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1. Introduction

Physa acuta Draparnaud, 1805 is a freshwater snail 
worldwide distributed. Although the type locality is on 
the Garonne River basin (France) (Paraense and Pointier, 
2003; Paraense, 2011); it was suggested a North American 
origin for this species (Dillon Junior et al., 2002). Other 
authors corroborated this idea (Taylor, 2003; Lydeard et al., 
2016; Vinarski and Eschner, 2016), then the original 
description was possibly made when the species were 
already introduced in Europe, and now it is widespread 
(Taylor, 2003; Paraense and Pointier, 2003; Vinarski, 
2017), including natural reserves and reservoirs (Kock and 

Wolmarans, 2008; Miyahira et al., 2020). The systematic 
and taxonomy of Physidae is not well resolved, and 
this species was also called Haitia acuta (Draparnaud, 
1805) (Taylor, 2003; Roll et al., 2009) and Physella acuta 
(Draparnaud, 1805) (Smith, 1989; Cope and Winterbourn, 
2004; Semenchenko et al., 2008; Vinarski, 2017). In this 
study, it was used Physa acuta following Wethington and 
Lydeard (2007) and Ebbs et al. (2018).

The first record in Brazil dates from 1966, under the 
name Physa (Physella) cubensis Pfeiffer, 1839, on a small pool 
in Instituto Oswaldo Cruz, Rio de Janeiro state (Leme, 1966; 
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infected by Centrocestus formosanus (Nishigori, 1924) 
(Ximenes et al., 2017).

The main goal of this work is to detail the introduction 
of P. acuta in Ilha Grande (Angra dos Reis, Rio de Janeiro, 
Southeast Brazil), and also to give data on the population 
dynamics of this species, including the initial stages of 
invasion.

2. Material and Methods

The population was recorded on a human-impacted 
stream on Vila do Abraão, the main village of Ilha 
Grande (Angra dos Reis, Rio de Janeiro, Brazil) (Figure 1), 
where other non-native species were already recorded 
(Santos et al., 2007, 2010). A continuous general snail 
monitoring study was conducted from 2006 until 2013. The 
monitoring of P. acuta population was done approximately 
bi-monthly from February 2009 until November 2013, 
totalizing 27 sampling events.

We divided the surveyed stream into eight collecting 
stations (CS); each station had approximately 30m in length 
and was continuous with each other. The collecting station 1 
(CS1) was the most upstream and collecting station 8 (CS8) 
was the most downstream, near stream mouth (Figure 1). 
This division was established to analyze the expansion and 
distribution of the snail on the stream. Three collectors 
using a handled metallic scoop searched for the snails for 
15 minutes in every favorable environment. All collected 
snails were placed in plastic pots and taken to the laboratory, 
where the snails were identified, measured, and counted. 
The specimens collected from February 2009 to February 
2010 were measured (width and height) with a 0.05 mm 
precision caliper, accounting for 434 specimens. The 
measured snails were divided into nine 1 mm size classes 
(CL) based on shell height, i.e. CL1 from 0.01 to 1.00 mm 

Paraense and Pointier, 2003). After that, the species were 
recorded in other states of Brazil (e.g., Santos et al., 2012, 
2016; Miyahira et al., 2020). A brief mention of P. acuta on 
Ilha Grande was done by Miyahira et al. (2010) without 
any further information. Ilha Grande is a continental island 
located in the south of Rio de Janeiro state (Brazil) and has 
important remnants of the Atlantic Rainforest, a global 
hotspot (Myers et al., 2000; Colombo and Joly, 2010). There 
are records of other freshwater non-native molluscs on 
Ilha Grande: Melanoides tuberculata (Müller, 1774), Ferrissia 
fragilis (Tryron, 1863), Biomphalaria tenagophila (d’Orbigny, 
1835), and Omalonyx matheroni (Potiez and Michaud, 1835). 
Despite these two last species were native elsewhere 
in the state of Rio de Janeiro, their local introduction 
was observed or inferred to Ilha Grande. There are also 
some native molluscs reported to the island: Uncancylus 
concentricus (d´Orbigny, 1835), Gundlachia ticaga (Marcus 
and Marcus, 1962), and Pisidium punctiferum (Guppy, 1867) 
(Santos et al., 2007, 2009, 2010; Miyahira et al., 2010; 
Lacerda et al., 2011, 2015; Braga et al., 2014).

The spread of P. acuta was usually related to aquarium 
trade (Duggan, 2010), but there were other possibilities 
as plants and goods trade, as also a long-distance travel 
bird-mediated (Vinarski, 2017). This wide distribution 
raised attention to how this snail was interacting with 
the new habitat and native species. The population 
of P. acuta in a new habitat can attain high densities, 
possibly causing impacts on native fauna (Cope and 
Winterbourn, 2004; Albrecht et al., 2009; Zukowski and 
Walker, 2009; Núñez, 2010; Vinarski, 2017; Früh et al., 
2017). Furthermore, introduced freshwater snails were 
also linked to the dispersion of parasites (e.g., Font, 2003; 
Paula-Andrade et al., 2012; Mitchell and Leung, 2016; 
Ebbs et al. 2018). On nearby continental areas, other 
physids were already found parasitized (Thiengo et al., 
2004), and on Ilha Grande, M. tuberculata was found 

Figure 1. Map of the Vila do Abraão (Ilha Grande, Angra dos Reis, Rio de Janeiro), highlighting the studied stream (blue line) and the 
eight collecting stations (CS; red dots).
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until CL9 from 8.01 to 9.00 mm. The relationship between 
width and height was done by linear regression.

Monthly rainfall data were obtained from INMET (2021) 
for the city of Rio de Janeiro, as there is not available data 
for Angra dos Reis in the studied period. The rainfall data 
used was from the previous month of the collecting month 
to ensure the proper signal of rainfall, since sometimes 
sampling was done at the beginning of the month. Water 
temperature, river depth, pH, and conductivity were 
taken in each CS, and a mean was calculated for each 
collecting month. Those variables and rainfall were used 
on a Multiple Regression to determine the relationship of 
those factors with the abundance of P. acuta. Out of the 
27 samplings events, four were removed from the analyses 
because we have some failures on the measurements, 
resting 23 months.

Voucher specimens were deposited at the Malacological 
Collection of the Universidade do Estado do Rio de 
Janeiro (UERJ). The study was performed under the legal 
authorizations (Sisbio10812-1, INEA 18/2007).

3. Results

The snails were monitored on this stream since 2006 
(Santos et al., 2007), and until January 2009, P. acuta was 
not present. Thus, the monitoring of this population was 
done since the initial stages of the introduction. As expected 
for a recent introduction, few individuals (only three) 
were found at first sightings (February and April 2009) 
(Figure 2). The species was limited to CS1, and the snails 
were found attached to water hyacinth (Eichornia sp.). In 
April 2009, the species began to spread in the stream and 
were found from CS2 to CS5 (Figure 3), but the species were 
still rare (10 specimens). After September 2009, P. acuta 
was spread over all the studied area, and the population 
increased considerably and continuously until February 
2010 (142 specimens in September 2009 to 201 in February 
2010), and then, drops down (3 in April 2010). After that, 
were observed constant fluctuations in the population 
(Figure 2). The highest abundance was observed in October 
2012, with 749 specimens. Despite the initial observation 
at CS1, the higher abundances were observed at the 
intermediate CS (CS3-CS5) (Figures 3 and 4). The lowest 
values of abundances were observed on the final stretch 

of the stream (CS7 and CS8), and the intermediate values 
at CS1, CS2, and CS6 (Figure 4). The abundance variation 
along the time was different in each CS (Figure 3). The 
three first CS presented the highest values from middle 
to the end of the monitoring, on the intermediate CS (CS4 
and CS5) the population size oscillated along the time, and 
on the last CS (CS6-CS8) exhibited the lower values, with 
a higher peak around August and October 2010.

The width of P. acuta ranged from 0.54 to 5.10 mm, 
mean 2.67 ± 0.76 mm; and height from 0.61 to 8.05 mm, 
mean 4.49 ± 1.24 mm. The two measures had a significant 
(p=0.0001) and high linear relationship with R2 = 0.86 
(Figure 5).

The overall size class distribution  was bell-shaped with 
a prevalence of the intermediate size classes (CL4 to CL6) 
(Figure 6). The size class distribution over time (2009-2010) 
presented initial colonization by medium to large-sized 
specimens (CL7 in February 2009, and CL5 in April 2009) 
(Figure 7). In June 2009, the small specimens were first 
observed. After that, a cohort can be observed that 
developed in the following months until it vanished in 
April 2010, and the remaining snails were small.

The variation of the environmental variables was 
presented on Figure 8. The multiple regression showed 
a relationship of P. acuta abundance with environmental 
factors (R2 = 0.50, F = 3.14, p = 0.04), the relationships 
of abundance with rainfall (R2 = 0.11, p = 0.008), deep 
(R2 = 0.09, p = 0.05) and temperature (R2 = 0.07, p = 0.03) 
were significant, but with low correlation values.

4. Discussion

Physa acuta was already reported to the south of Rio 
de Janeiro, in Mangaratiba, Paraty, and Angra dos Reis 
(Thiengo et al., 2001, 2004) and was probably introduced 
on Ilha Grande through one of those localities. Santos et al. 
(2007) suggested the same routes of introduction for 
M. tuberculata and B. tenagophila that arrived in the same 
stream in 2005. In Vila do Abraão, there are several hostels, 
some of them including small artificial ornamental lakes. 
The studied stream is narrow and shallow, and macrophytes 
were not common. The Eichornia sp. specimens that were 
found together of P. acuta, was also the first sighting on 
this stream. After that, this macrophyte does not become 
established on the stream, in contrast to the snail. It is 
possible that during heavy rainfalls, a nearby ornamental 
lake overflowed, releasing these two species on the stream. 
Physa acuta was also found attached to other marginal 
aquatic vegetation, stones, and leaf litter, suggesting 
flexibility in habitat requirements, as already suggested 
by Dillon Junior et al. (2002).

The population of P. acuta becomes established on this 
stream in less than a year. After the initial growth, the 
population fluctuations were probably related to rainfall 
as indicated by multiple regression. The analysis of the 
abundance and the rainfall suggests an inverse relationship 
between these two variables. A rise in rainfall (usually 
from November to March), was usually followed by a 
population drop. However, the population was always able 
to recover and flourish after the rainfall and stream water 

Figure 2. Variation of the total abundance of Physa acuta in an 
impacted stream of Ilha Grande.
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level decreases. Gulanicz et al. (2018) demonstrated the 
high physiological tolerance of P. acuta to these conditions. 
The rainy season of 2012 has a lower rainfall volume 
than the other observed years (2010, 2011, and 2013; in 
2009 the population is not completely established), and 
consequently there was a smoother decrease in population 
size. Other freshwater snails were also influenced by the 
rains and it can be an important factor especially on small 
streams (O’Keeffe, 1985; Freitas et al., 1987; Woolhouse 
and Chandiwana, 1989; Thomas and McClintock, 1996), 
but the response to drying was species-specific and 
depends on several factors (McMahon, 1983; Weir and 
Salice, 2012). The modifications promoted by the man 
on the stream of Vila do Abraão, like removal of marginal 

Figure 3. Variation of the abundance of Physa acuta in the eight collecting stations (CS) that was established on an impacted stream 
of Ilha Grande, along the monitoring time.

Figure 4. The overall abundance of Physa acuta on the eight 
collecting stations (CS).

Figure 5. Relationship of shell height and width of Physa acuta 
from Ilha Grande.

Figure 6. The overall size class of Physa acuta representation found 
on the population of Ilha Grande.
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vegetation and rectification, potentialize the effect of the 
rains. Physa acuta can reproduce more than a time per 
year, and a disturbance in the habitat can be a trigger for 
reproduction (Dana and Appleton, 2007). Moreover, this 
species has a rapid juvenile growth and attain maturity very 
quickly (Thomas and McClintock, 1996), also collaborating 
for the rapid colonization (initial and after a stochastic 
event). Those features were good strategies for an invasive 
species and allow rapid recovery after heavy rainfalls. Soon 
after the introduction (June 2009), it was observed small 
specimens at this stream indicating that the population 
was already reproducing on the stream, and after the first 
heavy rainfall episode (April 2010) it was also observed 
those specimens, indicating a quick recovery.

The evaluation of the CS independently indicated 
different behaviors in each station. Despite the initial 
introduction on CS1, this station not supported the highest 
abundance along the time. The first two CS only attained 
higher abundances after the middle of the monitoring. 
The CS3 developed a similar pattern but with higher 
abundances. This last CS, as also CS4 and CS5 supported the 
first peak of the P. acuta population in February 2010. Physa 
acuta was usually found on the intermediate collecting 
stations (CS3-CS5), probably due presence of some aquatic 
vegetation on margins, and small marginal pools. The last 
CS (CS5-CS8) supported the second peak (October 2010) 
of the population and most of those CS presented the 
highest values in this month. Those CS (expect by CS5) 
not presented higher values on other months. The last CS 
(CS7-CS8) has some marine influence and thus not the ideal 
habitat for a P. acuta population. The population found on 
this stretch of the river was possibly carried by the current 
to the last CS, especially on heavy rain episodes. This was 
clear in January 2011, when a great part of specimens was 
found on CS8, but not become largely established on this 
CS, as was observed in the following months. Although 
physids can present some resistance to a small increase 
in salinity (Richards, 1929; Kefford and Nugegoda, 2005). 

Figure 7. Population variation of Physa acuta, divided in size class, through the time in Ilha Grande. Feb = February, Apr = April, Jun = June, 
Sep = September, Nov = November.

Figure 8. Variation of environmental variables on the impacted 
stream of Vila do Abrãao. For rainfall was used the data from the city 
of Rio de Janeiro. A – water temperature, B – pH, C – conductivity, 
D – water deep, and E – rainfall.
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Stockwell et al. (2011) demonstrated that P. acuta was 
sensible to salinity; the survival declines after 7o/oo, and 
after 9o/oo any snails survive.

Physa acuta attained high population sizes and occurs 
with other molluscs on this stream like M. tuberculata, 
B. tenagophila, G. ticaga, O. matheroni, F. fragilis, and 
P. punctiferum (Santos et al., 2007, 2010; Lacerda et al., 
2011; Miyahira et al., 2010; Braga et al., 2014). The effect of 
P. acuta over the other molluscs was not evaluated in this 
study, but a negative effect of the invasive M. tuberculata 
over P. punctiferum was previously observed on the same 
stream (Braga et al., 2014). There were reported negative 
effects of P. acuta over native species (Zukowski and 
Walker, 2009; Früh et al., 2017), and it can be of concern 
on Ilha Grande, especially if the species spread to more 
preserved streams of the island.

The measurements of P. acuta were closely related, 
and not seems that P. acuta changes the growth effort, 
as the increase of the two measures occurred constantly 
during the time.

Long-term studies were recognized as a keystone 
to understanding ecological processes and dynamics 
(e.g., Jackson and Füreder, 2006; McCarthy et al. 2006). 
Jackson and Füreder (2006)  considered long-term 
studies those older than five years, our study almost 
accomplish this period, but regardless of the period 
helped to understand the introduction process of this 
species since the population was accompanied since the 
initial stages of colonization. Moreover, most long-term 
studies of freshwater invertebrates dealt with arthropods 
(Scarsbrook et al., 2000; Resh et al., 2005; Jackson and 
Füreder, 2006), although there are few long-term studies 
targeting mollusc species (e.g. Strayer and Malcom, 2006). 
The longevity of the study is also important considering 
conservation efforts as, for example, if removal of P. acuta 
would be considered, it will be probably more successful if 
done after a heavy rainfall, when the population became 
smaller. Thus, the information provided here is useful in 
future studies of this invasive species and of the invasion 
process of freshwater snails.

It was probable that the introduction of P. acuta in Ilha 
Grande was human-mediated. The stream was bordered 
by houses along with all the studied extension. Other 
non-native molluscs introductions on this stream were 
related to aquarium trade (Santos et al., 2007) and it was 
suggested that P. acuta used a similar pathway. Although 
the initial colonizers probably previously lived in an 
artificial lake, plants (and snails hitchhikers) might have 
been acquired from an aquarium store. The control of 
goods that enter the island was essential to avoid future 
introductions.

In a year Physa acuta became established and spread 
on an already impacted stream on Ilha Grande. The 
evaluating of P. acuta populations since the initial stages 
of the colonization process was essential to understanding 
the invasion process of this species. This species was 
widespread not only in Brazil but in several other countries. 
The data presented here can be used to mitigate the effects 
of the spread of P. acuta, as also on future conservation 
efforts.

Acknowledgements

Our gratitude goes to Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior (CAPES), Conselho 
Nacional de Pesquisas (CNPq), and Fundação Carlos 
Chagas Filho de Amparo à Pesquisa do Estado do Rio de 
Janeiro (Faperj) for scholarships; to Faperj for financial 
support to SBS (E-26/110.430/2007, E-26/110.402/2010, 
E-26/111.573/2013), to UERJ for Prociência grant to SBS, 
and PAPD scholarship to LEML; to Centro de Estudos 
Ambientais e Desenvolvimento Sustentável (CEADS, UERJ) 
for facilities; to the team of Laboratório de Malacologia 
(UERJ) that helped us in field work, especially Renata 
R.M.R. Braga, Francielle C. Fonseca, Jaqueline L. Oliveira, 
and Mariana C. Vasconcelos; to Maria Regiana S. de Mello 
for the support on the curatorial process; and to the 
residents on the stream banks who allowed us to access 
the stream; and to the reviewers for the suggestions that 
improved our manuscript.

References

ALBRECHT, C., KROLL, O., MORENO TERRAZAS, E. and WILKE, T., 
2009. Invasion of ancient Lake Titicaca by the globally invasive 
Physa acuta (Gastropoda: Pulmonata: Hygrophila). Biological 
Invasions, vol. 11, no. 8, pp. 1821-1826. http://dx.doi.org/10.1007/
s10530-008-9360-9.

BRAGA, R.M.R.B., MIYAHIRA, I.C., LACERDA, L.E.M., GONÇALVES, 
I.C.B. and SANTOS, S.B., 2014. The influence of an invasive 
gastropod on the population dynamics of Pisidium punctiferum 
(Sphaeriidae) in an insular impacted stream in Rio de Janeiro, 
Brazil. In: A.R.T. PIZA, L.F. TALLARICO, G.O. INTROÍNI and S.B. 
SANTOS, eds. Medical and applied malacology crossing boundaries: 
integrative approaches to malacology. Newcastle: Cambridge 
Scholars Publishing, pp. 97-114.

COLOMBO, A.F. and JOLY, C.A., 2010. Brazilian Atlantic Forest lato 
sensu: the most ancient Brazilian forest, and a biodiversity 
hotspot, is highly threatened by climate change. Brazilian 
Journal of Biology = Revista Brasileira de Biologia, vol. 70, no. 
3, suppl. 3, pp. 697-708. http://dx.doi.org/10.1590/S1519-
69842010000400002. PMid:21085776.

COPE, N.J. and WINTERBOURN, M.J., 2004. Competitive interactions 
between two successful molluscan invaders of freshwaters: 
an experimental study. Aquatic Ecology, vol. 38, no. 1, pp. 83-
91. http://dx.doi.org/10.1023/B:AECO.0000021018.20945.9d.

DANA, P. and APPLETON, C.C., 2007. Observations on the population 
dynamics of the invasive freshwater snail Aplexa marmorata 
(Pulmonata: Physidae) in Durban, South Africa. South African 
Journal of Science, vol. 103, no. 11-12, pp. 493-496.

DILLON JUNIOR, R.T., WETHINGTON, A.R., RHETT, J. and SMITH, 
T., 2002. Populations of the European freshwater pulmonated 
Physa acuta are not reproductively isolated from American Physa 
heterostropha or Physa integra. Invertebrate Biology, vol. 121, 
no. 3, pp. 226-234. http://dx.doi.org/10.1111/j.1744-7410.2002.
tb00062.x.

DUGGAN, I.C., 2010. The freshwater aquarium trade as a vector for 
incidental invertebrate fauna. Biological Invasions, vol. 12, no. 11, 
pp. 3757-3770. http://dx.doi.org/10.1007/s10530-010-9768-x.

EBBS, E.T., LOKER, E.S. and BRANT, S.V., 2018. Phylogeography and 
genetics of the globally invasive snail Physa acuta Draparnaud 
1805, and its potential to serve as an intermediate host to 
larval digenetic trematodes. BMC Evolutionary Biology, vol. 18, 

https://doi.org/10.1007/s10530-008-9360-9
https://doi.org/10.1007/s10530-008-9360-9
https://doi.org/10.1590/S1519-69842010000400002
https://doi.org/10.1590/S1519-69842010000400002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21085776&dopt=Abstract
https://doi.org/10.1023/B:AECO.0000021018.20945.9d
https://doi.org/10.1111/j.1744-7410.2002.tb00062.x
https://doi.org/10.1111/j.1744-7410.2002.tb00062.x
https://doi.org/10.1007/s10530-010-9768-x


Brazilian Journal of Biology, 2023, vol. 83, e243801 7/8

Physa acuta from initial stages to an established population

from Brazilian reservoirs? Aquatic Invasions, vol. 15, no. 3, pp. 
455-472. http://dx.doi.org/10.3391/ai.2020.15.3.06.

MYERS, N., MITTERMEIER, R.A., MITTERMEIER, C.G., FONSECA, 
G.A.B. and KENT, J., 2000. Biodiversity hotspots for conservation 
priorities. Nature, vol. 403, no. 6772, pp. 853-857. http://dx.doi.
org/10.1038/35002501. PMid:10706275.

MCCARTHY, J., HEIN, C., OLDEN, J.D. and ZANDEN, M.J.V., 2006. 
Coupling long-term studies with meta-analysis to investigate 
impacts of non-native crayfish on zoobenthic communities. 
Freshwater Biology, vol. 51, no. 2, pp. 224-235. http://dx.doi.
org/10.1111/j.1365-2427.2005.01485.x.

MCMAHON, R.F., 1983. Ecology of an invasive pest bivalve 
Corbicula. In: W. D. RUSSEL, ed. The Mollusca: ecology. New 
York: Academic Press, pp. 505-561. http://dx.doi.org/10.1016/
B978-0-12-751406-2.50019-2.

NÚÑEZ, V., 2010. Differences on allocation of available resources, 
in growth, reproduction, and survival, in an exotic gastropod of 
Physidae compared to an endemic one. Iheringia. Série Zoologia, 
vol. 100, no. 3, pp. 275-279. http://dx.doi.org/10.1590/S0073-
47212010000300014.

O’KEEFFE, J.H., 1985. Population biology of the freshwater snail 
Bulinus globosus on the Kenya coast. II. Feeding and density 
effects on population parameters. Journal of Applied Ecology, 
vol. 22, no. 1, pp. 85-90. http://dx.doi.org/10.2307/2403329.

PARAENSE, W.L., 2011. Sinonímia entre Physa acuta e Physa cubensis: 
morfologia e genética. In: M. A. FERNANDEZ, S. B. SANTOS, A. 
PIMENTA and S. C. THIENGO, ed. Tópicos em Malacologia: Ecos 
do XIX Encontro Brasileiro de Malacologia, 2011, Rio de Janeiro. 
Rio de Janeiro: Sociedade Brasileira de Malacologia, pp. 32-35.

PARAENSE, W.L. and POINTIER, J.P., 2003. Physa acuta Draparnaud, 
1805 (Gastropoda: Physidae): a study of topotypic specimens. 
Memórias do Instituto Oswaldo Cruz, vol. 98, no. 4, pp. 513-
517. http://dx.doi.org/10.1590/S0074-02762003000400016. 
PMid:12937765.

PAULA-ANDRADE, C., PINTO, H.A., COSCARELLI, D., VIDIGAL, 
T.H.D.A. and MELO, A.L., 2012. The natural infection of 
Melanoides tuberculata (Müller, 1774)(Mollusca: Gastropoda) 
by Centrocestus formosanus (Nishigori, 1924)(Platyhelminthes: 
Trematoda) in Paranoá lake, Brasília, Brazil. Brazilian Journal 
of Biology = Revista Brasileira de Biologia, vol. 72, no.2, pp. 419-
420. http://dx.doi.org/10.1590/S1519-69842012000200026.

RESH, V.H., BÊCHE, L.A. and MCELRAVY, E.P., 2005. How common 
are rare taxa in long-term benthic macroinvertebrate surveys? 
Journal of the North American Benthological Society, vol. 24, no. 
4, pp. 976-989. http://dx.doi.org/10.1899/05-026.1.

RICHARDS, H.G., 1929. The resistance of the freshwater snail, 
Physa heterostropha (Say) to Sea Water. The Biological Bulletin, 
vol. 57, no. 5, pp. 292-299. http://dx.doi.org/10.2307/1537037.

ROLL, U., DAYAN, T., SIMBERLOFF, D. and MIENIS, H.K., 2009. Non-
indigenous land and freshwater gastropods in Israel. Biological 
Invasions, vol. 11, no. 8, pp. 1963-1972. http://dx.doi.org/10.1007/
s10530-008-9373-4.

SANTOS, S.B., MIYAHIRA, I.C. and LACERDA, L.E.M., 2007. First record 
of Melanoides tuberculatus (Müller, 1774) and Biomphalaria 
tenagophila (d’Orbigny, 1835) on Ilha Grande, Rio de Janeiro, 
Brazil. Biota Neotropica, vol. 7, no. 3, pp. 361-364. http://dx.doi.
org/10.1590/S1676-06032007000300037.

SANTOS, S.B., LACERDA, L.E.M. and MIYAHIRA, I.C., 2009. Uncancylus 
concentricus (Mollusca, Gastropoda, Ancylidae): new occurrence 
in state of Rio de Janeiro, Brazil. Check List, vol. 5, no. 3, pp. 
513-517. http://dx.doi.org/10.15560/5.3.513.

SANTOS, S.B., RODRIGUES, C.L., NUNES, G.K.M., BARBOSA, A.B., 
LACERDA, L.E.M., MIYAHIRA, I.C., VIANA, T.A., OLIVEIRA, J.L., 

no. 1, pp. 103. http://dx.doi.org/10.1186/s12862-018-1208-z. 
PMid:29969987.

FONT, W.F., 2003. The global spread of parasites: what do Hawaiian 
stream tell us? Bioscience, vol. 53, no. 11, pp. 1061-1067.

FREITAS, J.R., BEDÊ, L.C., MARCO JÚNIOR, P., ROCHA, L.A. and 
SANTOS, M.B.L., 1987. Population dynamics of aquatic snails 
in Pampulha reservoir. Memórias do Instituto Oswaldo Cruz, 
vol. 82, suppl. 4, pp. 299-305. http://dx.doi.org/10.1590/S0074-
02761987000800057. PMid:3509186.

FRÜH, D., HAASE, P. and STOLL, S., 2017. Temperature drives 
asymmetric competition between alien and indigenous 
freshwater snail species, Physa acuta and Physa fontinalis. 
Aquatic Sciences, vol. 179, no. 1, pp. 187-195. http://dx.doi.
org/10.1007/s00027-016-0489-9.

GULANICZ, T., KOBAK, J. and POZNANSKA-KAKAREKO, M., 2018. 
Effects of water level fluctuations and substratum drying on 
the survival and behavior of the invasive freshwater snail Physa 
acuta Draparnaud, 1805. Marine and Freshwater Research, vol. 
69, no. 9, pp. 1389-1396. http://dx.doi.org/10.1071/MF17349.

 INSTITUTO NACIONAL DE METEREOLOGIA – INMET, 2021 [viewed 
30 Jan 2021]. Banco de Dados Meteorológicos para Ensino e 
Pesquisa – BDMEP-INMET  [online]. Available from:https://
bdmep.inmet.gov.br/. 

JACKSON, J.K. and FÜREDER, L., 2006. Long‐term studies of 
freshwater macroinvertebrates: a review of the frequency, 
duration and ecological significance. Freshwater Biology, 
vol. 51, no. 3, pp. 591-603. http://dx.doi.org/10.1111/j.1365-
2427.2006.01503.x.

KEFFORD, B.J. and NUGEGODA, D., 2005. No evidence for a critical 
salinity threshold for growth and reproduction in the freshwater 
snail Physa acuta. Environmental Pollution, vol. 134, no. 3, 
pp. 377-383. http://dx.doi.org/10.1016/j.envpol.2004.09.018. 
PMid:15620583.

KOCK, K.N. and WOLMARANS, C.T., 2008. Invasive alien freshwater 
snail species in the Kruger National Park, South Africa. Koede, 
vol. 50, no. 1, pp. 49-53.

LACERDA, L.E.M., MIYAHIRA, I.C. and SANTOS, S.B., 2011. Shell 
morphology of the freshwater snail Gundlachia ticaga 
(Gastropoda: Ancylidae) from four sites in Ilha Grande, 
southeastern Brazil. Zoologia, vol. 28, no. 3, pp. 334-342. http://
dx.doi.org/10.1590/S1984-46702011000300007.

LACERDA, L.E.L., RICHAU, C.S.R., AMARAL, C.R.L., SILVA, D.A., 
CARVALHO, E.F. and SANTOS, S.B., 2015. Ferrissia fragilis (Tryon, 
1863): a freshwater snail cryptic invader in Brazil revealed by 
morphological and molecular data. Aquatic Invasions, vol. 10, 
no. 2, pp. 157-168. http://dx.doi.org/10.3391/ai.2015.10.2.04.

LEME, J.L.M., 1966. Sobre a ocorrência do subgênero Physella no 
Brasil, e descrição de uma nova espécie (Mollusca, Gastropoda). 
Papéis Avulsos de Zoologia, vol. 19, no. 24, pp. 269-278.

LYDEARD, C., CAMPBELL, D. and GOLZ, M., 2016. Physa acuta 
Draparnaud, 1805 should be treated as a native of North 
America, not Europe. Malacologia, vol. 59, no. 2, pp. 347-350. 
http://dx.doi.org/10.4002/040.059.0213.

MITCHELL, D.R. and LEUNG, T.L.F., 2016. Sharing the load: a 
survey of parasitism in the invasive freshwater pulmonate, 
Physa acuta (Hygrophila: Physidae) and sympatric native snail 
populations. Hydrobiologia, vol. 766, no. 1, pp. 165-172. http://
dx.doi.org/10.1007/s10750-015-2452-5.

MIYAHIRA, I.C., LACERDA, L.E.M. and SANTOS, S.B., 2010. How 
many species are introduced every day? Some insights from 
a tropical insular stream in Brasil. Tentacle, no. 18, pp. 30-32.

MIYAHIRA, I.C., PEREIRA, L.S. and SANTOS, L.N., 2020. Non-native 
freshwater molluscs in the Neotropics: what can be learned 

https://doi.org/10.3391/ai.2020.15.3.06
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10706275&dopt=Abstract
https://doi.org/10.1111/j.1365-2427.2005.01485.x
https://doi.org/10.1111/j.1365-2427.2005.01485.x
https://doi.org/10.1016/B978-0-12-751406-2.50019-2
https://doi.org/10.1016/B978-0-12-751406-2.50019-2
https://doi.org/10.1590/S0073-47212010000300014
https://doi.org/10.1590/S0073-47212010000300014
https://doi.org/10.2307/2403329
https://doi.org/10.1590/S0074-02762003000400016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12937765&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12937765&dopt=Abstract
https://doi.org/10.1590/S1519-69842012000200026
https://doi.org/10.1899/05-026.1
https://doi.org/10.2307/1537037
https://doi.org/10.1007/s10530-008-9373-4
https://doi.org/10.1007/s10530-008-9373-4
https://doi.org/10.1590/S1676-06032007000300037
https://doi.org/10.1590/S1676-06032007000300037
https://doi.org/10.15560/5.3.513
https://doi.org/10.1186/s12862-018-1208-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29969987&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29969987&dopt=Abstract
https://doi.org/10.1590/S0074-02761987000800057
https://doi.org/10.1590/S0074-02761987000800057
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3509186&dopt=Abstract
https://doi.org/10.1007/s00027-016-0489-9
https://doi.org/10.1007/s00027-016-0489-9
https://doi.org/10.1071/MF17349
https://bdmep.inmet.gov.br/
https://bdmep.inmet.gov.br/
https://doi.org/10.1111/j.1365-2427.2006.01503.x
https://doi.org/10.1111/j.1365-2427.2006.01503.x
https://doi.org/10.1016/j.envpol.2004.09.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15620583&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15620583&dopt=Abstract
https://doi.org/10.1590/S1984-46702011000300007
https://doi.org/10.1590/S1984-46702011000300007
https://doi.org/10.3391/ai.2015.10.2.04
https://doi.org/10.4002/040.059.0213
https://doi.org/10.1007/s10750-015-2452-5
https://doi.org/10.1007/s10750-015-2452-5


Brazilian Journal of Biology, 2023, vol. 83, e2438018/8

Miyahira, I.C. et al.

FONSECA, F.C. and SILVA, P.S.C., 2010. Estado do conhecimento 
da fauna de invertebrados não-marinhos da Ilha Grande (Angra 
dos Reis, RJ). Oecologia Australis, vol. 14, no. 2, pp. 504-549. 
http://dx.doi.org/10.4257/oeco.2010.1402.11.

SANTOS, S.B., THIENGO, S.C., FERNANDEZ, M.A., MIYAHIRA, I.C., 
GONÇALVES, I.C.B., XIMENES, R.F., MANSUR, M.C.D. and PEREIRA, 
D. 2012. Espécies de moluscos límnicos invasores no Brasil. In: 
M.C.D. Mansur, C.P. Santos, D. Pereira, I.C.P. Paz, M.L.L. Zurita, 
M.T.R. Rodriguez, M.V. Nehrke and P.E.A. Bergonci, eds. Moluscos 
Límnicos invasores no Brasil - Biologia, prevenção, controle. 
Porto Alegre: Editora Redes, pp. 25-49.

SANTOS, S.B., THIENGO, S.C., FERNANDEZ, M.A., MIYAHIRA, I.C., 
SILVA, E.F., LOPES, B.G., GONÇALVES, I.C.B., XIMENES, R.F. and 
LACERDA, L.E.M., 2016. Moluscos límnicos: gastrópodes. In: 
A.O. LATINI, D.C. RESENDE, V. B. POMBO and L. CORADIN, 
eds. Espécies exóticas invasoras de águas continentais no Brasil. 
Brasília: Ministério do Meio Ambiente, pp. 221-248.

SCARSBROOK, M.R., BOOTHROYD, I.K.G. and QUINN, J.M., 2000. 
New Zealand’s national river water quality network: long‐term 
trends in macroinvertebrate communities. New Zealand Journal 
of Marine and Freshwater Research, vol. 34, no. 2, pp. 289-302. 
http://dx.doi.org/10.1080/00288330.2000.9516933.

SEMENCHENKO, V., LAENKO, T. and RAZLUTSKIJ, V., 2008. A new record 
of the North American gastropod Physella acuta (Draparnaud 
1805) from the Neman River Basin, Belarus. Aquatic Invasions, 
vol. 3, no. 3, pp. 359-360. http://dx.doi.org/10.3391/ai.2008.3.3.14.

SMITH, B.J., 1989. Traveling snails. Journal of Medical and Applied 
Malacology, vol. 1, pp. 195-204.

STOCKWELL, C.A., PURCELL, K.M., COLLYER, M.L. and JANOVY, J., 
2011. Effects of salinity on Physa acuta, the intermediate host 
for the parasite Posthodiplostomum minimum: implications 
for the translocation of the protected White Sands Pupfish. 
Transactions of the American Fisheries Society, vol. 140, no. 5, pp. 
1370-1374. http://dx.doi.org/10.1080/00028487.2011.620499.

STRAYER, D.L. and MALCOM, H.M., 2006. Long-term demography 
of zebra mussel (Dreissena polymorpha) population. Freshwater 
Biology, vol. 51, no. 1, pp. 117-130. http://dx.doi.org/10.1111/
j.1365-2427.2005.01482.x.

TAYLOR, D.W., 2003. Introduction to Physidae (Gastropoda: Hygrophila); 
biogeography, classification, morphology. Revista de Biología Tropical, 
vol. 51, suppl. 1, pp. 1-263, 265-287. PMid:15260168.

THIENGO, S.C., FERNANDEZ, M.A., BOAVENTURA, M.F., GRAULT, C.E., 
SILVA, H.F.R., MATTOS, A.C. and SANTOS, S.B., 2001. Freshwater 
snails and schistosomiasis mansoni in the state of Rio de 
Janeiro, Brazil: I – Metropolitan mesoregion. Memorias do 
Instituto Oswaldo Cruz, vol. 96, suppl., pp. 177-184. http://dx.doi.
org/10.1590/S0074-02762001000900028. PMid:11586447.

THIENGO, S.C., MATTOS, A.C., BOAVENTURA, M.F. and FERNANDEZ, 
M.A., 2004. Freshwater snails and schistosomiasis mansoni in the 
state of Rio de Janeiro, Brazil: IV - Sul Fluminense mesoregion. 
Memórias do Instituto Oswaldo Cruz, vol. 99, no. 3, pp. 275-
280. http://dx.doi.org/10.1590/S0074-02762004000300006. 
PMid:15273799.

THOMAS, D.L. and MCCLINTOCK, J.B., 1996. Aspects of the population 
dynamics and physiological ecology of the gastropod Physella 
cubensis (Pulmonata: Physidae) living in a warm-temperate 
stream and ephemeral pond habitat. Malacologia, vol. 37, no. 
2, pp. 333-348.

VINARSKI, M.V., 2017. The history of an invasion: phases of the 
explosive spread of the physid snail Physella acuta through 
Europe, Transcaucasia and Central Asia. Biological Invasions, 
vol. 19, no. 4, pp. 1299-1314. http://dx.doi.org/10.1007/s10530-
016-1339-3.

VINARSKI, M. V. and ESCHNER, A., 2016. Examination of the type 
material of freshwater mollusk species described by JPR 
Draparnaud. Annalen des Naturhistorischen Museums in Wien. 
Serie B für Botanik und Zoologie, vol. 118, pp. 29-53.

WETHINGTON, A.R. and LYDEARD, C., 2007. A molecular 
phylogeny of Physidae (Gastropoda: Basommatophora) based 
on mitochondrial DNA sequences. The Journal of Molluscan 
Studies, vol. 73, no. 3, pp. 241-257. http://dx.doi.org/10.1093/
mollus/eym021.

WEIR, S.M. and SALICE, C.J., 2012. High tolerance to abiotic stressors 
and invasion success of the slow growing freshwater snail, 
Melanoides tuberculatus. Biological Invasions, vol. 14, no. 2, 
pp. 385-394. http://dx.doi.org/10.1007/s10530-011-0084-x.

WOOLHOUSE, M.E.J. and CHANDIWANA, S.K., 1989. Spatial and 
temporal heterogeneity in the population dynamics of Bulinus 
globosus and Biomphalaria pfeifferi and in the epidemiology 
of their infection with schistosomes. Parasitology, vol. 98, no. 
1, pp. 21-34. http://dx.doi.org/10.1017/S0031182000059655. 
PMid:2717216.

XIMENES, R.F., GONÇALVES, I.C.B., MIYAHIRA, I.C., PINTO, H.A., 
MELO, A.L. and SANTOS, S.B., 2017. Centrocestus formosanus 
(Trematoda: Heterophyidae) in Melanoides tuberculata 
(Gastropoda: Thiaridae) from Vila do Abraão, Ilha Grande, 
Rio de Janeiro, Brazil. Brazilian Journal of Biology = Revista 
Brasileira de Biologia, vol. 77, no. 2, pp. 318-322. http://dx.doi.
org/10.1590/1519-6984.13615. PMid:27599102.

ZUKOWSKI, S. and WALKER, K.F., 2009. Freshwater snails in 
competition: alien Physa acuta (Physidae) and native Glyptophysa 
gibbose (Planorbidae) in the River Murray, South Australia. 
Marine and Freshwater Research, vol. 60, no. 10, pp. 999-1005. 
http://dx.doi.org/10.1071/MF08183.

https://doi.org/10.4257/oeco.2010.1402.11
https://doi.org/10.1080/00288330.2000.9516933
https://doi.org/10.3391/ai.2008.3.3.14
https://doi.org/10.1080/00028487.2011.620499
https://doi.org/10.1111/j.1365-2427.2005.01482.x
https://doi.org/10.1111/j.1365-2427.2005.01482.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15260168&dopt=Abstract
https://doi.org/10.1590/S0074-02762001000900028
https://doi.org/10.1590/S0074-02762001000900028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11586447&dopt=Abstract
https://doi.org/10.1590/S0074-02762004000300006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15273799&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15273799&dopt=Abstract
https://doi.org/10.1007/s10530-016-1339-3
https://doi.org/10.1007/s10530-016-1339-3
https://doi.org/10.1093/mollus/eym021
https://doi.org/10.1093/mollus/eym021
https://doi.org/10.1007/s10530-011-0084-x
https://doi.org/10.1017/S0031182000059655
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2717216&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2717216&dopt=Abstract
https://doi.org/10.1590/1519-6984.13615
https://doi.org/10.1590/1519-6984.13615
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27599102&dopt=Abstract
https://doi.org/10.1071/MF08183

