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Abstract

Cylindrospermopsis raciborskii is a cyanobacterium distributed worldwide that is known to produce cyanotoxins.
Some of the Brazilian strains can produce saxitoxins (STXs), which are classified as neurotoxins and can paralyze
cladocerans .Daphnia laevis is a cladoceran with a wide distribution in the Americas and has been studied as a
possible test-organism in toxicity bioassays. The present work tested the acute effect on D laevis mobility when fed a
saxitoxin-producing (STX and neoSTX) C. raciborskii strain, CYRF-01, and compared the results with the effects of a
non-toxic strain (NPCS-1). Neonates (6-24 hours after birth) were exposed to concentrations of C. raciborskii varying
from 10% to 10° cells'-mL"" of each strain for up to three hours. The cladocerans were then transferred to a medium
without toxic filaments for 24 hours. Only the organisms exposed to the STX-producing strain showed signs of the
immobilization of swimming movements, confirming the effects of the toxins. There was a linear correlation between
the time required to induce stopping the swimming movement, with a shorter time to needed to induce immobilization
at a higher the concentration; this correlation was inverse to the time required to recover the swimming movements
(longer at higher concentrations, p < 0.1). D. laevis is a tropical and subtropical species with great potential for use in
toxicity tests for the detection of STXs, despite being native to and found in a great array of freshwater bodies. This
is the first assay testing STX-producing and non-producing C. raciborskii strains on D. laevis, species that are both
found in Brazilian ecosystems.
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Efeitos de cepas de Cylindrospermopsis raciborskii (Woloszynska, 1912),
Senayya & Subba Raju na mobilidade de Daphnia laevis
(Cladocera, Daphniidae)

Resumo

Cylindrospermopsis raciborskii ¢ uma espécie de cianobactéria, difundida mundialmente, conhecida como produtora
de cianotoxinas. Algumas linhagens brasileiras sdo conhecidas como produtoras de saxitoxinas (STXs), as quais sdo
classificadas como neurotoxinas e podem induzir a paralizagdo dos movimentos natatorios em cladoceros. Daphnia
laevis é um cladocero de ampla distribui¢ao nas Américas e tem sido estudado como um organismo teste para uso
em ensaios de toxicidade. Neste sentido, o presente trabalho avaliou os efeitos agudos de C. raciborskii, de uma cepa
produtora de STXs (STX e neoSTX) - CYRF-01 e outra ndo produtora de cianotoxinas (NPCS-1) sobre a mobilidade
de D. laevis. Para tanto, neonatas entre 6-24 horas de idade foram submetidas a concentragdes de C. raciborskii
variando de 10? a 10° céls.mL"!' de ambas as cepas, por um periodo de 3 horas, e transferidos posteriormente para um
meio isento de filamentos toxicos por 24horas. Apenas os organismos expostos a cepa produtora de STXs apresentaram
paralisia dos movimentos natatorios, confirmando o efeito da cianotoxina. Houve uma correlagéo linear entre o tempo
de paralizag@o e as concentragdes, isto €, nas concentragdes mais altas, os organismos paralisaram num curto periodo
de tempo, e conseqiientemente, levaram mais tempo para se recuperar (p < 0,1). D.laevis ¢ uma espécie de regido
tropical e subtropical com potencial uso em bioensaios para detec¢ao de STXs. Trata-se dos primeiros relatos acerca da
resposta de D.laevis quando submetida as cepas de C. raciborskii produtora e ndo produtora de STXs, ambas isoladas
de ecossistemas brasileiros.

Palavras-chave: cianobactérias, saxitoxinas, Cladocera.
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1. Introduction

Blooms of cyanobacteria are generally associated with
the eutrophication of freshwater bodies (Sigee, 2005).
According to Kaebernick and Neilan (2001), cyanotoxins
are classified according to their toxicity in animals due
to dermatotoxins (lyngbyatoxins and aplysiatoxins),
hepatotoxins (cylindrospermopsins [CYNs], microcystins
[MCYSTs] and nodularins [NODs]) and neurotoxins
(saxitoxins [STXs] and anatoxins [ANTs]).

Saxitoxins are also known as paralytic shellfish toxins
(PSTs) or poisons (PSPs) (Zagatto et al., 2012). These
alkaloids are a group of neurotoxin carbamates that inhibit
the propagation of nerve impulses in mammals through the
blockage of sodium channels, which causes neuromuscular
paralysis (Chorus and Bartram, 1999). According to Oshima
(1995), there are 30 saxitoxin analogs in this group, with
differences in toxicity and time course of action, including
N-1 hydroxysaxitoxin or neosaxitoxin (neoSTX), the
11-sulfate analogs of STX and neoSTX called gonyautoxins
(GTX) and the 6 N21 sulfo derivatives of STX, neoSTX
and GTX toxins B1, B2 and C1 to C4 (Mahmood and
Carmichael 1986; Chorus and Bartram 1999).

The cyanobacteria reported in the literature able
to produce STXs are as follows: Anabaena circinalis
and Aphanizomenon. (Chorus and Bartram, 1999);
Anabaena lemmermannii (Kaas and Henriksen, 2000);
Cylindrospermopsis raciborskii (Lagos et al., 1999); Lyngbya
wollei (Chorus and Bartram, 1999; Carmichael et al., 1997)
and Planktothrix (Pomati et al., 2000). C. raciborskii
has been considered an invasive species (Jardim and
Azevedo, 2006), and blooms have been reported in several
countries, with toxic strains being reported to produce
cylindrospermopsin. Strains of C. raciborskii have also been
reported to produce saxitoxins in Brazilian waters (Lagos
etal., 1999; Molica et al., 2002; Ferrao-Filho et al., 2007).

According to Ferrao-Filho and Kozlowsky-Suzuki (2011),

there are few studies showing the effects of saxitoxins on
freshwater zooplankton species. Among other reports, Haney
et al. (1995) exposed Daphnia carinata to both filtered
culture and purified STX produced by Aphanizomenon
flos-aquae. Nogueira et al. (2004) administered purified
saxitoxins produced by Aphanizomenon issatschenkoi
to the cladoceran Daphnia magna, whereas Soares et al.
(2009b) exposed D. magna to an STX-producing strain
(CYRF-01).

The inhibition of swimming movements in aquatic
organisms is a common effect of STXs. Lefebvre et al.
(2005) exposed the fish species Clupea harengus pallasi to
STX and observed that these animals showed a reduction
in their spontaneous swimming response; however, the
animals recovered their swimming ability after four to
24 hours of continuous exposure.

Similarly, studies using the cladoceran Daphnia pulex
have demonstrated that the presence of STXs compromise
the swimming ability evaluated by the average distance
travelled and average speed (Ferrdo-Filho et al., 2007).
Later, Ferrao-Filho et al. (2010) conducted a series of
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bioassays exposing D. pulex and Moina micrura to the
neurotoxic C. raciborskii strain CYRF-01 for three hours
and reported that these animals are able to recover their
swimming ability after being transferred to a vial without
toxic filaments. These authors emphasize the importance of
bioassays testing the toxicity of cyanotoxins using a greater
number of tropical and subtropical species. Eventually,
a standardization of the procedures will translate into a
higher correlation between environmental conditions and
the bioassays, providing us with better prediction tools.

Daphnia laevis is widely distributed in all of the Americas
(Matsumura-Tundisi, 1984) and has been investigated
for its potential as a test-organism in ecotoxicological
bioassays (Fonseca and Rietzler, in prep.). The species
would make a better option than the usual “non-native”
organisms by conferring a greater ecological relevance to
the studies because a native species is more effectively
able to represent the local environmental conditions. This
would guarantee more reliability and a direct interpretation
of the results.

To this end, we tested the effects of C. raciborskii
strains that are producers and non-producers of STXs
(STX and neoSTX) isolated from tropical ecosystems
on the mobility of D. laevis. The results presented here
constitute the first report of the response of D. laevis when
exposed to these toxins.

2. Material and Methods

2.1 Organisms

The STX-producing strain of C. raciborskii (CYRF-01)
was originally isolated from Funil reservoir (Resende, Rio
de Janeiro State - Brazil - 22° 317427 S, 44° 33°49” W).
The strain that does not produce STXs, herein NPCS-1, was
isolated from Custodia reservoir (Custodia, Pernambuco
State - Brazil — 08° 05”157 S, 37° 38 35” W).

Both strains were kindly provided by the Laboratory of
Ecophysiology and Toxicology of Cyanobacteria (LETC,
Federal University of Rio de Janeiro, Rio de Janeiro -
Brazil) and maintained in the Ecotoxicology Laboratory
of the Federal University of Itajuba (Itajuba, Minas Gerais
State - Brazil). The production or “non-production” of
saxitoxins is commonly confirmed by high performance
liquid chromatography - HPLC for both strains.

Two cultures of each strain (CYRF-01 and NPCS-1)
were grown in ASM-1 medium (Gorham et al., 1964) with
the pH adjusted to 7.5, continuous aeration, a temperature
0f 2442 °C and light intensity of 26 pmoles photons.m2.s".
The medium was replaced every four days for each culture
to maintain them in an exponential growth phase, and the
samples for testing were collected at the time of replacement.
The cell density counts of both strains were performed
using a Fuchs-Rosenthal hemocytometer.

The initial D. laevis specimens were isolated from Lagoa
da Pampulha (Belo Horizonte, Minas Gerais - Brazil) and
provided by the Biology Institute (Universidade Federal de
Minas Gerais, Belo Horizonte, Brazil). These organisms
were maintained in ground water, with the pH adjusted to
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7.4 and an average hardness of 34 mg.L™' CaCO,, and kept
in an incubator with a photoperiod of 12/12 h light/dark
and a temperature of 23+2 °C. The animals were fed daily
with Pseudokirchneriella subcapitata at a concentration
of 10° - cells'mL"! cultivated in Oligo medium according
to NBR 12713 (ABNT, 2009).

2.2. Quantification of saxitoxins (STXs) and
neosaxitoxins (neoSTXs)

The quantification of STX and neoSTX in the cell
extract (CYRF-01) was assessed using HPLC following
the methods described by Oshima (1995) in collaboration
with Laboratory of Ecophysiology and Toxicology of
Cyanobacteria (LETC, Federal University of Rio de
Janeiro, Rio de Janeiro - Brazil).

Before lyophilization, the samples were frozen and
thawed to guarantee proper cell lysis. For the extraction
of toxins, 5 mL 500 mM acetic acid was added to the
lyophilized material, and the solution was subjected to
magnetic stirring for 2 h and then centrifuged for 30 min
at 10,000 rpm. The procedure was repeated twice, and the
supernatants were combined and filtered through nylon
filters (Millipore) of 0.45 p and 13 mm diameter.

STX and neoSTX were analyzed using a Shimadzu
HPLC system with an orthosilicate or C18 silica reversed-
phase column (125 mm x 4.0 mm, 5 mm; Lichrospher
100RP 18). The chromatographic conditions were as
follow: mobile phase of 2 mM heptanesulfonate in 30 mM
ammonium phosphate and 6% acetonitrile, pH 7.1 (flow rate
of 1 mL.min). The toxins were detected using a fluorometric
detector, with excitation wavelength at 330 nm and emission
at 390 nm. The toxins were identified and quantified by
comparison with the retention time and integrated areas
acquired from commercial standards. The standards were
purchased from the Institute of Marine Bioscience, National
Research Council of Canada (Halifax, Canada).

2.3. Acute toxicity bioassay

The methodology used follows that proposed by
Ferrao-Filho et al. (2010), with five repetitions aiming to
detect the effects of neurotoxins in D. laevis. Only intact
cells of C. raciborskii were used, and this methodology
consists of two distinct phases.

Exposure phase: In this phase, D. laevis neonates,
ages varying from 6 to 24 hours after birth, according to
the recommendations proposed by NBR 12713 (ABNT,
2009), were exposed to different densities of C. raciborskii
strains CYRF-01 and NPCS-1 at concentrations of 10,
103, 10%, 10° and 10° cells.mL"', in addition to the control
solution (water in which the animals were maintained). For
each of the treatments (concentrations), 10 neonates were
kept in Erlenmeyer flasks with 20 mL of algal suspension
in three replicates. The mobility of the D. laevis individuals
was evaluated after 30 minutes and 1, 2 and 3 hours of
exposure by counting the immobilized and dead individuals.

Recuperation phase: At three hours after being
exposed to the treatment, all of the organisms (that is
also true for control treatment) were transferred to new
solutions with only cultivation medium and P. subcapitata
at a concentration of 10 cells.mL"'. The mobility of the
individuals was observed at 15 and 24 hours after exposure.
At the end of this phase, the number of animals that showed
no signs of difficulty in swimming or were immobilized
or dead was counted.

2.4. Statistical analysis

An exponential regression model was utilized for
the stage of exposure, with the STX concentration as
the dependent variable and the immobilization time of
Daphnia as the independent variable. The same model
was performed for the recovery phase using the STX
concentration as the dependent variable and the recovery
time of organisms as the independent variable. To achieve
this adjustment, we used Statistica version 7.0 (Statsoft,
2007). The actual time for the immobilization of 50%
of the individuals (ET,)) was calculated using the tool
analysis ‘probit’ of SPSS 8.0 (Statistical Package, 1997).

3. Results

The concentrations in the tested solutions were
estimated from the quantification of STX and neoSTX in
the cell extract (Table 1). The results showed that all of
the neonates of D. laevis at the highest concentration of
STX and neoSTX were immobilized after 30 minutes of
exposure (Figure 1). Similarly, all of the organisms exposed
to concentrations of 10* to 10° cells.mL! (see the STX
concentrations in Table 1) were immobilized in a period

Table 1. Concentration of saxitoxins (STXs) and neosaxitoxins (neoSTXs) detected in C. raciborskii (CYRF-01) strains for

bioassays with D. laevis.

Concentrations of neurotoxins (ng.EqSTX.L")

Concentration CYRF STX neoSTX
4 : .
(cells.mL™) Bioassays 1,2,3,4 ¢ 5 Bloz;ssay B;gz::s:gs

10° 14 12 55
10° 1.4 1.2 0.55
104 0.14 0.12 0.055
103 0.014 0.012 0.0055
10% 0.0014 0.0012 0.00055
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Figure 1. Gross results of acute bioassays with D. laevis exposed to different cellular concentrations CYRF- 01 strain.
These consisted of two phases: exposure phase — when cladocerans were exposed by 3 hours at a range of concentrations of
CYRF-01; and recovery phase — when the cladocerans were exposed to P.subcapitata (concentration of 10° cells. mL™! by

15 and 24 hours. The control treatment consisted of only water cultivation (stage of exposure) and P. subcapitata (recovery
phase). The arrows indicate the time that was a greater number of paralyses.

shorter than three hours (Figure 1). The neonates exposed  in the exposure phase, that is, recovery requires a longer
to lower concentrations (10? to 103 cells.mL™; Table 1)  period of time for animals exposed to higher concentrations
showed a higher variation in their immobilization response.  (Figure 1). The recovery results were tested and confirmed
In contrast, the D. laevis exposed to C. raciborskii that  statistically (Table 2).
do not produce STXs and the control (exposed to culture The values for the effective time of immobilization
medium) retained their ability to swim during the entire  of 50% of the organisms (ET, ) corroborate the untreated
exposure period. These results were confirmed by the  results, and we can predict a stabilization of the time required
statistical analysis, as shown by the regression equation  for the immobilization response at higher concentrations
in Table 2, whereby earlier immobilization and a longer ~ (Table 3). It is irrefutable that toxins at concentrations
recovery time occur with a higher concentration. higher than 10* cells.mL™" produced similar results (ET,),
The recovery phase (organisms were exposed to only  indicating that 10* cells.mL" is the minimum concentration
culture water and food) corroborate the results obtained

required to induce a saturation response by D. laevis.
26
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Table 2. Regression equations of the concentration of STX (ng.EqSTX.L ™), (y) against exposure and recovery time, hours,
(x) in different days of evaluation using D. laevis as a test-organism.

EXPOSURE TIME (Immobilized Organisms)

Time (hours) Equation r’ S,

Bioassay 1

0.5 20.62053.exp(18.639.X)* 0.414 0.17154178

1 23.19218.exp(10.57982.X)* 0.294 0.08646951

2 24.48933.exp(8.38500.X)* 0.298 0.08902688

3 26.31517.exp(5.45519.X)* 0.282 0.07959302
Bioassay 2

0.5 14.56997.exp(38.37920.X)™ 0.446 0.19935482

1 21.38739.exp(18.41823.X)* 0.313 0.09803405

2 21.90147.exp(17.16027.X)* 0.291 0.08460629

3 22.15892.exp(16.54003.X)* 0.279 0.07811658
Bioassay 3

0.5 8.99118.exp(62.64017.X)™ 0.702 0.49326256

1 18.58039.exp(25.80457.X)* 0.409 0.16731020

2 21.64430.exp(17.78629.X)* 0.302 0.09125884

3 23.45092.exp(13.51301.X)* 0.280 0.07858988
Bioassay 4

0.5 15.06849.exp(36.6093.X)™ 0.495 0.24511170

1 21.13076.exp(19.05622.X)* 0.324 0.10488794

2 22.15892.exp(16.54003.X)* 0.279 0.07811658

3 22.15892.exp(16.54003.X)* 0.279 0.07811658
Bioassay 5

0.5 18.07516.exp(27.2306.X)* 0.428 0.18364957

1 23.45128.exp(13.50989.X)* 0.310 0.09625661

2 24.74929.exp(10.61046.X)* 0.281 0.07905193

3 24.74929.exp(10.61046.X)* 0.281 0.07905193

RECOVERY TIME (Mobile Organisms)

Bioassay 1

15 29.60.exp(—2620.47.X)* 0.984 0.96876809

24 32.16.exp(-5497.83.X)* 0.911 0.83055550
Bioassay 2

15 29.696.exp(—632.791.X)* 0.964 0.29435850

24 28.0256.exp(—15.2754.X)* 0.828 0.68575704
Bioassay 3

15 31.32.exp(-4411.45.X)* 0.997 0.99571447

24 27.6480.exp(—61.2346.X)* 0.922 0.85066640
Bioassay 4

15 30.20.exp(—1271.12.X)* 0.999 0.99901010

24 27.2857.exp(—69.7862.X)* 0914 0.83614486
Bioassay 5

15 29.983.exp(—963.754.X)* 0.992 0.98573629

24 27.1856.exp(—20.0594.x)* 0.775 0.60155591

ns - without statistical significance; * with statistical significance (p<0,1); r* - determination coefficient adjusted; Syx - standard

deviation of the estimative.

The mortality rate during the entire assay (24 hours)
was extremely low; it was zero for four of the tested
conditions and only 3.33% for one of the replicates exposed
to 10* cells.mL™" of the CYRF strain.

In relation to the concentrations in the tested solutions of
STX and neoSTX, there was a difference in the production

Braz. J. Biol., 2014, vol. 74, no. 1, p. 23-31

of neoSTX between the two cultures of CYRF used in
the bioassays (number 1 and remaining assays - Table 1).
Although the light intensity had been controlled, this
variable may have influenced the production of STXs.
However, the r? values (Table 1) were not significantly
different for the different bioassays.
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Table 3. ET, values (time, in hours, of immobilization of 50% of the organisms) for D. laevis exposed to a strain of C.
raciborskii producer STXs (CYRF).

Acute Bioassay

Concentrations (cells.mL")

10*

10°

10°

10° 10°
1 2.76 0.47
2 NE 0.86
3 3.41 1.14(0.99-1.32)
4 NE 0.71(0.61-0.81)
5 2.58 (2.30-2.95)  0.54(0.43-0.64)

0.29(0.19-0.38)
0.51(0.42-0.61)
0.54(0.45-0.64)
0.34(0.23-0.42)
0.29(0.19-0.38)

0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)

0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)
0.28(0.17-0.37)

NE - not estimated.

4. Discussion

Blooms of C. raciborskii that can produce STXs have
often been reported by different authors for Brazilian water
bodies (Lagos et al., 1999; Tucci and Sant’ Anna, 2003;
Yunes et al., 2000, 2003; Molica et al., 2005; Ferrdo-Filho
et al., 2009; Moschini-Carlos et al., 2009; Aragdo, 2011).
The frequency of such reports call attention to the possible
side-effects of these blooms; of common concern is the
effects that the blooms might have on aquatic biota and
human health (with regard to drinking water).

The mandatory Brazilian legislation 2.914/11 (Brasil,
2011) considers that cyanobacterial monitoring should be
weekly at 10,000 cells.mL™" and that cyanotoxin monitoring
at 20,000 cells.mL ' should be on a weekly basis. Although
this ordinance refers to the supply and standards of
drinking water for human consumption, the values of the
cell densities used indicate the conditions of Brazilian
ecosystem blooms. Thus, the values of the cell densities
of cyanobacteria proposed by this legislation served as a
guideline for the concentrations used for the bioassays in
this work because the term “bloom” is not well defined and
is generally described as being a phytoplankton biomass
significantly higher than the average of the water body in
question (Zohary and Roberts, 1990).

There are still only a few scattered studies on the effects
of STXs on freshwater aquatic biota when compared with
other cyanotoxins (MCY ST, for example), but its potential
for causing serious damage has been tested in many species
(Landsberg, 2002). Clemente et al. (2010) reported that
STX (in GTX form) bio-accumulated in the muscles of
the fish species Geophagus brasiliensis collected in a
Brazilian reservoir with blooms and predominance of
C. raciborskii. These authors described some of histo-
pathological alterations and attributed them to other
chemical compounds found in the water of the reservoir.

Haney et al. (1995) described a reduction of the
movement of the thoracic appendages and an increase of the
rejection of particles retained in the post-abdomen of Daphnia
carinata when exposed to a filtrate of Aphanizomenon flos-
aquae that produces STX, similar to the results obtained when
these animals were exposed to purified STX. Nogueira et al.
(2004) observed negative effects on the growth, survival
and accumulation of STXs produced by Aphanizomenon
issatschenkoi in D. magna. The above-mentioned effects
indicate that the survival of these organisms might be
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challenged by repeated cyanobacterial blooms that are
able to produce STXs.

Our results strongly suggest that the immobilization of
D. laevis exposed to the STX-producing strain was caused
by these cyanotoxins because a strain that does not produce
STXs caused no effect on the mobility of this cladoceran.
Furthermore, the concentration of the toxins had a significant
correlation with time required to immobilize the animals,
which corroborates this hypothesis. The results presented
here are in accordance with the results presented by Ferrdo-
Filho et al. (2010) with Daphnia pulex and Moina micrura
exposed to the same cyanotoxin, emphasizing that other
Daphnia species may be threatened by these cyanotoxins
in the environment.

The small variations in the paralysis response of
D. laevis in the presence of low concentrations of STXs
can be explained by the fact that the specimens used
originated from several different cultures of D. laevis
maintained in the laboratory to provide us newborns for
the bioassays. In this sense, Hietala et al. (1995, 1997)
and Laurén-Maitta et al. (1997) found different results in
the survival, growth and reproduction of different clones
of Daphnia exposed to an MCY ST-producing strain of
Microcystis aeruginosa.

The ET, values obtained in the present study show a
clear stabilization over time of the immobilization response
of D. laevis when exposed to higher concentrations of an
STX-producing strain of C. raciborskii. The present study
corroborates the studies of Ferrdo-Filho et al. (2010) for
D. pulex and M. micrura, reporting a linear response of
the tested organisms to the concentrations of STXs that
varied from 0.3 ng.EqSTX.L™" t0 3.0 ng.EqSTX.L" and a
stabilization of the response at higher concentrations without
a decrease in the ET, . The regression equations confirm
these findings by the estimates of the adjusted regression
determination coefficient (r?) and (Syx) (standard deviation
of the estimate) in which, despite the low values, correctly
explain the relationship between the concentration of STX
and the exposure time or recovery time.

According to Ferrdo-Filho et al. (2010), the linearly
transformed data reflect a saturation of the response of
the absorption of the STXs through bioaccumulation,
and the effects suffered take equally long after a certain
concentration of toxin. This response was also observed
in the present study and most likely reflects a saturation
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of the target site of saxitoxins (i.e., Na* channels). Thus,
our results strongly corroborate those of Ferrdo-Filho
et al. (2010), confirming that organisms may be rapidly
immobilized when exposed to STXs during toxic blooms.
However, as soon as the concentration of toxic cells
decreases (e.g., after bloom decay), the animals can recover
their swimming ability. Ferrdo-Filho et al. (2008) reported
that the recovery depends on the species tested, density
of toxic filaments in the water and time of exposure. The
dependency of these factors with regard to the recuperation
of cladocerans might complicate their survival in natural
ecosystems. Havens (2008) described that the temporal
dynamics of cyanobacteria blooms are variable, lasting
longer in certain systems and occurring sporadically in
others. The composition of zooplankton, therefore, might
suffer permanent alterations when toxic blooms are more
prevalent.

Ferrdo-Filho et al. (2009) detected that more than 90% of
the phytoplankton community of Funil reservoir (CYRF-01
occurrence reservoir) was composed of cyanobacteria during
most of the monitored period (March/2002 to June/2006).
During this period, the diversity of phytoplankton and,
accordingly, the diversity of the larger cladocerans were
greatly reduced, particularly in 2004 when cyanobacterial
blooms became more prevalent (Soares et al., 2009a).

The STX concentrations in natural ecosystems can vary
considerably. Ferrao-Filho et al. (2010) reported seston
concentrations varying from 0.3 ng.EqSTX.L! to 3480
ng.EqSTX.L! (STX, neoSTX and GTX-1, -2 and -4) for
Funil reservoir (Resende, Rio de Janeiro State). Clemente
et al. (2010) reported different seasonal concentrations of
STXs for Alagados reservoir (Ponta Grossa, Parana State),
varying from 5.15 ng. EqSTX.L™' (GTX-2, -3 and -5) in the
spring to 43.8 ng. EqSTX.L ' (GTX-2, -3, -4 and -5) in the
summer and to 5070 ng.EqSTX.L ™! (GTX-2, -3, -4 and -5)
in the autumn. Molica et al. (2005) reported concentrations
of 52 ng.L' of STX and 5.1 ng.L™! of neoSTX in a water
sample of the Tapacura reservoir (Recife, Pernambuco
State) in the period from the end of March until May 2002.
Based on the reports above, we can state that the bioassays
performed in the present work for the concentrations of
STXs were compatible with the concentrations reported
in the natural environment, and we showed that these
concentrations affect D. laevis.

D. laevis was shown to be sensitive to the presence
of STXs in a way that its survival in environments with
regular blooms of cyanobacteria would be compromised,
particularly if these blooms persist for long periods. The
fact that this native species is sensitive to STXs emphasizes
the need for further studies aiming at a standardization of
this species in toxicity tests for STX-producing strains
of cyanobacteria and raw water samples from eutrophic
environments.
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