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Bianca Sartini, Roberto Marchesini, Sthefane D´ávila, Marta D’Agosto, and Roberto Júnio
Pedroso Dias (2018) Freshwater gastropods represent good models for the investigation of
epibiotic relationships because their shells act as hard substrates, offering a range of microhabitats
that peritrich ciliates can occupy. In the present study we analyzed the community composition and
structure of peritrich epibionts on the basibiont freshwater gastropod Physa acuta. We also
investigated the spatial distribution of these ciliates on the shells of the basibionts, assuming the
premise that the shell is a topologically complex substrate. Among the 140 analyzed snails, 60.7%
were colonized by peritrichs. We observed seven peritrich species: Epistylis plicatilis and Epistylis
sp. (Epistylididae); Opercularia articulata (Operculariidae); Carchesium polypinum, Vorticella
campanula and Vorticella sp. (Vorticellidae) and Thuricola kellicottiana (Vaginicollidae). We
observed a high prevalence of epibiosis (> 60%) when all species of ciliates were considered
conjunctly. However, the prevalence was low (1-58%) when each species was considered
separately, reflecting their aggregate distribution pattern. The most prevalent species were Epistylis
sp. (58.60%), Vorticella sp. (14.30%) and O. articulata (13.60%). Although the epibionts were
distributed through the shell’s entire extension, we observed greater values of abundance, density,
diversity and dominance on the dorsal surface. Only Epistylis sp. was widely distributed on the
ventral surface. We also observed that the peritrichs predominantly occupied the areas of the shell
delimited by the sutures. We interpreted these distribution patterns considering that the peritrichs
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select their attachment sites under pressures related to basibiont behavior, physical forces that may
dislocate them and protective characteristics of the shell’s areas.
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BACKGROUND

Epibiosis is a facultative association, widespread in aquatic environments, which involves
the epibionts, organisms that remain attached to the surface of living substrates, the basibionts,
during the sessile phase of their life cycles (Wahl 1989). Epibiosis not only affects the organisms
involved, but also promotes changes at the community and the microenvironment levels
(Fernandez-Leborans and Cárdenas 2009). Epibiosis involving ciliates is relatively well
documented in a number of studies addressing the composition of epibiotic communities
(Fernandez-Leborans and Tato-Porto 2000; Chatterjee et al. 2013; Bielecka and Boehnke 2014),
spatial and temporal distribution of epibionts in marine and limnetic ecosystems (Hanamura 2000;
Utz and Coats 2005; Dias et al. 2008; Cabral et al. 2010; Cabral et al. 2017), negative impacts on
basibionts (Visse 2007; Souissi et al. 2013; Burris and Dam 2014), advantages and adaptations of
epibionts (Delgery et al. 2006; Fernandez-Leborans and Rintelen 2010), spatial colonization
patterns of epibionts on basibionts (Fernandez-Leborans et al. 2006; Marinõ-Perez and MayénEstrada 2009; Fernandez-Leborans et al. 2013) and epibionts biology (Gilbert and Schröder 2003;
Utz 2008; Bickel et al. 2012).
Epibiont ciliates are found in several groups: apostomatids, chonotrichids, heterotrichs,
peritrichs and suctorians (Corliss 1979; Fernandez-Leborans et al. 2006). Among these, greater
diversity of epibiont ciliates are found in the subclass Peritrichia, Stein 1859, whose life cycles contain
a sessile stage fixed by a stalk to an inert or living substrate as well as by a dispersal stage represented by
free-swimming forms that seek new substrates (Gilbert and Schröder 2003). They can live as
epibionts on several metazoans as cnidarians, ctenophorans, rotifers, tardigrades, platyhelminthes,
crustaceans, annelids, insect larvae, mollusks, fishes, tadpoles and turtles (Kahl 1935; Corliss 1979;
Foissner et al. 1992; Moss et al. 2001; Mayén-Estrada and Aladro-Lubel 2002; Gilbert and Schröder
2003; Dias et al. 2008, 2009). Although the majority of peritrich species are able to colonize both
inert and living substrates evenly, the colonization of basibionts is not a random phenomenon.
There is experimental evidence that suggests that these ciliates actively select the colonized species,
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as well as the attachment sites on the basibionts (Cook et al. 1998; Mayén-Estrada and AladroLubel 2001; Gilbert and Schröder 2003; Fernandez-Leborans et al. 2006).
The advantages of colonizing a living substrate have been mostly associated to nutrient
acquisition through the water currents generated by the basibionts (Wahl 1989; Threlkeld 1993;
Fernandez-Leborans et al. 2006), or from the bacteria-rich periphyton that accumulate on their
exoskeletons (Bernot et al. 2005). Another important aspect is the fact that the basibionts are
mobile, moving away from unfavorable environments and thus promoting the survival of the
epibionts (Dias et al. 2008). Also, the basibiont may potentially promote epibiont dispersal during
their own migrations, contributing to the gene flow between populations (Wahl 1989).
Freshwater gastropods are good models for investigating epibiotic relationships because
their shells act as hard substrates that are complex in form and ornamentation and therefore offer a
range of microhabitats that can be occupied by peritrich ciliates. The shell is not discarded during
the development of the snails, like it is with the exoskeletons of arthropods (Hanamura 2000;
Delgery et al. 2006; Vicente et al. 2008), allowing the continuous colonization by ciliate species and
leading to complex interactions between ciliate species in space and time (Dias et al. 2008).
As a result, freshwater snails can be regarded as a source of biodiversity in limnic
environments (Voight and Walker 1995; Gutiérrez et al. 2003). However, most studies on the
matter are restricted to marine species bearing communities composed of polychaetes and anemones
(Wahl and Sönnichsen 1992; Warner 1997; Vasconcelos et al. 2007; Mercier et al. 2011). Studies
aiming to investigate epibiotic interactions between peritrich ciliates and freshwater gastropods are
scarce, more particularly in neotropical ecosystems (López-Ochoterena 1964; Dias et al. 2006,
2008, 2010; Utz 2007).
Physa acuta Draparnaud, 1805 (recent synonym Haitia acuta) (Pulmonata, Physidae) is an
invasive freshwater snail originating from North America, presently found in all continents (Dillon
et al. 2002; Van Leeuwen et al. 2012). These snails exploit several dispersal vectors that may have
contributed to its wide geographical range (Van Leeuwen et al. 2012), and there is genetic and
demographic evidence that these snails recurrently recolonize habitats (Bousset et al. 2004; Chlyeh
et al. 2006). They show tolerance to a wide range of environmental conditions, including organic
pollution, and were recently used as biological models to assess toxicological effects of
nanoparticles in freshwater environments (Fahmy et al., 2014). They are commonly found in
eutrophic lakes and rivers in Europe, Asia, Africa, Australia and North and South America
(Paraense and Pontier 2003; Bernot et al. 2005; Albrecht et al. 2009; Tietze and De Francesco
2010).
Herein we analyzed the community composition and structure of peritrich epibionts on P.
acuta. We also investigated the spatial distribution of these ciliates on the shells of basibionts,
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assuming that the shell is a topologically complex substrate. We considered that the different parts
of the shell represent distinct microhabitats and some of its areas may be more favorable for the
establishment of epibionts. We interpreted the observed distribution patterns, considering that the
peritrichs select their attachment sites under pressures related to the basibiont behavior, physical
forces that may dislocate them and protective characteristics of the shell’s areas.

MATERIALS AND METHODS

Snail sampling

We collected 140 Physa acuta specimens in a eutrophic stream (total nitrogen = 20.05 mg/
L-1, total phosphor = 0.29 mg/ L-1, electric conductivity = 60.91 µS.cm-1 and dissolved oxygen =
5.29 mg.L-1) in June 2010. This stream is located in the urban area of the Juiz de Fora municipality,
Minas Gerais state, southeastern Brazil (21°43'55.5"S. 43°19'35.1"W). The snails were taken from
the aquatic vegetation with a collecting net. After collecting the snails, each specimen was
transferred to individual plastic bags containing water obtained from the collecting site previously
passed through a filter paper (15µm pore size), then transported to the laboratory. The snail’s
species identification was based on the study of shell morphology and anatomy of the renal and
reproductive systems, according to the description provided by Paraense and Pointier (2003). The
shell length was measured with a caliper rule and the surface area of each region delimited by the
sutures was calculated by the software Image Pro-plus 5.0 Olympus® from digital images of the shell,
taken by a digital camera (Olympus DP73®) coupled to a stereoscopic microscope.

Spatial distribution analysis

The snails were individually placed in Petri dishes and observed for the presence of
epibionts under a stereoscopic microscope within 8 hours after collection. To determine the
attachment sites of the epibionts, five dorsal and four ventral regions were defined and the position
of each colony was annotated in schematic drawings of P. acuta’s shell. Subsequently, each
specimen was isolated with micropipettes and observed under an Olympus® differential interference
contrast microscope aiming to quantify the zooids and to perform specific identification according
to Kahl (1935) and Foissner et al. (1992). in vivo morphometric data and the shape of the nuclear
apparatus (semipermanent preparations with methyl green-based dyes) were used for species-level
identification.
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Epibiotic community structure

To access epibiotic community structure, we analyzed the data on prevalence, mean
intensity, mean abundance and the discrepancy index (Poulin 1993) for each epibiont species with
the Quantitative Parasitology 3.0 software (Rosza et al. 2000). In all analyses, colonial peritrichs
were quantified considering each zooid as an individual. The Shannon diversity index and
dominance index of Berger-Parker (Magurran 1988) were calculated for each region of the shell
with the PAST 2.10 software (Hammer et al. 2001). The differences in abundance (number of
zooids), density (number of zooids/shell area region), diversity and dominancy between the ventral
and dorsal surfaces of the shell were assessed through the Wilcoxon test (paired samples) and
Kruskal-Wallis test for nine regions (A-I). The correlations between epibiont abundance, host size
and richness were assessed using the Spearman Rank Correlation test with the SPSS 17.0 software.
A non-metric multidimensional scaling (NMDS) was used to observe differences in species
abundance in the shell regions. The NMDS was performed using the Bray-Curtis distance and with
50 random starts to determine the values of the lowest stress (Standardized Residual Sum of
Squares). Stress values lower than 0.2 were considered good representations of the data.

RESULTS

Epibiotic community

We registered seven peritrich species belonging to four families: Epistylis plicatilis
Ehrenberg, 1831 and Epistylis sp. (Epistylididae); Opercularia articulata Goldfuss, 1820
(Operculariidae); Carchesium polypinum (Linneaus, 1758); Vorticella campanula Ehrenberg, 1831
and Vorticella sp. (Vorticellidae) and Thuricola kellicottiana (Stokes 1887) (Vaginicolidae) (Fig. 1;
Table 1).
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Fig. 1. in vivo photomicrographics of peritrich ciliates species on Physa acuta. (A-C) Peritrich
ciliates attached to the shell. (D) Epistylis sp. (E) Opercularia articulata. (F) Carchesium
polypinum. (G) Vorticella sp. (H) Vorticella campanula. (I) Epistylis plicatilis. (J) Thuricola
kellicottiana. Scale bars: A = 0.15 cm; B = 1.5 mm; C = 0.5 mm; D-L = 25 µm.

Table 1. Community structures of peritrich epibiont species on Physa acuta in a lotic eutrophic
system, Brazil
Species

Prevalence
(%)
58.60

Intensity

Mean intensity

Mean Abundance

1-2358

114.8 ± 337.60

67.25 ± 332.10

Discrepancy
index
0.89

Epistylis plicatilis

7.10

2-49

13.4 ± 14.15

0.96 ± 6.35

0.96

Vorticella campanula

7.90

1-5

1.9 ± 1.57

0.15 ± 0.84

0.94

Vorticella sp.

14.30

1-10

2.1 ± 2.15

0.31 ± 1.38

0.90

Carchesium polypinum

5.00

1-2031

293.7 ± 766.07

14.69 ± 220.26

0.99

Opercularia articulata

13.60

2-623

89.3 ± 145.19

12.13 ± 76.94

0.94

Thuricola kellicottiana

1.40

1-3

2.0 ± 1.41

0.03 ± 0.34

0.98

Epistylis sp.
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Of the 140 analyzed snails, 60.7% (n = 85) were colonized by peritrich ciliates, with a mean
intensity of 157 (± 429.5) epibionts per snail, varying from 1 to 2390 epibionts per snail. We
observed weak correlation between snail size and epibiont abundance (rs = 0.350, p = 0.001) and
snail size and epibiont richness (rs = 0.217, p = 0.046).
The most prevalent species were Epistylis sp. (58.60%), Vorticella sp. (14.30%) and O.
articulata (13.60%). The greatest values of mean intensity were presented by C. polypinum (293.7),
Epistylis sp. (114.8) and O. articulata (89.3). All species presented an aggregate pattern of
distribution, as demonstrated by the discrepancy index values nearing 1 (Table 1).

Epibiont distribution

We observed that the epibionts were distributed through the entire extension of the shell’s
dorsal and ventral surfaces when the distributions of all peritrich species were plotted conjunctly
(Fig. 2). However, the comparison between the dorsal and ventral surfaces showed that the ciliates
occupied mostly the dorsal surface, for which we observed the greater values of abundance (T =
385, p < 0.001), density (T = 738, p < 0.001), diversity (T = 101, p = 0.02) and dominance (T =
381, p < 0.0001) (Fig. 3). When the species distribution was analyzed separately, we observed that
Epistylis sp. was the only species to be widely distributed on the ventral surface, while Thuricola
kellicottiana occupied exclusively the dorsal surface and the other species were more abundant (C.
polypinum) or occurred exclusively on the superior third of the dorsal surface (O. articulata, E.
plicatilis and Vorticella sp.) (Fig. 2).
With the exception of Carchesium polypinum and T. kellicottiana, all species were
significantly more abundant (p < 0.005) on the dorsal surface than the ventral one. The highest
density values were observed on the dorsal surface for Epistylis sp., O. articulata and C. polypinum
(Fig. 4).
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Fig. 2. Schematic representation of the distribution of peritrichs ciliates species on the Physa acuta
shell.

Fig. 3. Abundance, density, diversity and dominance of peritrich ciliates on surface of the Physa
acuta shell. Different letters indicate statistical differences (p < 0.05).
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Fig. 4. Abundance and density of peritrich species on the surface on the Physa acuta shell.
Different letters indicate statistical differences (p < 0.05) and * indicates species present exclusively
on the dorsal surface.

We observed significant differences in the abundance (H = 124.8, p < 0.001) and density (H
= 157.2, p < 0.001) of peritrich epibionts between shell regions (A-I) (Fig. 5). The areas with
greater abundance were the regions delimited by the sutures in the spire whorls (Fig. 2). In figure 6,
we observed significant differences in the abundance, density, diversity and dominance of peritrichs
epibionts between shell regions and the ventral and dorsal surfaces.
We also observed differences between the species regarding the extent to which they
occupied different shell regions. The peritrichs Epistylis sp., O. articulata and C. polypinum were
more broadly distributed through the shell regions compared to the others species (Fig. 2). The two
first principal components of the PCA - performed using the mean number of epibiont species on
the regions of the shell - showed three species’ groups with different colonization patterns (Fig. 7).
The group Epistylis sp. and C. polypinum had the highest mean intensities and were the most widely
distributed through the regions of the shells (see Fig. 2 and Table 1). Another group - E. plicatilis,
V. campanula, Vorticella sp. and T. kellicottiana - integrated the species with low mean intensity
and with more restricted distributions through the shell. The species O. articulata had intermediate
values of mean intensity, which put them apart from these groups.
We also observed differences between the species regarding the extent to which they
occupied different shell regions. The peritrichs Epistylis sp., O. articulata and C. polypinum showed
broader distribution through the shell regions compared to the others species (Fig. 2). The NMDS
analysis showed three species groups with different colonization patterns (Fig. 7). One group
included Epistylis sp., C. polypinum and O. articulata which were the species with the highest mean
intensities and most widely distributed through the regions of the shells (see Fig. 2 and Table 1).
Another group-V. campanula, Vorticella sp. and T. kellicottiana-integrated the species with low
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mean intensity and had more restricted distributions throughout the shell. The species E. plicatilis
appeared apart from these groups by presenting intermediate values of mean intensity.

Fig. 5. Abundance and density of peritrich ciliates on the sites of the Physa acuta shell.
Distribution of the total number of epibionts throughout the antero-posterior axis of the shell.

Fig. 6. Abundance, density, diversity and dominance of peritrich epibionts on sites of the Physa
acuta shell. Different letters indicate statistical differences p < 0.05 and the symbol *indicate p >
0.05.

Zoological Studies 57: 42 (2018)

Fig. 7. Non-metric multidimensional scaling (NMDS) for peritrichs species abundance on Physa
acuta shell. Stress = 0. C_pol = Carchesium polypinum, E_plic = Epistylis plicatilis, E_sp =
Epistylis sp., O_art = Opercularia articulata, T_kel = Thuricola kellicottiana, V_cam = Vorticella
campanula, V_sp = Vorticella sp.

DISCUSSION

Occurrence

The present study constitutes the first record of epibiosis by peritrich ciliates on Physa acuta
on neotropics. The epibiotic relationship among ciliates and freshwater mollusks has been scarcely
studied, particularly in the neotropics (Lópes-Ochoterena 1964; Dias et al. 2006, 2008; Utz 2007).
The composition of the peritrich ciliates community described in the present study is similar to the
results presented by other authors for freshwater snails of the genera Pomacea, Lymnaea and Physa
in eutrophic environments (Lópes-Ochoterena 1964; Dias et al. 2006, 2008, 2010; Utz 2007). The
most frequently found genera are Carchesium, Epistylis, Vorticella, Opercularia and Vaginicola.
Epistylis plicatilis was recorded on Lymnaea atenuata Say, 1829 and Physa osculan Haldeman,
1841 in a lake in Mexico (Lópes-Ochoterena 1964). Dias et al. (2006) recorded peritrichids of the
genus Carchesium, Epistylis, Vorticella, Opercularia e Vaginicola on Pomacea lineata (Spix,
1827), and Dias et al. (2008) recorded C. polypinum, V. microstoma, V. campanula, E. plicatilis,
Opercularia sp. and Epistylis sp. on Pomacea figulina (Spix, 1827). Utz (2007) recorded E.
plicatilis on Pomacea canaliculata (Lamarck, 1819) in southern Brazil.
All species recorded on P. acuta in the present study are facultative epibionts since they
were previously found colonizing inert substrates (Kahl 1935; Foissner et al.1992). Carchesium
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polypinum, E. plicatilis, V. campanula and T. kellicottiana were formerly recorded for nonmolluscan basibionts (Kahl 1935; Laird 1959; Foissner et al. 1992; Cook et al. 1998; MayénEstrada and Aladro-Lubel 2002; Szlauer-Lukaszewska 2007; Utz 2007; Risse-Buhl and Küssel
2009). However, even if the epibiotic relationship between P. acuta and the peritrich species found
in the present study is of a facultative nature, the colonization of living substrates may be an
adaptation for these ciliates. The basibiont-epibionts system P. acuta and peritrich ciliates would be
an interesting future model to investigate the ability of peritrichs to be carried by basibionts since
these snails can efficiently disperse via water and its ability to disperse may be enhanced by
zoochory.

Prevalence and aggregate distribution

Among the factors that influence the prevalence of epibiosis, the following are critical: the
abundance of epibiont populations (Cook et al. 1998), the frequency of contact between the freeswimming forms and the basibionts, the basibiont behavior and the efficiency of their anticolonization mechanisms (Wahl and Sönnichsen 1992; Xu 1992) as well as the organic pollution
levels and nutrients availability (Olsen and Towsend 2003; Utz and Coats 2005).
The present study observed high prevalence of epibiosis when all species of ciliates were
considered conjunctly. Similar results were obtained for the ampullariids P. lineata (100%; n = 50)
(Dias et al. 2006) and P. figulina (82%; n = 23) (Dias et al. 2008). However, the prevalence
obtained was low (1-58%) when each species was considered separately, which reflects the
aggregate distribution pattern of the species.
Peritrichs are commonly found covering the surface of inert and living substrates in lotic
environments. These ciliates show higher abundance and prevalence at locations with high levels of
organic load (Laird 1959; Henebry and Ridgeway 1979; Xu 1992; Cabral et al. 2010). We observed
domestic sewage discharge at several sites of the studied stream. The process of eutrophication
creates favorable conditions for the development of bacterivore ciliate communities (Madoni 2005)
and for the establishment of P. acuta populations as well (Bernot et al. 2005; Kefford and
Nugegoda 2005). The similarities between snail and ciliate autoecology create the opportunity to
the colonization of these basibionts by peritrichs. Thus, in the present study, the high prevalence of
epibiosis is better explained by the expressive levels of organic pollution in the environment and not
by the absence of defense mechanisms of the basibiont. Also, the establishment of the epibionts by
transference of telotrochs between basibionts may be favored by a trend to form aggregates
presented by several molluscan species, including P. acuta (Fratini et al. 2001; Ohbayashi-Hodoki
et al. 2004; D’ávila et al. 2006; Dias et al. 2006).
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In the present study, the peritrich populations presented an aggregate distribution, which
may be evidence of interespecific interaction, although laboratory trials are required to prove this.
The peritrich telotrochs tend to attach themselves to substrates previously colonized by congeners
(Taylor 1983; Langlois 1975). This behavior is probably mediated by the perception of chemical
signs, given all the evidences that ciliates use elaborate chemical communication. This trend to
colonize substrates with the presence of congeners, combined with the peritrichs’ high binary
fission rate (Taylor, 1983) may have contributed to the aggregate distribution observed in the
present study.

Distribution of epibionts on the shell surface

The gastropod shell is a long-lasting substrate, growing throughout the snail’s development.
We observed positive correlation between snail size and the abundance and richness of peritrichs,
which indicates that larger individuals present a greater surface to be colonized. Moreover, bigger
shells indicate that the snails are older, being exposed to peritrich colonization for a longer time and
thus accumulating a greater abundance and diversity of epibiont species (Creed 2000; Gutiérrez et
al. 2003; Vasconcelos et al. 2007).
It is common for epibiont organisms to colonize specific sites on the basibiont, although the
degree of specificity varies between species (Mayén-Estrada and Aladro-Lubel 2002). Peritrich
ciliates more frequently tend to colonize areas that are protected against the grooming behavior of
the basibiont (Baldock 1986; Cook et al. 1998; Fernandez-Leborans et al. 2006) or that are
favorable to adhesion and provide oxygen and nutrients (Mayén-Estrada and Aladro-Lubel 2002;
Dias et al. 2009), showing low levels of turbulence and mechanical disturbance during the basibiont
locomotion (Utz and Coats 2005).
The structural characteristics of the shell components-such as form, size, ornamentation and
texture-are factors that make the shell a complex substrate, influencing the distribution pattern of
the epibionts (Creed 2000). Some areas of the shell may be more favorable to the attachment of the
epibionts by offering less mechanical disturbance and a consequent lesser possibility of detachment
of the ciliates (i.e.: dorsal compared to ventral surface), greater protection against water turbulence
(i.e.: the sutures area compared with the more exposed areas of the shell) and greater protection
against the grooming behavior of the basibiont (i.e.: the spire compared with the body whorl).
In the present study, the low colonization by peritrichs on the ventral surface of the shell may
be related to the disturbance produced by the cephalopodal mass during snail locomotion. Another
factor to be considered is the intense production of mucus by the pedal gland, which may prevent
the adhesion of epibionts or inhibit the cilia battement during filtration (Wahl 1989; Wahl and
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Sönnichsen 1992). Epistylis sp. was the only species to extensively occupy the ventral surface of the
shell. All other species occurred exclusively or preferentially on the dorsal surface. This is probably
related to the more robust constitution (among colonial peritrichs) of the Epistylis sp.’s stalk (Fig.
1A-D), which allows a better adhesion to surfaces constantly exposed to attrition.
Lom and Corliss (1968) observed a wide variation in the structure of the scopula in species
of the genus Scyphidia (Scyphidiidae). The differences observed concerns ultrastructural aspects,
but also the mode of attachment to the host. The variability in the structure of scopula and stalk is
not well known for free-living peritrichs. However, since these structures have a great adaptive
significance to these ciliates, we can expect that they are as functionally and structurally variable, as
observed for ectocomensal peritrichs. These variations may represent adaptations to some specific
conditions prevailing on the surface of living substrates or preconditions for attachment to certain
sites (Rhode 1994). Thus, the fixation on certain sites on the basibiont would not be simply the
result of the offered advantages (oxygenation, nutrients), but also a consequence of the species’
ability to remain fixed on that site.
We observed that the peritrichs predominantly occupied the areas of the shell delimited by the
sutures. Although the shell of P. acuta has no evident ornamentation, the areas delimited by the
sutures in the spire whorls have irregular surfaces because the growth lines are more pronounced at
these areas, creating a favorable microenvironment for peritrichs to attach (Warner 1997; Olabarria
2000). In addition, the angle formed between the successive whorls makes the area near the suture
more protected. Assuming that the regions near the sutures are more suitable for epibionts to attach
to, the greater abundance of Epistylis sp., O. articulata and C. polypinum at this region may be
evidence of competitive exclusion. These species have more robust stalks, which support a great
number of zooids. Once the colonies of these species are established, this probably makes it
difficult for other species to colonize. Other authors have documented interespecific competition
involving peritrich ciliates, such as the ability to compete for space being related to morphological
features (contractile vs. non-contractile stalks) as well as to the number of zooids (solitary vs.
colonial peritrichs) (Ebert et al. 2001; Utz and Coats 2005). The greater range of intensity presented
by Epistylis sp., O. articulata and C. polypinum compared to the others may be an evidence of
competition between these species.
We observed greater abundances of peritrichs in the regions located at the spire than the
corporal whorl. Epibionts choose attachment sites protected against the mechanic action of the
basibionts, particularly grooming behavior, which could dislocate them (Wahl and Sönnichsen
1992). Gastropods perform grooming behavior by moving the mouth and radula around the shell
border. In the present study, the distribution of epibionts was more concentrated at the spire and
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farther from the shell aperture border; this is in agreement with the hypothesis that epibionts occupy
areas where they are protected against basibiont grooming behavior.
The data on ciliate distribution on mollusks shown in this study confirm that the shell
represents a complex and heterogeneous substrate for epibionts and calls out for new laboratory
studies aiming to better understand if the peritrich ciliates make up an interactive community with
interspecific competition.

CONCLUSIONS

This is the first study to investigate the structure and distribution of epibiont peritrich ciliate
communities on mollusk shells. We can conclude that the high prevalence of epibionts recorded on
Physa acuta is related to the high level of organic pollution in the studied lotic system; that the
seven peritrich species found show aggregate distribution; and that ciliates mainly colonize the
sutures and the dorsal region of the shell, which confirms the hypothesis that the shell makes up a
complex and heterogeneous environment for peritrich colonization. These new findings highlight
the need for future studies on the epibiotic relationships between peritrich ciliates and aquatic
metazoans for understanding the dispersion of peritrichs in lotic systems. Furthermore, they point
out the need for controlled studies in laboratories in order to confirm the occurrence of
interespecific competition between these ciliates.

Acknowledgments: We thank Diego Marques de Oliveira for assistance in laboratory procedures
and Franciane Cedrola for assisting in the elaboration of figures. This study was partially supported
by CNPq (Chamada Universal and Bolsa de Produtividade PQ) and FAPEMIG (Edital Universal
2016).

Author’s contributions: BS collected the data, performed the statistical analyses and helped draft
the manuscript. RM helped in the data collection and material analyses. SD participated in the
conception of the study, snail species identification and helped draft the manuscript. MD helped
draft manuscript. RJPD participated in the conception of the study and in its design and helped draft
manuscript. All authors have read and approved the final manuscript.

Competing interests: The authors declare that they have no competing interests.

Availability of data and materials: All additional data are presented as additional files.

Zoological Studies 57: 42 (2018)

Consent for publication: Not applicable

Ethics approval consent to participate: Not applicable

REFERENCES

Albrecht C, Kroll O, Moreno Terrazas E, Wilke T. 2009. Invasion of ancient Lake Titicaca by the
globally invasive Physa acuta (Gastropoda: Pulmonata: Hygrophila). Biol Invasions
11:1821-1826. doi:10.1007/s10530-008-9360-9.
Baldock BM. 1986. Peritrich ciliates epizoic on larvae of Brachycentrus subnubilus (Trichoptera):
importance in relation to the total protozoan population in streams. Hydrobiologia 131:125131. doi:10.1007/BF00006775.
Bernot RJ, Kennedy EE, Lamberti GA. 2005. Effects of ionic liquids on the survival, movement,
and feeding behavior of the freshwater snail Physa acuta. Environ Toxicol Chem 24:1759765. doi:0.1897/04-614R.1.
Bickel SL, Tang KW, Grossart HP. 2012. Ciliate epibionts associated with crustacean zooplankton
in german lakes: distribution, motility, and bacterivory. Front Microbiol 3:243.
doi:10.3389%2Ffmicb.2012.00243.
Bielecka L, Boehnke R. 2014. Epibionts and parasites on crustaceans (Copepoda, Cladocera,
Cirripedia larvae) inhabiting the Gulf of Gdańsk (Baltic Sea) in very large numbers.
Oceanologia 56:629-638.
Bousset L, Henry PY, Sourrouille P, Jarne P. 2004. Population biology of the invasive freshwater
snail Physa acuta approached through genetic markers, ecological characterization and
demography. Mol Ecol 13:2023-2036. doi:10.1111/j.1365-294X.2004.02200.x.
Burris ZP, Dam HG. 2014. Deleterious effects of the ciliate epibiont Zoothamnium sp. on fitness of
the copepod Acartia tonsa. J Plankton Res 36:788-799. doi:10.1093/plankt/fbt137.
Cabral AF, Dias RJP, Utz LRP, Alves RG, D’Agosto M. 2010. Spatial and temporal occurrence of
Rhabdostyla cf. chironomi Kahl, 1933 (Ciliophora. Peritrichia) as an epibiont on chironomid
larvae in a lotic system in the neotropics. Hydrobiologia 644:351-359. doi:10.1007/s10750010-0202-2.
Cabral AF, Utz LRP, Velho LFM. 2017. Structure and distribution of ciliate epibiont communities
in a tropical ﬂoodplain. Hydrobiologia 787:167-180. doi:10.1007/s10750-016-2955-8.

Zoological Studies 57: 42 (2018)

Chatterjee T, Kotov A, Fernández-Leborans G. 2013. A checklist of epibiotic ciliates (Peritrichia
and Suctoria) on the cladoceran crustaceans. Biologia 68:439-447. doi:10.2478/s11756-0130180-8.
Chlyeh G, Dodet M, Delay B, Khallaayoune K, Jarne P. 2006. Spatio-temporal distribution of
freshwater snail species in relation to migration and environmental factors in an irrigated
area from Morocco. Hydrobiologia 553:129-142. doi:10.1007/s10750-005-0968-9.
Cook JA, Chubb JC, Veltkamp CJ. 1998. Epibionts of Asellus aquaticus (L.) (Crustacea, Isopoda):
an SEM study. Freshwater Biol 39:423-438. doi:10.1046/j.1365-2427.1998.00286.x.
Corliss JO. 1979. The ciliated protozoa: characterization, classification, and guide to the literature.
Pergamon. New York.
Creed JC. 2000. Epibiosis on cerith shells in a sea grass bed: correlation of shell occupant with
epizoite distribution and abundance. Mar Biol 137:775-782. doi:10.1007/s002270000429.
D'ávila S, Dias RJP, Bessa ECA. 2006. Comportamento agregativo em Subulina octona (Brugüière)
(Mollusca Subulinidae). Rev Bras Zool 23:357-363. doi:10.1590/S010181752005000100024.
Delgery CC, Cragg SM, Busch S, Morgan EA. 2006. Effects of the epibiotic heterotrich ciliate
Mirofolliculina limnoriae and of moulting on faecal pellet production by the wood-boring
isopods, Limnoria tripunctata and Limnoria quadripunctata. J Exp Mar Biol Ecol 334:165173. doi:10.1016/j.jembe.2006.01.026.
Dias RJP, D`ávila S, D`Agosto M. 2006. First record of epibionts peritrichids and suctorians
(Protozoa, Ciliophora) on Pomacea lineata (Spix. 1827). Braz Arch Biol Techn 49:807-812.
doi:10.1590/S1516-89132006000600015.
Dias RJP, D’ávila S, Wieloch AH, D’Agosto M. 2008. Protozoan ciliate epibionts on the freshwater
apple snail Pomacea figulina (Spix. 1827) (Gastropoda, Ampullariidae) in an urban stream
of southeast Brazil. J Nat Hist 42:1409-1420. doi:10.1080/00222930802007831.
Dias RJP, Cabral AF, Martins RT, Stephan NN, Silva-Neto ID, Alves RG. 2009. Occurrence of
peritrich ciliates on Limnic oligochaeta Limnodrilus hoffmeisteri in Neotropics. J Nat Hist
43:1-15. doi:10.1007/s10750-010-0202-2.
Dias RJP, Cabral AF, Siqueira-Castro ICV, Silva-Neto ID, D'Agosto M. 2010. Morphometric study
of a Brazilian strain of Carchesium polypinum (Ciliophora: Peritrichia) attached to Pomacea
figulina (Mollusca: Gastropoda) with notes on a high infestation. Zoologia (Curitiba)
27:483-488. doi:10.1590/S1984-46702010000300024.
Dillon RT, Wethington AR, Rhett JM, Smith TP. 2002. Populations of the european freshwater
pulmonate Physa acuta are not reproductively isolated from american Physa heterostropha
or Physa integra. Invertebr Biol 121:226-234. doi:10.1111/j.1744-7410.2002.tb00062.x.

Zoological Studies 57: 42 (2018)

Ebert D, Hottinger JW, Pajunen IV. 2001. Temporal and spatial dynamics of parasite richness in a
daphnia metapopulation. Ecology 82:3417-3434. doi:10.2307/2680162.
Fahmy SR, Abdel-Ghaffar F, Bakry FA, Sayed DA. 2014. Ecotoxicological effect of sublethal
exposure to zinc oxide nanoparticles on freshwater snail Biomphalaria alexandrina. Arch
Envirom Contam Toxicol 67:192-202. doi:10.1007/s00244-014-0020-z.
Fernandez-Leborans G, Tato-Porto ML. 2000. A review of the species of protozoan epibionts on
crustaceans.I. peritrich ciliates. Crustaceana 73:643-683.
Fernandez-Leborans G, Arndt CE, Gabilondo R. 2006. Protozoa epibionts and their distribution on
the Arctic ice-amphipod Gammarus wilkitzkii from Spitsbergen. Norway. Arct Antarct Alp
Res 38: 343-356. doi:10.1657/1523-0430(2006)38[343:PEATDO]2.0.CO;2.
Fernandez-Leborans G, Cárdenas CA. 2009. Epibiotic protozoan communities on juvenile southern
king crabs (Lithodes santolla) from subantarctic areas. Polar Biol 32:1693-1703.
doi:10.1007/s00300-009-0669-3.
Fernandez-Leborans G, Von Rintelen K. 2010. Biodiversity and distribution of epibiontic
communities on Caridina ensifera (Crustacea. Decapoda. Atyidae) from Lake Poso:
comparison with another ancient lake system of Sulawesi (Indonesia). Acta Zool 91:163175. doi:10.1111/j.1463-6395.2009.00395.x.
Fernandez-Leborans G, Dávila P, Cerezo E, Contreras C. 2013. Epibiosis and hyperepibiosis on
Pagurus bernhardus (Crustacea: Decapoda) from the west Coast of Scotland. J Mar Biol
Assoc UK 93:1351-1362. doi:10.1017/S0025315412001610.
Foissner W, Berger H, Kohnmann F. 1992. Taxonomische und ökologische revision der ciliaten des
saprobiensystems. Band II: Peritrichia. Heterotrichida. Odontostomatida. Bayerrisches
Landesamt für Wasserwirtschaft. Munchen.
Fratini S, Cannicci S, Vannini M. 2001. Feeding clusters and olfaction in the mangrove snail
Terebralia palustris (Linnaeus) (Potamidae: Gastropoda). J Exp Mar Biol Ecol 261:173183.
Gilbert JJ, Schröder T. 2003. The ciliate epibiont Epistylis pygmaeum: selection for zooplankton
hosts, reproduction and effect on two rotifers. Freshwater Biol 48:878-893.
doi:10.1046/j.1365-2427.2003.01059.x.
Gutiérrez JL, Jones CG, Strayer DL, Iribarne OO. 2003. Mollusks as ecosystem engineers: the role
of shell production in aquatic habitats. Oikos 101:79-90. doi:10.1034/j.16000706.2003.12322.x.
Hammer O, Harper DAT, Ryan PD. 2001. PAST: Paleontological Statistics software package for
education and data analysis. Palaeontol Electron 4:1-9.

Zoological Studies 57: 42 (2018)

Hanamura Y. 2000. Seasonality and infestation pattern of epibiosis in the beach mysid
Archaeomysis articulate. Hydrobiologia 427:121-127. doi:10.1023/A:1003946408565.
Henebry MS, Ridgeway BT. 1979. Epizoic ciliated protozoa of planktonic copepods and
cladocerans and their possible use as indicators of organic water pollution. Trans Am
Microsc Soc 98:495-508. doi:10.2307/3225899.
Kahl A. 1935. Urtiere oder protozoa I: wimpertiere oder ciliata (Infusoria). 4: Peritricha und
Chonotricha. In: Dahl F (ed) Die tierwelt Deutschlands. G. Fischer. Jena.
Kefford BJ, Nugegoda D. 2005. No evidence for a critical salinity threshold for growth and
reproduction in the freshwater snail Physa acuta. Environ Pollut 134:377-383.
doi:10.1016/j.envpol.2004.09.018.
Laird M. 1959. Parasites of Singapore mosquitoes, with particular reference to the significance of
larval epibionts as an index of habitat pollution. Ecology 40:206-221.
doi:10.2307/1930031.
Langlois GA. 1975. Effect of algal exudates on substratum selection by motile telotrochs of the
marine peritrich ciliate Vorticella marina. J Protozool 22:115-123. doi:10.1111/j.15507408.1975.tb00954.x.
Lom J, Corliss JD. 1968. Observation on the fine structure of two species of the peritrich ciliate
genus Scyphidia and on their mode of attachment to their host. Trans Am Microsc Soc
87:493-509. doi:10.2307/3224224.
López-Ochoterena E. 1964. Mexican ciliated protozoa III. Hypophrya fasciculata gen. nov., sp.
nov. (Ciliata: Suctorida). J Protozool 11:224-228. doi:10.1111/j.1550-7408.1964.tb01744.x.
Madoni P. 2005. Ciliated protozoan communities and saprobic evaluation of water quality in the
hilly zone of some tributaries of the Po River (northern Italy). Hydrobiologia 541:55-69.
doi:10.1007/s10750-004-4667-8.
Magurran AE. 1988. Ecological Diversity and Its Measurement. Princeton. Princeton University
Press.
Mariño-Pérez R, Mayén-Estrada R. 2009. Epibiotic relationship between two species of suctorians
(Protozoa: Suctoria) and Corisella edulis (Heteroptera: Corixidae). Aquat Insects 31:235246. doi:10.1080/01650420903119205.
Mayén-Estrada R, Aladro-Lubel M. 2001. Epibiont peritrichids (Ciliophora:Peritrichida:
Epistylididae) on the crayfish Cambarellus Patzcuarensis in lake Pátzcuaro. Michoacán.
Mexico. J Crustacean Biol 21:426-434. doi:10.1163/20021975-99990143.
Mayén-Estrada R, Aladro-Lubel MA. 2002. Distribution and prevalence of 15 species of epibiont
peritrich ciliates on the crayfish Cambarellus patzcuarensis Villalobos. 1943 in lake

Zoological Studies 57: 42 (2018)

Pátzcuaro. Michoacán. Mexico. Crustaceana 74:1213-1224.
doi:10.1163/15685400152885192.
Mercier A, Schofield M, Hamel JF. 2011. Evidence of dietary feedback in a facultative association
between deep-sea gastropods and sea anemones. J Exp Mar Biol Ecol 396:207-215.
doi:10.1016/j.jembe.2010.10.025.
Moss AG, Estes AM, Muellner LA, Morgan DD. 2001. Protistan epibionts of the ctenophore
Mnemiopsis mccradyi Mayer. Hydrobiologia 451:295-304. doi:10.1023/A:1011846022599
Ohbayashi-Hodoki K, Ishihama F, Shimada M. 2004. Body size-dependent gender role in a
simultaneous hermaphrodite freshwater snail, Physa acuta. Behav Ecol 15:976-981.
doi:10.1093/beheco/arh101.
Olabarria C. 2000. Epibionts molluscs on neogastropod shell from sandy bottoms. Pacific coast of
Mexico. J Mar Biol Assoc UK 80:291-298. doi:10.1017/S0025315499001861
Olsen DA, Townsend CR. 2003. Hyporheic community composition in a gravel-bed stream:
influence of vertical hydrological exchange, sediment structure and physicochemistry.
Freshwater Biol 48:1363-1378. doi:10.1046/j.1365-2427.2003.01097.x.
Paraense WL, Pointier JP. 2003. Physa acuta Draparnaud. 1805 (Gastropoda: Physidae): a study of
topotypic specimens. M I Oswaldo Cruz 98:513-517. http://dx.doi.org/10.1590/S007402762003000400016.
Poulin R. 1993. The disparity between observed and uniform distributions: a new look at parasite
aggregation. Int J Parasitol 23:937-944. doi:10.1016/0020-7519(93)90060-C.
Rohde K, Hayward C, Heap M, Gosper D. 1994. A tropical assemblage of ectoparasites: gill and
head parasites of Lethrinus miniatus (Teleostei. Lethrinidae). Int J Parasitol 24:1031-1053.
Risse-Buhl U, Küsel K. 2009. Colonization dynamics of biofilm-associated ciliate morphotypes at
different flow velocities. Eur J Protistol 45:64-76. doi:10.1016/j.ejop.2008.08.001.
Szlauer-Lukaszewska A. 2007. Succession of periphyton developing on artificial substrate
immersed in polysaprobic wastewater reservoir. Polish J of Environ Stud 16:753-762.
Souissi A, Souissi S, Hwang JS. 2013. The effect of epibiont ciliates on the behavior and mating
success of the copepod Eurytemora affinis. J Exp Mar Biol Ecol 445:38-43.
doi:10.1016/j.jembe.2013.04.002.
SPSS Statistics. 2008. SPSS 17.0. Chicago IL: SPSS Inc.
Taylor WD. 1983. A comparative study of the sessile. filter-feeding ciliates of several small
streams. Hydrobiologia 98:125-133. http://doi.org/10.1007/BF02185630.
Threlkeld ST. 1993. Colonization, interaction, and organization of cladoceran epibiont
communities. Limnol Oceanogr 38:584-591. doi:10.4319/lo.1993.38.3.0584.

Zoological Studies 57: 42 (2018)

Tietze E, De Francesco C. 2010. Environmental significance of freshwater mollusks in the Southern
Pampas. Argentina: to what detail can local environments be inferred from mollusk
composition? Hydrobiologia 641:133-143. doi:10.1007/s10750-009-0072-7.
Utz LRP, Coats DW. 2005. Spatial and temporal patterns in the occurrence of peritrich ciliates as
epibionts on calanoid copepods in the Chesapeake Bay. USA. J Eukaryot Microbiol 52:236244. doi:10.1111/j.1550-7408.2005.00025.x.
Utz LRP. 2007. First record of Epistylis plicatilis (Ciliophora: Peritrichia) attached to Pomacea
canaliculata (Mollusca: Gastropoda) in southern Brazil. Zootaxa 1454:49-57.
http://dx.doi.org/10.1590/1519-6984.10112.
Utz LRP. 2008. Attachment of the peritrich epibiont Zoothamnium intermedium Precht. 1935
(Ciliophora, Peritrichia) to artificial substrates in a natural environmental. Braz J Biol
68:795-798. http://dx.doi.org/10.1590/S1519-69842008000400013.
Van Leeuwen CHA, Van der Velde G, Van Lith B, Klaassen M. 2012. Experimental quantification
of long distance dispersal potential of aquatic snails in the gut of migratory birds. PLoS
ONE 7:e32292. doi:10.1371/journal.pone.0032292.
Vasconcelos P, Cúrdia J, Castro M, Gaspar M. 2007. The shell of Hexaplex (Trunculariopsis)
trunculus (Gastropoda: Muricidae) as a mobile hard substratum for epibiotic polychaetes
(Annelida: Polychaeta) in the Ria Formosa (Algarve coast-southern Portugal).
Hydrobiologia 575:161-172. doi:10.1007/s10750-006-0367-x.
Vicente F, Michalczyk L, Kaczmarek L, Boavida MJ. 2008. Observations on Pyxidium tardigradum
(Ciliophora) a protozoan living on Eutardigrada: infestation, morphology and feeding
behaviour. Parasitol Res 103:1323-1331. doi:10.1007/s00436-008-1136-8.
Visse M. 2007. Detrimental effect of peritrich ciliates (Epistylis sp.) as epibionts on the survival of
the copepod Acartia bifilosa. P Est Acad Sci 56:173-178.
Voight JR, Walker SE. 1995. Geographic variation of shell bionts in the deep-sea snail Gaza. Deep
Sea Res Pt I 42:1261-1271. doi:10.1016/0967-0637(95)00063-C.
Wahl M. 1989. Marine epibiosis. I. Fouling and antifouling: some basic aspects. Mar Ecol Prog Ser
58:175-189.
Wahl M, Sönnichsen H. 1992. Marine epibiosis. IV. The periwinkle Littorina littorea lacks typical
antifouling defenses-why are some populations so little fouled? Mar Ecol Prog Ser 88:225235. doi:10.3354/meps088225.
Warner GF. 1997. Occurrence of epifaunshers on the periwinkle. Littorina littorea (L.). and
interactions with the the polychaete Polydora ciliata (Johnston). Hydrobiologia 355:41-47.
doi:10.1023/A:1003011020446.

Zoological Studies 57: 42 (2018)

Xu Z. 1992. The abundance of epizoic ciliate Epistylis daphniae related to their Moina macroscopa
in an urban stream. J Invertebr Pathol 60:197-200. doi:10.1016/0022-2011(92)90097-N.

