2\
M INVASIVESNET

Biolnvasions Records (2023) Volume 12, Issue 4: 1069—1077

Rapid Communication

Non-native Corbicula fluminea (Miller, 1774) (Bivalvia, Veneroidea)
in Central Italy: do the waters pumped by Reclaimed Agencies may have
a role in spreading through translocation?

Giulia Cesarini', Corrado Battisti?, Luca Gallitelli' and Massimiliano Scalici'

"Department of Sciences, University of Roma Tre, viale G. Marconi 446, 00146 Rome, Italy
2Torre Flavia LTER (Long Term Ecological Research) Station, Protected Areas — Regional Park Service, Citta * Metropolitana di Roma
Capitale, viale G. Ribotta, 41, 00144 Rome, Italy

ORCIDs: 0000-0003-3927-2575 (GC), 0000-0002-2188-4584 (LG), 0000-0002-5677-8837 (MS), 0000-0002-2621-3659 (CB)

Corresponding author: Giulia Cesarini (giulia.cesarini@uniroma3.it)

Citation: Cesarini G, Battisti C, Gallitelli L,

Scalici M (2023) Non-native Corbicula
fluminea (Miiller, 1774) (Bivalvia,
Veneroidea) in Central Italy: do the waters
pumped by Reclaimed Agencies may have
a role in spreading through translocation?
Biolnvasions Records 12(4): 10691077,
https://doi.org/10.3391/bir.2023.12.4.19

Received: 17 April 2023

Accepted: 31 July 2023

Published: 29 September 2023
Handling editor: Enrique Gonzalez
Ortegon

Thematic editor: Karolina Bacela-

Spychalska
Copyright: © Cesarini et al.

This is an open access article distributed under terms
of the Creative Commons Attribution License
(Attribution 4.0 International - CC BY 4.0).

Abstract

Asian clam, Corbicula fluminea, is an invasive mollusk species (Bivalvia, Veneridae)
known to cause several negative impacts in freshwater ecosystems where it has
been introduced. In the 2022 summer season a total drying up took place in the
“Torre Flavia” wetland, a Special Protection Area (Latium, central Italy): it made
possible a survey of biological remains deposited in the bottom of the wetland
channels (> 2,000 m in total length). During this survey, for the first time, we
recorded valves belonging to 68 specimens of Asian clam. We did not record living
specimens. This is the first case of occurrence of this mollusk in a wetland basin
(the fourth record for Central Italy). The population would not appear to have
naturalized locally but, probably, individuals could be accidental arrived by the
waters pumped by the Reclaimed Agency. We discussed the implications about the
role of these Agencies in favour involuntarily the translocation of both native and
non-native species from the dewatering pumps (along the Tiber River) to surrounding
land reclaimed wet areas (channels and swamps) and croplands connected to the
artificial water system.

Key words: invasive species, indirect impact, Reclamation Agency, awareness,
communication, conservation

Introduction

Corbicula fluminea (Miiller, 1774), commonly named Asian clam, is a
freshwater mollusk (Bivalvia, Veneridae, Corbiculidae), also inhabiting
brackish waters and wetlands (Sousa et al. 2008). The species lives both on
muddy and sandy substrata, preferring the latter where the density of the
individuals is more abundant and can survive for quite a long-life span (3-5
years; Belanger et al. 1985; Fabbri and Landi 1999). Its native distribution
range is confined to South-East Asia (Mouthon 1981; Araujo et al. 1993;
Crespo et al. 2015). The first reports of species in non-native range
correspond to the 1920s on the Pacific coast of the United States, after that
the species dispersed worldwide (Counts 1981). Corbicula fluminea populations
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were also reported in South America in the 1970s (Ituarte 1994) and in
Asia, North and South America, Africa and Europe from the ‘80 onwards
(Mouthon 1981). The possible source of introduction is related to Chinese
immigration as the species was employed as a food resource (Counts 1981).

In Italy, the first certain report of the species dates to 1998-1999 in the
potamal tract of Po River and adjacent inland waters of Emilia-Romagna
and Veneto (Northern Italy; Fabbri and Landi 1999; Malavasi et al. 1999).
Then, the Asian clam has been reported also in Lake Garda in Veneto
(Nardi and Braccia 2004; Ciutti et al. 2007), in Lake Maggiore (Kamburska
et al. 2013) and Ticino River (Nicolini and Lodola 2011) in Lumbardy, in
Senio River (Pezzi 2008) and in a freshwater channel in Emilia-Romagna
(Stagioni 2009). Further South, along the Italian peninsula (central Italy),
there were only a report from Tuscany Serchio River (Ercolini and Cenni
2015) and two recently reports of the species for Latium: in Maccarese land
reclamation streams (20 km from Rome) and in Lake Albano, all thee
located in the Tiber hydrographic basin (Grano and Di Giuseppe 2020).
Other taxa of the genus Corbicula were recorded in Italy, such as C. fluminalis,
C. leana and C. largillierti in Lake Garda (Ciutti and Cappeletti 2009;
Lépez-Soriano et al. 2018); the same taxa were also found in Arno and Po
Rivers (Bodon et al. 2020).

Asian clam is considered among the 100 worst invasive species in the
world (Lowe et al. 2000). Indeed, given the fast growth rate, elevated
fecundity, high tolerance to contaminants, production of high amounts of
faeces and pseudo-faeces and potential vector of parasites, this specie
induces severe ecological (e.g., water deoxygenation, biomagnification
process and diseases and fungal dispersion) and economic impacts (e.g.,
damage to hydraulic works and water derivations; Sousa et al. 2008; Rodolfi
et al. 2017; Grano and Di Giuseppe 2020). Moreover, this species often
dominates macroinvertebrate communities in aquatic ecosystems affecting
the local species and despite management policies, the expansion of Asian
clam does not tend to stop (Karaouzas et al. 2020).

Here, we report the presence of the Asian clam for the first time in a
small coastal wetland in central Italy. This marks the third instance of its
presence at the regional level (Lazio) and the fourth in central Italy. To our
knowledge, this is the first record of occurrence in a wetland. Since this
ecosystem, (i) is regularly supplied (during periods of water stress), only
with water by the local Reclamation Agency that provides through a system
of hydraulic pipelines taken from the Tiber River (40 km away, near Rome),
and (ii) that many other translocated species (both native and non-native)
have been locally recorded, we discussed the implications about the role of
these Agencies in favour involuntarily the spreading of species through

involuntary translocation.
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Figure 1. Left: Kernel Density Estimation of Corbicula fluminea population considering (a) length of umbo and (b) height of
umbo (mm). Right: Correlation between the height of umbo (H) and length of umbo (L) of specimens of Corbicula fluminea.
Details in Materials and methods.

Materials and methods

“Torre Flavia” wetland is a Special Protection Area (SPA), included in
Natura 2000 European network (147/2009 EU European Directive; code
IT6030020) and located on the Tyrrhenian coast in Latium region, Central
Italy (Municipalities of Ladispoli and Cerveteri; 41°58'N; 12°03'E), belonging
to the meso-Mediterranean xeric region.

The wetland area is an important habitat for several animal and plant
species, hosting a large number of animal species (mainly migratory birds),
also of conservation concern. The protected area is a remnant of a larger
wetland, partially drained and currently surrounded by agricultural and
urbanized land, as highlighted by land cover maps. Wetland is composed
by a system of ponds and channels and is characterized by a vegetation
cover with reed-beds and rush-beds, while the section of coastal sandy
beach shows a semi-natural patchiness with a seashore area, an intermediate
sandy area and an inner dune area characterized by halo-psammophilous
plants. Due to proximity to the densely populated urban area, this wetland
is subjected to many human-induced threats such as coastal erosion, alien
invasive species, trampling, motor vehicle transit, fires, poaching,
water/soil pollution and marine litter (Cesarini et al. 2021, 2022; Gallitelli
et al. 2021, 2023). During the water stress periods, to prevent the swamp
from drying up, the public Agency managing the SPA (“Citta metropolitana
di Roma Capitale” park Agency), starting from 2001, introduces water
supplies (about 100,000 m*/year) provided by the local land reclamation
Agency (“Consorzio di Bonifica Litorale Nord”). The water supplied comes
through pipelines from the Tiber River (about 40 km away). There are no
streams that enter the wetland, except for runoff water from the
surrounding crops after heavy rains: therefore, the only waters arriving in
the “Torre Flavia” wetland are those that are artificially introduced by the
Reclamation Agency in agreement with the park Agency that manages the
Special Protection Area (Figure 1).

In this area, we actively searched for dead specimens (valves) of
Corbicula fluminea after a waterless period occurred in the Torre Flavia
wetland during summer 2022 when all the wetland channels were dried.

Cesarini et al. (2023), Biolnvasions Records 12(4): 1069-1077, https://doi.org/10.3391/bir.2023.12.4.19 1071


https://doi.org/10.3391/bir.2023.12.4.19
https://www.invasivesnet.org

7)

&

INVASIVESHET

Corbicula fluminea in Italy: the role of Reclaimed Agencies

All wetland channels (> ~ 2100 m in length) were traversed on foot at a
speed of ca. 1.5 km/h in search of animal remains, focusing attention on
the Asia clam’s specimens whose presence was occasionally noticed during
a management activity.

To calculate the mollusk density, we carried out randomly a paired set of
27 1 x 1 m-plots both along the channels and in the ponds immediately
surrounding the water pumping. Each mollusk’s valve was geo-referenced
(GPS Garmin E-trex), collected and placed in a sterile bag and transported
to the laboratory (University of Rome Three) where it was identified at the
species level. Samples were taxonomically identified using scientific
literature (Fabbri and Landi 1999; Bodon et al. 2020; Morhun et al. 2022):
peculiar characteristics of the species are slightly raised but swollen umbos
and a surface sculpted by concentric, equidistant and moderately raised
growth crests (Fabbri and Landi 1999).

Morphological data of inner surface features were collected from each
specimen: maximum length (L), maximum height (H), height of umbo
(Hu), height of hinge plate under umbo (Hh), anterior length (between
anterior edge and umbo) (La) and posterior length (between posterior edge
and umbo) (Lp) (mm) using a digital caliper (approximation: + 0.01 mm).
For the analysis of population dynamics, we refer to Cataldo and
Boltovskoy (1999) and Mouthon (2001). We carried out a demographic
analysis using the Kernel Density Estimation. After observation of non-
parametric data, a Kruskal-Wallis test and Dunn’s post hoc test were used
to evaluate significant differences between classes on the basis of median
value between height and length of umbo (H+L)/2). A Spearman
correlation between morphological data were conducted using PAST 4.02
(Hammer et al. 2011). Alpha level was set at 0.05.

Results

Totally, we recorded 68 paired valves belonging to specimens of Asian
clam in July 2022 (density: 4.19 + 3.08/square meter; n = 27 plots), all
located surrounding the water intake (where the Reclamation Agency
provides water for the wetland), up to a distance of about 50 m away
(Supplementary material Figures S1 and S2). No one specimen has been
recorded in plots (and along all the transects) randomly located along the
channels.

This finding represents the first record for a wetland ecosystem, the
third for the Latium region and the fourth for the whole Central Italy.

All morphological parameters measured are presented in Table 1. The
morphological data of specimens highlight that the length of the umbo
ranged from 24 to 45 mm (mean: 37.25, st. dev. 3.32) and the height of the
umbo from 22 to 38 mm (mean: 34.09, st. dev. 3.108).
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Table 1. Measured parameters on Corbicula fluminea valves (mean and standard deviation).
L = maximum length; H = maximum height; Lp = posterior length (between posterior edge and

umbo); La = anterior length (between anterior edge and umbo); Hu = height of umbo; Hh =
height of hinge plate under umbo.

Parameter Mean (mm) St.dev. ()
L 37.25 3.320
H 34.09 3.108
Lp 21.07 3.010
La 19.15 2.980
Hu 3.37 1.250
Hh 2.45 1.098

Kernel Density Estimation for the population shows a demographic
structure with few size class, lacking of juvenile individuals and suggesting
a non naturalized population (Figure 1). The average values of the ratios
between height and length of umbo, separated in three dimensional classes
(=20, 2 31, 2 41 mm), shown singificant differences (H = 13.81; p < 0.001).
In particular the differences were highlighted between > 20 and > 31 mm
classes (p < 0.001) and between > 20 and > 41 mm classes (p < 0.001).

A significant linear Spearman correlation (R*> = 0.81; p < 0.0001)
between the length and height of the umbo was found (Figure 1). Given the
significant strong correlation parameters, only the height was used to
characterize the population demography. Following the classifications
available in the literature, specimens > 20 mm of umbo height are
individuals of the third year of age (see Ciutti et al. 2007; Cataldo and
Boltovskoy 1999; Mouthon 2001).

Discussion

For the first time, we recorded valves of the Asian clam in the Torre Flavia,
a Special Protection Area of Central Italy of high conservation concern
(Battisti et al. 2008, 2021). The analysis of the population demography
suggests that the population has not been naturalized locally: specimens all
belong to the few dimensional classes (corresponding to three years of age,
as obtained by Kernel Density Estimation). We did not observe juvenile
forms. All individuals have been found dead in a small dry pond (about 1
ha in size), on clay soil, surrounded by reed-beds (Phragmites australis
dominant). Probably all the adult individuals were transported by the Tiber
River and introduced into the wetland on only few occasions from the
water intake. Another possible explanation it could be that the origin of the
population was related to aquarian specimens. However, it must be
considered that Corbicula populations are usually much denser that what
shows up on the dry mud, since they live at some centimetres deep.
Therefore, the dead specimens found could be not representative of the
actual population. Although this species is tolerant, it does not resist
extreme conditions of anoxia (Araujo et al. 1993), a situation that occurred
in any Mediterranean wetland in late spring and summer with the drought
of the inner ponds. We hypothesize that living specimens would have been
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transported by water pipelines managed by the local Reclamation public
Agency (“Consorzio di Bonifica “Litorale Nord”). These water pipelines
have the function of drilling water in the wetland during the drought
periods, drawing water directly from the Tiber River and flow into the
Torre Flavia wetland and all the surrounding croplands (the main purpose
of the transported water is irrigation for agriculture; secondary, they serve
for ecological purposes as in the “Torre Flavia” wetland): therefore, they
could be the cause of the presence of C. fluminea in the area. Similarly, the
connection with the Tiber River has been advanced to be the cause for the
tinding of the same species in the reclamation channels of Maccarese, near
Rome (Central Italy; Grano and Di Giuseppe 2020). In this case, the
situation was different as individuals of all sizes were found and the
population seems to have naturalised. The presence of Asian clam in Tiber
River was recently confirmed (Pieri et al. 2023; personal observation in the
potamal tract within Rome city). Indeed, Asian clam is usually occurring in
muddy or sandy substrata, characteristic of the potamal tract of the Tiber
River (Belanger et al. 1985).

However, in the “Torre Flavia” wetland also other species have been
recorded, whose presence can be traced back to a translocation due to the
accidental transport of water from the Tiber River. In the last years, many
live specimens of the Little rudd (Scardinius erythrophtalmus), a limnophilic
Cyprinid fish, were observed coming out directly from the Reclamation
Agency’ water intakes (E. De Angelis, C. Galimberti, pers. obs.) and, probably,
also the presence of another Cyprinid, the Goldfish (Carassius auratus),
regularly observed into the channels, may be caused by water supply. In the
summer 2022 we observed also three dead specimens of Duck mussel
(Anodonta anatina; Bivalvia Unionidae), an aquatic bivalve mollusk, almost
certainly transported by waters coming from Tiber River where this species
is present (Grano et al. 2020). Probably, waters can also carry the non-native
Mosquitofish (Gambusia holbrooki), largely occurring in “Torre Flavia”
wetland channels also after the late summer when channels were completely
dried up. Some operators working in the Reclamation Agency reported that
they also recovered specimens of native Eels (Anguilla anguilla; Anguillidae)
stranded inside the water pipes (M. Carafa, pers. comm.). Finally, the
naturalized population of Red swamp crayfish (Procambarus clarkii),
locally introduced in the wetland by fishermen in 2004 (Chiesa 2006;
Scalici et al. 2010), could be enriched by individuals or eggs from the
waters of the Reclamation Agency.

The only waters supplied in the “Torre Flavia” wetland are artificially
introduced by the Reclamation Agency, aimed to reduce the impact
induced by water stress during the late spring-summer; Zacchei et al. 2011;
see Study area). Therefore, we hypothesize that many species may be
actively and involuntarily translocated by the Tiber River to our study area
through the pipelines of the Reclamation Agency. In our case, the “Consorzio
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di Bonifica Litorale Nord” develops a territorial water distribution network
of 1,100 km (water pipes) with 28,000 hectares of irrigated area (wetlands,
channels and croplands) throughout the coastal strip north of Rome (up to
over 40 km away; CBLN 2022). In this regard, these Agencies may represent
a driving force explaining the anthropogenic spreading of biological species
(including non-native taxa) in large landscape areas.

Given the role played by the public Reclamation Agencies in translocating
both native and non-native species, changes in the planning of these water
resources and greater effort in the controls on their management would be
useful. Identified the difficulty of eradicating a non-native species introduced
in a new area, the best strategy against biological invasions is prevention
and, as in this case, an active communication aimed to increase awareness
in operators and managers on the role of water pipelines of Reclamation
Agencies to introduce species should be promoted. Even if, at the moment,
Asian clam appeared probably not locally naturalized in the “Torre Flavia”
wetland, the situation needs to be monitored given the high fecundity and
reproductive strategies of the mollusk (e.g., hermaphrodite species; Ciutti
et al. 2007; Kraemer and Galloway 1986).

Further research aimed at assessing (i) the presence of Asian clam in the
Tiber River (still not confirmed but highly probable; Cesarini et al. 2023)
and (ii) the probable continuous translocation and dynamics in the “Torre
Flavia” wetland and in the surrounding croplands and channels,
correlating it to the ecological traits of this species and local limiting factors
(e.g. water temperature, hypoxia; Johnson and McMahon 1998). Moreover,
a conservation project (sensu IUCN - World Conservation Union: Battisti
2018) focused on (i) monitoring the translocation of large-sized individuals
of non-native species through pipes, also adopting specific measures (e.g.,
selective grids) and (ii) improving the awareness of technicians working in
Reclamation Agencies should be carried out. It may include a set of actions
aimed to prevent further spreading of native and non-native species from
source areas (Tiber River) to surrounding channels, waters, and croplands.

Acknowledgements

Prof. Fulvio Cerfolli (University of Tuscia, Viterbo) provided the taxonomic diagnosis of
C. fluminea. Carlo Galimberti, Egidio De Angelis (both of them rangers of the “Torre Flavia”
Special Protection Area) and Antonio Carafa (“Consorzio di Bonifica Litorale Nord”) provided
some anecdotical data. Two anonymous reviewers provided useful comments and suggestions
which improved the first draft of the manuscript.

Data availability

The datasets used and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Authors’ contribution

G.C.: investigation, visualization, writing — original draft, writing — review and editing C.B.:
validation, investigation, conceptualization, writing — review and editing. L.G.: investigation,
writing — review and editing. M.S.: validation, supervision, conceptualization, writing — review
and editing.

Cesarini et al. (2023), Biolnvasions Records 12(4): 1069-1077, https://doi.org/10.3391/bir.2023.12.4.19 1075


https://doi.org/10.3391/bir.2023.12.4.19
https://www.invasivesnet.org

)

&

INVASIVESNET

Corbicula fluminea in Italy: the role of Reclaimed Agencies

References

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

Battisti C (2018) Unifying the trans-disciplinary arsenal of project management tools in a single
logical framework: Further suggestion for IUCN project cycle development. Journal for Nature
Conservation 41: 63-72, https://doi.org/10.1016/j.jnc.2017.11.005

Battisti C, Luiselli L, Pantano D, Teofili C (2008) On threats analysis approach applied to a
Mediterranean remnant wetland: is the assessment of human-induced threats related to different
level of expertise of respondents? Biodiversity and Conservation 17: 1529-1542, https://doi.org/
10.1007/s10531-008-9360-1

Battisti C, Cento M, Fraticelli F, Hueting S, Muratore S (2021) Vertebrates in the “Palude di Torre
Flavia” special protection area (Lazio, Central Italy): an updated checklist. Natural History
Sciences 8: 328, https://doi.org/10.4081/nhs.2021.509

Belanger SC, Farris JL, Cherry DS, Cairns Jr. J (1985) Sediment preference of the freshwater Asiatic
clam, Corbicula fluminea. The Nautilus 99: 6673

Bodon M, Lopez-Soriano J, Quiionero-Salgado S, Nardi G, Niero I, Cianfanelli S, Dal Mas A, Elvio
F, Baldessin F, Turco F, Ercolini P, Baldaccini GN, Costa S (2020) Unraveling the complexity of
Corbicula clams invasion in Italy (Bivalvia: Cyrenidae). Bollettino Malacologico 56: 127-171

Cataldo D, Boltovskoy D (1999) Population dynamics of Corbicula fluminea (Bivalvia) in the Parana
River Delta (Argentina). Hydrobiologia 380: 153—163, https://doi.org/10.1023/A:1003428728693

Cesarini G, Cera A, Battisti C, Taurozzi D, Scalici M (2021) Is the weight of plastic litter correlated
with vegetal wrack? A case study from a Central Italian beach. Marine Pollution Bulletin 171:
112794, https://doi.org/10.1016/j.marpolbul.2021.112794

Cesarini G, Secco S, Battisti C, Questino B, Marcello L, Scalici M (2022) Temporal changes of
plastic litter and associated encrusting biota: Evidence from Central Italy (Mediterranean Sea).
Marine Pollution Bulletin 181: 113890, https://doi.org/10.1016/j.marpolbul.2022.113890

Cesarini G, Crosti R, Secco S, Gallitelli L, Scalici M (2023) From city to sea: Spatiotemporal
dynamics of floating macrolitter in the Tiber River. Science of The Total Environment 857:
159713, https://doi.org/10.1016/j.scitotenv.2022.159713

Chiesa S (2006) Il gambero rosso della Louisiana (Procambarus clarkii Girard, 1852) nel
Monumento naturale ‘“Palude di Torre Flavia”. In: Battisti C (ed), Biodiversita, gestione,
conservazione di un’area umida del litorale tirrenico. Provincia di Roma, Assessorato alle
politiche agricole e dell’ambiente, Gangemi editore, pp 354-359

Ciutti F, Cappelletti C (2009) First record of Corbicula fluminalis (Miller, 1774) in Lake Garda
(Italy), living in sympatry with Corbicula fluminea (Miiller, 1774). Journal of Limnology 68:
162-165, https://doi.org/10.4081/jlimnol.2009.162

Ciutti F, Girod A, Mariani M (2007) Considerazioni su una popolazione di Corbicula fluminea
(Miiller, 1774) nel Lago di Garda sud-orientale (Italia). Natura Bresciana 35: 121-124

Counts CL (1981) Corbicula fluminea (Bivalvia: Corbiculidea) in British Columbia. Nautilus 95: 12—
13

Crespo D, Dolbeth M, Leston S, Sousa R, Pardal MA (2015) Distribution of Corbicula fluminea
(Miiller, 1774) in the invaded range: a geographic approach with notes on species traits
variability. Biological Invasions 17: 20872101, https://doi.org/10.1007/s10530-015-0862-y

Ercolini P, Cenni M (2015) Prima segnalazione di Corbicula fluminea (Miiller, 1774) nelle acque del
fiume Serchio (Lucca). Biologia Ambientale 29(1): 71-74

Fabbri R, Landi L (1999) Nuove segnalazioni di molluschi, crostacei e pesci esotici in Emilia-
Romagna e prima segnalazione di Corbicula fluminea (O.F. Miiller, 1774) in Italia. Quaderno di
Studi e Notizie di Storia Naturale della Romagna 12: 9-20

Gallitelli L, Battisti C, Olivieri Z, Marandola C, Acosta ATR, Scalici M (2021) Carpobrotus spp.
patches as trap for litter: evidence from a Mediterranean beach. Marine Pollution Bulletin 173:
113029, https://doi.org/10.1016/j.marpolbul.2021.113029

Gallitelli L, Battisti C, Scalici M (2023) Dunal plants intercepting macrolitter: Implications for beach
clean-ups. Marine Pollution Bulletin 187: 114585, https://doi.org/10.1016/j.marpolbul.2023.114585

Grano M, Di Giuseppe R (2020) Un nuovo mollusco alloctono nel Lazio: Corbicula fluminea (OF
Miiller, 1774) (Bivalvia: Corbiculidae). Alleryana 38(1): 34-37

Grano M, Nistri R, Di Giuseppe R (2020) Aggiornamento sui molluschi alloctoni nel fiume Tevere a
Roma (Bivalvia). Alleryana 38(2): 117-121

Hammer @, Harper DAT, Ryan PD (2001) PAST: paleontological statistics software package for
education and data analysis. Palaeontologia Electronica 4: 9, http://palaco-electronica.org/2001 1/
past/issuel_01.htm

Kamburska L, Lauceri R, Beltrami M, Boggero A, Cardeccia A, Guarneri I, Manca M, Riccardi N
(2013) Establishment of Corbicula fluminea (OF Miiller, 1774) in Lake Maggiore: a spatial
approach to trace the invasion dynamics. Biolnvasions Records 2: 105-117, https://doi.org/
10.3391/bir.2013.2.2.03

Karaouzas I, Zogaris S, Froufe E, Lopes-Lima M (2020) Rival at the gate: first record of the Asian
clam Corbicula fluminea Miiller, 1774 (Bivalvia: Corbiculidae) in Greece. Knowledge &
Management of Aquatic Ecosystems 421: 24, https://doi.org/10.1051/kmae/2020017

Kraemer LR, Galloway ML (1986) Larval development of Corbicula fluminea (Miiller) (Bivalvia:
Corbiculacea): an appraisal of its heterochrony. American Malacological Bulletin 4: 61-79

Cesarini et al. (2023), Biolnvasions Records 12(4): 1069-1077, https://doi.org/10.3391/bir.2023.12.4.19 1076


https://doi.org/10.3391/bir.2023.12.4.19
https://www.invasivesnet.org
https://doi.org/10.1016/j.jnc.2017.11.005
https://doi.org/10.1007/s10531-008-9360-1
https://doi.org/10.1007/s10531-008-9360-1
https://doi.org/10.4081/nhs.2021.509
https://doi.org/10.1023/A:1003428728693
https://doi.org/10.1016/j.marpolbul.2021.112794
https://doi.org/10.1016/j.marpolbul.2022.113890
https://doi.org/10.1016/j.scitotenv.2022.159713
https://doi.org/10.4081/jlimnol.2009.162
https://doi.org/10.1007/s10530-015-0862-y
https://doi.org/10.1016/j.marpolbul.2021.113029
https://doi.org/10.1016/j.marpolbul.2023.114585
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://doi.org/10.3391/bir.2013.2.2.03
https://doi.org/10.3391/bir.2013.2.2.03
https://doi.org/10.1051/kmae/2020017

)

N ISVt

Corbicula fluminea in Italy: the role of Reclaimed Agencies

Supplementary material

Ituarte CF (1994) Corbicula and Neocorbicula (Bivalvia: Corbiculidae) in the Parana, Uruguay, and
Rio de la Plata Basins. Nautilus 107: 129-135

Johnson PD, McMahon RG (1998) Effects of temperature and chronic hypoxia on survivorship of
zebra mussels (Dreissena polymorpha) and Asian clam (Corbicula fluminea). Canadian Journal
of Fisheries and Aquatic Sciences 55: 1564—1572, https://doi.org/10.1139/198-030

Lopez-Soriano J, Quifionero-Salgado S, Cappelletti C, Faccenda F, Ciutti F (2018) Unraveling the
complexity of Corbicula clams invasion in Lake Garda (Italy). Advances in Oceanography &
Limnology 9: 97-104, https://doi.org/10.4081/ai0l.2018.7857

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the World’s Worst Invasive Alien
Species. A selection from the Global Invasive Species Database (IUCN). The Invasive Species
Specialist Group (ISSG), 12 pp. http://www.issg.org/pdf/publications/worst 100/english 100 worst.pdf

Malavasi D, Fabbri R, Bernardoni A (1999) Prima segnalazione nel tratto medio del fiume Po di
Corbicula fluminea Mueller (Mollusca Bivalvia Corbiculidae). Segnalazioni. Pianura 11: 183—
185

Morhun H, Vinarski MV, Labecka AM, van der Velde G, Son MO (2022) Differentiation of
European invasive clams of the genus Corbicula (Cyrenidae) using shell shape analysis. Journal
of Molluscan Studies 88: eyab045, https://doi.org/10.1093/mollus/eyab045

Mouthon J (1981) Sur la présence en France et au Portugal de Corbicula (Bivalvia, Corbiculidae)
originaire d’Asie. Basteria 45: 109-116

Mouthon J (2001) Life cycle and population dynamics of the Asian clam Corbicula fluminea
(Bivalvia: Corbiculidae) in the Saone River at Lyon (France). Hydrobiologia 452: 109-119,
https://doi.org/10.1023/A:1011980011889

Nardi G, Braccia A (2004) Prima segnalazione di Corbicula fluminea (OF Muller, 1774) per il Lago
di Garda (provincia di Brescia) (Mollusca, Bivalvia, Corbiculidae). Bollettino Malacologico
39(9/12): 181-184

Nicolini L, Lodola A (2011) Densita di popolazione e biometria di Corbicula fluminea (Mueller,
1774), bivalve alloctono invasivo nel fiume Ticino (Pavia). Studi Trentini di Scienze Naturali,
Acta Biologica 89: 145-147

Pezzi M (2008) Prima segnalazione di Corbicula fluminea (OF Miiller, 1774) nel fiume Senio
(provincia di Ravenna) (Mollusca, Bivalvia, Corbiculidae). Quaderni della Stazione di Ecologia,
civico Museo di Storia naturale di Ferrara 18: 89-92

Rodolfi M, Paganelli D, Sconfietti R, Brescia F, Picco AM (2017) Is there a fungal community
associated with the freshwater invasive Asiatic clam Corbicula fluminea (Miller, 1774)? The
case of some populations in the low basin of the Ticino River (Lombardy, Northern Italy).
European Journal Zoological Research 5(1): 8-14

Scalici M, Chiesa S, Scuderi S, Celauro D, Gibertini G (2010) Population structure and dynamics of
Procambarus clarkii (Girard, 1852) in a Mediterranean brackish wetland (Central Italy).
Biological Invasions 12: 1415—1425, https://doi.org/10.1007/s10530-009-9557-6

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

Stagioni PL (2009) Corbicula fluminea. Segnalazioni Faunistiche n. 94-98. Quaderni di Studi
Naturalistici della Romagna 28: 191-197

Zacchei D, Battisti C, Carpaneto GM (2011) Contrasting effects of water stress on wetland-obligated
birds in a semi-natural Mediterranean wetland. Lakes & Reservoirs: Research & Management
16: 281-286, https://doi.org/10.1111/j.1440-1770.2011.00487 .x

Web sites and online databases

CBLN (2022) Consorzio di Bonifica Litorale Nord. Irrigazione. https://www.consorziobonifica
litoralenord.it/attivita/irrigazione/ (accessed January 2023)

Pieri E, Bonifazi A, De Bonis S, Caprioli R, Amorosi V, Tintea R, Lombardo MF (2023) Nuovi dati
sulla distribuzione nel lazio del bivalve alieno Corbicula fluminea (OF Miiller, 1774) (Bivalvia:
Corbiculidae). CISBA, Ecosistemi acquatici e cambiamenti climatici. http://www.
cisba.eu/attivita/convegni/250-ecosistemi-acquatici-e-cambiamenti-climatici (accessed January 2023)

The following supplementary material is available for this article:

Figure S1. The study area (“Torre Flavia” coastal wetland Special Protection Area; Latium, central Italy) showing ponds, channels
surrounded by vegetation (reed-beds with Phragmites australis and rush-beds with Juncus spp. and Carex spp.).

Figure S2. Corbicula fluminea specimens found in Torre Flavia wetland.

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Cesarini_etal _SupplementaryFigures.pdf

Cesarini et al. (2023), Biolnvasions Records 12(4): 1069-1077, https://doi.org/10.3391/bir.2023.12.4.19 1077


https://doi.org/10.3391/bir.2023.12.4.19
https://www.invasivesnet.org
https://doi.org/10.1139/f98-030
https://doi.org/10.4081/aiol.2018.7857
http://www.issg.org/pdf/publications/worst_100/english_100_worst.pdf
https://doi.org/10.1093/mollus/eyab045
https://doi.org/10.1023/A:1011980011889
https://doi.org/10.1007/s10530-009-9557-6
https://doi.org/10.1051/limn:2008017
https://doi.org/10.1111/j.1440-1770.2011.00487.x
https://www.consorziobonificalitoralenord.it/attivita/irrigazione/
https://www.consorziobonificalitoralenord.it/attivita/irrigazione/
http://www.cisba.eu/attivita/convegni/250-ecosistemi-acquatici-e-cambiamenti-climatici
http://www.cisba.eu/attivita/convegni/250-ecosistemi-acquatici-e-cambiamenti-climatici
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Cesarini_etal_SupplementaryFigures.pdf


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



