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Abstract

The Vicente Guerrero reservoir is the sixth largest water reservoir in Mexico. This
is a primary water source for the northeast region as well as a frequently holiday
touristic site. In this paper we report aquatic specimens of the bivalve Corbicula
fluminea, along with the gastropods Melanoides tuberculata and Tarebia granifera
for the first time in the reservoir. This is also the first report of M. tuberculata and
T. granifera for the Soto la Marina basin, and the first record of 7. granifera for
Northeast Mexico. The establishment of these species in the water body represents
a potential threat to the native species and human health, since they are intermediate
hosts in the life cycle of some parasites, such as Centrocestus formosanus trematode.
Their arrival may be due to aerial, aquatic or commercial dispersion, since they can
become adhered to, and hidden easily on birds, boats or aquarium ornamental
plants, respectively. The introduction of these species may also cause potential
economic losses for the agricultural, aquaculture and fishing activities in the local
area. Due to high potential of dispersion, displacement of native species and
pathogen transmission, the establishment of preventive actions is recommended to
avoid their potential expansion in other aquatic bodies of the Soto la Marina basin.

Key words: Asian clam, introduced gastropods, aquatic species, Soto la Marina basin,
parasitic hosts

Introduction

The dispersion of invasive species is one of the main reasons of biodiversity
loss, which is a cause of great concern worldwide due to the harmful effects
on the ecosystem, as well as on the economy and the human health
(Mooney and Cleland 2001; Stohlgren and Schnase 2006). Despite the
aquatic invasive species involve economic impacts on agricultural, fishing
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and international commercial activities (Lovell et al. 2006), in Mexico,
there are few regulations to prevent and control the introduction pathways
of aquatic non-indigenous species (Okolodkov et al. 2007). According to
the last authors, the incrustations on hulls as well as the aquaculture
activities and ballast water seem to be the main causes for its introduction,
in percentages that vary from 25 to 36%.

One of the most invasive mollusks of greatest importance in freshwater
aquatic ecosystems is the Asian clam Corbicula fluminea (Miiller, 1774),
since due to its biological traits can easily colonize new environments
(Araujo et al. 1993; Sousa et al. 2008; Ferreira-Rodriguez et al. 2018). In
North America, the first collection of Asian clams, was reported in the
northeastern Pacific Island of Vancouver (Canada), in 1924 (Counts 1981);
since then, C. fluminea has become widespread in the United States
(Britton and Morton 1979). In Mexico, it was first registered in Baja
California and Sinaloa (northwestern states, Pacific Ocean coast), in 1970
(Fox 1970); then, it was detected in Tamaulipas (northeastern state, Gulf of
Mexico Coast), since 1981 and until 1984 (Hillis and Mayden 1985). A
quarter century later, in 1995, it was recorded in Chiapas, Colima, Jalisco,
Nayarit, and Sonora (western states) as well as in Chihuahua, Durango,
San Luis Potosi and Zacatecas (north-central states) and Veracruz (eastern
state) (Contreras-Arquieta et al. 1995; Torres-Orozco and Revueltas-Valle
1996; Contreras-Arquieta and Contreras-Balderas 1999; Barba-Macias and
Trinidad-Ocana 2017).

Another of the most invasive mollusks of worldwide concern are the
gastropods Melanoides tuberculata (Miller, 1774) and Tarebia granifera
(Lamarck, 1816); these species are commonly known as “red-rim melania”
and “quitted melania”, respectively. These species, similar in size and
morphological features between themselves, are native from the southern
Asian region, although M. tuberculata is natural also from the African
subtropical and tropical areas (Abbott 1952). In North America, the two
species were introduced in Florida (United States), in 1935 and 1949,
separately (Abbott 1952; Roessler et al. 1977). For Mexico, the first records
of M. tuberculata were in the states of Coahuila, in 1966, and Veracruz, in
1973 (Taylor 1966; Abbott 1973); while for the case of T. granifera, the first
register occurred in Chiapas, in 1995 (Contreras-Arquieta et al. 1995).
Since then, these species have been studied in other regions of Mexico,
such as in rivers and lakes of the east and south regions, in Veracruz and
Tabasco (Lopez-Lopez et al. 2009; Rangel-Ruiz et al. 2011; Barba-Macias et
al. 2014), among others.

Despite the wide geographic dispersion of invasive bivalves and
gastropods, there is currently a lack of knowledge about their distribution
in most of the aquatic bodies of Northeast Mexico. Particularly, the
Vicente Guerrero reservoir has characteristics that may favor colonization
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Figure 1. Vicente Guerrero reservoir and location of sampling sites (1 and 2) of the current
study in 2018. Inset map: Mexico hydrological regions (HR); San Fernando-Soto la Marina HR
is shaded in dark grey.

by invasive mollusks, since these species prefer lake and water reservoirs
(Karatayev et al. 2018). The aim of this work is to expand the knowledge of
the distribution of invasive mollusks and confirm the first records of the
Asian clam (C. fluminea) along with the gastropods M. tuberculata and
T. granifera in the Vicente Guerrero reservoir, located in Northeast Mexico.

Materials and methods
Study area

The Vicente Guerrero reservoir (VGR), commonly known as “Las Adjuntas”
is located in the municipality of Padilla (state of Tamaulipas) and is the
sixth largest reservoir in Mexico, with a water capacity of 3833 hm’
(CONAGUA 2018). In terms of its hydrography, receives water from the
Pilén, Purificacién and Corona rivers (Figure 1); these rivers come from
the municipalities of Hidalgo, Padilla and Victoria, respectively. At the
same time, the reservoir flows into the rio Soto la Marina, which in turn
tflows into the Gulf of Mexico. The VGR is an important fishing area for
human consumption, especially catfish Ictalurus punctatus (Rafinesque,
1918), common carp Cyprinus carpio (Linnaeus, 1758) and blue tilapia
Oreochromis aureus (Steindachner, 1864) (Elizondo-Garza et al. 1996; Uresti-
Marin et al. 2008); there are also catches of largemouth bass Micropterus
salmoides (Lacépede, 1802), alligator gar Atractosteus spatula (Lacépéde,
1803) and Texas cichlid Herichthys cyanoguttatus (Baird and Girard, 1854),
the latter two in smaller numbers (Elizondo-Garza et al. 1996).

The reservoir has undergone some anthropogenic pressure, including
the presence of organochlorine pesticides in carp and bass, due to agricultural
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Figure 2. Collected specimens of Asian clam in Vicente Guerrero reservoir. Photographs by Alfonso Gonzalez Juarez.

and livestock activities in the area (Uresti-Marin et al. 2008). In addition,
potentially zoonotic larvae from the parasitic helminth Contracaecum sp.
have been detected in the introduced species C. carpio and M. salmoides
(Garrido-Olvera et al. 2017). As well as pollution, invasive species may also
pose a potential threat to the survival of native fish species (Karatayev et al.
2009).

Sampling, identification and registration

A total of 50 specimens of mollusks were collected in March 2018 on the
shores of the northwest area of the Vicente Guerrero reservoir (Figure 1).
In this area, samplings were taken in ten quadrats of 1 m? distributed
along two transects of 1 x 100 m, parallel to the shore. The two transects
had a separation of 2000 meters, with the specimens collected in two
different types of substrates: rocky and sandy. The type of sampling for the
selection of the organisms carried out was of convenience, so that only
specimens of C. fluminea (Figure 2), M. tuberculata and T. granifera (Figure 3)
were collected. Organisms from other mollusks species, occasionally
observed, were discarded. In each transect, the collected individuals were
counted to obtain densities (individuals/m?). All samples were collected
manually, fixed in 4% formaldehyde and transported to the zoology
laboratory of the Institute of Applied Ecology for identification. The
collected specimens of each of the species were identified through
taxonomic keys (Thompson 2004; Todd et al. 2008; Isnaningsih et al. 2018;
Mollusca Base 2018). Also, these organisms were measured (length, width
and whorls). Finally, the samples were conserved in 70% ethanol and some
specimens were deposited in the National Collection of Mollusks
(CNMO), Institute of Biology, National Autonomous University of
Mexico, with access numbers 7588, 7589 and 7590.
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Figure 3. Collected organisms of gastropods in Vicente Guerrero reservoir. Letters: (A) Melanoides tuberculata; (B) Tarebia
granifera. Photographs by Alfonso Gonzalez Juarez.

Table 1. Length, width and whorls range (mean + Standard Deviation) in Corbicula
fluminea, Melanoides tuberculata and Tarebia granifera specimens, collected in Vicente
Guerrero reservoir. Abbreviations: n = number of organisms; NA = not applicable.

Species Total length (mm) Total width (mm) Whorls (units)
C. fluminea (n = 24) 9-24 (19.9 £ 2.30) NA NA
M. tuberculata (n =4) 14-18 (16 £ 2) 5-6 (5+0.81) 6-8(7.5+1)

T. granifera (n =22) 2-20 (13.82 +6.13) 1-9(5.45+£2.3%) 3-5(4+0.5)

Literature revision and species distribution map

To show the relevance of the findings of the three species in their known
distribution from North America to Central America, we conducted a
literature revision reporting their presence independently of the study
topic. The revision of the registers in North America was made through the
Nonindigenous Aquatic Species Database of the US Geological Survey
(Benson 2019; Daniel et al. 2019; Foster et al. 2019). For Mexico and Central
America, the revision of the species registers was made through a web-search
in databases, using the names of species and countries for North and Central
America, as keywords. After the revision, the registers were included in a excel
tile, which was processed to develop the species distribution maps, through
the Version 2.18.24 of QGIS software® (QGIS Development Team 2018).

Results
Main features of the species collected

A total of 24 specimens of Asian clam (C. fluminea), 4 of M. tuberculata
and 22 of T. granifera were collected from the Vicente Guerrero reservoir.
All individuals collected were found above the sediment surface, submerged
in water at a depth between one and 30 cm. Their length, width, as well as
whorls number are summarized in Table 1 (for details see Supplementary
material Table S1). Most of the organisms collected were of adult size, but
there were also some newly formed individuals of T. granifera.
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Figure 4. North and Central America distribution map of Corbicula fluminea (A), Melanoides tuberculata (B) and Tarebia
granifera (C), with the San Fernando and Soto la Marina basins, sites and years when each species was first detected near to the
Vicente Guerrero reservoir study site (D). Data sources and references are provided in Tables S2 to S3.

Description of habitat

The organisms of the mollusk species mentioned above were found in both
transects; however, a larger number of gastropods was observed in the first
transect, where high numbers of T. granifera (density > 50 individuals/m?)
were observed in shallow waters (< 0.1 m) adhering to the substrate formed
by rocks and other construction materials. M. tuberculata was also present in
this same transect, although with lower abundance (density < 5 individuals/m?).
The transect exhibited the presence of filamentous green algae and a slight
current of water that was reduced by the abandoned building blocks. On
the other hand, the second transect showed a greater abundance of C. fluminea
(density > 100 individuals/m?), as well as a slight presence of filamentous
green macroalgae.

Known distribution

After the first reports of Corbicula fluminea mentioned above in North
America, it has been established in 48 states of the United States, except for
Alaska and North Dakota, representing the 96% of the US states, without the
District of Columbia, where was also registered (see Figure 4 and Table S2).
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In Mexico, this species has been registered in all the states from the Pacific
Ocean side (from Baja California to Chiapas, excepting Guerrero); on the
north and central-north regions it has been recorded in all the states,
excepting Aguascalientes, Querétaro and Guanajuato. Finally, for the
northeastern, eastern and southern regions, it has only been recorded in
Tamaulipas, Veracruz, Oaxaca, Chiapas and Tabasco; counting the
Mexican states where this species has been registered, it represents an 53%
approximately. Moreover, in Central America and Caribbean countries, it
has been detected in a lesser extent, in Cuba, Panama and Puerto Rico (see
Figure 4 and Table S3).

Concerning to the distribution of the gastropods Melanoides tuberculata
and Tarebia granifera have been reported from several western, central and
southern states of United States, representing the 34% and 5% of the US states
without Hawaii and Puerto Rico, respectively (see Figure 4 and Table S2).
In Mexico, M. tuberculata has been detected in the states from the Pacific
Ocean side (from Baja California to Chiapas, excepting Sinaloa, Sonora
and Oaxaca); on the north and central region it has been registered in the
states of Zacatecas, San Luis Potosi, Morelos, as well as in the northeast,
east and southeast regions excepting Tamaulipas, Hidalgo and Yucatan,
respectively. While for Tarebia granifera, in Mexico it has been detected in
Michoacan and Oaxaca (western states) as well as in Veracruz, Tabasco
and Campeche (eastern and southern states). Although both species are
becoming widespread, less records were reported for T. granifera compared
to M. tuberculata (representing only a 18.7% vs 65% of the Mexican states,
respectively). Otherwise in Central America M. tuberculata and T. granifera
were reported in all countries (excepting Guatemala and El Salvador in the
first case, as well as Nicaragua, El Salvador and Costa Rica for the second);
furthermore, both species were detected in most of the Caribbean islands
(see Figure 4 and Table S3).

Discussion
Registration of the species

Currently, there are 56 introduced species of mollusks that have been
registered in Mexico; within freshwater mollusks, the dominant group is
gastropods, in particular the families Ampullariidae, Thiaridae and
Planorbidae (Naranjo-Garcia and Castillo-Rodriguez 2017). The bivalves
of the family Cyrenidae (C. fluminea), together with the gastropods of the
tamily Thiaridae (T. granifera and M. tuberculata) are invasive species in
Mexico (Thompson 2011; CONABIO 2017a, b, ¢). In Tamaulipas, C. fluminea
was registered in Santander Jiménez, rio Carrizal and rio Soto la Marina
(1981, 1982 and 1984, respectively), bellonging to the Soto la Marina basin;
another register was in the rio San Juan (1984) occurred within the rio
Bravo basin (Hillis and Mayden 1985). Otherwise and about ten years later,
M. tuberculata was detected in the Presa Rodrigo Gomez in 1995 and the
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rio Sabinas in 1995 bellonging to the rio Bravo and rio Tamesi basins,
respectively (Contreras-Arquieta et al. 1995; Albarran-Melze et al. 2009).
In a contrary way, T. granifera has not been previously registered in any of
the northeast basins of Mexico. Then, this work represents the first record
of C. fluminea, M. tuberculata and T. granifera in the Vicente Guerrero
reservoir (NE Mexico), the first record of M. tuberculata and T. granifera
for the Soto la Marina basin and the first one of T. granifera for Northeast
Mexico. It is also important to recognize that although the species of
C. fluminea and M. tuberculata have been recorded in Tamaulipas (Hillis
and Maiden 1985; Contreras-Arquieta et al. 1995), there is still a lack of
knowledge about their distribution in most of the aquatic bodies.

Probably causes of its introduction

This reservoir, located in the middle of the state, is a refuge for migratory
birds, which may disseminate these mollusk species to other bodies of
water, through excretion pathway. Experimentally, it has been shown that
birds can carry and introduce snails to different locations, while egg masses
or snails can be moved by mud or vegetation attached to mammals
(Derraik 2008). Although the exact causes for their presence in this waterbody
are still unclear, seems unlikely that was occurred by hydrological reasons,
because the rivers draining to VGR (Pil6n, Purificacién and Corona), into
Soto la Marina basin, are not connected with their neighboring basins (rio
San Fernando and rio Tamesi). According to Hillis and Maiden (1985) this
reservoir is frequently visited by fishermen from the United States and
suggested that the Corbicula detected in the rio Soto la Marina, in 1984,
was due to the passively introduction in the VGR. Therefore, is likely that
the three species currently reported in the reservoir were accidentally
introduced by the fishing tourism as well as the arriving boats for sports or
tishing for human consumption; these boats come from several bodies of
fresh and saltwater from all over Mexico, as well as other regions and may
carry the mollusks attached to the hull, with the consequent introduction
and dispersion when they reach a new waterbody. Furthermore, domestic
aquaria are another source for the introduction of mollusks in new habitats,
since these species are often found attached to the aquatic plants sold in the
aquarium stores (Rangel-Ruiz et al. 2011). Water discharge from these
mollusk-contaminated aquaria into the municipal sewage system allows for
their dispersion to new bodies of water. CONABIO (2018) has listed a
number of actions that are recommended to prevent the spread of these
invasive alien species, which include avoiding the emptying the fish tank
contents (fish, plants, gravel, etc.) into rivers, lagoons and canals or municipal
drainage, especially if the origin of the pets cannot be confirmed; to keep
tield equipment and vehicles clean; to avoid moving earth from one place
to another and finally, to avoid bringing animals or plants from other
places as a souvenir.
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Habitat conditions

The finding of C. fluminea specimens on sandy, silty and rocky substrates
agrees with that reported by Barba-Macias and Trinidad-Ocafna (2017);
these authors found that C. fluminea best habitat corresponds to flat areas
with a different variety of substrates (rocky, sandy and silty bottoms, with
organic matter and floating vegetation) and in shallow areas with a higher
concentration of suspended materials. This coincides with the present
study, since the studied zone corresponded to one of the ends of the
reservoir where hydrographic conditions of the water flow receive
suspended particles.

Potential impacts derived of its introduction

The introduction of these species in the VGR is worrying because C. fluminea
poses a threat to the hydraulic infrastructure, causing damage to irrigation
channels and drinking water pipes (Paunovi¢ et al. 2007), apart from the
displacement of native species (Sousa et al. 2008). Due to the potential
impact of C. fluminea, derived from its establishment and expansion, its
presence can lead to economic losses for agricultural activities due to the
clogging of irrigation systems caused by this species (McMahon 1983).
Regarding M. tuberculata and T. granifera, it has also been found that these
species serve as intermediate hosts in the life cycle of parasites such as
Paragonimus kellicotti (Ward, 1908), Clonorchis sinensis (Looss, 1907) or
Centrocestus formosanus (Nishigori, 1924) (Goldsmith and Heyneman
1995; Cowie and Robinson 2003; Facon et al. 2003; Derraik 2008).
Particularly, M. tuberculata is considered to be of medical significance in
New Zealand, because most of the fourteen species of parasitic trematodes
reported by Derraik (2008) can affect human health. Specifically, in Mexico
the transmission of the C. formosanus trematode from the mollusk
M. tuberculata to natural populations of the fish Xiphophorus hellerii
(Heckel, 1848) and Gobiomorus dormitor (Lacepede, 1800) has been
detected (Salgado-Maldonado et al. 1995); thus, the introduction of
trematodes through M. tuberculata could have negative consequences in
local communities, intermediate hosts (aquatic snails, fish), as well as
native aquatic birds and occasionally mammals that act as definitive hosts
(Mitchell et al. 2005; Pinto and Melo 2011). As in M. tuberculata, the
T. granifera species has been registered as an intermediate host of cercaria
species of the genus Haplorchis, a zoonotic parasite in Southeast Asia
(Ditrich et al. 1990; Giboda et al. 1991; Appleton et al. 2009). According to
Giboda et al. (1991), these infections were transmitted due to the
population’s habit of consuming raw fish, beef and pork. It should be
mentioned that in some areas of South Africa, the rapid dispersion and
population density reached by T. granifera, could increase the frequency of
infections in humans (Appleton et al. 2009).
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The presence of these three species may have potential ecological
impacts in this reservoir, just as it has been reported in other waterbodies.
One of the impacts caused by C. fluminea may be the replacement of native
forms rapidly (Sousa et al. 2008). According to these authors, Corbicula
species potentially affect the displacement and/or reduction of available
habitats for juvenile unionids and sphareiids natives, due to the burrowing
and bioturbation activity (Vaughn and Hakenkamp 2001). For gastropod’s
species, anecdotal reports and observations suggest that in KwaZulu-Natal
the indigenous M. tuberculata has becoming less common because of the
high densities reached by T. granifera (Appleton et al. 2009). According to
the last authors, T. granifera becomes numerically dominant from several
habitats where M. tuberculata and T. granifera occur sympatric. Also,
M. tuberculata, can also be a host for fish-invading trematodes and affect
wild fish as well as native ichthyophages birds (Karatayev et al. 2009).

Finally, further studies on the distribution of these species in the VGR
are recommended, as well as in the bodies of water surrounding the Soto la
Marina basin, which flow into the reservoir and then to the Gulf of Mexico,
for timely detection and possible future control actions.

Acknowledgements

To Dr. René Ventura Houle, from the Faculty of Engineering and Sciences (Autonomous
University of Tamaulipas), for his support in the collection of organisms. To Susan J. Hewitt,
for her support in the taxonomic identification of the species through iNaturalist. To Ciaran
Synnott and Laia Angel Ripoll for their kind editing in English of the manuscript. We would
like to thank Demetrio Boltovskoy and two anonymous reviewers for the valuable and detailed
comments for improving the manuscript.

References

Abbott T (1952) A study of an intermediate snail host (Thiara granifera) of the Oriental lung
fluke (Paragonimus). Proceedings of the United States National Museum 102: 71-118,
https://doi.org/10.5479/si.00963801.102-3292.71

Abbott TT (1973) Spread of Melanoides tuberculata. Nautilus 87: 29-29, https://doi.org/10.5962/
bhl.part.1221

Albarran-Melze NC, Rangel-Ruiz LJ, Gamboa-Aguilar J (2009) Distribucion y abundancia de
Melanoides tuberculata (Gastropoda: Thiaridae) en la Reserva de la Biosfera Pantanos de
Centla, Tabasco, México. Acta Zoologica Mexicana 25: 93-104, https://doi.org/10.21829/
azm.2009.251599

Appleton CC, Forbes AT, Demetriades NT (2009) The occurrence, bionomics and potential
impacts of the invasive freshwater snail Tarebia granifera (Lamarck, 1822) (Gastropoda:
Thiaridae) in South Africa. Zoologische Mededelingen 83: 525536

Araujo R, Moreno D, Ramos MA (1993) The Asiatic clam Corbicula fluminea (Miiller, 1774)
(Bivalvia: Corbiculidae) in Europe. American Malacological Bulletin 10(1): 39—49

Barba-Macias E, Trinidad-Ocana C (2017) Nuevos registros de la almeja asiatica invasora
Corbicula fluminea (Bivalvia: Veneroida: Cyrenidae) en humedales de las cuencas
Papaloapan, Grijalva y Usumacinta. Revista Mexicana de Biodiversidad 88: 450453,
https://doi.org/10.1016/j.rmb.2016.10.021

Barba-Macias E, Magafia-Vazquez M, Juarez-Flores J (2014) Nuevos registros de los
gasteropodos Melanoides tuberculata (Muller, 1974) y Tarebia granifera (Lamarck, 1822)
en las cuencas Grijalva, Usumacinta y Tonala, Pajonal-Machona, Tabasco. In: Low-Pfeng
AM, Quijon-Edward PA, Peters M (eds), Especies invasoras acuaticas: casos de estudio en
ecosistemas de México. Secretaria de Medio Ambiente y Recursos Naturales/Instituto
Nacional de Ecologia y Cambio Climatico/University of Prince Edward Island, Ciudad de
Meéxico, México, pp 359-379, https://doi.org/10.21829/azm.2011.271737

Lopez-Altarriba et al. (2019), Biolnvasions Records (in press)



2

&

INVASIVESNET

Invasive mollusks in Northeast Mexico

Benson AJ (2019) Tarebia granifera (Lamarck, 1822): US Geological Survey, Nonindigenous
Aquatic Species Database, Gainesville, FL, Revision Date: 3/7/2017. https://nas.er.usgs.gov/
queries/factsheet.aspx?SpeciesID=1039 (accessed 07 January 2019)

Britton JC, Morton B (1979) Corbicula in North America: The evidence reviewed and
evaluated. In: Britton JC (ed), Proceedings of the First International Corbicula Symposium.
Fort Worth, Texas, USA, October 1977. Texas Christian University Research Foundation,
Forth Worth, Texas, USA, pp 247287, https://doi.org/10.1016/0028-3908(83)90236-8

CONABIO (2017a) Analisis de riesgo Rapido de Corbicula fluminea. Sistema de informacion
sobre especies invasoras en México. Comision Nacional para el Conocimiento y Uso de la
Biodiversidad. México DF, México, 11 pp, https://doi.org/10.32800/abc.2019.42.0187

CONABIO (2017b) Evaluacion rapida de invasividad de Melanoides tuberculata. Sistema de
informacion sobre especies invasoras en México. Comision Nacional para el Conocimiento
y Uso de la Biodiversidad. México DF, México, 12 pp, https://doi.org/10.32800/abc.2019.42.0187

CONABIO (2017¢) Analisis de riesgo Rapido de Tarebia granifera. Sistema de informacion
sobre especies invasoras en México. Comision Nacional para el Conocimiento y Uso de la
Biodiversidad. México DF, México, 8 pp, https://doi.org/10.32800/abc.2019.42.0187

CONABIO (2018) Especies exdticas invasoras: 10 acciones para prevenir sus impactos.
Comision Nacional para el conocimiento y uso de la biodiversidad, México, 1 pp,
https://doi.org/10.32800/abc.2019.42.0187

CONAGUA (2018) Principales presas de México. Caracteristicas y monitoreo diario de los
niveles de almacenamiento. Comision Nacional del Agua, México, 11 pp

Contreras-Arquieta A, Contreras-Balderas S (1999) Description, biology, and ecological impact
of the screw snail, Thiara tuberculata (Miiller, 1774) (Gastropoda: Thiaridae) in Mexico.
In: Claudi R, Leach JH (eds), Non indigenous freshwater organisms: vectors, biology, and
impacts. Lewis Publishers, Boca Raton, USA, pp 151-160, https://doi.org/10.1086/377996

Contreras-Arquieta A, Guajardo-Martinez G, Contreras-Balderas S (1995) Redescripcion del
caracol exogeno Thiara (Melanoides) tuberculata (Miiller, 1774) (Gastropoda: Thiaridae) y
su distribucion en México. Publicaciones Bioldgicas - FCB/UANL, México 8: 1-16,
https://doi.org/10.24275/uam/izt/dcbs/hidro/2018v28n3/tinajero

Counts CL (1981) Corbicula fluminea (Bivalvia: Sphaeriacea) in British Columbia. Nautilus
95(1): 12-13

Cowie RH, Robinson DG (2003) Pathways of introduction of non indigenous land and
freshwater snails and slugs. In: Ruiz GG, Carlton JT (eds), Invasive species: Vectors and
Management Strategies. Island Press, Washington, D.C. USA, pp 93-122

Daniel WM, Benson AJ, Neilson ME (2019) Melanoides tuberculatus (Miller, 1774): US
Geological Survey, Nonindigenous Aquatic Species Database, Gainesville, FL, Revision Date:
8/1/2018. https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=1037 (accessed 07 January 2019)

Derraik JGB (2008) The potential significance to human health associated with the
establishment of the snail Melanoides tuberculata in New Zealand. The New Zealand
Medical Journal 121(1280): 25-32

Ditrich O, Scholz T, Giboda M (1990) Occurrence of some medically important flukes
(Trematoda: Opisthorchiidae and Heterophyidae) in Nam Ngum water reservoir, Laos. The
Southeast Asian Journal of Tropical Medicine and Public Health 21(3): 482-488,
https://doi.org/10.1051/parasite/1990655238

Elizondo-Garza R, Martinez-Zavala MA, Roque-Villada I, Fernandez-Méndez JI (1996)
Caracterizacion biologico-pesquera de la presa Vicente Guerrero (Las Adjuntas), Tamps.
Con un andlisis de las capturas de tilapia Oreochromis aureus, y lobina negra, Micropterus
salmoides. Ciencia Pesquera 13: 3754, https://doi.org/10.12795/rea.1984.102.08

Facon B, Pointier JP, Glaubrecht M, Poux C, Jarne P, David P (2003) A phylogeography
approach to biological invasions of the New World by parthenogenetic Thiarid snails.
Molecular Ecology 12: 3027-2039, https://doi.org/10.1046/j.1365-294x.2003.01972.x

Ferreira-Rodriguez N, Sousa R, Pardo I (2018) Negative effects of Corbicula fluminea over
native freshwater mussels. Hydrobiologia 810: 85-95, https://doi.org/10.1007/s10750-016-3059-1

Foster AM, Fuller P, Benson A, Constant S, Raikow D, Larson J, Fusaro A (2019) Corbicula
Sfluminea (O. F. Miiller, 1774): US Geological Survey, Nonindigenous Aquatic Species
Database, Gainesville, FL, Revision Date: 2/12/2018. https://nas.er.usgs.gov/queries/FactSheet.
aspx?speciesID=92 (accesed 07 January 2019)

Fox RO (1970) Corbicula in Baja California. Nautilus 83: 145-154

Garrido-Olvera L, Benavides-Gonzalez F, Rabago-Castro JL, Pérez-Castafneda R, Garcia-Prieto
L (2017) Endohelminths of Fishes of Commercial Importance from Vicente Guerrero
Reservoir, Tamaulipas, Mexico. Comparative Parasitology 84: 194-200, https://doi.org/10.
1654/1525-2647-84.2.194

Giboda M, Ditrich O, Scholz T, Viengsay T, Bouaphanh S (1991) Current status of food-borne
parasitic zoonoses in Laos. The Southeast Asian Journal of Tropical Medicine and Public
Health 22S: 56-61

Goldsmith R, Heyneman D (1995) Parasitologia y Medicina Tropical. El Manual Moderno.
Meéxico, 1196 pp

Lopez-Altarriba et al. (2019), Biolnvasions Records (in press)



2

u INVMIV[SNH Invasive mollusks in Northeast Mexico

Hillis DM, Mayden RL (1985) Spread of the Asiatic clam, Corbicula (Bivalvia: Corbiculacea)
into the New World tropics. Southwestern Naturalist 30: 454-456, https://doi.org/10.
2307/3671285

Isnaningsih NR, Basukiriadi A, Marwoto RM (2018) The morphology and ontogenetic of
Tarebia granifera (Lamarck, 1822) from Indonesia (Gastropoda: Cerithioidea: Thiaridae).
Treubia 44: 1-14, https://doi.org/10.14203/treubia.v44i0.2914

Karatayev AY, Burlakova LE, Karatayev VA, Padilla DK (2009) Introduction, distribution,
spread, and impacts of exotic freshwater gastropods in Texas. Hydrobiologia 619: 181-194,
https://doi.org/10.1007/s10750-008-9639-y

Karatayev AY, Burlakova LE, Padilla DK (2018) Can introduced species replace lost biodiversity?
A test with freshwater molluscs. Hydrobiologia 810: 45-56, https://doi.org/10.1007/s10750-
017-3135-1

Lopez-Lopez E, Sedefio-Diaz J, Tapia P, Oliveros E (2009) Invasive mollusks Tarebia granifera
(Lamarck, 1822) and Corbicula fluminea (Miiller, 1774) in the Tuxpan and Tecolutla
Rivers, Mexico: spatial and seasonal distribution patterns. Aquatic Invasions 4: 435450,
https://doi.org/10.3391/ai.2009.4.3.2

Lovell SJ, Stone SF, Fernandez L (2006) The economic impacts of aquatic invasive species: a
review of the literature. Agricultural and Resource Economics Review 35: 195-208,
https://doi.org/10.1017/s1068280500010157

McMahon RF (1983) Ecology of an invasive pest bivalve, Corbicula. In: Russel-Hunter WD
(ed), The Mollusca. Academic press Inc., New York, USA, pp 505-561, https://doi.org/10.
1016/b978-0-12-751406-2.50019-2

Mitchell AJ, Overstreet RM, Goodwin AE, Brandt TM (2005) Spread of an exotic fish-gill
trematode: a far-reaching and complex problem. Fisheries 30: 11-16, https://doi.org/10.1577/
1548-8446(2005)30[11:s0aeft]2.0.co;2

Mollusca Base (2018) Corbicula fluminea (O. F. Miiller, 1774). World Register of Marine
Species. http://www.marinespecies.org/aphia.php?p=taxdetails&id=181580 (accessed 02 August
2018)

Mooney HA, Cleland EE (2001) The evolutionary impact of invasive species. Proceedings of
the National Academy of Sciences 98: 5446—5451, https://doi.org/10.1073/pnas.091093398

Naranjo-Garcia E, Castillo-Rodriguez ZG (2017) First inventory of the introduced and invasive
mollusks in Mexico. Nautilus 131(2): 107-126

Okolodkov YB, Bastida-Zavala R, Ibanez AL, Chapman JW, Suédrez-Morales E, Pedroche F,
Gutiérrez-Mendieta FJ (2007) Especies acuaticas no indigenas en México. Ciencia y Mar
11(32): 29-67

Paunovi¢ M, Csanyi B, Knezevi¢ S, Simi¢ V, Nenadi¢ D, Jakov¢ev-Todorovi¢ D, Stojanovi¢ B,
Caki¢ P (2007) Distribution of Asian clams Corbicula fluminea (Miller, 1774) and C.
Sfluminalis (Miiller, 1774) in Serbia. Aquatic Invasions 2: 99-106, https://doi.org/10.3391/ai.
2007.2.2.3

Pinto HA, Melo AL (2011) A checklist of trematodes (Platyhelminthes) transmitted by
Melanoides tuberculata (Mollusca: Thiaridae). Zootaxa 2799: 15-28, https:/doi.org/10.11646/
zootaxa.2799.1.2

QGIS Development Team (2018) QGIS Geographic Information System, Version 2.18.24.
Open Source Geospatial Foundation Project. Free Software Foundation, Inc., Boston, USA

Rangel-Ruiz LJ, Gamboa-Aguilar J, Garcia-Morales M, Ortiz-Lezama OM (2011) Tarebia
granifera (Lamarck, 1822) en la region hidrolégica Grijalva-Usumacinta en Tabasco,
México. Acta Zoologica Mexicana 27: 103—114, https://doi.org/10.21829/azm.2011.271737

Roessler MA, Beardsley GL, Tabb DC (1977) New records of the introduced snail, Melanoides
tuberculata (Mollusca: Thiaridae) in south Florida. Florida Scientist 40(1): 87-94

Salgado-Maldonado G, Rodriguez-Vargas MI, Campos-Perez JJ (1995) Metacercariae of
Centrocestus formosanus (Nishigori, 1924) (Trematoda) in freshwater fishes in Mexico and
their transmission by the thiarid snail Melanoides tuberculata. Studies on Neotropical
Fauna and Environment 30: 245-250, https://doi.org/10.1080/01650529509360963

Sousa R, Antunes C, Guilhermino L (2008) Ecology of the invasive Asian clam Corbicula
fluminea (Miiller, 1774) in aquatic ecosystems: an overview. Annales de Limnologie-
International Journal of Limnology 44: 85-94, https://doi.org/10.1051/1imn:2008017

Stohlgren TJ, Schnase JL (2006) Risk analysis for biological hazards: what we need to know
about invasive species. Risk Analysis 26: 163—173, https://doi.org/10.1111/j.1539-6924.2006.
00707.x

Taylor DW (1966) A remarkable snail fauna from Coahuila, Mexico. Annual Reports for 1966
of the American Malacological Union, USA, Veliger 9: 152-228

Thompson FG (2004) An identification manual for the freshwater snails of Florida. Florida
Museum of Natural History, USA. https:/www.floridamuseum.ufl.edu/malacology/fl-snail/snails1.htm
(accessed 04 July 2018)

Thompson FG (2011) An annotated checklist anb bibliography of the land and freshwater snails
of México and Central America. Bulletin of the Florida Museum of Natural History 50(1):
1-299

Lopez-Altarriba et al. (2019), Biolnvasions Records (in press)



2)

u INVMIV[SNH Invasive mollusks in Northeast Mexico

Todd J, Genner M, Michel E (2008) A brief identification guide to Melanoides snail lineages
(‘species’) of Lake Malawi and the surrounding region. Natural History Museum, London,
UK, 8 pp

Torres-Orozco BR, Revueltas-Valle E (1996) New southernmost record of the Asiatic clam
Corbicula fluminea (Bivalvia: Corbiculidae) in Mexico. Southwestern Naturalist 41: 60—9

Uresti-Marin RM, Santiago-Adame R, Diaz-Moroles NE, Gutiérrez-Lozano J, Vazquez M,
Ramirez de Ledon JA (2008) Evaluacién preliminar de la presencia de pesticidas
organoclorados en pescados de la presa Vicente Guerrero (Tamaulipas, México). Ciencia y
Tecnologia Alimentaria 6: 48-55, https://doi.org/10.1080/11358120809487627

Vaughn CC, Hakenkamp CC (2001) The functional role of burrowing bivalves in freshwater
ecosystems. Freshwater Biology 46: 1431-1446, https://doi.org/10.1046/j.1365-2427.2001.00771.x

Supplementary material

The following supplementary material is available for this article:

Table S1. Details of Corbicula fluminea, Melanoides tuberculata and Tarebia granifera collected in March 2018 in the Vicente
Guerrero reservoir.

Table S2. Details of Corbicula fluminea, Melanoides tuberculata and Tarebia granifera registered in the United States. Source of data:
Daniel et al. (2019), Foster et al. (2019) and Benson (2019).

Table S3. Details of Corbicula fluminea, Melanoides tuberculata and Tarebia granifera in Central America, the Caribbean and Mexico
and data sources. Complete references are provided at the end of the records included on the table.
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