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INTRODUCTION

During the past decade interest has grown in ecosys-
tem functional diversity (FD) and its relationship to
species diversity (SD), ecosystem functioning and
extinction (Petchey & Gaston 2002a,b, 2006). Despite
this widening interest, most research has focused on
terrestrial ecosystems, with fewer studies having been
conducted in marine environments (but see Steele
1991, Bremner et al. 2003, Micheli & Halpern 2005).
Furthermore, there is a paucity of data detailing the

physical and biological processes influencing tempo-
ral and spatial variability in FD; however, research
showing strong correlations between SD and FD (e.g.
Micheli & Halpern 2005) supports the hypothesis that
such processes affect SD and FD in a similar manner.
Understanding these relationships is vital from both a
conservation and management perspective to ensure
that ecosystem functioning and species diversity are
protected, because the protection of one may not nec-
essarily ensure the survival of the other. It is particu-
larly important in marine conservation to understand
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factors controlling FD and SD at local levels, since this
is commonly the scale on which conservation efforts
are focused. There has been some debate over the
most suitable way to measure FD and those species
traits that should be used for FD characterisation
(Petchy & Gaston 2006). Classification schemes that
are based on trophic levels or energy assimilation
mechanisms (e.g. Naeem 2002, Petchey & Gaston
2006) may potentially overlook important functions
unrelated to these processes (Bremner et al. 2003).
Furthermore, research on the relationship between FD
and SD has mainly compared univariate measures,
with little consideration for multivariate measures of
functional composition (FC) of assemblages or com-
munities, which may not necessarily reflect univariate
patterns (see Bremner et al. 2003). 

Sponges can be considered a model taxon with
which to investigate numerous ecological processes
and theories as they are widespread and abundant
across temperate, tropical and polar regions (e.g. Day-
ton et al. 1974, Bell & Barnes 2000a, Bell & Smith 2004).
Sponges are important benthic community members,
and variation in their abundance, diversity and distrib-
ution will influence other benthic organisms and eco-
system characteristics through their superior competi-
tive ability (Aerts & van Soest 1997, Bell & Barnes
2003) and biomass dominance (Wilkinson 1987). The
functional and ecological roles of sponges on coral
reefs are diverse because they occupy key roles in
spatial competition, bio-erosion, reef consolidation/
stabilisation (including mineralisation and cementa-
tion), disruption of near substratum flow regimes (and
boundary layers), nutrient recycling/water filtering,
primary production and nitrogen flux, while also act-
ing as microhabitats (Wulff 2001, 2006). Many of the
roles sponges play in reef dynamics can be associated
with specific sponge morphologies. For example, bor-
ing/burrowing sponges are primarily involved in bio-
erosion (Pang 1973, Rützler 1975), while encrusting
sponges are more important in reef consolidation
(Wulff & Buss 1979) because they occupy large areas of
the substratum (Aerts & van Soest 1997, Bell & Smith
2004) and can grow between coral stabilising the sub-
strate (Wulff & Buss 1979). The primary role of most
sponges is filtering water/nutrient recycling and, al-
though all sponges will contribute to this functional
role to some extent, larger specimens will filter greater
volumes of water than more cryptic or smaller forms.
Three-dimensional sponge morphologies will have
greater influence on the near-benthos flow regime and
aid in reducing near-boundary layer current flow
depletion (Hiscock 1983) compared with low profile
forms. Such changes in micro- and macro-scale flow
regimes by flow interruption can have major conse-
quences for the downstream feeding success of other

organisms (Okamura 1985). As sponges are one of the
top spatial competitors (Bell & Barnes 2003, J. Bell
unpubl. data) they will be involved in the creation of
space. Even though sponges can overgrow corals
(Aerts & van Soest 1997), they are probably prevented
from reaching spatial dominance because they are
more susceptible to physical disturbance (Wulff 1995).
This functional role is primarily fulfilled by low profile
forms that occupy larger areas of the benthos per unit
volume, compared with upright forms where growth
predominates away from the substratum. Finally,
sponges can be considered important microhabitats
because a large number of organisms have been asso-
ciated with sponges, including diatoms, molluscs, crus-
taceans, echinoderms and fish (Koukouras et al. 1996),
with massive morphologies supporting high biological
diversity. 

There are many studies quantifying sponge species
diversity (including Dayton 1978, Hiscock 1983, Bell &
Barnes 2000a, Bell & Smith 2004), but no attempt (but
see Wulff 2001) to quantify FD; nevertheless, the role of
individual species or families has been considered in
some cases (e.g. boring sponges; Pang 1973, Rützler
1975). The local-scale factors that influence sponge bio-
diversity and abundance have been well described and
include light, temperature, extreme storm events, sub-
strate type, turbulence, sedimentation, nutrient levels
and depth (Reiswig 1971, Wilkinson 1987, Alcolado
1990, Schmahl 1990, Cheshire & Wilkinson 1991, Wulff
1995, Barnes 1999, Barnes & Bell 2002, Carballo 2006),
with many of these factors also being reported to influ-
ence sponge morphologies (e.g. Burton 1947, Palumbi
1984, Bell & Barnes 2000a, Bell et al. 2002, Bell 2004).
How these factors influence FD and whether patterns
observed reflect those reported to control SD and mor-
phological diversity (MD) remains unknown. In addi-
tion to the functional roles played by different sponge
morphologies, many are also considered adaptive to
specific environmental regimes (Bell & Barnes 2000a).
If certain sponge morphologies are restricted to specific
habitats then they may only fulfil their functional roles
in particular environmental conditions.

A relationship between sponge SD and MD has been
described at a number of temperate and tropical local-
ities (Bell & Barnes 2001, 2002, Bell et al. 2006), includ-
ing the location of the present study, which focuses on
2 coral reef systems experiencing different sedimenta-
tion regimes (low levels of natural coarse-grained vs.
high levels of fine-grained sediment) in SE Sulawesi,
Indonesia. Sponge SD is thought to be strongly influ-
enced by sedimentation at these 2 sites (Bell & Smith
2004) and, given the relationship between SD and MD,
it follows that if MD is a suitable measure of FD then all
3 should be influenced by sedimentation in a similar
way; therefore, in this study I tested the following
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hypotheses: (1) sponge MD is a suitable measure of
FD; (2) changes in sponge SD and MD in response to
sedimentation are the same as those reported in FD;
(3) there will be no difference in the effect of envi-
ronmental gradients on the FC, SC and morphological
composition (MC) of sponge assemblages. To test
these hypotheses, sponge morphological data was col-
lected along 2 sedimentation gradients, firstly between
sites experiencing different sedimentation regimes
and secondly with depth. These data were used to
determine FD and FC, which were compared with
species data (from Bell & Smith 2004).

MATERIALS AND METHODS

Study site. Sponge assemblages were sampled at
2 sites in the vicinity of Kaladupa in SE Sulawesi,
Indonesia (for site locations see Bell & Smith 2004).
These 2 sites have different gross sedimentation rates
and sediment composition (grain size), with more fine
particles settling from suspension at Sampela com-
pared with Hoga, which experiences low levels of
coarse sedimentation. The sediment accumulation
rates are also different between the 2 sites, with a layer
of sediment (<5 mm thick) covering surfaces at Sam-
pela, while surfaces are generally devoid of sediment
at Hoga. Sampela is an impacted coral reef ecosystem
owing to fishing activities, coral mining and sedimen-
tation (to date it is unclear if the sediment is from
anthropogenic or natural sources). Since the settling
sediment particle size is much smaller at Sampela, sed-
iment particles remain in the water column longer,
increasing turbidity and reducing light penetration,
while the larger particles at Hoga quickly settle from
suspension.

Collection of species and morphological data. At
each site, ten 0.5 × 0.5 m arbitrary (within surface types
available) quadrats were taken on vertical (90°), inclined
(45°) and horizontal (0°) reef surfaces to collect species
and morphological data. Sampling took place on the reef
flat (0 m) and at 5, 10 and 15 m depth (exclusively at the
Hoga site, because the reef at Sampela only extends to
11 to 13 m). No sampling was conducted below 15 m
owing to local diving safety regulations. Within each
quadrat the total numbers of each sponge morphology
(number of patches/distinct sponges) or species, as
appropriate, were recorded. Morphological and species
data were collected independently of each other within
the same 3 wk study period during July 2002 (see Bell
& Smith 2004 for species data).

Data analysis. Patterns of MD and SD (H ’) were
described with the Shannon and Wiener information
function (Log e), H ’ = −Σpi × lnpi, where pi is the por-
tion of each morphology or species in the assemblage

(calculated from all data averaged across the 10
quadrats). Species richness was expressed as the total
number (sum) of species or morphologies reported
across the 10 quadrats at each site/depth/surface angle
combination. For multivariate analysis, sponge mor-
phological and species data from each site and depth
was log(x + 1) transformed prior to ordination by non-
metric multi-dimensional scaling (nMDS) to reduce the
importance of rare species (MDS in Plymouth Routines
in Multivariate Ecological Research [PRIMER]). This
analysis was undertaken on a similarity matrix, created
from Bray-Curtis similarity analysis, to ascertain any
similarity or differences between sites, and among
depths and surface angles. The RELATE function in
PRIMER was used to compare the similarity matrices
produced from Bray-Curtis similarity analysis.

Functional classification scheme. A proposed scheme
of the functional roles of sponge morphologies was
constructed by placing each sponge morphology into 1
or more of the following groups, based on the function
of their shape rather than species identity: (1) filtering/
nutrient recyclers, (2) reef consolidators/stabilisers,
(3) major spatial competitors, (4) disruptors of near-
substratum water flow regimes (including boundary
layer), (5) bio-eroders, (6) microhabitat providers and
(7) primary producers. This classification scheme is
based on a combination of trophic and biological traits
of sponge morphologies (see Bremner et al. 2003,
Petchey & Gaston 2006), from observations of sponges
of the region (Functions 2, 3, 4 & 6) and the literature
(Functions 1 & 5). This abundance information was
presented as the proportion of sponges fulfilling each
of these roles, which was then treated in the same way
as species and morphological data. The presence/
absence of photosynthetic symbionts (Function 7) in
the sponge morphologies was assessed using under-
water pulse amplitude modulated (PAM) fluorometry
(Diving PAM). 

RESULTS

Diversity and richness

In total, 39 distinct morphological groups were iden-
tified in the study area, representing 39 sponge fami-
lies and approximately 100 species (Tables 1 & 2). Dif-
ferent patterns of morphological and species richness
were observed between depth intervals, while little
difference was evident among surface angles or
between the 2 sites (Fig. 1). At Sampela and Hoga,
morphological and species richness increased with
depth between the reef crest and 10 m. At Hoga,
approximately the same morphological and species
richness was recorded at 10 and 15 m (for each vari-
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able independently). At both sites, for any specific
depth interval, there were no differences in species or
morphological richness between sites. Comparisons
between species and morphological richness showed
similar patterns with increasing depth at both sites
and between sites, with the only difference being the
greater species richness found on vertical than on in-
clined and horizontal surfaces, respectively, at Sam-
pela. No such pattern was reported for morphological
data at either site. The same general patterns reported
for species richness were also found for Shannon-
Wiener diversity indices (Fig. 1). 

Although morphological richness was high, only a
few morphologies dominated the reef surfaces
(Table 2). The most common sponge morphologies
found were flakes, encrusting and flake-digitate forms.
These 3 morphologies were common on all surfaces
sampled, but were particularly prevalent on the reef
flat at both sites (mainly Dysidea herbacea). The
majority of morphologies constituted <1% of the total
sponges reported, while only a few morphologies were
characteristic of any specific site/depth combination.
There were some differences between sites (Table 2);
for example horizontal plates, massive crusts and cush-
ions were all more abundant at Hoga than Sampela,
while flake forms predominated at Sampela. 

Sponge functional diversity

All morphologies had at least 2 functional roles,
because all sponges are involved in filtering/nutrient
recycling to some extent. Investigation of the pro-
portion of sponges fulfilling each functional role found
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Family Sampela Hoga Morphologies 
exhibited

Ancorinidae 1 3 15, 31, 37, 38
Agelasidae 2 2 21, 23, 27, 36
Aplysinidae 1 2 18, 24
Axinellidae 1 2 27, 11, 36 
Callyspongiidae 0 3 5, 17, 14, 34, 35, 36
Chalinidae 2 1 6, 14, 38
Chondrillidae 2 2 6, 18, 19
Clathrinida 0 3 4, 26
Clionaidae 0 3 3, 8
Coelosphaeridae 0 2 6, 38
Desmacellidae 3 4 18, 36, 38
Dictyonellidae 4 2 6, 11, 19
Dysideidae 3 4 12, 13, 14, 16, 18, 38, 39
Geodiidae 1 0 15
Halichondriidae 2 3 10, 18, 19, 38
Hymedesmiidae 3 1 29, 36, 38
Hymeniacidonidae 1 2 38
Ianthellidae 2 2 18, 28
Irciniidae 2 3 14, 15, 18
Isodictyidae 1 1 2
Microcionidae 4 6 11, 27, 38 
Mycalidae 1 1 38
Neopeltidae 1 1 22
Niphatidae 3 3 9, 10, 11, 34, 35, 36, 38
Petrosidae 1 2 1, 17, 30, 36
Placospongiidae 1 0 38
Plakinidae 2 2 32, 33, 38
Phloeodictyidae 1 1 7, 23, 24, 25
Podospongiidae 1 1 27
Raspailiidae 1 3 6, 11, 38
Spirastrellidae 2 2 3, 38
Spongiidae 1 1 11
Suberitidae 4 3 6, 18, 19, 22, 25, 38
Tedaniidae 0 2 38
Tethyidae 1 2 6, 15
Tetillidae 0 2 15
Thorectidae 2 2 22, 23, 24, 38
Timeidae 1 1 38

Table 1. Number of species from different sponge families re-
ported at 2 sites in SE Sulawesi, Indonesia. The morphologies
found in each family are also shown (for definition, see Table 2)
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little difference between sites, but did uncover
changes with depth (Table 3). Functional diversity on
the reef crest was lower at both sites and most sponges
were considered to be major spatial competitors and
reef consolidators/stabilisers, with a large proportion
of sponges at both sites and all depths fulfilling these
roles. Higher proportions of sponges fulfilled the
remaining functional roles as depth increased at both
sites. Shannon-Wiener functional diversity values (cal-
culated across surface angles) showed little difference

between sites for any given depth; however, a consis-
tent, but small, increase in FD with depth was evident
at both sites (Table 3).

Assemblage species, morphological and 
functional composition

Even though univariate comparisons of SD, MD and
FD showed little difference between sites, notable dif-
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Morphology Sampela  Sampela Sampela Hoga  Hoga Hoga Hoga (A) Proposed (B) Proposed
reef crest 5 m 10 m reef crest 5 m 10 m 15 m functional adaptive
(n = 301) (n = 140) (n = 138) (n = 70) (n = 95) (n = 84) (n = 80) roles significance

1) Barrel 0 0 1 0 0 1 0 1, 4, 5, 7 7
2) Branched multiplate 0 0 0 0 1 1 1 1, 4 5, 7
3) Boring 0 0 0 0 0 0 1 1, 5 2
4) Clathrate 0 0 1 0 1 1 2 1, 2, 3 7
5) Conulose infundibuliform 0 0 0 0 0 0 1 1, 4 1, 3
6) Cushions 0 4 9 0 240 210 250 1, 2, 3 5, 7
7) Cup 0 0 0 0 0 1 0 1, 4 3, 7
8) Dome 0 0 0 0 0 1 2 1 3, 7,
9) Fistulate 0 4 8 0 0 1 1 1, 2, 3 5, 7
10) Flagelliform 0 1 1 0 0 1 0 1, 4 3, 9
11) Flabellate 0 0 0 0 1 0 0 1, 4 7, 9
12) Flake 860 270 250 680 210 120 250 1, 2, 3, 7 5, 6, 7
13) Flake-digitate 120 9 0 280 3 1 1 1, 2, 3, 7 3, 5, 6, 8
14) Infundibuliform 0 0 1 0 0 0 0 1 3, 7, 8
15) Globulose 0 1 1 0 1 2 1 1, 4 6
16) Horizontal plates 1 0 1 0 2 0 0 1 3, 8
17) Massive chimneys 0 1 0 0 1 1 1 1, 4, 5, 6 3, 8
18) Massive crust 1 1 3 0 8 7 7 1, 2, 3 7, 6, 7
19) Massive crust-raised oscules 0 1 0 0 0 1 1 1, 2, 3 9, 7, 6
20) Massive peduculate 0 0 0 0 1 0 0 1, 4, 6 3, 8
21) Massive plate 0 0 1 0 0 0 1 1, 4, 6 6
22) Massive conulose 0 1 0 0 1 1 1 1, 2, 3 1, 4, 7
23) Massive tube 0 0 1 0 0 0 0 1, 4, 6 3, 7, 8
24) Massive upright 0 0 4 0 0 2 2 1, 4, 6 8
25) Mini peduculate 0 0 1 0 0 0 0 1, 6 3, 8
26) Mini tubes 0 0 1 0 0 0 0 1 8, 3
27) Multi-fat branch 0 2 1 0 1 1 0 1, 4 3
28) Multi-orientation plates 0 1 1 0 0 0 0 1, 4 6, 9
29) Multi-thin branch 0 0 0 0 1 0 0 1, 4 3, 9
30) Oval 0 0 0 0 0 1 0 1, 4, 6 8, 3 
31) Oval-supported 0 0 0 0 0 0 1 1, 4, 6 8, 3
32) Papillate 0 1 2 0 0 1 0 1, 2, 3 8, 7
33) Reverse ficiform 0 0 1 0 0 0 0 1, 4 8, 3
34) Repent 0 2 1 0 2 2 3 1, 2, 3 5, 7
35) Repent-arborescent 0 0 0 0 0 0 1 1, 2, 3, 4 7, 9
36) Single branch 0 0 3 0 1 1 2 1, 4 3, 7
37) Stalked ficiform 0 0 0 0 2 0 1 1, 4 9, 8
38) Thin encrusting 0 440 320 4 220 390 180 1, 2, 3 5, 6, 7
39) Thin encrusting conulose 0 0 0 0 1 0 1 1, 2, 3, 7 1, 4, 5, 6, 7

Table 2. Percentage abundance of different sponge morphologies (combined over surface angles) at 2 sites in SE Sulawesi,
Indonesia. Bold print indicates those morphologies that characterised each site. A classification scheme of proposed functional
roles and adaptive significance of sponge morphologies reported from SE Sulawesi. (A) Proposed primary function roles: 1 = fil-
tering/nutrient recycling, 2 = reef consolidators/stabilisers, 3 = major spatial competitors, 4 = disruptors of near-substratum water
flow regimes, 5 = bio-eroders, 6 = microhabitat providers, 7 = primary production. (B) Proposed adaptive significance: 1 = preda-
tor deterrence, 2 = predator avoidance, 3 = prevention of sediment settlement, 4 = trapping of sediment, 5 = competitive advan-
tage, 6 = enhanced area exposed to light (for symbionts), 7 = high wave action/current flow/reduced drag, 8 = entrained/

enhanced water flow, 9 = flexibility. See Table 1 for the sponge families that exhibit each morphology
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ferences were identified in assemblage compositions
from the results of MDS for species and morphological
data (Fig. 2). There was clear separation of the species
and morphological assemblages at Sampela and Hoga,
and it was possible to identify assemblage structure
based on depth for these 2 assemblage parameters,
even though little difference was observed among
benthic surface angles (for any given depth). When the
nMDS results for sponge MC and SC were compared,
the patterns found for each data set were very similar
(Fig. 2); however, there was greater assemblage struc-
ture for the morphological data, with further separa-
tion of the 10 and 15 m assemblages than seen for
species data. Despite this difference a significant cor-
relation (Spearman’s rS 0.80, p < 0.001, 100 000 permu-
tations) was found when the RELATE function (in
PRIMER) was used to compare the similarity matrices
used to create the nMDS plots for species and mor-
phology data, meaning that similar matrices were
produced for species and morphological data. The pat-
terns reported for species and morphological data con-
trasted with those for FC data, where no differences
were apparent between the 2 sites and only depth
structured the assemblage (Fig. 2). No significant cor-
relations (using RELATE, Spearman’s rS < 0.34, p >
0.05, 100 000 permutations) were reported for com-
parisons between similarity matrices produced for FC
data and either SC or MC data.

DISCUSSION

Correlating species, morphological and 
functional diversity

Importantly, this study is the first to demonstrate that
although marine assemblage SD and FD may correlate
for univariate measures, the FC of an assemblage or
community may not correlate with SC, which has impor-
tant conservation and management implications with
respect to maintaining ecosystem functioning. Environ-
mental managers need to be aware of the factors control-
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Fig. 2. Non-metric multi-dimensional scaling (nMDS) plots
of (A) sponge morphological, (B) species and (C) functional
assemblage composition at different depths at Sampela (S)
and Hoga (H) on vertical (V), inclined (I) and horizontal (H)
surfaces (codes represent site, inclination and depth respec-
tively; RC = reef crest). Dotted lines highlight separation
among sponge assemblages at different depths at Sampela 

and Hoga. Stress for each plot < 0.09

Functional role S RC S 5 m S 10 m H RC H 5 m H 10 m H 15 m

Filtering/nutrient recycling 100 100 100 100 100 100 100
Reef consolidators/stabilisers 98 94 82 96 80 88 86
Major spatial competitor 98 90 80 96 80 86 86
Disruption of near-substratum flow 1 6 16 0 8 12 12
Bio-erosion 1 1 1 0 1 2 2
Microhabitat 0 2 7 0 2 3 5
Primary production 98 36 26 96 25 14 27
Diversity (H ’) 1.42 1.44 1.53 1.39 1.43 1.43 1.45

Table 3. Percentage of sponges fulfilling different functional roles and functional diversity (H ’) on 2 coral reefs. H = Hoga,  
S = Sampela, RC = reef crest (averaged across surface angle)



Bell: Tropical sponge functional diversity

ling both SC and FC to ensure the protection of both
biodiversity and ecosystem functioning. This study has
shown little difference in the proportion of sponges
fulfilling the different functional roles or in the FC of
sponge assemblages between reefs experiencing differ-
ent sedimentation levels; nevertheless, changes were
evident with depth (e.g. sponges involved in primary
production decreased with depth). Univariate patterns of
FD were found to reflect those of SD and MD, supporting
studies correlating SD and FD (e.g. Micheli & Halpern
2005); however, FC patterns contrasted with both species
and morphological data. These results support the rejec-
tion of all 3 hypotheses and demonstrate that sedimenta-
tion is not as important in influencing the FC of sponge
assemblages as it is for the SC and MC, and that other
depth-related factors are more important (excluding
sedimentation). Such factors might include light avail-
ability, competitor/predator differences, food avail-
ability or wave action influences, all of which are known
to influence sponge assemblages. 

Environmental restriction of functional roles

Although it is possible to hypothesise adaptive signi-
ficance for the majority of sponge morphologies
(Table 3), experimental/observational evidence is lack-
ing in most cases (but see Bidder 1923, Bell et al. 2003,
Bell 2004). Table 2 shows a proposed scheme for the
adaptive significance of the various sponge morpho-
logies reported in this study, based on the available
literature (not only restricted to sponge morphologies).
Few sponge morphologies were restricted exclusively
to any specific site or depth, and those that were ex-
clusive were generally present at a low abundance.
The main exception was on the reef flat, where most
sponge morphologies were excluded except low-
profile forms. These low-profile forms consisted mainly
of encrusting flake forms, which were mostly Dysidea
herbacea, a primary producer (Borowitska et al. 1989).
This form decreased in abundance with depth, which
was probably due to a reduction in light availability for
its symbionts. Generally, there was little evidence to
suggest that specific functional roles associated with
particular sponge morphologies were restricted to any
particular environmental regime, which contrasts with
temperate regions where certain morphologies domi-
nate different environments with different physical
characteristics (Bell & Barnes 2000a). 

Species, morphological and functional diversity

Differences were observed in morphological and
species richness and diversity with increasing depth

(and sedimentation) at both sites, but not between
sites or among surface angles (for any specific depth
interval), which was consistent with the changes in
FD with depth. Richness for all 3 measures was low
on the reef crest and only low-profile forms were
found, showing limited functionality of sponges.
Wave action is greatest on the reef crest, and this
environmental pressure is probably responsible for
the low morphological richness, because upright mor-
phologies are unlikely to be suited to high energy
environments owing to small basal attachment areas
relative to their overall biomass (Bell & Barnes
2000b). The domination of reef surfaces—particularly
on the reef crest—by encrusting forms may also be
an adaptation to maximise surface area for species
dependent on photosynthetic symbionts (Wilkinson
1987, Cheshire & Wilkinson 1991). For example, the
encrusting flake form of Dysidea herbacea was par-
ticularly abundant on the reef crest at Sampela,
where spatial competition is reduced because of low
hard coral abundance and wave action (Bell & Smith
2004). These low-profile morphologies have a greater
surface area to body mass ratio than other upright or
massive forms, thereby enabling more symbionts to
be exposed to the light. As depth increases the influ-
ence of wave action decreases, and upright (often
inflexible), 3-dimensional forms were found to in-
crease in abundance. No major differences were
seen among surface angles, which is inconsistent
with previous studies of temperate sponge assem-
blages, where differences in the sponge assemblage
(based on species and morphology data) were ob-
served among surface angles and attributed to differ-
ences in sedimentation, light and competition effects
(Bell & Barnes 2000b)

The sponge species richness in this small area of
Indonesia is very high compared with other studies
of tropical and temperate regions. For example, for
studies conducted at sampling areas of similar size to
that of the present study in Mozambique, Cuba and
Ireland, sponge species richness was reported as
73, 77, 80 respectively (Bell & Barnes 2000b). As
well as being very species rich, the sponge assem-
blages in the Wakatobi are also morphologically rich,
but the majority of morphologies described were
rare, with thin encrusting, flakes and flake-digitate
types dominating. The abundance of these low-
profile, essentially encrusting forms is consistent with
previous studies of reef fauna (Vacelet & Vasseur
1977, Bell & Smith 2004), but is perhaps surprising
as a feature of coral reefs in general, given that
space is considered a limiting factor and these mor-
phologies require more space per unit body mass
than other morphologies that grow away from the
substratum. 
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Functional assessment of sponge assemblages

In addition to the functional roles discussed here,
sponges may also have further roles not quantified in
the present study. Sponges form symbiotic relation-
ships with many photosynthetic organisms, but also
with bacteria that may comprise up to 40% of the
sponge (Corredor et al. 1988). These bacteria are con-
sidered important in transforming organically bound
nutrients (particulate and organic material) into inor-
ganic nutrients and may play an important role in reef
productivity. Symbiotic associations may also play an
important role in sponge nitrogen flux (Davy et al.
2002) and make a significant contribution to the nitro-
gen required for reef productivity (Corredor et al.
1988). Sponges may also act as a source of nutrition to
a range of reef predators, including parrot fish and
nudibranchs (Dunlap & Pawlik 1996). It is currently
unclear how dependent these functional roles will
be on sponge morphologies and whether they can be
included in the functional classification scheme de-
scribed in the present study.

There has been some debate over the degree of
functional redundancy in marine systems, with at
least one study suggesting low functional redundancy
in marine assemblages (Micheli & Halpern 2005).
Such conclusions may, in part, be a result of the scale
of assessment of functional traits. For example, if
trophic status is used as a classifying mechanism, then
most sponges would be classified as sessile planktivo-
rous invertebrates (see Micheli & Halpern 2005),
which is clearly not representative of the complex
roles sponges perform, and an assessment based on
biological traits may be more appropriate (see Brem-
ner et al. 2003). When biological traits are used for
functional assessments, care must be taken to ensure
there is ecological significance associated with the
categories used. Despite this, there is a high degree of
functional redundancy within sponge assemblages for
some functional groups (e.g. changing near substra-
tum flow regimes and filtering/nutrient recycling);
however, reef bio-erosion was undertaken by only a
few species of one particular morphology. Such roles
performed by only a few species are of particular
interest because their removal is likely to cause major
changes to ecosystem functioning (Petchey 2000). It is
surprising that MC and FC did not correlate (given
that FC was estimated from MC), but this is ac-
counted for by the high degree of functional redun-
dancy among sponge morphologies. In the present
study each of the functional traits assigned to sponges
were given equal weighting (for discussion on
weighting traits see Petchey & Gaston 2006), but some
are likely to be more important than others. Ranking
the ecological significance of different functional traits,

not only for sponges, is likely to be difficult and re-
mains a potential source of error in functional diver-
sity studies. Understanding the interactions between
functional traits and the loss of FD on ecosystem
functioning remains a challenging area of ecological
research. 
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