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Abstract: The giant African land snail, Lissachatina fulica is considered to be one of the world’s worst invader
species. This snail can provoke major economic and public health problems in urban areas, in particular as a
potential vector of nematodes that infect both humans and animals. In this context, the present study investigated
the extent of the infestation of this exotic snail in the urban neighborhoods of the city of Rio Branco, verified
the presence of endoparasites in these snails, and evaluated the knowledge of local residents with regard to
the presence of this invader species. For this, daytime surveys were conducted between August 2015 and June
2016. For the analysis of endoparasites, 44 live specimens were sent to the National Reference Laboratory for
Schistosomiasis-Malacology (LRNEM) of the Oswaldo Cruz Institute (FIOCRUZ). The knowledge of local
residents in the infested neighborhoods was investigated using questionnaires with direct, closed questions. The
exotic invader species (L. fulica) was detected in 24 of the 36 neighborhoods visited. A total of 858 L. fulica
specimens were collected, of which, 329 were alive and 527 were dead. The total length of the shell ranged
from 0.7 to 14.2 cm, with a meantstandard deviation of 4.8+2.21 cm. The density of snails in the areas surveyed
varied from 0.34 individuals/m? to 3.54 individuals/m?, while the mean density within the whole study area was
estimated to be 0.54 individuals/m?. Mature eggs were found in only 9 (2.7%) of the 329 specimens dissected. The
endoparasitological analysis revealed the presence of rhabditiform larvae in 84% of the specimens examined, as
well as the nematodes Aelurostrongylus abstrusus (22.7% of the specimens) and Strongyluris sp. (2.2%). A total
of 39 local residents were interviewed, and while all were conscious of the presence of the mollusk, none knew its
origin or the most adequate way of dealing with it. The results of the study indicate an ample infestation of the city
of Rio Branco by L. filica, and confirmed a complete lack of intervention on the part of the local authorities for
the implementation of measures foe the control and management of this pest within the urban zone of Rio Branco.
Keywords: Aelurostrongylus abstrusus, Lissachatina fulica,; Strongyluris sp.; Southwest Amazon.

Diagnostico, presenca de endoparasitas e conhecimento local sobre a infestacio do
caracol gigante exotico africano (gastropoda: pulmonata: achatinidae), na zona
urbana de Rio Branco, Acre, Brasil

Resumo: Conhecido como caracol gigante africano a espécie Lissachatina fulica é considerada uma das piores
espécies invasoras do mundo. Em areas urbanas pode causar grandes problemas econémicos e para a satide publica
por ser um potencial vetor de nematddeos de interesse médico e veterinario. Desta forma, o presente trabalho teve
como objetivos averiguar a extensdo da infestacdo do caracol exdtico nos bairros da zona urbana da cidade de Rio
Branco; verificar a presenga de endoparasitos, bem como avaliar o conhecimento da populacdo local em relagédo
a presenca desta espécie invasora. Para isso, foram realizadas coletas diurnas no periodo de agosto de 2015 a
junho de 2016. Para verificar a presenca de endoparasitos foram enviados 44 individuos vivos ao Laboratoério de
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Referéncia Nacional para Esquistossomose-Malacologia (LRNEM) da Fundagdo Oswaldo Cruz (FIOCRUZ). A
avaliacdo do grau de conhecimento dos moradores dos bairros infestados deu-se pela utilizagdo de questionarios
com perguntas fechadas e diretas. A espécie exodtica e invasora (L. fulica) foi detectada em 24 dos 36 bairros
visitados. Dos 858 individuos coletados, 329 estavam vivos e 527 mortos. O comprimento total das conchas variou
de 0,7 a 14,2 cm com uma média+desvio padrdo de 4,8+2,21 cm. A densidade de individuos nas areas amostradas
variou do minimo de 0,34 ao maximo de 3,54 individuos/m? enquanto que a densidade média de espécimes tendo
como base a area total amostrada foi de 0,54 individuos/m?. Somente em 2,7% (9) dos 329 espécimes dissecados
foram encontrados ovos maduros. A busca por endoparasitos revelou a presenga larvas rabditiformes em 84% dos
espécimes investigados além dos nematodeos Aelurostrongylus abstrusus (22,7%) e Strongyluris sp. (2,2%). Ao
todo foram entrevistados 39 moradores, onde verificou-se que eles tém consciéncia da presenga do molusco mas
desconhecem sua origem e a forma de maneja-lo adequadamente. Nossos resultados apontam para uma ampla
infestacdo da espécie L. fulica na cidade de Rio Branco e constata a total auséncia do poder publico no que diz

respeito a implementacdo de medidas de controle e manejo desta praga nos limites da cidade.

Palavras-chave: Aelurostrongylus abstrusus; Lissachatina fulica; Strongyluris sp.; Sudoeste da Amazonia.

Introduction

The giant African land snail, Lissachatina fulica (Bowdich 1822),
is considered to be one of the world’s 100 most important invader
species (Sridhar et al. 2014, Gisd 2018). Native to eastern Africa, this
snail was introduced to Mauritius in the 1800s, from where it spread
rapidly throughout the islands of the Indian and Pacific oceans (Sankaran
2004, Tatayah et al. 2007). The species is now found in many countries
throughout the world, including India, Sri Lanka, Malaysia, Australia,
Japan, the United States, and almost all of South America, including
Brazil (Fontanilla et al. 2014, Sridhar et al. 2014). In Brazil, L. fulica
was introduced into the southern state of Parana in the mid-1980s
(Thiengo et al. 2007), with the aim of producing a commercially viable
alternative to the smaller, edible European garden snail (Helix aspersa
Miiller, 1774), known as the “escargot”, which is reared on a large scale
for human consumption in many countries (Murphy 2001). Producers
initially aimed to export the snail to Europe and, eventually, supply
the Brazilian market, but while this operation was successful for a
while, exportation eventually became unprofitable, and the producers
were unable to establish a viable domestic market, given the lack of
a culinary tradition in Brazil (Colley & Fischer 2009). The producers
then released the remaining snails into the wild.

The capacity of the giant african land snail to adapt to a diversity of
habitats, the absence of natural predators, and its generalist habits and
high reproductive rates, have all contributed to its dispersal throughout
the warm and humid regions of the globe, including the whole of Brazil
(Fischer & Colley 2004, Coelho 2005, Fischer & Colley 2005, Thiengo
et al. 2007, Fontanilla et al. 2014, Sridhar et al. 2014). As an invader
species, L. fulica is a potential competitor of native mollusk species
(Sankaran 2004). The giant african land snail is basically herbivorous,
with no particular preference for any given plant species, which makes
it a potentially important agricultural pest (Sankaran 2004). The species
is a vector of nematode parasites to other animals, and also transmits
parasites that threaten human health, such as nematodes of the genus
Angiostrongylus Kamensky 1905 (Jarvi et al. 2012, Caldeira et al.
2007, Gisd 2018).

In the Americas, the first recorded case of eosinophilic meningitis
in humans was registered in Cuba, in 1981 (Aguiar et al. 1981) and the
disease spread rapidly to neighboring countries, such as the Dominican
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Republic, Haiti, Puerto Rico, and the United States (Lai et al. 1982,
Andersen et al. 1986, Raccurt et al. 2003, Hochberg et al. 2007). In
Brazil, eosinophilic meningitis spread by the nematode Angiostrongylus
cantonensis (Chen 1935) was first reported in the state of Espirito Santo,
in 2007 (Caldeira et al. 2007), and more recently in Pernambuco (Lima
et al. 2009) and Sao Paulo (Espirito-Santo et al. 2013). In all three
cases, the presence of L. fulica was confirmed in the areas adjacent to
the residences of the individuals diagnosed with the parasite. Given
its ample spectrum of neurological symptoms, eosinophilic meningitis
has been commonly referred to as neural Angiostrongyliasis (Hung &
Chen 1988). The incidental presence of the nematode Angiostrongylus
costaricensis Morera and Céspedes 1971 has also been confirmed in a
child in Espirito Santo, Brazil (Pena et al. 1995). It is important to note
that a number of rat species are the definitive vectors of the nematodes A.
costaricensis and A. costaricensis, which cause eosinophilic meningitis
and abdominal angiostrongyliasis, respectively, in humans (Morera &
Céspedes 1971, Morassutti et al. 2014). However, these nematodes
are much less specific in relation to their intermediate hosts, and
may parasitize a diversity of mollusks, including both terrestrial and
freshwater species (Wallace & Rosen 1969 (b), Mota & Lenzi 1995,
Thiengo et al. 2013 (b)). In humans, infection may occur through
the ingestion of fruit, leaves or other foods which have come into
contact with the mucous of the intermediate host, typically a terrestrial
gastropod, and have been washed inadequately (Moreira et al. 2013).

In many studies of the exotic giant African land snail in the
Anmericas, the species has been classified as Achatina (Lissachatina)
fulica (e.g., Thiengo et al. 2007). However, in a molecular study,
Fontanilla (2010) found significant differences between the populations
of East Africa, assigned to the subgenus Lissachatina, and those from
Central and West Africa, classified as Achatina. Based on these findings,
we consider Lissachatina to be a full genus, a recommendation adopted
in many recent studies (e.g., Smith et al. 2013, Fontanilla et al. 2014,
Iwanowicz 2015).

The giant African land snail is currently found in 25 of the 26
Brazilian states, as well as the Federal District (Thiengo & Fernandez
2013 (a)). Few data are available on the occurrence of this species in
Brazilian Amazonia. Thiengo et al. (2007) recorded the occurrence
of L. fulica in the northern Brazilian states of Amazonas, Rondonia,
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Diag. Pres. Endo, loc know. Exotic. Afti. Snail.

Para, and Mato Grosso. Oliveira et al. (2013) confirmed the presence
of this species in the state of Amapa while newspaper reports from
2014, available on the internet, refer to its presence in Boa Vista,
capital of Roraima. This meant that Acre was the only state in which
the presence of L. fulica had not been recorded, although the presence
of L. fulica in Rio Branco had been confirmed through the collection
of a shell by EG in the Zoobotanical Park of the Federal University
of Acre (UFAC). This shell was sent to the Malacology collection of
the Zoology Museum of Sdo Paulo University (USP), where it was
deposited under catalog number MZSP-98749. In addition to Rio
Branco, L. fulica is known to occur in other towns in Acre, including
Acrelandia, Xapuri and Brasiléia (E.G. pers. obs.). While this invader
species appears to be relatively widespread in the state, there have
been no previous studies in Acre.

Given this, the present study aimed to (a) verify the occurrence of
L. fulica in the urban neighborhoods of the city of Rio Branco, capital
of Acre, (b) determine whether this population includes individuals
infected with the larvae of parasites of medical importance to humans
or animals, and (c) verify whether the residents of the affected
neighborhoods recognize L. fulica as an invader species that poses a
public health risk, and the appropriate management measures.

Materials and Methods

1. Sampling area

The present study focused on the urban zone of the municipality
of Rio Branco, in the Brazilian state of Acre (Figure 1), which borders
Peru and Bolivia, and the Brazilian states of Amazonas and Rondonia.
The city is located on the Acre River, and the municipality has a total
area of 8.835,541 km?.

We visited 36 neighborhoods within the urban zone of Rio Branco
to confirm the presence/absence of L. fulica. We searched vacant lots,
household gardens and backyards, and public parks (Figure 1). Data
were collected over an 11-month period, from August 2015 to June 2016,
between 14h:00 and 18h:00, by a single collector. Each neighborhood
was surveyed visually for signs of the presence of the animal, such as
shells, shell fragments, feces, eggs or live animals. Local residents were
also consulted for information on the presence of the mollusk within the
area of each neighborhood. During each visit, the area was surveyed
for mollusks during three hours, and local residents were interviewed
during one hour. Each site was visited only once during the study period.

2. Data collection

When the presence of L. fulica was detected, all the specimens were
collected, irrespective of their size or condition (dead or alive), using
disposable gloves. During the collection, the biological data (body
size, and the number of dead and living individuals) were noted on a
standard form, together with information on the site (area of the site, and
whether it was a residential property or a vacant lot) (Table 1). In the
laboratory, all the specimens were washed, measured with a calliper and
then deposited in the UFAC malacology collection. Population density
was calculated by dividing the area of each site (m?) by the number of
specimens (dead and alive) encountered.

3. Presence of mature eggs

All the live specimens with a shell longer than 5.5 centimeters were
housed in terrariums until dissection. The specimens were dissected to
confirm the presence of mature (encased) eggs. Reproductive activity
was confirmed when mature eggs were found in the reproductive organs
of the specimens (Teixeira et al. 2008). All the eggs found in each
specimen were counted and measured using a ruler.

Figure 1. A — Location of Acre in Brazil. B — Satellite image of the city of Rio Branco. The numbered points indicate the neighborhoods visited during the
present study, in chronological order. The red points indicate the neighborhoods infested with L. fulica and the yellow points, the neighborhoods in which the
mollusk was not found during the survey: 1-Distrito Industrial; 2- Universitario II; 3- Universitario I; 4- Tucuma; 5-Bairro Rui Lino; 6- Mocinha Magalhaes;
7-Conjunto Rui Lino; 8-Bairro da Paz; 9- Esperanca; 10- Geraldo Fleminger; 11- Jodo Eduardo II; 12- Betel I; 13- Capoeira; 14-Betel II; 15-Belo Jardim;
16- Vila Ivonete; 17- Santa Helena; 18- Floresta; 19- Habitasa; 20- Calafate; 21-Morada do Sol; 22-Vitoria; 23-Chico Mendes; 24- Eldorado; 25-Recanto dos
Buritis; 26-Universitario I1I; 27-Abrahdo Alab; 28-Bahia Nova; 29- Conjunto Mariana; 30-Tridngulo; 31-Triangulo Velho; 32- Tridangulo Novo; 33-Jacaranda;

34-Parque dos Sabias; 35-Adalberto Sena; 36-Placas. Source: GoogleEarth®.
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Table 1. Neighborhoods of the city of Rio Branco surveyed for the presence of the invader mollusk L. fulica.

Biota Neotrop., 18(3): €20170503, 2018

Neighborhood Street Date spei\il::nlzll?se;o(:lfn a* Geographic coordinates Areavit::l;i:lllletcltl: ds [():Islczi)mens
Distrito Industrial Rua das Acacias  08/20/2015 24 0232 2.61’, 2192,,’%] 168,85
Universitario 11 Not found 09/01/2015 0 é) 69 70 0556 2, ,339 4 122”,’\)Sv 0
Universitario [ Not found 09/02/2015 0 0232 Zg, 2222":3\/ 0
Distrito Industrial Setor B 09/10/2015 20 0(6)3: gg '1357"750':,SW 50,1
Distrito Industrial Setor C 09/23/2015 0 (g) 69700556 :; ,3; (;":'VSV 0
Tucuma N-1 09/25/2015 6 (?69;05561' ,558015,:& 14,64
Bairro Rui Lino Not found 09/26/2015 0 0(;(;2 261: 1(9)112','%] 0
Mocinha Magalhaes Not found 09/27/2015 0 0(32 2?', :;?)2:;/ 0
Conjunto Rio Lino Not found 09/28/2015 0 023: 261', 33163;‘%7\/ 0
Tucuma N-3 09/30/2015 13 (? :700556 1' '5j54;:'\§v 68,0
Tucuma RW-1 10/01/2015 8 006970"2’17" ;’?g::\s)v 107,0
Tucuma W-5 10/01/2015 8 06079: 5517,‘367".‘2",,8W 20
Bairro da Paz Travessa Natal 10/14/2015 31 02(;2 ZZ, ?Z;""%V 74,21
Esperanca Siqueira Santos 10/14/2015 12 02,97: Z)" ;gi',',%v 28,74
Geraldo Fleminger Botafogo 10/26/2015 16 0232 SSZ)" gi;i:‘,%v 141,54
Jodo Eduardo II Beco sem nome  10/28/2015 51 0(;32 2?)', ?3919','%/ 34
bt Notfound 10282015 : 05856238 :
Capoeira Maria Amélia 11/05/2015 15 0297: ig, 123?’"%\/ 35,90
Betel II 25 de dezembro  11/10/2015 15 0(3: 2?)" ?SZ‘%V 43,05
Belo Jardim Das Flores 11/14/2015 11 016(;(; gg, i.?i 2?)',',;] 32
Vila Ivonete Serena nogueira ~ 11/16/2015 33 279: 296,’ 25 22 6276,:’\5 33
L. Santa Helena Not found 11/18/2015 7 61;.‘;;322;"'% 85,59
Floresta Not found 12/09/2015 0 016(;(: 41;,2?;91','%/ 0
Habitasa Venezuela 12/29/2015 12 9°58'18.75"S 20

67°47'56.19"W
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Continued Table 1.

Diag. Pres. Endo, loc know. Exotic. Afti. Snail.

Neighborhood Street Date spei\illl:::se;o(:lfn a* Geographic coordinates Areavivl;:;'l:ioclllleil:: ds [():;lczi)mens
Geraldo Fleminger Padre Cicero 02/16/2016 15 0(32 zg, 2.512',',;] 100,03
Jodo Eduardo II Beco semnome  02/17/2016 6 Oggz i’Z)" ggiil,sv 17,84
Habitasa Peru 02/24/2016 14 0232 ?())V, ?Z;EV 44,81
Calafate Envira 03/01/2016 26 023: i.g', '3322',';/ 69,70
Morada do Sol Mercurio 03/23/2016 32 ngzizgg?;'%\/ 15,8
Morada do Sol Luna 03/23/2016 12 Oggz i’i" 3)2331""??&/ 29,80
Bairro Vitoria Not found 03/23/2016 0 6()79"041586"5261()6()1':'\§V 0
Chico Mendes Not found 03/23/2016 0 379::96,'1110 13 38,,';)8\/ 0
Eldorado Girassol 03/23/2016 11 6079:“5;.'3? 7694,:3\/ 17,9
Recanto Dos Buritis Areal 04/04/2016 65 023233:552%"3&7 172,5
Universitario 3 Maranhao 04/05/2016 5 023255?,8?2',‘,%\/ 18,72
Universitario 3 Fran. L. Bezerra ~ 04/05/2016 14 0232 fg, 28313',',%‘] 24,43
Abrahdo Alab Av. Ceara 04/18/2016 46 023: Zg', 21532;,3&] 176,56
Bahia nova Sdo Pedro 04/18/2016 24 023: 2; (())(1)2;‘"%\/ 20,16
Conjunto Mariana Vitoria 04/18/2016 44 0232 g: (())131;?'"%\] 239,96
Conjunto Mariana Liberdade 04/18/2016 20 0(6)3: ig, (1)22',‘,;] 152,01
Triangulo Adolfo Barbosa  04/28/2016 158 023: igv, 35323:%\/ 44,87
Triangulo Velho Not found 04/28/2016 0 O(ZZ SSZ)" fgg:‘,%v 0
Tridangulo Novo Not found 04/28/2016 0 0(6)9;2 22)" igg:%v 0
Jacaranda Osvaldo coelho  05/03/2016 58 0232 i'Z)" i;(:,',%v 35,96
Parque dos Sabias Not found 06/08/2016 8 006970 :89" 5:72,:‘3] 55,69
Adalberto Sena Mamoeiro 06/15/2016 15 0232 2‘, if)g?,%v 16,46
Placas Jarbas passarinho  06/15/2016 3 09° 59'30.63"S 341,67

067° 48' 38.25"W

This column shows only the specimens collected for the morphometric measurements and dissection. The specimens obtained for parasitological analysis were
collected specifically for this purpose on other days (Table 2).
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http://www.scielo.br/bn



Biota Neotrop., 18(3): €20170503, 2018

Lima, M.S. & Guilherme, E.

4. Presence of endoparasites

To determine the possible infection of snails by nematodes of
medical-veterinary relevance, 44 live specimens were collected in
11 different neighborhoods (four specimens per neighborhood) in the
urban zone of Rio Branco. The neighborhoods were selected randomly
by lottery for the survey. A subsample of 44 specimens was collected
specifically for the analysis of the presence of endoparasites, and for
this reason, they are not included in the total number of individuals
measured and dissected (Table 1). The specimens collected were sent
to the National Reference Laboratory for Schistosomiasis-Malacology
(LRNEM) of the Oswaldo Cruz Institute (FIOCRUZ) in Rio de Janeiro,
where they were digested artificially using the technique proposed by
Wallace & Rosen (a) (1969).

5. Interviews with residents

During the collection of samples, residents of the neighborhoods
in which the snail was found were interviewed using a questionnaire
that investigated the knowledge of the residents on the giant African
land snail, L. fulica. The name, age, and sex of each interviewee
were recorded, as well as the length of time they had lived in the
neighborhood. The questions referred to (i) the knowledge of the resident
with regard to the animal, (ii) the name used to refer to the species, (iii)
its origin, (iv) where and when the snail was observed most frequently,
(v) what measures are taken, if any, when the animal is encountered in
the proximity of the household, (vi) if the mollusk is known to transmit
any diseases, (vii) whether the local public health authorities have
alerted the resident to any risk associated with the species, (viii) if the
interviewee knows how the species arrived in the state, and in particular,
Rio Branco, and (ix) whether it is known to cause any problems for
the environment or the local population. The knowledge of the infested
neighborhoods was investigated using questionnaires with direct, closed
questions. The responses to the questions were tabulated and organised
in classes of answers. Following the interviews, the participants were
alerted to the potential dangers associated with L. fulica, and the
measures that can be taken to eliminate the species.

This study was conducted according to the current institutional
norms governing animal research in Brazil. The project on which the
study was based was approved by the UFAC ethics committee for the use
of animals in research, under protocol number 59/2015. The collection
of specimens of the exotic snail, L. fulica, is permitted by normative
instruction 18/2005 of the Brazilian Federal Environment Institute
(IBAMA), which authorizes the control and elimination of the species.

Results

The L. fulica was detected in 24 (66.6%) of the neighborhoods
visited during the present study, with no individuals being detected in
only twelve (33.4%) neighborhoods (Table 1). A total of 858 specimens
(=34.32431.98 SD individuals per site; median = 26), were collected,
including 329 live individuals (= 13.16+18.31 SD; median = 8), and 529
shells (= 21.08+20.07 SD; median = 12) per site. The largest number
of individuals was recorded in the Tridngulo neighborhood, where
158 specimens (90 alive), representing 18.41% of the total number of
specimens, were collected, whereas only three dead shells, 0.34% of
the sample, were collected in the Placas neighborhood (Table 1). No
snails were detected during the survey in a number of neighborhoods,
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including Mocinha Magalhaes, Conjunto Rui Lino, Floresta, Vitéria,
and Chico Mendes (Table 1). Density varied from a minimum of 0.34
to a maximum of 3.54 individuals/m?, with a mean of 1.89+2.76 SD
individuals/m*. The mean density of snails over the whole study area
was 0.54 individuals/m?.

1. Presence of mature eggs

Only nine of the 329 live specimens presented mature eggs in the
oviduct. A total of 526 eggs were found, which measured 4.3+0.57 mm,
on average. The number of reproductive specimens represented only
2.7% of the live individuals encountered during the surveys.

2. Morphometry (total length)

In all, 760 of the 858 specimens collected had an intact (unbroken)
shell, which was measured. Total length ranged from 0.7 to 14.2 cm,
with a mean+standard deviation of 4.842.21 cm (Figure 2). Most (570
specimens; 75%) of the individuals measured between 2.1 to 7 cm in
length (Figure 2). Smaller (shells smaller than 3 cm) individuals were
found more frequently between August 2015 and March 2016 (Figure
2), and most of the individuals in all size classes were collected during
this period.

3. Presence of endoparasites

None of the 43 L. fulica specimens analyzed (one specimen was dead
on arrival at the LRNEM, which impeded analysis) from 11 different
neighborhoods of Rio Branco were infected by larvae of the nematodes
A. cantonensis or A. costaricensis. However, rhabditiform larvae were
identified in almost all the specimens (n = 37 or 84%), in addition to
two nematodes, Aelurostrongylus abstrusus (Railliet, 1898) (Nematoda:

Figure 2. Size classes of total shell length (cm) of the L. fulica specimens
collected in the city of Rio Branco between August 2015 and June 2016. A:
August to November; B: December to March, and C: April to June.
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Table 2. Results of the analyses of the L. fulica specimens collected in the different neighborhoods of Rio Branco, Acre, Brazil.

Neighborhoods Samples analyzed* Endoparasites

Tucuma 4 Rhabditiform larvae (4)**

Belo Jardim 4 Rhabditiform larvae (3), Aelustrongylus abstrusus (2)
Betel I 4 Rhabditiform larvae (4), Aelustrongylus abstrusus (3)
Jodo Eduardo IT 4 Rhabditiform larvae (4), Aelustrongylus abstrusus (2)
Bairro da Paz 4 Rhabditiform larvae (2), Aelustrongylus abstrusus (1)
Geraldo Fleminger 4 Rhabditiform larvae (2), Aelustrongylus abstrusus (1)
Capoeira 4 Rhabditiform larvae (3)

Distrito industrial 4 Rhabditiform larvae (4)

Morada do Sol 4 Rhabditiform larvae (4), Aelustrongylus abstrusus (1)
Vila Ivonete 4 Rhabditiform larvae (4), Strongyluris sp. (1)
Habitasa 3 Rhabditiform larvae (3)

* Only 43 of the 44 specimens sent for analysis were alive when they arrived at the laboratory and could be analyzed. ** The values in parentheses are the number
of the L. fulica specimens analyzed that were infected by the respective nematode species.

Metastrongylidae) (n =10 or 22.7%) and Strongyluris sp. Mueller, 1894
(Nematoda: Heterakidae) (n =1 or 2.2%) (Table 2).

4. Knowledge of the local population on the exotic snail

Thirty-nine residents were interviewed in the different neighborhoods
of Rio Branco, of which, 29 (74.3%) were female. The mean age of
the 39 interviewees was 47.4£16.0 years (range: 17-79 years old).
Just under half (n = 18 or 46.1%) of the interviewees had lived in their
current neighborhood for 11-20 years, nine (23.0%) for 1-9 years, five
(12.8%) for 21-30 years, five (12.8%) for more than 30 years, and two
(5.1%) for less than one years. The oldest memories of the presence
of the African land snail in Rio Branco data back to 2005, that is, 11
years prior to the present study, while the largest proportion (30.7%)
of the interviewees only perceived the presence of the species in the
neighborhood from 2014 onward.

None of the interviewees were familiar with the vernacular name
by which L. fulica is known in Brazil (“caramujo gigante africano” =
giant African land snail) or its scientific name. Most (n = 26 or 66.6%)
of the interviewees referred to the animal as a caracol (snail), seven
(17.9%) named it “buzu”, five (12.8%) as a caramujo (conch or water
snail), and one (2.1%) as a lesma (slug).

The vast majority of the interviewees (n=31 or 79%) were unaware
of the origin of the species, while the other 21% (n =8) believed that
it is native to the Amazon region. The vast majority (33 or 84.6%) of
the interviewees confirmed that the species is observed more often
during the rainy season months. Around a third (n=10 or 25.6%) of
the interviewees confirmed that the animal was typically found after
rainfall, 11 (28.2%) in the morning, 10 (25.6%) at night, and eight
(20.5%) at any time of day.

Most interviewees (n = 14) referred to the walls of houses as the
location where the greatest concentrations of L. fulica could be found.
Others indicated the most humid areas of the garden (n =6 interviewees),
vegetable gardens (n =5), on waste ground (n = 4), vacant lots (n = 3),
near water tanks (n =3), and in piles of rubble (n = 2) or streams (n=2).

When asked where the animal seeks refuge from the sun and high
temperatures, most of the interviewees (74%) confirmed that they were
unfamiliar with the ecological strategies of the species.
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More than half of the interviewees admitted not knowing how
the animal arrived in the state or the city of Rio Branco. The others
confirmed that the species came “crawling”, by plane or truck, and so on.

When asked whether the animal was a vector of diseases, most
(58.9%) of the interviewees believed that L. fulica does contribute to
the transmission of diseases, but were unable to identify these diseases.
A considerable percentage of the interviewees confirmed that the
snail does not transmit disease. The residents who referred to specific
diseases mentioned Ascites (n = 2 interviewees), schistosomiasis (n =
1), “worms” (n = 1), and skin infections (n = 1).

The interviewees were clearly inconvenienced by the presence
of the mollusks in their residences and adjacent areas, and a majority
(71%) dealt with these animals by killing them. Other individuals
reported dealing with the mollusks in a number of other ways. All of
the interviewees confirmed that they had never been visited by a public
health agent or other government official with information on the snail
or the risks of contact with this animal.

Discussion

The exotic giant African land snail, L. fulica, is found throughout the
urban area of the Brazilian city of Rio Branco, capital of the Brazilian
state of Acre. The presence of a large number of individuals of all sizes,
including juveniles and (sexually active) adults in the neighborhoods
visited indicates that the L. fulica populations are fully established in
the metropolitan region of this city.

In the present study, L. filica was found to be abundant in some areas
of certain neighbourhoods, whereas in others, it was quite rare. A similar
pattern of variation in the distribution of the mollusk was observed by
Fischer & Colley (2004) in Guaraquecaba, on the northern coast of the
Brazilian state of Parand. The mean density of L. fulica recorded in the
areas surveyed in Rio Branco was lower than that registered in Puyo,
Ecuador (3.7 ind/m?; Gotdyn et al. 2016), but higher than that recorded
in some Brazilian cities (e.g., Miranda et al. 2004). Some authors (e.g.,
Thiengo et al. 2007, Goldyn et al. 2017) consider high densities of this
species to be a characteristic of the initial stages of infestation. Only a
small number of live individuals contained mature eggs. This finding
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was similar to that of Roda et al. (2016), who found eggs in only a
small proportion (5%) of the L. fulica specimens they analyzed. Fisher
& Colley (2005) and Roda et al. (2016) reported finding adults laying
eggs throughout the year. In Rio Branco, however, specimens containing
eggs were only collected between December and March, the rainiest
part of the year in this region (Duarte 2006). This difference may reflect
the influence of the climate of the Southwestern Amazon basin on the
reproductive patterns of the species, although more detailed, long-term
data will be required to confirm any such effect, and its determinants.

The morphometric parameters recorded for the L. filica populations
in Rio Branco were compatible with those registered in other studies
(Fisher & Colley 2005, Albuquerque et al. 2009, Roda et al. 2016,
Goldyn et al. 2017). In Guaraquecaba, in the Brazilian state of Parana,
Fischer & Colley (2005) recorded a mean L. fulica shell length of 5.2
cm. In Lauro de Freitas, in the state of Bahia, L. fulica specimens of up
to 10.25 cm in length were collected by Albuquerque et al. (2009), with
a mean of 4.2 cm, values very similar to those recorded in the present
study, i.e., a mean of 4.82 cm and a maximum of 14.2 cm. Most of the
specimens collected in Rio Branco were between 2.1 to 7.0 cm in length,
indicating a relatively young population, with individuals being yet to
reach the maximum size of the species. Older individuals (with shells of
more than 10 cm in length) make up only 0.95% of the total sample. In
a similar study in Puyo, Ecuador, Gotdyn et al. (2017) obtained similar
results to those of the present study, i.e., a predominance of subadults,
and concluded that the reproductive biology of L. fulica is of the r
strategist type. While plausible, this hypothesis requires more conclusive
data, given that Roda et al. (2016) recorded gestating specimens with
shell lengths of between 4.8 to 12.8 cm, even though individuals of
less than 6.5 cm contributed fewer eggs than those larger than 9.0 cm.

The movements and dispersal of L. firlica vary according to the stage
of the life cycle and the season (Tomiyama & Nakane 1993, Raut &
Barker 2002). Young animals are generally more capable of dispersing
than adults, although the absolute dispersal capacity is still limited.
Tomiyama & Nakane (1993) found that L. fulica can disperse as much
as 500 m in six months. This indicates that juvenile individuals can
reach and colonize adjacent neighborhoods, although the species did
not reach Rio Branco through a natural process of dispersal.

It is unclear how the species arrived in Acre. As no evidence was
found of a deliberate process of introduction, the most probable source
of'the infestation was the accidental transportation of the snail in cargos
from other regions of Brazil or the neighboring countries of Peru and
Bolivia, where L. fulica is also known to occur (Sridhar et al. 2014).

The establishment of the giant African land snail in Rio Branco is
a cause for concern, given that this generalist species has an enormous
potential for proliferation (Fischer & Colley 2005). There are few
reports of predation by native Brazilian animals (Martins & Donatelli
2014), which implies that there is little potential for natural control
mechanisms of the species populations. This was confirmed in the
present study through the detection of the larvae of A. abstrusus, which
causes pneumonia in cats (Silva et al. 2005) and Strongyluris sp., a
parasite of wild lizards (Santos et al. 2013). The larvae of A. abstrusus
have also been found infecting L. fulica in a number of Brazilian
states (Thiengo et al. 2008, Ohlweiler et al. 2010), although there is
no evidence of the transmission of these larvae to domestic cats. A
number of the specimens analyzed presented co-infection between
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A. abstrusus and rhabditiform larvae of other helminths (possibly
Strongyluris sp.). The co-infection of L. fulica by multiple helminth
species was reported by Oliveira et al. (2015) in the region of Séo
Gongalo, in the state of Rio de Janeiro. The co-infection of mollusks by
helminths and other parasites may indicate a severe and chronic level
of local infestation (Bonfim et al. 2013), which cannot be ruled out
in the case of the L. fulica population of Rio Branco. The specimens
collected in the present study in Rio Branco did not contain the larvae
of nematodes that cause diseases in humans. It is nevertheless possible
that snails infected with the larvae of 4.cantonensis may still be found
in the L. fulica populations of Rio Branco, given that snails infected
with the larvae of this nematode have been collected in other region
of Brazil (Morassutti et al. 2014).

The ethno-ecological data (interviews) indicate that the local
population is aware of the presence of this exotic mollusk in the city.
However, few of the residents interviewed were aware of the origin of
the animal or the risks it represents for the health of human populations
and domestic animals or family agriculture (kitchen gardens). The
relatively recent memories of the interviewees with regard to the
presence of L. fulica in Rio Branco implies that the species arrived in the
city very recently. However, L. fulica arrived in Acre much earlier, given
that one of the authors (E.G. pers. obs.) obtained reports of'its presence
in the town of Acrelandia, in the eastern extreme of the state, in 2008.

A number of the interviewees referred to L. fulica as the “buzu”,
which is the vernacular name used by the region’s rubber-tappers and
other forest dwellers to refer to the mollusk Megalobulimus sp. Miller,
1878 (Megalobulimidae) which is native to Southwestern Amazonia,
and is relatively common in the local forests. By confusing the invader
mollusk with the native species, the local residents are overlooking the
potential risks that the presence of this species represents for the local
environment and the health of local human populations. In general, the
population is aware of the presence of the animal when it appears in
large numbers in houses and on waste ground, which typically occurs
after torrential downpours or during major floods. This result is similar
to the findings of Fischer & Colley (2005) on Ilha Rasa, an island in the
municipality of Guaraquegaba, on the northern coast of Parana, where
83.3% of the interviewees associated the appearance of L. fulica with
the heavy summer rains. Carvalho Junior & Nunes (2009) recorded
a similar situation in Varzea Grande, in the Brazilian state of Mato
Grosso, where 90.9% of the population associated the appearance of
the mollusk with the rainy season.

None of the residents interviewed were aware of techniques for the
eradication of the species. This indicates that the city’s administration
has not followed the recommendations of IBAMA normative
instruction number 18/2005 (IBAMA 2005), which authorizes local
authorities to employ measures of collection, control, and elimination
of L. fulica as a means of impeded the expansion of its populations to
local rural areas and other Brazilian regions. Colley (2010) concluded
that the first stage in the successful management of L. fulica is the
diagnosis of the occurrence and distribution of this invasive snail
within the target area, prior to the selection of the most appropriate
measure, which should then be adapted to the local context. The rapid
advance of the species through the different neighborhoods of the
city, and to other areas of the state, together with the lack of adequate
knowledge on the management of this problem by local residents, is
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an alarm call for the public authorities of the state, which have, up to
now, neglected the presence of the species in Acre. It will be necessary
to implement urgent measures to control the invasive populations of
L. fulica in order to avoid infestation in the near future.

Final considerations

Much of the city of Rio Branco is infested with the giant african
land snail (L. fulica). However, while the population of Rio Branco
is aware of the presence of L. fulica in its houses and neighborhoods,
there is a general lack of knowledge on the adequate procedures for the
management of its populations. Municipal and state authorities should
thus adopt immediate preventive measures, such as informative leaflets
and announcements in the local media, to increase the awareness of the
local population and encourage the management and control of the L.
fulica population.
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