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Abstract: The present study evaluated the predation effects of the gastropod Melanoides tuberculatus on the taxa
richness and density of the periphyton community. A laboratory experiment was conducted with two treatments:
control (without M. tuberculatus) and with M. tuberculatus, each treatment being replicated four times. For
periphyton colonization, glass slides were placed in 3.5 L of water from the environment of the gastropods.
The analysis of species richness and density of the periphyton community on these artificial substrates showed
significant differences (p <0.05) between treatments. In the treatment with M. tuberculatus, taxa richness and
density were lower, with a predominance of Chantrasia macrospora in the last days of the experiment. It follows
that predation by M. tuberculatus destabilizes the course of periphyton colonization, suggesting the possibility
of disruption of natural food chains, however, more studies are needed in this perspectives.
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Resumo: O presente estudo teve como objetivo avaliar os efeitos da predagao de Melanoides tuberculatus sobre
a riqueza de taxons e densidade da comunidade perifitica. Foi realizado experimento em laboratorio, com dois
tratamentos: controle (auséncia de M. tuberculatus) e com M. tuberculatus, sendo cada tratamento replicado quatro
vezes. Para a coloniza¢do da comunidade perifitica foram colocados 3,5 L de dgua do ambiente de origem dos
gastropodes, em cada tratamento e 49 cm? de substrato previamente colonizado e 20 1dminas como substratos
artificiais, durante 24 dias. A analise da riqueza de taxons e densidades da comunidade perifitica nos substratos
artificiais mostrou diferenca (p<0,05) entre os tratamentos. Os tratamentos com M. tuberculatus apresentaram
menor riqueza ¢ densidade, com predominancia da Chantrasia macrospora nos Ultimos dias do experimento.
Conclui-se que a predag@o do M. tuberculatus desestabiliza o curso da colonizagio do perifiton e consequentemente
pode causar a ruptura das cadeias naturais, contudo mais estudos nessa perspectiva sao necessarios.

Palavras-chave: espécies invasoras, herbivoria, experimento em laboratorio, Melanoides turbeculatus, perifiton.
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Introduction

Invasive species have been widely discussed from ecological,
agricultural and economic aspects, particularly with regard to the
negative effects of these organisms on native species (Pointier et al.
1998). These effects are related to competition, parasitism, predation
(Facon et al. 2005), decrease of local biodiversity and transformation
of habitats (Santos et al. 2007).

The red-rimmed melania Melanoides tuberculatus is an Afro-
Asian Thiaridae gastropod (Pilsbry & Bequaert 1927), which was
introduced into Latin America in the late 1960s and is now widespread
in almost all regions (Brown 1994, Fernandez et al. 2003). The first
record of this species in Brazil was in 1967, in Santos, state of Sao
Paulo (Vaz et al. 1986), probably introduced along with fish and
ornamental plants from Africa (Santos & Eskinazi-Sant’Anna 2010).
This snail has a high capacity for colonization and adaptation to new
habitats, and can limit or exclude the native species (Guimaraes et al.
2001, Giovanelli et al. 2003). M. tuberculatus is frequently found
associated with biofilm because of its preference for feeding on green
algae and organic matter (Beeston & Morgan 1979).

The periphyton biofilm is established on hard substrates of
aquatic ecosystems and plays an important role as primary producers,
food source for invertebrates, and bio-indicators of environmental
quality (Szabd et al. 2008). During the colonization process, the
periphyton community is affected by many factors such as area of
the substrate, and the physical, chemical and morphological features
of the aquatic system (Moschini-Carlos et al. 2000). Predation may
have a significant negative effect on the dynamics of periphyton
colonization (Blanchet et al. 2008). M. tuberculatus had a substantial
success colonizing Brazilian aquatic ecosystems (Santos & Eskinazi-
Sant’Anna 2010), but low information has been produced about
the your predation effects on dynamic of algae community and the
consequences for the other trophic levels.

This study analyzed the effects of M. tuberculatus on periphyton
biofilm colonization. We hypothesized that the presence of M.
tuberculatus affects the taxa richeness, and density of the periphyton
biofilm.

Material and Methods

The effect of M. tuberculatus on periphyton biofilm colonization
was tested in aquariums, under laboratory conditions. The experiment

was conducted during 24 days, between February and March 0of 2012,
in the Laboratorio de Ecologia Aquatica of the Universidade Estadual
da Paraiba (LEAq/UEPB).

The experimental design was composed by two treatments,
replicated four times: control, without (TC) and with M. tuberculatus
(TM). The aquariums were arranged in rows (Figure 1), and kept ata
temperature of 25 °C and 12/12-h photoperiod. Glass slides (25) were
arranged on the sides of the aquariums for periphyton colonization
(Figure 1). The aquariums were filled with natural water (3.5 L)
from the Bodocongé Reservoir, enriched with N (1.25 mL NaNO,
[10,000 mg N.L']) and P (1.25 mL KH_ PO, [1,600 mg P.L™']), at
the start of the experiment and in the 3" week. In the TM treatments,
22 adult individuals of M. tuberculatus, with a total biomass of 7.56
mg, were placed in each TM aquarium.

1. Samples and data analyses

Samples were taken every three days for four weeks, and
consisted of randomly chosen glass slides. The periphyton was
removed from the slides with the aid of stainless-steel blades and jets
of distilled water. The material was stored in PVC bottles, and fixed
and preserved with acetic Lugol for quantitative analysis. Periphytic
algae were counted under a inverted microscope, using method of
Utermohl (1958). Random fields were counted to achieve stabilization
of the curve (species rarefaction), up to a total of 100 individuals of
the most common species (Bicudo 1990). The density of periphytic
algae was calculated according to equation of Ros (1979). At the end
of the experiment, the individuals of M. tuberculatus were counted
and the final biomass was determined.

A Kruskal-Wallis test was performed to determine the differences
in species richness, density, and diversity of periphytic algae in
the treatments and among the days of colonization. This analysis
was executed in the software Statistica 7.1. An nMDs was used
to determine the differences in species composition between the
treatments, and an ANOSIM to confirm the ordination patterns in
nMDS, using PRIMER-PERMANOVA software.

Results

The periphytic algae from the two treatments represented a total
of 35 taxa from the following divisions: Chlorophyceae (23%),
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Figure 1. Experimental design with control and treatment with Melanoides tuberculatus, February 28 - March 23, 2012.
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Cyanobacteria (23%) Bacillariophyceae (34%), Euglenophyceae The density of periphytic algaec showed significant differences
(11%), Zygnemaphyceae (3%), Oedogoniophyceae (3%) and between treatments (p <0.05), with higher densities in the control
Florideophyceae (3%). In the control treatment, 32 taxa were  treatment. The density increased during the experiments, with lower
recorded, with 18 exclusive taxa; 17 were recorded in the treatment
with M. tuberculatus, with three exclusive species (Table 1).

Taxa richness showed significant differences between treatments
(p <0.05) and between sampling periods for TC (p <0.05). In the early
stages of colonization, higher taxa richness was observed for the TM;
however, from the 6th day of the experiment, richness decreased,
ranged to 4-2 taxa and continued to decline until the end of the
experiment. For the control treatment, taxa richness increased until Cyclotella meneguiniana subsequently. The more abundant species
the 9th day, then decreased and a new “surge” of species occurred in were Planktothrix agardii, Leptolyngbya sp., Oedogonium sp. and
the 21th days (Figure 2A). Spirogyra sp. (Figure 3A).

values in the early stages, exponential growth from day 3th, and
peaking at day 12th in the control treatment and on the 9th day in
the TM treatment (Figure 2B).

Diatoms were most abundant in the TC (62% of total density),
followed by Cyanobacteria (19%) and Chlorophyceae (7%). Navicula
sp. was dominant at the beginning of colonization (up to day 6) and

Table 1. Composition of periphytic algae in the experiment with control TC and treatment with Melanoides tuberculatus TM, February 28 - March 23, 2012.
Taxon TC ™

Bacillariophyceae
Amphipleura sp Kiitzing 1844

X

Amphora sp Ehrenberg ex Kiitzing 1844
Cocconeis sp Ehrenberg 1837
Cyclotella meneghiniana Kiitzing 1844
Eunotia sp Ehrenberg 1837

Fragilaria capucina Desmazieres 1830
Navicula sp Bory de Saint-Vincent 1822

XX KX

Navicula sp2
Nitzschia longissima (Brébisson) Ralfs in Pritchard 1861
Surirella sp Turpin 1828

I T o T T T

Synedra sp Ehrenberg 1830
Synedra ulna (Nitzsch) Ehrenberg 1832
Chlorococcaceae

XK KX

o

Chlorella vulgaris Beyerinck 1890

Chlorococcum sp Meneghini 1842

Crucigenia sp Morren 1830

Desmodesmus quadricaudatus (Arkansas) Smith 2010

Eutetramorus sp Walton 1918

Monoraphidium contortum Komarkova-Legnerova in Fott 1969

Oocystis borgei Snow 1903

Schroederia antillarum (Komarek) Hegewald & Schnepf 1986
Cyanophyceae

Aphanocapsa elegans (Lemmermann) Joosten 2006

Leptolyngbya nodulosa Li & J.Brand 2007

Lyngbya sp Agardh ex Gomont 1892

KR KKK K KK

Merismopedia minima Beck 1897
Microcystis protocystis Crow 1923
Oscillatoria sp Vaucher ex Gomont 1892
Planktothrix agardhii Gomont Anagnostidis & Komarek 1988
Pseudanabaena galeata Bocher 1949
Euglenophyceae
Euglena pusilla Playfair 1921
Lepocinclis salina Fritsch 1914

T T I

Strombomonas sp Deflandre 1930

Trachelomonas sp Ehrenberg 1835
Florideophyceae

Chantransia macrospora Wood 1887 X
Oedogoniophyceae

Oedogonium sp Link ex Hirn 1900 X
Zygnematophyceae

Spirogyra sp Link 1820 X

XK KX
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In the treatment with M. tuberculatus, members of Cyanobacteria
were the most abundant (56% of the total density) followed by
Florideophyceae (27% of the total density). Leptolyngbya sp. was
dominant in the initial 12 days of colonization, and Chantransia
macrospora in subsequent days (Figure 3B). The pressure exerted
by the herbivory by M. tuberculatus significantly affected the
colonization and community structure of periphyton. The biomass
of M. tuberculatus showed significant growth during the experiment,
with an average increase of 2.3% of the initial biomass. The
individuals spawned during the experiment comprised 0.5% of the
final biomass.

The ordering of the nMDS showed significant differences between
treatments and time of exposure of the substrate (Figure 4). There
was separation of the two cases relating to treatments and between
periods, which demonstrated differences in community structure
between the period between 1-12 and 15-24 days of colonization for
the control treatment, and the period between 1-9 and 12-24 days for
the treatment with M. tuberculatus (Figure 4). ANOSIM analyses
confirmed the significant differences between the periods (Global R=
0.37; p<0.05) and treatments (Global R= 0.33; p<0.05).

Discussion

The periphytic algal community is a key element in aquatic
ecosystems. This community can contribute about 90% of total
primary production of the ecosystem (Wetzel 1990). In addition,
periphyton is a base food for food webs, being rich in protein, vitamins
and minerals (Fernandes & Esteves 1996), and a food source for fish
and benthic invertebrates (Morley et al. 2008).

Jones & Sayer (2003) showed that periphyton biomass is
determined by predation by benthic invertebrates. In our study, the
density of periphyton decreased when exposed to M. tuberculatus.
As noted by Putz (1997) for a study in the Rio Negro, periphytic
diatoms are under pressure by many invertebrates feeding on them.
Our study showed that the low density of diatoms in the experiment
containing M. tuberculatus resulted from the feeding of this mollusk.
The occurrence of exclusive taxa in the control experiment can be
explained by the influence of M. tuberculatus on their development,
since from the beginning of the experiment, these snails eat the very
species that promote subsequent colonization by other taxa.

The significant increase in biomass of M. tuberculatus was
provided both by the weight gain of the adults and the birth of
young individuals. Keller et al. (2007) found that each adult
M. tuberculatus could produce around 365 juveniles per year.
The high rate of population growth is one reason for the adaptive
success of M. tuberculatus, not least because these organisms are
parthenogenetic.
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Figure 4. nMDS analysis showing segregation between days of experiment
and the treatments.
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The decrease in the diversity and richness of the periphyton
is explained by the predation pressure exerted by this mollusk.
This suggests that in the natural environment, the presence of
M. tuberculatus decreases ecological quality (Rosenberg & Resh
1993), since it caused the disappearance of some species of periphyton,
causing other species to become dominant, such as Chantransia and
Leptolyngbya. Thus, predation pressure on the periphyton community
can alter the trophic dynamics in aquatic ecosystems.

Interestingly, in the first days of the experiment, species richness
increased in the treatments with M. tuberculatus. This can be
explained by the probable presence of periphyton on the shell of the
mollusk. This hypothesis is supported by a study of Vasconcelos et al.
(In preparation) which showed the association of Chantransia
(‘macrospora’), an exotic species to the semi-arid northeast, with the
shell of M. tuberculatus. Another likely reason for this dominance is
the occurrence of Chantransia (‘macrospora’) only in the treatment
containing M. tuberculatus.

The presence of exotic mollusks in aquatic ecosystems is of
concern because it threatens local biodiversity, and may cause health
problems, for instance, these snails are a host of exotic trematodes
such as Centrocestus formosanus (Souto et al. 2011). In addition to
predation pressure on periphyton, this snail competes for resources
with native gastropods, causing the reduction or disappearance of
their populations (Cowie 2001, Prenter et al. 2004). M. tuberculatus
was reported causing reduction in populations of Biomphalaria
glabrata, a native mollusk, because species competing for habitat and
food resources (Rocha-Miranda & Martins-Silva 2006, Tuan 2009).
In the present study, M. tuberculatus reduced the taxa richness and
of the periphyton and also affected the density of this community.
Since these organisms feed mainly on periphytic algae (Pointier et al.
1991), one can extrapolate this observation to natural environments.
However, more studies are needed to explain the consequences of
the predation on food chain.
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