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Abstract
We conducted a study about invertebrates on artificial substrates with different antifouling paints in order to answer 
the following questions: 1) is there lower accumulation of organic matter on substrates with antifouling paints, 2) is 
invertebrate colonization influenced by the release of biocides from antifouling paints, 3) is the colonization of aquatic 
invertebrates positively influenced by the material accumulated upon the substrate surface and 4) is the assemblage 
composition of invertebrates similar among the different antifouling paints? To answer these questions, four structures 
were installed in the Baía River in February 1st, 2007. Each structure was composed of 7 wood boards: 5 boards painted 
with each type of antifouling paints (T1, T2, T3, T4 and T5), one painted only with the primer (Pr) and the other without 
any paint (Cn). After 365 days, we observed a greater accumulation of organic matter in the substrates with T2 and 
T3 paint coatings. Limnoperna fortunei was recorded in all tested paints, with higher densities in the control, primer, 
T2 and T3. The colonization of Chironomidae and Naididae on the substrate was positively influenced by L. fortunei 
density. The non-metric multidimensional scaling (NMDS) of the invertebrate community provided evidence of the 
clear distinction of invertebrate assemblages among the paints. Paints T2 and T3 were the most similar to the control and 
primer. Our results suggest that antifouling paints applied on substrates hinder invertebrate colonization by decreasing 
the density and richness of invertebrates.
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Influência de revestimentos antiincrustantes em invertebrados aquáticos 
(Mytilidae, Chironomidae and Naididae): densidade, riqueza e composição

Resumo
O estudo dos invertebrados em substrato artificial com diferentes revestimentos antiincrustantes foi realizado com 
o intuito de responder as seguintes questões: 1) Há menor acumulação de material orgânico nos substratos com 
revestimentos antiincrustantes? 2) A colonização de invertebrados é afetada pela liberação de biocidas dos revestimentos 
antiincrustantes? 3) A colonização dos invertebrados aquáticos é facilitada por material acumulado sobre a superfície 
do substrato? 4) A composição da assembléia é similar entre os diferentes revestimentos? Para realização deste estudo, 
quatro estruturas foram instaladas em 01 de fevereiro de 2007 no rio Baía. Em cada estrutura foram colocadas sete 
placas de madeira: cinco placas com aplicação de um tipo de revestimentos antiincrustantes (T1, T2, T3, T4 e T5), uma 
placa apenas com a aplicação do primer (Pr) e a outra placa permaneceu sem aplicação de nenhum revestimento (Cn). 
Ao final dos 365 dias em que os substratos ficaram submersos observou-se maior acumulação de material orgânico 
nos substratos dos revestimentos T2 e T3. Limnoperna fortunei foi registrada em todos os revestimentos testados, com 
maiores densidades encontradas no controle, primer, T2 e T3. A colonização de Chironomidae e Naididae sobre os 
substratos foi influenciada pela densidade de L. fortunei. A ordenação (NMDS) evidenciou a separação da assembléia 
de invertebrados entre os revestimentos. Os revestimentos T2 e T3 foram os mais similares ao controle e ao primer. 
Os resultados obtidos sugerem que revestimentos antiicrustantes aplicados sobre substratos dificultam a colonização 
de invertebrados, reduzindo a densidade e riqueza de invertebrados.

Palavras-chave: colonização, bioincrustação, Limnoperna fortunei.
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1. Introduction

Bioaccumulation, or biofouling, is the accumulation 
or unwanted growth of microorganisms, plants or animals 
on the surface of an object (natural or artificial) that is 
immersed in the water (WHOI, 1952). Algae, hydrozoans 
and mollusks are the main organisms responsible for fouling 
in freshwater (Callow, 1993). Limnoperna fortunei is a 
bivalve from Asia that was introduced in the Neotropical 
region (Darrigran and Pastorino, 1995). It attaches upon 
solid substrates and/or other organisms using byssus fibers 
(Darrigran and Damborenea, 2006; Mansur and Pereira, 
2006; Santos et al., 2012).

Once in South American rivers, the dispersal of L. fortunei 
can occur through natural mechanisms. Planktonic larvae 
are dispersed by the current flow and juveniles and adults 
are dispersed by the attachment to floating elements or 
other organisms (Darrigran and Damborenea, 2006) or 
some fish species are important dispersal vectors for 
invading L. fortunei (Belz, et  al., 2012). Dispersal can 
also occur through non-natural mechanisms, such as 
shipping and fisheries activities (Garcia and Protogino, 
2005; Darrigran and Mansur, 2006). The ability to attach 
to ship hulls and, consequently, to be transported to other 
places may be one of the main dispersal mechanisms of 
this species (Darrigran, 2002; Takeda et al., 2003, 2011).

The concern of protecting equipment or industrial 
installations from bioaccumulation, especially by L. fortunei 
(Darrigran  et  al., 2007; Darrigran and Damborenea, 
2006; Portella et al., 2009), has driven researchers to find 
ways to prevent and control the macrofouling upon solid 
structures. Some solutions include antifouling material 
(Ohkawa et al., 1999; Faria et al., 2006), molluscide and other 
biocides (Maroñas and Damborenea, 2006) and antifouling 
paints (Caprari and Lecot, 2001; Matsui  et  al.,  2002; 
Caprari, 2006).

The antifouling paint prevents an organism from 
attachment due to the toxic properties of the paint (Caprari 
and Lecot, 2001). The toxicity also assures effective long-term 
protection. However, by possessing biocide components in 
their composition, these paints release particles of biocide 
pigments, such as copper, into the water (Omae, 2003; 
Yebra et al., 2004). At high concentrations, these biocide 
pigments may be harmful to aquatic organisms, such as 
benthic invertebrates (Kraft and Sypniewski, 1981) and 
fish (Barry et al., 2000; Marr et al., 1999).

The project “Programa de pesquisa para controle 
do mexilhão dourado (Limnoperna fortunei) nas águas 
jurisdicionais brasileiras” was coordinated by the 
Instituto de Estudos do Mar Almirante Paulo Moreira 
conducted bioassays in the laboratory and in the field using 
several antifouling paints found in Brazilian commerce. 
The  purpose of the project was to identify paints that 
prevent the attachment of the golden mussel; with lower 
environmental costs (IEAPM, 2008). From the project’s 
results, we selected five antifouling paints and evaluated 
their effects on other species of aquatic invertebrates.

Our study concerning invertebrates on artificial 
substrates with different antifouling paints was performed 
in order to answer the following questions: 1) is there 
lower accumulation of organic matter on substrates with 
antifouling paints, 2) is invertebrate colonization influenced 
by the release of biocides from antifouling paints, 3) is the 
colonization of aquatic invertebrates positively influenced 
by the material accumulated upon the substrate surface and 
4) is the assemblage composition of invertebrates similar 
among the different antifouling paints? The hypothesis 
of our study was that the application of antifouling 
paints upon a substrate forms a pellicle that, due to its 
biocide attribute, hinders the colonization by aquatic 
invertebrates. We tested the following predictions: 1) there 
is lower accumulated organic matter, density and species 
richness on the substrate with antifouling paints and 2) the 
composition of invertebrate assemblage is different among 
the distinct paints.

1.1. Study area
The experiment was carried out in the inferior stretch 

of Baía River, located in the Environmental Protection 
Area (EPA) of Islands and “Várzeas” of the Paraná River 
(Figure 1). Baía River rises in Nova Andradina County 
(450 m above the sea level) and flows for 130 km until 
its confluence to the Paraná River, through Curutuba 
Channel, and to Ivinhema River. It is a sinuous river 
with varied width and several levees occupied by riparian 
vegetations, flooded or anthropized fields. The Baía River 
also has several aquatic macrophyte stands associated with 
its banks. In our sampling station (22º 41’ 9,39” and 53º 
15’ 8,67”) the mean depth was 3 m and the current flow 
was 0.02 m.s–1.

The Baía River was chosen to perform this study 
because it presents a well-established population of the 
invasive species L. fortunei, with high densities of adult 
and larval stages. This was also an ideal study site because 
there is previous knowledge of other aquatic invertebrate 
taxa in the Baía River (Takeda et al., 1997; Takeda and 
Fujita, 2004; Behrend et al., 2009).

2. Material and Methods

In this experiment, the five antifouling paints tested 
were selected by choosing a combination of efficiency in 
the inhibition of the attachment of the golden mussel as 
well as low toxicity. These paints were selected based on 
laboratory bioassays previously performed by Coutinho et al. 
(2012). These tests also revealed the presence of copper 
oxide (Cu2O) in all of the antifouling paints.

Four structures were built to install the wood boards 
for the artificial substrate structure. Each structure was 
composed of a rigid PVC tube that was 1 ¼’ in diameter 
and 2 m in length. The PVC tube was connected to a buoy 
anchored to the river bottom by cables at each end of the 
tube. The wood boards (20 cm wide, 25 cm tall and 15 mm 
thick) were pierced by the PVC tube and locked in place 
by copper wires to avoid contact among them.
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Each structure had seven wood boards (Table 1). Each 
of the five antifouling paints was applied to a board, one 
board only had the primer applied and the final board 
remained without any coating and was considered the control 
(Cn). The primer is a paint that assures the adherence of 
the antifouling coating on the applied surface. The board 
arrangement was not randomized. The structures for the 
experiment were planned and created by the Instituto de 
Estudos do Mar Almirante Paulo Moreira. The structures 
were submerged in the Baía River on February 1st, 2007.

2.1. Sampling
Samples from each wood board were taken on February 

1st, 2008, after 12 months of exposure. The wood boards 
were scraped with a brush and the collected material was 
immediately preserved with alcohol (70%).

The aquatic invertebrates from the samples were sorted 
and counted under a stereoscopic microscope. Oligochaeta 
and Chironomidae invertebrates were identified to the 
lowest taxonomic category possible using specialized 
literature (Oligochaeta: Brinkhurst and Jamieson, 1971; 
Brinkhurst and Marchese, 1991; Righi, 1984; Chironomidae: 
Trivinho‑Strixino and Strixino, 1995; Coffman and Ferrigton, 
1996; Epler, 1995).

After the removal of invertebrates from each sample, 
the remaining sample was dried in laboratory oven at 
50 °C and weighed to quantify the accumulated organic 
matter (dry weight).

2.2. Data analysis
We used R software (version 2.8, The R Foundation 

for Statistical Computing 2008, vegan package) to analyze 
the data. We used an analysis of variance (ANOVA) to 

determine differences in accumulated organic material 
on the paint substrates and the control. Specifically, the 
ANOVA examined differences in the following factors: 
invertebrate density, invertebrate richness, density of 
L. fortunei and density of Chironomidae and Naididae. 
To describe the assemblage of aquatic invertebrates from 
artificial substrate, we analyzed the density (ind.m–2), 
abundance (%) and taxa richness (S). The assumptions 
of normality and homoscedasticity were achieved after 
log transformations (log (n+1)).

The Spearman Correlation Coefficient was used 
to evaluate the correlation between the accumulated 
organic material and the invertebrate density (L. fortunei, 
Chironomidae and Naididae) and the correlation between 
L. fortunei, Chironomidae and Naididae densities.

The assemblage composition was examined using 
non-metric multidimensional scaling (NMDS) once zero 
values were removed. The Bray-Curtis distance was used 
to determine similarity in community composition among 
the samples. Differences in the community structure 

Figure 1. Map of the study area. Sampling point.

Table 1. List of used coatings and codes.
Code Marca comercial
Cn Control  

(without any coating)
T1 Antifouling paint Revran AF BR 870
T2 Antifouling paint Poliepox 600
T3 Antifouling paint Revran AF LCL 870
T4 Antifouling paint Coper Bottom 60
T5 Antifouling paint Aemme Long Life Plus
Pr Primer
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among the paint types were tested using the analysis of 
similarities (ANOSIM).

The coefficient of community loss (Courtemanch and 
Davies, 1987) was calculated for all paints. The control 
(Cn) and the primer (Pr) were used as reference. This is a 
dissimilarity index, for which the values increase according 
to the dissimilarity degree between the reference station 
and the interest station (Courtemanch and Davies, 1987).

3. Results

At the end of the 365 days in which the substrates 
remained submerged in the Baía River, we observed a 
greater accumulation of organic matter in the substrates 
with T2 and T3 paints (Figure 2). The analysis of variance 
found significant differences among the substrates (ANOVA: 
F(6, 21)=7.33; p<0.01), distinguishing T2 and T3 from the 
primer, T4 and T5 (Tukeys’s Test; p<0.05).

The density of invertebrates colonizing the substrates 
during the experiment ranged from 1 to 1,566 individuals, 
depending on the type of the paint. The invertebrate 
density (Figure 3a) and the number of taxa (Figure 3b) 
were significantly different between the substrates with 
and without antifouling paint (Log(Density+1):F(6, 21)=20.38; 
p<0.01; Taxa: F(6, 21)=15.83; p<0.01).

High abundance and number of taxa were recorded 
in the control (Cn) and primer (Pr). Lower values were 
observed for the T4 and T5 antifouling paints (Figure 3). 
Limnoperna fortunei and Chironomidae were the most 
abundant taxa and were present on all substrates. Individuals 
from the Naididae Family (Oligochaeta) were only not 
recorded on T4.

Although L. fortunei was found on all substrates 
(Figure  4), its density differed among the paints 
(Log(L. fortunei+1): F(6, 21)=26.57; p<0.01). Specifically, T1, T4 
and T5 were different from the other coatings and from 
the control. Significant differences in Chironomidae and 
Naididae densities between the antifouling paints and the 
control were also evident (Chironomidae: F(6, 21)=6.17; 
p<0.01; Naididae: F(6, 21)=2.65; p<0.05). The lowest densities 

of Chironomidae and Naididae were recorded in T1, T4 
and T5 paints (Figure 5).

Accumulated organic material was only correlated with 
Chironomidae density (Spearman correlation coefficient: 
ρ=0.54; p<0.05). Positive correlations were found between 
L. fortunei (ρ=0.74), the density of Chironomidae and 
Naididae (ρ=0.51) and taxa richness (ρ=0.82).

Figure 2. Mean and standard deviation of dry weight (g) of 
organic material accumulated on the substrates. Cn=Control, 
T1, T2, T3, T4, and T5=Antifouling paints, Pr= Primer.

Figure 3. Mean and standard deviation of density 
(Log(Densidade+1)) (a) and number of taxa (b). Cn=Control, T1, 
T2, T3, T4, and T5=Antifouling paints, Pr= Primer.

Figure 4. Mean and Standard deviation of L. fortunei 
density (Log(L. fortunei+1)) among the substrates. Cn=Control, 
T1, T2, T3, T4, and T5=Antifouling paints, Pr=Primer.
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Among the 15 morphospecies of Chironomidae, 
Parachironomus sp4 was the most abundant in all paints. 
Only 7 species of Naididae were identified and their 
abundance varied depending on the paint (Table 2). Both 
the number of Chironomidae morphospecies and Naididae 
species that colonized the substrates differed among the 
paints, with a lower number of taxa on substrates with 
T4 and T5 paints.

The ordination (NMDS) demonstrated the clear distinction 
of invertebrate communities among the paints (Figure 6). 
Additionally, the ANOSIM indicated that the communities 
were significantly different (ANOSIM: R=0.57; p<0.01). 
Regarding the composition of the invertebrate community, 
the T2 and T3 antifouling paints were more similar to the 
control and primer.

The values of the coefficient of community loss, using 
the control and primer as reference, indicated greater 
dissimilarity between the reference assemblages and those 
that colonized T4 and T5 (Figure 7).

4. Discussion

Antifouling paints are products whose application 
forms a pellicle containing biocides to prevent the fouling 
or accumulation of unwanted organisms upon an object’s 
surface. The toxic action results in the biocide release, 
which is damaging to most organisms (WHOI, 1952). 
In general, the antifouling paints may repel the organisms 
because of organic changes that determine death before 
the attachment and/or permit the attachment but causing 
death during later stages of the life cycle (Caprari, 2006).

In the present study, we expected to record higher 
values of accumulated organic material in the substrates 
without antifouling paints (control and primer) due 
to the absence of a pellicle with biocide components. 
However, the greater accumulation of attached material 
was recorded in T2 and T3 paints, which favored higher 
colonization of invertebrates when compared to the other 
antifouling paints. Detritus, periphytic algae and bacteria 
that accumulate on the substrate provide food resources 
for several invertebrates (Bott and Borchardt, 1999), 
specifically Chironomidae larvae (Robinson et al., 1990; 
Armitage et al., 1995; Maasri et al., 2008) and Naididae 
species (Learner et al., 1978).

The accumulation of material in the T2 and T3 
paints may be related to the adherence of the paints 
to the substrate surface, since any roughness (Howell 
and Behrends, 2006) may increase particle attachment. 

Figure 7. Values of the coefficient of community loss for the 
coatings. Cn=Control, T1, T2, T3, T4, and T5=Antifouling 
paints, Pr=Primer.

Figure 5. Mean and standard deviation of Chironomidae 
(a) and Naididae (b) density among the substrates. Cn=Control, 
T1, T2, T3, T4, and T5=Antifouling paints, Pr=Primer.

Figure 6. Non-metric multidimensional scaling (NMDS) of 
invertebrates community. Cn=Control, T1, T2, T3, T4, and 
T5=Antifouling paints, Pr=Primer.
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Additionally, the colonizing taxa may have a tolerance 
to the copper oxide released by these coatings. Several 
algae species (e.g., Achnanthes spp., Enteromorpha ssp. 
and Ectocarpus spp.) have a physiological tolerance to 
copper (French and Evans, 1986).

Limnoperna fortunei was recorded on all paints, although 
the higher densities were found on the substrates without 
antifouling paints (control and primer). The pigments 
extracted from all coatings were mainly composed of 
copper oxide (Cu2O) (IEAPM, 2008). Among the paints 
tested by Matsui et  al. (2002), copper oxide can cause 
lower attachment of L. fortunei. Among the antifouling 
paints, T2 and T3 had greater attachment of L. fortunei 
at the end of 365 days, and this was probably due to the 
greater accumulation of organic matter. Furthermore, 
according to Faria et al. (2006), the presence of biofilm 
can increase the attachment of L. fortunei upon surfaces.

The colonization of Chironomidae and Naididae on 
the substrates was positively correlated with the density 
of L. fortunei, possibly because this bivalve promotes 
changes in the substrate surface, thereby creating a new 
microhabitat (Darrigran, 2002). Darrigran et al. (1998) also 
verified that the colonization by L. fortunei on solid surfaces 

(e.g., rocks) increased Oligochaeta colonization because 
of the increase in surface complexity. The increase in the 
abundance of detritivorous taxa, mostly Chironomidae 
and Naididae, probably increases the food resource 
availability, as well as release and disposal of wastes from 
mussels. In North America, of the presence zebra mussels 
(Dreissena polymorpha Pallas 1771), Ricciardi et al. (1997) 
increases the richness and abundance of macroinvertebrates 
due to the creation of habitat through mussel groupings 
and the accumulation of pseudofeces.

Among the Chironomidae morphospecies, 
Parachironomus sp4 was present and dominant (abundance 
> 70%) in all paints. Parachironomus larvae are common 
in lentic environments with decaying organic matter 
(Sanseverino et al., 1998; Sanseverino and Nessimian, 2001; 
Rosin and Takeda, 2007). However, the dominance of the 
larvae from this morphospecies may be actually related 
to its life cycle, as higher densities have been recorded 
during February and March (Fujita and Takeda, in prep.).

It has also been observed that February is not a period 
with higher colonization of Naididae on substrates (Fujita 
and Takeda, in prep.), since it is a period when the water 
from the Paraná River invades the flooding area, which 

Table 2. Relative abundance (%) of taxa recorded on the substrates. Cn=Control, T1, T2, T3, T4, and T5=Antifouling paints, 
Pr=Primer.

Cn T1 T2 T3 T4 T5 Pr
Bivalvia
Limnoperna fortunei (Dunker, 1857) 89.74 42.11 77.86 75.20 50.00 37.25 94.07
Chironomidae
Asheum 0.88 0.24 0.04
Beardius sp1 0.88
Chironomus sp1 0.31 0.88 0.66 0.04
Dicrotendipes sp3 0.21 0.49 0.04
Endotribelos sp1 0.10 0.24 0.13
Goeldichironomus gr pictus 2.63 0.49 0.26 1.96 0.04
Parachironomus sp4 8.70 42.98 15.82 18.47 43.75 37.25 4.54
Polypedilum (Polypedilum) sp4 0.88 0.13 3.92 0.08
Caladomyia sp 6.25
Cricotopus sp1 0.24 0.15
Corynoneura sp1 0.24
Nanocladius sp 0.10 2.63 0.24
Ablabesmyia (Karelia) 0.21 0.24 0.26 1.96 0.08
Djalmabatista sp <0.01 0.13
Labrundinia sp2 0.24 0.13
Naididae
Chaetogaster diastruphus (Gruithuisen, 1828) 0.10
Dero (Aulophorus) furcatus (Müller, 1773) 1.75
Dero (Dero) sawayai Marcus, 1943 3.51 1.46 0.66 7.84 0.11
Nais communis Piguet, 1906 0.41 0.88 1.46 0.13 0.15
Pristina aequiseta Bourne, 1891 0.10 0.49 3.56 0.11
Pristina leidyi Smith, 1896 0.13 9.80 0.23
Pristina proboscidea Beddard, 1896 0.24 0.13 0.34
Total of taxa 10 11 15 14 3 7 14
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includes the Baía River (Thomaz et  al., 2004). During 
this period, the lowest densities and richness of benthic 
invertebrates are observed (Rosin and Takeda, 2007; 
Behrend et al., 2009). However, this time period coincides 
with one of the higher recruitment periods for L. fortunei 
(Takeda et al., unpublished data).

Nais communis, one of the principal species of Naididae 
that colonizes artificial substrates (Fujita and Takeda, in 
prep.), was abundant on the substrates without paint and 
absent in the T4 and T5 paints. This result may be due to 
the fact that N. communis does not have a chitin exoskeleton 
like insect larvae. As a result, annelids are more susceptible 
to the biocide released by antifouling paints.

The ordination (NMDS) demonstrated a clear distinction 
of invertebrate assemblages among the paints. Paints T2 
and T3 (the substrates with the greatest accumulation of 
organic matter) were the most similar to the control (Cn) 
and primer (Pr) in terms of the composition of invertebrate 
communities. The T4 and T5 antifouling paints had lower 
attachment of L. fortunei (i.e., they were the most effective 
paints). This finding was also verified by Coutinho et al. 
(2012). However, the T4 and T5 paints were also those 
paints that most influenced the colonization of other aquatic 
invertebrates, as observed by the dissimilarity of those 
paints to the control and primer (NMDS and coefficient 
of community loss) and in the density and richness of 
Chironomidae and Naididae.

The results obtained by our study corroborate the 
hypothesis that antifouling paints applied upon substrates 
hinder invertebrate colonization (L. fortunei, Chironomidae 
and Naididae) by decreasing the density and richness. As a 
result, the assemblage has a reduced number of individuals 
and taxa (species and morphospecies). Nevertheless, the 
antifouling paints are applied to ship hulls (WHOI, 1952) 
and the release of biocides by the paints depends on several 
factors, as biocide solubility, exposed area, friction with 
surrounding water, water temperature and pH (Caprari, 2006). 
Therefore, research in other environments with distinct 
environmental conditions (current flow, temperature and 
pH) may provide different results.
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