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The Asian freshwater golden mussel, Limnoperna fortunei
(Dunker, 1857), was first recorded in the Americas in 1991,
from the coast of the Rio de la Plata, by PASTORINO et al. (1993).
Limnoperna fortunei has the capability of colonizing a wide range
of habitats and has few natural predators, widely colonizing
freshwater and estuarine environments in the Neotropical re-
gion. Since its introduction, the species has expanded its range
to Argentina, Brazil, Paraguay and Uruguay (DARRIGRAN et al.
1998, DARRIGRAN & EZCURRA DE DRAGO 2000, DARRIGRAN 2002,
OLIVEIRA et al. 2006).

In 1998, the Asian freshwater golden mussel was recorded
at the northern reaches of the Patos Lagoon drainage basin
(MANSUR et al. 1999, 2003) and, in the next years, it was found
in the southern portion of the basin in densities of up to 140,000
ind/m2. After that, population densities stabilized at averages
60,000 ind/m2 (MANSUR et al. 2003). The golden mussel invaded
the Mirim Lagoon in 2005 through the São Gonçalo Channel,
which connects the Mirim and Patos Lagoons (LANGONE 2005,
BURNS et al. 2006b, COLLING et al. 2012, LOPES & VIEIRA 2012).

There is little question now that catastrophic biological
events like these can profoundly affect entire ecosystems to
the point that the invader species monopolizes a large propor-
tion of the resources available (SYLVESTER et al. 2005, DARRIGRAN

& DAMBORENEA 2011). The cascading effects of such trophic web
disruptions can be extremely important (POWER 1992, RUETZ et
al. 2002, THORP & CASPER 2003). The high densities of golden
mussel and the fact that individuals become fixed to the sub-

strate by their byssal threads create a new microenvironment.
This microenvironment, in turn provides a new habitat for some
epifaunal species and, at the same time, can lead to the dis-
placement of other benthic organisms (SANTOS et al. 2012). Since
its invasion of South America, L. fortunei has threatened the
survival and modified the natural occurrence and abundance
of several native macroinvertebrate species (DARRIGRAN et al.
1998, DARRIGRAN 2002, SANTOS et al. 2012), including the
Anomura crab Aegla platensis Schmitt, 1942 in the São Gonçalo
Channel (LOPES et al. 2009).

The predation strength of fish upon the golden mussel
ranges from negligible to efficient, when the total control of
the mussel’s population growth is achieved (STEWART et al. 1998,
BARTSCH et al. 2005). In some cases, mussel predators showed
increased productivity and growth as a result of the new food
supply (PODDUBNYI 1966, BOLTOVSKOY et al. 2006, KARATAYEV et al.
2007). Ancillary data on Argentine freshwater fish yields sup-
port to the above conclusions, suggesting that L. fortunei may
have had a positive effect on fish biomass in Neotropical sys-
tems (BOLTOVSKOY et al. 2006).

Catfish of the genus Pimelodus have omnivorous feeding
habits (GARCIA et al. 2006,2007whichare characterized by a gen-
eralist feeding behavior and the opportunistical exploitation
of eventual peaks in prey abundance (BONETTO et al. 1963,
MONTALTO et al. 1999, BRAGA 2000, GARCÌA & PROTOGINO 2005).
The use of L. fortunei as a food source by Pimelodus spp. (Paraná
River and Patos Lagoon basin) had been previously reported
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(MONTALTO et al. 1999, CATALDO et al. 2002, DARRIGRAN &
DAMBORENEA 2011). For this reason, we hypothesized that the
catfish Pimelodus pintado (Azpelicueta, Lundberg & Loureiro,
2008) at the Mirim Lagoon would incorporate the Asian fresh-
water golden mussel in its diet.

The objective of this study was to describe the chrono-
logical incorporation of L. fortunei into the diet of P. pintado,
from the time the prey arrived in the São Gonçalo Channel, at
the Mirim Lagoon basin. Additionally, we show that P. pintado
selects mussel prey within a certain size range, from the wide
range of sizes available in the environment.

MATERIAL AND METHODS

The Mirim Lagoon basin is located between 31 and 34°S
and 52 and 54°W in the eastern part of the South American
central plains (Fig. 1). The basin area covers 62,250 km2, with
29,250 km2 in southern Brazil and the remaining 33,000 km2

in eastern Uruguay. The main geographical feature of this ba-
sin is the Mirim lagoon itself, with an average area of 3.749
km2 (BRACCO et al. 2005). During periods of intense rainfall,
water from the Mirim Lagoon and its adjacent wetland system
drain through the natural São Gonçalo Channel (75 km long,
200 to 500 m wide, 6 m maximum depth) into the Patos La-
goon, which ultimately connects with the Atlantic Ocean
through the Rio Grande channel. The São Gonçalo Channel
Dam divides the São Gonçalo Channel into a freshwater envi-
ronment to the south and an estuarine environment to the
North (BURNS et al. 2006a, MOURA et al. 2012).

Bottom fauna samples were obtained from the limnetic
region of the São Gonçalo Channel between 31°48’S, 52°23’W
and 32°7’S, 52°35’W (Fig. 1). Bottom trawl was carried 3 to 6 m
deep, from January to November 2005, and from October to
November 2008. Every season, four samplings at three differ-
ent sampling areas (Dam, Tigre and Piratini), totalizing twelve
samplings per season, were carried out using a fishermen’s
wooden boat (10.9 m long with a 60-Hp engine). Five-minute
tows (approximately 400 m) were performed using a 10.5 m
(head rope) shrimp trawl (1.3 cm bar mesh wings and body
with a 0.5 cm bar mesh cod end liner) and a pair of weighted
outer doors (LOPES et al. 2009, LOPES & VIEIRA 2012).

Representatives of P. pintado collected in each tow were
stored in separate plastic bags and fixed in 10% formaldehyde.
Voucher specimens were deposited at “Coleção Ictiológica da
FURG” number 6,056 (25) 6061 (6). At the laboratory, the total
length (TL) of each individual was measured to the nearest
millimeter. Stomachs were extracted by cutting out the esopha-
gus and pylorus and fixed in 70% alcohol. Prey items were iden-
tified to the lowest taxonomic level, counted and grouped into
categories. We determined Frequency of Occurrence (FO%),
Percent Area (PA%) and Index of Relative Importance (IRI) of
the P. pintado diet for samples collected during the austral sum-
mer (January and February), autumn (April), winter (July and

August) and the austral spring (September, October and No-
vember) of 2005 and the austral spring (October and Novem-
ber) of 2008. IRI was determined as FO% x (PN%+PA%), where
PN% are number percent (HYSLOP 1980) of each food item. We
compared de relative importance of the golden museel in the
stomachs of catfish sampled in the spring of 2005 with those
sampled in the spring of 2008 (three years after L. fortunei oc-
currence was recorded in the system).

Using an electronic caliper with accuracy of 0.01 mm,
the maximum shell length of L. fortunei prey was measured
using the individuals present in the stomachs of P. pintado, as
well as using the specimens collected in the environment (bot-
tom trawl, during 2008). The maximum length was considered
as the distance from the anterior end, situated just above and
ahead of the umbones, until the rear end of the shell (MANSUR

et al. 1987).
After logarithmic transformation (log10+1) the differences

between the sizes of golden mussels found in the digestive tract
of different sizes classes of P. pintado were tested using one-way
analysis of variance (size class 10-15 cm TL, N = 6; size class 15-
20 cm TL, N = 52; size class 20-25 cm TL, N = 51; size class 25-
30 cm TL, N = 38) (ZAR 1999). The differences between the sizes
of golden mussels found in the digestive tract of all P. pintado
and those collected in the environment were tested using the
nonparametric Kolmogorov-Smirnov test (SOKAL & ROHLF 1995).

Figure.1 Mirim Lagoon (drainage basin, 62.250 km2) and the São
Gonçalo channel that connects it with the Patos Lagoon. The lim-
netic region is localized southern the dam. The sampling areas are
show (Dam, Tigre and Piratini).
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RESULTS

Asian golden mussels were not observed in the stomachs
of catfish collected during the austral summer, autumn or win-
ter of 2005. The first record of the mussel was during the aus-
tral spring (September, October and November) of 2005, when
it was found in 21.8% of the 180 stomachs of P. pintado (10-30
cm TL). In this period, L. fortunei represented 1.8% of the Rela-
tive Importance Index (IRI) in the diet to P. pintado (Table I).

During the austral spring of 2005, L. fortunei individuals
were only observed in the stomachs of fish larger than 14 cm,
and large fish incorporated more mussels in their diets (Fig. 2).
The length golden mussel shells (0.3-1.4 mm) found in the
digestive tracts of P. pintado did not differ significantly among
the different predator length class analyzed (Fig. 3, ANOVA,
F3,143 = 0.9744, p = 0.407).

In the austral spring of 2008 (Table I), L. fortunei was found
in 60.8% of the 30 stomachs of P. pintado analyzed and was the
most important food item in the diet of the cat fish (IRI =
31.4%). Specimens of L. fortunei (N = 7789) collected by the
shrimp trawl in 2008 were measured and compared with the
51specimens found in the stomachs of P. pintado (20.7-30.5 cm
TL) sampled in the same area. The length range of fortune of
the mussel in the environment (n = 7789) was 0.7 to 3.2 cm,
with a mode of 1.3 cm TL, and the shell length of mussels
found in the in the guts (n = 147) of P. pintado ranged from 0.3
to 1.4 cm (Fig. 4) and the nonparametric Kolmogorov-Smirnov
test revealed a significant difference (Fig. 5, D = 0.82491,
p < 0.001) between them.

DISCUSSION

BOLTOVSKOY & CATALDO (1999) showed that during the first
year of the introduction of L. fortunei, mussels reached up to
2.0 cm in length, and by the end of their second year, some
reached 3.0 cm. The maximum length of mussels in this study
was 3.2 cm. Additionally, BURNS et al. (2006b) recorded the spe-
cies in the São Gonçalo Channel for the first time in 2005.
Both facts suggest that the species was already fully established
in São Gonçalo Channel in 2008 (LOPES & VIEIRA 2012).

The mean shell length of L. fortunei found in the diges-
tive tracts of P. pintado were similar for the different predator
length classes analyzed and reached a maximum size of 1.4 cm
(Fig. 3). MONTALTO et al. (1999) and LOPES & VIEIRA (2012) showed
that Asian golden mussels are predated in different develop-
ment stages by several fish species in the Neotropical region,
but small mussels (< 1.5 cm) were more frequent and abun-
dant in fish guts. CANTANHÊDE et al. (2008) analyzed the diet of a

Figures 2-3. (2) Frequency of occurrence of Limnoperna fortunei in
the digestive tracts of P. pintado at different fish size class analyzed
in the spring of 2005. The line represent the standard deviation and
the bars represent mean. (3) Box plot of Limnoperna fortunei shell
size distribution by Pimelodus pintado size class in the spring of 2005.
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Figures 4-5. (4) Shell size distribution of Limnoperna fortunei col-
lected in the environment (ENV), and in the guts (GUT) of Pimelodus
pintado at the spring of 2008. (5) Mean size and 95% confidence
interval of Limnoperna fortunei.
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predator fish larger than P. pintado (Pterodoras granulosus; 17-
55 cm TL) and found similar results, whereas the size range of
L. fortunei individuals ranged from 0.8 to 1.7 cm in mean, al-
though the mussel is well known to reach more than 3 cm
(BOLTOVSKOY & CATALDO 1999, MAROÑAS et al. 2003, MANSUR et al.
2008).

Young and adult L. fortunei individuals have a consider-
able ability to move to new locations with some taxis, suggest-
ing that this represents an ability to avoid predation by hiding
(LOPES & VIEIRA 2012). The distance that mussels are able to move
decreases with increasing shell length, and they tend to aggre-
gate after reaching 1.5 cm TL (URYU et al. 1996). The observa-
tions of the present study suggest that more mobile individuals
of L. fortunei (smaller than <1.4 cm) are able to crawl over the
bottom and are probably more readily available in the São
Gonçalo Channel to fish such as P. pintado than larger and more
aggregated mussels that get attached to the hard substrate. Fish
with a generalist feeding behavior are good samplers of prey
diversity and can easily detect new sources of food, and are
flexible enough to exploit eventual peaks in prey abundance
(GLOVA & SAGAR 1989, MENDOZA-CARRANZA & VIEIRA 2007). Then,
independently from the size of individuals, the catfish under
study consumes only golden mussels that are smaller than 1.4
cm TL, which implies that the predator prefers smaller prey
because they are more readily available.

It is important to note that L. fortunei was first reported
in the limnetic zone of the São Gonçalo Channel in January
2005 (BURNS et al. 2006b). Since the diet of P. pintado is influ-
enced by the availability of food in the environment, the data
presented here suggest that the trend observed in this study,
i.e., the absence of L. fortunei in the stomachs of P. pintado from
the austral summer to the winter and the presence of it in the
spring 2005, is a good indicator that L. fortunei started to be
abundant in the limnetic zone of the São Gonçalo Channel

during the austral spring of 2005. At the present time, L. fortunei
is fully established in the São Gonçalo Channel (COLLING et al.
2012, LOPES & VIEIRA 2012).

Little empirical information is available to explain the
success of invaders (MANSUR et al. 2012). The arrival and spread
of L. fortunei at the Mirim Lagoon will probably bring rapid
changes in the benthic community as well as the displacement
of other mollusk species, as described by DARRIGAN (2002) and
DARRIGRAN & DAMBORENEA (2005) for other South American fresh
water habitats. Currently, unpublished data suggest that L.
fortunei is much more abundant in the dense vegetated lim-
netic part of the São Gonçalo Channel (61 km long and 17 m
wide) than in the wide open Mirim Lagoon itself (3,749 km2

area) which has few hard subtracts for mussel fixation (LOPES et
al. 2009).

With the invasion of L. fortunei in the Neotropical re-
gion, dietary changes have been noted in omnivorous fishes,
which have switched from a low quality, predominantly plant-
based diet, to an energetically rich diet dominated by invasive
mollusks (MONTALTO et al. 1999, FERRIZ et al. 2000, BOLTOVSKOY et
al. 2006, LOPES & VIEIRA 2012). With the invasion of L. fortunei,
part of the organic matter in the turbid São Gonçalo Channel
will be filtered and modified into a form available to organ-
isms that cannot feed on small particles, like fishes.

LOPES & VIEIRA (2012) shows that 12 of 19 predators in
the Mirin/São Gonçalo Channel feed on L. fortunei. Regardless
of the size and foraging behavior of the predator, individuals
smaller than 14 mm on average are preyed upon. The inci-
dence of individuals of L. fortunei smaller than 14 mm in the
diet of detritivorous fishes like Rineloricaria microlepdogaster and
R. strigilata, which do are not adapted to predate on mollusks,
confirms the hypothesis that individuals of golden mussel up
to 14 mm TL are more vagile than larger individuals (URYU et
al. 1996), and frequently move on the bottom of the São

Table I. Seasonal variation of the Frequency of Occurrence (FO%), Percentage by Number (PN%), Percentage by Area (PA%), and Relative
Importance Index (IRI%) of items found in the diet of Pimelodus pintado during 2005 and 2008.

Items

2006 2008

Summer Autumn Winter Spring Spring

FO% FO% FO% FO% PN% PA% IR% FO% PN% PA% IR%

Small crustaceans  13.51  47.89  65.48  74.15  63.77  40.07  67.76  17.39  7.04  3.64  1.97

Crabs  20.27  2.82  1.19  3.40  0.21  2.34  0.08  21.74  2.18  19.75  5.06

Insects  35.14  60.56  64.29  57.14  15.33  19.27  17.40  65.22  16.26  8.11  16.85

L. fortunei – – –  21.77  5.16  4.49  1.85  60.87  18.83  34.77  31.37

Corbicula spp. –  4.23  11.90  2.72  0.25  0.12  0.01  13.04  1.94  1.02  0.41

Heliobia spp.  27.03  12.68  7.14  16.33  3.16  0.87  0.58  47.83  51.70  9.20  30.88

Fish  70.27  49.30  16.67  21.29  4.28  7.42  2.17  4.35  0.24  2.68  0.13

Plant  2.70  35.21  15.48  39.46  3.23  22.98  9.10  52.17  3.88  17.52  11.84

Other  9.48  4.23  2.38  19.73  1.93  2.07  0.69  26.09  1.94  2.98  1.36

Mineral –  9.86  4.76  13.61  2.70  0.37  0.37  8.70  0.97  0.32  0.12
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Gonçalo Channel, being more available to fish predation than
individuals larger than 14 mm TL, which tend to be clustered
or hindered in crevices of the substrate (LOPES & VIEIRA 2012).
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