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Abstract: The erosion of rural watersheds, especially in the rainy season, deposit sediments in the waterways, and
subsequently brings about one of the most important physicochemical changes in our water resources: the rise in their
turbidity parameters. For freshwater bivalves, changes in water turbidity have a significant impact because they are filter
feeders and depend on stable water conditions to regulate their physiological functions. Our preliminary studies have already
demonstrated Corbicula fluminea’s (Miiller 1774) intolerance to increases the turbidity of the water. In the current paper, we
conducted research in the watersheds of the Pardo and Mogi rivers (State of Sdo Paulo - Brazil). Under laboratory conditions,
we did not observe statistical differences in the mortality rate of C. fluminea to turbidity levels of 150, 200 and 250
nephelometric turbidity units (NTU). Mortality rates of approximately 50% were observed when the specimens were exposed
to these conditions for 96 to 120 hours. Results indicate that the species is sensitive or even intolerant to changes in turbidity,
caused by suspended sediment, which explains the high mortality and the seasonal decline in the population of this species
during rainy periods. The methodology used in this research, supported by the results produced, may indicate a new way of
studying the decline of molluscan biodiversity that has been observed throughout Brazil.
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Freshwater bivalves generally live buried in muddy or
sandy riverbeds, at depths which vary according to the size
of the specimens. C. fluminea does not show any
preference for a particular sediment texture [3] or substrate
or vegetation cover, showing a high level of resistance to
changes in physical-chemical parameters of water
temperature and salinity [4]. The rainy season increases a
river's flow measurement and the velocity of its current,

1. Introduction

Corbicula  fluminea  (Miiller 1774)  (Bivalvia:
Corbiculidae), is an exotic species in Brazil. It was
introduced into South America in 1970 [1], probably by
means of ballast water from ships entering the Rio da Prata
estuary. This species has been the subject of much research
due to its capacity to spread over large areas and become an

important competitor with native species of freshwater
bivalve, potentially causing ecological imbalance. C.
fluminea has attracted special attention from the academic
community due to its negative economic impact and the
potential risk it poses to native fauna. These events are
results of its successful dispersal strategies and subsequent
increased competition for space and food. High densities of
this bivalve (over 200 individuals/m?) have been found to
be potentially harmful, both for channelling water and for
hydroelectric power [2].

which is associated with the resuspension of sediment
particles [5] and the transportation of solutes caused by the
erosion of the river margins [6]. These lead to an increase
in the water's turbidity. Several studies have shown the
influence of turbidity, specifically suspended sediments, on
the life cycle of aquatic animals [7, 8, 9], which is the
central concern of this study.

The factors causing the decline of bivalve populations
are numerous and often interrelated [10]. However, while
much of the literature involves scientific anatomy and
functional morphology of bivalves [11-16] or addresses
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reproductive aspects [17, 18, 19], there is still no scientific
evidence in the literature that addresses the influence of
suspended sediments on the mortality of bivalve
populations.

To this end, the objective of this study was to analyse,
under laboratory conditions, the mortality of C. fluminea in
terms of the turbidity of the water and time of exposure,
and evaluate how these factors influence the mortality of
the species.

2. Material and Methods

2.1. Sites Location
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Figure 1

The study was conducted in two areas located in micro
watersheds in the State of Sdo Paulo, Brazil with the
coordinates of (21°10'44, 9"S and 47°34'30,5"W) for the
Pardo River and (21°50'36,1"S and 47°29'44,5"W) for the
Mogi Guacu River. In both sites, the following abiotic
components were monitored monthly, from October 2007
to October 2008: dissolved oxygen (in percentage) and
temperature (in Celsius) measured using a YSI 52 Oximeter
(YSY Inc., USA); turbidity, analyzed with the aid of a 2100
portable Turbidimeter (Hach USA); and electrical
conductivity (in uS) obtained using a YSI 30 conductivity
meter (YSY Inc, USA). (Figs 1 and 2).
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Figures 1 & 2. Graphical representation of changes in abiotic parameters in the river Mogi-Guagu (F.1) and river Pardo (F.2) between October 2007 to

October 2008.
2.2. Specimen Collection and Acclimation

At each study site, 200 specimens of C. fluminea were
collected groping the riverbed sediment of both sites. Thus,
the specimens collected were transported to the laboratory
in coolers and packed separately in batches into asbestos
boxes measuring 70x70x70cm. These containers allowed
for the open circulation of water and were acclimatized to a
temperature of 27°C for 72 hours. This temperature
represents an average summer temperature for both the
Mogi-Guagu and Pardo rivers. During both the acclimation
and experimental phases, the bivalves were fed, once a day,
with one liter of microalgae added to the water of the
containers, mainly chlorella collected at the study sites and
cultured in the laboratory.

2.3. Experiment to Determine the Mortality in C.
Fluminea

An experiment was designed to investigate the effect of
duration of exposure to turbidity, on the mortality of C.
fluminea. A docking device was designed which consisted of
mounting an electric water pump to a hydraulic system
consisting of connected water pipes (Fig.3) to ensure water
circulation in a closed system and maintain the desired
levels of turbidity constant in the 10 tanks, as described
below. The abiotic factors measured in the field, were
reproduced in 10 aquariums in the experiment.

Figure 3. Mill developed for closed circulation of water and maintenance
of the turbidity of the experiment. A. Water circulation. B. Tanks. C. Pump

The water temperature was kept at 27°C and controlled by
heat exchange with the cooled air of the laboratory; the
oxygenation of the water was maintained between nine
and10 mg/L, with the help of aerators; the electrical
conductivity (uS/cm) was measured using a conductivity
meter, calibrated to not exceed the minimum values of
50puS/cm or maximum of 105uS/cm.

During the specimen collection, the highest turbidity
value measured in river was 167 NTU (Mogi River), which
determined the choice of an extreme turbidity limit of 250
NTU. A range of turbidity levels were used in the
experiment of 0, 100, 150, 200 and 250 NTU, which were
obtained through adding river sediment to the water tanks.
The desired turbidity levels in the experiments was
performed by addition of sediment taken from the river in
which each group of animals was collected. Once the
turbidity levels were calibrated, the experiments were
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conducted separately and thrice a day monitored using a
turbidimeter device, as before described.

For the porpoise of the experiments, two hundred animals
were collected in the Mogi-Guagu River and other two
hundred in the Pardo River. The animals provided by
Mogi-Guagu River were randomly assigned to five tanks (40
in each) with turbidity monitored at 0, 100, 150, 200 and 250
NTU. The 200 specimens collected in the Pardo River were
distributed using the same procedure, resulting in five
experimental groups with pre-determined turbidity levels.
Once a day, one liter of a specially cultivated Chlorella sp
and Chlamydomonas sp microalgae culture was added to
each tank and readings were taken thrice a day, to ensure the
stability of the water parameters.

The percentage mortality of individuals was recorded in
each tank, after 24, 48, 72, 96 and 120 hours of experiment,
and dead animals were removed from the tanks to have the
palial cavity analyzed.

2.4. Procedure to Analyze the Palial Cavity of C.
Fluminea Specimens

We chose specimens which had been submitted to
turbidity levels of 200 NTU and died in the experiment, to
analyze the palial cavity. This methodology was chosen
because this level of turbidity was the closest to that
recorded in the field. It was also chosen because there was
no significant differences, after 96 hours of exposure,
between the mortality rates of specimens at 150, 200 and
250 NTU (see homogeneity test). In this way, in every 24
hours, the C. fluminea specimens that had died within the
period were fixed and sorted by time of exposure to
turbidity (Fig. 4).
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Figure 4. Scans of dissected specimens at various exposure times.A.
control.B. 24 hours. C. 48 hours. D. 72 hours. E. 96 hours. F. 120 hours.

Dead specimens were then dissected in the following
manner: their anterior and posterior adductor muscles were
cut and the right valve removed, exposing the right face of
the soft tissue while keeping the left valve intact. The

specimen was subsequently submerged in water in a petri
dish. Each petri dish was then placed on the scanner table
and images were obtained at a resolution of 1,200 dpi.
Images were further processed using Adobe® Photoshop®,
in order to isolate only the image of interest.

3. Results

Monitoring of abiotic components was carried out at both
collection points from October 2007 to October 2008 (see
Figs 1 and 2). In this rainy season, there was an increase in
not only the electrical conductivity, but also the turbidity
levels of both rivers. However, these increases were more
significant in absolute terms in the Mogi-Guagu River.

Daniel's homogeneity test [20] was used to analyze
whether there were significant differences (at a significance
level of 5%) in mortality between the specimens from the
rivers Pardo and Mogi Guagu for the three levels of
turbidity (150, 200 and 250) over a period of 96 hours and
120 hours and results were: 4.1758 (Pardo, 96 hrs.), 1.3636
(Pardo, 120hrs), 3.0861 (Mogi-Guagu, 96hrs) and 0.8333
(Mogi Guacu, 120hrs).The value distribution tabulated in
%2 (2) is 5.99 for the significance level of 5%. In this regard,
the values obtained were lower than in the tests tabulated
value, implying that there was no significant difference in
the mortality rates for both exposure times to turbidity (96
and 120 hours) at rates of 150, 200 and 250 NTU (see
Tables 1 and 2), for both samples of animals from the rivers
Pardo and Mogi-Guagu. Over 50% of specimens exposed
to turbidity levels of 100 NTU remained alive for more
than seven days.

Table 1. Percentage mortality of C. fluminea, collected in the Mogi Guagu
River, exposed to different levels of turbidity, for sediment origin. Values
represent the mean of three replicates (n=600).

) Turbidity (NTU)

Time (hours) 0 100 150 200 250
24 0 0 0 0 0
48 0 0 0 0 0
72 0 0 25 0 25
96 0 25 30 47,5 32,5
120 0 20 55 60 65

Table 2. Percentage mortality of C. fluminea, collected in the Pardo River,
exposed to different levels of turbidity, for sediment origin. Values represent
the mean of three replicates (n=600).

) Turbidity (NTU)
Time (hours) 0 100 150 200 250
24 0 0 0 25 5
48 0 0 25 0 0
72 0 0 10 5 17,5
96 0 25 40 22,5 425
120 0 25 62,5 57,5 70

Further, by the observation of the palial cavity, we found
clear evidence of the presence of sediment (Fig. 4). It
should be noted, however, that this procedure could not
provide an exact particle-size or volume of how much
sediment entered the cavity, as fixation procedures and
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subsequent handling of the specimen during dissection,
mounting and scanning will interfere with these values.
After the experiments, surviving animals were sacrificed
and disposed of as hospital discharge.

4. Discussion

The increase in turbidity in both sites is caused by erosion
occurring upstream of the points studied, particularly in
regions where the buffer zones have been depleted (riparian
vegetation). This erosion sets off a chain of
hydro-sedimentological processes, which culminate in a
number of environmental problems. Thus, the abiotic
parameters of the watersheds for the period studied can be
explained by the increase in the flow measurement, which
causes the resuspension of not only sediment particles, but
also organic matter and chemical elements which had been
deposited in the riverbeds. This is further aggravated by the
discharge of domestic sewage; industrial effluents; and
organic matter and various solutes from agricultural
activities, which are deposited into the rivers via runoff. This
helps to explain a seasonal decline in the population
especially in  during the ©period of intense
hydro-meteorological events (November-January).

Both watersheds studied have a high potential erosion risk.

This characteristic in a result of several key features which
include: inadequate soil management; lack of riparian cover;
monoculture; soils which are susceptible to erosion; and the
high frequency and intensity of hydro-meteorological events
[21]. These key features combine to increase erosion and
carry sediment to the rivers [6].

In studies conducted in these two particular watersheds
[22], an increased mortality rate of C. fluminea was
observed during the rainy season, leading to a reduction in
the local population. In preliminaries studies, we modelled
the risk of mortality of C. fluminea as a function of elevated
turbidity in the river of origin using multivariate logistic
regression, and our results supported the idea that an
increase in turbidity levels can be linked to higher mortality
rates for the species C. fluminea.

Experimentally, in this study, a mortality rate between 30
to 70% of the sample was recorded amongst specimens from
both rivers after having been subjected to the experimental
conditions in the range between 150 to 250 NTU, with an
important percentage of deaths, starting at 96 hours of
exposure (see Tables 1 and 2). The mortality rate observed in
the experiments may be similar to that occurs under natural
conditions, considering turbidity levels measured in both
rivers during the rainy season [22]. This study found data to
support the idea that increases in turbidity levels, in nature,
(over 150 UNT) can be linked to higher mortality rates for
the species, C. fluminea, when exposed to these conditions
for over 96 hours.

Rainfall occurring over long periods in the watershed,
whether continuous or with brief interruptions [22], can raise
turbidity levels for several days, dramatically increasing the
amount of time the C. fluminea is exposed to elevated levels

of turbidity, originated by runoff [6]. The increase in
turbidity appears to be dramatic for the C. fluminea, and can
induce the animals behave in such a way as to prevent the
opening of the valve, i.e. immobilizing it. This presumed
immobility is associated with the absence of feeding and gas
exchange with the environment, which could contribute to
the lethargy of animals, allow fine sediment to enter into the
palial cavity and eventually lead to death.

Results suggested that not only the turbidity levels, but
also the time of exposure, were significant variables in
explaining mortality. This helps to explain a seasonal decline
in the population, especially in during the period of intense
hydro-meteorological events (November-January) i.e. the
rainy season, in both watersheds studied. Even so, there are
strong indicators to suggest that this sediment is a factor in
the mortality of C. fluminea. Specimens in the control
group showed no alterations in the palial cavity examination.

The results of this study also may indicate that the animals
lose their ability to avoid adverse environmental stimuli,
either by burial or horizontal displacement, deficiency of
oxygen [23] or competition for space [4] and that suspended
sediment and turbidity [7] contribute significantly to the
decline of aquatic organisms populations.

5. Conclusions

A systemic analysis of the results points to the
characteristics of the watershed surrounding the main study
site as having a significant effect on the composition of the C.

fluminea community and their environment, and therefore

leading to a decline in the local population of the species.

It is possible that the intensification of erosion processes,
driven by various rural economic activities in the watersheds
studied, and a subsequent increase in turbidity, could be one
of the probable causes of the decline of the bivalves studied,
as well as the decline of native mollusk biodiversity, as
noticed in Brazilians watersheds.
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