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Abstract

The aim of this study was to test the effects of cyanobacteria toxicity on feeding behavior of the golden mussel 
Limnoperna fortunei. First, it was tested the hypothesis that L. fortunei preferentially graze on non-toxic phytoplankton 
and reject toxic cyanobacteria. Second, it was tested the hypothesis that toxic cyanobacteria negatively affect feeding 
and survival of L. fortunei. The present study is the first to evaluate the effects of toxic cyanobacteria on L. fortunei 
feeding and survival. In the short-term grazing, golden mussel filtration rates were evaluated in the presence of toxic 
and non-toxic strains of cyanobacteria Microcystis aeruginosa, and non-toxic phytoplankton Nitzschia palea. Highest 
filtration rates were registered when mussels fed on Nitzschia. Despite that, golden mussel expelled Nitzschia cells 
in large quantities and preferentially ingested Microcystis cells, both toxic and non-toxic strains. In the long-term 
grazing, mussels were exposed to toxic and non-toxic strains of Microcystis during 5 days. Filtration rates were not 
significantly different for toxic and non-toxic Microcystis throughout exposure period. The results have demonstrated 
cyanobacteria toxicity is not the main factor influencing L. fortunei feeding behavior. Survival of L. fortunei feeding 
on toxic cyanobacteria shows the potential of this invasive bivalve as a vector to the transference of cyanotoxins to 
higher trophic levels.
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Comportamento alimentar do bivalve invasor Limnoperna fortunei (Dunker, 1857)  
em exposição à cianobactéria tóxica Microcystis aeruginosa

Resumo

O objetivo deste estudo foi testar os efeitos da toxicidade de cianobactérias sobre o comportamento alimentar do 
mexilhão dourado Limnoperna fortunei. Primeiramente, foi testada a hipótese de que L. fortunei ingere preferencialmente 
o fitoplâncton não tóxico e rejeita as cianobactérias tóxicas. Em segundo lugar, foi testada a hipótese de que as 
cianobactérias tóxicas afetam negativamente a alimentação e a sobrevivência de L. fortunei. O presente estudo é o 
primeiro a avaliar os efeitos de cianobactérias tóxicas na alimentação e na sobrevivência de L. fortunei. Na filtração 
de curto prazo, as taxas de filtração do mexilhão dourado foram avaliadas na presença de cepas tóxicas e não tóxicas 
da cianobactéria Microcystis aeruginosa e do fitoplâncton não tóxico Nitzschia palea. As maiores taxas de filtração 
foram registradas quando os mexilhões foram alimentados com Nitzschia. Apesar disso, o mexilhão dourado expeliu 
as células de Nitzschia em grandes quantidades e ingeriu, preferencialmente, as células de Microcystis, tanto cepas 
tóxicas quanto não tóxicas. Na filtração de longo prazo, os mexilhões foram expostos a cepas tóxicas e não tóxicas 
de Microcystis durante cinco dias. As taxas de filtração não foram significativamente diferentes para cepas tóxicas 
e não tóxicas de Microcystis durante todo o período de exposição. Os resultados demonstraram que a toxicidade da 
cianobactéria não é o principal fator que influencia o comportamento alimentar de L. fortunei. A sobrevivência de 
L. fortunei alimentando-se de cianobactérias tóxicas mostra o potencial desse bivalve invasor como um vetor para a 
transferência de cianotoxinas para os níveis tróficos superiores.

Palavras-chave: mexilhão dourado, taxas de filtração, espécies exóticas, microcistina.
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1. Introduction

Limnoperna fortunei (Dunker, 1857), known as golden 
mussel, is an invasive bivalve native from Southeast Asia. 
In 1991, it was first recorded in South America in the Río 
de la Plata estuary, Argentina, probably introduced by 
ballast water from ships (Pastorino et al., 1993). In 1998, 
L. fortunei was first recorded in Brazil, in Guaíba Lake 
(Mansur et al., 2004). Nowadays, the distribution of this 
invasive species in South America includes Argentina, 
Uruguay, Paraguay, Bolivia, and Brazil (Darrigran, 2002, 
Sylvester et al., 2005). Dreissena polymorpha (Pallas, 
1771) (Bivalvia, Dreissenidae), so called zebra mussel, 
is an invasive bivalve in Europe and North America, 
which behavior is similar to golden mussel. Both species 
have common characteristics such as short life cycle, 
rapid growth, planktonic larval stage and the presence of 
byssus that explain their success in colonizing new habitats 
(Morton, 1973, Ricciardi, 1998). Lamellibranch bivalves, 
such as golden mussel and zebra mussel, are extremely 
efficient in filter-feeding (Sylvester et al., 2006). Their 
presence in aquatic ecosystems, especially when they occur 
in high densities, may lead to strong changes in the food 
chain structure by filtering particulate material (mainly 
phytoplankton and zooplankton) and depositing them 
as feces and pseudofeces on sediment (Lei et al., 1996).

Zebra mussel has the ability to change the composition 
and abundance of planktonic communities (Holland, 
1993; Nicholls and Hopkins, 1993; Fahnenstiel, 1995; 
Roditi et al., 1996; Caraco et al., 1997). It was suggested 
that this invasive bivalve has the potential to promote 
toxic blooms of cyanobacteria by selective feeding on 
plankton (Makarewicz et al., 1999; Vanderploeg et al., 
2001). Cyanobacteria dominance is a common problem 
in eutrophic freshwaters due to bloom formation and toxin 
production. Cyanotoxins can poison human and animals by 
ingestion of contaminated water or aquatic organisms which 
bioaccumulate these toxins previously (Carmichael et al., 
2001). Microcystins are the most studied and widespread 
cyanotoxins, which can cause death from liver hemorrhage 
or liver failure, and can be considered a tumor promoter in 
chronic exposure to low doses (Sivonen and Jones, 1999).

The effects of zebra mussel on cyanobacteria densities 
and occurrence of toxic blooms remain contradictory. 
Some studies have shown that D. polymorpha can decrease 
cyanobacteria densities (Bastviken et al., 1998; Baker et al., 
1998; Smith et al., 1998; Dionisio-Pires and van Donk, 
2002; Dionisio Pires et al., 2005). Other studies have shown 
opposite effects, in which D. polymorpha can promote the 
increasing of cyanobacteria densities (Lavrentyev et al., 
1995; Makarewicz et al., 1999; Vanderploeg et al., 2001; 
Nicholls et al., 2002; Juhel et al., 2006).

However, studies about the effects of golden mussel 
on trophic structure of planktonic communities are still 
scarce. Since L. fortunei invasion in South America, 
studies were focused on spatial and temporal distribution 
(Darrigran and Pastorino, 1995; Mansur et al., 2004), 
reproductive cycle (Darrigran et al., 1999), and larval 

development (Santos et al., 2005; Cataldo et al., 2005). 
L. fortunei filtration rates were estimated for the first 
time recently in laboratory experiments using a green 
algae Chlorella vulgaris as food (Sylvester et al., 2005). 
The results showed that golden mussel filtration rates 
are among the highest recorded for filtering bivalves, 
including the invasive species D. polymorpha, D. bugensis 
and Corbicula fluminea (Sylvester et al., 2006). High 
filtration rates of golden mussel plus its occurrence in 
massive densities exceeding 140.000 ind.m–2 (Darrigran 
and Mansur, 2006) for over fifteen years already point 
out to the powerful potential of this invasive bivalve to 
promote changes in aquatic trophic chains.

The aim of the present study was to evaluate feeding 
behavior of golden mussel under exposure to toxic 
cyanobacteria. First hypothesis accounts for the fact 
that golden mussel preferentially graze on non-toxic 
phytoplankton and reject toxic cyanobacteria, leading to 
a decrease of non-toxic species and an increase of toxic 
cyanobacteria and, indirectly, toxic blooms (short and long 
term grazing experiments). Second hypothesis sustains 
that toxic cyanobacteria affect negatively feeding and 
survival of L. fortunei (long term grazing experiment). 
The present study is the first to evaluate the effects of 
toxic cyanobacteria on L. fortunei feeding and survival.

2. Material and Methods

2.1. L. fortunei sampling and acclimation

L. fortunei individuals used in these experiments 
were collected from Guaíba Lake, Southern Brazil. In the 
laboratory, mussels were kept in flasks filled with water 
from the sampling site at controlled temperature of 24 °C 
at constant aeration during 24 hours for acclimation. Those 
mussels selected for the experiments were apparently 
healthy as indicated by their filtration activity. The mussels 
were of similar sizes (approximately 30 mm) as to avoid 
possible differences in filtration rates related to their sizes. 
The individuals were washed and brushed to remove 
microorganisms attached to their shells. Then, they were 
placed in flasks containing mineral water for a 4-hour 
period without food in order to have their guts cleared.

2.2. Cyanobacteria and phytoplankton

Species used in the experiments were toxic and non-
toxic strains of cyanobacteria Microcystis aeruginosa, and 
non-toxic diatom Nitzschia palea. Toxic (NPLJ-4) and non-
toxic (NPCD-1) strains of M. aeruginosa were provided 
by the Laboratory of Ecophysiology and Toxicology of 
Cyanobacteria from Federal University of Rio de Janeiro, 
Brazil and cultivated in ASM-1 growth medium (Gorham, 
1964). Non-toxic Nitzschia (N) was isolated from Guaíba 
Lake and cultivated in D growth medium (Jebram, 1993). 
These species were batch-cultured in 250 mL Erlenmeyer 
flasks in a 25 °C incubator with a 14:10 h light:dark cycle 
and light intensity of 2000 lux. Analyses of microcystins 
(MC-LR) from M. aeruginosa were performed using an 
ELISA assay test kit (Beacon®).
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2.3. Filtration, ingestion and pseudofeces production 
rates

Filtration rates (FR) or clearance rates (CR) were 
assessed by considering the amount of particles captured 
by the mussels. Ingestion rate (IR) equaled filtration rate 
(FR) less pseudofeces production rate (PPR). Pseudofeces 
are the filtered particles agglomerated with mucus which 
are expelled periodically by inhalant opening, i.e. particles 
filtered but not ingested. Therefore, filtration rate equaled 
ingestion rate only if no pseudofeces were produced. 

Golden mussel filtration rates were estimated in short 
and long term grazing experiments using the following 
equation based on Coughlan (1969) (Equation 1):

FR = V(ln(Co/Ct)–ln(C’o/C’t))/NT	 (1)

where FR is the filtration rate (mL.mussel–1.h–1 or 
mL.mgDW–1.h–1), V is the volume of water in the experimental 
chamber (mL), N is the number of mussels per chamber 
or their dry weight (mgDW), T is the total filtration time 
(h), C0 is the food concentration (mm3.L–1) at T = 0, Ct is 
the food concentration at time T in flasks with mussel, C’0 
is the concentration of food in the control flask (without 
mussel) at T = 0 and the C’0 concentration of food in the 
control flask at time T. 

Mussel tissue was removed from shells and oven-dried 
at 60 °C for 48 hours to assess the dry weight (mgDW). 
Food concentration (mm3.L–1) before and after filtration was 
estimated by Sedgewick-Rafter chamber counting. Samples 
were preserved in 1% Lugol solution. Food biovolume 
(mm3) was calculated according to Hillebrand et al., (1999). 

2.4. Short term grazing of L. fortunei

Short term grazing experiment was carried out to 
evaluate L. fortunei feeding behavior in the presence 
of toxic and non-toxic cyanobacteria, and non-toxic 
phytoplankton. The experiment was carried out in flasks 
containing 400 mL of mineral water, food suspension, and 
one mussel per flask. Different food strategies were used 
(Table 1) with 8 replicates each at an initial biovolume 
of 2 mm3.L–1. Flasks were kept in an acclimatized room 
(24 °C) and gently stirred each 15 minutes to keep food 
particles in suspension during filtration time (1 hour). 
Flasks were prepared under the same conditions, but 
without mussels, to assess possible phytoplanktonic growth 
during filtration time. 

During the course of experiment, each specimen of 
L. fortunei was monitored under a stereomicroscope coupled 
to a digital camera. The number of pseudofeces and feces 

expelled was registered (events.h–1). A method was developed 
to estimate accurately pseudofaeces production by mussels, 
as follows (Gazulha 2010). Pseudofeces and feces were 
captured in the moment of expelling using a micropipette 
and preserved in 1% Lugol solution. Pseudofeces were 
disintegrated for 10 minutes using ultrasound Bandelin 
Sonorex RK100H to separate cells from the mucus and 
then enable the counting of food particles. The application 
of ultrasound was efficient to separate cells from the mucus 
and did not damage the cells. Food particles (mm3.L–1) 
were estimated by Sedgewick-Rafter chamber counting 
to assess PPRs. Mussels used in this experiment kept their 
filtering ability, with the valves opened and the inhalant 
siphon exposed during the total filtration time (1 hour). FRs, 
IRs, and PPRs were determined in the present experiment.

2.5. Long term grazing of L. fortunei

Long term grazing experiment was carried out to 
evaluate the effects of toxic cyanobacteria on L. fortunei 
feeding and survival. This experiment was conducted in 
aquaria containing 35 L of mineral water, food suspension, 
and 70 mussels at controlled temperature of 24 °C and 
continuous aeration. Two treatments were used: a toxic 
strain of M. aeruginosa (NPLJ-4), and a non-toxic 
strain of the same species (NPCD-1) as a control with 
3 replicates each. Mussels were daily fed with a food 
biovolume of 2 mm3.L–1 during 5 days (120 hours). Food 
suspension and water were replaced every 24 hours. 
Control aquaria with no mussels under the same conditions 
were used to assess cyanobacteria growth. The water was 
stirred to get the pseudofeces suspended prior sampling 
for final cyanobacteria concentration. Therefore, FR 
equaled IR due to pseudofeces resuspension. IRs were 
estimated every 24 hours. Microcystin concentration 
in the water was analyzed by ELISA assay to compare 
toxins assimilated by mussels and toxins remaining in 
experimental aquaria.

2.6. Statistical analysis

Analysis of variance (One-way ANOVA) with Tukey’s 
test for multiple comparison were carried out to detect 
significant differences in filtration, ingestion, and pseudofeces 
production rates among food combinations (α = 0.05) in 
the short and long term grazing experiments. Tukey’s test 
has been applied after confirming the normality of data 
using Kolmogorov-Smirnov (KS) test (α = 0.05). 

Table 1. Food strategies (species, strain, MC-LR, GLD and cell volume) used in Limnoperna fortunei short term grazing 
experiment. Microcystin-LR (MC-LR), Greatest Linear Dimension (GLD).

Species Strain MC-LR GLD Cell volume 
Toxic Microcystis aeruginosa NPLJ-4 7 µg.MC-LR L–1 3.7 µm 29.2 µm3

Non-toxic Microcystis aeruginosa NPCD-1 - 3.7 µm 29.2 µm3

Nitzschia palea N - 22.5 µm 355.3µm3

Toxic M. aeruginosa + N. palea (50:50 mixture) NPLJ-4 + N 3.5 µg.MC-LR L–1
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3. Results

3.1. Short term grazing of L. fortunei

Golden mussel FRs varied from 2.4 to 24.5 mL.
mgDW–1.h–1, and the mean value was 10.6 mL.mgDW–1.h–1. 
Mean values varied from 14.8 mL.mgDW–1.h–1 feeding 
on Nitzschia to 8.8 mL.mgDW–1.h–1 feeding on non-toxic 
Microcystis (Figure 1). L. fortunei FRs were significantly 
higher on non-toxic Nitzschia than other food combinations 
(p < 0.05, ANOVA). Despite higher FRs on non-toxic 
phytoplankton, golden mussel expelled more Nitzschia 
cells (p < 0.05, ANOVA) and ingested more Microcystis 
cells (p < 0.05, ANOVA; Figure 1).

IRs of golden mussel ranged from 0.1 to 15.7 mL.
mgDW–1.h–1, and the mean value was 4.5 mL.mgDW–1.h–1. 
Mean IRs varied from 7.4 mL.mgDW–1.h–1 on non-toxic 
cyanobacteria to 0.3 mL.mgDW–1.h–1 on Nitzschia (Figure 1). 
Golden mussel ingested significantly more cyanobacteria 
cells, both toxic and non-toxic, than diatom cells (p < 0.05, 
ANOVA).

PPRs of golden mussel ranged from 0.3 to 20.2 mL.
mgDW–1.h–1, with a mean value of 6.1 mL.mgDW–1.h–1. 
The highest pseudofeces production was registered in 
the presence of diatom Nitzschia, and the lowest in the 
presence of non-toxic cyanobacteria (Figure 1). L. fortunei 
expelled significantly more pseudofeces in the presence of 
diatom Nitzschia than of toxic and non-toxic cyanobacteria 
(p < 0.05, ANOVA). 

Pseudofeces releasing by L. fortunei varied from 9 to 
115 events.h–1. The mean value was of 39.1 events.h–1. Mean 
values of pseudofeces expelled in each food combination 
varied from 69 events.h–1 in the presence of diatom 
Nitzschia to 23.9 events.h–1 in the mixture Nitzschia + toxic 
Microcystis (Figure 2). Golden mussel released considerably 
more pseudofeces when fed with Nitzschia than toxic and 
non-toxic cyanobacteria (p < 0.05, ANOVA), which was 
observed as well in terms of PPRs.

Feces releasing by L. fortunei ranged from 0 to 
6 events.h–1, and the mean value was 2.4 events.h–1. Mean 
values varied from 2.6 events.h–1 on Nitzschia and toxic 
Microcystis to 2 events.h–1 in the mixture Nitzschia + toxic 
Microcystis (Figura 4). There were no significant differences 
of feces expelled among food combinations (p > 0.05, 
ANOVA).

3.2. Long term grazing of L. fortunei

Golden mussel IRs on toxic Microcystis ranged from 
31.8 to 54.6 mL.mussel–1.h–1 (Figure 3) and on non-toxic 
Microcystis ranged from 36.3 to 62.5 mL.mussel–1.h–1 

(Figure 4), with mean values of 40.9 and 48 mL.mussel–1.h–1, 
respectively. In terms of body mass, IRs on toxic Microcystis 

Figure 1. Filtration Rates (FR), Ingestion Rates (IR) and 
Pseudofeces Production Rates (PPR) of Limnoperna fortunei 
(mL.mgDW–1.h–1) on non-toxic Nitzschia (N), toxic 
(NPLJ-4) and non-toxic (NPCD-1) Microcystis, and 
mixture of Nitzschia + toxic Microcystis (Mix N+NPLJ-4) 
(symbol = mean, and bar = SE).

Figure 2. Pseudofeces and feces of Limnoperna fortunei (events.h–1) on non-toxic Nitzschia (N), toxic (NPLJ-4) and non-
toxic (NPCD-1) Microcystis, and mixture of Nitzschia + Microcystis (Mix N + NPLJ-4) (symbol = mean, and bar = SE). 
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varied from 0.5 to 0.8 mL.mgDW–1.h–1, with a mean value 
of 0.62 mL.mgDW–1.h–1, and on non-toxic Microcystis 
ranged from 0.6 to 0.9 mL.mgDW–1.h–1, with a mean 
value of 0.72 mL.mgDW–1.h–1. No mussel mortality was 
registered on both toxic and non-toxic treatments.

A slightly decrease of IRs was observed at 72 hours 
in the presence of toxic Microcystis (Figure 3). However, 
L. fortunei IRs throughout the 5-day exposure to toxic 
Microcystis did not decrease significantly (p > 0.05, 
ANOVA), indicating there is no negative effects of 
cyanobacteria toxicity on golden mussel grazing. IRs of 
golden mussel did not vary significantly in the presence 
of toxic and non-toxic Microcystis (p > 0.05, ANOVA). 

Microcystis toxins in the water varied from 1.8 to 2.6 µg.
MC-LR.L–1 (Table 2). There were no significant differences 
between initial and final microcystin concentrations every 
24 hours of grazing during the time of exposure (p > 0.05, 

ANOVA). It suggests there was a constant excretion of 
cells containing microcystins returning to the water.

It is interesting to mention that the remaining mussels 
were kept in a 24 hours starvation period after the end 
of long term experiment. High mussel mortality was 
registered in both food types (mean = 65%), indicating that 
L. fortunei survived better feeding on toxic cyanobacteria 
than without food.

4. Discussion

4.1. Short term grazing of L. fortunei

Sylvester et al., (2005) have registered L. fortunei FRs 
ranging from 9.9 to 29.5 mL.mgDW–1.h–1mussel–1.h–1, 
which are amongst the highest reported for filter-feeding 
bivalves, including the invasive species D. polymorpha, 
D. bugensis and Corbicula fluminea. FRs in the present 

Figure 3. Ingestion rates (IR) of Limnoperna fortunei (mL.mussel–1.h–1 and mL.mgDW–1.h–1) on toxic Microcystis (NPLJ-4) 
(symbol = mean, and bar = SE).

Figure 4. Ingestion rates (IR) of Limnoperna  fortunei (mL.mussel–1.h–1 and mL.mgDW–1.h–1) on non-toxic Microcystis 
(NPCD-1) (symbol = mean, and bar = SE).
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short term experiment (from 9 to 14.8 mL.mgDW–1.h–1) 
were comparable to that observed by Sylvester et al., (2005). 

The effects of zebra mussel D. polymorpha on 
cyanobacteria have been widely researched in laboratory 
and field experiments since its invasion in Europe and North 
America (Makarewicz et al., 1999; Vanderploeg et al., 
2001; Dionisio Pires et al., 2004; Naddafi et al., 2007). 
Several studies have shown that zebra mussel can promote 
the decrease of cyanobacteria densities by selective feeding 
(Baker et al., 1998; Dionisio Pires and van Donk, 2002; 
Dionisio-Pires et al., 2005; Sarnelle et al., 2005). 

Bastviken et al., (1998) conducted laboratory experiments 
to verify the impact of zebra mussel on natural phytoplankton 
communities from Hudson River, under the addition of 
cultured cyanobacteria (M. aeruginosa and Anabaena sp.). 
They found that single cells of Microcystis were removed 
more efficiently by zebra mussel, whereas colonies of 
Microcystis and diatoms were removed less efficiently. 
Smith et al. (1998) observed a shift of the dominant 
phytoplankton from diatoms to cyanobacteria in Hudson 
River. In laboratory studies with zebra mussel populations 
from the same river, Baker et al. (1998) found Microcystis 
were largely ingested, while diatoms were commonly 
rejected as pseudofeces. 

In laboratory experiments, where zebra mussel were 
fed with a mixture of green algae (Scenedesmus) and 
cyanobacteria (Microcystis) it was observed that cyanobacteria 
were preferably ingested, while green algae were commonly 
incorporated in a mucus string and rejected as pseudofeces 
(Baker et al., 2000). Therefore, it was suggested that food 
selection by zebra mussel occurred mainly due to the size 
of particles. Smaller sizes (Microcystis) were preferably 
ingested, whereas larger ones (Scenedesmus) were rejected. 

Dionisio-Pires and Van  Donk (2002) tested 
D. polymorpha filtration rates in the presence of toxic 
and non-toxic strains of Microcystis and green algae 
Chlamydomonas. Zebra mussel grazed on cyanobacteria 
and green algae as well, although Chlamydomonas cells 
were more rejected than Microcystis cells. Differences 
in sizes were too small to be the reason of rejection 
(Chlamydomonas, 5.6 µm; Microcystis, 3.8 µm). Thus, 
it was attributed to the thickness of Chlamydomonas cell 
wall the difficulty to digestion and its further expelling 
as undesirable food.

Quality of food, besides cell size and structure, may 
influence feeding selection by bivalves. High concentrations 
of long chain PUFA (Polyunsatured Fatty Acid) in the 
food, particularly EPA (Eicosapentaenoic Acid), and 
DHA (Docosahexaenoic Acid), have a positive effect on 
growth and recruitment of bivalves being preferentially 

ingested (Vanderploeg et al., 1996; Naddafi et al., 2007). 
Cryptophytes, chrysophytes, and dinoflagellates are usually 
rich in both EPA and DHA; diatoms are rich in EPA; and 
cyanobacteria and green algae contain no or little EPA and 
DHA (Naddafi et al., 2007). However, the present study 
does not sustain this hypothesis since it was observed a 
preferential ingestion of cyanobacteria and rejection of 
diatom on pseudofeces.

The rejection of diatom Nitzschia observed in the 
present study, by all appearances, can be attributed both 
to size and structure of the food particle. Nitzschia cell 
volume is larger than Microcystis cell volume (Table 1). 
In addition, Nitzschia stiff silicate frustules are likely to 
make it an undesirable food for golden mussel. Rejection 
of diatoms has also been observed in bivalves such as 
Mytilu edulis (Cucci et al., 1985) and Ostrea edulis 
(Shumway et al., 1985). 

On the other hand, several studies with D. polymorpha 
have shown zebra mussel promoted the increasing of 
cyanobacteria densities by low filtration and high rejection 
in pseudofeces (Lavrentyev et al., 1995; Vanderploeg et al., 
2001; Nicholls et al., 2002; Juhel et al., 2006). Those 
studies were performed with natural seston containing 
natural populations of Microcystis predominantly in large 
colonies, and most likely non-preferentially ingested by 
bivalves. Laboratory strains are usually single-celled, 
and colonies eventually formed are usually small and 
without mucilage (Dionisio-Pires and Van Donk, 2002). 
Vanderploeg et al. (2001) observed that zebra mussel 
when fed with Microcystis preferentially ingested single 
cells and small colonies, whereas natural large colonies 
were rejected.

Those studies corroborate with the present results, in 
which small particles are preferably ingested regardless 
of its toxicity. Therefore, golden mussel selective feeding 
seems to be more related to the size of particles than to 
the toxicity. The present experiment was conducted with 
single cells of Microcystis simply aiming to test the effect 
of toxicity on L. fortunei grazing.

4.2. Long term grazing of L. fortunei

Long term grazing experiment showed there was 
not a decrease in L. fortunei IRs under exposure to toxic 
Microcystis. It indicated that golden mussel ingested 
cyanobacteria cells during the 5-day experiment and any 
toxic effect could be observed. Besides that, no mussel 
mortality was registered. The ingestion of toxic Microcystis 
by golden mussel suggests this invasive bivalve presents 
survival mechanisms in face of toxins. Therefore, the 

Table 2. Microcystins (µg.MC-LR.L–1) from Microcystis aeruginosa (NPLJ-4) in the water in Limnoperna fortunei long 
term grazing experiment. Microcystin-LR (MC-LR).

µg.MC-LR.L–1 24 hours 48 hours 72 hours 96 hours 120 hours
Initial concentration 2.0 2.1 1.9 2.2 2.6
Final concentration 1.8 2.0 2.0 2.4 2.5
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hypothesis that cyanobacteria toxicity has an effect on 
golden mussel grazing and survival was rejected.

An experiment with the marine mussel 
Mytilus galloprovincialis feeding on a toxic strain of 
Microcystis showed there was no mussel mortality during 
4 days of exposure (MC-LR concentration = 1.5 µg.L–1) 
(Amorim and Vasconcelos, 1999). A similar experiment 
with zebra mussel showed higher filtration rates on toxic 
Microcystis than on non-toxic food (Nannochloropsis) 
with no mussels mortality in a 3-week assimilation period 
(MC-LR concentration = 11.7 µg.L–1) (Dionisio Pires et al., 
2004), which endorse our results.

The ability of bivalves to accumulate and store toxins 
has been demonstrated in some studies (Vasconcelos, 1995; 
Amorim and Vasconcelos, 1999; Yokoyama and Park, 
2002). A possibility for that ability is that microcystins 
can be detoxified through the conjugation of the toxin with 
the enzyme glutathione via soluble GST (glutathione-S-
transferases), which was shown in several aquatic organisms, 
including zebra mussel (Pflugmacher et al., 1998). Another 
explanation is that the ingestion of intact cells could be 
less toxic to mussels. Vasconcelos et al. (2007) showed 
that intact Microcystis cells did not induce any major 
response (GST activity) from mussel Mytilus, indicating 
mussels are quite resistant to cyanobacteria when those 
cells are intact. However, it was registered a large effect in 
different organs of mussels when they tested cell extracts, 
mimicking the decay of bloom in natural systems.

Golden mussel IRs were higher in the short term (1 hour) 
than on long term (120 hours) grazing experiment. These 
differences could be related to: 1) intraspecific variations, 
since it was observed a great difference on filtration rates 
between specimens in the same experimental conditions 
(replicates), which seems to be common for other bivalve 
species, including L. fortunei (Sylvester et al., 2005); 
2) filtration rates on the short term grazing were closer to 
optimum rates (overestimated rates), in which mussels 
kept actively filtering (with the valves opened) during 
total experiment time (1 hour); 3) filtration rates on long 
term grazing were closer to natural conditions, including 
periods of lower activity (e.g. low filtration rates, closing 
of valves) (underestimated rates).

5. Conclusion

Golden mussel was able to survive feeding on toxic 
cyanobacteria. This fact points out to the risk of this 
invasive bivalve as a possible vector for the transference 
of cyanobacteria toxins to higher trophic levels. Massive 
densities of golden mussel in South American waters 
associated to its powerful filtering capability may lead 
to changes on the structure of trophic chains, mainly the 
planktonic communities. The presence of L. fortunei might 
promote a decrease of toxic and non-toxic Microcystis cells, 
and an increase of diatoms. In the presence of cyanobacteria 
blooms, however, the ability of golden mussel to remove 
Microcystis cells could be reduced. Cyanobacteria blooms 

are usually formed by large colonies and filaments that 
would probably be rejected by golden mussel.

Acknowledgements – The National Council for Scientific and 
Technological Development (CNPq) for provided doctorate 
fellowship to VG. We also thank Cintia Pinheiro dos Santos and 
Marinei Vilar Nerhke for helping with golden mussel sampling 
and laboratory experiments. 

References

AMORIM, A. and VASCONCELOS, V., 1999. Dynamics of 
microcystins In the mussel Mytilus galloprovincialis. Toxicon, vol. 37, 
p. 1041-1052. http://dx.doi.org/10.1016/S0041-0101(98)00231-1

BAKER, SM., LEVINTON, JS., KURDZIEL JP. and SHUMWAY, 
SE., 1998. Selective feeding and biodeposition by zebra mussels 
and their relation to changes In phytoplankton composition and 
seston load. Journal of Shellfish Research, vol. 17, p. 1207-1213.

BAKER, SM., LEVINTON, JS. and WARD, JE., 2000. Particle 
transport In the zebra mussel, Dreissena polymorpha (Pallas). 
Biological Bulletin, vol. 199, p. 116-125. PMid:11081710. http://
dx.doi.org/10.2307/1542871

BASTVIKEN, DTE., CARACO, NF. and COLE, JJ., 1998. 
Experimental measurements of zebra mussel (Dreissena polymorpha) 
impacts on phytoplankton community composition. Fresh Biology, 
vol. 39, p. 375-386.

CARACO, NF., COLE, JJ., RAYMOND, PA., STRAYER, DL., 
PACE, ML., FINDLAY, SEG. and FISCHER, DT., 1997. Zebra 
mussel invasion in a large, turbid river: phytoplankton response 
to increased grazing. Ecology, vol. 78, p. 588-602.

CARMICHAEL, WW., AZEVEDO, S., AN, JS., MOLICA, 
RJR., JOCHIMSEN, EM., LAU, S., RINEHART, KL., SHAW, 
GR. and EAGLESHAM, GK., 2001. Human fatalities from 
cyanobacteria: chemical and biological evidence for cyanotoxins. 
Environmental Health Perspectives, vol. 109, p. 663-668. http://
dx.doi.org/10.1289/ehp.01109663

CATALDO, D., BOLTOVSKOY, D., HERMOSA, JL. and CANZI, 
C., 2005. Temperature-dependent rates of larval development In 
Limnoperna fortunei (Bivalvia: Mytilidae). Journal of Molluscan 
Studies, vol. 71, p. 41-46. http://dx.doi.org/10.1093/mollus/eyi005

COUGHLAN, J., 1969. Estimation of filtering rate from clearance 
of suspensions. Marine Biology, vol. 2, p. 356-359. http://dx.doi.
org/10.1007/BF00355716

CUCCI, TL., SHUMWAY, SE., NEWELL, RC., SELVIN, R., 
GUILLARD RL. and YENTSCH, CM., 1985. Flow cytometry 
by: a new method for characterization of differential ingestion, 
digestion and egestionsuspension feeders. Marine Ecology Progress 
Series, vol. 24, p. 201-204. http://dx.doi.org/10.3354/meps024201

DARRIGRAN, G., 2002. Potential impact of filter-feeding invaders 
on temperate inland freshwater environments. Biological Invasions, 
vol. 4, p. 145-156. http://dx.doi.org/10.1023/A:1020521811416

DARRIGRAN, G. and PASTORINO, G., 1995. The recent 
introduction of a freshwater asiatic bivalve, Limnoperna fortunei 
(Mytilidae) into South-America. Veliger, vol. 38, p. 171-175.

DARRIGRAN, G. and MANSUR, MCD., 2006. Distribución, 
abundancia y dispersión. In DARRIGRAN, G. and DAMBORENEA, 
C., (Eds.). Bio-invasión del mejillón dorado en el continente 
americano. La Plata: Universidad Nacional de La Plata.

http://dx.doi.org/10.1016/S0041-0101(98)00231-1
http://dx.doi.org/10.2307/1542871
http://dx.doi.org/10.2307/1542871
http://dx.doi.org/10.1289/ehp.01109663
http://dx.doi.org/10.1289/ehp.01109663
http://dx.doi.org/10.1093/mollus/eyi005
http://dx.doi.org/10.1007/BF00355716
http://dx.doi.org/10.1007/BF00355716
http://dx.doi.org/10.3354/meps024201
http://dx.doi.org/10.1023/A:1020521811416


Braz. J. Biol., 2012, vol. 72, no. 1, p. 41-49

Gazulha, V. et al.

48

DARRIGRAN, G., PENCHASZADEH, P. and DAMBORENEA, 
MC., 1999. The reproductive cycle of Limnoperna fortunei 
(Dunker, 1857) (Mytilidae) from a neotropical temperate locality. 
Journal of Shellfish Research, vol. 18, p. 361-365.

DIONISIO PIRES, LM. and Van DONK, E., 2002. Comparing 
grazing by Dreissena polymorpha on phytoplankton In the presence 
of toxic and non-toxic cyanobacteria. Fresh Biology, vol. 47, 
p. 1855-1865. http://dx.doi.org/10.1046/j.1365-2427.2002.00933.x

DIONISIO PIRES, LM., KARLSSON, KM., MERILUOTO, 
JAO., KARDINAAL, E., VISSER, PM., SIEWERTSEN, K., 
VAN DONK, E. and IBELINGS, BW., 2004. Assimilation and 
depuration of microcystin-LR by the zebra mussel, Dreissena 
polymorpha. Aquatic Toxicology, vol. 69, p. 385-396. http://
dx.doi.org/10.1016/j.aquatox.2004.06.004

DIONISIO PIRES, LM., BONTES, BM., VAN DONK, E. and 
IBELINGS, BW., 2005. Grazing on colonial and filamentous, 
toxic and non-toxic cyanobacteria by the zebra mussel Dreissena 
polymorpha. Journal of Plankton Research, vol. 27, p. 331-339. 
http://dx.doi.org/10.1093/plankt/fbi008

FAHNENSTIEL, GL., BRIDGEMAN, TB., LANG, GA., 
MCCORMICK, MJ. and NALEPA, TF., 1995. Phytoplankton 
productivity In Saginaw Bay, Lake Huron: effects of zebra mussel 
(Dreissena polymorpha) colonization. Journal of Great Lakes 
Research, vol. 21, p. 465-475.

GAZULHA, V., 2010. O mexilhão dourado Limnoperna fortunei 
(Dunker, 1857) na presença de cianobactérias: taxas de filtração, 
comportamento alimentar e sobrevivência. Porto Alegre: Universidade 
Federal do Rio Grande do Sul. 104 p. Tese de Doutorado em 
Recursos Hídricos e Saneamento Ambiental.

GORHAM, PR., MCLACHLAN, L., HAMMER, UT. and KIM, 
WK., 1964. Isolation and culture of toxic strains of Anabaena flos-
aquae (Lyngb.). Verhandlungen der Internationalen Vereinigung 
fur Theoretische und Angewandte Limnologie, vol. 15:796-804.

HILLEBRAND, H., DURSELEN, CD., KIRSCHTEL, D., 
POLLINGHER, U. and ZOHARY, T., 1999. Biovolume calculation 
for pelagic and benthic microalgae. Journal of Phycology, vol. 35, 
p. 403-424. http://dx.doi.org/10.1046/j.1529-8817.1999.3520403.x

HOLLAND, RE., 1993. Changes In planktonic diatoms and water 
transparency In Hatchery Bay, bass-island area, western Lake 
Erie since the establishment of the zebra mussel. Journal of Great 
Lakes Research, vol. 19, p. 617-624. http://dx.doi.org/10.1016/
S0380-1330(93)71245-9

JEBRAM, DHA., 1993. Métodos básicos e novos para o cultivo 
de protistas livres. Comunicações do Museu de Ciências da 
PUCRS, Série Zoologia, vol. 50, p. 3-20.

JUHEL, G., DAVENPORT, J., O’HALLORAN, J., CULLOTY, 
S., RAMSAY, R., JAMES, K., FUREY, A. and ALLIS, O., 2006. 
Pseudodiarrhoea In zebra mussels Dreissena polymorpha (Pallas) 
exposed to microcystins. Journal of Experimental Biology, vol. 209, 
p. 810-816. PMid:16481570. http://dx.doi.org/10.1242/jeb.02081

LAVRENTYEV, PJ., GARDNER, WS., CAVALETTO, JF. and 
BEAVER, JR., 1995. Effects of the zebra mussel (Dreissena 
polymorpha Pallas) on protozoa and phytoplankton from Saginaw 
Bay, Lake Huron. Journal of Great Lakes Research, vol. 21, 
p. 545-557. http://dx.doi.org/10.1016/S0380-1330(95)71065-6

LEI, J., PAYNE, BS. and WANG, SY., 1996. Filtration dynamics 
of the zebra mussel, Dreissena polymorpha. Canadian Journal of 
Fisheries and Aquatic Sciences, vol. 53, p. 29-37. http://dx.doi.
org/10.1139/f95-164

MAKAREWICZ, JC., LEWIS, TW. and BERTRAM, P., 1999. 
Phytoplankton composition and biomass In the offshore waters 
of Lake Erie: pre- and post-Dreissena introduction (1983-1993). 
Journal of Great Lakes Research, vol. 25, p. 135-148. http://
dx.doi.org/10.1016/S0380-1330(99)70722-7

MANSUR, MCD., CARDOSO, FR., RIBEIRO, LA., SANTOS, 
CP., THORMANN, BM., FERNANDES, FC. and RICHINITTI, 
LMZ., 2004. Distribuição e consequências após cinco anos da 
invasão do mexilhão dourado, Limnoperna fortunei no estado 
do Rio Grande do Sul, Brasil (Mollusca, Bivalvia, Mytilidae). 
Biociências, vol. 12, p. 165-172

MORTON, B., 1973. Some aspects of the biology and functional 
morphology of the organs of feeding and digestion of Limnoperna 
fortunei (Dunker) (Bivalvia:Mytilacea). Malacologia, vol. 12, 
p. 265-281.

NADDAFI, R., PETTERSSON, K. and EKLOV, P., 2007. 
The effect of seasonal variation In selective feeding by zebra 
mussels (Dreissena polymorpha) on phytoplankton community 
composition. Fresh Biology, vol. 52, p. 823-842. http://dx.doi.
org/10.1111/j.1365-2427.2007.01732.x

NICHOLLS, KH. and HOPKINS, GJ., 1993, Recent changes In 
Lake Erie (north shore) phytoplankton - cumulative impacts of 
phosphorus loading reductions and the zebra mussel introduction. 
Journal of Great Lakes Research, vol. 19, p. 637-647. http://
dx.doi.org/10.1016/S0380-1330(93)71251-4

NICHOLLS, KH., HEINTSCH, L. and CARNEY, E., 2002. 
Univariate step-trend and multivariate assessments of the 
apparent effects of P loading reductions and zebra mussels on 
the phytoplankton of the Bay of Quinte, Lake Ontario. Journal of 
Great Lakes Research, vol. 28, p. 15-31. http://dx.doi.org/10.1016/
S0380-1330(02)70559-5

PASTORINO, G., DARRIGRAN, G., MARTÍN, SM. and 
LUNASCHI, L., 1993. Limnoperna fortunei (Dunker, 1857) 
(Mytilidae), nuevo bivalvo invasor en aguas del Rio de la Plata. 
Neotropica, vol. 39, p. 34.

PFLUGMACHER, S., WIEGAND, C., OBEREMM, A., BEATTIE, 
KA., KRAUSE, E., CODD, GA. and STEINBERG, CEW., 1998. 
Identification of an enzymatically formed glutathione conjugate 
of the cyanobacterial hepatotoxin microcystin-LR: the first step of 
detoxication. Biochimica et Biophysica Acta, vol. 1425, p. 527-533. 

RICCIARDI, A., 1998. Global range expansion of the Asian 
mussel Limnoperna fortunei (Mytilidae): Another fouling threat to 
freshwater systems. Biofouling, vol. 13, p. 97-106. http://dx.doi.
org/10.1080/08927019809378374

RODITI, HA., CARACO, NF., COLE, JJ. and STRAYER, 
DL., 1996. Filtration of Hudson River water by the zebra mussel 
(Dreissena polymorpha). Estuaries, vol. 19, p. 824-832.

SANTOS, CP., WÜRDIG, LN. and MANSUR, MCD., 2005. 
Fases larvais do mexilhão dourado Limnoperna fortunei (Dunker) 
(Mollusca, Bivalvia, Mytilidae) na bacia do Guaíba, Rio Grande 
do Sul, Brasil. Revista Brasileira de Zoologia, vol. 22, p. 702-708. 
http://dx.doi.org/10.1590/S0101-81752005000300029

SHUMWAY, SE., CUCCI, T., NEWELL, RC. and YENTSCH, 
CM., 1985. Particle selection, ingestion, and absorption In 
filter-feeding bivalves. Journal of Experimental Marine Biology 
and Ecology, vol. 91, p. 77-92. http://dx.doi.org/10.1016/0022-
0981(85)90222-9

SIVONEN, K. and JONES, G., 1999. Cyanobacterial Toxins. In 
CHORUS, I. and BARTRAM, J., (Eds). Toxic cyanobacteria In 

http://dx.doi.org/10.1046/j.1365-2427.2002.00933
http://dx.doi.org/10.1016/j.aquatox.2004.06.004
http://dx.doi.org/10.1016/j.aquatox.2004.06.004
http://dx.doi.org/10.1093/plankt/fbi008
http://dx.doi.org/10.1046/j.1529-8817.1999.3520403
http://dx.doi.org/10.1016/S0380-1330(93)71245-9
http://dx.doi.org/10.1016/S0380-1330(93)71245-9
http://dx.doi.org/10.1242/jeb.02081
http://dx.doi.org/10.1016/S0380-1330(95)71065-6

http://dx.doi.org/10.1139/f95-164
http://dx.doi.org/10.1139/f95-164
http://dx.doi.org/10.1016/S0380-1330(99)70722-7
http://dx.doi.org/10.1016/S0380-1330(99)70722-7
http://dx.doi.org/10.1111/j.1365-2427.2007.01732.x
http://dx.doi.org/10.1111/j.1365-2427.2007.01732.x
 http://dx.doi.org/10.1016/S0380-1330(93)71251-4
 http://dx.doi.org/10.1016/S0380-1330(93)71251-4
http://dx.doi.org/10.1016/S0380-1330(02)70559-5
http://dx.doi.org/10.1016/S0380-1330(02)70559-5
http://dx.doi.org/10.1080/08927019809378374
http://dx.doi.org/10.1080/08927019809378374
http://dx.doi.org/10.1590/S0101-81752005000300029
http://dx.doi.org/10.1016/0022-0981(85)90222-9
http://dx.doi.org/10.1016/0022-0981(85)90222-9


Braz. J. Biol., 2012, vol. 72, no. 1, p. 41-49

Feeding of L. fortunei on toxic cyanobacteria

49

water: a guide to their public health consequences, monitoring 
and management. London.

SMITH, TE., STEVENSON, RJ., CARACO, NF. and COLE, 
JJ., 1998. Changes In phytoplankton community structure during 
the zebra mussel (Dreissena polymorpha) invasion of the Hudson 
River (New York). Journal of Plankton Research, vol. 20, p. 1567-
1579. http://dx.doi.org/10.1093/plankt/20.8.1567

SYLVESTER, F., BOLTOVSKOY, D. and CATALDO, D., 2006. 
Tasas de clareado: ritmos e impacto. In DARRIGRAN, G. and 
DAMBORENEA, C., (Eds.). Bio-invasion del mejillón dorado 
en el continente americano. La Plata: Edulp.

SYLVESTER, F., DORADO, J., BOLTOVSKOY, D., JUAREZ, 
A. and CATALDO, D., 2005. Filtration rates of the invasive pest 
bivalve Limnoperna fortunei as a function of size and temperature. 
Hydrobiologia vol. 534, p. 71-80. http://dx.doi.org/10.1007/
s10750-004-1322-3

VANDERPLOEG, HA., LIEBIG, JR. and GLUCK, AA., 1996. 
Evaluation of different phytoplankton for supporting development 
of zebra mussel larvae (Dreissena polymorpha): The importance 
of size and polyunsaturated fatty acid content. Journal of Great 
Lakes Research, vol. 22, p. 36-45. http://dx.doi.org/10.1016/
S0380-1330(96)70932-2

VANDERPLOEG, HA., LIEBIG, JR., CARMICHAEL, WW., 
AGY, MA., JOHENGEN, TH., FAHNENSTIEL, GL. and 
NALEPA, TF., 2001. Zebra mussel (Dreissena polymorpha) 
selective filtration promoted toxic Microcystis blooms In Saginaw 
Bay (Lake Huron) and Lake Erie. Canadian Journal of Fisheries 
and Aquatic Sciences, vol. 58, p. 1208-1221. http://dx.doi.
org/10.1139/f01-066

VASCONCELOS, V., 1995. Uptake and Depuration of the 
Heptapeptide Toxin Microcystin-LR In Mytilus galloprovincialis. 
Aquatic Toxicology, vol.  32, p.  227-237. http://dx.doi.
org/10.1016/0166-445X(94)00085-5

VASCONCELOS, V., WIEGAND, C. and PFLUGMACHER, 
S., 2007. Dynamics of glutathione-S-transferases In Mytilus 
galloprovincialis exposed to toxic Microcystis aeruginosa cells, 
extracts and pure toxins. Toxicon, vol. 50, p. 740-745. http://
dx.doi.org/10.1016/j.toxicon.2007.06.010

YOKOYAMA, A. and PARK, H., 2002. Depuration kinetics 
and persistence of the cyanobacterial toxin microcystin-LR In 
the freshwater bivalve Unio douglasiae. Wiley InterScience.

WIEGAND, C. and PFLUGMACHER, S., 2005. Ecotoxicological 
effects of selected cyanobacterial secondary metabolites a short 
review. Toxicology and Applied Pharmacology, vol. 203, p. 201-
218. http://dx.doi.org/10.1016/j.taap.2004.11.002

http://dx.doi.org/10.1093/plankt/20.8.1567
http://dx.doi.org/10.1007/s10750-004-1322-3
http://dx.doi.org/10.1007/s10750-004-1322-3
http://dx.doi.org/10.1016/S0380-1330(96)70932-2
http://dx.doi.org/10.1016/S0380-1330(96)70932-2
http://dx.doi.org/10.1139/f01-066
http://dx.doi.org/10.1139/f01-066
http://dx.doi.org/10.1016/0166-445X(94)00085-5
http://dx.doi.org/10.1016/0166-445X(94)00085-5
http://dx.doi.org/10.1016/j.toxicon.2007.06.010
http://dx.doi.org/10.1016/j.toxicon.2007.06.010
http://dx.doi.org/10.1016/j.taap.2004.11.002



