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Abstract
Ecotoxicological bioassays have been widely utilized to evaluate the toxicity of substances to organisms. However, the main
challenge for researchers is finding native species to assess the effects of pollutants on aquatic biota. The tropical Oligochaeta,
Allonais inaequalis, can be used as a test organism in bioassays to understand the effects of toxicants on aquatic ecosystems
and their impact on native aquatic biota. In this study, we tested four methodological designs to validate the use of our
“Allonais inaequalis reproduction test” as an ecotoxicological bioassay. For each sample, the assay consisted of a bottle
containing 10mg of sterilized fine sand, 60mL of dechlorinated tap water and 6 organisms, fed at the beginning of the test and
again after 5 days. The assay was first established in a controlled environment and then used to evaluate a stressed environment
containing one of the following three toxicants suggested by the OECD (2008) and Corbi et al. (2015): zinc chloride, copper
sulfate, or potassium chloride. Our results showed that the best experimental design for reproduction analysis was a static, long-
term bioassay, which lasted 10 days without aeration and allowed for the reproduction of multiple generations (10 ± 5 new
organisms). The observed inhibition reproduction by toxicants (EC50 ranging between 0.2 mg L−1 and 1.36 g L−1) validated
the methods used in this paper. The use of a reproduction endpoint is a new contribution to the ecotoxicological toolbox,
examining responses from a native organism to predict the effects of pollutants in an aquatic environment.
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Introduction

Ecotoxicological bioassays are important tools for assessing
the toxicity of substances to living organisms (Dornfeld
et al. 2001). They are carried out in laboratories under
specific and controlled experimental conditions in which
test organisms are exposed to different contaminant con-
centrations, and the effects are observed and quantified
(Costa et al. 2008).

Allonais inaequalis Stephenson 1911, is a native Brazi-
lian aquatic Oligochaeta belonging to the Naididae family
(Kathman and Wetzel 2003; Gomes et al. 2017) and can be
used in toxicological bioassays as a test organism. The
occurrence of A. inaequalis has been documented in many

parts of the world, including Central and South America,
Oceania, Africa, and Asia (Gorni et al. 2015; Pinder 2010;
Pathiratne and Weerasundara 2004; Howmiller 1974;
Brinkhurst and Jamieson 1971; Naidu 1966). This species
has a body length between 3 and 9 mm, lives in the water
column and sediment, does not present pigmentation and
usually reproduces asexually by fission (Erséus et al. 2017;
Corbi et al. 2015; Bely and Wray 2001).

A. inaequalis is used as a test organism in bioassays
because it is representative of benthic and water column
biota in freshwater systems and is easy to rear under
laboratory conditions. The species can cycle organic matter
and bioaccumulates substance either by body contact or
ingestion (Corbi et al. 2015; EFSA 2013; Chapman 2001;
Smith 1991). Thus, it has been used by some studies for
water monitoring in tropical environments (Felipe 2019;
Neto et al. 2019; Rocha et al. 2018; Corbi et al. 2015).
Despite its use in the area of ecotoxicology, there is a lack
of protocols using this species in bioassays. Therefore, this
study proposes a new protocol, named the “Allonais inae-
qualis reproduction test”.
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Methodology

Cultivation of the test organisms

Allonais inaequalis were collected from the Ecological
Municipal Park in Sao Carlos (Sao Paulo, Brazil), and a
culture was maintained at the Aquatic Ecology Laboratory
in plastic trays containing sterilized fine sand (kept in a
muffle furnace for 4 h at 550 °C) and dechlorinated tap
water. The organisms were maintained under the following
controlled conditions: a temperature of 25 ± 2 °C, light–dark
cycle of 12:12 h, and constant soft aeration (one bubble
per second). Feeding (2 mg of Tetramin® fish food L−1) and
maintenance of water level (2 L) were performed weekly. In
addition, temperature, pH, and water hardness were mea-
sured as recommended by USEPA (2002).

The use of sediment in A. inaequalis tests was estab-
lished by OECD no. 315 (2008) and is justified because this
is a benthic species, and there is an interaction between
substances in the water column and sediment in aquatic
environments (Lundy et al. 2017; Reynoldson 1987).

Method validation

The reproduction tests were performed in 15 replicates to
achieve a consistent result (although, 3 replicates of this
ecotoxicological test were enough to observe reliable results).
Each replicate used 6 organisms in a glass bottle containing
60mL of dechlorinated tap water (pH ranging from 6.5 to
7.5) and 10mg of sterilized fine sand (kept in a furnace muffle
for 4 h at 550 °C). The organisms were fed at the beginning of
the test and again after 5 days with 2mg of Tetramin® fish
food L−1 for each organism. When testing aeration, we used
the cap of the glass bottle to fix the aeration hose.

Four configurations of the bioassay were tested to
determine the best conditions for the A. inaequalis repro-
duction test. The configurations were divided into static or
semi-static (daily sample) and aeration or unaerated condi-
tions as described in Table 1. Temperature and light-dark
cycle were the same as those used for cultivation. The
exposure time was set for 10 days, in contrast to the pre-
viously published short-term test, which had a duration of
96 h (Corbi et al. 2015).

In the static condition, all organisms were counted on the
10th day, and the number of additional individuals was
assumed to represent a new generation. For semi-static con-
ditions, the number of additional individuals were counted
every day and removed them from the bottle, to guarantee the
measurement of daily A. inaequalis reproduction.

To validate the best test configuration, we applied a nor-
mality test (Shapiro-Wilk) and an ANOVA test comparing
these configurations using Statistica® software (STATSOFT
2007). The best configuration was identified based on the
consistency of the results, the experimental cost (including
energy and equipment), and laboratory space.

Ecotoxicological application

Once the method was defined, we investigated the effects of
three contaminants on the reproduction rate of A. inaequalis
to assess the feasibility of the proposed methods. In 5
replicates over 10 days, we exposed groups of 6 organisms
to 8 different concentrations of zinc chloride (ZnCl2), cop-
per sulfate (CuSO4) and potassium chloride (KCl) (Table 2),
which are reference substances suggested by Corbi et al.
(2015) and the OECD (2008) to assess aquatic Oligochaeta
sensitivity. All data were analyzed and discussed con-
sidering statistical significance.

The organism’s reproduction was analyzed using EC50,
NOEC (EC10) (Beasley et al. 2015), and LOEC values.
EC50 and NOEC were determined in R software (Version
3.3.5) using the packages MASS and DRC (R Core Team
2014). The LOEC was determined as the next concentration
tested after the NOEC value.

Results

Method validation

Regarding reproduction, we plotted a curve showing the
cumulative number of new organisms for the semi-static
tests and the final number of new organisms produced in the
static tests (Fig. 1). In the semi-static test with aeration, the
number of new individuals in the samples reached 48 (mean
of 3 ± 2 organisms per sample), and in the semi-static test

Table 1 Experimental design to determine the best conditions for the A. inaequalis reproduction test

Configuration test Number of organisms Sediment Medium Condition Aeration Type of sampling

1 6 per replicate 10 mg per replicate 60 mL of dechlorinated
tap water per replicate

Static Yes At the end of the test

2 Static No At the end of the test

3 Semi-static Yes Daily

4 Semi-static No Daily
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without aeration, 47 new individuals were produced (4 ± 2
organisms per sample). On the other hand, in the static test
with aeration, 63 new organisms were noted after 10 days
(4 ± 2 organisms per sample) and in the static test without
aeration, 136 new organisms (10 ± 5 organisms per sample).

Significant differences were observed in the number of
new organisms among the four experiments (p= 0.021)
according to one-way ANOVA. The Tukey post hoc test did
not indicate differences in the number of new organisms
between aerated and nonaerated semi-static tests (p= 0.93),
while in the static tests, there was evidence of significant
differences in reproduction between the tests with and
without aeration (p= 0.0013). Moreover, no significant
differences in the number of new organisms were observed
between the static and semi-static conditions with aeration
(p= 0.79). However, in the absence of aeration, statistical
differences were observed (p= 0.0011). We can conclude
that aeration in semi-static tests did not influence the
reproduction of the species, but the static condition without
aeration is optimal, because it shows an upper limit of new
organisms in the samples, prevents interferences in the
experiments, and provides a lower experimental cost when
taking energy, equipment and laboratory space into account.

The reproductive output of the parent animals can be
expressed as the total number of new living organisms or as

the mean number of new organisms which can be used to
determine the effective impact on the reproduction rate.
Based on appropriate statistical models, the toxic effect of
the test substance/sample on reproductive output can also be
expressed using the three classical ecotoxicological indices:
“effective concentration” (ECx), which is the concentration
responsible for causing an x% reduction in reproductive
output’; “no observed effect concentration” (NOEC); and
“lowest observed effect concentration” (LOEC).

Ecotoxicological application

The ecotoxicological bioassays tested here showed that the
chosen methodology can be successfully applied to A.
inaequalis. The three substances tested caused a significant
reduction in the reproduction of A. inaequalis (Table 3).
Furthermore, these results could be expressed in terms of all
classical ecotoxicological indices.

The most toxic substance based on reproduction rate was
CuSO4, which had an effective concentration of EC50
0.274 mg L−1, and the least toxic was KCl, with an EC50 of
1.360 g L−1. The calculated NOEC for CuSO4 showed that
less than 100 µg L−1 does not present risks for A. inaequalis
reproduction rate and this concentration is substantially
below the NOEC found for KCL (0.261 g L−1). The refer-
ence substance ZnCl2 presented an intermediary concentra-
tion value for all indices with an EC50 of 2.707 mg L−1.

Discussion

Method validation

The proposed reproduction test method is specific to A.
inaequalis and is an actualization of the methodology first
proposed by Corbi et al. (2015). We observed during
laboratory cultivation that the space required to maintain
these organisms was small, so, in order to generate less
contaminated water and sediment and to minimize the cost of
the bioassays, we used smaller vessels and reduced the
volume of test solution from 240mL to 60mL. The lower
volume requirement was also observed by Rocha et al.
(2018), who used only 10mL of test solution in acute
bioassays. The parameters of temperature and light-dark

Table 2 Concentrations used in the Allonais inaequalis reproduction
test (exposure of 6 organisms over 10 days under static conditions)

Substance Concentrations

ZnCl2 0.20, 1.0, 1.8, 2.6, 3.4, 4.2, 5.0, 5.8 mg L−1

CuSO4 0.03, 0.06, 0.09, 0.12, 0.15, 0.30, 0.60, 0.90 mg L−1

KCl 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5, 7.5 g L−1

Fig. 1 Cumulative number of new organisms in the semi-static tests
and final number of new organisms in the static tests

Table 3 EC50, NOEC, and LOEC for ZnCl2, CuSO4, and KCl
exposure using the Allonais inaequalis reproduction test

Reference substance EC50 NOEC LOEC

ZnCl2 (mg L−1) 2.707 0.258 1.00

CuSO4 (mg L−1) 0.274 0.097 0.12

KCl (g L−1) 1.360 0.261 0.50
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cycle were the same as those of the acute test proposed by
Corbi et al. (2015) because A. inaequalis is a tropical
organism. In contrast to the OECD (2005), these bioassays
do not aim to analyze the capacity for bioaccumulation of the
substance when presented in sediment, so, despite using the
reference substances to validate the methodology, the expo-
sure time was decreased from 28 days to 10 days, and the use
of aeration was discarded during methodology development.

There are few reproduction tests studies that evaluate the
response of aquatic Oligochaeta to water pollutants. Most of
the standardized reproduction tests found in the literature
use terrestrial Oligochaeta (OECD 2004; ISO 2003), and
they are normally used to test field samples of contaminated
sediments or for synthetic substrate contamination (Men-
donça et al. 2019; Vezzone et al. 2018; Gupta et al. 2015;
Niemeyer et al. 2015; Novais et al. 2011; Spurgeon et al.
1994). Therefore, we highlight the importance of the
reproduction test methodology presented in this study for a
tropical aquatic Oligochaeta.

Ecotoxicological application

The application of this methodology represents a better
understanding of the actions of toxicants on a tropical aquatic
Oligochaeta. Acute bioassays, despite their relevance regard-
ing substance assessments and lethality, measure extreme
effects on biota. Alternately, the use of long-term exposure
allowing for the determination of the Oligochaeta reproduc-
tion rate gives us detailed knowledge of the impact these
toxicants have on the life cycle of this species and could help
the preservation of aquatic environments to begin at the first
sign of pollution.

Conclusions

This study presents the application of a reproduction test to
ecotoxicological studies utilizing a native Brazilian Oli-
gochaeta species, which can improve the evaluation of
environmental impacts in tropical regions. We concluded
that the best configuration for the Allonais inaequalis
reproduction test was a static assay with a 10 day exposure
time, generating 10 ± 5 new organisms in the control
experiment. The results regarding the application of the
reproduction test to the assessment of reference substances
demonstrated the efficiency of this methodology.
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