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ABSTRACT

Case study of the Vernavola Stream (sub-lacustrine Ticino River basin, Northern Italy): the biological pollution of the
Asiatic clam Corbicula fluminea (Muller, 1774)

The Asiatic clam, Corbicula fluminea, is among the eleven benthic species with the highest impact in the DAISIE list (DAISIE
— Delivering Alien Invasive Species Inventories for Europe) because it has both environmental and socio-economic impacts.
This paper reports the distribution and the dynamics of a well-established population of the alien bivalve Corbicula fluminea
in the Vernavola Stream, a left-side tributary of the sub-lacustrine Ticino River (Pavia, Northern Italy). Additionally, we
performed a laboratory experiment to investigate the substrate preference of the invasive bivalve, testing three different types
of substrate: medium gravel, fine gravel and medium sand. The highest density of the Asiatic clam was registered in the parts
of the stream where the bottom was mainly composed of sand mixed with fine gravel. The results of the experiment indicated
a strong preference for sand over other substrates. In order to assess the future development of biological pollution from the
Asiatic clam Corbicula fluminea, it would be useful to increase our knowledge of its autoecology and to constantly monitor its
population dynamics.
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RESUMEN

Estudio del arroyo Vernavola (sub-cuenca del rio Ticino, norte de Italia): contaminacion bioldgica de la almeja asiatica
Corbicula fluminea (Muller, 1774)

La almeja asidtica, Corbicula fluminea, es una de las once especies bentonicas de mayor impacto segin la lista DAISIE
(DAISIE - Delivering Alien Invasive Species Inventories for Europe), debido a su impacto tanto ambiental como socioeconé-
mico. Este articulo describe la distribucion y la dindmica de una poblacion bien establecida del bivalvo exético Corbicula
fluminea en el arroyo Vernavola, un afluente de la parte derecha del rio Ticino (Pavia, norte de Italia). Ademas, se realiz6 un
experimento de laboratorio para investigar la preferencia de sustrato de este bivalvo, probando tres tipos diferentes: grava
media, grava fina y arena media. La mayor densidad de la almeja asiatica se registrd en las partes del arroyo donde el fondo
estaba compuesto principalmente de arena mezclada con grava fina. Los resultados del experimento indicaron una fuerte
preferencia por la arena sobre otros sustratos. Con el fin de evaluar en el futuro la contaminacion biolégica de la almeja
asiatica Corbicula fluminea, seria Util conocer mas su autoecologia y controlar constantemente la dindmica de su poblacion.
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INTRODUCTION

Biological invasion has increased in recent years,
mainly due to human activities such as aquacul-
ture, international ship traffic or, in the case of
some freshwater water bodies, as a result of
connecting rivers by artificial canals (Muller et
al., 2002; Bij de Vaate et al., 2002). Although
most introduced species do not constitute stable
populations in new environments, some of them
become invasive, thus causing environmental
and/or socio-economic impacts (Vila et al., 2010;
Laverty et al., 2015). The result is that invasive
species may change the ecosystems that they are
introduced into, which is one of the most serious
problems from an ecological point of view (Sala
et al., 2000; Cox, 2004; Sousa et al., 2014).

Once established in a new freshwater ecosys-
tem, most invasive species are nearly impossible
to eradicate, and in the absence of biogeographic
barriers, they can easily spread to other nearby
naturally or artificially connected freshwater
ecosystems (Havel et al., 2015).

Among the various taxonomic groups that
have been introduced into freshwater ecosystems,
bivalves have caused some of the most important,
well-documented ecological and economic
impacts (Sousa et al., 2014; Bodis et al., 2016).

One of these invasive bivalves is the Asiatic
clam Corbicula fluminea (Veneroida: Corbiculi-
dae) (Muller, 1774), a well-known exotic species
native to southern and eastern Asia, among the
100 worst invasive species in Europe (DAISIE -
Delivering Alien Invasive Species Inventories
for Europe - http://www.europe-aliens.org).
Moreover, according to the Generic Impact Scor-
ing System (GISS) (Nentwig et al., 2010), which
is a method that quantifies the impact and ranking
of an alien species, C. fluminea is considered to be
one of the eleven benthic species with the highest
impact in the DAISIE list (Laverty et al., 2015).

Due to the high reproduction capacity of C.
fluminea (>68 000 pediveligers adult/year), the
introduction of a single individual into freshwater
environments may be sufficient to start a new
population and, depending on its population
density, it can cause several economic and
ecological impacts (Pimentel et al., 2005;
Karatayev et al., 2007; Sousa et al., 2014), such
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as habitat reduction for other native bivalves
(Bddis et al., 2016) and the over-exploitation of
environmental resources (Vaughn & Hakenkamp,
2001). For example, the high density of C.
fluminea can filter most of the algae from the
water column, leaving little food for pelagic
zooplankton (Strayer, 2010) and increasing light
for vascular plants. Furthermore, as highlighted
by Bddis et al. (2014), high abundance of empty
shells can reduce the current velocity near the
bottom, thus increasing the morphological diver-
sity of the habitat followed by an increase of
density, biomass and number of benthic species
(Narri et al., 2012).

Nowadays, the Asiatic clam has spread to
almost all the countries in Europe (Araujo et al.,
1993).

In Italy, the first record of C. fluminea in the
Ticino River was in 2003 (Bodon et al., 2005).
Subsequently, in 2008, its presence was also
reported for the first time in the Vernavola Stream,
one of the left-bank tributaries of the Ticino River
in the province of Pavia (CEMAYV, 2008).

The Vernavola Stream is part of the complex
irrigation system of the sub-lacustrine Ticino
River, and it is also an important ecological
connection between sites of ecological relevance
around the urban area of Pavia, representing a
Greenway for fauna, especially aquatic birds.

The Asiatic clam’s colonization of the indus-
trial water systems is well documented but, in
contrast, information about the impact of this
alien species on the irrigation systems is scarce.
Obviously, the irrigation systems are important
from an agricultural point of view, but they also
play an important role from an ecological point of
view because they improve the environmental
variability, providing suitable habitats for the
flora and fauna, especially in an anthropogenic
area such as the Ticino River valley.

Considering this discovery and the invasive
behaviour of the Asiatic clam, (I) we studied its
distribution along the entire course of the Verna-
vola Stream, and (1) after identifying the area of
the stream with the highest density of this species,
we performed a twelve-month survey in order to
obtain information on its size class distribution;
(111) we then performed a laboratory experiment in
order to investigate whether the invasive bivalve
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Figure 1. The entire course of the Vernavola Stream, a left-bank tributary of the south part of the sub-lacustrine Ticino River.
Recorrido completo del arroyo Vernavola, un afluente, en la ribera izquierda de la parte sur, del rio sub-lacustre Ticino.

can actively select the substrate where it can live,
increasing our knowledge of its autoecology and
providing additional information on the invasion
process of other nearby freshwater habitats.

MATERIALS AND METHODS
Study area

The Vernavola Stream is one of the left-bank
tributaries of the southern part of the sub-lacus-
trine Ticino River and it originated from the
conjunction of three small streams in the northern
area of Pavia (Lombardy, Northern Italy) (Fig. 1).
This stream, which is 15 km long and an average
of 7 m wide, represents an important ecological
connection between several Sites of Community
Importance (SCI, Directive 92/43/EEC) located
above the city of Pavia, and the green corridor of
the Ticino and Po rivers in the south of Pavia.
Despite being small, the Vernavola Stream
has all the typical characteristics of a plain river:
stretches of the stream are surrounded by agricul-
tural fields with anthropogenic remodelling of the
banks, the central part of the stream flows

through an urban park and the city centre of
Pavia, and its final stretches flow through natural
areas, such as oxbow lakes and terrace springs,
mixed with agricultural fields where the stream
reaches the Ticino River. The stream is charac-
terised by a moderate flow, and the bottom is
mainly composed of coarse and fine sand, mixed
with gravel and silt (Pesci & Sconfietti, 2009).

Field survey

In February 2013, in order to define the distribu-
tion and population density of Corbicula fluminea
in the Vernavola Stream, we selected 9 stations
along the entire course of the stream (one every
1.5 km). In each station, we selected a 20 m
transect displaying a homogeneous habitat
suitable for bivalves, and along this transect we
collected four sub-samples (one every 5 m) by
means of a sampling net (1 mm mesh) within a
50x25 cm frame, which corresponds to an area of
0.125 m2. In order to estimate the density (ind/m2),
the total number of collected specimens (N) was
divided by the total sampled area (0.5 m2).
Subsequently, in the area of the stream where
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C. fluminea showed its highest density, we
performed a monthly biological survey (from
February 2014 to January 2015) following the
previous experimental design. Unfortunately, due
to an unexpected problem, we cannot show popu-
lation data collected in June and July 2014. We
also recorded temperature, pH, and percentage of
oxygen saturation by means of a multiparametric
probe HACH-HQ40.

In the laboratory, we then measured the shell
length (L, mm) of each specimen with a clock
calliper (0.02 mm) in order to obtain a size class
distribution classifying all specimens into six size
classes: [-<5 mm; 11—5-10 mm; III—>>10-15
mm; [V—>15-20 mm; V—>20-25 mm; VI—->25
mm.

Laboratory experimental designs

We used a total of 1800 specimens (15-25 mm
length) that were collected from the area of the
stream where C. fluminea showed its highest
density and then acclimatised in tap water at 20
°C in the laboratory for 7 days, and three different
types of substrates: medium gravel (MG, diame-
ter >5 mm), fine gravel (FG, diameter 5-2 mm)
and medium sand (MS, diameter 0.25-0.5 mm).

Half of the specimens were placed in 90
experimental units (EU: 30x24x9 cm) with a
single substrate as a control, while the remaining
specimens were placed in another 90 experimen-
tal units with all possible combinations of the
three different substrates. For each EU, 10 speci-
mens were positioned in a row on the boundary
between two different substrates: 5 of them were
positioned on the right valve and 5 on the left
valve, in order to minimise the effect of the orien-
tation of the mollusc during its choice.

In all the trials of the experiment, we observed
that after 10 minutes only 38 % of the specimens
had actively made a substrate preference, after 20
minutes more than 60 % of the specimens had
moved to one substrate, and within 1 hour 89 %
of the specimens had moved. According to these
observations, we decided to stop the experiment
after 1 hour and then we counted the number of
specimens for each substratum in order to detect
whether C. fluminea showed an active preference
for a particular substrate.
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Figure 2. Density of Corbicula fluminea (ind/m2) in 2013 from
upstream (st. 1) to downstream (st. 9) of the Vernavola Stream.
Densidad de Corbicula fluminea (ind/m2) en 2013, desde la parte
alta (st. 1) hasta la parte baja (st. 9) del arroyo Vernavola.

Statistical analyses

Population abundance and substrate selection
results were investigated through a General Linear
Model analysis (GLM), an ANOVA procedure in
which the calculations are performed using a least
sguares regression approach to describe the statis-
tical relationship between one or more predictors
and a continuous response variable.

Anderson-Darling and Bartlett tests were used
prior to GLM to check the normality of data and
the homogeneity of variance. However, when
homogeneity of variance was not achieved, data
were analysed nonetheless, as analysis of
variance is considered robust enough when there
are many independent replicates and sample sizes
are equal (Underwood, 1997).

Finally, pairwise Tukey post hoc tests were
performed in order to determine which set of data
mainly contribute to the differences found by
GLM.

All the statistical analyses were performed
using MINITAB 16 software package.

RESULTS

Distribution and population dynamic of
Corbicula fluminea in the Vernavola Stream

Considering all 9 stations sampled in 2013 in the
Vernavola Stream, the mean density (standard
deviation) of Corbicula fluminea was



The biological pollution of Corbicula fluminea 13

ind/m?
1800
1600
1400
1200
1000
800
600
400
200
0

mar-14
nov-14
dec-14
jan-15

feb-14
apr-14
may-14
Jun-14
jul-14
aug-14
sept-14
oct-14

months

Figure 3. Density of Corbicula fluminea collected in station 4
from February 2014 to January 2015. The black line indicates
the moving averages in the two periods. Densidad de Corbicula
fluminea muestreada en la estacion 4, desde febrero de 2014
hasta enero de 2015. La linea negra indica las medias moviles
en los dos periodos.

269.68+478.6 ind./m2. The highest densities of
the Asiatic clam were registered in station 4 (1478
ind/m2), station 7 (498 ind/m2) and station 5 (190
ind/m2); on the contrary, we did not find any
bivalves in station 9 (Fig. 2).

From February 2014 to January 2015, the
water temperature varied from a minimum value
of 9.6 °C in January 2015 to a maximum value of
19.6 °C in August 2014; the percentage of oxygen
saturation was always undersaturated, except in
April 2014 when it reached 136.3 %, and the
annual mean pH value was 7.3+0.55.

The mean density (tstandard deviation) of the
Asiatic clam registered during the twelve-month
survey in station 4 was 1000+483 ind/m2, with
the highest value registered in May (1778 ind/m?2)
and the lowest in August (382 ind/m2) (DF=9;
F=5.06; p<0.001) (Fig. 3).

The length size-class distribution analysis of
the specimens over the whole year showed that
small bivalves, with shell length L <10 mm, were
collected in spring (March-April 2014) and in
winter (December 2014-January 2015), while
bivalves with L >10 mm were collected during
late summer and autumn (August-November
2014) (DF=9; F=61.57; p<0.001) (Fig. 4).

Experimental results

Out of the 900 specimens used in the control
experiment, 52.8 % moved to their left while 36.8

% decided to move to their right; the remaining
10.4 % did not move to either side. The difference
between the side they moved to was tested by
means of GLM analysis and the results were not
statistically significant (DF=1; F=1.67; p:0.226);
thus, following this result, we performed an
experiment in order to define whether Corbicula
fluminea can actively prefer one substrate over
another.

In the first trial of the experiment, where we
compared medium and fine gravel as substrates,
we discovered that 69.3 % of the total specimens
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Figure 4. Size class distribution of Corbicula fluminea in the
Vernavola Stream between February 2014 and January 2015.
Size classes: [><5 mm; [I—>5-10 mm; III>>10-15 mm; IV—
>15-20 mm; V—>20-25 mm; VI—>>25 mm. N: total number of
specimens collected in one m2. Distribucion de clases de
tamafio de Corbicula fluminea en el arroyo Vernavola, entre

febrero de 2014 y enero de 2015. Clases de tamaiio: I — <5

mm; I — 5-10mm; IIl ->> 10-15 mm; IV —> 15-20 mm; V
—> 20-25 mm; VI —> 25 mm. N: niimero total de especimenes
recogidos en un m2,
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For the third and final trial, where we com-
pared fine gravel and medium sand, we discov-

N
A L— " — ered that 64.66 % of the specimens preferred
200 o= e Ll s medium sand while 26.34 % preferred fine
gravel; only 9 % of the total did not actively move
150 to either substrate (Fig. 5).
i These differences were confirmed by GLM
analyses and Tukey tests (Table 1).
50
. ‘ | ‘ [ ] ‘ ‘ ] DISCUSSION
MG FG NC MG MS NC FG MS NC
Substrates It is well-known that Corbicula fluminea is able
to colonise freshwater ecosystems (Lucy et al.,
Figure 5. Results of the three trials of the experiment. MG: 2012), and this Asiatic clam has now become

medium gravel; FG: fine gravel; MS: medium sand; NC: no
choice. N: number of Corbicula fluminea specimens. Resulta-
dos de los tres ensayos del experimento. MG: grava media; FG:
grava fina; MS: arena media; NC: ninguna opcién. N: nimero
de especimenes de Corbicula fluminea.

preferred fine gravel while 16 % preferred medium
gravel; 14.7 % did not choose either substrate.

In the second trial, where we compared
medium gravel and medium sand, we discovered
that 66.7 % of the specimens preferred medium
sand while 21.3 % preferred medium gravel; 12
% did not choose either substrate.

well-established in almost all the water bodies in
northern Italy (Ciutti et al., 2007; Pezzi, 2008;
Ciutti & Cappelletti, 2009). For example, in one
study performed in Lake Maggiore, its density
reached 1249 ind/m2 (Kamburska et al., 2013),
and in another study performed in the Ticino
River, its density was almost 200 ind/m2
(Nicolini & Lodola, 2011). In the Vernavola
Stream, its density reached almost 1500 ind/m?2
(in station 4, Fig. 3), which is comparable to the
level in Lake Maggiore.

Moreover, results of population dynamics

Table 1. GLM and Tukey test results of the experiment between different substrate types: medium gravel (MG), fine gravel (FG) and
medium sand (MS). No choice is indicated by NC. Resultados del test GLM y Tukey del experimento entre diferentes tipos de sustra-
tos: grava mediana (MG), grava fina (FG) y arena media (MS). NC indica que ninguna opcion fue seleccionada.

Trials GLM Tukey tests
MGvsFG MGvsNC FGvsNC
DF=2 F=103.79
#1: MG - FG - NC T=12.32 T=-0.308 T=-12.63
p<0.001
p<0.001 p:0.94 p<0.001
MGvs MS MGvVvsNC MSvsNC
DF=2 F=91.12
#2: MG - MS - NC T=10.46 T=-2.15 T=-12.62
p<0.001
p<0.001 p:0.085 p<0.001
FGvsMS FGvsNC MSvsNC
DF=2 F=98.44
#3: FG-MS-NC T=9.44 T=-427 T=-13.71
p<0.001
p<0.001 p<0.001 p<0.001
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showed a high density during the first part of the
year (February 2014-May 2014) after the first
reproductive period, and a general decrease from
August 2014 to January 2015. Even though we
cannot show population data collected in June
and July 2014, the density estimated up to May
was definitely higher than that estimated from
August 2014 to January 2015.

One of the main environmental characteristics
that favours the high abundance of this bivalve is
the presence of a suitable substrate. The relation-
ship between C. fluminea and substrate composi-
tion was previously highlighted by Nicolini &
Lodola (2011), Badis et al. (2012) and Kamburs-
ka et al. (2013), who found higher densities in
sandy substrates.

Overall, our data shows that fine gravel is
significantly preferred over medium gravel, but
medium sand is significantly preferred over fine
gravel. Moreover, during the first trial of the
experiment (fine gravel versus medium gravel),
we observed a higher number of “undecided”
specimens (NC=44); in this case, Tukey tests
indicated that there was no statistical difference
between the number of “undecided” specimens
and the number of specimens which preferred
medium gravel. This could suggest that Corbicu-
la specimens are not very well-suited to this
substrate.

In contrast, the lowest number of “undecided”
specimens was registered in the last trial when we
tested the preference between medium sand and
fine gravel. Thus, we can hypothesise that
medium sand may be the perfect substrate for
Corbicula fluminea.

These findings are also in accordance with
Belanger et al. (1985) and Schmidlin & Baur
(2007), who stated that C. fluminea prefers a fine
substrate, high nutrient level in the water, warm
water temperature and relatively low water
current.

CONCLUSIONS

The invasion of the Vernavola Stream began in
2008, but due to its low industrial value, it is diffi-
cult to hypothesise whether the high abundance
of C. fluminea may have caused any economic
impacts in this area. On the other hand, it may

have caused a high ecological impact on the
autochthonous mollusc assemblages, but there is
no previous information about the autochthonous
mollusc assemblages of the Vernavola Stream
so we cannot be sure whether the presence of
the Asiatic clam has led to a reduction of the
autochthonous community.

According to the high density recorded along
almost the entire course of the Vernavola Stream,
we can affirm that C. fluminea is a well-estab-
lished species in this water body. One of the main
reasons for this invasion may be the presence of a
suitable environmental combination such as fine
substrate mixed with fine gravel, high nutrient
level and relatively low water current.

Moreover, the preference for fine substrates is
also confirmed by our laboratory experiments:
they make it easy for bivalves to dig into the
bottom. On the contrary, in the presence of medi-
um/coarse substrates, is more difficult for them to
dig into the bottom and the level of colonisation is
therefore very low. This hypothesis is also
confirmed by our data on the distribution of C.
fluminea along the course of the Vernavola: at the
end of the stream, where the bottom is composed
of gravel, the Asiatic clam is completely absent.

In conclusion, even though the presence of
Corbicula fluminea is already well-documented
in Europe and Italy, it is important to both
increase our knowledge of the ecological prefer-
ences of Corbicula fluminea (such as its substrate
preferences) and constantly monitor its popula-
tion dynamics in invaded areas in order to assess
its biological pollution in the future.
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