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Introduction

Three species of exotic molluscs have shown a noticeable
capacity to become part of the R�ıo de la Plata fauna. Two

of these species are the Asian clams, Corbicula fluminea
(M€uller, 1774) and C. largilliertti (Philippi, 1844), both
native to Southeast Asia, and first recorded on the coast of

the R�ıo de la Plata by Ituarte (1981). The third is the golden
mussel, Limnoperna fortunei (Dunker, 1857), native to China
and Southeast Asia, which was first detected here in the early

1990s (Pastorino et al., 1993). L. fortunei and C. fluminea
have behaved as invasive species (Darrigran, 2002). Since the
introduction of C. fluminea, both the density and distribution
range increased, reaching densities of between 300 and

1000 individuals m�2 in the Lower Delta of the Paran�a River
(Boltovskoy and Cataldo, 1999). Similarly, the golden mussel
L. fortunei has rapidly expanded its distribution range (Dar-

rigran, 2002), with densities of nearly 380 000 individu-
als m�² recorded in the middle zone of the R�ıo de la Plata
estuary (Spaccesi and Rodrigues Cap�ıtulo, 2012); its presence
thus adds new species to the food web for fishes.
In the R�ıo de la Plata, it has been discovered that invasive

bivalves accumulate contaminants (Colombo et al., 1997;

Bilos et al., 1998; Villar et al., 1999; Cataldo et al., 2001)
and also affecting some commercial fish (Colombo et al.,
2000; Villar et al., 2001). Furthermore, when considering
these observations, Garc�ıa and Protogino (2005), warned

about the human health risks linked to the consumption of
fish that prey on these invasive bivalves.
The pejerrey, Odontesthes bonariensis (Valenciennes, 1835),

is important to several Argentinean fisheries (Somoza et al.,
2008). In the R�ıo de la Plata, pejerrey is present during the
cold months due to its migratory movements (Avigliano and

Volpedo, 2013). The species has a wide trophic niche and
can show relevant differences in its feeding habits, depending
on its ontogenetic status, as well as the season and food
availability (Ringuelet et al., 1980; Escalante, 1985; Gros-

man, 1995; Freyre et al., 2009). Before the bivalve invasion,
the pejerrey diet in the R�ıo de la Plata was characterised as
zooplanktivorous, with a trend toward consuming other ani-

mal prey, including native molluscs (Ringuelet, 1942; Cabre-
ra, 1962; Cabrera et al., 1973). The aim of this study is to
determine the mollusc occurrence in the pejerrey diet, in its

juvenile and adult stages, at the Upper R�ıo de la Plata, and
analyze the relative importance attained by these exotic

bivalves in the food chain of the pejerrey.

Materials and methods

Pejerrey samples were obtained in the Upper R�ıo de la Plata,

near Juncal Island, one of the most important sporting and
commercial pejerrey fishing areas in R�ıo de la Plata (Fig. 1).
The O. bonariensis were captured while sport fishing dur-

ing the winter fishing season (May–August) of 2006, 2007
and 2008, with 56, 27, and 39 individuals, respectively. Total
length (mm) was measured with a digital calliper. The entire
digestive tract was removed and preserved in 10% formalde-

hyde. Gut content of the first third of the digestive tract was
analyzed under a stereomicroscope. The items were grouped
by their taxonomic affinity; according to the degree of identi-

fication, they were regrouped into major taxonomic catego-
ries (TC). The occurrence frequency (OF) of each TC was
determined by fish size ranges of 50 mm, considering the

number of individuals with a given TC in their stomach, and
relative to the total number of fish with stomach contents.
The total number of molluscs contained in each fish was

counted by genus or species. The number of beaks divided

by two was used in order to count the Limnoperna and Cor-
bicula specimens consumed. All molluscs were measured
under a stereomicroscope with a digital calliper, recording

the shell maximum length (SML). The respective mollusc
volumes were estimated by measuring the displaced volume
(Hyslop, 1980). Both number and volume were determined

for each 50 mm fish length interval (given in percentages for
comparison).
Pearson’s product-moment correlation coefficient (r) was

estimated to assess relationships between the fish size and the
mollusc shell size.

Results

Based on analysis of the 83 specimens where food contents

were found, the diet was characterized by five TC (Fig. 2).
Insects were the most frequent category for pejerrey speci-
mens of small and medium size (100–350 mm). In larger fish,
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plant remains and molluscs were the most frequent diet com-
ponents, whereas fish items were a highly frequent in the diet

of pejerrey between 350 and 450 mm. Arachnida were pres-
ent in almost all class intervals, with a frequency of occur-
rence of < 25%.

Analysis of the mollusc fraction indicated that the pejerrey
consumed six taxa. Four corresponded to native species Hel-
eobia sp. (Stimpson, 1865); Potamolithus sp. (Pilsbry, 1896);

Chilina sp. (Gray, 1828), and an unidentified species of the
order Unionoidea (Stoliczka, 1871). The remaining taxa were
the invasive bivalves C. fluminea and L. fortunei. Native mol-
lusc valves were found both whole and broken, while the

Asian clams were practically whole and united. Those
belonging to golden mussels were found mostly with their
valves separated and slightly crushed. The ranges of SML

recorded for native molluscs were: Heleobia sp. 2.0–8.8 mm;
Potamolithus sp. 3.7–5 mm and Chilina sp. 4.1–8.1 mm.
There was only one specimen of Unionoidea with a size of

1.9 mm. The range for L. fortunei was between 4 and 14 mm
and for C. fluminea between 1.8 and 19 mm. There was no
correlation between pejerrey size and the size of the con-
sumed native molluscs or with the L. fortunei size (P < 0.05).

However, there was a positive relationship between the fish
size and the C. fluminea shell size (r = 0.82, P < 0.05).
The percentages of molluscs consumed (number and vol-

ume) by each pejerrey size class are presented in Fig. 3. Hel-
eobia sp. was common to all fish length ranges but its
relative volume decreased according to fish size increments.

The relative importance of Potamolithus sp. was lower than
Heleobia sp. and did not have a relationship with the pejer-
rey size. Chilina sp. showed a moderate importance in small

and medium fish size classes. C. fluminea was important,
both in number and volume, to pejerrey larger than 350 mm,
being represented in percentage volumes above 70% among
the mollusc fraction. L. fortunei was present in middle-sized

pejerrey; their percentage values in number and volume were
below 30%.

Discussion

In this study, the main identified food items were terrestrial

insects, fish, plant remains, molluscs and arachnida. This
information differs when compared with the diet of pejerrey
in the pampean shallow lakes where zooplankton (Cladocera
and Copepoda) are the main source of food and generate a

strong influence on pejerrey growth (Colautti et al., 2010;
Garcia de Souza et al., 2013) and other population parame-
ters (Freyre et al., 2009). The trophic plasticity appears to be

a key factor for pejerrey feeding in the Upper R�ıo de la Pla-
ta, because zooplankton was a negligible alimentary item. As
was pointed out by Ringuelet et al. (1980), when the zoo-

plankton community is scarce, the pejerrey shift to other
food sources, incorporating vegetal, gastropods (Heleobia
sp.), shrimp (Palaemonidae), ostracods, and fish. The few ref-

erences on pejerrey feeding in the R�ıo de la Plata estuary are
for small and medium size specimens from the middle zone
(Ringuelet, 1942; Cabrera, 1962; Cabrera et al., 1973). In

Fig. 2. Percent frequency of occurre-
nce (OF%) of macroitems in different
size classes of pejerrey, Odontesthes
bonariensis

(a)

(b)

Fig. 1. Geographical location of study area and sampling site, Upper
R�ıo de la Plata, Argentina
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agreement with the findings of Ringuelet et al. (1980), in
other environments, the item fish showed a trend to increase
its importance, at least in occurrence terms, following the
growth of pejerrey in size.

Molluscs were a frequent item found in the pejerrey diet in
the surroundings of Juncal Island. This is in contrast with
the results obtained by Cabrera et al. (1973) in the middle

zone of the R�ıo de la Plata estuary, where Heleobia sp. and
undetermined native bivalves were recorded. In the present
study, the consumption of moluscs also had a higher rich-

ness, for the first time adding Chilina sp., Potamolithus sp.
and a species of Unionoidea.
The Mollusca category was not found in pejerrey with a

size between 100 and 150 mm. Similar observations were
made by Ringuelet (1942) and Cabrera et al. (1973). In the
Juncal Island area, the size ranges of consumed Heleobia sp.,
Potamolithus sp. and Chilina sp. were similar for all sizes of

pejerrey. The maximum size observed in gut content was in
agreement with the maximum values recorded in the environ-
ment for the first two molluscs (de Gaillard and de Castell-

anos, 1976; L�opez Armengol, 1996). Regarding Chilina sp.,
only small individuals were vulnerable to pejerrey predation
because this genus grows to sizes above 30 mm (de Castell-

anos and de Gaillard, 1981).
Among the two invasive species, C. fluminea is the most

depredated by pejerrey in the assessed area, a result that could
be linked to availability issues. As native bivalves, the Asian

clam prefers sandy substrates (Schmidlin and Baur, 2007),
such as the river bottom around Juncal Island (Pittau et al.,

2003). Conversely, L. fortunei preferably colonizes hard sub-
strates, to which it adheres by a resistant byssus (Darrigran
and Damborenea, 2006), which are almost entirely absent in
the study area.

As a conclusion, it can be stated that in the Upper R�ıo de
la Plata, molluscs are an important component in the diet of
the pejerrey, O. bonariensis, although there appears to be a

selective predation of exotic molluscs in accordance with the
size of the fish. This is a relevant observation, because pejerrey
larger than 300 mm are the target for sport and commercial

fisheries, and mollusc invasions could be facilitating a new
pathway through which contaminants could enter the food
web. The observation of this risky situation is supported by

the studies of Bilos et al. (1998), who found high levels of
heavy metals in C. fluminea in the R�ıo de la Plata. Further
studies are necessary to assess the contaminant load in the pe-
jerrey muscles and the potential threat to human health.
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