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Abstract The endofaunal assemblages associated with

two species of sponge from the family Chalinidae (Halic-

lona sp. 1 and Haliclona sp. 2) were studied at four loca-

tions along the south west coast of Australia. The species

have distinct morphologies and inhabit similar microhabi-

tats; there is also considerable scientific interest in Halic-

lona sp. 1 (green Haliclona) due to the unique bioactive

compound it produces. A total of 948 and 287 endofaunal

individuals were found associated with 16 specimens of

both the green Haliclona and Haliclona sp. 2 (brown

Haliclona), respectively. Twenty-four endofaunal taxa

were found (from mysid shrimps to teleost fish), with the

brown Haliclona having a greater density of endofaunal

species and individuals than the green Haliclona. The en-

dofaunal assemblages of both species of sponge were sig-

nificantly different, but only the endofaunal assemblage

within the green Haliclona differed significantly among

locations. Differences in the abundance and biomass of

associated endofauna of each species of sponge can be

related to differences in their morphologies, size and

internal structure. In the green Haliclona, differences in

endofaunal assemblages among locations are unlikely to be

due to environmental influences as taxa discriminating

each locations assemblage were common to both species of

sponge. Numerous endofaunal individuals were found to be

reproductively active, and it is clear that the species of

sponge provide important habitats for their associated

endofauna. This provision of habitat needs to be taken into

account when harvesting green Haliclona biomass for

supply of its target bioactive compound for further phar-

maceutical development.

Introduction

Heterogenous habitats have a positive influence on biodi-

versity, affecting species distributions, their persistence

and resilience, and community composition (Hewitt et al.

2005). Habitat provided by both flora (e.g., sea grasses and

algae) and fauna (e.g., corals and bivalves) form a major

source of the habitat heterogeneity in the subtidal marine

environment (Williams and Keck 2001; Connell 2007).

These biogenic structures (i.e., produced by living organ-

isms or biological processes) have direct and indirect ef-

fects through the provision of food and shelter (Ryer et al.

2004; Chapman et al. 2005; Dubois et al. 2006; People

2006; Connell 2007). For example, biogenic structures

were found to play an important role in the ecology of

juvenile flatfish by modifying predator prey interactions for

the flatfish (Ryer et al. 2004), even shell debris has been

found to increase and maintain diversity within soft sedi-

ment habitats by providing settlement surfaces for various

flora and fauna (Hewitt et al. 2005).

Sponges are an important source of biogenic structure,

particularly in temperate marine environments where they

dominate the benthos (Fromont 1999). They have been

found to provide shelter and food for many other organisms

(Wendt et al. 1985; Duarte and Nalesso 1996; Wulff 2006),

including amphipods (Serejo 1998), barnacles (Ilan et al.

1999), polychaetes (Neves and Omena 2003) and fish

(Barthel 1997). The fauna associated with sponges can be
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found living on the surface of a sponge (e.g., hydrozoans:

Puce et al. 2005), within the mesohyl (e.g., barnacles: Ilan

et al. 1999), or within the internal spaces of the sponge

(e.g., amphipods: Serejo 1998). The composition and

abundance of associated fauna has been connected to var-

ious physical characteristics of the host sponge including

availability of internal space (Koukouras et al. 1996),

sponge morphology (Ribeiro et al. 2003) and bioactivity

(Betancourt-Lozano et al. 1998; Skilleter et al. 2005). In

addition, environmental factors such as depth and habitat

type can also be influential in determining the composition

of the fauna associated with sponges (Ribeiro et al. 2003).

This research focuses on two currently undescribed

species (Demospongiae; Haplosclerida; Chalinidae; Halic-

lona), which occur in shallow waters (3–30 m) and are

often found within the same microhabitat (i.e., overhang or

ledge habitat) of kelp dominated limestone reefs in south-

west Australia. The formal description of the two sponges

will be presented in a separate paper. They are both dis-

tributed along approximately 1,000 km of the south west

coast of Australia (Fig. 1). Haliclona sp. 1 (hereafter green

Haliclona; Western Australian Museum Voucher Z37485)

has large chimney like oscules extending outwards at least

20 mm from the main sponge (Fig. 2a). These sponges have

an amorphous shape, with varying numbers of oscules.

Sponges of Haliclona sp. 2 (hereafter, brown Haliclona;

Western Australian Museum Voucher Z37486) have a

mound shaped body on a short basal stalk and have small

slightly raised oscules which extend less than 5 mm above

the surface of the sponge (Fig. 2b). Oscules are numerous in

the brown Haliclona, and the sponges have a dense mesohyl

with few internal canals. The green Haliclona has a less

compact consistency and larger internal canals than the

brown Haliclona. The green Haliclona produces the potent

and unique anti-tumour compound Salicylihalamide A

(Erickson et al. 1997), but the bioactivity of the brown

Haliclona is currently unknown. Wild biomass supply of

the species remains the current and sole source of salicyli-

halamide A leaving it vulnerable to over harvesting.

This research is part of a larger study examining the

population ecology of these two sympatric species. The

aim of this study is to understand the influence of the two

species of sponge in the marine environment of the south

west coast of Australia, and specifically to determine if

they possess different endofaunal communities. It was

hypothesized that the different morphologies of each spe-

cies of sponge would be inhabited by different endofaunal

assemblages. An assessment was also made as to whether

the endofaunal communities associated with each species

of sponge were consistent across the known distribution of

the host sponges. The large geographical range of the host

sponges (and associated environmental changes) was pre-

dicted to result in different endofaunal assemblages at each

location for both species of sponge.

Materials and methods

Whole sponges (n = 4) from each Haliclona species were

haphazardly collected on SCUBA from depths of 10–15 m

from four locations (Bremer Bay, 34.45�S, 119.38�E;

Hamelin Bay 34.20�S, 115.04�E; Rottnest Island 32.00�S,

115.52�E; and Jurien Bay 30.275�S, 115.02�E) along the

south western coast of Western Australia (Fig. 1). All

samples were collected during the Australian summer

(December–March) of 2005/2006.

To determine the volume of each sponge, five stereo

image pairs of each specimen were recorded using an

underwater stereo camera prior to collection to obtain

precise size estimates (Abdo et al. 2006). Each set of

images (for each sponge collected) was later processed to

obtain a volume estimate (Abdo et al. 2006).

Collections of endofauna (that is fauna found inhabiting

the internal spaces of the sponge) from each sponge were

made by covering the sponge with a plastic bag in situ, and

severing the sponges from the substratum using a flat blade

scraper.

Western
Australia

Australia

Bremer BayHamelin Bay

Rottnest Is.

Jurien Bay

Perth

N

300km

Fig. 1 Map illustrating location of collection sites of the sponges

from the south west corner of Australia
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In the laboratory the sponges were carefully dissected to

collect any fauna associated with their internal spaces. Any

water from the plastic bag was sieved (using a 1 mm sieve)

to collect fauna, which may have left the sponge during

transportation to the laboratory. All endofauna were

counted, weighed and preserved in 70% ethanol pending

taxonomic identification.

An estimate of the internal space available to associated

endofauna was made by cutting a section of tissue from

each host sponge and photographing each section. The total

area of sponge tissue and area of open space was deter-

mined in PhotoshopTM. The percentage of internal space

was determined by the following equation:

Statistical analyses

To determine if the volume of each species of sponge

influenced their internal space, number of endofauna

species and the total number of endofauna individuals,

correlations between volume and each of the other vari-

ables was tested for using Pearson’s correlation coeffi-

cient (Zar 1999). If each of internal space, number of

endofauna species and number of endofauna individuals

were correlated to the volume of the sponge, data were

converted to faunal density by dividing endofaunal

abundance by the volume of each sponge (in litres) and

used for all subsequent analyses (Betancourt-Lozano et al.

1998). Differences in internal space, number of endofauna

species and number of endofauna individuals were then

compared between species of sponge (fixed factor, 2

levels) and locations (random factor, 4 levels) using a

crossed two-way analysis of variance (ANOVA). Data

were checked for normality and homogeneity of variance

using an Anderson-Darling and Bartlett’s tests respec-

tively. Data not meeting assumptions were log trans-

formed (Zar 1999), and rechecked for normality and

homogeneity of variance.

Differences in faunal assemblages between the species

of sponge and among locations were examined graphically

with non-metric multidimensional scaling (nMDS), using

the Bray-Curtis similarity measure on untransformed den-

sity (i.e., standardised for volume differences) data (Clarke

1993). To test for differences in the endofaunal assem-

blages of each species of sponge, and among the four

locations a crossed mixed factor model (species of sponge

(fixed): 2 levels, location (random): 4 levels) was analysed

with a permutational multivariate analysis of variance

(PERMANOVA). Data were untransformed and the Bray-

Curtis similarity matrix was used during analysis (Ander-

son 2001). If locations significantly differed, a posteriori

PERMANOVA analyses (9999 permutations) were con-

ducted separately for each species of sponge to test for

differences among locations. If a significant difference was

found, pairwise comparisons were made among locations

during the a posteriori analyses using PERMANOVA

(9999 permutations) to determine where the different

assemblages were occurring. All a posteriori PERMANO-

VA analyses were conducted on untransformed data using

the Bray-Curtis similarity matrix.

Similarity Percentages (SIMPER) analysis (untrans-

formed data using Bray-Curtis similarity matrix) was used

to determine which taxa contributed to the variation in

endofaunal assemblages between each species of sponge,

and among locations for each species of sponge (Clarke

1993). The differences in abundance and biomass of taxa

discriminating between each species of sponge were anal-

ysed separately using one-way ANOVA. If a location dif-

ference was observed (for a species of sponge), differences

in the abundance and biomass of discriminating taxa

among locations were examined separately by one-way

ANOVA. The normality and heterogeneity of variance in

the data were checked prior to analysis using an Anderson-

Darling and Bartlett’s tests, respectively.

Fig. 2 Chalinidae sponges

examined in the present study.

a Green Haliclona and b brown

Haliclona

Internal space ð%Þ ¼ Area of open space mm2
� �

=Total area of tissue mm2
� �� �

� 100
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Results

A total of 948 individuals were found associated with

the green Haliclona and 287 individuals with the brown

Haliclona. A total of 24 endofaunal taxa (from 5 phyla)

were found in this study, of which 10 taxa were common to

both species of sponge (Table 1). Green Haliclona con-

tained a larger total biomass of endofauna (100.86 g wet

weight) than the brown Haliclona (54.65 g wet weight).

Endofauna of both species of sponge were dominated by

crustaceans followed by echinoderms and molluscs (Fig. 3).

Internal space (r = 0.933, P < 0.001); number of

endofaunal species (r = 0.745, P = 0.01); and total number

of endofaunal individuals (r = 0.620, P = 0.010) were all

Table 1 Mean density (±1 SE;

n = 4), and mean total biomass

(±1SE) of associated endofauna

within the green and brown

Haliclona

Blank cells indicate no

endofauna were recorded for the

sponge host

Endofauna Density (ind L–1) Total Biomass (grams host–1)

Green

Haliclona
Brown

Haliclona
Green

Haliclona
Brown

Haliclona

Crustacea

Amphipoda

Paraleucothoe sp. 18.19 (±1.66) 44.20 (±6.80) 0.35 (±0.07) 0.03 (±0.01)

Cirripedia

Acasta sp. 8.24 (±2.44) 15.60 (±4.93) 0.68 (±0.27) 0.29 (±0.06)

Decapoda

Alpheus sp. 1 0.04 (±0.04) 1.3 (±0)

Alpheus sp. 2 3.93 (±0.88) 3.87 (±2.00) 0.42 (±0.12) 0.04 (±0.01)

Dardanus sp. 0.05 (±0.05) 0.1 (±0)

Leptodius sp. 1.07 (±0.24) 0.92 (±0.47) 0.85 (±0.19) 0.01 (±0)

Leptograpsus sp. 0.06 (±0.06) 0.55 (±0.12)

Porcellanidae sp. 1 1.62 (±0.38) 0.65 (±0.11)

Porcellanidae sp. 2 0.26 (±0.15) 0.16 (±0.03)

Porcellanidae sp. 3 1.57 (±0.53) 0.19 (±0.06)

Rhynchocinetes sp. 0.62 (±0.28) 0.47 (±0.15)

Stenopus sp. 0.16 (±0.09) 0.38 (±0.05)

Isopoda

Cirolanidae 3.04 (±0.78) 11.34 (±3.93) 0.16 (±0.05) 0.08 (±0.06)

Euidotea sp. 1.85 (±0.62) 0.47 (±0.35) 0.02 (±0) 0.008 (±0)

Mysidacea

Paramesodopsis sp. 2.16 (±0.53) 0.03 (±0.02)

Mollusca

Bivalvia

Lima sp. 0.14 (±0.08) 2.70 (±0.74)

Gastropoda

Notoacmea sp. 0.03 (±0.03) 0.20 (±0)

Penion sp. 0.33 (±0.16) 0.85 (±0.46) 0.14 (±0.06) 0.01 (±0)

Polychaeta

Eunice sp. 0.42 (±0.15) 0.13 (±0.13) 0.52 (±0.26) 0.01 (±0)

Sabella sp. 0.10 (±0.07) 0.46 (±0.16)

Echinodermata

Crinoidea

Aporometra sp. 0.07 (±0.05) 0.30 (±0)

Ophiuroidea

Clarkcoma sp. 1.59 (±0.43) 1.75 (±0.75) 0.24 (±0.07) 0.13 (±0.05)

Ophiothrix sp. 2.96 (±0.73) 4.32 (±1.33) 2.50 (±0.71) 0.18 (±0.07)

Chordata

Osteichthyes

Belios sp. 0.21 (±0.10) 0.40 (±0.04)

848 Mar Biol (2007) 152:845–854

123



significantly correlated with the volume of the green Hal-

iclona. There were also significant correlations between the

internal space (r = 0.966, P < 0.001); number of species

(r = 0.0.858, P < 0.001); and total individuals (r = 0.722,

P = 0.002) to the volume of the brown Haliclona.

As sponge volume was found to be significantly corre-

lated to the amount of internal space, number of endofauna

species and total number of individuals for both species of

sponge, each of these variables was standardised by the

volume of the host sponge (in litres). Both species of

sponge differed significantly (P < 0.05) in internal space,

number of endofaunal species and total number of en-

dofaunal individuals (Table 2; Fig. 4). However, there was

no significant variation in these variables among locations

(Table 2; Fig. 4).

The endofaunal assemblages differed significantly be-

tween species of sponge, and among locations (Table 3;

Fig. 5a). Whilst no significant difference in endofaunal

assemblages was observed among locations for the brown

Haliclona (Table 4; Fig. 5c), there was significant variation

among locations in the green Haliclona (Table 4; Fig. 5b).

Assemblages from southern locations (Bremer Bay and

Hamelin Bay) did not differ significantly from each other and

neither did assemblages from northern locations (Rottnest

Island and Jurien Bay). In addition, Hamelin Bay (a southern

location) assemblages did not significantly differ from Jurien

Bay (a northern location) assemblages (Table 5).

Taxa such as amphipods (Paraleucothoe sp., 34%),

barnacles (Acasta sp., 19%), and isopods (Cirolanidae

14%) contributed 67% of the significant variation in en-

dofaunal composition between the two species of sponge.

Four additional taxa the brittle stars Ophiothrix sp. and

Crustacea
87.3%

Mollusca
0.9%

Polychaeta
0.5%

Echinodermata
11.2%

Chordata
0.1%

Cirripedia
23%

Decopoda
12%

Isopoda
24%

Mysidacea
5%

Amphipoda
36%

Crustacea
92.2%

Mollusca
1.6%

Polychaeta
0.2%

Echinodermata
6.0% Chordata

0.0%

Decopoda
9%

Isopoda
9%

Amphipoda
55%

Cirripedia
26%

Mysidacea
1%

(a) (b)Fig. 3 Endofaunal composition

for the a green Haliclona and

b brown Haliclona. The

composition of crustacean

endofauna are further detailed

below each species graphs

Table 2 Summary of analysis of variance examining differ-

ences between sponge species and locations for volume, internal

space, number of species and total number of individuals

Source df MS F P

Internal Space

Sponge 1 17,880 48.86 0.001***

Location 3 483 1.32 0.291

Sponge · Location 3 513 1.40 0.266

Error 24 366

No. Species

Sponge 1 617.3 26.91 0.001***

Location 3 43.4 1.89 0.158

Sponge · Location 3 11.7 0.51 0.679

Error 24 22.9

Total No. Individuals

Sponge 1 9,495 7.79 0.010**

Location 3 172 0.14 0.934

Sponge · location 3 382 0.31 0.816

Error 24 1,219

Bold values indicate significance at a = 0.05, and df degrees of

freedom and MS mean squares.

Significant result indicated as *P < 0.05, **P < 0.01, and

***P < 0.001
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Clarkcoma sp. (7 and 3% respectively), the snapping

shrimp Alpheus sp. 2 (6%), and the mysid shrimps (Para-

mesodopsis sp., 3%) also separated the two species of

sponge with respect to their endofaunal assemblages. The

amphipod (Paraleucothoe sp.) and isopod (Cirolanidae)

had a significantly greater density within the brown Hal-

iclona compared to the green Haliclona (Table 6; Fig. 6a).

In addition, the mysid shrimps (Paramesodopsis sp.) were

only recorded within the green Haliclona (Fig. 6a). Of the

discriminating taxa, only the amphipod (Paraleucothoe

sp.), brittle star (Ophiothrix sp.) and snapping shrimp

(Alpheus sp. 2) had a significantly greater total biomass

within the green Haliclona compared to brown Haliclona

(Table 6; Fig. 6b).

Three taxa, the barnacles (Acasta sp.), amphipods

(Paraleucothoe sp.) and brittle star (Clarkcoma sp.), con-

sistently contributed to the difference in the endofaunal

assemblages among locations for the green Haliclona. Of

these, only the amphipod (Paraleucothoe sp.) showed

significant differences (between Bremer Bay and Rottnest

Island) in density (Table 7). None of the discriminating en-

dofaunal taxa showed any significant differences (P > 0.05)

in total biomass among locations.

Discussion

The two Haliclonid sponges examined support two distinct

endofaunal assemblages. The number of species and indi-

viduals of endofauna differed significantly between the two

species of sponge, and the endofaunal assemblage of the

green Haliclona differed among locations. The endofaunal
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Fig. 4 Mean differences

between sponges (green

Haliclona and brown

Haliclona) and locations (BB
Bremer Bay, HB Hamelin Bay,

RI Rottnest Island, and JB
Jurien Bay) for a percentage

internal space, b number of

endofauna species (adjusted by

dividing by sponge volume),

and c number of endofauna

individuals (adjusted by

dividing by sponge volume)

Table 3 PERMANOVA analysis for differences in associated fauna

between sponges (green Haliclona and brown Haliclona) and loca-

tions (Bremer Bay, Hamelin Bay, Rottnest Island and Jurien Bay)

Source df MS F P

Sponge 1 9,880.4149 9.4240 0.001***

Location 3 3,141.2734 2.9962 0.001***

Sponge · location 3 940.7158 0.8973 0.588

Error 24 1,048.4362

Data were untransformed and analysis was based on the Bray-Curtis

dissimilarity measure and permuted 9999 times.

Significance level indicated by *P < 0.05, **P < 0.01, and

***P < 0.001, df degrees of freedom, and MS mean squares
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assemblages of both species of sponge were dominated by

crustaceans, echinoderms and molluscs.

The richness of associated fauna found inhabiting the

two Haliclonid sponges of this study lie at the lower end of

that reported for sponges and other biogenic structures

(e.g., kelp holdfasts). Previous studies on sponges have

found 139 and 53 species of associated fauna within two

Aplysina species from the Caribbean (Wulff 2006), and 75

species of associated fauna in a Mycale species in Brazil

(Ribeiro et al. 2003). Other habitat forming organisms such

as kelp holdfasts have been found to support 89 species of

associated fauna (Norderhaug et al. 2002; Jorgensen and

Christie 2003), and bio-constructions by the Sabellaria

polychaete supported 66 species of epibionts (Dubois et al.

2006). Comparisons with the only other study in Australia

by Skilleter et al. (2005) is difficult as the number of

species associated with the two Haliclonid species exam-

ined were not discussed. However, the number of associ-

ated species found in this study compares favourably with

that of the sponge Aulospongus from Bimini which har-

boured only three individuals (Pearse 1950) and Haliclona

rubens where approximately 15 species of associated fauna

(Pearse 1950).

Sponge morphology and the amount of available

internal space are likely to account for the differences

in the endofaunal assemblages between each species of

sponge seen in this study. Larger oscular size and internal

space may provide more shelter and protection from

predation for the endofauna (Peattie and Hoare 1981;

Wendt et al. 1985; Wulff 2006). These features occurred

in the green Haliclona specimens examined here. It would

be expected that morphology, volume and amount of

internal space of the host sponge would be positively

related with endofaunal abundance and composition

(Pearse 1950; Duarte and Nalesso 1996; Koukouras et al.

1996; Neves and Omena 2003), but previous studies have

reported exceptions. Sponge species with less volume and

internal space (such as those with such as encrusting or

branching morphologies) have been found to harbour

more associated fauna (Ribeiro et al. 2003; Skilleter et al.

2005).

In this study there was a greater overall density of

endofaunal taxa (particularly amphipods, isopods and

barnacles) in the brown Haliclona compared to the green

Haliclona. This suggests that the dense tissue and small

internal spaces of the brown Haliclona are used by small

taxa. Although lower in density, these same taxa had a

greater biomass within the green Haliclona indicating they

were of a larger size in this species. These results dem-

onstrate that sponge morphology, volume and amount of

internal space have an important influence on the endof-

aunal assemblages present.

The number of endofaunal species and number of indi-

viduals for both species of sponge did not vary between

locations (at the scale of approximately 250 km), which

is a similar pattern to that observed by Ribeiro et al.

(2003). However, the endofaunal composition of the green

Stress = 0.17(a)

Stress = 0.16

Stress = 0.13

(b)

(c)

Fig. 5 MDS ordinations of the density of endofauna in green and

brown Haliclona, from four locations along the south west coast of

Australia. Ordination a compares both sponge species (where filled
square green Haliclona and open square brown Haliclona) with

samples pooled across sites. Ordination b compares samples of green

Haliclona, and ordination c compares samples of brown Haliclona
from four locations (where open square Bremer Bay, filled square
Hamelin Bay, open triangle Rottnest Island, and filled triangle Jurien

Bay). Data was untransformed and MDS performed using Bray-Curtis

similarity matrix
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Haliclona did vary among locations, unlike reports for

Mycale microstigmatosa from Brazil (Ribeiro et al. 2003).

Variation in the composition of associated fauna at this

scale (i.e., approximately 250 km) was seen in a study on

Zygomycale parishii also in Brazil (Duarte and Nalesso

1996). In this study it was anticipated that a difference in

the endofaunal assemblages between locations would be

observed for both species, due to the large distances and

environmental gradient along the coastline. Populations in

isolated habitats are linked through dispersal and migra-

tion, and an organisms dispersal ability will determine the

influence of habitat isolation (Russell et al. 2005). In one

study, polychaetes with limited dispersal were more af-

fected by habitat isolation than copepods, which had a

large dispersal ability (Russell et al. 2005). This suggests

that the dispersal ability of the organisms may be con-

tributing to the differences among locations for the green

Haliclona. In addition, a 0.5�C water temperature change

for every degree of latitude has been reported along the

south west coast of Australia (Creswell and Golding 1980),

giving a temperature difference of approximately 2–3�C

between the most northern (Jurien Bay) and southern

(Bremer Bay) locations in this study. However, the en-

dofauna species driving the differences among locations

were common to both species of sponge suggesting that the

dispersal strategies and environmental differences between

locations are not influencing the endofaunal patterns ob-

served for the green Haliclona.

It is possible a predator/prey relationship may be influ-

encing the endofaunal pattern seen here. Sponges are

known to protect inhabitants from potential predators

(Wulff 2006). A predator (e.g., Mysid shrimps) may be

preying upon one of the discriminating endofauna. The

predator may be able to more easily target its prey within

the green Haliclona, because of the species morphology,

Table 4 A posteriori PERMANOVA analysis examining differences in location within each sponge species

Sponge Source df SS MS F P

Green Haliclona Location 3 5,735.2472 1,911.7491 2.3257 0.0013**

Error 12 9,864.0554 822.0046

Brown Haliclona Location 3 6,510.7206 2,170.2402 1.7023 0.0593

Error 12 15,298.4133 1,274.8678

Data were untransformed and analysis was based on the Bray-Curtis dissimilarity measure and permuted 9999 times. Degree of significant value

indicated by *P < 0.05, **P < 0.01, and ***P < 0.001, df degrees of freedom and MS mean squares

Table 5 A posteriori PERMANOVA pair-wise comparisons among

locations within the green Haliclona

Groups t Monte-

Carlo P

No. unique

values

BB–HB 1.4685 0.1249 35

BB–RI 1.8753 0.0354* 35

BB–JB 1.9723 0.0245* 35

HB–RI 1.3911 0.0281* 35

HB–JB 1.6489 0.0589 35

JB–RI 0.8727 0.5458 35

Number of permutations = 9999, and the Monte-Carlo P-value was

used due to the small number of unique values. Data were untrans-

formed and based on the Bray-Curtis dissimilarity measure. Level

of significant result indicated by *P < 0.05, **P < 0.01, and

***P < 0.001. BB Bremer Bay, HB Hamelin Bay, RI Rottnest Island

and JB Jurien Bay

Table 6 One-way ANOVA to

determine differences in

abundance and biomass for the

endofauna discriminating the

assemblages found in the green

Haliclona and brown Haliclona

Degree of significant result

indicated by *P \ 0.05,

**P \ 0.01, and

***P \ 0.001, df degrees of

freedom and MS mean squares

Endofauna Source df SS MS F P

Density

Cirolanidae Sponge 1 549 549 4.28 0.047*

Error 30 3,852 128

Paraleucothoe sp. Sponge 1 5,410 5,410 13.78 0.001***

Error 30 11,774 392

Biomass

Alpheus sp. 2 Sponge 1 0.8548 0.8548 8.56 0.006**

Error 30 2.9959 0.0999

Ophiothrix sp. Sponge 1 35.49 35.49 9.12 0.05*

Error 30 116.79 3.89

Paraleucothoe sp. Sponge 1 0.7907 0.7907 20.03 0.001**

Error 30 1.1844 0.0395
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larger size and internal spaces. Mysid shrimps were only

found within the green Haliclona and are known predators

of other invertebrates (Wooldridge and Webb 1988; Wil-

helm et al. 2002; Chigbu 2004; Jumars 2006). This could

account for the lower density of amphipods in the green

Haliclona compared to the brown Haliclona (Table 1), as

well as for the differences among locations for the green

Haliclona. That is, post hoc analysis revealed a significant

negative correlation between the density of amphipods and

mysid shrimps (r = –0.392, P = 0.027).

It is clear that both Haliclonid sponges offer a suitable

habitat for a range of organisms. The relationship between

the host sponge and associated fauna can be involuntary,

such as with bivalves and barnacles, to obligatory

endobionts of sponges such as snapping shrimp (Wulff

2006). While both species of sponge studied here have

numerous inhabitants, the inhabitant/host relationship for

many of the endofauna needs further examination. Some

generalisations can, however, be made. The sponges

examined here may provide shelter from predation with the

small internal space of the brown Haliclona providing

greater protection for small crustaceans (e.g., amphipods)

and consequently greater abundances. Both species of

sponge may provide food for the endofauna, with many

taxa known to consume sponges (e.g., snapping shrimps

and amphipods: Wulff 2006) being abundant within the

sponge species examined here. Both sponge species may

also provide food for the endofauna (e.g., the barnacles and

brittle stars) via their aquiferous systems. That is, small

brittle stars (Ophiothrix fragilis) in the Mediterranean were

found to gain a feeding advantage from the inhalant current

of the host sponge (Turon et al. 2000). O. fragilis was also

found to leave its host when it grew to have a disc diameter

larger than 1 mm (Turon et al. 2000) suggesting the host

sponges may act as nursery areas for some endofauna. The

same genus of brittle star was found to be smaller and more

abundant in the brown Haliclona than the green Haliclona,

possibly indicating the brown Haliclona may be a nursery

for Ophiothrix brittle stars. Moreover, in this study

many endofauna were found to be reproductively active,

supporting the suggestion that sponges may act as nurseries

for endofaunal species.

The goal of this study was to understand the influence of

two Haliclonid sponges along the southwest coast of Aus-

tralia. It is clear from the results of the study that both

sponges support a unique endofaunal assemblage. As the

sponges are potentially exploitable, particularly the green

Haliclona, future demands upon the biomass of the sponges

for further pharmaceutical development of Salicylihalamide

A, must proceed carefully. It is well documented that hab-

itat loss (both in terrestrial and marine environments) is

linked to a loss of diversity and the number of animals

(Fahrig 2003). While further examination of other habitat

forming organisms is needed for the marine environment of

the south west of Australia to fully appreciate what the

result of over harvesting the Haliclonid sponges would be.

Mass and unchecked harvesting of important habitats like

the two species of sponge studied here may have direct

impacts on the diversity and abundance of fauna such as the

small crustaceans and fish which inhabit the sponges, or use

the sponges as refuge (Moran and Stephenson 2000; Ryer

et al. 2004). The importance of sponge habitats has been

documented in other regions where large scale harvesting of

the seafloor (e.g., trawling), and/or loss of sponges and the

habitats they create, has led to the loss of other species

(Jackson 2001; Butler et al. 2005). Any harvesting of

sponges needs to take account of the potential impacts on

associated species that may occur through loss of habitat

which this study has shown sponges clearly provide.
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Fig. 6 a Endofauna responsible for discriminating between the

associated assemblages of green and brown Haliclona, and b
differences in total biomass of discriminating endofauna for

assemblages of the green and brown Haliclona

Table 7 One-way ANOVA to determine differences in the den-

sity for the endofauna discriminating the assemblages of the green

Haliclona from different locations

Endofauna Source df SS MS F P

Abundance

Paraleucothoe sp. Location 3 352.2 117.4 4.54 0.024*

Error 12 310.4 25.9

Signficant value and degree of significance indicated by *P < 0.05,

**P < 0.01, and ***P < 0.001, df degrees of freedom and MS mean

squares
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