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Eurypon, Chona, Plakortis, among others). Many
spicules are broken or eroded, their size range is
large, ca. 7-2000 fA.m. Occasional calcareous spi­
cules found in preparations derived from small
Sycon spp. growing on the test. The organic cement
appears in electron micrographs as a dense fibrillar
substance similar to the spongin that held these spi­
cules in place inside the sponge that produced them
(Fig. 3a-c). In desilicified material, many of the
original central filaments of the spicules are clearly
present (Fig. 3a, b, d, e); some similar structures
may be the result of secondary invasion by fora­
miniferan cement into central canals exposed by
erosion. The cement also coats the inner surface of
the test and forms the bond to rock substrate and to
organisms encrusting the base of the stem, such as
red algae (Fig. 1), other Foraminifera, and an occa­
sional syconoid sponge and serpulid polychaete.
Distal surface areas of the test show numerous bac­
teria and diatoms adhering to an organic coating
among the cemented spicules (Fig. 2g).

CYTOPLASM

Cavities in the substrate rock and the lumen of the
test base are filled with protoplasm, with loose
sponge spicules dispersed at random. In the upper
stem and branch region cytoplasm occurs in sheets
and strands not entirely filling the lumen, at least
not in fixed material. More distally and near the
tips, cytoplasm is seen between the spicules of the
test. Several organelles and inclusions (Fig. 3f) can
be distinguished, such as mitochondria and lipid
droplets, but identification was not always possible
and may have to await specially fixed material (in
preparation). No nucleus was found in the sections
and there is not enough material with substrate base
attached to continue a destructive search in that
area. Whole-mount staining with DNA-specific
fluorochrome (DAPI) of cytoplasm from inside the
test (tree) portion of one specimen of Spiculi­
dendron revealed only nuclei of microalgae.

SYMBIONTS

Several types of unicellular microalgae can be dis­
tinguished in the cytoplasm, ranging in diameter
from 15 x 15 fA.m to 20 x 12 fA.m. They were seen in
TEM sections (Fig. 3g) and DAPI- stained whole
mounts of cytoplasmic strands and were determined
to be members of the Dinophyceae (M. FAUST, per­
sonal communication).
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HABITAT AND DISTRffiUTION

Spiculidendron corallicolum occurs singly or in
clusters in semishaded clear-water reef locations,
20-30 m and below. The species is common just
inside the entrance of crevices and caves, under
ledge overhangs, and along vertical walls where se­
diment exposure is low. Common associates are
crustose red algae, sponges, and foraminifers, rete­
porid bryozoans, algal turfs, and hydroids. Smaller
specimens are difficult to detect in the field because
they blend well with similarly structured algae and
invertebrates. Distribution of the species is presu-

.med to be Caribbean-wide; so far it has been found
in the Bahamas (San Salvador), Turks & Caicos
Islands, Leeward Islands (Dominica), Colombia,
Honduras (Roatan), Belize (Carrie Bow Cay, Light­
house Reef), and Cayman Islands.

Discussion

Spiculidendron corallicolum may well be one of
the largest species of Foraminifera - indeed of
Protozoa - ever recorded. The tallest test among the
type specimens measures 61 mm, not counting the
portion of the organism that resides in cavities of
the substrate. Tests of comparable species in the
Astrorhizidae are shown as 1-7 mm in height
(LOEBLICH & TAPPAN, 1964 : Fig. 108), Notoden­
drodes antarctikos attains 38 mm (DELACA et al.,
1980 : 205), Arborammina hilaryae reaches 20 mm
(SHIRES et al., 1994).
The placement of Spiculidendron corallicolum
within the classification of Foraminifera follows the
scheme of LOEBLICH & TAPPAN (1964; 1988).
In a more recent paper, LOEBLICH & TAPPAN (1989)
restructured the suborder Textulariina and reesta­
blished the suborder Astrorhizina JiROVEC with the
definition that agglutinated foreign particles are
held in place only by organic cement (as is the case
in our new species). In contrast, the suborder
Textulariina sensu LOEBLICH & TAPPAN (1964;
1988) encompasses species where agglutinated
foreign particles, although encased in organic
coating, are held in biogenically deposited low­
magnesium calcite cement. We do not consider it
appropriate to follow this separation. Other
Foraminifera with tests composed of agglutinated
particles held together by organic cement, such as
the genus Miliammina, have been shown to be
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Fig. 3. - Spiculidendron corallicolum sp. nov., TEM images of cytology. - a. Cross section at stem portion of test with

encrusting red alga (al); sponge spicule (sp), surrounded by organic cement (ce) and some protoplasm (pp), was dis­
solved in acid leaving behind the central filament (cf) (scale: 2 !-lorn). - b. Cross section of distal branch of test
containing protoplasm (pp) surrounded by organic cement and spicules (sp) (now dissolved) with central filaments
(ct); bacteria (ba) may be contaminants (scale: I !-lorn). - c. Detail of organic cement (ce) attached to cell wall (cw)
of encrusting red alga shown in a (scale : 200 nm). - d. Cross sections of two hexagonal central filaments typical
of demosponge spicules (scale: 200 nm). - e. Cross section of foraminiferal cement that infiltrated the exposed
central canal of an eroded sponge spicule (scale : 500 nm). - f. Cytoplasmic inclusions (scale : 500 nm).
- g. Dinophycean microsymbiont (scale: 500 nm).
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closely related to taxa that secrete calcareous tests
(FAHRNI et al., in press). Because the ability to
biomineralize may have been lost independently in
a number of species we consider it justified to
maintain the suborder Textulariina as defined in the
earlier papers.
The ultrastructure of the bioadhesive (BOWSER &
BERNHARD, 1993) or organic cement (designated in
the older literature also as "chitinous lining" and
"pseudochitin") appears in electron micrographs as
a dense fibrillar substance, similar to spongin, the
collagen-like protein that forms intercellular matrix
and fibers in Porifera (GARONNE, 1978). Indeed, in
a study of a comparable species in the Genus
Halyphysema (HEDLEY & WAKEFIELD, 1967) the
structural similarity of the cement with collagen has
been confirmed.
After desilicification the original axial filaments of
the sponge spicules are clearly visible. They are tri­
angular or hexagonal in cross section (Fig. 3d), as
is typical for demosponges (REISWIG, 1971;
SIMPSON et al., 1985). Some however are circular
(Fig. 3e) and of the same structure as the
surrounding organic matrix. We assume therefore
that protozoan cement was deposited secondarily
inside the small spaces of the central canals of
broken and eroded spicules.
Selectivity for materials used in building tests was
studied experimentally using several species of live
agglutinated foraminifers (BENDER, 1989). This
work showed that the organisms were able to distin­
guish between shape and size but not chemistry of
the particles. This is contrary to our observation
that Spiculidendron corallicolum is clearly
chemoselective for silica and incorporates a
considerable size range of sponge spicules. In the
habitats studied, calcareous sediment is plentiful in
a great size range (from Cliona-excavated chips of
a few !-lm to Halimeda-derived plates of several
mm) but never accepted for test building although
small carbonate particles initially attach to
pseudopodia in the distal branch region of the test.
Other siliceous materials, such as terrigenous quartz
grains, are not available in this environment
(ROTZLER & MACfNTYRE, 1978).
This is the first report of an agglutinated foramini­
fer containing dinophycean endosymbionts. All
previous descriptions of symbiotic microalgae in
Foraminifera were based on species, both benthic
and planktonic, that secrete calcareous tests
(LEUTENEGGER, 1984; HEMLEBEN et al., 1989; LEE &
ANDERSON, 1991).
Spiculidendron corallicolum is somewhat unusual
because it does not have distinctive apertures where
pseudopodia extrude to capture food. Although
live observations are not yet available, we presume
that minute pores through the spicule cement in
distal areas of branches (Fig. 2f) serve as an exit for
cytoplasm for obtaining food and trapping spicules
for expanding the test.
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