largest individuals of O. victoriae were found in PEN-15 and FUM-
15, while the smaller specimens were found in TEL-15, BID-E (5 and
15m), and BID-W-15 (Supplementary material A). S. neumayeri
showed significant differences in sizes between depth strata at all
locations (except at FUM). These differences were more pronounced in
BAE, with the smallest specimens at BAE-15 (Supplementary material
II). The rest of the locations displayed similar sizes (about 30—35 cm).
Meanwhile, O. validus only showed significant differences at BID-W
with the smaller specimens at 15 m depth (Supplementary material B).
Furthermore, overall size distribution structure displayed different
population size structure (Supplementary material Cy), but site by site
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Fig. 3. Abundances of (A) Ophionotus victoriae, (B) Sterechinus neumayeri and (C) Odontaster validus from transects deployed at each location (data pooled from the 3 replicated

transects). Lineal regression equations are included when significant differences were obtained.
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Fig. 4. Densities of (A) Ophionotus victoriae, (B) Sterechinus neumayeri and (C) Odontaster validus related to distance from the open sea. Polynomial regression equations are

included when significant differences were obtained.

comparisons indicated that only S. neumayeri presented a clearly
different population size structure (Supplementary material C.).

4. Discussion

Port Foster is a semi-enclosed bay fed by glaciers, many of them
stratified, with layers of volcanic ash from past volcanic eruptions, and
with exchange of seawater from the Bransfield Strait through a narrow
opening at Neptune’s Bellows. Volcanic activity is believed to be the
key environmental factor that controls epibenthic and infaunal popula-
tions (Gallardo and Castillo, 1968, 1970). This physical disturbance, in
conjunction with deposition of secondary ash caused by winds,
continued to alter the composition of the substrate (Gallardo et al.,
1975), and has contributed to a higher sedimentation particulate flux,
compared to the nearby Bransfield Strait (Baldwin and Smith, 2003).
High ash sedimentation rates were suggested to explain the scarce
filter-feeding megafaunal communities at Port Foster (Lovell and
Trego, 2003). DI has showed particulate matter fluxes of similar
magnitude to other Antarctic shallow waters (1026-3699 mg m™2 d™1),
with important episodic fluxes related to the austral summer (Baldwin
and Smith et al., 2003). Moreover, particulate matter fluxes continue
during winter, correlating with local wind speed; lithogenic material,

Table 3

and possibly wind-blow or ice-rafted material, increase the winter
fluxes in Port Foster, being up to five orders of magnitude larger than in
the surrounding waters of Bransfield Strait (Baldwin and Smith, 2003).
Thus, this could be the most important factor structuring assemblages
in soft-bottoms at DI, and one of the reasons that explains soft-bottom
sessile megafauna was not found in the study down to 15 m depth. DI
communities fit into the pattern of strong dominance by echinoderms,
particularly for Ophionotus victoriae and Sterechinus neumayert,
which were also dominant in the samples of the Expedition
Antarctique Frangaise 1908—1910 (Koehler, 1912). This suggests, in
agreement with Gallardo et al. (1977), that probably this benthic
community has reached the highest level of organization that the
volcanic activity of the island allows.

The dominance of O. victoriae and S. neumayeri agrees with
previous observations (Saiz-Salinas et al., 1997; Arnaud et al., 1998).
Gallardo et al. (1977) reported O. validus as one of the dominant
species too. Remarkably, Cranmer et al. (2003) did not find any
specimen of O. validus at the center of Port Foster, while densities of
O. victoriae were correlated with sinking mass flux. This ophiuroid
appeared to dominate the epibenthic assemblages, comprising 89-96%
of the total individuals observed (11.76 ind m?) (Cranmer et al., 2003).
We found a similar pattern, but at larger abundances than previously

Results of Generalized Lineal Models with a Poisson distribution for each species. Significant codes; "***' 0.001 **' 0.01 "*' 0.05.

Ophionotus victoriae

Sterechinus neumayeri Odontaster validus

Coefficients . . .

Estimate Std. Error P-value Estimate Std. Error P-value Estimate Std. Error P-value
(Intercept) 0.6564 0.2567  0.0106*  3.2030 0.2090 <2e-16 *** -2.6369 1.8442 0.1528
Depth[15m] 3.4533 0.1940 <2e-16*** 1.0573 0.1531 4.97e-12 ***  3.8652 1.5642 0.0135*
Zonation[Inner group] -1.9704 0.1258 <2e-16*** -0.2899 0.1371 0.0345*  -2.0827 1.0214 0.0414*
Zonation[Intermediate group] -1.8753 0.1177 <2e-16*** 1.2824 0.1063  <2e-16 *** 0.6623 0.5215 0.2041
Grainsize 0.0031 0.0004 <2e-16*** -0.0012 0.0003  4.15e-05 *** -0.0009 0.0015 0.5358
Organic Matter 0.3284 0.0224 <2e-16*** -0.0213 0.0214 0.3201 0.1501 0.1882 0.4252
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Fig. 5. Box plots denoting overall differences in size (disk diameter, body diameter and body length in cm) for (A) Ophionotus victoriae, (B) Sterechinus neumayeri and (C) Odontaster
validus at 5 and 15 m. The horizontal line inside the boxes represents the mean size; the outer edges of the boxes are the 25th and 75th percentiles, while the vertical lines indicate 5th

and 95th percentiles. N; Total number of organisms measured. *; significant differences

described for the three studied echinoderms, including a higher
contribution of S. neumayeri than previously reported. This sea-urchin
was twice more abundant that the brittle-star at 5 m depth, with
similar values at 15 m depth, being Sterechinus neumayeri the most
abundant echinoderm in the coastal waters of DI. Probably, due to the
freshwater input at BID-W-5 from an ice-melting creek, the frozen
seabed did not allow for a normal development of soft-bottom
communities. Actually, no echinoderms were recorded in this site,
which are replaced by the limpet Nacella polaris (Nacella concinna in
previous studies; unpublished observations from the authors). In fact,
the abundance of Nacella polaris at BID-W-5 was 230.7 + 26.3 ind m?
(unpublished data from the authors), a higher value compared to the
65 ind m? found by Filcek (1993) at the southern shores of Admiralty
Bay, King George Island. In our study, N. polaris was rarely found in
the rest of the sampled locations. Surprisingly, BID-W-15 seemed to
be unaffected by the nearly frozen sea floor at 5 m depth, since high
densities of S. neumayeri, O. victoriae, and O. validus were found
there, despite the short distance between these two locations.

Our results do not support the hypothesis that populations of
invertebrates from locations adjacent to the open sea would show
higher abundances; in particular, for S. neumayeri and O. validus. This
hypothesis was based in the “gradient from the channel”, proposed by
Barnes et al. (2008), but it has been ruled out by our results. This
gradient was exclusively evident for O. victoriae and was probably
related to abiotic factors. Further, the organic matter was only
significant for O. victoriae, highlighting the relationship of this species
with sediment parameters, probably associated with food availability.
Correlations between macrobenthic abundance and the sediment
parameters examined, suggests that depth (or depth-related factors
such as food availability) play a pivotal role in structuring the
macrobenthic communities of echinoderms. The abiotic factors (sort-
ing and grain size) were strongly connected with depth. Shallow

Table 4

(p<0.05).

benthic megafaunal communities seem to be not directly affected by
the organic input from primary production. Unlike shallow benthic
macrofauna, megafaunal communities are more stable overtime and
less affected by the physical constraints. These constrains are normally
associated with ice disturbances, such as anchor ice and ice scours,
absent here, due to the special conditions of the island. It seems that
sedimentation has become the more outstanding physical factor,
promoting these communities of echinoderms (Grenz et al., 2000),
avoiding proliferation of filter-feeding communities at DI. The absence
of correlation between abundances of the two echinoderms (S. neu-
mayeri and O. validus) and the abiotic factors indicates that these
species are basically non-selective species with regard to sediment type.

Pendulum Cove was characterized by the absence of the three
species, probably due to abnormal water conditions provoked by
fumaroles emissions (Smellie and Lopez-Martinez 2000). At the other
locations, echinoderms presented different distributions, characteristic
of motile megafauna (Starmans et al., 1999), increasing with depth, but
unrelated with distance to the open sea or barely influenced by the
abiotic factors measured here (organic matter, grain size, and sorting).
According to Retamal et al. (1982) and Barnes et al. (2008), DI has
been considerably recolonized since the last eruption, but many taxa
are still very poorly represented, shaping a community of abundant
opportunistic species, both at infaunal and megafaunal levels (Lovell
and Trego, 2003; Angulo-Preckler et al., submitted). These commu-
nities, even with the continuous disturbances produced by the high
sedimentation rates, seem to have been stable during these years.
Probably, due to the absence of ice-related disturbance, S. neumayeri
appeared to be less aggregated and more evenly distributed than O.
victoriae while O. validus presented a clumped distribution, character-
ized by congregations of small clusters and low abundances, both
probably related to feeding behavior. Saiz-Salinas et al. (1997, 1998)
suggested that the general distribution patterns of epibenthic commu-

Differences in the mean size of each species between 5 and 15 m at each site. *; significant differences. Sample abbreviations as listed in Table 1.

Places Ophionotus victoriae Sterechinus neumayeri Od. validus
T-Student ~ Mann-Whitney P-value T-Student  Mann-Whitney P-value Mann-Whitney P-value

BID-E 1054,0 <0,001* 3,907 <0,001* 1215 0,635
BID-W 0 <0,001* 14,0 <0,001* 0 <0,001*
BAE 2911 0,005* 1545 <0,001* 1315 0,657
FUM 0 <0,001* -0,618 0,538 50 0,533
TEL 0 <0,001* 9125 <0,001* 1475 0,702
PEN 0 <0,001* - - - -
WBN 1606,5 0,304 10245 <0,001* 304,0 0,685
WBS 1641,0 0,402 1303,0 0,009* 12865 02
DI (total) 394335 0,015* 43749.5 <0,001* 10942,5 <0,001*
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nities in the South Shetland islands are linked to food availability.
Suspension-feeding assemblages are present down to 100 m depth,
while deposit-feeders, such as brittle stars, dominate down to 400 m.
Different patterns have been observed inside DI, where opportunistic
deposit-feeders completely dominate the shallow soft-bottom commu-
nities. Even though O. victoriae and S. neumayeri are circumpolar
species with a wide distribution, their high abundances and obvious
dominance have never been reported previously in any other Antarctic
or sub-Antarctic zones (Brey et al., 1995; Manjon-Cabeza and Ramos,
2003). Instead, similar abundances of O. validus relative to those
described by McClintock et al. (1988) at McMurdo Sound were
recorded here. The stable population structure of O. validus is, at
least, related to the extremely low growth rates observed, and indicates
very low levels of recruitment, migration, and mortality (see Ebert,
1973, 1983).

Individual size in echinoderms reflect fitness related to food
availability and competition (Lawrence, 1985). Limited food availabil-
ity has been implicated as primary basis of low growth rates in many
antarctic marine invertebrates (Clarke, 1980; Brey and Clarke, 1993).
We found maximum sizes corresponding to extremely slow growth
organisms, reaching a maximum of 1) 28.5 cm size for O. victoriae,
where similar values were obtained by Dahm and Brey (1998) at
McMurdo Sound, aging these around 20-22 years old, 2) 52 cm
diameter for S. neumayeri, where Brey (1991) established an age of
40 years to 70 cm diameter specimens, and 3) 64 cm for O. validus,
where, according to McClintock et al. (1988), this sea-star needs at
least 9 years to reach that size. Body sizes varied significantly among
locations and depths for the three species, especially considering that
no organisms were present at 5 m depth at several locations. These
echinoderms, in shallow waters, would be expected to feed opportu-
nistically on mobile prey, as sessile prey are absent in soft-bottoms of
DI. The high densities of macrofauna (Angulo-Preckler et al., sub-
mitted) could be maintaining the high densities of echinoderms found
here. In general, the largest or smallest (i.e. juveniles) specimens
seemed to be concentrated at some locations. O. victoriae showed
larger organisms at 15m depth, and a high heterogeneity within
locations (Supplementary material C; and C,). A large contrast in sizes
was found between PEN-15, which hosted the largest organisms and
TEL-15, where the smallest organisms were found, probably due to
important recruitment processes. In addition, the absence of compe-
titors at Pendulum Cove (no species were recorded), which may have
resulted from hydrothermal heating, could favor the growth of the
omnivorous O. victoriae, allowing them to reach the largest sizes of the
whole study. A similar density-size pattern was observed for S.
neumayeri, especially clear at the Antarctic Spanish Base, being the
largest individuals at BAE-5, and the smallest at TEL-15.
Interestingly, no sea urchins smaller than 20 mm diameter were
observed at 5m, suggesting that despite the absence of potential
predators at 5 m depth, juvenile recruitment does not seem to occur
at this depth. Several studies have shown a size-gradient in the
densities of echinoderms inhabiting the lower intertidal and subtidal
zones (Larson, 1968; Freeman, 2003). These within-species differences
in their abundances have been attributed to stress caused by water
movement (Tuya et al., 2007) and reinforced here, due to the steep
slope. Finally, O. validus showed similar depth and spatial size-
patterns between depths. S. neumayeri and O. validus were larger at
5 m depth. Larger body size of shallow-water individuals of O. validus
and S. neumayeri may reflect higher levels of food availability in the
shallowest depth strata. This could be related with organic enrichment
caused by mass mortalities of algae and pelagic invertebrates (e.g.
Euphasia crystallorophias), which often appear dead in the beaches,
due to the geothermally warm waters typical from this volcano
(Brierley 1999; authors's personal observations). Our data indicate
that the epibenthic megafaunal community of Port Foster has recov-
ered after the last volcanic eruption, with the return of key echinoderm
species, such as O. victoriae, S. neumayeri, and O. validus. Actually, S.
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neumayeri is the dominant species at shallow waters, and co-domi-
nated with O. victoriae at 15 m depth.

In the near future, the warming trends for the Northern Antarctic
Peninsula (Clarke et al., 2007), could increase the sedimentation rates
due to glacial retreatment. Thus, disturbances produced by high
sedimentation rates could potentially become more relevant than ice-
disturbances, dramatically enhancing sediment-feeders communities
over the suspension-feeding communities, reducing the biodiversity in
this waters.
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