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Sphaerotylus antarcticus is a common Antarctic sponge characterized by a dense spicule fur that covers its
surface. This sponge has been sampled at Terra Nova Bay from 22 November 2001 to 29 January 2002 at
weekly intervals. On its spicules, a rich assemblage of benthic diatoms has been observed, mainly
composed of Hyalodiscus sp., a centric sessile diatom, forming short colonies. The temporal trend of the
abundances of these diatoms showed a maximum of 115�106 cells g71 dry weight (dw) at the end of
December. Almost all the diatom frustules observed in the sponge choanosome belonged to the planktonic
species Fragilariopsis curta, which displayed a peak (50�106 cells g71 dw) in the second half of January.
Diatoms that were observed in the choanosome were of a size comparable to that of the inhalant pores,
suggesting that sponges actively engulf diatoms, due to the pumping activity of their choanocyte chambers.
Sponges, as active ¢lter feeders, therefore represent one important vector in the transfer of energy from
planktonic to benthic trophic chains in Antarctic habitats.

INTRODUCTION

Sponges represent one of the most important com-
ponents of the Antarctic benthos, having a high speci¢c
richness (more than 350 species) and very high values of
biomass (about 2^4 kgm72) (Sara' et al., 1992). It is di⁄-
cult to explain the success of this group in Antarctic habi-
tats, which are characterized by a food supply whose
quantity £uctuates during the year. Oligotrophic con-
ditions in the water column in winter could represent a
metabolic constraint for ¢lter-feeding organisms (Matsuda
et al., 1990; Cockell et al., 2000).

Recent studies (Cerrano et al., 2004a,b) indicate that
Antarctic sponges can actively exploit the summer phyto-
planktonic bloom, engul¢ng planktonic diatoms that are
quickly digested. Sponges as active ¢lter feeders therefore
represent one important vector for the transfer of energy
from planktonic to benthic trophic chains, a role that, in
temperate and tropical habitats, is mainly played by colo-
nial cnidarians (Gili & Coma, 1998). In Antarctic waters,
on the other hand, sponges are themselves exploited as
trophic resources by several other benthic organisms such
as echinoderms, nemerteans and gastropods (Cerrano et
al., 2000b).

Although species-speci¢c relationships between diatoms
and sponges were sometimes described, such as Melosira sp.
in Scolymastra joubiniTopsent, 1916 (Cerrano et al., 2000a)
and Porannulus contentus in Mycale acerata Kirkpatrick, 1907
(Hamilton et al., 1997; Cerrano et al., 2004b), the
presence of diatom species in Antarctic sponges has been
mainly related to the ¢ltration of phytoplankton cells from
the water column. In fact, some of the most abundant
diatom species of the Antarctic plankton communities, i.e.

Fragilariopsis curta,Thalassiosira cf. gracilis,T. perpusilla and
Thalassiosira spp. reached densities of several millions of
cells g71 dw in the tissues of several sponge species
(Cerrano et al., 2004a,b).

An open question concerns the way in which diatom
cells penetrate inside the sponge body. Recent studies
suggest that diatoms may be incorporated by the exopina-
cocytes of the sponge surface or by the endopinacocytes of
the inhalant canals (Cerrano et al., 2004b).

In this study we investigated the temporal trend of
diatom biodiversity and abundance on the surface and
inside the tissues of the Antarctic sponge Sphaerotylus

antarcticus Kirkpatrick, 1908. The results o¡er new
evidence about the selectivity and the method of incor-
poration of diatoms by the sponges, together with some
new details on the organization of polymastid sponges.

MATERIALS AND METHODS

Specimens of Sphaerotylus antarcticus were collected by
SCUBA divers at Terra Nova Bay, at depths of 25^35m,
from 22 November 2001 to 29 January 2002, at weekly
intervals. This sponge species has been studied because it
is common in the study area. Both diatom content and
phytopigment (chlorophyll-a and phaeopigments) concen-
tration were analysed in the sponge tissues. To assess the
di¡erent distributions in the sponge body, we studied the
sponge choanosome separately by the spicule fur, which
completely covers the sponge surface. This stratum was
separated from the sponge body using a lancet. Samples
for both diatom and phytopigment content were analysed
in three replicates.
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Diatoms

Samples for diatom analysis were preserved in 4%
neutralized formalin. To allow the separation of diatoms
from sponge tissues, the Von Stosch cleaning procedure
(Hasle & Syvertsen, 1996) was applied to sponge
samples, to remove the organic component: for each
sample, an aliquot of sponge material (*0.1g) was
weighed and then equal amounts of HNO3 and 3�
sample amounts of H2SO4 were added, after which the
samples were boiled for approximately 3min, cooled and
rinsed with distilled water until free of acid. Samples were
adjusted to a ¢nal volume of 1ml by adding distilled water.
The cleaning procedure resulted in the separation of
diatom frustules into two valves. Counting of diatom
valves was performed with an inverted microscope
(ZEISS Axiovert 135) equipped with phase contrast,
following the Utermo« hl method (Hasle, 1978). A known
volume of cleaned sample was poured with a micropipette
into a cylinder/chamber complex previously ¢lled with
¢ltered seawater, and allowed to settle. Counting was
carried out along 2^4 transects at a 400� magni¢cation,
to count a minimum of about 150 valves. Results were
expressed as number of frustules per gram of sponge
tissue (dry weight [dw]).

Sponge samples were also processed for observation
with a scanning electron microscope (SEM), in order to
investigate the diatom distribution pattern in situ. Fixed
samples were washed and then dehydrated in a graded

ethanol series. Dried samples were coated with gold-
palladium in a Balzers Union evaporator. Samples were
analysed with a Philips EM 515.

Chlorophyll-a and phaeopigment analysis

Samples for chlorophyll-a (chl-a) and phaeopigment
(phaeo) analysis were frozen in liquid nitrogen and stored
at 7808C until the time of analysis. Aweighted aliquot of
sponge material (*1g) was treated with 10ml of acetone,
homogenized and left overnight in the dark at þ48C for
the extraction of pigments. Then samples were centrifuged
(2500�10min), and the surnatant was read at the spectro-
photometer at wavelengths of 665 and 750 nm before
and after acidi¢cation. Chlorophyll-a and phaeo concen-
trations (mg g71 dw) were calculated according to
Lorenzen (1967).

RESULTS

The sponge

Sphaerotylus antarcticus (Figure 1A) is a hadromerid
sponge belonging to the Polymastiidae family. The gross
morphology of the sponge is hemispherical, slightly £at-
tened. The specimens of Terra Nova Bay reached 8^10 cm
in diameter and were 3^4 cm thick. The sponge body is
covered by a dense spicule fur, composed of long styles
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Figure 1. Sphaerotylus antarcticus: (A) large specimen: spicule fur and papillae of the aquiferus system are evident; (B) papillae of a
specimen showing the apical oscular openings (arrows); (C) specimen with the tips of the papillae forming long ¢laments. Scale
bars: A, 2 cm; B & C, 1 cm.
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ispidating the surface with their sharp tips pointed towards
the outside.

From the sponge surface, conical, smooth papillae arise
(Figure 1B), with their number ranging from ten in small
specimens to more than one hundred in large ones.While
the sponge surface is intensely green-brown, the papillae

range from pale yellow to green-yellow. The green-brown
colour of the spicule fur was due to a rich diatom commu-
nity living on the sponge spicules. The openings of the aqui-
ferous system are found on the papillae. The papillae have a
mixed function: the oscula open on the tip, while the inha-
lant pores are on the surface (Figures 1B & 2A).
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Figure 2. Sphaerotylus antarcticus: (A) surface of a papilla crossed by several incurrent pores; (B) enlargement showing the pores
surrounded by a palisade of ensiform tylostyles; (C) cross section of the papilla with the incurrent canals; (D) enlargement of the
incurrent canals with interposed fans of ensiform tylostyles; (E) long styles of the spicule fur widely colonized by benthic centric
diatoms; (F & G) enlargements of spicules showing benthic diatom colonization. ip, inhalant pore. Scale bars: A, 1mm; B & D,
50 mm; C & E, 100 mm; F & G, 20 mm.
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In the last period of summer, when the pack ice again
covered the sea surface, several specimens showed all the
papillae ending in long ¢laments in the place of the oscula,
which are closed (Figure 1C). In this condition, the
sponges are probably unable to ¢lter water.

The SEM analysis showed that inhalant pores are
uniformly distributed on the surface of the papillae
(Figure 2A). In preserved material, the pores have an
oval shape, 30^60�10 mm.They are lined by a palisade of

ensiform tylostyles, with the tip arising from the sponge
pinacoderm (Figure 2B). In cross section, the inhalant
canals under the pores are clearly visible. They are 50^
60 mm wide and 100^200 mm long and are divided from
each other by spicule fans (Figure 2C,D). These canals
are perpendicular to the main axis of the papilla and
merge in canals of larger diameters parallel to the papilla
axis (Figure 2C). These canals are lined with £attened
pinacocytes (Figure 2D).
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Figure 3. Diatom abundance, biomass and diversity in Sphaerotylus antarcticus from November 2001 to January 2002. Diatom per
cent composition in the spicule fur (A) and inside the sponge tissues (D); main taxa are represented and less abundant species were
grouped into major categories. Trend of chlorophyll-a and phaeopigment concentration (mg g71 dw) �SE in the spicule fur (B)
and in the sponge tissue (E).Trends of diatom frustule (cells�106 g71 dw) concentration �SE in the spicule fur (C) and in the
sponge tissue (F).
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The diatom assemblages

The diatom assemblage observed on the Antarctic
sponge Sphaerotylus antarcticus is listed in Table 1. The two
zones of the S. antarcticus body, the spicule fur and the
choanosome, showed a very di¡erent composition in
terms of the diatom assemblages.

The spicules of the external fur were colonized by a rich
community of benthic diatoms, mainly represented by the
sessile centric Hyalodiscus sp. (Figures 2E^G & 3A). Other
benthic species were also observed, such as Achnanthes cf.
longipes, Biddulphia spp., Diploneis crabro, Entomoneis paludosa,
Trachineis aspera, Navicula sp., Gyrosigma sp., Pleurosigma

intermedium, and Pleurosigma sp. In the last weeks of the
observations, from the beginning of January, benthic
diatom abundances decreased, while cells of the plank-
tonic Fragilariopsis curta became more and more abundant
(Figure 3A).

The trend of abundance of benthic diatom frustules on
the spicule layer showed minimum values at the end of
November (6�106 cells g71 dw of sponge spicules). Then, an
increase was observed in mid December (23�106 cells g71

dw), and a second higher peak occurred at the end of
December (110�106 cells g71 dw). Until the end of
December, the total diatom trend was strongly driven by
the abundances of benthic diatom assemblages, which

represented the main fraction. In the second half of January,
a new peak was observed (33�106 cells g71 dw), due to
planktonic diatoms (mainly Fragilariopsis curta, Figure 3B).

Chlorophyll-a and phaeo concentration in the spicule
fur ranged, respectively, from 25 to 169 and from 3 to
84 mg g71 dw. The trend of chl-a showed several peaks in
correspondence with those of the abundance of benthic
diatoms, except at the beginning of the sampling period,
where high chl-a values were observed. On the other hand,
the trend of phaeo concentration (Figure 3C) was strongly
related to that of the abundance of Fragilariopsis curta

(P50.01; R¼0.86; N¼8).
The diatom assemblage of the sponge choanosome

showed a completely di¡erent composition, with the major
fraction being represented by Fragilariopsis curta (80^97%),
while benthic diatoms were almost completely absent
(Figure 3D). The trend of abundance (Figure 3E) showed
low values until mid January, when the main peak was
observed (44�106 cells g71 dw). At the end of January, this
peak showed the ¢rst signs of decreasing. The trend of the
total frustule abundance in the sponge choanosome strongly
overlapped that of F. curta. Moreover, the occurrence of the
peak ¢tted with the trend of F. curta observed on the sponge
surface, and cell densities of F. curta did not display signif-
icant di¡erences between the spicule fur and the choano-
some (one-way analysis of variance, not signi¢cant).

The trend of chl-a concentration (Figure 3F) indicated
that no living diatoms were present inside the choanosome
at the beginning of our sampling period. In the subsequent
period, the chl-a concentration increased following an
oscillatory trend, while the phaeo concentration was
strongly correlated (P50.01; R¼0.94; N¼8) with the
abundance of diatom frustules.

DISCUSSION

These data show an increase in the variety of recorded
relationships between diatoms and Antarctic sponges.
Several sponge species use diatoms, particularly
Fragilariopsis curta, as a food source (Cerrano et al.,
2004a). In Scolymastra joubini, diatoms show parasitic beha-
viour towards the sponge: they actively reproduce inside
the sponge tissues, which are quickly destroyed (Cerrano
et al., 2000a). Porannulus contentus is a diatom specialized
for an epibiontic life on the surface of some sponge
species, and it may also be used as food (Hamilton et al.,
1997; Cerrano et al., 2004b).

In this study, we show that a rich community of benthic
diatoms mainly represented by the sessile centric
Hyalodiscus sp. lived epibionthic on the spicule fur of
Sphaerotylus antarcticus. Moreover, planktonic diatoms were
incorporated inside the choanosome, where they were
digested and used as a trophic source.

The extremely dense spicule fur of Sphaerotylus antarcticus
represents a complex three-dimensional microhabitat for
benthic organisms: benthic diatoms ¢x on the spicules,
forming short moniliformis chains, while the sediment
that accumulates between the spicules hosts a rich meio-
fauna mainly composed of harpacticoids and nematodes
(unpublished). The benthic diatom abundance in this
habitat, reaching more than 100 millions of cells g71 dw
of sponge spicules, could represent a source of dissolved
organic matter, which enriches the water ¢ltered by the
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Table 1. List of identi¢ed diatom taxa associated with
Sphaerotylus antarcticus.

Achnantes cf. longipes Agardh
Actinocyclus sp.
Amphora spp.
Asteromphalus hookeri Ehrenberg
Asteromphalus hyalinus Karsten
Asteromphalus sp.
Biddulphia sp.
Cocconeis costata Gregory
Cerataulus sp.
Thalassiosira sp.
Coscinodiscus sp.
Dimerogramma sp.
Diploneis crabro Ehrenberg
Entomoneis cf. paludosa (W. Smith) Reimer
Fragilariopsis curta (Van Heurck) Hustedt
Fragilariopsis linearis (Castracane) Frenguelli
Fragilariopsis obliquecostata (Van Heurck) Heiden
Fragilariopsis rhombica (O’Meara) Hustedt
Fragilariopsis ritscheri Hustedt
Fragilariopsis sublinearis (Van Heurck) Heiden
Fragilariopsis spp.
Gyrosigma sp.
Hyalodiscus sp.
Navicula spp.
Nitzschia sigma (Ku« tzing) W. Smith
Nitzschia spp.
Odontella aurita (Lyngbye) C.A. Agardh
Plagiotropis sp.
Pleurosigma intermedium Smith
Pleurosigma sp.
Porosira pseudodenticulata (Hustedt) Jouse¤
Stauroneis sp.
Stellarima microtrias (Ehrenberg) Hasle & Sims
Trachineis aspera (Ehrenberg) Cleve
Trachineis sp.
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sponge, and represents an additional trophic resource that
is exploited by Sphaerotylus, as described by Reiswig (1990).

The high values of chl-a observed at the end of
November, associated with the relatively low abundance
of diatoms, were already observed in other Antarctic
sponges in similar conditions (Cerrano et al., 2004a) and
may be interpreted as a chromatic adaptation of diatoms
to low light levels at the beginning of austral summer
(Falkowski & Owens, 1980).

The trend of abundance of benthic diatoms inside the
spicule fur showed a main peak at the end of December.
In the same period, the high chl-a concentration asso-
ciated with low phaeo concentration would suggest that
diatoms were in an active phase of development. Phaeo
pigment concentration in the spicule fur increased at the
end of January, when the abundance of Fragilariopsis curta
increased, indicating that cells of this species were
partially decayed when they reached the sponge surface.

On the other hand, benthic diatoms were never
observed inside sponge tissues, where only planktonic
ones, mainly Fragilariopsis curta, were present.The trend of
abundance of F. curta inside the tissues of Sphaerotylus

antarcticus overlaps those described in several other
Antarctic sponge species that are able to exploit this
diatom species as a trophic source (Cerrano et al., 2004a).

The size of planktonic diatoms and particularly that of
Fragilariopsis curta (apical axis 10^42 mm; transapical axis
3.5^6 mm) is compatible with that of the inhalant openings
of the sponge (30^60�10 mm), while Hyalodiscus sp., which
dominated the benthic diatom assemblages of the spicule
fur, has dimensions too large for the pores (diameter
20^30 mm; pervalvar axis up to 35 mm).

Moreover, the benthic diatoms are strongly ¢xed to the
spicule of the fur. These facts indicate that only diatoms
which can be resuspended in the water are actively incor-
porated through the inhalant openings of the aquiferous
system, due to the pumping activity of the choanocyte
chambers of the sponge.

Although it is well known that the main trophic source
for sponges is plankton smaller than 10 mm (Reiswig, 1971;
Pile et al., 1996; Witte et al., 1997; Ribes et al., 1999),
diatoms seem to play a role in sponge-food composition
that is not negligible (Gaino & Rebora, 2003). In the
Mediterranean sponge Dysidea avara, they range from 4 to
26% of the diet, depending on the annual cycle (Ribes et
al., 1999).The large amount of diatoms ingested byAntarctic
sponges suggests that in the austral summer, diatoms may
represent nearly the totality of the food supply.

It is generally assumed (Reiswig, 1971) that particle
capture is accomplished by either pinacocytes or choano-
cytes, depending upon particle size. Particles in the pico-
plankton size-range are captured with high e⁄ciency by
the choanocytes, while particles as large as the diameter
of the pores are ingested by pinacocytes lining the canal
system. Although we have demonstrated that in the volca-
nosponge Scolymastra joubini diatoms are also ingested by
the pinacocytes lining the external sponge surface
(Cerrano et al., 2000a), the walls of the aquiferous
system are probably the main method of diatom engul¢ng.
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