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INTRODUCTION

Sponges are an important component of hard sub-
stratum low intertidal and subtidal communities across
temperate, tropical and polar environments. Sponges
fulfill a wide range of ecological roles and therefore
make an important contribution to ecosystem function-
ing (Diaz & Rützler 2001, Wulff 2001, Bell 2007a,
2008). Many of the functional roles that sponges per-
form have been well documented, including bentho-
pelagic coupling (Goreau & Hartman 1966, Reiswig
1971), enhancement of coral survival by preventing the
access of excavating organisms to coral skeletons
(Goreau & Hartman 1966), mediating the regeneration
of physically damaged reefs by temporarily stabilising
carbonate rubble (Wulff & Buss 1979), bioerosion (Rüt-
zler 1975), nutrient recycling (Corredor et al. 1988),

facilitating primary production (Wilkinson 1983), habi-
tat provision (Ribeiro et al. 2003) and acting as a food
source for other organisms (Wulff 2006a). Despite the
recognition that sponges are important to coral reef
systems, far less is known about their roles in temper-
ate and polar habitats. Furthermore, in addition to the
roles described above there are other functional roles
that sponges perform that have been comparatively
poorly studied even though they have the potential to
influence community dynamics, population structuring
and ecosystem functioning.

In temperate regions sponges often occupy a large
amount of primary space, and although there is a
paucity of information on their ecological roles,
sponges are probably important in the provision of
habitat, bentho-pelagic coupling and spatial competi-
tion (see Bell 2008 for recent review; Bell & Barnes
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2003). Of particular interest is spatial competition, as
although sponges form a range of mutualistic relation-
ships, they are often one of the top inter-phyletic
spatial competitors (e.g. Bell & Barnes 2003, Wulff
2006a). This means sponges have the potential to influ-
ence community structure by out-competing other
organisms. Unfortunately, there are still comparatively
few studies of sponge spatial competition in temper-
ate regions, compared with tropical systems. Since
sponges rarely form mono-specific stands and there-
fore co-exist with a range of other organisms, mecha-
nisms must exist to prevent sponges from monopolis-
ing space. Sponges, being soft-bodied organisms, may
show greater susceptibility to physical damage from
either biological or physical forces than other organ-
isms, which may release organisms from competitive
interactions with sponges. Alternatively, organisms
may be released from competition with sponges during
periods of sponge tissue retraction. A number of tem-
perate sponges have been reported to exhibit season-
ally correlated growth dynamics (e.g. Stone 1970,
Barthel 1989) where the area occupied by sponges
and/or biomass decreases during autumn and winter.
Such decreases not only have the potential to release
organisms from competition with sponges, but can
also create space that can be subsequently colonised
by competitively inferior organisms. The mechanism
behind seasonal retraction of sponge tissue is poorly
understood, and it is unknown if this is an active pro-
cess controlled by the sponge (e.g. controlled tissue
retraction as result of reduced food or temperature) or
a passive process that the sponge has no control over
(e.g. from increased erosion/wave action).

Space is a fundamental limiting resource in most
rocky benthic marine habitats, meaning that the
majority of organisms will enter into either competitive
or cooperative interactions (Paine 1974). For the major-
ity of benthic communities multiple biological and
physical processes are thought to operate to prevent
the monopolisation of space by any superior competi-
tor, with maximum diversity theoretically occurring at
moderate levels of disturbance, according to the inter-
mediate disturbance hypothesis (IDH; Paine 1974,
Connell 1978, Sousa 1979). Importantly, not all studies
of the IDH have reported such relationships (e.g. Bell
& Carballo 2008). Disturbance may prevent space
monopolisation by competitively dominant species,
which has predominately been considered to be the
result of multiple physical processes (e.g. wave forces,
sedimentation and current flow), although biological
processes have also been implicated. Grazing and pre-
dation have been considered to be the primary biolog-
ical disturbance agents (Paine 1974, Connell 1978,
Ayling 1981), but other agents also exist such as dis-
ease (Ayling 1981) and growth/retraction processes.

Since sponges are (1) abundant in many intertidal and
shallow subtidal benthic habitats, (2) one of the top
spatial competitors and (3) often subject to seasonal
fluctuations in the space they occupy, I hypothesise
that sponges have the potential to act as a biological
disturbance agent over short temporal scales. There-
fore, sponge population variability has the potential to
be a source of disturbance (seasonal space creation),
and sponge population dynamics may be an important
structuring process for benthic communities. The
importance of the space freed when sponge tissues
retract will depend on whether the space created is
reoccupied by the sponge in the following year. This
will influence the degree to which other organisms
can utilise this space. The extent to which sponges
reoccupy the same space they have lost due to winter
tissue regression remains unknown and is a focus of
the present study.

I investigated the seasonal variability in spatial occu-
pation of the common temperate intertidal sponges,
Halichondria panicea (Pallas, 1976) and Hymeniacidon
perlevis (Montagu, 1818) as models to examine the eco-
logical role that sponges may play in disturbance and
space creation. The growth dynamics of these species
has been studied by several authors who have found
seasonally correlated growth patterns with increased
space occupation in the spring and summer and subse-
quent reductions during autumn and winter (Stone
1970, Barthel 1989, Bell & Barnes 2002). These species
have the potential to be an important source of biologi-
cal disturbance. The aims of the present study were to
(1) examine the spatial dynamics of H. panicea and H.
perlevis at 2 sites on the Welsh coast, (2) examine the
competitive ability of H. panicea and H. perlevis, (3) de-
termine the amount of seasonally created space re-
leased by sponges and (4) identify whether space that is
released during tissue contraction periods is used by
the same sponge in the following year or whether
colonising organisms can make use of this space.

MATERIALS AND METHODS

Study sites. The present study was conducted at 2
rocky shore sites on the west coast of Wales, north
of Aberystwyth. The first site was located at the
south end of Clarach Beach (52° 25’ 55.61” N,
04° 04’ 48.57” W), while the second site was located
ca. 6 km north of the first site (52° 28’ 47.12” N,
04° 03’ 08.57” W). Both sites are moderately exposed
intertidal rocky areas with typical northeast Atlantic
zonation patterns (Lewis 1964). The area consists of
reef platforms (90 to 100% bedrock), with many small
gullies and rockpools which support abundant sponge
populations on the very low shore. Intertidal sponge
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richness is low, although the sponges Halichondria
panicea and Hymeniacidon perlevis are abundant on
the lower shore. These species generally occur on the
lower shore of the 2 sites along with Ophlitaspongia
seriata (Grant, 1826), although H. perlevis generally
extends further up the shore than either H. panicea or
O. seriata.

Surveys of sponge abundance. Surveys were con-
ducted in January and September in 2004 and 2005 to
determine the overall abundance of sponges on the
lower shores of the 2 sites. The tidal height of the
sampled area was ca. 0 to 0.3 m above the low spring
tide mark, which is where the sponges are most abun-
dant. Three haphazardly placed 25 m transects were
laid out (perpendicular to the shoreline) at least 50 m
apart on the low shore at spring tide. The area occu-
pied by sponges was estimated by moving along each
transect with a 1 m2 divided quadrat (25 quadrats for
each transect, n = 75 in total for each site); 80 to 100%
of the area sampled was considered suitable sponge
habitat. For each quadrat I estimated the abundance
(percentage cover) of Halichondria panicea and
Hymeniacidon perlevis.

Sponge dynamics. Thirty individual sponge patches
of each species were monitored bi-monthly over a 2 yr
period between January 2004 and November 2005 at
each site. Sponges that were selected for monitoring
were all approximately the same size at the start of the
monitoring period (70 to 80 cm2 for Halichondria
panicea and 50 to 60 cm2 for Hymeniacidon perlevis).
The surface area of each sponge was estimated
monthly by taking digital photographs (with a known
size scale in each photograph). The area occupied was
calculated using the UTHSCSA ImageTool Version 3.
Each sponge was relocated using a detailed map con-
structed for the study areas and digital photographs.
No sponge patch selected for monitoring was closer
than 1 m from another patch, which reduced the poten-
tial for sampling clones. Fission and fusion events
occurred during the present study, although for the
purpose of the present study the total area occupied by
all fragments of the original sponge was combined to
estimate the total area occupied/remaining for each
sponge. The sponges (both species) used for monitor-
ing all had cushion morphologies (ca. 5 to 10 mm
thick), which are characteristic of this region.

Spatial interactions. I examined the spatial interac-
tions of the 30 sponges of each species that were mon-
itored (at each site) for population dynamics. The inter-
actions were recorded between May and September
each year when sponges increased the space they
occupied. Interactions were classified as (1) ‘over-
growth by the sponge’ where sponge tissue overgrew
a spatial competitor, including full or partial blocking
of the competitors’ feeding apparatus (resulting in

death), (2) ‘overgrowth of the sponge’ where more
than 5% of the sponge was overgrown and (3) ‘stand-
off’ where neither the sponge nor competitor increased
the space they occupied at the expense of the other.
Overgrowth of coralline algae patches were reported
as successful when at least 10% of the algal patch had
been overgrown.

Reoccupation of previously occupied space and
settlement of new organisms. Digital photographs of
each sponge specimen were used to examine the reoc-
cupation of previously occupied space. I measured the
area of rock that was occupied by each sponge in Sep-
tember 2004 and then how much of the same area of the
same rock was still occupied in September 2005 (after
tissue regression during the winter and subsequent tis-
sue growth in the summer). This was possible by tracing
digital photographs and then overlaying the sponge out-
lines from the different time periods. I also identified any
organisms that had settled in the newly available space
and examined their survival over the remainder of the
observation period (until November 2005).

Statistical analysis. A balanced 3-way generalised
linear model (GLM) analysis of variance (ANOVA) was
used to compare the total sponge abundance (overall
area occupied at the sites) between sites, seasons and
years. There were 3 fully orthogonal factors in the
analysis giving a 2 × 2 × 2 factorial design. As a factor
in the analysis, site indicated the location where sam-
pling took place and was considered as a random fac-
tor (2 levels). Season (fixed factor) indicated when
sampling took place (2 levels; January and Septem-
ber). Year (random factor) referred to the year that
sampling took place (2 levels; 2004 and 2005). Plots
were constructed to examine changes in the mean
sponge patch size over time. Minitab Version 13 was
used for the analysis.

RESULTS

Sponge abundance and population dynamics

A 3-way GLM ANOVA (data were square-root trans-
formed to achieve normality; equal variance was
determined using Levene’s test) showed the overall
abundance of sponges on the lower shore at the 2 sites
differed significantly between January and September
(F1, 592 < 29.2, p < 0.05) in both years but not between
years or sites (F1,592 < 1.39, p > 0.05). Overall sponge
abundance increased from 3.2% (±SE = 1.1) cover in
January to 9.1% (±SE = 2.1) cover in September for
Hymeniacidon perlevis and from 4.4% (±SE = 1.2)
cover in January to 9.6% (±SE = 2.0) in September for
Halichondria panicea (Fig. 1). There were no signifi-
cant interaction terms.
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The area occupied by the 30 original specimens of
Halichondria panicea and Hymeniacidon perlevis
monitored over the study period varied considerably
through time, although patterns were similar for both
species (Fig. 2; data combined for both sites). Some
monitored sponges suffered complete mortality
(defined as the complete loss of all sponge tissue irre-
spective of whether or not it had fragmented) during
the study period, with 4 specimens of H. panicea (2 at
each site) and 3 specimens of H. perlevis (1 at site 1
and 2 at site 2) dying over the study period. There was
no apparent pattern in the mortality, although all
sponges died during 2005 (Fig. 2). In all cases the mor-
tality was very quick, and there were no signs of
unusual shrinkage or disease the month before they
died. The area occupied by both species increased
between March and September with subsequent
declines in the area occupied between September and
March; there were similar patterns for both species.

Spatial interactions

Both Halichondria panicea and Hymeniacidon per-
levis were aggressive spatial competitors, and both
species overgrew most organisms they encountered
during growth periods (Fig. 3; data combined for both
sites). Both species overgrew most barnacles (predom-
inately Semibalanus balanoides but also Chthalamus
spp.), serpulids, coralline algae and bryozoans they
encountered, with only a few individuals of each of

these groups not being overgrown; once overgrown
the apertures were covered and they died. None of
these species overgrew the sponges. H. panicea
patches were involved in some interactions (14 in total)
with H. perlevis, which in all cases resulted in H. pan-
icea overgrowing the tissue of H. perlevis. In these
interactions the losing sponges persisted beneath the
tissue of H. panicea with no obvious negative impacts
on either sponge. Sponges were commonly overgrown
by ascidians, although in some interactions sponges
were able to overgrow ascidians.

Sponges commonly interacted with macroalgae (n =
101 and 134 for Halichondria panicea and Hymenia-
cidon perlevis, respectively), although the nature of
these interactions were difficult to classify as both spe-
cies tended to grow around the algae or over the hold-
fasts and became incorporated into the sponge patch
with no obvious negative or positive effects for the
sponge or algae.
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Reoccupation of previously 
occupied space

In all cases the sponge patches that
were monitored over the 2 yr period
increased in size over the spring and
summer months and decreased in size
during autumn and winter (Fig. 2).
When the actual area of rock occupied
by the sponge patches was compared
in 2004 and 2005, it was apparent that
although sponge patches in 2005 gen-
erally grew at least as large as patches
in 2004, they did not necessarily re-
occupy the same specific rock space.
So sponge contraction and then re-
growth does not uniformly occur at the

edges of the sponges. Estimations (excluding those
specimens which died over the study period) of how
much space that was occupied in September 2004 and
not reoccupied by the sponges during September 2005
were 23% (±SE 1.7) and 19% (±SE 2.7) for Halichon-
dria panicea and Hymeniacidon perlevis, respectively.
Furthermore, in the cases of the sponges that died over
the course of the study, 100% of the space they occu-
pied was released to other organisms.

Table 1 shows the organisms settling or increasing
in size to occupy the space previously occupied by
sponges in 2004, which was released during sponge
tissue contraction over the 2004/2005 winter. Bar-
nacles were the primary organisms (n = 250 and 330
for Halichondria panicea and Hymeniacidon perlevis,
respectively) that settled in the area that was not reoc-
cupied by sponges during 2005, with most settlement
occurring between April and May (90%). Serpulids,
other annelids and several bryozoans also settled in
the newly released space. The majority of these indi-
viduals survived from the time of settlement until the
end of the observation period in November 2005 (when
sponges were again entering contraction periods).

DISCUSSION

I found that Halichondria panicea and Hymeniaci-
don perlevis showed marked seasonal growth during
spring and summer periods, followed by periods of tis-
sue regression during the autumn and winter. This is
consistent with previous studies of sponge population
dynamics (e.g. Stone 1970, Barthel 1989, Bell & Barnes
2002, Koopmans & Wijffels 2008). During periods of
growth both species overgrew (and killed) the majority
of organisms they came into contact with, although
space was freed during seasonal contraction. This
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Group H. perlevis H. panicea
Settlers Proportion Settlers Proportion

surviving (%) surviving (%)

Individuals settling (n)
Serpulids 26 90 41 81
Other annelids 12 100 1 100
Barnacles 222 88 313 76
Bryozoans (colonies) 4 50 1 100
Macroalgae 22 77 31 58

Space occupied (%)
Porifera 3 100 2 100
Coralline algae 9 100 5 100

Table 1. Hymeniacidon perlevis and Halichondria panicea. Organisms that colo-
nised the space that became available during the contraction of sponge tissue
that was not reoccupied by the sponge. The proportion of colonising organisms
surviving until the end of the observation period (November 2005) is also shown
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freed space was subsequently colonised by most of the
organisms that were overgrown by sponges. Impor-
tantly, sponges did not necessarily occupy the same
area of rock as they did in the previous year, and
growth did not occur uniformly at the edges of sponge
patches. This allowed competitively inferior species to
persist. On the basis that these 2 species are strong
spatial competitors that occupy ca. 18% of suitable
sponge habitat (80 to 100%) on the local low-tide area
(both species combined), and that they only reoccupy
ca. 80% of the space they occupied in the previous
year, I have demonstrated that sponges do act as
agents of biological disturbance at the site level with
an annual turnover of ca. 3 to 4% of the lower shore
space. This pattern of contraction and expansion is
most likely being driven by regional-scale seasonality
related parameters including temperature and food
availability. A conceptual diagram illustrating the role
of sponges as agents of biological disturbance is shown
in Fig. 4. The abundance of sponges on the shores at
the 2 sites used in the present study may be higher
than other areas throughout these species’ ranges
(pers. obs.); however, even in areas with a much lower
area occupied by sponges than reported here (e.g.
5%), turnover rates are still likely to be 1% annually.
In subtidal environments where sponges are often very
abundant (>50% in some places in the UK), these rates
may be much higher. These figures only refer to the
lower shore (0 to 0.3 m above low-water spring tide
mark) intertidal communities, although both Halichon-
dria panicea and Hymeniacidon perlevis are abundant
in the shallow subtidal environments at the study sites.

Temporal sponge variability and sponges as agents
of disturbance

Disturbance is widely recognised as a fundamental
process structuring biological communities, with the
level of disturbance predicted to strongly influence spe-
cies diversity (Connell 1978). Biological disturbance has
been primarily associated with predation, grazing and
disease (Paine 1974, Ayling 1981, Wulff 2006b), but the
present study has demonstrated how other processes
may act locally as agents of disturbance.

Early research on sponge assemblages considered
them to be temporarily stable (Pansini & Pronzato 1990,
Pronzato & Manconi 1995, Garrabou & Zabala 2001,
Corriero et al. 2007). More recently, several authors
have described how entire sponge assemblages can be
variable over seasonal and annual scales (Bell et al.
2006, Wulff 2006b, Carballo et al. 2008) and that many
sponge assemblages may be more dynamic than previ-
ously thought. There are in fact a number of other sin-
gle and multi-species studies that have demonstrated
seasonal growth and regression patterns (e.g. Stone
1970, Fell & Lewandrowski 1981, Duckworth & Batter-
shill 2001, Koopmans & Wijffels 2008), while other au-
thors have also reported fast sponge growth rates (e.g.
Reiswig 1973, Wilkinson & Cheshire 1988, Osinga et al.
1999). The evidence for fast growth (or even in the case
of slow growth) coupled with seasonal retraction, pre-
dation, disease or disturbance-related mortality (e.g.
through wave action) means the role of sponges as
local-scale agents of biological disturbance may be an
important structuring process.

The process of growth and regression of tissues may
not be restricted to sponges, as other important com-
petitors, particularly ascidians, may also show seasonal
variation in spatial coverage, although not necessarily
showing the same patterns as sponges. For example,
Turon & Becerro (1992) found that several species of
ascidian in the northwest Mediterranean showed sea-
sonal patterns of growth; however, the pattern of
expansion and contraction of tissue showed the
reverse patterns to sponges, with increased spatial
occupation occurring during winter months.

Population dynamics of Halichondria panicea and
Hymeniacidon perlevis

The population dynamics and growth patterns of
Halichondria panicea and Hymeniacidon perlevis may
be explained by a number of potential mechanisms. I
propose that seasonal variation in the availability of
nutrients and/or temperature is the primary explana-
tion for tissue retraction/loss for these 2 sponge spe-
cies, which is consistent with explanations provided by
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previous authors (Stone 1970, Fell & Lewandrowski
1981, Duckworth & Battershill 2001, Garrabou &
Zabala 2001). It has been suggested that periods of
tissue retraction may be related to higher energy
requirements of sponges compared to other animal
groups (Thomassen & Riisgård 1995). There are, how-
ever, still no studies that have experimentally in-
vestigated the hypothesis that seasonal change in
temperature and/or nutrient/food availability are pri-
marily responsible for seasonal changes in temperate
sponges; this is currently a focus of my ongoing
research. Furthermore, it remains unknown if the pro-
cess of tissue retraction is an active response by the
sponges to less favourable environmental conditions.

There are also other likely potential sources of pas-
sive partial tissue loss that could explain the results of
the present study including predation (Knowlton &
Highsmith 2000, 2005), disease (see Webster 2007 for
recent review) and physical disturbance. The dorid
nudibranch Archidoris pseudoargus is known to feed
on Halichondria panicea (Picton & Morrow 1994),
although these were rarely found (4 in total) on
sponges when conducting the abundance surveys in
March and September. There is no evidence that
sponge predation varies seasonally. Generally, nudi-
branch predation is only thought to cause partial
sponge mortality. Previous research on H. panicea has
shown that sponges regenerate following wounding
within ca. 4 wk (Knowlton & Highsmith 2005). There
is no current information on specific predators of
Hymeniacidon perlevis. Although in most cases preda-
tion is only considered to cause partial sponge mortal-
ity, in Alaska Knowlton & Highsmith (2000) found the
overall abundance of H. panicea can be controlled and
even eliminated by nudibranch predation (from 50%
cover to 0%). Such large-scale predation has the
potential to free up a large amount of space and
release a range of organisms from sponge competition,
potentially changing overall community structure
(Knowlton & Highsmith 2000).

Although reports of sponge disease are thought to be
increasing, the current data does not necessarily sug-
gest that prevalence is on the increase (Wulff 2007). To
my knowledge, there have been no specific reports of
natural sponge disease in either of the species exam-
ined in the present study, although increased bacterial
populations have been induced in the laboratory on
Halichondria panicea, which were correlated with in-
creased temperature and decreased flow rates (Hum-
mel et al. 1988). Since these conditions would be
expected during summer months, it does not explain
my results, as summer was when sponge tissue growth
occurred and temperatures are the highest.

Increased physical disturbance has been reported to
cause changes in sponge tissues (e.g. Palumbi 1984),

with the degree of wave action being found to influ-
ence macro (gross shape) and micro (spicule) sponge
morphology, with more energy being devoted to inor-
ganic structural components in higher energy environ-
ments or conditions. Increased wave action (un-quanti-
fied) occurs at both sampling sites during winter
months (November to March), as they are typical of
Atlantic coast rocky shore communities (pers. obs.). It
is therefore possible that tissue rearrangement may
occur with greater investment in structural compo-
nents during winter months or that reducing size
makes the sponge more resistant to increased wave
action (e.g. drag). Finally, there have also been other
reports that seasonal patterns in the area occupied by
sponges may be related to reproductive activity, as
resources are diverted from somatic tissue to reproduc-
tive output (Tanaka 2002), although it seems unlikely
that this would explain the patterns I report since
reproduction occurs during spring and summer for
these species.

The mortality rates reported for Halichondria pan-
icea and Hymeniacidon perlevis in the present study
were low (14% over 2 yr). Fish & Fish (1996) suggested
that H. panicea lives for ca. 3 yr; however, evidence
from the present study does not support this estimate.
Since I reported only ca. 7% sponge mortality a year,
this suggests that H. panicea may live for over 15 yr.
There are no current estimates for the longevity of H.
perlevis, but my study suggests that, like H. panicea,
patches may also persist for more than 15 yr. I used
sponges that were all similar sizes at the start of the
monitoring period, and the age of the sponges prior to
the start of the experiment was unknown. Research by
Barthel (1989) showed that different-aged H. panicea
patches grew at different rates, which may explain the
high levels of variability between individuals, although
this might also be explained by local-scale (metres)
environmental variability (e.g. light and flow regime).

Intertidal sponge spatial competition

Halichondria panicea and Hymeniacidon perlevis
are aggressive spatial competitors with the ability to
overgrow a range of other species including calcareous
algae, annelids, bryozoans, ascidians and barnacles.
During the present study I reported intra-phyletic spa-
tial interactions between the 2 sponge species, and in
all cases H. panicea overgrew H. perlevis, although in
all of these interactions the overgrown sponge per-
sisted beneath the overgrowing species. The nature of
the relationship between these 2 sponge species
remains unclear, although both seem to have similar
competitive ability relative to other encrusting inter-
tidal species. There have been relatively few studies of
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competitive ability of temperate sponges (but see
Ayling 1983, Bell & Barnes 2003). Ayling (1983)
reported sponge–sponge overgrowths, similar to those
described here, without any apparent negative effects
on the overgrown sponge in a study of subtidal New
Zealand sponge assemblages over a 9 mo period, sug-
gesting this may be a defensive mechanism to main-
tain existing occupied space rather than an aggressive
interaction to gain more space. Bell & Barnes (2003)
reported a large number of apparent overgrowths by
sponges of other sponges in a study at Lough Hyne,
Ireland, where once again the underlying sponges
appeared to persist. The nature of such interactions
must come at an energetic cost for the sponge that is
overgrown, since it is unlikely to be able to pump
water as effectively as uncovered areas of the sponge.
The inter-phyletic interactions of H. panicea and H.
perlevis support the results of Bell & Barnes (2003),
demonstrating that sponges are one of the top spatial
competitors in temperate ecosystems, being over-
grown only by ascidians, although their interactions
with algae remain controversial (see Bell 2007b).
Despite increasing information on temperate sponge
competition there is still considerably less information
on their competitive ability compared with tropical
sponges.

CONCLUSIONS

The present study demonstrates that sponges can act
as important agents of biological disturbance with the
2 species examined in the present study having the
ability to turnover space at the rate of 3 to 4% of the
lower shore per annum. The widespread nature of
sponges in benthic marine environments, coupled with
the short temporal stability reported in many sponge
species and assemblages, means this functional role
may have been underestimated.
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