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ABSTRACT

This work investigates the sensitivity of four
species of Echinodermata (Lytechinus variegatus,
Echinometra lucunter, Arbacia lixula and
Encope emarginata), evaluating the effect of five
reference toxicants (Cd, Pb, Cr, Cu and SDS)
on embryo-larval development, following the
official protocols. It also evaluates techniques
for the maintenance of L. variegatus in the
laboratory, changes in its sensitivity, and the
effects of chemical agents that induce the release
of gametes, on the survival rates of the organisms.
In terms of the maintenance of L. variegatus in
the laboratory, the diet with vegetable content
appears to be more favorable for maintenance
and maturation in cultivation tanks. Chemical
inducers such as KCl1 and the Anesthetic (lidocaine
and epinephrine) resulted in high adult mortality
rates, discouraging its re-induction. The tests
performed with different species of sea urchin and
sand dollar, using different reference toxicants,
showed no variations in sensitivity to the more
toxic chemicals, indicating that different species
can be used for evaluation and environmental
impact assessment.

Descriptors: Echinodermata, Sensitivity, Chronic
Tests, Maintenance, Chemical inducers, Lytechinus
variegatus.
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ResumMmo

O presente trabalho investigou a sensibilidade de
quatro espécies de Echinodermata (Lytechinus
variegatus, Echinometra lucunter, Arbacia lixula
e Encope emarginata), avaliando o efeito de cinco
toxicos de referéncia (Cd, Pb, Cr, Cu e SDS)
no desenvolvimento embrio-larval, seguindo os
protocolos oficiais. Foram avaliadas também técnicas
de manutengdo de L. variegatus em laboratorio,
alteragoes de sua sensibilidade ¢ efeitos de agentes
quimicos indutores de liberagdo de gametas nas
taxas de sobrevivéncia dos organismos. Para L.
variegatus mantido em laboratorio, a dieta com
conteido de vegetais e leguminosas parece ser
favoravel a manutengdo e maturagdo em tanques
de cultivo. Indutores quimicos como o KCl e o
Anestésico (lidocaina e epinefrina) ocasionaram
altas taxas de mortalidade de adultos, desencorajando
sua re-inducdo. Os ensaios realizados com as quatro
diferentes espécies de Echinodermata utilizando
variados toxicos de referéncia ndo apresentaram
variagdes de sensibilidade para os quimicos de maior
toxicidade, indicando que diferentes espécies podem
ser utilizadas na avaliagdo e estudo de impacto
ambiental.

Descritores: Echinodermata, Sensibilidade, En-
saios cronicos, Manutenc¢io, Indutores quimi-
cos, Lytechinus variegatus.
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INTRODUCTION

Embryo-larval tests with Echinodermata, called
chronic or sub-chronic short-term tests, have been among
the most widespread methods worldwide for the analysis
of environmental quality since the 1960s, due to their
accessibility, speed, and reliability (ENVIRONMENT
CANADA, 2011; USEPA, 2002). In Brazil, these marine
toxicity tests began at the CETESB (Companhia de
Saneamento do Estado de S&o Paulo - Sanitation Company
of the State of Sao Paulo) at the end of the 1970s, and
the protocols developed from the 1990s were adopted as
the basis for the standardization by the ABNT (Brazilian
Association of Technical Standards) in 2005.

At the meetings of the Special Temporary Study
Committee for Ecotoxicological Analyses (ABNT/
CEET), adaptations of the test protocols for chronic
marine toxicity tests with sea urchin (Echinodermata) were
discussed (NBR/ABNT, 2012). This new Standard marked
a certain progress in terms of increasing the number of
species that could be used in toxicity tests for regulatory
purposes. However, the protocol was restricted to just two
species of sea urchin, keeping Lytechinus variegatus and
Echinometra lucunter for national use.

Although the species of sea urchins recommended by
the ABNT are highlighted by PROSPERI and ARAUJO
(2002) as having wide distribution on the Brazilian coast,
there have been no studies to date that give an actual
diagnosis of the distribution, or data on the sea urchin
populations along the Brazilian coast. LAGE et al. (2011)
and THARA et al. (2010) warn of the disappearance of
populations of Lytechinus variegatus on the northeastern
Brazilian coast, and the same has been suggested for the
coast of Sdo Paulo (IBAMA, unpublished data). This
information is reflected in the inclusion of Lytechinus
variegatus in the list of endangered species in the State
of Santa Catarina (CONSEMA, 2011), despite the lack of
information to prove the real populational situation in the
environment.

The restriction to the use of only two species registered
for ecotoxicological tests places greater pressure tending
to its removal from the environment. Alongside this is the
fact that sea urchins have no apparent sexual dimorphism,
which means that for each assay, large numbers of the
species are collected and induced, in order to ensure that
both gametes are obtained. An aggravating factor for its
use in the laboratory is the fact that its survival is not
guaranteed after induction by KCl (HINEGARDNER,
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1969; LUIS et al., 2005; GAGO; LUIS, 2011). In any case,
this information creates a barrier to the implementation of
ecotoxicological tests, demonstrating the limitation in the
ABNT protocol that reduces environmental impact studies
due to the number of recognized species. In contrast, other
Standards recommend the use of species not registered
for tests, provided this is done in a preliminary study,
evaluating their sensitivity to reference toxicants, with the
drawing up of a sensitivity control chart (USEPA, 2002).

The control chart compiles the evaluations of the
sensitivity of the test organisms, and is considered an
essential method for testing the accuracy and reliability
of the data produced in the laboratory (ENVIRONMENT
CANADA, 2011) and for assessing the relative sensitivity
of a population (GREENBERG et al., 1992). However,
the choice of a reference substance or toxicant, among
such essential metals as zinc, copper and chromium,
which participate in multiple metabolic pathways, make
it difficult to compare sensitivity between test organisms,
even within a single taxonomic group (MAXIMO et
al., 2008). On the other hand, non-essential reference
toxicants, such as SDS (Sodium Dodecyl Sulfate)
detergent, cadmium and lead, may present more realistic
effects, due to their lower selectivity in terms of harmful
action on the biological systems (ABEL, 1989). However,
there has been little investigation of this selectivity for
different chemicals in marine ecotoxicology. It is only
by comparing the behavior of these toxicants in relation
to essential metals, normally used as reference toxicants,
that it will be possible to confirm the hypothesis that test-
organisms of the same taxonomic group do not show
differences in sensitivity (ENVIRONMENT CANADA,
2011; HIS et al., 1999).

Thus, some strategies can be applied in the effort to
improve the use of Echinodermata in ecotoxicological
tests. For the preservation of the species of sea urchins
registered for tests, efforts can be made to reduce the
collection effort, through their prolonged maintenance
in the laboratory, even after their repeated chemical
induction. The second strategy would be to investigate
the sensitivity of different species of Echinodermata for
use in toxicity tests without adversely affecting the impact
assessment.

The objective of this study was to evaluate the
maintenance of adults of the sea urchin Lytechinus
variegatus in the laboratory for long periods, involving
their survival after chemical induction, and to evaluate

the existence of changes in their sensitivity. The



existence of variations in sensitivity of different species
of Echinodermata with potential use in ecotoxicological
chronic embryo-larval tests was investigated, comparing
the effects of different reference toxicants, both essential
and non-essential metals.

MATERIAL AND METHODS

Specimens of adult organisms of Echinodermata
were obtained by scuba diving, in different localities
off the north coast of Santa Catarina State, in order
to obtain the different species used in this study. The
species Lytechinus variegatus, Arbacia lixula and
Echinometra lucunter were collected in the vicinity of
Ilha Feia, in the municipality of Penha (26°44°41.09”S
and 48°38°13.62”W). The species Encope emarginata
was collected within the limits of the Caixa D’ago
beach, in the municipality of Porto Belo (27° 7°35.69”S
and 48°31°34.60”W) and Daniela beach, Floriandpolis
(27°27°18.16”S and 48°32°24.35”W). After collection,
the organisms obtained were immediately transported to
the Laboratory for Ecotoxicology (LETOX) of CTTMar/
UNIVALL and placed in 70-liter aquariums with natural
seawater, at a temperature of 22 + 2 °C and with a 12:12
photoperiod, for brief acclimatization and subsequent use
in laboratory tests. Part of the organisms was returned
to their place of origin after use, and part were kept in
the laboratory for studies of changes in sensitivity and
mortality for a maximum period of 90 days.

Only the urchin sea species L. variegatus was used a
posteriori and maintained under two different conditions,
namely:

1. Maintenance in the laboratory - ML1 - between July
and October 2010, 52 specimens of L. variegatus were
placed in two 400-liter ellipsoid tanks, equipped with a
particulate material filtration system (Atman II® model
EF4000UV and Azoo® model CF1500) and removal of
organic matter dissolved by the skimmer system. In this
period, a diet based on vegetables (chard and carrots)
was given, and a routine of weekly backwashing of the
filters was adopted, with complete renewal of the water
every 15 days, followed by cleaning of the filters and
tanks. These procedures maintained controlled conditions
of salinity (31.6 to 35.0), pH (7.64 to 8.35), and oxygen
(7.20 to 7.53 mg L), and a constant temperature of 22 +
2°C. Three chemical inductions by KCI were performed
on groups of organisms at time zero (arrival of organisms

from the field - 14 organisms), 27 days of maintenance (16
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organisms) and 48 days of maintenance (11 organisms),
allowing the evaluation of sensitivity tests with reference
toxicants, as well as the mortality rate of the groups
exposed to chemical induction, compared with a control
group without induction. The maximum maintenance time
of the organisms was 90 days.

2. Maintenance in the laboratory - ML2 - between
May and September 2011, 42 specimens of L.
variegatus were placed in two 400-liter ellipsoid tanks,
under the same conditions as ML1. In this period, a
diet based on live food was given (Sargassum sp) and
feed composed of 30% dehydrated Sargassum sp, 20%
fish meal (Kenya®) gelified in a mixture of 10% Agar
dissolved in 50% seawater. The maintenance routine
was modified to a weekly range of backwashing of the
filters, complete renewal of the water, and cleaning of
the filters and tanks. Under these conditions, salinity
was maintained at between 31.7 and 35.4, pH at between
7.67 and 8.80, and dissolved oxygen at between 6.76
and 7.85 mg L! at a temperature of 22 + 2°C. During
this period, three monthly chemical inductions were
performed, in groups of 10 individuals, on arrival
from the field (time 0), at 26 days of maintenance,
and at 38 days of maintenance, enabling sensitivity to
be evaluated in the toxicity tests with the reference
toxicants, as well as the mortality rate of the groups
exposed to chemical induction with only Anesthetic
L® (lidocaine hydrochloride solution - 2.0 g in 100
mL of solution containing 2% of epinephrine - CLE
according to MAXIMO, personal communication)
and a control group without induction. The maximum
maintenance time of the organisms was 81 days.

In the laboratory, the embryo-larval toxicity tests
with Echinodermata were carried out according to the
recommendations of the NBR/ABNT (2012), using
gametes of four species of sea urchins: L. variegatus
and E. lucunter (species registered by the ABNT), 4.
lixula and E. emarginata (alternative species). The
ovule and sperm of the organisms were obtained through
chemical induction by injection of 1 mL of KCI solution
at 0.5 M in the experiments of all the organisms, and as
alternative chemical induction of 1 mL of anesthetic L®
for the experiments with L. variegatus carried out from
May 2011 for its maintenance ML2. After the release of
gametes, the ovule were collected in beakers with filtered
seawater, and the sperm were collected directly from the
genital pores (without dilution in water) and kept cold

under ice.
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For the fertilization, a few drops of sperm solution
(0.5 mL of sperm in 24.5 mL of seawater) were added
to the containers containing the ovule, and left for about
20 minutes with slight agitation of the gametes. After
this period, aliquots of embryos were examined under a
stereoscopic microscope for selection of fertilized ovule,
following a selection criterion of at least 80% formation of
the fertilization membrane.

The toxicity tests with the reference toxicants were
performed in 15 mL plastic bottles, with 10 mL of test
solution, for 24 hours (with the exception of E. lucunter
which was performed in 36 hours), at a temperature of 25
+ 2°C and photoperiod of 12:12. The reference toxicants
were used in six concentrations plus control, and in four
replicates for each concentration. After the exposure
period, the test flasks were fixed with the addition of 4%
formol and the larvae were analyzed under a binocular
microscope, with the aid of a Sedgewick-Rafter chamber.
A total of 100 larvae were quantified, including both
normal larvae and those with delayed development or
malformation, to estimate the percentages of effect.

The reference toxicants used in this study were
Sodium Dodecyl Sulphate detergent (SDS - Merck®),
Cadmium chloride (CdCl, - Sigma®), standard metallic
solution for atomic absorption of Lead (Merck®),
Potassium Dichromate (K,Cr,0, - Merck®), and Copper
sulphate pentahydrate (CuSO,.5H,0 - Merck®). With
the percentages of effect, the EC,, (Median Effective
Concentration) values were estimated by the nonparametric
Trimmed Spearman-Karber method (USEPA, 2002). For
the organisms maintained in the laboratory (ML1 and
ML2) only tests with the toxicants SDS and potassium
dichromate were performed.

RESULTS
SENSITIVITY OF Z. VARIEGATUS

The embryo-larval tests of L. variegatus, when
compared with different reference toxicants, demonstrated
the formation of two distinct toxicity groups, with Cu
and Pb being the most toxic substances, and with greater
variability of results (coefficient of variation - CV between
34.41 and 45.14%) and SDS, Cr and Cd were less toxic,
with less variability of results (coefficient of variation -
CV between 5.21 and 34.22%) (Table 1 and Figure 1). The
variability observed is not related to the number of tests
performed, but to the range of concentration obtained for
each group of chemicals.
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Table 1. Number of tests (N), mean values and standard
deviation (SD) of EC, (ug L") and coefficient of variation
(CV) of the reference toxicants for the embryo-larval tests
of Lytechinus variegatus.

References N mean D cv
toxicants EC,,
Cu 5 19.30 6.62 34.31
Pb 5 102.00 46.04 45.14
SDS 6 1,598.33 546.97 34.22
Cr 6 2,463.84 128.24 5.21
Cd 3 5,275.58 924.48 17.52
10000
°
°
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® 100 f
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Cu Pb SDS Cr cd

Reference toxicants

Figure 1. Mean values (dot) and standard deviation (bar) of reference
toxicants (ug L) in embryo-larval tests of Lytechinus variegatus.

MAINTENANCE IN THE LABORATORY, INDUCTORS AND
MORTALITY

The attempt to maintain sea urchins of the species
L. variegatus proved laborious due to the maintenance
of water quality and the supply of food. In any event, in
both maintenance systems, the mortalities observed in the
control organisms (without induction of spawning) were
restricted to a maximum percentage of 10%, indicating
appropriate conditions for survival for the renewal of
water and composition of the diet.

In terms of chemical inducers used in the adults,
Anesthetic L® apparently showed the highest power
of induction of organisms (Table 2) in comparison
with KCl. On the other hand, it showed a tendency
to result in higher mortality rates after induction
(from 13 to 36% of mortality for KCI and from 10 to
40% for Anesthetic L®) (Figure 2a and b). In terms
of sensitivity, it is suggested that only in maintenance
ML2 was a change observed in the pattern of the
organisms at 38 days of maintenance, both for Cr and
for SDS (Figure 2c, d, e and f). The results showed
no relationship between changes in sensitivity of the
organisms with the rates of mortality observed after

chemical induction.



Table 2. Percentage of organisms of the species L.
variegatus with release of gametes by inductor chemical
in specimens in maintenance tanks.

Maintenan-  Induction No. of Release  Maintenan-
ce in the substance organisms of game-  ce period
laboratory tes (%) (days)
14 14.3 0
MLI KCl1 16 12.5 27
11 18.2 48
10 90.0 0
ML2 Anesthe- 10 20.0 26
tic L®
10 80.0 38
60 60
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Figure 2. Mortality rates (%) of L. variegatus after induction (ML1
- KCl, ML2 - Anesthetic L) and maintenance time, and of organisms
not induced (control) in cultivation tanks under conditions ML1 (A)
and ML2 (B). EC, values (ug L") for Cr (C and D) and SDS (E and
F) by maintenance time, under conditions ML1 (C and E) and ML2
(D and F) as well as the mean value (dot) and standard deviation (bar)
of the EC,; (ug L) of Cr and SDS of organisms obtained in nature
(General).

COMPARISON OF SENSITIVITY OF THE SPECIES OF
ECHINODERMATA

The results of tests using different species of
Echinodermata showed, in general, little variation in
sensitivity. Only for Cd was there formation of groups

of distinct sensitivity, consisting of E. lucunter and E.

Soares et al.: Echinodermata in ecotoxicological tests

emarginta with an average EC_ of 357.19 ug L' and 4.
lixula and L. variegatus with an average EC,; of 4,790.13
pg L indicating a greater range of variation in sensitivity
(different orders of magnitude), in relation to the other
toxicants tested (Figure 3 and Table 3).

DISCUSSION

The capacity of a substance to be little or very toxic
is usually associated with the existence of specific sites
of action. For the sea urchin L. variegatus, the metals Cu
and Pb are presented as the most toxic and, regardless of
whether or not the metal is essential, this characteristic
is suggested to have little importance in the toxicity tests
of embryonic development. Normally, non-essential
metals present greater toxicity, because they can compete
or conjugate with essential metals, leading to toxicity
in metabolic interactions, particularly in the skeletal
constitution of organisms and effects on the nervous
system (GOYER, 1997). According to ABEL (1989) the
order of decreasing toxicity for heavy metals in aquatic
organisms is mercury > cadmium > copper > zinc > nickel
> lead > chromium > aluminium > cobalt. However,
the toxicity of a given metal can vary greatly from one
species to another, depending on various physiological/
biochemical factors.

On the other hand, the intermediate toxicity presented
by the SDS detergent shows the wide variation of
concentrations of effect recorded for this chemical group
(0.4 to 40 mg L"). Synthetic detergents normally present
action on the proteins of the membranes, altering their
permeability and consequently affecting the gills, causing
developmental delay in the embryo and larval stage, and
causing changes in feeding behavior, as well as effects on
the chemoreceptor organs (ABEL, 1974).

Few studies have reported the ideal conditions for
the cultivation of adult sea urchin in the laboratory.
For commercial production of Strongylocentrotus
droebachiensis, SIIKAVUOPIO (2012) highlights the
conditions of maintenance at a density of below 6 kg
m? which was applied in this study. Both forms of
maintenance demonstrate abiotic conditions within the
acceptable range by species. According to WATTS et al.
(2007) the minimum and maximum acceptable values of
the salinity for L. variegatus are from 20 to 35 and 11-
35°C for temperature.

A successful maintenance should also combine a

balanced diet with the needs of the organisms. According
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Figure 3. Minimum, maximum and mean EC,; (ug L") for different reference toxicants in assays using different species of Echinodermata.

Table 3. Number of tests (N) and EC (ug L") values for
the reference toxicants for tests with different species of
Echinodermata.

Species N SDS Cd Pb Cr Cu

Aliula 1 113000 430468 12000 242844 80.00
Eemargt- 5 107000 40165 6500 206205 1651
nata

£ 1 141000 31273 25000 120360 66.04
lucunter

* average values

to WATTS et al. (2007) the species L. variegatus
demonstrates omnivorous habits, feeding in nature on
a wide range of foods, including microalgae, marine
grasses and molluscs. Because it presents a varied diet,
there have been few studies for the establishment of a
balanced diet that presents the best stability for animal
development. However, studies have demonstrated a
favorable relationship with development and growth, with
diets supplemented with high concentrations of protein
(HAMMER et al., 2006; GIBBS et al., 2009; PEARCE et
al., 2002), but these studies do not evaluate the embryonic
potential of the animal.

On the other hand, an unfavorable relationship with
development and growth is described with the diet rich in
fibers and complex sugars, which may not be digested by
sea urchins (KLINGER, 1984). Alongside this, studies on
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energy use of individuals of 62 mm diameter fed on algae
resulted in 6.7% efficiency in the production of gonads
(MOORE et al., 1963). In addition to this low utilization
of algae, studies on the feeding habits of L. variegatus
performed by LIMA et al. (2008) identified secondary
metabolites associated with the defense mechanism against
herbivory present in algae, which act as growth modulators
of the species. However, secondary metabolites, more
specifically carotenoids, are more abundant pigments in
the embryonic tissues (TSUSHIMA, 2007), reinforcing
the importance of this kind of food for the development
of the organism.

In the present study, the different forms of maintenance
tested (ML1 and ML2) showed adult survival rates of
over 90%, indicating conditions of cultivation of the
organisms. However, for ML2, the increase in sensitivity
of the embryo-larval test at 38 days of maintenance
suggests that the growth of the gonads was not affected by
the concentration of protein, but was probably affected by
the protein origin of the food (PEARCE et al., 2002) since
the food was offered in abundance. This fact casts doubt as
to whether a fish-based diet would be duly balanced, based
on the results of the ecotoxicological tests.

On the other hand, the mortality rates recorded
are associated with chemical inductions applied to the
obtaining of gametes. High mortality rates for the sea



urchin Paracentrotus lividus induced by injection of 1
mL of KCI to 0.5 M have been reported by LUIS et al.
(2005) and GAGO and LUIS (2011). The same result was
obtained in the present study, and the alternative use of
Anesthetic L®, which despite presenting higher efficiency
in the spawning of the organisms, presented mortality
rates equal to or greater than KCIL. In any event, the
mortality rates observed (up to 40%) discourage the re-
induction of the organisms, and further studies are needed
to evaluate the impact of this activity on the survival and
natural populations of sea urchins.

The need for standardization of the ecotoxicological
tests can be justified due to the requirement of
reproducibility of results that can be achieved by different
laboratories. This standardization can be achieved based
on the methods and the species of test organism used
(USEPA, 2002). Once a standard has been determined,
a deviation in its application is often limited to the
interpretation of the environmental body responsible.

In ecotoxicology, the choice of test organisms, in
particular, has always been a subject of debate, and
decisions are often made in the most convenient way,
due to the limited availability of information on the real
implications of decision-making on the environmental
impact assessment.

Despite the low number of tests carried out on species
of echinodermatas other than L. variegatus, the values
obtained are within the range of variation and/or of the
same order of magnitude observed by other authors who
investigated the sensitivity of A. lixula (RESGALLA
JUNIOR; LAITANO, 2002; MAXIMO et al., 2008;
RESGALLA et al., 2012), E. lucunter (RUMBOLD;
SNEDAKER, 1997; RESGALLA JUNIOR; LAITANO,
2002) and the sand dollar Mellita quinquiesperforata
(LAITANO et al., 2008), which validate the results
obtained in this work. On the basis of this, it was
suggested that the different species tested have similar
sensitivity, or order of sensitivity to the different metals
tested, whether essential or non-essential. Based on the
toxicity gradient (Cu and Pb > SDS and Cr and Cd) the
metals Cu and Pb were found to be the most toxic to all
the species tested, indicating, in this case, an absence
of differences between the species tested. The other
chemicals, Cr, Cd and SDS (detergent), which were
the toxicants with less effect and therefore of lesser
importance for classifying the species investigated,
indicated similarity of 4. lixula with L. variegatus and

of E. lucunter with E. emarginata.
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This downward trend of differences in sensitivity
in Echinodermata has already been highlighted
by other studies in Brazil involving different test
organisms (RESGALLA JUNIOR; LAITANO, 2002;
MAXIMO et al, 2008; LAITANO et al., 2008).
Associated with this, HIS et al. (1999), in studies on
tests with molluscs, also emphasize that species with
distinct ecological and phylogenetic characteristics
may respond similarly to some toxicants. The same
has been highlighted by ENVIRONMENT CANADA
(2011) for Echinodermata.

The two species standardized by NBR/ABNT (2012),
L. variegatus and E. lucunter, are present in distinct
groups of Echinodermata in relation to their sensitivity,
based on the second level of toxicity of the chemicals
used in this study (metal lower toxicity). This fact is likely
to lead to misinterpretation of the results obtained in the
tests, and is dependent on the choice of the species used
as test organisms. However, comparisons of the results of
ecotoxicological evaluations may not show any differences
when the chemical being assessed is more toxic.

Concluding, in terms of the maintenance of L.
variegatus in the laboratory, the diet with high content
of animal protein indicated changes in sensitivity of the
organisms for toxicity tests in long-term maintenance (>
30 days). Feed with vegetable content appears to be more
favorable to maintenance and maturation in cultivation
tanks.

Chemical inducers such as KCl and the Anesthetic
L® resulted in high mortality rates of L. variegatus
(up to 40%), discouraging its re-induction. Studies on
alternatives for obtaining gametes and their impacts on the
natural populations of this species are urgently needed.

The tests performed with the different species of sea
urchin and sand dollar with different reference toxicants
did not demonstrate variations for chemicals with higher
toxicity, indicating that different species can be used in the
evaluation and study of environmental impact, and that the
NBR/ABNT (2012) can be extended to other species of
Echinodermata.
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