








482

to T mm high. The surface is shiny and slippery.
Texture: Collagenous, compressible but not
elastic. The interior is dense and compact with
fine vertical canals throughout. Colour: Variable
from chocolate brown to ochre or maroon. Surface
colour is more homogenous in C. australiensis
than in the other Chondrilla species occurring
in Australia. Specimens in high light tend to be
ochre and those in shade are maroon. Sides of
sponges can be cream.

General organisation: (Figure 6a-c). Ectosome:
Thin superficial layer 5-15 um wide, usually
more densely pigmented than the interior. Less
pigmented layer of ectosome beneath is 110-270
pm thick. Spicules variable in this region, with
some specimens including the holotype having
sparse spicules. In the syntypes of C. corticata
and C. papillata oxysphaerasters are dense in this
region. Choanosome: The interior is differentiated
from the ectosome in colour and density of the
mesohyl. Spicules can be sparse in this region
but are more dense around the edges of canals,
or oxysphaerasters are dispersed evenly, or both
oxysphaerasters and oxyasters are dense. In most
specimens oxysphaerasters are the dominant
spicule but in some the oxyasters are common or
dominate, particularly lining the edges of canals
{(e.g. WAM Z13254 and Z13265). Some specimens
have a basal layer of oxysphaerasters 150-400 um
thick (WAM Z13266, Z13258).

Spicules: (Figure 6d, e). Small oxysphaerasters
with short thick rays tapering abruptly to points,
or occasionally mammillate (diameter range 16-38
pm, mean 259 pum, n = 360). Small oxyasters with
tapering microspined rays frequently bi- or multi-
rayed and irregularly bent (diameter range 15-35
um, mean 23.8 um, n = 360) (Table 3).

Cyanobacteria: sponges were found to
contain high concentrations of the unicellular
cyanobacterium “Candidatus Synechococcus
spongiarum” (Genbank) in surface tissues.
“Candidatus S. spongiarum” was also found in
samples of Chondrilla nucula from the Ligurian
Sea, with the two symbionts having 100% 16S
rDNA sequence similarity. This cyanobacterial
species has not to date been found free-living in
seawater (Usher et al. 2004c¢).

Remarks

Given the enormous variability in live colour,
the variable distribution and abundance of the
two spicule types within the skeleton, and the
large geographical distribution of Chondrilla
australiensis in Australia, it was extremely helpful
in this study to have undertaken molecular
analyses to complement the morphological
analyses of this species (Usher ef al. 2004a).
We had previously successfully sequenced the
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type material (BMNH 1895.89.1) and 17 other
specimens of C. australiensis. Sequence similarities
between the specimens ranged from 99.1% (4 base
pair differences) to 100%, with most sequences
only being 1 or 2 base pairs different from
each other. However, the sample from Dampier
typically had only 97.5% sequence similarity to
other samples of C. australiensis. This species is
now known from almost the entire coastline of
Australia (Figure 4).

Numerous species of Chondrilla with oxysph-
aerasters and oxyasters as the spicule complement
have been described including C. mixta Schulze
1877 from the Red Sea, C. distincta Schulze 1877
from the Caroline Islands, C. nuda Lendenfeld
1897 from Zanzibar, C. media Hentschel 1912
from Indonesia, and C. agglutinans Dendy 1916
from India (the latter four are all accepted
as synonyms of C. mixta). Chondrilla mixta
was reported from Christmas Island in the
Indian Ocean by Kirkpatrick (1900). We did not
examine this material and cannot determine
if this species assignment is valid, or whether
Kirkpatrick had found C. australiensis. The size
of the spicules he described (oxysphaerasters
25-30 pm, oxyasters 24-28 um) are within the
size ranges we determined for C. australiensis.
We attempted to collect Chondrilla from a limited
number of locations at Christmas Island but were
unsuccessful in finding any specimens.

Chondrilla globulifera Keller 1891 from the
Red Sea and C. ternatensis Thiele 1900 from
Indonesia (Ternate) are considered synonyms of
C. australiensis (Burton, 1924). Chondrilla jinensis
Hentschel 1912 from Indonesia is one of the few
species with a spicule complement of oxysphaer-
asters and oxyasters to have been retained as a
valid species, and it has larger spicules than C.
mixta and C. australiensis (oxysphaerasters ca. 50
pm and oxyasters < 80 um).

Distribution and habitat

Chondrilla australiensis is found from the
Northern Territory along the east coast of
Australia to Victoria, and from south to north
Western Australia. We did not find this species in
South Australia, where sampling was minimal,
and no collecting occurred in Tasmania. This
is a widespread distribution, with specimens
occurring in shallow tropical and temperate
habitats from the intertidal to 30 m depth in both
shaded and full light environments. The species is
common, and is always encrusting with a highly
variable extent of cover.

Key to Australian species of Chondrilla*

1. Oxyasters present........... Chondrilla australiensis
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Oxyasters absent........c.cocouiviiiccnieninmiccncneiicenas 2

2. Oxysphaerasters present 1 small size.................
................................................. Chondyrilla linnaei

Oxysphaerasters present 2 iZ€s .......ccccevuerennenes
............................................... Chondrilla secunda

*we have not included Chondrilla mixta in this key
as it was not found in this study and its presence
in Australia remains to be determined.

DISCUSSION

In this study we found three species of
Chondrilla with distinctive spicule complements.
Chondrilla australiensis has two spicule types;
oxysphaerasters and oxyasters of similar small
size. Chondrilla linnaei only has oxysphaerasters
of a single small size category, while C. secunda
has two types of oxysphaerasters, one a
mammillate oxysphaeraster with a large size
range and a second smaller oxysphaeraster with
pointed, conical rays and a small size range.
The distribution and abundance of spicules
throughout the sponge body is highly variable for
all three species. In most specimens spicules are
abundant in the ectosome, or in the apical surface
layer of the sponge and/or around internal canals,
and more dispersed in the choanosome. Some
specimens had a basal layer of spicules. In other
specimens spicules were more evenly distributed
throughout the sponge body. The most reliable
morphological characters of these three species
are their distinctive spicule complements and
their growth forms. Chondrilla linnaei forms small
discrete encrusting lobes, C. secunda comprises
larger thick encrusting individuals and C.
australiensis forms extensive thin encrusting
mats. Neither C. linnaei nor C. secunda ever form
the extensive mats common to C. australiensis.
However, even a trained collector will have
difficulty accurately differentiating these species
in the field, and a spicule check will be essential.

Cavalcanti et al. (2007) recently reported very
high variability in some of the common characters
used in sponge taxonomy, including skeletal
organization, surface morphological features
and spicule sizes, and they could not distinguish
cryptic species of Chondrilla on the basis of these
characters. We are fortunate that the Australian
species described here have distinctive spicule
complements.

This morphological study of Australian
Chondrilla species supports molecular data that
clearly distinguished the three species using two
different gene regions (Usher et al. 2004a). For
the species described here, the greatest genetic
distance occurred between C. secunda and C.
australiensis (85.5% and 86.1% sequence similarity
for the C2D2 and ITS regions, respectively). The
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C2D2 sequence similarity between the holotypes
of C. australiensis and C. linnaei was 89.7% and
between C. secunda and C. linnaei 88.1%. These
results confirm the existence of three species.
Intraspecific genetic similarity was consistently
high within all three species, and confirmed the
south and west coast distributions of C. secunda
and C. linnaei, and the widespread, almost circum-
Australian, distribution of C. australiensis.

Klautau et al. (1999) identified five distinct
genetic forms within Chondrilla nucula using
allozyme techniques, and found that variation in
spicule size did not correlate with the boundaries
defined genetically. Some of these genetic
forms have recently been studied by Vilanova
et al. (2007) who found that the sulphated
polysaccharide content distinguished cryptic
species. This technique can be used on formalin
fixed, frozen and dried specimens as well as those
preserved in ethanol (Vilanova et al. 2007). These
results suggest that there are a number of species
with almost identical spicule complements and
sizes that have been found in the Caribbean Sea
and south western Atlantic that would previously
have been called C. nucula, thus erroneously
contributing to the cosmopolitan distribution
of this species. Instead these are new species
awaiting formal description, and the distribution
of C. nucula is thought to be restricted to the
Adriatic and Mediterranean seas (Klautau ef al.
1999). The incorporation of novel character sets is
essential for the determination of species within
Chondrilla and many other sponge genera with
few distinguishing morphological characters.

The three Australian species occurred in
sympatry along the south and west coasts of
Australia. Chondrilla australiensis has the most
widespread distribution including both tropical
and temperate regions of Australia, while
C. secunda and C. linnaei appear restricted to
temperate south and west Australia. It may be
that the species have temporal separation of
reproductive activity. We found spermatocysts in
the specimen of C. secunda collected from Victoria -
in mid November, while Usher et al. (2004b)
reported sperm development occurring over two
weeks in February/March in C. australiensis from
Fremantle, Western Australia. If C. secunda also
has short periods of sperm development (it has
now been found that most sponge species do),
then these species are reproducing at different
times of the year. Studies on the reproduction
of C. secunda and C. linnaei would progress this
hypothesis.

In a recent study Usher and Ereskovsky (2005)
noted that coeloblastulae larvae of Chondrilla
australiensis are short lived and begin to settle after
a free-swimming period of 24-36 h. These short
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dispersion abilities are now commonly reported
for sponges and may account for the short
range endemism of many species. The almost
circum-Australian distribution of C. australiensis
could be explained partly by longshore currents
along continuous coastline gradually dispersing
larvae or asexual products. Fromont (1999) first
suggested that asexual fragmentation may occur
in C. australiensis, and this has been supported by
Zilberberg et al. (2006) who found similar asexual
products of Chondrilla species from the Caribbean
and Brazilian coastline. Their study found low
clonality (7%) in a heterogeneous environment
with strong upwelling, and higher clonality (39%)
in a more homogeneous and temporally stable
environment. A similar study of the population
genetics of Australian Chondrilla species would
increase understanding of their dispersal
abilities and thus their differing biogeographic
distributions.

Individuals of Chondrilla australiensis have been
found to contain the unicellular cyanobacterial
symbiont “Candidatus Synechococcus spongiarum”
(Usher ef al. 2004c). These symbionts are
apparently transferred to the young by vertical
transmission via developing eggs and occasionally
sperm (Usher et al. 2005). This symbiont was not
found in C. secunda or C. linnaei, which contain
symbionts with 99.8% and 99.7% partial sequence
similarity, respectively, to Synechococcus WH 8103
(GenBank), a cyanobacterium from the water
column (Usher et al. 2004c). Although the presence
of “Candidatus Synechococcus spongiarum”
distinguished C. australiensis from C. secunda
and C. linnaei, some sponge symbionts occur in
more than one species and over vast geographic
distances. For example, Usher et al. 2004c found
“Candidatus Synechococcus spongiarum” in
samples of C. nucula from the Ligurian Sea had
100% 16S rDNA sequence similarity to those
sequenced from C. australiensis.

This is the third recent publication describing
new species of Chondrilla. Desqueyroux-Faundez
and Van Soest (1997) described a new species
from the Galapagos Islands, and two new species
have been described from Mexico (Carballo et al.
2003). The recent awareness of the cryptic nature
of Chondrilla species (Klautau et al. 1999, Usher et
al. 2004a, Vilanova et al. 2007) suggests that many
more species are likely to be found.
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