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Abstract: Two cladoceran species, Latonopsis australis and Macrothrix elegans, were used to assess
and compare their potential as biomonitors of an acidic small lake (Dunas Lake, Camagari, Bahia,
Brazil). Monthly, laboratory bioassays were carried out assessing the toxicity of surface lake water, using
cladoceran neonates younger than 24 hours of age. Along with the exposure, during different time intervals,
organisms were observed and mortality/immobility recorded to determine the ET, (median effective time)
values. Dunas Lake mean ET, and 95% confidence intervals values for M. elegans and L. australis were
0.97 (0.83-1.11) hours and 1.75 (1.30-2.21) hours, respectively. ET,, mean values showed a significant
statistical difference (p < 0.05), thus demonstrating a higher sensibility of M. elegans, which seemed to be
the species with more potential to be used as biomonitor in these waters. These results were then compared
with bioassays carried out simultaneously using fingerlings of a secondary consumer, Poecilia reticulata,
which has been used in the Dunas Lake monitoring program since 1994, and M. elegans proved again to
be more sensitive and suitable as a test organism for neotropical aquatic ecosystems.
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Resumo: Duas espécies de claddceros, Latonopsis australis ¢ Macrothrix elegans, foram usadas para
avaliar e comparar o potencial de ambas como biomonitores de um lago acidificado (Lagoa de Dunas,
Camagari, Bahia, Brasil). Bioensaios mensais, laboratoriais foram realizados para avaliar a toxicidade
da 4gua superficial da lagoa, usando neonatos com idade menor que 24 horas. Durante a exposi¢io, os
organismos foram observados e registrou-se a mortalidade e imobilidade para posterior cilculo da ET. |
(tempo mediano efetivo). Os valores médios de ET e intervalos de confianca a 95% da lagoa de Dunas
para M. elegans e L. australis foram 0,97 (0,83-1,11) horas e 1,75 (1,30-2,21) horas, respectivamente,
com diferenca significativa entre si (p < 0,05), demonstrando que M. elegans é mais sensivel e parece ser
mais adequado para ser usado como biomonitor em 4guas 4cidas. Maior sensibilidade de M. elegans foi
comprovada quando se compararam estes resultados aos bioensaios realizados simultaneamente com
alevinos de Poecilia reticulara, o qual tem sido usado no programa de monitoramento da lagoa de Dunas
desde 1994. M. elegans provou ser uma espécie bastante promissora como organismo-teste para o uso em
estudos de ecossistemas aqudticos neotropicais.

Palavras-chave: dguas dcidas, toxicidade aguda, Laronopsis australis, Macrothrix elegans, cladéceros
tropicais.

1. Introduction

Ecotoxicity tests or bioassays, employed to detect delete-
rious effects of substances on organisms, are a powerful tool
in identification, understanding, evaluation and prediction
of the environmental risks of toxic compounds (Lambolez
et al., 1994; Da-Silva et al., 1998). Basically, the major
advantage of these tests over traditional chemical analyses
is their direct assessment of biological availability and the
predictability of effects on the biological communities
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(Manusadzianas et al., 2003). Indeed, biological and bio-
chemical methods are more ecologically relevant, sensitive,
reliable, reproducible, and easy to apply (Kapanen and
Itdvaara, 2001). The test choice used may be directly
related with the information that is required (Roji¢kova-
Padrtovd et al., 1998). That is, environmental risk analysis
of sediments should take into account the benthic com-
munity (Moreno-Garrido et al., 2003), while, when water
is the main route of uptake of the chemical compounds,
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the use of an ecotoxicity test with planktonic organisms is
recommended (Walker et al., 2001). The use in the neotro-
pical region of standardised tests originally developed for
temperate climates, using Daphnia species, for instance,
(ISO, 1996; OECD, 1996; ABNT, 1993), which are not
found in neotropical ecosystems, seems to be inappropri-
ate. Indeed, Lopes et al. (2004) demonstrated the genetic
erosion of local cladoceran population exposed to acid mine
drainage (AMD), confirming the importance of the use
of local organisms in risk assessment analysis. Therefore,
the application of traditional cladoceran bioassays using
D. magna or D. similis lacks ecological relevance in tropical
waters, inducing errors in risk assessment studies (Oliveira-
Neto and Botta-Paschoal, 2000), as the experimental condi-
tions do not reproduce tropical and subtropical ecosystems
variables (Lacher-Jr. and Goldstein, 1997), and community
response is different. Indeed, results extrapolation and the
prediction of the impacts derived from the use of temperate
organisms in tropical conditions are inadequate as climatic,
edaphic, physical, chemical characteristics and biological
diversity are distinct from region to region (Preza and
Smith, 2001). In spite of that, tropical ecotoxicology is
still largely influenced by methods and techniques devel-
oped in temperate ecosystems (Lacher-Jr. and Goldstein,
1997). Nevertheless, it is very important to understand
the restrictions and potentials of bioassays (Kapanen and
Itdvaara, 2001). Different kinds of organisms are not equally
susceptible to the same toxic substances (Pardos etal., 1999;
Hadjispyrou et al., 2001). Thus, it seems to be inadequate
to standardise a bioassay to universal use, being more
important to seek a species more sensitive and relevant to
studies of a specific site (Gray, 1989).

Tropical aquatic ecotoxicology must create its own
methodology because tropical aquatic ecosystems contain
alarge part of world biodiversity (Lacher-Jr. and Goldstein,
1997), and is the place where biodiversity is at highest risk
(Primack and Rodrigues, 2001). Within the neotropical
region, in Brazil, the largest country, there is an urgent need
to develop ecotoxicological studies using tropical species in
order to establish water quality standards (Knie and Lopes,
2004; CONAMA, 2005; Bertoletti and Zagatto, 20006).
Lewinsohn and Prado (2002) stated that 14% of the world’s
species can be found in Brazil. However, most of this ex-
traordinary biodiversity is still poorly known, as the precise
number of species in Brazilian inland waters is unknown
and difficult to estimate: numerous hydrographic basins
have never been sampled; the number of researchers and
the infrastructure required for sampling and monitoring are
insufficient; aquatic inventories have, until recently, been
few; information is scattered and often difficult to access;
and a number of groups need major taxonomic revisions
(Agostinho et al., 2005).

Cladocerans have been the preferred aquatic organism to
be used in aquatic ecotoxicity tests (Gray, 1989; Baird etal.,
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1991; Soares et al., 1992; Barata et al., 2002), especially
because these organisms dominate the water column in
temperate lakes and in some cases are responsible for the
total clearing of the water due to their overgrazing activity
as primary consumers (Moss, 1998). Moreover, cladocerans
present a continuous availability of neonates due to their
parthenogenetic reproduction, easiness to work with and
low costs to keep laboratory cultures, a high sensitivity to an
array of toxic substances and high reproducibility of results
for similar clones (Soares and Calow, 1993). Latonopsis
australis (Cladocera, Sididae) and Macrothrix elegans
(Cladocera, Macrothricidae) are quite representative of the
zooplankton in tropical aquatic ecosystems (Korovchinsky,
1992; Giintzel et al., 2003, 2004).

According to Da-Silva et al. (2000), in the early 90’s
large quantities (ca. 34 t) of both industrial and domestic
solid waste including sulphur, iron, titanium dioxide and
ilmenite residues were deposited on the dunes adjacent to
Dunas Lake (Camagari, BA, Brazil). After contamination,
a rehabilitation program was carried out (1992-1993) to
recover ground- and surface water quality and reduce con-
tamination (Gomes, 1994; Da-Silva et al., 1999b). Initially,
the residues were partially removed and the contaminated
dune was sealed with impermeable layers of clay and topsoil
(hydraulically encapsulated). An additional action was to
pump the groundwater to reduce the contaminated plume
(Gomes, 1994; Da-Silva et al., 1999b, 2000). The results of
the established biomonitoring program, including bioassays
with guppy fingerlings (2 reticulata), were described by
Da-Silva et al. (1999a, 2000) and Aradjo et al. (2006).

The aims of this study were: i) to assess and compare
the sensibility of L. australis and M. elegans in toxicity acute
bioassays; ii) to assess the potential of the selected species
as biomonitors in acidic freshwater; and iii) to choose the
species to be incorporated into biomonitoring studies of

Dunas Lake.

2. Materials and Methods

2.1. Study site and process contamination

The acidic lake (Dunas Lake) is located in Camacari
(BA, Brazil) (Figure 1) between geographic coordinates
12° 48 09” to 12° 48 12.3” S and 38° 13’ 09” to
38° 13’ 14” W, lying within a depression, forming a narrow
and shallow body of freshwater between dunes along the
Atlantic Ocean (Silva et al., 2000).

2.2. Sampling

Monthly sampling of the Dunas Lake, during August
2003 to June 2004, except in September and October
2003 (n =9), were carried out. Water surface samples were
transported to the laboratory without any further treatment
and kept at 4 £ 1 °C undil the assay day when they were
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Figure 1. Location of the study site (lake) between dunes and the adjacent wetlands.

removed from the refrigerator and left outside to reach
laboratory temperature (25 °C).

2.3. Culture and acclimation

L. australis and M. elegans were collected from Capivari
Creek, at Cruz das Almas (BA, Brazil), and isolated from
submersed fronds of the floating aquatic fern, Salvinia
oblongifolia (Andrade, 2003). Organisms have been
maintained in the laboratory since 2001, in 500 mL
glass flasks, with Capivari Creek glass fibre filtered wa-
ter at a temperature of 25 * 1 °C and photoperiod of
12:12 hours (light:dark), containing 150 to 200 individu-
als. Organisms were fed ad libitum with an algal suspen-
sion of Pseudokirchineriella subcapitata (final density of
1 X 10° cells.L™), in alternated days.

2.4. Bioassays with Cladocera

The methodology adopted followed standard proce-
dure, with minor changes, to the Daphnia similis bioassays
(ABNT, 1993) and Andrade’s work (2003). Bioassays were
performed using only neonates (<24 hours old) in 50 mL
glass vessels with 40 mL of Dunas Lake sample, which was
not treated or diluted. To each sample, three replicates were
established, with four to five organisms in each, randomly
distributed. A total of 18 bioassays were carried out under
the same culture condition. Time was the independent
variable, and during bioassays organisms were checked for
mortality/immobility each 10 minutes. Dead organisms
were counted and removed immediately to avoid adverse
effect due to decomposition. Organisms were considered
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dead when they remained immobile during 15 seconds of
gentle prodding with plastic Pasteur pipette. Bioassays were
carried out until the last organism died or the 48 hours
period was completed. Capivari Creek water, in which
the organisms have been cultured since 2001, was used
as control due to the better development of theses organ-
isms in this medium in relation to other synthetic media
(Andrade, 2003).

2.5. Physical and chemical analysis

Dissolved oxygen content (WTW, Inolab Oxi
Level 2), water hardness (APHA, 1998), pH (Digi-Sense,
Cole Parmer) and conductivity (Hanna HI 9033) of the
Capivari Creek water and Dunas Lake samples at the begin-
ning and the end of the experiments were measured. The re-
sults were validated when there was no pH variation higher
than 10% of initial pH value, according to Ribeiro et al.
(2000). Physical-chemical characterisation of the Capivari
Creek and Dunas Lake water was carried out (Table 1).
Metal analyses were carried out using inductively coupled
plasma atomic emission spectrometry (ICP-AES) tech-
nique. For Cr(VI), nitrate, nitrite, phosphate and sulphate
concentrations wete determined using ion chromatography
(IC) (APHA, 1998).

2.6. Culture, acclimation and bioassay with P reticulata

Results with cladocerans were compared to those ob-
tained using fingerlings of the guppy, Poecilia reticulata fish,
species used in the biomonitoring of the Dunas Lake since
1994 (Silva et al., 1999a; Aradjo et al., 2006). Guppy fin-
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Table 1. Physical and chemical characterisation of the Capivari Creek and Dunas Lake water (mg.L™).

Parameter Capivari Creek Dunas Lake Parameter Capivari Creek Dunas Lake
SO, 37 113.7 Total-Fe 0.51 0.65
Cr(VI) <0.01 <0.01 Dissolved-Fe 0.49 0.64
NO, <0.01 <0.01 Total-K 35 0.78
NO, 0.34 <0.01 Total-Mg 4.2 2.6
Phosphate <1.0 <1.0 Total-Mn <0.005 0.5
Total-Al 0.18 15 Total-Na 28.0 6.7
Total-Ca 21 19.0 Total-Ni n.a. <0.016
Total-Cd <0.005 <0.005 Total-P <0.33 <0.33
Total-Co <0.01 <0.01 Total-Pb n.a. <0.14
Total-Cr <0.01 <0.01 Total-Ti n.a. 0.05
Total-Cu <0.005 0.014 Total-Zn <0.01 <0.01

n.a.: not analysed.

gerlings, 13 to 21 days old (average length of 1.0 £ 0.2 cm)
were obtained from a local aquarist who kept the fish under
standardised conditions. In spite of the recommendation by
OECD (1992) and ABNT (2002) to use adult 2 reticulata
in acute and static bioassays, fingerlings in carly life stages
were employed since the early life stages of fish are in many
cases the most sensitive to adverse conditions (Farag et al.,
1993; Petersen and Kristensen, 1998), especially under
pH changes (Vuorinen et al., 2003). The organisms were
transported to the laboratory in plastic bags with sufficient
air, and acclimated in 20 L glass aquaria of dechlorinated
tap water for at least 24 hous prior to the experiments.
The fish were not fed during this period or during the
experiment. Acclimation and bioassays were performed at
25+ 1 °C, in constant temperature rooms with photope-
riod of 12:12 hours (light:dark). Static acute toxicity assays
were carried out according to OECD (1992) and ABNT
(2002). Dechlorinated tap water, in which the fish had been
reared, was used as control. In all experiments, adequate
measures were taken to minimise pain or discomfort and
animals were handled according to the recommendation
of Baumans (2005).

Glass aquaria of 1.2 L capacity, containing 900-1000 mL
of samples were used as test vessels. Five replicates of eight to
ten fish each were tested, totalling 40-50 organisms exposed
to each sample. The organisms were randomly distributed
in the test vessels and fish mortality was checked at reduced
time intervals, 10 minutes in the first three hours of the
tests, 30 minutes of the third until the tenth hour, and
at longer time intervals in the following hours. Time was
the independent variable, and samples were not diluted.
Dead fish were counted and removed immediately to avoid
adverse effects due to the decomposition. Organisms were
only considered dead when operculum and gill movements
had ceased and there was no swimming response after
stimulation with a plastic Pasteur pipette. For all bioassays
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types a lower mortality rate than 10% in the control was
taken into account.

2.7. Data analysis

Median effective time (ET, ) was determined by Probit
Analysis (Finney, 1971). To compare the mean values of
the series, an analysis of variance (One-way ANOVA),
followed by Tukey multiple comparison test (Zar, 1996),
was carried out. Differences were considered significant at
p < 0.05 (Zar, 1996), and all values are given as means and
95% confidence interval (95%-CI).

3. Results

Dissolved oxygen values of the Dunas Lake samples,
in all bioassays, were always higher than 6.5 mg.L™". In
general, dissolved oxygen values registered in the culture
water (Capivari Creek) was about 6.0 mg.L™" (equivalent to
71.4% oxygen saturation), demonstrating that the oxygen
levels of the samples were acceptable. Samples mean values
of pH, conductivity and total hardness, and their respective
95%-CI are summarised in the Table 2.

There was no mortality in the control during the
bioassays with cladoceran, and survival in all bioassays
control with P reticulata was greater than 90%, thus ac-
complishing the recommendations from OECD (1992)
and ABNT (1993, 2002) to cladoceran, D. magna and D.
similis. Dunas Lake mean ET, and 95%-Cl to L. australis
was 1.75 (1.30-2.21) hours, however, to M. elegans these
ET, were 0.97 (0.83-1.11) hours. Results demonstrated a
significant difference (p < 0.05) between the sensitivity of
these two species (Figure 2). The cladoceran bioassay results
were compared with those obtained with P reticulata, which
has been used in the site as biomonitor for over a decade
(Silva et al., 1999a, 1999b; Aratjo et al., 2006). Mean
value and 95%-CI of Dunas Lake ET, to P reticulata
was 1.63 (1.21-2.04) hours. In fact, P reticulata presents
equivalent sensitivity (p > 0.05) to L. australis, while, on
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Table 2. Mean values (n = 9), and respective 95%-CI, of pH, conductivity and total hardness of the control and Dunas Lake samples

of the bioassays with L. australis, M. elegans and P, reticulata.

Parameters Organisms Samples
Control Dunas Lake
pH L. australis 6.83 (6.63-7.14) 3.10 (3.00-3.19)
M. elegans 6.77 (6.57-7.14) 3.10 (3.02-3.18)
P. reticulata 7.24 (6.80-7.69) 3.07 (3.01-3.13)
Conductivity L. australis 255.40 (241.60-269.20) 335.80 (315.91-355.69)
(uS.cm™) M. elegans 249.40 (231.70-267.10) 332.80 (314.37-351.23)
P reticulata 356.11 (319.86-392.36) 353.44 (336.09-370.80)
Total hardness L. australis 24.86 (24.37-25.34) 83.91 (77.69-90.14)
(mg CaCO,.L) M. elegans 24.85 (24.33-25.36) 84.20 (76.60-91.80)
P, reticulata 115.44 (103.38-127 51) 82.78 (76.42-89.14)
23 as they were relatively high in relation to control samples
(Andrade, 2003; Aradjo, 2005; Cohin-de-Pinho, 20006).
2.0 M. elegans bioassays seemed to be more advantageous
17 a a to be applied in the biomonitoring program at acidified
" ecosystems, especially in the Dunas Lake program. Eco-
:% 14 toxicity results with this species were more sensitive and
11 also presented lower variability. Variation coeflicient values
' b presented by M. elegans bioassays reveal quite acceptable
0.8 repeatability (Dave, 1993; Aratjo and Nascimento, 1999;
Preza and Smith, 2001; Abessa and Sousa, 2003), thus con-
05 L australis M. elegans P reticulata firming results of Cohin-de-Pinho (2006), that also found

Figure 2. Mean values (n = 9) and respective 95%-CI of ET_ of
the bioassays with L. australis, M. elegans and P reticulata, exposed
to Dunas Lake samples. Means followed by the same letter do
not differ significantly (p < 0.05).

the other hand, M. elegans bioassays were more sensitive
in relation to P reticulata (p < 0.05) (Figure 2). M. elegans
ecotoxicity results were more sensitive and also presented
lower variability, therefore being more precise. Variation
coeflicient of the bioassays with M. elegans was 18.55%,
while with L. australis and P reticulata were 33.71 and
32.51%, respectively.

4. Discussion

According to the values presented in the Table 2, and
due to the bioassay had been carried out at the same time,
it can be certain that the organisms were exposed to same
conditions, being possible to compare the results. The pH
values of the Dunas Lake samples during the study were
extremely low. According to Aradjo et al. (submitted),
P reticulata bioassays were able to demonstrate that the acid-
ity (low pH) is the main factor of toxicity in Dunas Lake.
On the other hand, conductivity and hardness values may
also have influenced the final toxicity for cladocerans, seeing
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similar variation coefficient in bioassays with M. elegans.
Although the choice of the test organism is unquestionably
a crucial point in ecotoxicology, the sensitivity varies accord-
ing to geographical region; therefore the standardisation of
a universal bioassay method is often inappropriate (Gray,
1989). In many studies, the bioassays have been carried
out with organisms that can be easily collected, cultured
and tested; the ecological significance being a secondary
factor (Chapman, 2002). The use of high relevance spe-
cies to tropical ecosystems allows higher autonomy to
tropical ecotoxicology, not being only an extension of
methods development in temperate countries (Lacher-]Jr.
and Goldstein, 1997), as the differences in sensitivity and
ecology between tropical and temperate species favour the
search to found more appropriate ecotoxicological method-
ologies. Although the toxic response of the organisms that
belong to the same biological groups have similar sensitivity
(Aragdo and Aratjo, 2000), intraspecific differences can
be significant due to toxicokinectic factors (Walker et al.,
2001). Recently, there has been increased interest in the
use of ecologically relevant bioassays with autochthonous
species, mainly in Brazil (Aradjo and Nascimento, 1998;
Preza and Smith, 2001; Abessa and Sousa, 2003; Cohin-
de-Pinho, 2006; Maia et al., 2006; Niemeyer et al., 20006),
as these results are more relevant in relation to local impact
potential and offer the possibility to establish regional stan-
dards necessary for each area (Preza and Smith, 2001).
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L. australis lives in the tropics and subtropics of Africa,
America, Asia and Australia, mainly in the littoral zone of
lakes and reservoirs, in ponds, temporary water bodies, but
can also occur in some temperate regions (e.g.: Northern
Italy, Yugoslavia, Bulgaria, North of USA — Wisconsin
State) (Korovchinsky, 1992; Elmoor-Loureiro, 1997).
According to Korovchinsky (1992), L. occidentalis Birge,
1892 and L. breviremis Daday, 1905 are synonymous of
L. australis. In relation to the life cycle in our laboratory,
the maximum longevity obtained to 25 £ 1 °C, with pho-
toperiod of 12:12 hours (light:dark), was approximately
of 30 days (Aradjo, 2005). On the other hand, M. elegans
lives associated to aquatic macrophytes, has scraper feeding
habits, and can occur sporadically as a planktonic organ-
ism (Elmoor-Loureiro, 1997). According to Giintzel et al.
(2003, 2004), this species lives in tropical water bodies, and
has a life cycle of 27 days at a temperature of 23 °C. Howev-
er, Andrade (2003) and Cohin-de-Pinho (2000) registered
a maximum longevity of 40 days, cultivating this species
under the same condition. According to Giintzel et al.
(2004), M. flabelligera Smirnov, 1992 and M. rriserialis
Brady, 1886 may be synonymous of M. elegans.

Within the neotropical landscape lakes are not the
dominant aquatic feature and inundated floodplains are
more common (Serafim Jr. et al., 2003). In these plains,
macrophyte plants are a much more important source of
organic matter than phytoplankton and thus water column
zooplankter are not so important. Indeed, organisms as-
sociated with aquatic macrophytes root systems, such as
M. elegans and other cladocerans, play a more decisive role
on the organic matter recycling (Moss, 1998; Nandini et al.,
2004; 2005). Due to its short life cycle, high frequency
of reproduction, easy maintenance in laboratory cultures
and suitability as a test-organism (this study and also,
Cohin-de-Pinho, 2006), the M. elegans bioassay may be
suggested as a potential test to be standardised for neotropi-
cal aquatic ecosystems.

5. Conclusion

L. australis and M. elegans acute bioassays seemed to be
useful in ecotoxicological assessment. Due to the continu-
ous availability of their neonates, high sensibility, short
time bioassays, and ecological relevance, these species have
demonstrated a strong potential to be used as surrogates for
the ecotoxicological investigation of neotropical systems.

M. elegans may be preferentially adopted as test organ-
ism in the Dunas Lake biomonitoring plan, as well as
other acidified ecosystems, as bioassays with this species
were more sensitive and precise. On the other hand, both
species may be further used in other studies and under a
variety of contamination conditions to better assess their
potential as biomonitors. These results represent a first step
to possible standardisation of the M. elegans acute bioassay
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to provide information on the response of a regional species
of neotropical freshwater ecosystems.
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