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Figure 11 Photographsof skeletalorganisation:a, Caulospongiareticulata sp. nov., holotypeWAM Z67, showingfibre
developmentbeneathsurface;b, Caulospongiareticulata sp. nov., SAM 15402,surfaceand underlying fibre
development;c, Call1ospongiavenosasp. nov., holotypeSAM 15405,showingsurfaceand internal skeleton;
cl, Caulospongiabiflabellata sp. nov., holotype WAM Z267, showing thick surface skeleton and internal
reticulation;e, Call1ospongiabiflabellata sp. nov., QM G311009,showing thick surfaceskeletonand internal
reticulation.Scalebar =200 Jlrn.

Diagnosis
This speciesis distinctive from all other species

of Caulospongiain having plumose lines on the
surface of the lobes, very porous lobes with an
open texture, and a knobbly upper surface. The
layout of the skeletonis similar to other speciesof
Caulospongiaalthough it is not as dense and
compact as some specieslike C. biflabellata. No

otherspeciesof Caulospongiahavethe veined lobes
characteristicof this species.

Description
Shape: This is an erect spongewith the classic

Caulospongiashapeof whorls of spongearound a
centralaxial hollow stem.However,the thick, large
lobeshavemajor superficialdifferencesfrom other
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Material Tylostyles

143··180-223 x 4-4.6-5

Remarks
This specimen was reproductive with ooyctes 40

pm wide visible in the mesohyl (date of collection:
13 December 1988).

spicules, secondary fibres 10-20 j.lm wide cored by
1-3 spicules. The fibres are thicker toward the
centre of the lobes and the skeleton more
plumoreticulate with the thickest fibres running
parallel to the surface. Primary fibres are 70 pm
wide cored by up to 10 spicules, secondary fibres
are 40-70 pm wide and cored by 1-3 spicules.
Interstitial spicules present.

Megascleres: (Figure 13). Tylostyles thin, gently
curved along their length, with flattened nail-like
heads or with small knobbed or stylote
modifications. See Table 8 for spicule dimensions.

Table 8 SPiCUle measurements (pm) of specimens of
Call/osl'0llgia ,'CllOsa are given as 111lnimum·
mean·maxlmum (n c15).

SAM IS405 (NTM Z3742)

ba

Figure 12 Spicules of Call1ospongia reticlllata sp. nov.: a,
holotype WAM Z67; b, SAM 15402. Scale bar
= 50 pm.

Habitat Description
Trawl grounds.

species of Caulospongia. Extending from the central
stem to the outer edge of the lobes are plumose
lines that look like the leaf veins of plants (Figure
lOc). The upper surface of the sponge is irregular
and convoluted with small nodes or veins. The
underside of the lobes have large pores.

Dimensions: Specimen incomplete; overall size
27cm; stalk 12 cm incomplete lobed part of sponge
15 cm, lobes 5 cm wide, 0.4 cm thick.

Colour: Live colour unknown, beige with pinkish
tinge in alcohol.

Texture and surface characteristics: Soft,
compressible, spongy. Surface porous, in some
areas with an attached dermal membrane,
otherwise hispid.

Ectosome and subectosome: Spicule fans or brushes
at the surface form a loose palisade up to 200 pm
wide. The layer of parallel spicules overlying these
is thin and the spicules are sparse. There is some
thickening of the mesohyl at the outer surface edge
and around the canals.

CllOanosome: Beneath the ectosomal layer is a
reticulate fibre skeleton cored with spicules (Figure
lIe). Primary fibres are 40 j.lm wide cored by -7

Figure 13 Spicules of UCllOsa sp. nO\
holotype SAM 15405 Scale bar 50 pm.
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Figure 14 Spicules of Call1ospongia biJlabellata sp. nov.,
a, holotype WAM Z267; b, Call1ospongia
biJlabellata sp. novo QM G311009. Scale bar =
50 j.lm.

Colollr: WAM Z267 and Z268 pale peach-orange
with slightly more yellow-orange interior, QM
G311009 pale pink, QM G310451 pinkish white,
QM G3ll044 peach/pink alive, in alcohol cream to
beige or fawn.

Texture and sllrface characteristics: Firm,
compressible. Surface porous with an adherent
dermal membrane. Oscules visible on the edges of
the fans and lobes, small pores <1 mm wide,
abundant on outer side of fan.

Ectosome and sllbectosome: Spicule fans and a layer
of parallel spicules overlying these form a thick
surface skeleton. The parallel layer of spicules is
140 pm wide and is dense and compact. The sharp
end of the spicule fans protrude beyond the
parallel layer by 50-100 pm and form a palisade.

Choanosome: Beneath the ectosomal layer the
primary fibres spread into wide fans or brushes
and below this region fibre development occurs
(Figure lld, e). It is a reticulate fibre skeleton
becoming more plumoreticulate centrally, where
the thickest fibres are oriented parallel to the
surface. Primary fibres are 150-180 pm wide
centrally cored by -12 spicules. Secondary fibres
are 30-50 pm wide cored by 1-5 spicules.
Interstitial spicules present. The skeleton is dense

Etymology
This species is named for the veins, plumose

lines of thickened tissue, that occur on the lobes.
From the Latin venosus: veined.

Caulospongia biflabellata sp. novo
Figure lOd, e; lld, e; 14

Material Examined

Holotype
WAM Z267 Limestone reef flat, Cheyne Beach,

Western Australia, Australia, 34°48'S, ll8°00'E, 10
m depth, 2 November 1997, colI. J. Fromont,
SCUBA.

Paratype
Australia: Western Australia: WAM Z268

Limestone reef flat, Cheyne Beach, 34°48'S,
ll8°00'E, 10 m depth, 2 November 1997, colI. J.
Fromont, SCUBA.

Other Material
Australia: Western Australia: QM G311009

Sunken oil rig near Lancelin, 31°1O'60"S,
ll5°11'40"E, 30 m depth, 19 March 1989, colI.
AIMS/NCl, (cross ref. Q66C2754-K), SCUBA. QM
G310451 NW Corner of Flat Island, NW Cape,
21°35'20"S, ll4°36'40"E, 13 m depth, 20 August
1988, coli. AIMS/NCl, (cross ref. Q66C1371-H),
SCUBA. QM G311044 Bay at Western end of
Breaksea Island, Albany, 35°0370"S, ll8°02'50"E,
20 m depth, 25 March 1989, coli. AIMS/NCl, (cross
rei. Q66C2853-R), SCUBA.

Diagnosis
This species is distinctive from all other species

of Caulospongia in having a fan-shaped
morphology with a solid basal stalk. Ectosomal
spicule brushes extend beyond the surface in a
palisade. The skeletal arrangement remains
identical to typical lobed species of Caulospongia.
This species does not have lobes or a reticulate
branching structure which is found in other
species of Call1ospongia.

Description
Shape: These sponges are erect fans, commonly

bilobed, with basal stalks (Figure 10d, e).
Specimens may have additional lobes on the outer
surfaces, either as irregular raised ridges, <1 cm
high, as seen in QM G311044, or as long fingerlike
lobes seen in the holotype (Figure lOd).

Dimensions: Specimens are 9-40 cm tall with a
stalk 4.5-12 cm long. The fans are 8.5-24 cm wide
and split into two lobes approximately 6-8 cm
above the stalk. Some of the specimens are pieces
only.

a b

\
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Table 9 SpIcule rnC,lsurernents (pm) of spccnllcns of

Ca/llospo/lg/{/ /Jiflahcllala arc given as
rnimrnllrn-mean-maxirnllm (n= 15).

Habitat Description
Vertical or horizontal limestone reef with a

component of either coral or kelp.

Associated Fauna
Barnacles within sponge tissue visible by small

apertures and slightly raised surrounding surface.
Ophuiroids on the surface.

Remarks
The wide geographic distribution of the

specimens examined may indicate a future
separation into distinct species.

to reticulation in C. reticulata is transitional between
the lobed species and the interconnected branching
morphology of C. clegans, the latter previously
assigned to Plcctudendrun. This morphological
gradation between species that were originally
placed in separate genera supports the retention of
the synonymy of Plectudclldnm with Caulospollgia.

Recognition of a diversity of morphotypes, not
previously included in the genus, but which
otherwise have identical skeletal characters,
necessitates broadening the generic definition of
Caulospollgia. Species of this genus have few
skeletal characters but they consistently have the
following attributes: one type of megasdere in a
single size category, no microscleres, and no
localisation of spicule categories within the
skeleton. All the species described have surface
brushes of tylostyles with a layer of tylostyles,
parallel to the surface, overlying the brushes. The
choanosomal skeleton always contains fibre cored
by tylostyles. Some variation between species is
apparent in the thickness of the parallel layer of
spicules, the density of the spicules within the
surface brushes, the proximity of the brushes to
each other, and the degree of fibre development
internally.

There are two possible explanations for the
diversity of morphotypes found within this genus.
One is that there is a single species with extreme
variation in external morphology that occurs over
a lengthy latitudinal gradient (Northern Territory
border along the west and south coasts of Australia
to New South Wales). The second is that the
morphological characteristics are indicative of
fixed differences at the species level. The first
explanation was rejected when the phenotypic
differences were found to be consistent and
invariate. These morphological features identify a
suite of sibling species defined by a range of
phenotypic characters, primarily their consistently
recognisable external growth forms. Differences
were also noted in membrane development,
thickness of the sponge lobes, and sizes of the
spicules (Table 10). C. plicata is characterised by
narrow lobes with frilled edges, a fine adherent
surface membrane, thin lobes and medium sized
spicules; C. pcmUltula has very wide leafy lobes, a
fine adherent surface membrane, thin porous lobes
and long spicules; C. pcrf()liata has irregularly
shaped thick lobes, a thick membrane, and
medium sized spicules; C alllplexa has thick
regular lobes, a detachable membrane and long
thick spicules; C. /llt7abellata has a fan shaped
morphology and long spicules, while C. venosa and
C. reticulata have veined lobes and interconnected
lobes respectively, and both species have thin
spicules.

For some marine phyla the endemic component
of the southwestern Australian fauna has been

138-177200 x 5-7-9
140-192215 x 5-6.8--J(1
200-222-245 x 6-8-10
168-182-195 x 6-6.7-8
175-203-223 x 6-8.6--10

TylostylesMaterial

WAM Z267
WAM Z268
QM G311009
QM G310451
QM (;311044

DISCUSSION

This is the first work redescribing species of the
genus Caulospollgia since Topsent's (1932) revision
of Lamarck's collections. Caulospollgia plicata, C.
pemwtula, C. perfuliata ,md C. alllplexa comprise
"typical" morphotypes of the genus with
circumvolving lobes around a hollow central stem
and with a solid basal stalk. This morphology is
consistent with the first description of the genus by
Saville Kent (1871). The remaining four species
described in this paper do not have this
characteristic lobed morphology. C. I'ellusa has
lobes that are thick, perforated, and have dendritic
veins, which is a very different morphology from
the "typical" species. C. reticula/a has lobes but
there is a tendency for a reticulation to form
between the lobes. C. bif7abellata does not have
lobes but has a double fan shape, and C. clegans has
a reticulate branching morphology. The tendency

Etymology
This species is named for the bilobed fan shaped

external morphology. From the Latin bi: two,
double; flabellum, fan-shaped.

and compact compared to other species of
Caulospollgia (Figure lld, e).

Megascleres: (Figure 14). Tylostyles with flattened
nail heads to bulbed and stylote modifications.
Spicules gently curved and thickest centrally along
length. See Table 9 for spicule dimensions.
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Table 10 Characteristics of the species of Call1ospongia.

Species Growth form Membrane Lobes Spicule size Distribution
(mean)

C. plicata narrow lobes thin adherent thin, faintly 153-199 J.lm North of
with frilled porous long, 5-8.7 J.lm Port Hedland to
edges wide Shark Bay

C. pennatllla wide leafy thin adherent thin porous 180-215 pm Camavon to
lobes long, 5.9-9 pm Abrolhos

wide

C. perfoliata thick irregular thick adherent thick, slope 166-197 pm Perth coast to
lobes upwards long, 4.9- Fitzgerald

7.9 pm wide River

C. amplexa thick regular thick, thick, slope 171-220 pm Bonaparte
lobes detachable downwards long, 5.4- Archipelago to

10 pm wide Abrolhos

C. venosa thick irregular thick adherent thick, veined 180 pm long, Spencer Gulf,
lobes 4.6 pm wide Sth Aust.

C. retiwlata lobes with thick, adherent thick, 172-194 pm Capel River to
reticulation connected long, 4.5- Gulf of St.

7.2 pm wide Vincent, SA

C. biflabellata fan shape thick, adherent 182-222 pm North West
long, 6.7- Cape to
8.6 pm wide Albany

C. e1egans branched thin adherent 183-198 pm Pt. Jackson
network long, 7.4- and Broughton

9.4 pm wide Is.

reported to have affinities with the southern
Australian fauna (Hooper and Levi 1994), and
some authors suggest a 'Western Australian
Province' may occur on this coastline (Knox 1980).
To date, species of the genus Caulospongia have
only been collected from Australian seas, and
predominantly from Western Australia. Only two
species, C. elegans and C. venosa have distributions
that do not extend into Western Australian state
waters; C. elegans is reported from Broughton
Island and Pt. Jackson in New South Wales and C.
venosa from Spencer Gulf in South Australia. The
biogeographic implications of these distribution
patterns are interesting, but prior to concluding
that Caulospongia is indigenous to Western
Australia with incursions and subsequent
speciation in southern and eastern seas, further
collections from adjacent waters must be made.

A Western Coast Overlap Zone between the
tropical fauna of the Northern Australian tropical
province and the Southern Australian Warm
temperate province, is thought to be a region of
transition of species with a gradual replacement of
a tropical fauna in the north by a predominantly
temperate fauna in the south (Wilson and AlIen,
1987). In this study, none of the North Western
species occur further south than the Abrolhos
Islands and the southern C. perfoliata is not found

further north than the Perth metropolitan coastline
(Figure 15). It is not yet known if these
distributions are an artifact of the limited collecting
undertaken on the species to date, or whether there
is some zone of transition between the northern
and southern species between the latitudes of Perth
and the Abrolhos.

The exception to species with either a northern
or southern location is the distribution of C.
biflabellata. Few specimens of this species have been
collected but presently its distribution extends
from North West Cape in the northwest to Albany
in the southwest (Figure 15). This distribution may
be influenced by the south flowing Leeuwin
current moving along the Western Australian
coastline which enables many tropical species to
colonise southern localities such as Rottnest Island
off the Perth metropolitan coastline (Morgan and
Wells, 1991). Alternatively, this may be a
composite species that with future collecting will
be split into geographically separated species.
There is emerging evidence that species of giant
clams formerly thought to have a Widespread Indo­
Pacific distribution may be instead a number of
cryptic species each with a more restricted range
(Benzie and Williams, 1997). Only further collection
of the Caulospongia species within Western
Australian waters will assist in resolving the
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Figure 15 Map of Australia showing the locality of the specimens examined in the study.

geographical boundaries of the species as defined
in this paper.

Within species of Call1ospOlzgia it is possible that
populations may have patchy distributions. For
example, only one specimen of C. alllplexa was seen
at the Abrolhos during a dive of one hour duration
(0-20 m), but when collecting in Albany, C
/nf7abellata was one of the most common sponges
encountered, with a specimen recorded
approximately every 2 metres on the reef edge
during a dive of similar duraticm (depth 0-10 m) (J.
Fromont, unpub. observ.).

The almost complete reliance in this study on
preserved Museum materiaL and therefore the
determination of species solely on morphological
and skeletal characters of preserved sponges, has
highlighted the great need for the continuing use
of additional data sets III sponge taxonomy as
previously suggested by other authors (e.g.

Bergquist 1978; Bavastrello et al. 1994). Such data
sets include chemotaxonomy, molecular
systematics, enzyme electrophoresis, cytology and
reproductive biology, statistical analyses of skeletal
characters, as well as reliable ecological data and
field descriptions. These alternative characters can
be essential in the determination of species
boundaries and relationships at generic and higher
taxonomic levels.

As more material of the genus IS

collected and preserved using alternative methods,
other characters will be examined and applied to
the of this group of sponges. There is a
need to supplement field descriptions and gather
ecological data for each species, and to analyse
their biogeographical distributions.

One of the first tasks when frozen material is
available will be to examine the chemistry of the
species for the presence of the sterol aaptamine.
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Bergquist et al. (1991) reported the occurrence of
aaptamine from Aaptos aaptos and a species of
SlIberites, and suggested that this may be a
taxonomic marker for sponges within the family
Suberitidae. To date it is not known whether or not
this compound occurs in Call1ospongia.

Genetic studies have been particularly useful in
separating closely related species. Enzyme
electrophoresis (Sole Cava et al. 1991) and
molecular studies (Kelly Borges et al. 1991) have
both assisted with species de terminations and
higher order systematics respectively. Similar
studies should be undertaken on species of
Caulospongia once new material is collected.

Skeletal differences can be influenced by
environmental conditions. Palumbi (1986)
examined sponges of the same species and found
that specimens from high wave force habitats had
spicule sizes and content that were greater than
those from low wave force habitats. In this study,
C. biflabellata had high spicule content with a thick
parallel layer of surface spicules and dense spicule
brushes. Collection of specimens of this species
from within the same habitat and from other
locations would allow for statistical comparisons
of spicule size and degree of silification of the
skeleton. In turn this would determine if these
factors varied between specimens from different
localities, or if this species was characterised by a
dense skeleton irrespective of environmental
factors.

Some of the species in this study have
overlapping distributions, such as the North
Western species C. pennatula, C. plicata, and C.
amplexa (Figure 15). If more than one species is
found at a locality in reasonable numbers, then
examination of their reproductive biology will
assist with the determination of species
boundaries. Studies of reproduction in sympatric
species of Xestospongia demonstrated reproductive
isolation by differences in timing of the spawning
events, and reinforced the morphological
distinctions that separated the species (Fromont
and Bergquist 1994).

In summary, this study differentiated eight
species of Caulospongia on the basis of consistent
morphological characters. The identification of a
species of Caulospongia with interconnecting nodes
supported the synonymy of the genus
Plectodendron (established for a sponge with
reticulate branches) with the genus Call1ospongia
(established for species with circumvolving lobes).
On the basis of spicule complement and skeletal
characters examined here the location of the genus
within the family Suberitidae is confirmed. Future
studies will examine biochemical, reproductive,
molecular and genetic characters of this genus
and confirm the morphological sytematics
presented here.

J. Fromont
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