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Astrorhiza limicola has a different way of life on the west coast of Sweden than reported
from the south coast of England. It was found to be sedentary, sitting in a vertical position
and feeding primarily by filtering phytoplankton and occasionally feeding on detritus. It can
scavenge but was never found to be an active predator lying flat or crawling on the bottom as
previously reported. It was found to be motile only under unfavourable conditions, e.g. in
aquaria without natural types of sediment. Some epizoans of Astrorhiza are noted.
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INTRODUCTION

Astrorhiza limicola SANDAHL, 1857, a monothala
mous, agglutinated foraminiferan reaching 15 mm in
test diameter, is common on sand and clay bottoms
at 15-50 m depth along the Swedish west coast
(GoEs 1894; HOGLUND 1947). In the laboratory,
BUCHANAN & HEDLEY (1960) investigated the bio
logy of specimens from sandy bottoms off southern
England. They found that the species lies flat on the
bottom of petri dishes, crawls about, and preys upon
small invertebrates. In my paper it is shown that A.
limicola from sand and clay bottoms at 15-50 m
depth along the Swedish west coast is a filter feeder,
feeding on detritus, and that it stands vertically, half
buried in the sediment.

MATERIAL AND METHODS

Samples of sediments with A. limicola were taken at 14-43
m depth in Kosterfjorden on the Swedish west coast
(58°55' N; 11°05' E;). The sediment consisted of silt mixed
with sand, gravel, and shell fragments. The samples were
collected at all seasons between August 1980 and April
1986 (8 Aug 1980; 23 Apr 1981; 1 Oct 1984; 7 Nov 1984; 8
Jan 1985; 10 Apr 1985; 23 May 1985; 30 Aug 1985; 12 Nov
1985; 10 Jan 1986; 17 Feb 1986; 15 Apr 1986). The
sediment samples were taken with an epibenthic sledge, the
design of which is intermediate between that of OCKEL
MANN (1964) and that of HESSLER & SANDERS (1967). Each
sample was divided into two parts, one for aquarium
observations and the other for microscopical study.

Some specimens were fixed in 5 % formalin buffered
with disodiumtetraborate (borax). The protoplasm was
separated from the test with forceps and stained with either
carmalum or Ehrlichs haematoxylin, or examined un
stained. Whole mounts were made by embedding in
Mercoglasl!l. Slides with unstained protaplasm were studied
by interference contrast microscopy.

Some whole specimens were soaked in New Decalcl!l
(Histo-Lab, Bethlehem Trading Lld) and then transferred
to an approximately 10 % hydroflouric acid solution (HF
(aq» to dissolve the tests. The preparations were embed-

ded in paraffin, sectioned (7 I1m) and stained with Ehrlichs
haematoxylin.

Sediment with living A. limicola and its faunal associates
was put into an aquarium, equipped with a stereomicro
scope stand for studying animals on the sediment surface.

Some more specific methods are described below.

RESULTS

Position in the sediment

After a few days in the aquarium the Astrorhiza
specimens were found standing erect with the test
partly buried (Fig. 1). The arms of the test were up
to 2-3 cm long, those extending downwards being
longer and more branched. The pseudopodia which
emanated from the upwardly directed arms spread in
the water and collected suspended material consist
ing mainly of algae (Fig. 3). Detritus accumulated as
lumps around the tips of the arms (Fig. 1). The
pseudopodia of A. limicola are described and illu
strated in literature (SCHULTZ 1915) as a kind of
'radiating filopodia' but I found them to be typical
granureticulopodia (Fig. 4).

All specimens held the same upright position
irrespective whether they were close together or as
much as 20 cm apart. Those situated close together
did not move away from each other during an
observation time of several months.

About 100 specimens were kept all the year round
in aquaria with different bottom substrata, i.e., clay,
silt, sand, gravel and large, empty mollusc shells.
Some specimens were kept in running water, others
in stagnant water. In these environments, Astrorhiza
behaved in the same way, keeping its upright,
stationary position without crawling around and not
avoiding the proximity of other specimens. This
behaviour was maintained even by specimens sitting
with the pseudopodia anchored on the top of a hard
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Fig.!. ASlrorhiza limicola SA DAHL in the erect position in the sediment. The diameter of the central part of the test
is about 10 mm.

substratum such as an empty shell of Arctica
islandica (L., 1767) without any surrounding soft
sediment.

Many of the 200 specimens kept without a natural
substratum in submerged petri dishes (87 mm
diameter, 14 mm high), moved around in their
dishes and some 20 specimens climbed over the
edge.

Fig. 2. Protoplasm with its contents of algae and detritus.
Interference contrast microscope. Scale bar = 40 ~lm.
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Feeding

Analysis of food contents. The protoplasms of
c. 50 specimens, collected in the field at all seasons,
were investigated to ascertain the diet of A. limicola.
Foreign particles in the protoplasm were assumed to
have been actively ingested (Fig. 2).

In specimens collected in January and February
the protoplasm was almost always devoid of foreign
particles whereas such particles were always present
in specimens collected at other times of the year.

Fig. 3. Active pseudopodia of ASlrorhiza Iimicola SAN
DAHL collecting. living dinofiagellates. Scale bar = 40 .urn.



Quantitatively, the most important of these particles
were pieces of planktonic algae. The taxonomic
composition of the algal remnants in the protoplasm
resembled that of the seasonally existing planktonic
algae in the habitat (B. Rex, unpublished plankton
investigations in Kosterfjorden 1985-86).

In addition to algal remnants, the protoplasm
contained other foreign particles, such as small
pieces of harpacticoid copepods and polychaetes,
pollen grains (Pinus silvestris, Poaceae etc), cysts of
dinoflagellates, pieces of Zostera, single sponge
spicules, and a few sand and clay particles. Nume
rous bacteria were also observed, both in sectioned
specimens stained with eosin/haematoxylin and in
unstained specimens.

Predation experiments. In experiments, car
ried out in November 1984 and in April 1986, more
than 200 specimens of A. limicola were kept in
plastic and glas petri dishes with seawater. Some of
the dishes contained natural sediment, others only
seawater.

As potential prey more than 140 macrofaunal
organisms « 30 mm) were introduced into the
dishes. They represented 50 species and six phyla
and were all obtained from the same sediment
samples as A. limicola. After 2-5 days, A. limicola
had caught none of these specimens. In two cases,
however, dead specimens of the polychaete Priono
spio fal/ax SODERSTROM, 1920 were eaten. Astrorhiza
ingested each of the carcasses by building an arm of
clay around, it.

Twice (16 Apr and 24 Aug 1986) an inverted
microscope was used to observe specimens of A.
limicola immediately after the addition of a plankton
sample. The pseudopodia collected a naked flagel
late (cf. Mastigamoeba) and several living dinoflagel
lates (e.g., Ceratium spp., Peridinium spp.) but did
not catch any of the numerous nauplius or mitraria
larvae.

Additional experiments were carried out in July
and August 1986. Fourteen specimens of A. limicola
were isolated individually in petri dishes. Ten
specimens of Ophryotrocha puerilis CLAPAREDE &
MECZNIKOW, 1869 (Polychaeta, Dorvilleidae) with a
maximum length of 8 mm were introduced into
seven of these dishes and ten specimens of O.
gracilis HUTH, 1934 with a maximum length of 5 mm
into each of the remaining ones. Fragments of
spinach were added as food for the polychaetes. The
animals were observed for one month.

A. limicola did not catch any of the living
polychaetes but collected spinach in the same way as
it collected detritus in an aquarium with natural

Fig. 4. Granureticulopodia of Astrorhiza limico/a SANDAHL.
Scale bar = 20 Ilm.

sediment (see above). The polychaetes in the dishes
survived and reproduced successfully. Ten egg mas
ses, each with about ten eggs, were deposited under,
or attached to, the test of A. limicola. The poly
chaete larvae hatched successfully and none was ob
served to be eaten by the foraminiferan. Towards
the end of the experiment some of the polychaetes
were killed with forceps. These dead polychaetes
were the only ones eaten.

Epizoans

A few specimens of Astrorhiza carried the following
epizoans: Tholosina vesicularis (BRADY, 1879) (Fora
miniferida), Barentsia gracilis M. SARS, 1855 (Ento
procta), and turbellarian egg capsules resembling
those described by BOLTOVSKOY & WRIGHT (1976).
Such eggs are sometimes found on both sides of a
specimen.
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DISCUSSION

Position in the sediment

The results of my study does not confirm BUCHANAN
& HEDLEY'S (1960) description of the behaviour of
A. limicola isolated in a petri dish with sand
substratum. They reported on specimens lying flat
on the sand surface, penetrating the sediment with
their pseudopodia but not burrowing.

I observed A. limicola standing in an erect
position. This does not seem to be a reaction to
crowding, as specimens close together showed the
same behaviour as specimens up to 20 cm apart.
Neither did Astrorhiza exhibit any territorial beha
viour, as specimens close together did not move
away from each other during several months. The
presence of turbellarian eggs on both sides of the
same test in some field-collected specimens, indi
cates a siiJ)ilar environment on the two sides. This
fact provides additional evidence that the animal has
vertical position also in nature.

A. limicola is not the only species of its genus to
adopt a vertical position. TENDAL & THOMSEN (1988)
described the same orientation in A. arenaria NOR
MAN, 1876 in box-core samples from the shelf off
northern Norway.

It is reasonable to believe that by orienting itself
vertically, Astrorhiza gains access to a better supply
of phytoplankton. Moreover, it will be able to
collect suspended detritus which may have a higher
nutritional value than particles deposited on the
bottom. DELACA & LIPPS (1980) and LIPPS (1983)
review suspension feeding in foraminiferans with an
erect position.

Feeding

The very low number of foreign particles in the
protoplasm of specimens collected in January and
February indicates that there is little or no feeding
activity at that time of the year.

From laboratory experiments, BUCHANAN & HED
LEY (1960) concluded that A. limicola may be
regarded as a mobile predator of interstitial sand
metazoans. In my study, the species was found to be
sedentary and feeding primarily on suspended
particles and surface deposits. Most of the particles
found in the protoplasm were remains of planktonic
algae, but the feeding experiments revealed that the
species, also could act as a scavenger and eat larger
carrions.

BUCHANAN & HEDLEY (1960) found that in a dish
with sand substratum the pseudopodia could be
extended along the bottom more than 6-7 cm from
the central, protoplasmic mass. In my study I could
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see no pseudopodia extending more than 3 cm along
the bottom in the sediment. Presumably, the
pseudopodia are more widely spread in search for
food in an environment with scarce food than in an
environment with abundant food particles (detritus,
bacteria etc.).

The protoplasm contained very few mineral par
ticles. From this I infer that A. limicola selectively
ingests particles with at least some nutritional value
(Fig. 2). The few inorganic particles found could
have been ingested because of microorganisms
adhering to them or because they were resuspended
by the activity of motile macrofauna organisms.

The dominant foreign particles found in the
protoplasm were planktonic algae. The species were
roughly the same as those of the phytoplankton
investigated by B. Rex during the same time in the
same area. Therefore I consider it likely that the
sedimenting algae produced during the spring bloom
is as important as food to A. limicola as it is to the
surface deposit-feeding macrofaunal species investi
gated in the Oresund by CHRISTIANSEN & KANNE
WORFF (1985).

THORsON (1966) discussed the results of BUCHA
NAN & HEDLEY (1960) and concluded that 50
specimens per m2 of A. limicola may cover half the
bottom area with actively searching pseudopodia,
causing a 'danger zone' Jor many other species.
THoRsoN generalized that A. limicola could be an
important predator on settling larvae. This may be
an exaggeration, at least for the Swedish west coast,
where these foraminiferids do not behave in the
manner described by BUCHANAN & HEDLEY (1960)
and seldom or never ingest mobile prey animals.
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