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Abstract: Freshwater sponges in the Great Lakes - St. Lawrence River system overgrow and kill 
introduced zebra (Dreissena pulymorpkza) and quagga mussels (DreisLse?aa bugerasis) on solid 
substrates. Sponges overgrow and smother mussel siphons, thereby interfering with normal 
feeding and respiration. We tested the significance of sponge-enhanced mussel mortality by 
repeated sampling at several sites where both organisms were abundant in the upper St. Lawrence 
River and on an artificial reef in central Lake Erie. A small proportion ( ~ 1 0 % )  of the dreissenid 
population at each site was overgrown by sponge. Mussel colonies that were completely 
overgrown for 1 or more months invariably contained a significantly greater proportion of dead 
mussels than local uncovered populations. Mussels that survived prolonged periods (4-6 months) 
of overgrowth suffered significant tissue weight losses. Laboratory experiments and field 
observations suggest that dreissenids are not able to colonize sponges; therefore, sponges should 
always dominate competitive overgrowth situations. The overall impact of sponges on dreissenid 
populations in the Great Lakes - St. Lawrence River system will probably be negligible because 
of the high rate of mussel recruitment and the environmental constraints on sponge growth; 
however, our results suggest that sponges may control mussel abundance locally. 

RCsumC : Dans le rCseau du fleuve Saint-Laurent et des Grands Lacs, des Cponges d'eau douee 
recouvrent et tuent les bivalves introduits que sont la mode zCbrCe (Dreissena polymorpha) et la 
moule couagga (Dreissena bugensis) sur des substrats solides. Les Cponges recouvrent et obstruent 
les siphons des moules, nuisant ainsi B leur alimentation et B leur respiration. Nous awns mesure 
I'irnportance de la mortalit6 des moules due aux Cponges B l'aide d'Cchantillonnages rCpCtks ii 
plusieurs sites du fleuve Saint-Laurent et sur un rCcif artificiel du lac Brie, 06 ces deux srganismes 
Ctaient abondants. Une petite proportion (moins de 18%) de la population de dreissCnidCs de chaque 
site Ctait recouverte par les Cponges. Les colonies de rnoules qui 6taient complktement recouvertes 
pendant 1 ou plusieurs mois contenaient invariablement bane proportion significativement plus ClevCe 
de moules mortes que les populations locales non recouvenbes. Les moules qui ont survCcu i des 
pCriodes de recouvrement prolongkes (4-6 mois) presentaient des diminutions significatives de 
poids des tissus. Des exp5riences en laboratoire et des observation in situ suggkrent que les 
dreissknidks ne sont pas capables de coloniser les Cponges; par conskquent, les Cponges devraient 
toujours 19emporter dans les situations de compCtition pour le recouvrement. L'impact global des 
kponges sur les populations de dreissCnidCs du rkseau du fleuve Saint-Laurent et des Grands Lacs 
sera probablernent nkgligeable B cause du fort taux de recruternent des moules et des contraintes 
environnernentales limitant la croissance des Cponges; toutefois, nos rksultats suggkrent que les 
Cponges pourraient limiter localement I'abondance des moules. 
['Pkaduit par la Redaction] 
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Introduction 

It is well documented that competition for space signifi- 
cantly affects the abundance and distribution of sessile 
organisms in marine rocky intertidal habitats and reef 
environments (Connell 196 1 ; Dayton 197 1 ; Paine 1974; 
Jackson 1977; Russ 1982; Quinn 1982; Hirata 1987). By 
contrast, competitive interactions among organisms that 
occupy hard substrates in freshwater systems have only 
recently gained attention (e.g., McAuliffe 1984; Lancaster 
et al. 1988; Hemphill 1988; Dudley et al. 1996)). Prior to 
the introduction of the European zebra mussel (Dreissena 
polymorpha) to the Great Lakes in the mid-1980s (Hebert 
et al. 1989), macrofouling organisms were not promi- 
nent and rarely had ecological or economic impacts in 
North American freshwater habitats (but see Tenney and 
Woolcott 1964; Frost 1978; Greenland et al. 1988). Zebra 
mussel are dominant competitors for space on hard sub- 
strates in the Great Lakes - St. Lawrence River system, 
where they occur in densities of up to iO'lm2 and are a 
significant component of the benthos (Leach 1993; Gkffiths 
1993; Dermott et al. 1993; A. Ricciardi, personal sbser- 
vations). A second species of Dreissena introduced to the 
Great Lakes - St. Lawrence River system, the quagga mus- 
sel (Breissencr bugensis), also contributes t s  dreissenid 
encrustation on solid surfaces, but to a much smaller 
degree because it is less abundant in shallow waters (Mills 
et al. 1993; Dermott and Munawar 1993). 

Byssally attached dreissenid mussels compete for space 
on a wide variety of substrates, including the exposed 
shells of native unionid bivalves. Massive dreissenid encms- 
tations kill unionids by smothering their siphons and pre- 
venting normal feeding and respiration (Haag et al. 1993) 
and may thus cause severe local reductions in unionid 
abundance and species richness (Gillis and Mackie 1994). 
Dreissenid mussel beds have altered the surficid structure 
s f  reefs that are used as spawning areas by sport fishes 
in the Great Lakes, but negative impacts on spawning have 
not been observed (Leach 1993). These mussel beds provide 
interstitial habitat and refugia for smaller invertebrates 
(Dermott et al. 1993; Griffiths 1993; Ricciardi 1994), but 
may displace other epibenthic fauna such as large graz- 
ing snails (Dusoge 1966) and net-spinning caddisfly lar- 
vae (A. Wicciardi, personal observations). 

There are very few documented cases of spatial com- 
petition between the zebra mussel and other benthic fauna 
in which the mussel is outcompeted. Conn and Conn (1993) 
found a cluster of adult zebra mussels overgrown and killed 
by the bryozoan Pectinatella magnb'$ica in a tributary of 
the St. Lawrence River, but this interaction has not yet 
been observed at other localities in the St. Lawrence where 
both species are common, despite intensive sampling 
(A. Ricciardi, personal observation). In Europe, the filter- 
feeding amphipod Corophiurn curvkspinurn builds muddy 
tubes that foul zebra mussel and render hard substrata 
unsuitable for their settling larvae; consequently, the inva- 
sion of the Whine River by G. curvispinum has precipi- 
tated a substantial decline in the resident zebra mussel 
population (Van den Brink et al. 1991 ; Van der Velde et al. 
1994). Sebestyen (1938) reported the rapid overgrowth and 
subsequent death of zebra mussel colonies by freshwater 

sponges in Lake Balatsn (Hungary), a competitive inter- 
action similar to that which occurs between encrusting 
sponges and epifaunal bivalves in marine coastal habitats 
(Pequegnat 1964; Jackson 1977; Hirata 1987; Perera et al. 
4990). These examples suggest that encrustation by dreis- 
senids is not necessarily a terminal condition for hard sub- 
strata in freshwater habitats. 

In this study, we report the first case of a native organ- 
ism (freshwater sponge) consistently outcsmpeting Dr-eis- 
sena for solid substrate in North American aquatic habitats. 
To assess the potential for freshwater sponges to control 
dreissenid abundance, we examined the frequency and 
impact of sponge overgrowth on zebra and quagga mus- 
sels at selected sites in the Great Lakes - St. Lawrence 
River system. For the purposes of this study, we define 
overgrowth as sponge growth resulting in the complete 
occlusion of mussel siphons. 

Using self-contained underwater breathing apparatus 
(SCUBA), we examined substrates at a total of seven sites 
where both sponges and dreissenids were abundant. Six 
sites were located on the upper St. Lawrence Wiver near 
the Island of Montrkal: Lake St. Louis (45"24'N, 73"42'W), 
two sites on Lake St. Frangois (outflow of the Raisin Wiver, 
45"1O1N9 74"50rW7 and a small bay at Les Ciklres, 45"18'N, 
74"03'W), the Lachine Canal (45"26'N, 73"40PW), and 
two sections of the Soulanges Canal ("east9? and "west," 
ca. 45"20fN, 73"58'8%7). The remaining site was an artifi- 
cial concrete reef in the central basin of Lake Erie near 
Lorain, Ohio (41"28'N, 82O12'W). These were selected 
on the basis of preliminary observations of sponge over- 
growth and previous surveys which showed that sponges 
and dreissenid mussels contributed substantially (sponges 
5-60%, mussels >40%) to benthic invertebrate biomass at 
each site (unpublished data). To examine the frequency s f  
occurrence of sponges on the shells of living dreissenids, 
random samples of 280 mussels were scraped from rocks 
at 1-2 m depths in Lake St. Louis and from the walls 
(at 4 2  m depths) of the Lachine Canal; these two sites had 
the highest sponge biomass per unit area among all 
St. Lawrence River sites. 

To examine the effect of sponge overgrowth on mus- 
sel mortality, we collected samples from the St. Lawrence 
fiver sites (in conjunction with other studies) from May to 
October 1992-1994, by SCUBA and wading. Samples from 
the Lorain artificial reef in Lake Erie were collected in 
August and September of 1993 and 1994 at 6-8 m depths 
using SCUBA. At each site, dense sponge growths were 
probed and scraped with a knife to determine if they cov- 
ered mussels. Sponge colonies were generally probed near 
their center, where colony growth was oldest and thick- 
est. Sponge-covered mussels were brought to the surface, 
removed from the sponge, and examined for signs of vital- 
ity. The number of empty shells covered by sponge was 
recorded, whereas the remaining mussels were left undis- 
turbed on an enamel tray for several seconds and watched 
for emersion response. Under most conditions, dreissenids 
gape slightly when emersed but will shut their valves 
quickly when disturbed (Ricciardi et  al. 1995). If no 
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Table 1. Frequency sf occurrence sf freshwater sponges on 
dreissenid mussels (n = 200) randomly collected from the 
Lachine Canal and Lake St. Louis. 

- 

Lachine Lake 
Canal St. Louis 

Sponge species No. % No. % 

Proportion sf naussels with 
one or more sponge epibionts 65 32.5 3 1 15.5 

Table 2. Frequency of oeeumence of sponges involved 
in overgrowth situations at Lake Erie and St. Lawrence 
River sites. 

By samplea By site" 

Sponge species No. % No. % 

"The number of sampled sponge colonies found overgrowing 
mussels. 

b ~ h e  number of sites in which these samples were collected. 

response was observed after several seconds, we attempted 
to lightly pry open the shells with a scalpel, and judged 
valve resistance to indicate whether the mussel was alive. 
Nonencrusted mussels in the vicinity of overgrown speci- 
mens were also collected. Using a Yates-corrected chi- 
square contingency test (Zar 1984), we compared the mor- 
tality (indicated by the proportion of dead mussels in a 
population) of dreissenids covered by sponge with that of 
uncovered dreissenids occupying the same substrate or 
similar local substrates. Sponge samples were preserved 
in 70% ethanol and later identified following Wicciardi 
and Reiswig (1993). 

Sponge-covered mussels found alive in October 1994 
in the Lachine Canal (the site where overgrowth was most 
extensive) were taken to the laboratory within 2 h of col- 
lection. Their tissues were removed with a scalpel, stored 
in a freezer at -28°C for at least 24 h, and then dried for 
48 h at -50°C using a Labconco model 45 freeze drier; 
after drying, the tissues were weighed to the nearest mil- 
ligram on an electronic balance. Dry tissue weights were 
similarly determined for a random sample of 30 uncov- 
ered (control) mussels occupying the same substrate as 
the sponge-covered mussels. Shell length - dry tissue 
weight (log,, transformed) regressions were constructed 
for sponge-covered and control mussels, and these regres- 
sion equations were compared by analysis of covariance 
(ANCOVA) using SAS procedures (SAS Institute Inc. 1988). 

Mechanisms of sponge overgrowth were examined by 
repeated sampling over the spring, summer, and autumn 
of 1994 at particular sites in the St. Lawrence River, and by 
comparing images of mussel-covered substrate on the 
Lorain artificial reef between 1992 and 1993 using under- 
water VHS video operated by SCUBA divers. 

Dreissenids colonize an immense variety of substrates, 
including soft substrates such as algal filaments, mud, silt, 
and sand (Kuchina 1964; Lyakhov and Mikheev 1964; 
Hunter and Bailey 1992; Maslowski 1992; Dermstt and 
Munawar 1993; A. Ricciardi, personal observations). We 
thus, a priori, considered it likely that they may attach to, 
and subsequently overgrow, freshwater sponges. To inves- 
tigate this possibility, we tested the tendency of dreissenids 
to attach byssally to sponges in the laboratory and in field 

situations. In the laboratory, three sponge colonies (each 
approximately 80 cm2 in area and 1-2 cm in thickness) 
and an assortment of alternative substrates (limestone 
rocks and unionid shells) were placed in each of three 
32-L aquaria with aerated water maintained at an ambi- 
ent laboratory temperature of 20°C. Colonies of the sponges 
Eghydatia rnuekleri, Sgolmgilka kacustris, and Eunapius 
fragdis were scraped from the walls of the Lachine Canal 
and transported in plastic bags to the laboratory for these 
experiments. Zebra mussels belonging to three age-classes 
(determined from length-frequency distributions of sum- 
mer populations in the Lachine Canal) were carefully 
placed on each sponge; each sponge thus served as initial 
substrate for three young-of-the-year mussels (5-18 rnm 
length), three 1-year-old mussels (15-20 mm length), and 
one 2-year-old mussel (25-29 mm length). Similar mix- 
tures of mussels were placed on the other objects in the 
aquaria, and acted as controls. The aquaria were inspected 
every day for up to a week to determine if the mussels 
had attached to the sponges or translocated to new sub- 
strates. The sponge colonies remained intact and healthy for 
the duration of these experiments. A similar series of exper- 
iments using quagga mussels was run simultaneously. 

Results and discussion 

Frequency of sponge growth on dreissenids 
Five of the seven species of freshwater sponge known to 
occur in the Great Lakes - St. Lawrence River system 
(Gee 1937; Lukasiewicz 1978; Riccia-di and Weiswig 1993) 
were found growing on the shells of Hiving zebra and 
quagga mussels collected in this study. The majority of 
these species were found at Lake St. Louis and the Lachine 
Canal (Table I) ,  where sponges covered up to 25 and 
55%,  respectively, of available hard substrate at 0-2 rn 
depths. By contrast, only three species (Eunapius fmg ilis, 
Eghydatia muelleri, and Spongikkw lacustris) were involved 
in overgrowth situations; these were the only species m o n g  
the seven found to produce massive, spreading colonies 
(often larger than 1 cm thickness and 100 cm2 area) that 
completely covered the largest mussels. Elanwpius fragilis 
occurred more frequently on dreissenids (Table I), and 
was involved in more overgrowth situations (Table 21, than 
any other species. 
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Table 3. Mean percentages of dead mussels in sponge-covered and control (uncovered) 
populations in the Great Lakes - St. Lawrence Wiver system. 

Dead mussels 

Sponge-covered Control 

Site 96 No. % No. Chi-square 

Lachine Canal 57.4 39/68 6.3 5/80 43.5 
Lake St. Louis 75.8 75/99 17.3 1 4 8  1 58.6 
Soulanges Canal 

East site 75.0 27/36 13.8 11/80 39.5 
West site 61.1 22/36 15 .$ 3/20 9.27 

Lake St. Franpis 
Raisin River outflow 82.4 14/17 6.7 2/30 24.4 
Les Ckdres 100 11/18 0 $116 23.0 

Lake Erie (Lorain reef) 39. % 9/2 3 2.5 1 /40 12.1 

Note: All chi-square statistics are significant ( p  < 0.0005). 

We observed sponge overgrowth of dreissenid mussels 
on stones, cobbles, pier pilings, wood timbers, concrete 
walls, unionid shells, and macrophytes (Elodea canadensis 
and Myrispkeykkedm spicatusn). In the upper St. Lawrence 
River, dreissenids were overgrown as early as May (at 
water temperatures near 10°C) and remained covered for 
up to 6 months; sponges subsequently degenerated in 
Bate autumn. Overgrowth occurred by two mechanisms: 
(i) rapidly spreading sponge colonies grew laterally from 
adjacent substrate onto byssally attached zebra mussels, 
and (ki) conspecific sponge larvae settled on dreissenid 
shells and established pioneer colonies that grew over the 
mussel individually, or by fusing with other colonies to 
rapidly form a confluent mat over the mussel. In either 
case, certain sponge colonies produced an adherent patch 
of gemmules (overwintering structures) in the autumn that 
formed a new colony on the mussel in the following year. 
Mussels (if they survived) were thus subject to annual 
overgrowth from successive generations of sponge. The 
first mechanism of overgrowth was observed at all sites, 
whereas the second mechanism was observed primarily in 
areas where mussel coverage of the substrate was extensive 
(e.g., Soulanges Canal and Lake Erie). A comparison of 
substrate images made over a 2-year period using under- 
water video showed larval-derived sponges (primarily 
Eunapius fragilks) spreading and forming confluent patches 
over zebra mussel beds on the Lorain reef in Lake Erie. 
This type of overgrowth probably also occurred in Lake 
Balaton, where sponges colonized dense zebra mussel beds 
soon after the mussel became established in the lake 
(Sebestyen 1938). Dreissenid mussels apparently have no 
mechanism to prevent fouling overgrowth, but their high 
recruitment rate (Sprung 1998), tendency to aggregate in 
large  lumbers (Wiktor 1963; Stanczykowska B977), and 
ability to exploit a wide range of substrata (Stanczykowska 
B 977; A. Wicciardi, personal observations), appears to give 
them a compensatory advantage in spatial competition. 
While overgrowth by sponge was observed at each of our 
sites, only a small proportion of the dreissenid population 
( ~ 1 0 %  at all sites) was affected. At some sites, however, a 

larger proportion of the population (e.g., 33% at the Lachine 
Canal; Table 1) bore sponge tissues or gemmules on their 
shells; thus, the potential for overgrowth at these sites was 
higher than what was observed during our study. 

Lethal effects of overgrowth 
At every site, dreissenid colonies that had been overgrown 
by sponges for 1 or more months contained a higher pro- 
portion of dead mussels than the local uncovered popula- 
tion (Table 3). The proportion sf dead mussels in colonies 
overgrown for 4-6 months was higher than in colonies 
overgrown for 1-3 months (chi-square test, p < 0.005). 
From 38.5 to 61.1% (mean 49.9%) of sponge-covered 
(overgrown) mussels were dead after 1-3 months, whereas 
39.1-180% (mean 78.7%) were dead after 4-4 months 
(Fig. I). Of a total of 290 sponge-covered mussels exam- 
ined in this study, 19'7 (67.9%) were found dead. Shell 
lengths (log,,, transformed) of living and dead mussels 
overgrown by sponge were not significantly different ( t  test, 
p > 0.05), nor was there a difference between proportions 
of dead zebra mussels and dead quaggas (chi-square test, 
p > 0.20). 

The large percentage of dead mussels found overgrown 
by sponges on substrate otherwise covered with clusters 
of healthy zebra mussels is compelling evidence of enhanced 
mortality. We considered that, if most dead shells imme- 
diately fall away fmm their substrates, the encapsulation of 
mussels by sponges may bias the mortality of overgrown 
mussels relative to uncovered mussel populations over 
time by retaining shells long after the mussels have died. 
However, our observations suggest that this is not a factor 
because dead shells usually remain bound by the byssal 
threads s f  neighbouring mussels within a cluster. Further- 
more, we could easily distinguish recently dead mussels 
by their shell integrity and the quality of the periostracum. 

Sublethal effects of overgrowth: tissue degrowth 
We hypothesized that prolonged overgrowth would result 
in tissue weight loss because of metabolic stress. We there- 
fore compared the dry tissue weights of mussels covered by 
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Pig. I. Proportion s f  dead mussels (with standard error 
bars) in sponge-covered (SPONGE) populations versus 
neighbouring uncovered (CTRL) populations, after 1-3 
and 4-6 months of overgrowth, respectively. 

SPONGE CTWL SPONGE CTWL 

-TREA-rlaAENP 

sponge for approximately 5 months with those of uncovered 
(control) mussels in the Lachine Canal (Fig. 2). The rela- 
tionship between dry tissue weight (BTW, in milligrams) 
and shell length (E, in millimetres) was described by the fol- 
lowing allometric exponential equations for sponge-covered 
(eq. 1) and control mussels (eq. 2), respectively: 

[ I ]  BTW = 0.00611 X &2.S09 

These two classes sf mussels had different dry weight - 
shell length relationships (ANCBVA using loglo transfor- 
mations of both equations, F = 112.2, p < 0.0001). Sponge- 
covered mussels (eq. 1) had lower tissue weights per unit 
shell length than control mussels (eq. 2), suggesting that 
they suffered nutritional stress zs a result of overgrowth. The 
mean percent weight loss for these mussels was 43%. 

Weight losses in zebra mussels have previously been 
attributed to, among other causes, intraspecific csmpeti- 
tion. Zebra mussels from high-density populations in lakes 
tend to have a Bower dry tissue weight per unit shell length 
than mussels from low-density populatisns (Stanczykowska 
1979; Nalepa et al. 1993). It seems likely that iaaterfer- 
ence competition from other suspension feeders would 
produce a similar effect. Furthermore, because sponges 
filter particles as small as bacteria (Frost 1980n), sponge 
overgrowth may negatively affect mussel fecundity by 
limiting food availability to the mussels (Sprung and 
Borcherding 199 1 ; Borcherding 1995). Sponge overgrowth 
may also physically interfere with gamete release. These 
effects may have a greater impact on local mussel densi- 
ties than mortality, and deserve further study. 

Fig. 2. Relationships between dry tissue weight and shell 
length for sponge-covered and control mussels from the 
Lachine Canal. See text for regression equations. 

10 2 8 30 

MUSSEL SHELL LENGTH (nm)  

Can dreissenids overgrow sponges? 
Zebra and quagga mussels placed on sponge colonies in 
laboratory aquaria failed to lay down byssal threads, even 
after several days, although greater than 90% sf  the mus- 
sels on other objects in the aquaria were byssally attached. 
Furthermore, a substantial proportion ( 3 8 4 8 % )  of zebra 
mussels (primarily young-of-the-year ~nussels) moved 
from the sponges to relocate and attach onto other sub- 
strates (Table 4). Similarly, dreissenids were never found 
overgrowing or attached to sponges at any s f  our field 
sites, even though densely packed mussel clusters were 
occasionally found immediately adjacent to, or in periph- 
eral contact with, large encrusting sponge colonies. Simi- 
lar avoidance of sponges by dreissenids has been observed 
in southern Lake Michigan (T. Lauer, Department of 
Forestry and Natural Resources, Purdue University, West 
Lafayette, IN 47907, personal comunicatisn), Lake Ontario 
(R. Serrouya, Department of Natural Resource Sciences, 
McGill University, MontrCal, QC H9X BV9, personal csm- 
munication), Lake St. Clair (R.W. Griffiths, Ontario Min- 
istry of Environment and Energy, London, ON N6E IV3, 
personal communication), and western Lake Erie (Nalepa 
and Schlloesser 1993, plate 1 8). Indeed, freshwater sponges 
are apparently immune to overgrowth or extensive foul- 
ing even from common epibenthic organisms such as 
bryozoans, net-spinning caddisfly larvae, and filamentous 
algae (Frost 19'76; A. Ricciardi, personal observations). 
Similarly, marine sponges have a low susceptibility to 
fouling, and this has been attributed to the secretion of 
inhibitory toxins (Goodbody 196 1 ; Green 19'97; Proksch 
1994). For these reasons, we hypothesize that dreissenids 
cannot colonize sponges. Therefore, to the extent that com- 
petitive ability is indicated by the capacity of a species to 
overgrow or to resist overgrowth by other species (RUSS 
1982). overgrowth competition in freshwater communities 
should always favor the sponge. 
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Table 4. Results of experiments that tested dreissenid attachment to sponges; 21 mussels 
were placed on sponges in each of three aquaria and examined for attachment every day 
for 7 days. 

Duration of experiment 

B day 3 days 7 days 

No. of zebra mussels remaining on sponges 19~3 .6  1320.6 12.320.7 
No. of zebra mussels attached to sponges 0 0 0 
No, of quagga mussels remaining on sponges 2 1 20.3k0.7 20.3k0.7 
No. of quagga mussels attached to sponges 0 0 0 

Note: Values are given as the mean + standard error. 

Overgrowth is considered to be an evolved response by 
sponges to spatial competition, where fast-growing species 
overgrow, and often suffocate, their slower growing neigh- 
bours (Wuetzler 1978; Jackson 1977; Russ 1982). Fresh- 
water sponges have previously been observed to cover 
40-60% of available hard substrate (Rader and Winget 
1985; Pronzato and Manconi 1991; A. Ricciardi, personal 
observations), and overgrow and kill bryozoans (Bushnell 
1966; Frost 199 1; Ricciardi and Reiswig 1994). Encrusting 
marine sponges overgrow and kill a wide variety s f  epi- 
faunal invertebrates, including bivalves (Pequegnat 1964; 
Jackson 1977; Hirata 1987; Perera et al. 1998), and are 
successful competitors for space in rocky intertidal and 
reef habitats (Jackson 1977; Russ 1982; Quinn 1982; 
Nandakumar et al. 1993). This competitive ability may 
have been a characteristic of freshwater sponges that was 
previously inconspicuous in the absence s f  a significant 
macrofouling competitor like the zebra mussel. Both fresh- 
water and marine intertidal sponges are successful com- 
petitors for space on hard substrates because they exhibit 
indeterminate growth that allows continuous lateral sub- 
strate expansion without requiring intervening stages of 
sexual reproduction and larval settlement, and because 
they are relatively insusceptible to fouling and overgrowth 
by other organisms (Jackson 1977; Frost 199 1) .  The fresh- 
water sponge Eunapius fragikis, which is common in large 
lakes and rivers throughout North America (Frost 199 1; 
Ricciardi and Reiswig 19931, is a superior competitor for 
space because of its rapid growth, massive colony size, 
and adherent gemmules that effectively conserve substrate 
(including mussel shell space) after sponge dieback in the 
autumn. Simultaneous hatching of Eurzapku~ fmgikks gem- 
mules at low water temperatures (4-5°C; Fell 1990), fol- 
lowed by tissue fusion and subsequent rapid growth, pro- 
duces a large sponge colony early in the spring, before 
dreissenid spawning and larval settlement have occurred 
(Stanczykowska 1977). Attached gemmules also insure 
successive annual generations of Emaphis fragilb colonies 
on mussel shells and sther hard substrates (Ricciardi and 
Reiswig 1993). 

Can sponge overgrowth limit dreissenid abundance? 
Although Stanczykowska (1977) found no evidence that 
competing organisms limit Dreissena abundance in Polish 
lakes, there are examples of the zebra mussel encountering 
significant competition for substrate in other European 

habitats. The recent range expansion of the tube-dwelling 
amphipod Corop8aium curvispinurn has apparently caused a 
severe reduction in dreissenid densities in the lower Rhine 
River (Van der Velde et al. 1994). Goroghium cure~ispn'num 
builds a fouling mass of mud tubes on hard substrate, 
including dreissenid shells, resulting in overgrowth effects 
similar to those caused by sponges. Sebestyen (1938) 
described the rapid overgrowth of young-of-the-year and 
adult zebra mussels by freshwater sponges (E~napkus $rag- 
ikis and Eanapi~ls carferi); she also provided photographs 
of dead mussels embedded in sponge colonies. Similarly, 
Arndt (193'7) described the overgrowth of dreissenids by 
freshwater sponges (Ochrida.~pcangia rotunda) at 30-40 rn 
depths in Lake Ochrid; although Arndt found living and 
dead mussels embedded in the sponge, he did not com- 
ment on the effects of overgrowth. Our results indicate 
that overgrowth by sponges results in tissue degrowth and 
increased local mortality of dreissenids. However, intol- 
erance to siltation tends to restrict competitive sponge 
growth to vertical, overhanging, and cryptic surfaces 
(Bakus 1968; Jackson 1977). Therefore, sponge growth is 
rarely sufficient to displace organisms beyond a local scale; 
this is reflected by the small proportion of dreissenids that 
were overgrown by sponges at each of our sites. Conse- 
quently, sponges are unlikely to have a significant impact 
on the total dreissenid biomass within most lakes or river 
systems, but they may control dreissenids in local habi- 
tats that support prolific sponge growth. Our observations 
suggest that freshwater sponges, like their marine rela- 
tives, grow prolifically on vertical surfaces and therefore 
may affect dreissenid abundance on canal walls and other 
artificial substrates. 

One question that deserves further study is whether 
zebra mussel activity enhances sponge growth, thereby 
increasing the potential for competitive interaction. 
Increased sponge growth has been observed in areas of 
Lake Michigan (T. Lauer, personal communication), Lake 
Erie (F.L. Snyder and D.O. Kelch, personal observations), 
m d  Lake St. @lair (R.W. Griffiths, personal communication), 
where zebra mussels have established dense populations. 
There are several possible reasons for this. In some sponges, 
growth is substantially enhanced by the presence of algal 
symbionts (Frost and Williamson 1 980; Frost 199 1 ; Sand- 
Jensen and Pedersen 1994) and therefore may respond 
favorably to increased light intensity resulting from zebra 
mussel filtration activity in lentic habitats (Holland 1993; 
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Leach 1993; Griffiths 1993). Intense grazing pressure from 
zebra mussels may also cause algal populations to shift 
toward smaller cell sizes (cf. Sterner 1989; Mellina et al. 
1995); this may benefit sponge growth by removing the 
larger size fraction of seston that is not processed effi- 
ciently (and is normally rejected) by sponges (Frost 1988ca) 
or that fouls sponge pores (cf. Bakus 1968), in favor of a 
smaller size fraction of particles (e.g., bacteria) that are 
selectively ingested by sponges (Frost 1980a9 198Bb, 1981). 
Furthermore, bacterial suspensions associated with large 
deposits of mussel feces and pseudofeces (Izvekova and 
Lvova-Katchanova 1972) may nourish sponges. Finally, 
the ability of dreissenids to colonize soft substrates, includ- 
ing sand and mud (Kuchina 1964; Lyakhov and Mikheev 
1964; Hunter and Bailey 1992; Maslowski 19921, should 
facilitate subsequent colonization of these habitats by fresh- 
water sponges by providing hard secondary substrate. For 
example, zebra mussel colonization of the sandy areas of 
the Szczecin Lagoon in northwestern Poland was accom- 
panied by increased abundance of the sponge Ephydafia 
fluviatilis,  which normally could not colonize soft sub- 
strates (Maslowski 1992). For these reasons, we hypothe- 
size that sponge growth will become prolific in standing 
waters that support high densities of zebra mussels. 

Competition between macrofouling invertebrates struc- 
tures epifaunal communities in rocky intertidal habitats 
(Connell 1961; Dayton 1971; Russ 1982), and may have 
a similar impact in freshwater systems. Given that sponges 
and zebra mussels provide habitat for unique assem- 
blages of invertebrates (Dusoge 1966; Roback 1968; 
Konopacka and Sicinski 1985; Kharchenko et al. 1989; 
Ricciripdi and Reiswig 1993; Conn a d  Corm 1993; Demott 
et  al. 1993; Griffiths 1993; Ricciardi 1994), the colo- 
nization and subsequent overgrowth of zebra mussel beds 
by sponges should result in a concomitant transforma- 
tion of the local epifaunal community. Dreissenid colonies, 
therefore, may not necessarily represent a final succes- 
sional stage for epifaunal communities in North American 
freshwater habitats. 
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