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INTRODUCTION

Studying the ecological niche (sensu Hutchinson
1957) of marine organisms living on the Antarctic
continental shelf is a necessary step towards a
greater understanding of many aspects of Antarctic

scientific and environmental issues, such as cir-
cumpolarity, species diversification and the poten-
tial effects of global warming and ocean acidifica-
tion. Defining the physical characteristics of the
niche allows us to model the distribution of a spe-
cies and to make predictions of how this may
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ABSTRACT: The comatulid crinoid Anthometrina adriani is well represented among the
 suspension-feeding megaepibenthos from the continental shelf of the Dumont D’Urville Sea,
Antarctica. Nearly 500 specimens were sampled during the Collaborative East Antarctic Marine
Census expedition onboard the RV ‘Aurora Australis’ (December 2007 to January 2008), from 50
of the 87 stations over a 400 km² area. Abiotic environmental factors were measured and an ocean
circulation model was used to generate near-bottom parameters. The ecological niche of A. adri-
ani was described by using ecological-niche factor analysis and Mahalanobis distances factor
analysis. An environmental suitability map (ESM) was developed to map the optimal habitat. A.
adriani prefers moderately deep and relatively cold waters with moderate current velocity, and a
substrate with low gravel content and biogenic carbonate. The ESM shows 4 optimal regions: the
eastern side of the George V Basin, the eastern side of the Adélie Basin, the southern part of the
Adélie Bank, and the coastal area between the Astrolabe and Mertz glaciers. The ecological niche
for A. adriani appears very narrow, but the species is widely distributed across the Antarctic shelf.
It suggests that local changes in limiting factors have a strong local effect on the distribution of this
species and that a total eradication of this species from the shelf would need an Antarctic-wide
and synchronic change in these essential parameters. Modeling modifications in environmental
conditions under different climate change scenarios could help predict the effect of such changes
on the distribution of this selective species.
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change with different environmental conditions,
for example under a range of climate change sce-
narios.

Many species on the Antarctic shelf appear to be
circumpolar in distribution. This is thought to be due
in part to some broad-scale ecological conditions
being similar around most parts of the continent, e.g.
low and relatively stable seawater temperatures, a
short phase of primary production and low terrige-
nous input (Bullivant 1959, Clarke 1996). The cir-
cumpolar coastal current transports food particles
and supports the dispersal of juveniles (Underwood
& Fairweather 1989, Raguá-Gil et al. 2004). However,
species distributions at a finer scale are patchy, not
because of barriers to larval transport but most prob-
ably because of local conditions influencing species’
settlement, growth and reproduction (Raguá-Gil et
al. 2004, Gutt 2006).

Global warming is likely to have several effects on
benthic communities in the Southern Ocean, with
considerable variation from place to place (Smale &
Barnes 2008). A warmer ocean could lead to changes
in sea ice conditions, increased freshwater input and
sedimentation. Enhanced uptake of carbon dioxide
in the ocean could lead to acidification that would
result in changes in ocean CaCO3 chemistry and
 possible shoaling of carbonate saturation horizons
(Smale & Barnes 2008), which could have serious
consequences for animals with calcareous shells or
calcified skeletons such as molluscs and echinoderms
(O’Donnell et al. 2009). It is therefore of increasing
importance to predict the behavior and distribution
of keystone species (sensu Paine 1969) in response to
various scenarios of future climate. However, predic-
tive habitat distribution models can deal only with a
limited number of environmental variables (Guisan &
Zimmermann 2000). For this reason, it is necessary to
know which limiting factors could influence the dis-
tribution and abundance of the study organism at a
given locality.

This study focuses on comatulid crinoids (Cri no -
idea: Echinodermata) because they are well repre-
sented among the fauna of the Antarctic shelf. They
represent a characteristic component of the calcified
megaepibenthos in Antarctica with about 40 species
described from the Antarctic shelf (see Eléaume
2006 for a review). The most common and abundant
are the antedonid species from the subfamily Helio -
metrinae: Promachocrinus kerguelensis Carpenter,
1888, Florometra mawsoni Clark, 1937 and Antho -
metrina adriani (Bell, 1908; note that the generic
name, Anthometra Clark, 1915, is being changed to
Antho metrina Eléaume, Hess and Messing, 2011,

owing to its junior status relative to a more senior
available name [the lepidopteran Antho metra Bois-
duval, 1840]) (Eléaume et al. 2011a). These species
are thought to be circumpolar in distribution (see
Eléaume 2006 for a review). Comatulids are suspen-
sion-feeders and rely on currents to feed, reproduce
and disperse (Meyer 1973, Macurda & Meyer 1974,
Meyer & Macurda 1980). Analysis of video imagery
from the Antarctic shelf (M. Eléaume unpubl. data)
revealed that some species (e.g. P. kerguelensis and
F. mawsoni) form clusters whereas other species
(e.g. A. adriani) are solitary. Underwater observa-
tions have shown that some of these species live
close to the seabed, whereas others are found
perching on other benthic organisms; some comat-
ulid species are also able to swim actively.

Among crinoids, Anthometrina adriani is a good
model organism for investigating niche preferences
because analysis of its genetic diversity from sam-
ples collected all around the Antarctic continent
(M. Elé aume & L. G. Hemery unpubl. results) indi-
cates that it is a single species found all around the
Antarctic shelf, as opposed to Promachocrinus ker-
guelensis, which has a large genetic diversity in the
whole Southern Ocean and seems to be a complex
of cryptic species (Wilson et al. 2007, L. G. Hemery
un publ. data). Analysis of available video footage
(M. Eléaume unpubl. data) suggests that A. adriani
does not swim actively as does P. kerguelensis, even
when disturbed by a remotely operated vehicle.
This suggests that A. adriani is a quasi-sessile co -
matulid. Moreover, there is no evidence of brooding
in A. adriani, which suggests it is a broadcaster
(type I of Eléaume et al. 2003), as was also des -
cribed for P. kerguelensis (McClintock & Pearse
1987), in which both males and females emit their
gametes into the water column and the lecitho -
trophic larvae ex perience a short pelagic stage
before settlement (McClintock & Pearse 1987, Hol-
land 1991). This reproductive mode with a pelagic
stage could be the most important means of disper-
sion for A. adriani.

The questions addressed in this study are:
Where can Anthometrina adriani establish and
what environmental factors influence this species’
distribution? To answer these questions, we de -
scribe the available habitat, the ecological niche
and optimal habitat of A. adriani on a limited but
intensely sampled sector of the East Antarctic
shelf, in the Dumont D’Urville Sea, using a combi-
nation of abiotic factors measured in situ and
oceanographic data calculated from an ocean cir-
culation model.
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MATERIALS AND METHODS

Sampling area

The present study is based on the material col-
lected during the Collaborative East Antarctic
Marine Census (CEAMARC) on the RV ‘Aurora Aus-
tralis’, which took place in offshore Terre Adélie and
George V Land from December 2007 to January 2008
(Fig. 1). Broad-scale geomorphic features of the study
area are the George V Basin (1300 m at the deepest),
the Adélie and Mertz banks (mean depths: ~200 m
and ~250 m, respectively) (Post et al. 2011) and the
Adélie Basin, which reaches depths of >1200 m (Bea-
man et al. 2011). At the time of the CEAMARC sur-
vey, icebergs calving from the Astrolabe and Mertz
glaciers were relatively small (<1 km) with a reduced
keel depth and therefore were less likely to ground,
compared with those sourced from the Cook Ice Shelf
that have keel depths of up to ~500 m are able to eas-
ily ground on the shallow northern margins of the
Mertz and Adélie banks (Dowdeswell & Bamber
2007). However, in February 2010, the Mertz Glacier
tongue broke off and a huge iceberg (>90 km) was
produced and drifted between the Mertz Bank and
the George V Basin to join the shelf break north of
the French base Dumont D’Urville and could have
scraped the bottom on its course (www.aad.gov.au/
default.asp?casid=37766).

An essential feature of the area are the polynyas,
sustained by katabatic winds (Massom et al. 2001),
that form in the area to the west of the Mertz Glacier

ice tongue and in the lee of grounded icebergs and
embayments along the coast. High salinity shelf
water (HSSW) is formed within the polynyas by brine
rejection during winter sea ice production (Bindoff et
al. 2000). The activity of the polynyas is controlled by
the onshore movement of relatively warm modified
circumpolar deep water (MCDW) (Rintoul 1998). The
interaction of HSSW and MCDW leads to the forma-
tion of water that spills over the Adélie Sill as Adélie
Land bottom water.

The George V and Adélie basins are dominated by
muddy, biogenic rich sediments, while the Adélie
Bank, the northwestern margin of the Mertz Bank
and the shelf edge are all dominated by sandy sedi-
ments with minor mud and gravel content (Post et al.
2011). At least 6 distinct benthic assemblages occur
on the shelf as a function of depth and substratum
type. The importance of substratum properties in
structuring these benthic communities is particularly
clear in the distribution of suspension- and deposit/
detritus-feeder dominated communities. Suspension
feeders are abundant on rocky and sandy substra-
tum, while detritus and deposit feeders dominate the
muddy basin sediments (Post et al. 2011).

Sampling methods

Anthometrina adriani is very abundant over
the study area and shows little genetic diversity
within its whole distribution area, which suggests
the absence of cryptic speciation (M. Eléaume &
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Fig. 1. Bathymetry of the Collaborative East Antarctic Marine Census survey area with the sampling stations. The inset at the
left bottom corner shows the study area at the Antarctic scale. Black dots are stations with Anthometrina adriani; numbers rep-
resent the abundance of A. adriani per station; white crosses are the stations without any A. adriani; names are geographical 

feature names from Beaman et al. (2011)
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L. G. Hemery unpubl. results). Specimens were col-
lected using a beam trawl 2.68 m in width, approxi-
mately 1.0 to 1.2 m in net height (depending on
attachment point) and fitted with a 10 × 10 mm
mesh cod-end liner. All specimens collected were
kept and immediately preserved in 80% ethanol. A
total of 510 specimens of A. adriani were collected
from 50 of the 87 stations (Fig. 1). Distances be -
tween adjacent stations were calculated in ArcGIS
v. 9.2 by using the Hawth’s analysis tools (Beyer
2004). The minimal and maximal distances between
2 adjacent stations are 1.7 and 30 km, respectively,
and the mean is 12.6 km. The average time on the
seabed for all trawls during the survey was 17 min
(Eléaume et al. 2011b), with an average area cov-
ered of 1000 m2. However, the average length of a

trawling event in which comatulids were collected
was 738 m.

Abiotic or physical parameters

Two different categories of abiotic parameters
were used (Fig. 2): parameters likely to be subject to
daily or seasonal variability (temperature, salinity,
current mag nitude, general current direction and
sea-ice concentration) and parameters with long-
term stability (bathymetry, slope, rugosity and
seabed sediments). Parameters with short-term vari-
ability are taken from an oceanographic model,
whereas parameters with long-term  stability are
derived from in situ measurements.
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Fig. 2. The 17 different abiotic para -
meters used in the analyses. Shading
ranges from light (low values) to dark 

(high values)
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Physical oceanography

Physical oceanographic parameters near the sea -
bed (temperature, salinity, mean current magnitude,
standard deviations of these 3 parameters, maximum
current magnitude and general current direction) are
taken from a climatologically forced ocean circula-
tion model. The model was run for a total of 23 yr. A
spinup phase of 20 yr was required for the model to
reach quasi-equilibrium. The mean and SD were cal-
culated by using 6-hourly model data for the last 3 yr.
Sea ice growth rate was calculated directly from spe-
cial sensor microwave imager (SSM/I) ob servations
(Tamura et al. 2008). The model is based on the Rut-
gers/University of California Los Angeles Regional
Ocean Model System (ROMS; Shchepetkin &
McWilliams 2005) and is identical to the one de -
scribed by B. K. Galton-Fenzi et al. (unpubl.). The
model used here, initially developed for regional
modelling studies of the Amery Ice Shelf/Ocean sys-
tem and has been used in circum-Antarctic model-
ling studies, is able to simulate ice/ocean interactions
at a high level of realism (Galton-Fenzi 2009, 2010).
For the region of this study, the model is able to
reproduce the circulation patterns and water mass
properties when compared with oceanographic mea-
surements taken in the vicinity of the George V and
Adélie basins (A. Meijers pers. comm.).

The model domain extends from 135.77° E to
158.08° E and from 69.417° S to 62.724° S. The south-
ern boundary of the model is a closed, solid, free slip
wall and the eastern and western boundaries are par-
tially open. The horizontal grid resolution is between
2.16 km near the southern boundary to 2.88 km near
the northern boundary. There are 31 vertical levels
that are concentrated towards the top and bottom of
the model domain. The parameters used here were
taken from the lowest vertical level in the model that
lies immediately adjacent to the seabed. The choice
of mixing and advection schemes follows the choices
that were successfully used by Dinniman et al. (2003,
2007) for studies of the shelf seas near the Ross Ice
Shelf. The melting and freezing formulation uses the
full 3-equation formulation and dynamics frazil ice
model used in the studies of Galton-Fenzi (2009,
2010). Lateral boundary fields (potential tempera-
ture, salinity and currents) on the open boundaries
are relaxed to monthly climatologies from ECCO2
(Menemenlis et al. 2008, Wunsch et al. 2009).

Ten primary tidal constituents were added as a
free-surface forcing. The tidal amplitudes and phase
are calculated with a nonstandard ROMS subroutine,
based on tidal information from the Proudman

Oceanographic Laboratory (Murray 1964) and modi-
fied to be included within ROMS, yielding a standard
tidal prediction. The bathymetry and the ice-draft
information come from a version of R-TOPO (Tim -
mer mann et al. 2010) that was modified to include
the high-resolution bathymetric data (outlined be -
low, Beaman et al. 2011) and knowledge of the
glacial ice drafts in the region (B. Legresy pers.
comm.). The open ocean surface fluxes are modified
by an imposed climatological sea-ice cover that in -
cludes polynyas, derived from SSM/I observations
(Tamura et al. 2008). During summer, the Tamura et
al. (2008) data are supplemented with open-water
heat and salt fluxes by using the monthly climatolo-
gies from the NCEP-2 (Kanamitsu et al. 2002).

Bathymetry and seabed sediments

A bathymetry model based on multibeam swath
sonar and single beam bathymetry data was pro-
duced at about 250 m resolution for the study area
(Beaman et al. 2011). A raster map of the slope gradi-
ent was generated from this bathymetry model by
using ESRI ArcGIS 9.2 Spatial Analysis Tools and a
raster map of the rugosity was generated by using
Benthic Terrain Modeler tools. Sediment grabs pro-
vided substratum composition data, such as the per-
centage of gravel, mud, sand, biogenic carbonate
and biogenic silica at sample sites (Beaman &
O’Brien 2009). These data are used as a broad-scale
representation of the seafloor substratum.

Gridding technique

Point data for abiotic parameters were interpolated
by using ordinary kriging as implemented in ArcGIS
v. 9.2 into a 0.005° grid. All the maps were thus re -
sampled to a ~0.007° grid corresponding to the mean
trawling distance to sample Anthometrina adri ani.
A raster map was created for each abiotic parameter
with ArcGIS tools (Fig. 2). Raster maps were limited
to the shelf area and to a depth ranging from 130 to
1200 m. The geographical extent of the maps was
reduced to that of the smallest raster maps, which are
the sediment distribution maps. The distribution of
abiotic parameters assessed from histograms were
generally non-normal; however, data were not
 normalized because the analyses used in this study
are robust enough to deal with distribution that de -
part from normality (Hirzel et al. 2001, Basille et al.
2008).
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Statistical tools to study the ecological niche

Following the methods of several authors (e.g.
Hirzel et al. 2002, Brotons et al. 2004, Basille et al.
2008) presence-only data were used in this study
because retention and preservation of specimens
were not consistent across all sampling sites. A set of
multidimensional tools, ecological-niche factor ana -
lysis (ENFA; Hirzel et al. 2002) and Mahalanobis dis-
tances factor analysis (MADIFA, Calenge et al. 2008),
is used here to explore the ecological niche (sensu
Hutchinson 1957) of Anthometrina adriani. These
techniques are based on factor analyses and are able
to deal with parameters showing a non- normal distri-
bution of their values (Basille et al. 2008). Each envi-
ronmental variable defines a dimension in a hyper-
volume, which is the ecological space. The niche is
described by the distribution of the species within the
hypervolume, with each station weighted according
to the number of occurrences (Basille et al. 2008).
The ENFA analyses the data from the point of view of
the environment, i.e. what is available for the spe-
cies, whereas the MADIFA focuses on the habitat; i.e.
what is used by the species. The 2 methods allow the
prediction of the potential habitat for the species and
the building of environmental suitability maps (ESM;
Basille 2008).

These methods describe the ‘available habitat’,
which is the quantity of any environmental variable
accessible to the organisms, the ‘used habitat’, which
is the quantity of any environmental variable used by
the organisms and should be more restricted than the
available habitat, and ‘the optimal habitat’, which
should be the most suitable area for the organisms
and thus even more restricted. The first axis (x-axis
on Fig. 3B,C) of the ENFA analysis represents ‘mar-
ginality’ of the habitat, which is the difference be -
tween the available habitat and the used habitat. It
measures the eccentricity of the niche relative to the
distribution of the available points in the ecological
space. The following axes (y-axis on Fig. 3B,C and
other axes not shown) represent the ‘specialization’
of habitat and are axes on which the ratio of the vari-
ance of the available habitat to the used habitat is the
highest. Specialization measures the narrowness of
the niche.

These 2 analyses have been developed and applied
to terrestrial animals, such as great mammals (e.g.
Hirzel et al. 2002, Basille et al. 2008, Calenge &
Basille 2008) and birds (e.g. Hirzel et al. 2004, Olivier
& Wotherspoon 2006, Titeux et al. 2007). The ENFA
has been recently applied to studies on marine ani-
mals such as cetaceans (e.g. MacLeod et al. 2008,
Oviedo & Solis 2008, Praca & Gannier 2008), marine
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Fig. 3. Anthometrina adriani. (A) Eigenvalues of the ecological-niche factor analysis (ENFA): the x-axis is each axis of special-
ization and the y-axis is the eigenvalue. (B) Graphical representation of the results of the ENFA on the marginality (x-axis) and
the first axis of specialization (y-axis); the light grey area is the available habitat and dark grey area is the used habitat; the
white circle is the centroid of the used habitat; variable names are provided in Table 1. (C) Graphical representation of the 

results of the ENFA on the marginality (x-axis) and the second axis of specialization (y-axis)
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birds (e.g. Skov et al. 2008) and deep-sea corals (e.g.
Davies et al. 2008, Tittensor et al. 2009), but never on
vagile or quasi-sessile benthic organisms like Antho -
metrina adriani.

The ENFA and MADIFA multivariate analyses
were performed using the functions ‘enfa’ and ‘mad-
ifa’ of the package adehabitat (Calenge 2006) avail-
able in the open-source software R (R Development
Core Team 2009). The significance of both the mar-
ginality and the specialization axes of the ENFA
were assessed with a Monte Carlo test as imple-
mented in the ‘niche.test’ function in the package
adehabitat with 999 iterations.

RESULTS

ENFA: assessing the ecological niche of 
Anthometrina adriani

The histogram of the eigenvalues (Fig. 3A) indi-
cates that the 2 first axes account for most of the vari-
ance of the specialization (29 and 21%, respectively).
Three axes (marginality and the 2 first axes of spe-
cialization) account for most of the variance and are
used in subsequent analysis. The marginality is
0.718. The optimal habitat for Anthometrina adriani
is therefore different from the mean of available con-
ditions. The eigenvalues of the 2 first axes of special-
ization are 17.74 and 12.91, respectively, which
means that the variance of the available habitat is
more than 17 times the variance of the used habitat in
the first dimension and more than 12 times in the sec-
ond dimension of the ecological space. The ecologi-
cal niche is thus significantly narrower than the
available habitat. The Monte Carlo test is highly sig-
nificant (p = 0.001) for marginality and the axes of
specialization.

The temperature SD, the carbonate, the current
magnitude SD and the mean current magnitude
correlate with the marginality axis at 49, 42, 36 and
35%, respectively (Table 1, Fig. 3B,C). The mean
current magnitude highly correlates with the first
specialization axis (63%, Table 1, Fig. 3B). Current
magnitude SD, temperature SD and temperature
also correlate with this axis but to a lesser extent
showing 49, 35 and 31%, respectively (Table 1,
Fig. 3B). The temperature correlates with the second
specialization axis (55%, Table 1, Fig. 3C). Current
magnitude SD, maximum current magnitude and
salinity SD also correlate with this axis but to a
lesser extent (40, 36 and 34%, respectively, Table 1,
Fig. 3C).

MADIFA: exploration of habitat selection by
Anthometrina adriani

The histogram of eigenvalues from the MADIFA
(Fig. 4A) indicates that the 2 first axes account for
most of the variance (26% and 22%, respectively, of
the mean of the squared Mahalanobis distances).
The following axes explain considerably less (each
were <13%). The first and second axes were retained
to further explore the results of the MADIFA by using
a biplot (Fig. 4B,C).

Mean current magnitude, depth, maximum current
magnitude and carbonate correlate with the first axis
of the MADIFA at 61, 49, 43 and 43%, respectively
(Fig. 4B, Table 1). Positive scores on this axis corre-
spond to deep areas with carbonate and gravel but no
mud in the sediment and with strong current velocity,
whereas negative scores correspond to shallow areas
with mud and sand in the sediment. The second axis
of the MADIFA principally correlates with salinity
(42%), temperature (32%), salinity SD (31%) and ru-
gosity (30%). Positive scores on this axis correspond
to relatively warm areas with rough high slope and
salty waters. Negative scores on the second axis de-
scribe cold and moderately shallow waters with flat
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Variable ENFA MADIFA
Marginality 1st axis 2nd axis 1st axis 2nd axis

Depth            +31               −5          −7           −49         −11
Slope               −6              +4        −20           +18        +21
Rugosity            0               −8        +28             −6        +30
Temperature  −1            +31        +55           +10        +32
Stdthet          −49             −35        −13           −14         −17
Salinity              0              +5        +25           +12        +42
Stdsal            −20            +21        +34           −12        +31
Psand            −20             −19          +3           −11        +17
Pgravel          −25               −3          −2          +28          +4
Pcarbo           −42             +16            0          +43         +11
Pmud              +9             −10        +12           −11           −2
Psilica              −3            +12        −17             −2             0
Bearing           +7              +3          −6           +13           −5
Magnit          −35            +63        −19          +61          +5
Stdmag         −36             −49        +40           +24           −9
Max               −24            +12        −36           +43          +5
Ice                 +11               −3            0             −8           −4

Table 1. Correlations (%) between variables and axes for the
ENFA (marginality and 1st and 2nd axes of specialization)
and the MADIFA (1st and 2nd axes). Stdthet: temperature
SD; stdsal: salinity SD; Psand: percent of sand; Pgravel: per-
cent of gravel; Pcarbo: percent of biogenic carbonate; Pmud:
percent of mud; Psilica: percent of biogenic silica; bearing:
current bearing; magnit: current magnitude; stdmag: magni-
tude SD; max: maximum current magnitude; ice: sea ice pro-
duction. Values in bold text are important variables for each
axis; values are rounded to the nearest integer. ‘+’ represents 

positive part of the axes and ‘−’ negative part of the axes
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and smooth slope areas. On the factorial map of the
ecological space (Fig. 4C), the black dots (used habi-
tats) are significantly offset on the first and second
axis from the centre of the grey area and occupy part
of the lower left sector of the available habitat.

ESM: mapping of the optimal regions for 
Anthometrina adriani

The optimal regions for this species were estab-
lished using an ESM. The ESM was computed by
using the 2 first axes of the MADIFA because they
account for a large part of the variance (Fig. 5A,B).
The optimality limits, −0.25 to 0.25 of Mahalanobis
distances, were chosen to include most of the used
points displayed on Fig. 4C. The resulting optimal
region (Fig. 5C) corresponds to the intersection of
optimal areas described by axes 1 and 2 of the MAD-
IFA. Geomorphic features found in these optimal
areas are the eastern sides of the George V Basin and
the Adélie Basin, the southern part of the Adélie
Bank but with some gaps and several coastal areas
that are to the east of the Astrolabe Glacier, around
Cape Bien venue, Commonwealth Bay and Watt Bay.

DISCUSSION

Suitable habitat for Anthometrina adriani

The ecological niche (sensu Hutchinson 1957) of
Anthometrina adriani is very different from the avail-
able habitat. It is principally defined by stable envi-
ronmental conditions reflected by limited tolerance to
environmental conditions outside the range found in
their optimal habitat. Environments principally inhab-
ited by A. adriani show low to moderate current veloc-
ity and limited variability in a number of parameters
including temperature and salinity. The importance of
substratum is difficult to assess here because A. adri-
ani has been observed perching on other organisms
rather than sitting directly on the sediment. A. adriani
shows a reduced genetic diversity within its whole
distribution area (M. Eléaume & L. G. Hemery un -
publ. results) and high dispersal capa cities. This sug-
gests high population connectivity. In addition, A.
adriani is circumpolar in distribution (see Eléaume
2006 for a review) indicating that the optimal habitat
is also circumpolar in distribution even if it is patchy.

Anthometrina adriani is a conspicuous element of
the benthic assemblages, sitting on top of crests or

Fig. 4. Anthometrina adriani. (A) Eigenvalues of the Mahalanobis distances factor analysis (MADIFA): the x-axis is each axis
of specialization and the y-axis is the eigenvalue value. (B) Graphical representation of the correlation between parameters on
the MADIFA; x-axis and y-axis are, respectively, the first and the second axes of the MADIFA; variable names are provided in
Table 1. (C) Factorial map showing the results of the MADIFA; x-axis and y-axis are, respectively, the first and the second axes
of the MADIFA. Grey dots represent the available habitat whereas black dots represent the used habitat; their size is propor-

tional to the number of specimens per station
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Fig. 5. Anthometrina adriani. (A) Environmental suitability map (ESM) computed on the first axis of the MADIFA. (B) ESM
computed on the second axis of the MADIFA. (C) Final ESM optimising results from both axes. The studied region is con-
tained with the white frame; dots are sampling stations during the CEAMARC Survey on the RV ‘Aurora Australis’ (dot size
is proportional to sampled specimen number); black areas are optimum areas; black arrows point to stations outside the 

optimal habitat; white crosses are the stations without A. adriani; the background is the bathymetry
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perching on other organisms. This suggests that it
selects for environmental conditions with suitable
current velocity that permit food gathering. These
observations suggest that A. adriani is a rheophilic
suspension feeder comparable to other species that
have a similar feeding posture (see Meyer 1997 for a
review). Our results are congruent with this assump-
tion and indicate that A. adriani selects for low to
moderate current velocity from 0 to 15 cm s−1. These
values fall in the measured current velocity range for
similar species (Meyer 1997).

The Adélie Basin and George V Basin are com-
pletely excluded from the optimal regions for Antho -
metrina adriani, whereas the eastern sides of both
the George V Basin and the Adélie Basin, the south-
ern part of the Adélie Bank and inner-shelf areas
between the Astrolabe and Mertz Glaciers are
included. These optimal regions have low gravel
content, with a composition dominated by sand with
moderate mud content, and have a low proportion of
biogenic carbonate and silica. Overall, there is a low
level of total organic carbon in the studied area, and
the optimal regions for A. adriani are among the
poorest. The benthic assemblages observed in these
regions are multilayered and mostly undisturbed,
though with traces of relict scouring on the banks
due to icebergs with a deep keel (Post et al. 2011).

The Mertz Glacier tongue has now broken off and
passed through the Dumont D’Urville Sea. Another
giant iceberg, the B9B, is now slowly drifting away
along the coast of George V Land. These icebergs
may have affected the benthic communities over the
eastern side of the George V Basin during the sum-
mer of 2010−2011 along its drifting trajectory (E. Sul-
tan pers. comm.). In addition, the position and effect
of the Mertz polynyas may also change over time,
and the temperature and salinity of the water masses
in this sector may significantly change. Given that
Anthometrina adriani seems to survive only under a
narrow range of environmental biotic and abiotic
conditions, these changes may heavily affect its dis-
tribution in the region.

Application of the ENFA and MADIFA 
on a benthic invertebrate

The ENFA and the MADIFA statistical tools use
presence-only data (Hirzel et al. 2002, Brotons et al.
2004, Basille et al. 2008). This kind of analysis is partic-
ularly well suited to marine organisms sampled on a
regular grid of stations as was the case during the
CEAMARC survey. However, because stations were

relatively widely separated (mean of 12.6 km be tween
2 adjacent stations), comatulids may exist at many
locations where they were not sampled. The ENFA,
and then MADIFA, can offset this bias and be suitable
and efficient with data for which absences are unreli-
able or unknown (Hirzel et al. 2001). Furthermore, it is
not necessary to know the limiting factors of the spe-
cies but just to have an idea of which parameters could
influence the species establishment and maintenance.
These analyses can highlight which of the environ-
mental variables that we have used are of interest for
the species (Calenge & Basille 2008). As little is known
about the environmental preferences of coma tu lid
crinoids in Antarctica, we decided to use all environ-
mental parameters available in the study area, except
oxygen, which is closely correlated to temperature.
The analyses re vealed that some of the parameters
we used are more relevant than others, in particular
current magnitude, depth and bottom temperature.

Temperature and salinity are potentially sensitive to
climate change processes and are being included in
regional models used for predicting likely trajectories
of change in the Southern Ocean under differing cli-
mate change scenarios (Convey et al. 2009, Turner et
al. 2009). Currents are caused by tides, bottom topog-
raphy, ocean properties and atmospheric forcing. Cli-
mate change processes can influence ocean currents
and, therefore, sedimentation rates and thus influence
survival of suspension feeders. The Antarctic Penin-
sula, Amundsen Sea and Bellingshausen Sea are the
Antarctic regions currently undergoing the most
rapid environmental changes (Griffiths 2010). For the
moment, East Antarctic is not affected but this region
could suffer changes in the next decades. As Convey
et al. (2009, p. 3) stated, ‘understanding the impact of
past, current and predicted environmental change on
biodiversity and the consequences for Antarctic
ecosystem adaptation and function must be a primary
goal of research today.’ Our analysis illustrates how
ecological niche models could be broadened to ex-
plore the potential impacts of climate change scenar-
ios on the distribution of benthic species such as An-
thometrina adriani. This kind of study could also
provide important information in support of area
management, such as determining the appropriate
size and location for marine protected areas. Optimal
habitats are known to house source populations for
many species (Dias 1996). In the case of A. adriani, at
least 2 stations with few A. adriani specimens are out-
side the optimal regions described on both axes of the
MADIFA (Fig. 5C, indicated by arrows) and these
specimens may represent sink populations sustained
by populations in optimal regions.
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