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Abstract

The provision of sediment in rivers, due to erosion processes that occur in the environment, consists of a major
source of pollution and alteration of the physicochemical conditions of water resources. In addition, the increase in
water turbidity may cause siltation, dramatically impacting aquatic communities. Specifically considering the bivalve
Corbicula fluminea (Miiller, 1774), the aim of this study was to analyse the effect of exposure to different turbidity
conditions of sediments, as a risk factor for the animals. For this purpose, a docking device was designed to ensure
water circulation in a closed system and to maintain the desired levels of turbidity. Although C. fluminea can generally
tolerate environmental changes in aquatic systems, an intolerance to high turbidity levels was experimentally observed,
expressed by the mortality rate of the animals when exposed to conditions above 150 nephelometric turbidity units
(NTU). This value was similar to the one recorded at study sites in the rivers Pardo (Serrana-SP-Brazil) and Mogi
Guagu (Porto Ferreira-SP-Brazil) during the rainy season. Using a logistic regression model, the experimental results
were analysed and the observed mortality rates indicate that the exposure of the animals to turbidity levels above
150 nephelometric turbidity units (NTU), for periods longer than 120 hours, may be considered a probable cause of
mortality for the species.

Keywords: biodiversity, bivalve, erosion, watershed, logistic regression.

Modelagem do risco de mortalidade de Corbicula fluminea (Miiller, 1774)
(Bivalvia: Corbiculidae) exposta a diferentes condi¢des de turbidez

Resumo

A disponibiliza¢do de sedimentos nos cursos d’agua, em fungdo dos processos erosivos que ocorrem no entorno,
constitui-se e uma das principais fontes de polui¢do e alteracdo das condigdes fisico-quimicas dos recursos hidricos.
Além disso, o aumento da turbidez da agua pode causar assoreamento, impactando drasticamente as comunidades
aquaticas. Especificamente para o bivalve Corbicula fluminea (MULLER, 1774), este estudo teve por objetivo analisar
o efeito da exposicdo a diferentes condi¢des de turbidez, como fator de risco para os animals. Para esta finalidade,
um dispositivo de acoplamento foi concebido para assegurar a circulagdo da agua, em um sistema fechado mantendo
os niveis desejados de turbidez. Embora C. fluminea possa tolerar mudangas ambientais em sistemas aquaticos, foi
observadao experimentalmente, uma intolerancia a turbidez acima de 150 unidades nefelométricas de turbidez (NTU),
um valor proximo ao registrado em pontos de estudo nos rios Pardo (Serrana-SP-Brasil) e Mogi Guagu (Porto Ferreira-
SP-Brasil) durante a estagdo chuvosa. Por intermédio da utilizagdo de um modelo de regressao logistica, os resultados
experimentais foram analisados. As taxas de mortalidade observadas indicam ser a exposi¢do dos animais a niveis de
turbidez acima desse limite e por periodos mais longos do que 120 horas uma provavel causa de mortalidade desta espécie.

Palavras-chave: biodiversidade, bivalve, erosdo, bacia hidrografica, regressao logistica.

1. Introduction

Corbicula fluminea (Miiller, 1774) (Bivalvia:  (Mansur et al., 2004). This species has been the subject
Corbiculidae) is an exotic species which was introduced  of a great deal of research due to its capacity to spread
in South America in 1970 (Ituarte, 1981), probably by means  over large areas and become an important competitor with
of ballast water from ships entering the Rio da Prata estuary ~ native species of freshwater bivalves, potentially causing
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ecological imbalance. High densities of this bivalve (over
200 individuals/m?) have been considered potentially
harmful, both for channelling water and for hydroelectric
power (Mansur and Garces, 1988).

Freshwater bivalves generally live buried in muddy or
sandy riverbeds, at depths which vary according to the size
of the specimens. They feed primarily on phytoplankton.
C. fluminea does not show any preference for a particular
sediment texture (Belanger et al., 1985), substrate, or
vegetation cover, showing a high level of resistance
to changes in physical-chemical parameters of water
temperature and salinity (Kat, 1982).

However, while much of the literature involves scientific
anatomy and functional morphology of bivalves (Hebling,
1976; Avelar and Santos, 1991; Avelar, 1993; Simone, 1994,
1997; Avelar and Cunha, 2009) or addresses reproductive
aspects (Peredo and Parada, 1986; Avelar et al., 1991;
Avelar and Mendonga, 1998; Mansur and Campos-Velho,
2000), there is still no scientific evidence in the literature
that addresses the influence of suspended sediments on
the mortality rates of bivalve populations.

At a watershed level, the rainy season increases the
river’s flow measurement and the velocity of its current,
which is associated with the re-suspension of sediment
particles (Christofoletti, 1981) and the transportation of
solutes caused by erosion of the river margins (Neves et al.,
2006), thereby increasing the turbidity of the water.
Several studies have shown the influence of turbidity
and suspended sediments on the life cycle of aquatic
animals (Henley et al., 2000; Poole and Downing, 2004;
Osterling et al., 2010), specially for suspended sediment
which is the main concern of this study.

Despite the numerous and often interrelated factors
causing the decline of bivalve populations (Andersen,
2002), no scientific study has addressed the causes of the
seasonal decline of C. fluminea populations.

Thus, the objective of this study was to analyse the
mortality of C. fluminea in terms of the turbidity of the
water under laboratory conditions and to establish a
functional relationship amongst the results by means of a
model based on the logistic regression model. This model
has already been successfully used to deal with similar
problems (Venables and Dichmont, 2004; Liao et al., 2007),
and it is a promising tool to try to explain the relationship

between the percentage of molluscs deaths and the water
turbidity levels.

2. Material and Methods

2.1. Location

The study was conducted in two areas located in
micro watersheds in the State of Sdo Paulo, Brazil with
the coordinates (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.

The following abiotic components were monthly
monitored, from October 2007 to October 2008: dissolved
oxygen (in percentage) measured using a Y SI52 Oximeter;
turbidity, analysed with the aid of a portable 2100P
Turbidimeter; temperature (in Celsius); electrical conductivity
(in pS) obtained by using a YSI30 conductivity meter.

2.2. Specimen collection and acclimation

At each study site, 200 C. fluminea, with resembling
size and weight, were collected from the sediment at the
bottom of both rivers using hands or feet.

The specimens collected at each study location
were transported to the laboratory in coolers and packed
separately in batches, which were kept in asbestos boxes
measuring 70 x 70 x 70cm. These containers allowed for
the open circulation of mine water and were acclimatised
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 “ad libitum” with microalgae,
mainly chlorella collected at the study sites and cultured
in the laboratory.

2.3. Experiment to determine the risk of mortality in
C. fluminea

The experiment analysed the effect of turbidity and
any possible influence of the watersheds chosen for the
study, on the mortality of C. fluminea.

A docking device was designed which consisted of
mounting a water pump to a hydraulic system (Figure 1)
in order to ensure water circulation in a closed system and
to maintain the desired levels of turbidity constant in all
the 10 tanks, as described below.

Figure 1. Mill developed for closed circulation of water and maintenance of the turbidity of the experiment: (a) hydraulic
assembly; (b) detail of pipe connections; (c) pump used in the experiment.
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The abiotic components measured in field were
reproduced in 10 aquariums in the experiment.

The water temperature was kept at 27°C and controlled
by heat exchange with the cooled air of the laboratory. This
was monitored with digital thermometers.

The oxygenation of the water was maintained between
9 and 10 mg/L, with the help of aerators.

The electrical conductivity (mS/cm) was measured
by using a conductivity meter which was monitored and
calibrated in order to never exceed the minimum values of
50 mS/cm or maximum of 105 mS/cm, which correspond
to those measured in the field.

During the specimen selection, 167 NTU was the
highest turbidity value measured, which determined the
choice of a maximum turbidity limit of 250 NTU. There
was a subdivision in turbidity levels, setting values to 0,
100, 150, 200 and 250 NTU, which were obtained by
means of adding sediment to the water tanks.

Turbidity conditions were constantly monitored
throughout the experiment by using a turbidimeter, and,
when necessary, levels were calibrated by adding sediments
provided by both rivers (same granulometry) to each tank.

Two hundred molluscs collected in the Mogi-Guagu
River were randomly assigned to five tanks (40 in each)
with turbidity monitored at 0, 100, 150, 200 and 250 NTU.
Using the same procedure, the 200 specimens collected
in the Pardo River were distributed, comprising five
experimental groups, with pre-determined turbidity levels.

Every 24 hours, 1 litre of a specially cultivated Chlorella
sp and Chlamydomonas sp microalgae culture was added to
each tank and readings were taken to evaluate the stability
of water conditions.

Each tank was constantly monitored and, after 120
hours, the number of dead specimens in each tank was
determined.

2.4. Choice of the model

The basic idea was to express mortality as a function
of turbidity levels and to determine whether the type of
watershed could also be considered a factor of influence
on mortality.

In order to analyse the risk of mortality due to turbidity
at both watersheds, a multivariate logistic regression model
was used (Cox, 1983).
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This model was employed due to its ability to relate a
dependent binary variable (in this case, death and survival
categories) to other independent variables and express the
proportion of deaths throughout its range (0-100%) as a
function of other independent variables. Thus, the specific
watershed where C. fluminea was collected could be tested
as a variable to analyse whether it had any significant
effect on mortality.

Since a priori the intrinsic characteristics of each
watershed could exert some influence on mortality of
C. fluminea, each type of river was treated as a covariate.

Mortality was chosen as the dependent variable (Y),
with 1 representing death and 0, survival. The independent
variables were: turbidity (expressed through its natural
logarithm), and the river; with 1 and O representing the
Mogi-Guagu and Pardo rivers respectively.

The significance of the model in relation to the set of
variables was established by using the likelihood ratio test
and the contribution of each independent variable in the
model was tested by using the Wald test.

After adjusting the model, confidence intervals were
obtained by means of these tests, with an index of 95%
for the parameters chosen and an estimate for the median.

3. Results

Abiotic components were monthly monitored at both
collection sites, from October 2007 to October 2008
(Figure 2). During the rainy season, there was an increase not
only in the electrical conductivity, but also in the turbidity
levels of both rivers. However, these increases were more
significant in absolute terms in the Mogi-Guagu river.

Results of the experiment suggested that turbidity
levels (Table 1) were a significant variable in explaining
mortality. The mortality rate for C. fluminea exposed to
turbidity levels of 150, 200 NTU and 250 for 120 hours
was over 50% for the studied specimens.

The logistic regression model, adjusted for the two
variables for the log-likelihood function, resulted in a value
of —204.54, and the p-value for the c*(2)=116.0 was lower
than 0.0001, confirming the significance of the model.
Using the Wald test, the p-values for the coefficients of
the variables were all smaller than 0.0001, except for the
variable of the river (p = 0.167), indicating that it did not
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Figure 2. Graphical representation of changes in abiotic parameters, between October 2007 to October 2008: (a) river Mogi-

Guagu; (b) river Pardo.
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Table 1. Mortality percentage of C. fluminea individuals collected in river Mogi Guagu and river Pardo, exposed to five

levels of turbidity, for 120 hours (n = 400).

Turbidity (NTU)
0 100 150 200 250
River M. Guagu 0 20 55 60 65
River Pardo 0 25 62.5 57.5 70
contribute significantly to the model and could therefore 10
be deleted. 0oL
The final model, reformulated without the river variable, H
resulted in a value of —204.79 for the log-likelihood T
function, which was almost identical to that in which the Ly
river variable was included. This confirmed the watershed’s 061
lack of influence on the mortality rate of C. fluminea. The %' 051
likelihood ratio test produced a p-value on the distribution é 0al
c(1) less than 0.0001, confirming the significance of the !
model. The p-values for the coefficients of the model 03
resulting from the Wald test were lower than 0.0001. 02+
The final model was therefore as follows (Equation 1): o1l
e—10.035+1.979xln(Turb) 0.0 I t - + } + + + t + t +
Y = (@8] 0 50 100 150 200 250 300
1 + e—10.035+1.979><1n(Turb) turbidity

Figure 3 shows a graph of the model: (Figure 3)

4. Discussion

This study found data to support the idea that an increase
in turbidity levels can be linked to higher mortality rates
for the C. fluminea species. This helps to explain a seasonal
decline in the population, especially during the period of
intense hydro-meteorological events (November-January),
due to the fact that both the studied watersheds have a high
potential erosion risk. The sediments, although natural
components of water bodies, can modify aspects of the
waterway hydrology when deposited in great amounts.
This is especially the case when the phenomenon of
sedimentation occurs, which can reduce light penetration
in the euphotic zone of the water column, drastically
affecting primary production and consequently population
dynamics (Neves et al., 2006).

The abiotic parameters of the watersheds for the
studied period can be explained by the increase in the
flow measurement, which causes the re-suspension of
not only sediment particles, but also organic matter and
chemical elements that had been deposited in the riverbeds.
Rainfall occurring over long periods, whether continuous
or briefly interrupted for short periods of time, may have
resulted in the high levels of sediment recorded in these
rivers, which in turn may explain the high mortality rate
of specimens tested.

A 50% mortality rate was recorded amongst specimens
from both rivers after having been exposed under laboratory
conditions to turbidity levels of 150 NTU or above, for 120
hours and may be similar to that observed under natural
conditions, considering turbidity levels measured in both
rivers during the rainy season.
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Figure 3. Modelling mortality of C. fluminea (0 = death, 1=
mortality) as a function of turbidity (NTU).

In the Pardo river, the abiotic conditions monthly
measured indicate a probable critical period for the mortality
of C. fluminea in the month of January, when maximum
turbidity levels are reached. In the Mogi Guagu river,
however, monthly readings from 2007 and 2008 indicated
high levels of turbidity that persisted from January to
March, suggesting a longer critical period for the survival
of C. fluminea there.

The results of the experiments testing turbidity levels
of 200 and 250 NTU were similar to those for 150 NTU
conditions, and suggest that the time of exposure to the
turbidity is a determining factor in the death or survival
of the specimens (Neves et al., 2009). 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 may have led to a decline in
the local population of the species.

Frissell et al. (1986) and Davies et al. (2000) found
that the degradation and fragmentation of the environment
often lead to the decline of local and regional biodiversity.
Poole and Downing (2004) state that, in terms of global
biodiversity, freshwater bivalves are among those who
suffer the most rapid decline. However, local causes
are often unclear. Thus, the results of this study, when
combined with Vianna’s (2009) observations of mortality
rates among C.fluminea at the same study sites, may
indicate that the animals lose the ability to avoid adverse
environmental stimuli, either by burial or horizontal
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displacement, deficiency of oxygen (Brafield, 1963), or
spatial competition (Kat, 1982).

Henley et al. (2000) showed that suspended sediment
and turbidity are significant contributors to the decline of
populations of aquatic organisms in North America. In
addition, turbidity can affect the recruitment and density of
molluscs in environments affected by the entry of sediment
into the system (Osterling, 2010), which corroborates the
results of this study. This study was particularly interested in
the role of sediments as a cause of mortality of C. fluminea
and found evidence to suggest this species’ intolerance to
a long exposure to high turbidity.

Finally, the use of a multivariate logistic regression model
proved to be very effective and was of vital importance to
assessing the risk of mortality to C. fluminea as a function
of turbidity. This model could be useful as a preventive
tool to analyse and quantify the environmental impact
of turbidity and sedimentation C. fluminea’s life cycle.
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