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INTRODUCTION

Sponges are sessile filter feeders comprising a signif-
icant part of the total biomass on coral reefs, often as
much as hermatypic corals (Wilkinson & Cheshire
1989). Many species produce highly toxic secondary
metabolites that have been implicated in the acquisi-
tion and maintenance of space (Jackson & Buss 1975),
deterrence of predators (Paul 1992, Chanas & Pawlik
1995), antimicrobial actions (Paul 1992) and the pre-
vention of biofouling (Thompson et al. 1985, Henrikson
& Pawlik 1995).

Despite the presence of potentially toxic allelochem-
icals in many sponges (Bakus et al. 1986, Kubanek et
al. 2002), there is usually a diverse community of
invertebrates living in association with sponges (see

Klitgaard 1995, Ribeiro et al. 2003, and references
therein). Some of these animals attach to the surface of
the sponges, but many more are found living inside the
canals and spaces within the sponge and can be
thought of as endofauna (Saffo 1992). Previous studies
have related the composition of this endofaunal com-
munity to the availability of space within the sponge
(Pearse 1950, Villamizar & Laughlin 1991), variation in
the morphology of the sponge (Koukouras et al. 1992,
Klitgaard 1995) and local environmental conditions
such as depth and habitat of collection (Pearse 1950,
Peattie & Hoare 1981, Westinga & Hoetjes 1981,
Ribeiro et al. 2003). The potential effects of the chemi-
cal composition of different sponges on their endo-
faunal community have also been noted (Villamizar &
Laughlin 1991).
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As part of a larger project examining the effects of
sponge allelochemicals on the settlement and recruit-
ment of sessile organisms on tropical coral reefs (e.g.
Charan et al. 1996, Clark et al. 1998, Garson et al.
1999, Green et al. 2002, Russell et al. 2003), we have
been working with 2 species of Haliclona that occupy
similar habitats, often living adjacent to each other,
attached to a range of live and dead substrata (Russell
et al. 2003). Haliclona sp. 1 (Demospongiae: Haplo-
sclerida, Chalinidae: Queensland Museum Voucher
G304086, Charan et al. 1996) is an olive-brown, finger-
like, erect sponge found on the reef slope below 5 m
depth (Russell et al. 2003) and is often closely associ-
ated with the branching coral Acropora nobilis. Hali-
clona sp. 1 contains a group of relatively non-polar
nitrogenous secondary metabolites, including 4 major
alkaloids, Haliclonacyclamines A to D, that are
strongly bioactive (Clark et al. 1998, Garson et al. 1999,
Green et al. 2002). This species also contains a symbi-
otic dinoflagellate, Symbiodinium sp., similar in struc-
ture to the dinoflagellate found within Acropora nobilis
(S. microadriaticum), and coral nematocysts distrib-
uted between the ectosome and choanosome of the
sponge (Garson et al. 1998, 1999). In contrast, Hali-
clona sp. 2 (Queensland Museum Voucher G312726,
Clark et al. 2001) is a soft-bodied orange sponge with a
similar distribution to Haliclona sp. 1, but is usually
found on dead massive corals (Russell et al. 2003). The
dominant bioactive chemicals in Haliclona sp. 2 are the

halaminols (HL), structurally long-chain alkyl amino
alcohols (Clark et al. 2001). Haliclona sp. 2 does not
contain symbiotic dinoflagellate or coral nematocysts.
There is no published information on the composition
of the endofaunal communities in either of these
sponges, apart from mention of large numbers of the
spionid polychaete, Polydorella prolifera, living in
association with Haliclona sp. 2 (Clark et al. 2001).

Here, we describe the composition of the endofaunal
communities from these 2 species of Haliclona. Sam-
ples were collected from a number of different sites to
determine whether the composition of the endofaunal
community varied from place to place as reported for
other sponges (e.g. Pearse 1950, Villamizar & Laughlin
1991, Ribeiro et al. 2003). Samples were also collected
on 2 separate occasions to determine whether any tem-
poral differences in the composition of the endofaunal
communities exist in these 2 congeneric sponges.

MATERIALS AND METHODS

Study sites. All samples were collected from the reef
slope on Heron Island Reef (23° 27’ S, 151° 55’ E), in the
Capricorn-Bunker group of the Great Barrier Reef.
Sponge colonies were collected on 2 separate occasions
(Period 1 = October 1998 to January 1999 and
Period 2 = September 1999) to examine the composition
of the endofaunal community living in association with
the 2 species of sponge. In 1998/1999, samples were
collected from 3 sites along the southern reef crest, in
the channel between Heron and Wistari Reef (Fig. 1).
Coral Gardens (Haliclona sp. 1, n = 6; Haliclona sp. 2,
n = 5) and Coral Spawning (Haliclona sp. 1, n = 9; Hali-
clona sp. 2, n = 5) are sloping sites dominated by Acro-
pora nobilis thickets that end in sand-dominated areas
at ca. 16 to 18 m depth. Lost Mooring (Haliclona sp. 1,
n = 10; Haliclona sp. 2, n = 8) is a predominantly flat
area consisting mainly of small A. nobilis thickets and
small outcrops of dead massive corals. Specimens from
any site were collected at the same time, but due to
logistical constraints, the sites were sampled at differ-
ent times over the summer. In September 1999, samples
were again collected from Coral Gardens (Haliclona sp.
1 & Haliclona sp. 2, n = 10) and Coral Spawning (Hali-
clona sp. 1 & Haliclona sp. 2, n = 10), but additional
samples were collected from sites intermediate be-
tween the initial 3 areas: Gardens–Spawning (Hali-
clona sp. 1 & Haliclona sp. 2, n = 10) was ca. midway
between Coral Gardens and Coral Spawning, and
Spawning–Moorings (Haliclona sp. 1, n = 10; Haliclona
sp. 2, n = 6) was ca. midway between Coral Spawning
and Lost Mooring (Fig. 1). These latter sites were exam-
ined on the second occasion to determine whether
there was any consistency to the patterns of difference
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in the composition of the endofaunal community be-
tween the 2 species of sponge.

Sampling methods. Samples of sponge were col-
lected using SCUBA. Wherever possible, samples of
each species of sponge were collected in close proxim-
ity to each other, thereby ensuring that samples for the
different sponges were exposed to similar environ-
mental and ecological conditions. Samples were col-
lected by placing a sealable plastic bag over the
sponge, removing the sponge from the substratum
with a flat-bladed knife, then sealing the bag. In the
laboratory, the volume of each sponge was measured
by removing it from the bag, allowing excess surface
water to drain away for a set period of ~10 s and then
measuring the volume of seawater displaced to the
nearest millilitre. The assumption here is that this short
drainage time would not have been sufficient for the
water in the internal spaces to escape. This measured
the volume occupied by the sponge and the seawater
already present in the internal pore spaces. The con-
tents of each bag and the sponge were then fixed by
transferring the sponge into a 10% solution of formalin
containing ca. 0.01% (w/v) of the stain Rose Bengal.
Once fixed, each sponge was broken into smaller
pieces, each approximately 1 cm3 in size, and washed
across a 100 µm sieve. Fauna were identified to the
lowest possible taxonomic level and stored in 70%
ethanol. After removal of all the endofauna, the sponge
material was collected across the 100 µm sieve, dried
and weighed to the nearest milligram.

Statistical analysis. Differences in the overall inter-
nal (free) space of the 2 species of sponge were com-
pared by examining the relationship between the total
volume of the sponge and the dry weight of sponge tis-
sue on the basis that this would reflect, albeit crudely,
any differences in the relative volume associated with
the channels, pores and cavities within the sponges
(Villamizar & Laughlin 1991, Ribeiro et al. 2003). The
dry weight to volume relationship for each species of
sponge was compared with a 1-factor analysis of
covariance (ANCOVA), with sponge weight as the
covariate, after first testing each of the assumptions,
including homogeneity of regression slopes and homo-
geneity of error variances (Huitema 1980).

Differences in the abundance of different taxa
between the 2 species of sponge and among the differ-
ent sites for each of the species of sponge sampled on
each occasion were analysed using 1-factor ANCOVA,
with sponge volume as the covariate, after first testing
each of the assumptions (as above). Unplanned
multiple comparisons among adjusted means for com-
parisons among sites were done using the Bryant–
Paulson–Tukey (BPT) test (Huitema 1980).

The composition of the endofaunal community in
each species of sponge was compared using ANOSIM

(analysis of similarity) on untransformed data using the
Bray–Curtis similarity measure (Clarke 1993). Data for
each taxon were standardised to the abundance per
30 ml of sponge, to allow comparisons among sponges
of different volume (size). Differences in community
composition were also examined graphically using
non-metric multidimensional scaling (ordination)
using the Bray–Curtis similarity measure on untrans-
formed data (Clarke 1993). The contributions of differ-
ent taxa to the variation in the community composi-
tions between the 2 species of sponge were examined
using SIMPER (Clarke 1993).

RESULTS

Period 1

For a given dry weight of sponge tissue, Haliclona
sp. 1 occupied a significantly smaller volume than
Haliclona sp. 2 (ANCOVA, p < 0.02, Fig. 2A). Haliclona
sp. 1 specimens were approximately 19% smaller in
volume per unit weight than Haliclona sp. 2 specimens
(Fig. 2B), suggesting that the internal spaces (canals
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Fig. 2. Haliclona spp. (A) Volume of sponge for a given dry
weight of sponge tissue. Regression slopes were not signifi-
cantly different (p > 0.93), allowing comparisons of (B) 

adjusted means (ANCOVA, p < 0.02)
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and pores) were either smaller or less extensive in
Haliclona sp. 1 than in Haliclona sp. 2.

Haliclona sp. 2 supported significantly more endo-
faunal animals than Haliclona sp. 1 for a given size
(volume) of sponge specimen (ANCOVA, p < 0.0001,
Fig. 3A). There were, on average, 3 times more ani-
mals living inside specimens of Haliclona sp. 2 than in
similar sized specimens of Haliclona sp. 1 (Fig. 3B),
based on samples collected on the first occasion. There
were no significant differences in the abundance
of endofauna in Haliclona sp. 2 among the 3 sites
(ANCOVA, p > 0.75, Fig. 4B), but there were signifi-
cantly fewer animals living in Haliclona sp. 1 speci-
mens from Coral Spawning than from the other sites
(ANCOVA, p < 0.05, BPT tests, Fig. 4A).

The composition of the endofaunal community var-
ied significantly between the 2 species of sponge
(ANOSIM, R = 0.533, p < 0.001), with very little overlap
between the 2 sets of samples evident in the ordination
(Fig. 5A). The composition of the community within
Haliclona sp. 1 varied among the 3 locations, with sam-
ples collected from Coral Spawning having a signifi-
cantly different community from those at the other
sites (ANOSIM, p < 0.005, Fig. 5B), but there was no
significant difference among the 3 locations in the
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composition of the community within Haliclona sp. 2
(ANOSIM, p > 0.20, Fig. 5C).

Three different taxa, nematodes (29%) and calanoid
(22%) and harpacticoid copepods (17%), cumulatively
contributed ca. 69% to the significant difference in the
community composition of the 2 species of Haliclona
(SIMPER analysis). Additionally, 2 groups of peracarid
crustaceans, the tanaids (7%) and isopods (7%) were
also useful in separating the 2 species of sponges in

terms of their resident endofaunal community. For all
of these taxa, there were significantly more individuals
found in specimens of Haliclona sp. 2 than in similar
sized specimens of Haliclona sp. 1 (ANCOVA, Fig. 6).
Syllid and nereidid polychaetes were also significantly
more abundant in Haliclona sp. 2 than in Haliclona sp.
1 (adjusted mean ± SE: syllids X -

628 = 4.1 ± 1.8; X -
1031 =

10.7 ± 2.2; nereidids = X -
628 = 1.2 ± 0.7; X -

1031 = 3.9 ±
0.8), although neither of these taxa contributed >1% to
the separation of the community composition between
the 2 species of sponge (SIMPER).

Period 2

Samples of Haliclona sp. 2 collected on the second oc-
casion, from 4 different sites, again contained signifi-
cantly more endofaunal animals than Haliclona sp. 1 for
a given sized sponge specimen (ANCOVA, p < 0.0001),
with an average a 4-fold difference in abundance be-
tween the 2 species (Fig. 7A). In this case, there were no
significant differences among the 4 sites in the adjusted
mean abundance of endofauna in Haliclona sp. 1 (AN-
COVA, p > 0.73; Fig. 7B), but there were differences
among the sites for Haliclona sp. 2 (ANCOVA, p < 0.02;
Fig. 7B), although BPT tests were unable to distinguish
specifically among the 4 sites.

The composition of the endofaunal community in
sponges collected during Period 2 also varied signifi-
cantly between the 2 species (ANOSIM, R = 0.591, p <
0.001), although there was more overlap between the 2
sets of samples on this occasion (Fig. 8) compared with
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Period 1 (Fig. 5A). There was also more spatial vari-
ability among the different sponges compared with
Period 1. The composition of the community within
Haliclona sp. 1 varied among the 4 locations, with sam-
ples from Spawning–Mooring being significantly dif-
ferent from those collected at the other 3 locations
(ANOSIM, p < 0.001). The community composition of
the endofauna within Haliclona sp. 2 also varied
among the 4 locations, although for this species 3
groups formed, with Gardens–Spawning and Coral
Spawning not different from each other, but different
from the other 2 locations, which were also different
from each other (ANOSIM, p < 0.001).

Four different taxa, harpacticoid copepods (27%),
nematodes (20%), calanoid copepods (17%) and spi-
onid polychaetes (14%), contributed ca. 80% to the
significant difference in the community composition of
the 2 species of Haliclona collected during the second
period (SIMPER analysis). Additionally, 2 groups of
peracarid crustaceans, tanaids (7%) and isopods (5%),
were also useful in discriminating between the 2 spe-
cies of sponge on the basis of their endofaunal commu-
nity. All of these taxa, except the spionids, were signif-
icantly more abundant in Haliclona sp. 2 than
Haliclona sp. 1 (Fig. 9). The spionid Polydorella prolif-
era was significantly more abundant in Haliclona sp. 1
than in Haliclona sp. 2, and it was the only taxon to
show this pattern in samples collected from either
period.

DISCUSSION

The composition and abundance of the endofaunal
community living in Haliclona sp. 1 was significantly
different from that found in specimens of Haliclona
sp. 2, with the main differences due to fewer demersal
zooplankton (copepods), nematodes and some per-

acarid crustaceans in Haliclona sp. 1. There were also
differences in the abundance of some groups of poly-
chaetes, particularly spionids (Polydorella prolifera),
nereidids and syllids, although these contributed little
to the overall differences in the community composi-
tion. P. prolifera was the only taxon that was signifi-
cantly more abundant in Haliclona sp. 1, but this differ-
ence was only present in the samples collected during
Period 2. Clearly, these 2 species of sponge, which are
often found adjacent to each other, provide a very dif-
ferent internal environment from each other, reflected
in the numbers and types of endofaunal animals that
choose, or are able, to live inside the sponge.

Differences in the morphology between the 2 species
of sponge (growth form, availability of internal space,
etc.) could account for some of these differences in the
composition of the endofaunal communities (e.g.
Pearse 1950, Villamizar & Laughlin 1991, Koukouras et
al. 1992, Klitgaard 1995). Haliclona sp. 2 provides a
greater amount of internal free space than Haliclona
sp. 1, based on measures of volume to weight relation-
ships in the 2 species, but the average difference in
free space only amounted to 19%, whereas there were
3-fold differences in the number of individuals found
in the 2 species of sponge. The sizes of the individual
pores and channels may also differ between the 2 spe-
cies of sponge, but we have no specific information on
this.

Variation in morphology has also been implicated in
modifying the accumulation of sediment and/or
organic detritus in sponges (e.g. Dauer 1973), with this
material providing an enhanced food source for some
of the endofauna. This is unlikely, though, to account
for the differences observed between Haliclona sp. 1
and Haliclona sp. 2. Haliclona sp. 1 has a more com-
plex gross morphological structure than Haliclona sp.
2, due to the presence of erect, finger-like projections,
and would therefore accumulate a greater amount of
particulate material (Klitgaard 1995), yet Haliclona sp.
2, with a simpler topography, supports significantly
larger numbers of endofauna.

The potential role of sponge allelochemicals as
attractants and inhibitors for endofauna has been
noted previously (e.g. Villamizar & Laughlin 1991,
Koukouras et al. 1992), although not specifically exam-
ined. The 2 species of Haliclona examined here pro-
duce secondary metabolites that are markedly differ-
ent chemically. If the allelochemicals are acting as
deterrents for potential colonisers, then they are not
completely effective, as both species of Haliclona were
occupied by relatively large numbers of animals, albeit
from a limited taxonomic range. The major groups of
secondary metabolites in Haliclona sp. 1 and Haliclona
sp. 2 have similar effects on the metamorphosis and
survival of ascidian, Herdmania curvata, larvae in lab-
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oratory bioassays, despite operating on different
developmental and molecular pathways (Green et al.
2002, Roper & Degnan unpubl. data). The results of
such bioassays may not, however, be indicative of the
relative efficacy of these chemicals on other species
and/or in the field, and some allelochemicals are
known to be inducers for some species, but inhibitors
for others (Bakus et al. 1983). The specific effects of the
main secondary metabolites from these 2 species of
Haliclona need to be examined for a wide range of dif-
ferent taxa, to determine whether there are differences
in the levels and specificity of bioactivity for these
allelochemicals.

Rather than inhibiting colonisation and being toxic to
the endofauna, the chemically protected sponge may
provide a refuge for the animals living inside the
sponges. Differences in the types of bioactivity of these
chemicals (i.e. the physiological or developmental
pathways they impinge upon) may provide different
forms and levels of protection from predators, espe-
cially for facultative species of endofauna. A wide
range of tropical fishes has been reported to feed on
sponges (Randall & Hartman 1968), and secondary
metabolites are thought to reduce or prevent predation
on groups such as sponges (Paul 1992, Chanas & Paw-
lik 1995). Groups such as amphipods gain a significant
refuge from predation by living among unpalatable
brown algae (Duffy & Hay 1994), while demersal zoo-
plankton and the juvenile stages of various peracarid
crustaceans, such as isopods, are able to obtain a
refuge from predation by living in structurally complex
habitats, such as rubble and among live corals (Gee
1987). Chemically protected sponges may provide a
similar refuge from predation, and different groups of
animals may be attracted to sponges such as Haliclona
through the detection of specific chemicals emanating
from the potential host (Peattie & Hoare 1981). We
have no information on whether the endofauna within
Haliclona sp. 1 and Haliclona sp. 2 are obligate or fac-
ultative residents, although studies on other species of
sponge have reported that a large proportion of the
species found in these sponges are also found else-
where (e.g. Peattie & Hoare 1981, Voultsiadou-Kouk-
oura et al. 1987, Klitgaard 1995). More work is
required to determine whether the endofauna from
Haliclona spp. are susceptible to predators and if they
obtain a refuge from living in the sponges. Other spe-
cies of Haliclona have been shown to be extremely
toxic to fish predators (Green 1977). Haliclona sp. 1
and Haliclona sp. 2 are both found exposed in their
natural environment, a situation often associated with
the presence of highly toxic chemicals that serve to
deter predators (Green 1977). Sponge allelochemicals
have been shown to have multiple roles (e.g. Becerro
et al. 1997, Kubanek et al. 2002, and references

therein); protection for endofauna may potentially be
added to this increasing list.

Some of the animals living in the sponges may them-
selves be predators on the sponge tissue, and the 2
species of Haliclona may be more or less palatable to
these animals, accounting for the observed differences
in abundance and community composition between
the 2 species. Syllids were significantly more abundant
in Haliclona sp. 2 than in Haliclona sp. 1, and may
graze on the surface of the sponge tissue (Fauchald &
Jumars 1979). The amphipod Paramphithoe hystrix has
been shown to be a predator on its sponge host, Hali-
clona ventilabrum (Oshel & Steele 1985), and members
of the copepod genus Asterocheres feed on several dif-
ferent species of sponge, including Haliclona sp. (Mar-
iani & Uriz 2001). More work is needed to determine
which, if any, species of the endofauna found in Hali-
clona sp. 1 and Haliclona sp. 2 are predators on their
hosts and how rates of predation are affected by the
production of allelochemicals by the host sponge.

There were significant differences in the abundance
and community composition of the endofauna among
the sites from which the samples were collected, for
each of the species, although these differences were
more marked in Period 2. This is consistent with
numerous previous studies that have documented sig-
nificant spatial variation in the composition of sponge
endofauna (Pearse 1950, Peattie & Hoare 1981, Voult-
siadou-Koukoura et al. 1987, Ribeiro et al. 2003). If the
allelochemicals produced by the 2 species of Haliclona
have a role in determining the composition of the
endofauna, then the spatial variation that was ob-
served may be related to differences in life-history
characteristics of the sponges themselves (e.g. Uriz et
al. 1996). A variable rate of growth and amounts of
regeneration of sponge tissue after predation, competi-
tion and disturbance have been shown to influence the
distribution and concentration of sponge allelochemi-
cals within the sponge tissue (Becerro et al. 1995,
Turon et al. 1996, Uriz et al. 1996).

Differential patterns of recruitment of the endofauna
to the sponges could also account for the differences in
community composition among the different sites. Lar-
val supply is often spatially and temporally variable
(reviewed by Underwood & Fairweather 1989) and,
depending on when sponges were available to be
colonised, different suites of larvae would likely be
present in the water column (e.g. Roughgarden et al.
1988). Similarly, the abundance of demersal zooplank-
ton is also spatially and temporally variable (Lewis &
Boers 1991), possibly providing a variable pool of
potential colonisers to the sponges.

The only taxon that was significantly more abundant
in Haliclona sp. 1 than in Haliclona sp. 2 was the spi-
onid polychaete Polydorella prolifera, and this differ-
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ence was only evident in the sponges collected during
Period 2, although the species was present in both spe-
cies of sponge during Period 1. The large numbers of P.
prolifera found in specimens of Haliclona sp. 1 during
Period 2 may be a result of asexual reproduction of the
adults already in the sponge. During Period 2, many
adults were collected with intact stolons in early stages
of development (e.g. Radashevsky 1996), but these
were not observed during Period 1, nor were they
abundant in Haliclona sp. 2. Asexual reproduction by
paratomy is unusual within the Spionidae (Blake &
Kudenov 1978), although Polydorella spp. are also
capable of sexual reproduction and probably have a
dispersive larval stage for colonising new sponges
(Radashevsky 1996). A related species, Polydorella
dawydoffi, has been reported from Haliclona sp. in the
south China Sea (Radashevsky 1996). It is not clear
why there were fewer asexually reproducing adults in
Haliclona sp. 2 than in Haliclona sp. 1, but it is possible
that the bioactive secondary metabolites (halaminols)
interfere with the development of the stolons. Future
work will examine this in more detail.

Separating the effects of morphology and the role of
allelochemicals on the composition of sponge endo-
fauna is a challenge, which has not yet been solved.
Development of an artificial sponge (or sponge mimic),
capable of releasing biologically relevant concentra-
tions of the primary bioactive allelochemicals from dif-
ferent sponges, while providing a suitable, standard-
ised living environment, would allow such questions to
be addressed. This could be achieved through the use
of inert gels, such as phytagel (Henrikson & Pawlik
1995), containing the appropriate allelochemicals and
imbedded into a sponge matrix (G. A. Skilleter et al.
unpubl. data).
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