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Abstract

Successful animal rearing under laboratory conditions for commercial processes or laboratory experiments is a complex
chain that includes several stressors (e.g., sampling and transport) and incurs, as a consequence, the reduction of
natural animal conditions, economic losses and inconsistent and unreliable biological results. Since the invasion of the
bivalve Limnoperna fortunei (Dunker, 1857) in South America, several studies have been performed to help control
and manage this fouling pest in industrial plants that use raw water. Relatively little attention has been given to the
laboratory rearing procedure of L. fortunei, its condition when exposed to a stressor or its acclimation into laboratory
conditions. Considering this issue, the aims of this study are to (i) investigate L. fortunei physiological responses when
submitted to the depuration process and subsequent air transport (without water/dry condition) at two temperatures,
based on glycogen concentrations, and (ii) monitor the glycogen concentrations in different groups when maintained
for 28 days under laboratory conditions. Based on the obtained results, depuration did not affect either of the groups
when they were submitted to approximately eight hours of transport. The variation in glycogen concentration among
the specimens that were obtained from the field under depurated and non-depurated conditions was significant only
in the first week of laboratory growth for the non-depurated group and in the second week for the depurated group.
In addition, the tested temperature did not affect either of the groups that were submitted to transport. The glycogen
concentrations were similar to those of the specimens that were obtained from the field in third week, which suggests
that the specimens acclimated to laboratory conditions during this period of time. Thus, the results indicate that the
air transport and acclimation time can be successfully incorporated into experimental studies of L. fortunei. Finally,
the tolerance of L. fortunei specimens to the stressor tested herein can help us understand the invasive capacity of this
mussel during the establishment process.
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Resposta fisiologica do mexilhio invasor Limnoperna fortunei (Dunker, 1857)
(Bilvalvia: Mytilidae) submetido ao transporte e condi¢des experimentais

Resumo

A cria¢do bem sucedida de animais em condi¢des de laboratdrio para processos comerciais ou experimentais ¢ uma
cadeia complexa que inclui varios fatores de estresse (ex. coleta e transporte) que tem como consequéncia a reducéo
das condigdes naturais do animal, prejuizos econdomicos e resultados bioldgicos inconsistentes. Desde a invasao do
bivalve Limnoperna fortunei (Dunker, 1857) na América do Sul, varios estudos tém sido realizados para ajudar no
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controle e gestdo dessa praga em plantas industriais que utilizam agua. Relativamente pouca atengao tem sido dada
ao processo de criagdo de L. fortunei em laboratério, sua condi¢do quando exposta ao estresse e sua aclimatagdo a
condigdes de laboratorio. Considerando estes aspectos, os objetivos deste estudo foram: (i) investigar as respostas
fisiologicas de L. fortunei submetidos ao processo de depuracdo e subsequente transporte (sem agua/condi¢do seca)
em duas temperaturas, analisando as diferentes concentra¢des de glicogénio e (ii) monitorar as concentragdes de
glicogénio nos diferentes grupos, quando mantidos por 28 dias em condi¢des de laboratdrio. Com base nos resultados
obtidos, a depurag@o nio afetou nenhum grupo quando eles foram submetidos a oito horas de transporte. A variagdo da
concentragdo de glicogénio entre os espécimes do campo quando depurados e ndo depurados, foi significativa apenas
em relacdio a primeira semana em laboratério para o grupo nao depurado e a segunda semana para o grupo depurado.
Além disto, a temperatura testada ndo afetou os grupos submetidos ao transporte. As concentragdes de glicogénio foram
semelhantes as dos espécimes do campo a partir da terceira semana, o que sugere que os espécimes estdo aclimatados
as condi¢des de laboratoriais neste periodo de tempo. Assim, os resultados indicam que o transporte ao ar ¢ o tempo
de aclimatacdo podem ser incorporados com sucesso aos estudos experimentais com L. fortunei. Finalmente, o
conhecimento sobre a tolerancia de L. fortunei ao estresse pode ajudar a entender a capacidade invasiva deste durante

o processo de estabelecimento.

Palavras-chaves. bioinvasao, glicogénio, mexilhdo dourado, fisiologia.

1. Introduction

Limnoperna fortunei (Dunker, 1857) (Bivalvia:
Mytilidae), or golden mussel, is a freshwater bivalve from
Asia that was accidently introduced into South America in
the 1990s and rapidly spread thought hydrographic basins,
causing severe damage to aquatic ecosystems and to raw
water-using industries, potable water treatment plants,
and electric power plants (Darrigran and Damborenea,
2011). The success of L. fortunei as invader is related to its
high adaptability and tolerance to environmental changes
(Darrigran etal., 2011; Uliano-Silva et al., 2014). In Brazil,
golden mussel invasion is considered one of the most
substantial threats and has produced a significant impact on
Brazilian watersheds and on the hydroelectric sector, both
of which are of significant concern to this country (Rolla
and Mota, 2010; Mansur et al., 2012). The golden mussel is
established in the south, southeast and central-west regions
of Brazil, with prospects to expand its distribution to other
Brazilian areas, such as the Amazon basin (Oliveira et al.,
2010a; Santos et al., 2012). Therefore, a high priority has
been given to the development of reliable, cost-effective,
and environmentally acceptable means of L. fortunei
macrofouling control. Golden mussel macrofouling is
characterized by uncontrolled growth and rapid incrustation
into hard substrates, on which the organisms set and grow
in pipes and the waterway, consequently blocking the water
flow and affecting the cooling systems in power plants
(Darrigran and Damborenea, 2011). Currently, the main
control strategies for golden mussel are based on chemical
molluscicides; however, there are few studies on the efficacy
of chemicals for macrofouling control (Montresor et al.,
2013). In addition, relatively little attention has been given
to laboratory rearing proceeds of L. fortunei, which ensures
the condition and quality of the animals when performing
reliable laboratory experiments using chemical compounds.
A literature review identifies a lack of standardization
in the procedures that are used in experimental studies
of L. fortunei, such as sampling, transport, rearing,
monitoring of the animal’s health, acclimation time to
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the laboratory, size range of the tested animals, monitored
physico-chemical parameters, food availability during
the experiments, and criteria for the selection of suitable
specimens to be tested for each bioassay (Cataldo et al.,
2003; Pereyra et al., 2011, 2012; Di Fiori et al., 2012;
Mansur et al., 2012; Calazans et al., 2013; Montresor et al.,
2013; Sylvester et al., 2013). In fact, differences between
the tested procedures in experimental studies may account
for some of the discrepancy observed in the literature
results (Rolla and Mota, 2010; Montresor et al., 2013).
Animal rearing under laboratory conditions for commercial
processes and/or laboratory experiments assumes that the
specimens are in good health conditions even after being
subjected to stressors (e.g., sampling, handling, abrupt
temperature changes and transport) (Gatenby et al., 1998;
Patterson et al., 1999; Lee et al., 2008). Thus, the sampling,
handling, transport and acclimation are considered crucial
steps for successful laboratory maintenance (Englund and
Pynnonen, 1996; Anacleto et al., 2013). The specimens
exposure to stressors strongly decreases animal quality and
can cause severe changes in its metabolism and contribute
to mortalities (Patterson et al., 1999; Lee et al., 2008;
Anacleto et al., 2013). Low temperatures influence the
animal’s ability to regulate the consumption of oxygen
under hypoxic conditions (e.g., the transport of freshwater
mussels exposed to air - without water) and increase
the animal’s tolerance to low oxygen concentrations
(Chen et al., 2001). According to Chase and McMahon
(1995), the bivalve Dreissena polymorpha (Pallas, 1771)
(known as zebra mussel) appears to be extremely tolerant
of starvation (stressor) but showed a greater survival
rate when held at 15 °C than it did when maintained in
25 °C. In fact, a reduction of metabolic activity under
low temperature has been observed in other freshwater
bivalves (unionid and dreissenid) to reduce their energy
consumption when affected by several stressors (Chase
and McMahon, 1995; Gatenby et al., 1998). Further, in
addition to the use of low temperatures during transport,
the specimens can be previously submitted to a depuration
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process that contributes to animal quality and increases the
survival rate of bivalves (Richards, 1988; Lee et al., 2008;
Anacleto et al., 2013). The depuration process consists of
maintaining live organisms (e.g., mussels) in a tank with
clean water with constant temperature and aeration and
without any feed for 48 hours. During this treatment, the
mussels expel potential contaminants through the gill
activity and digestive tract. These procedures are considered
important for animal quality and acclimation (Richards, 1988;
Lee etal., 2008; Anacleto et al., 2013). Thus, acclimation
is a set of adaptations under laboratory conditions, and it is
important to ensure the conditions and animal quality for
performing reliable laboratory experiments (Brasil, 1988;
Resgalla Junior et al., 2008; Marofias and Damborenea,
2009). The acclimation time to L. fortunei, as reported
in the literature, ranges from 0 to 20 days (Marofias and
Damborenea, 2009; Oliveira et al., 2010b; Di Fiori et al.,
2012; Calazans et al., 2013; Montresor et al., 2013).
In fact, in some experiments, the acclimation time is not
reported (e.g., Montalto and Drago, 2003; Pestana et al.,
2009; Oliveira et al., 2010a). Moreover, to perform reliable
laboratory experiments, the choice of specimens for use in
each experimental test is important. Thus, based on previous
studies (e.g., Pereyra et al., 2011; Di Fiori et al., 2012;
Montresor et al., 2013), the selection of golden mussel
specimens for bioassays is based on visual inspection,
in that specimens were excluded from testing when they
did not attach to containers or did not present an extended
siphon. However, simple visual inspection of the open
shells cannot provide sufficient information about the
golden mussel health because, according to Montresor et al.
(2013), golden mussel specimens also presented gapping
shells when exposed to noxious levels of ammonia. Thus,
visual inspection may not be the only valuable method for
determining animal health in bioassays.

The physiological effects of transport to the laboratory
and acclimation in aquaria are relatively unknown in
freshwater bivalves (Gatenby et al., 1998; Chen et al.,
2001; Yusufzai et al., 2010), including for the invasive pest
L. fortunei. The use of the metabolic reserve, reduction
or depletion of glycogen concentrations and how it is
used varies between bivalves and is often associated with
nutritional conditions (starvation or food availability), the
stage of development, sexual maturity (Hummel et al.,
1989; Kang et al., 2000; Albentosa et al., 2007; Dridi et al.,
2007; Anacleto et al., 2013) and chronic or acute physical or
chemical stresses (Nandurkar and Zambare, 2012). According
to Patterson et al. (1999), glycogen is the primary energy
store in bivalves and is a good physiological parameter
of bivalve health status or body condition. Glycogen
has been used in different studies, including monitoring
its concentration throughout the life cycle of bivalves in
the field, during controlled feeding and starvation under
laboratory conditions, during relocation, after transport
(air and water transport), and under chemical or physical
stress (Thompson et al., 1978; Hummel et al., 1989;
Patterson etal., 1999; Chen et al.,2001; Newton et al., 2001,
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Almeida et al., 2007; Patrick et al., 2006; Yusufzai et al.,
2010; Anacleto et al., 2013).

In addition to these issues, others must be considered:
(1) the successful rearing of healthy bivalves under laboratory
conditions is influenced by many stressors (such as
collection, transport and maintenance procedures); (ii) the
physiological effects of transport and the determination
of acclimation time under laboratory conditions is not
well known for freshwater bivalves, including the golden
mussel; (iii) the acclimation of animals (e.g., bivalves and
fishes) under laboratory conditions for experimental testing
is important; and (iv) there is a high demand for studies
with bioassays using the golden mussel. Thus, the aims of
this study are to (i) investigate the physiological responses
(glycogen concentrations) of L. fortunei specimens that
are submitted to depuration and subsequent transport in air
(without water) at two temperatures (approximately 15 °C
and 25 °C); (ii) monitor the glycogen concentrations in
different groups that were maintained for 28 days under
laboratory conditions; and (iii) provide suggestions for
improving the sampling, transport and handling of the
golden mussel under laboratory conditions. The compiled
data of this study provide insights that improve our
knowledge about laboratory rearing and bioassays and
contribute to control strategies of L. fortunei within and
between Brazilian hydrographic basins.

2. Material and Methods

2.1. Sampling and processing of specimens

Limnoperna fortunei specimens were manually and
carefully sampled, avoiding animal injury, at Refugio
Bela Vista of Itaipu’ hydroelectric power plant (Parana
River), Foz do Iguagu, PR, Brazil, (25°26°48.9”S;
54°32°58.1”W). The specimens were washed using local
water (at 25.01 °C £+ 1.67 °C) to remove organic materials.
Subsequently, the washed specimens were submitted to
two procedures: (i) the soft tissue of the mussels was
removed, and the glycogen concentration was quantified
(see the section Glycogen concentration); and (ii) the
mussels were submitted to depuration as described by
Anacleto et al. (2013). The experimental procedures are
summarized in Figure 1.

2.2. Field procedures: depuration process and transport
of specimens

The depuration process began immediately after the
sampling and cleaning of the mussels and was carried out
in 200-L aquaria containing dechlorinated tap water with a
6.90+0.06 pH, 25.01 °C+ 1.67 °C temperature, 75.3 +4.81%
oxygen saturation, of 6.06 = 0.53 mg/L dissolved oxygen
and constant aeration. The physicochemical parameters in
the aquaria were monitored daily using a multiparameter
probe (U-50 series Horiba) for 48 hours, during which
no food was provided. The sampled specimens that were
submitted to each procedure as described in Figure 1
were transported in thermal insulated boxes (transport
box - 24 L) to the laboratory (an approximately eight-hour
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Figure 1. Schematic representation of the experimental design.

transport). Each transport box was previously prepared at
two experimental temperatures, approximately 25 °C (room
temperature) and 15 °C, for both the non-depurated and
depurated groups. The 15 °C temperature inside the transport
box was reached and maintained by using gel ice packs
during transport. Thermometers were used to monitor the
temperature levels inside each box. The depurated mussels
that were kept at 25 °C in aquaria (and then transported at
15 °C in the transport box) were previously submitted to a
temperature decrease by adding ice until the temperature
reached 15 °C. The temperature was slowly lowered
at 1.7 °C per minute to avoid the thermal shock of the
mussels. The depurated and non-depurated specimens were
separately packed in plastic bags holding 3 kg of mussels
without water (air transport); subsequently, each bag was
filled with O, using an air compressor, closed and kept
in a transport box at distinct temperatures as described
below. Because mussels are sensitive to physical damage,
the animals were carefully handled to minimize injuries
and mortalities. Thus, a soft cloth was wrapped around
the gel ice packs to avoid direct contact with the mussels
and mechanical shock during transport.

2.3. Experimental procedures in the laboratory

The golden mussel specimens were transported to
Laboratoério de Estudos de Limnoperna fortunei - LELf
at Centro de Pesquisas Hidraulicas e Recursos Hidricos
(CPH) of Universidade Federal de Minas Gerais (UFMG),
Belo Horizonte, Minas Gerais state, Brazil (19°52°29.61”’S;
43°58°03.41”W). After arriving at LELf, the boxes were
opened, the temperature was measured, and the individuals
were transferred to aquaria containing 40 L of dechlorinated
tap water after the temperature difference between the box
and the water of the aquarium became less than 2 degrees
to prevent the thermal shock of the mussels. The mussel
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density for the depurated and non-depurated groups was
500 grams (17 individuals per liter) to maintain a compatible
density with the total volume of the aquaria during the
experimental tests. Then, both groups were maintained in
their respective aquarium for 28 days (Figure 1) with constant
aeration and a photoperiod cycle of 12:12 h of light:dark,
but no food was provided during the first five days. Later,
all of the animals were daily feed, three hours before water
renovation (50% or 100% daily water renovation), with
live algae Scenedesmus Meyen, 1829 (Chlorophyceae:
Scenedesmaceae) and Ankistrodesmus Corda, 1838
(Chlorophyceae: Selenastraceae) that were cultivated in the
laboratory (0.5 x 107 cells/ml). The cleaning procedure was
carried out every two days before water renovation; organic
residues and feces were removed with tap water and a thin
paint brush. During the maintenance of the aquarium, the
animals were not removed from the aquarium and were not
touched to reduce stress. The physicochemical parameters,
including the temperature, pH, dissolved oxygen and total
ammonia were monitored daily using a pH meter (HI 3221;
HI 1131B; Hanna), an optical oximeter (ProODO; YSI),
and an ammonia-selective electrode (HI 4101; Hanna).
The tap water was dechlorinated with sodium thiosulfate
and used in each aquarium to maintain the mussels in the
laboratory. The aquaria were maintained under the following
conditions: 20.03 + 2.98 °C temperature, 7.7 + 0.39 pH,
7.63 £ 0.67 mg/L dissolved oxygen and < 0.6 mg/L total
ammonia-N.

2.4. Glycogen quantification

Glycogen was extracted from the mussel tissue according
to Pinheiro and Gomes (1994) and measured according to
Sumner (1944) and was expressed as milligrams of glucose
per of gram tissue, wet weight (mg glucose / g tissue).
The mussel soft tissue was removed from the shells for each
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group; then, the fresh tissues were weighed, divided into
three tissue samples of one gram each, and maintained at
—20 °Cuntil use. The glycogen analysis was performed on
sampled specimens from the depurated and non-depurated
groups, as shown in Figure 1.

2.5. Statistical analysis

To determine whether there was a significant difference
in the glycogen concentrations between the depurated and
non-depurated groups in the field that were transported or
maintained under laboratory conditions for 28 days (first to
fourth week) a one-way Variance Analysis (ANOVA) was
performed. Comparisons were made a posteriori using a
95% confidence interval; thus, in those treatments that
no overlap between the confidence interval, they were
considered significantly different. To check the differences
in glycogen concentrations and the interaction between the
depurated condition and temperature at different treatments
(Figure 1), a factorial Variance Analysis (factorial ANOVA)
(Zar, 2009) was performed. All of the statistical analyses
were performed using the STATISTICA 8.0 software
(StatSoft Inc., 2007).

3. Results

The glycogen content after the first week of maintenance
of L. fortunei specimens under laboratory conditions was
significantly higher (0.34 + 0.79 mg glucose / g tissue)
than in depurated and non-depurated field animals
(0.15 + 0.07 mg of glucose / g of tissue) and those
that were maintained for four weeks in the laboratory
(0.09 £ 0.06 mg glucose / g tissue). Based on our results,
there was significant difference among treatments of
non-depurated animals (ANOVA: F ;. =3.69, p=0.008)
(Figure 2, Table 1). However, the glycogen concentrations
among non-depurated animals decreased after the first
week, and in the fourth week, reached concentrations
at levels similar to those obtained in animals from the
field (0.42 £+ 0.11 mg glucose/g tissue). There were also
significant differences among treatments in the depurated
animals (ANOVA: F _ =6.69, p<0.001). In this group,
the glycogen concentrations was significantly higher
in the second week in the laboratory (0.63 + 0.41 mg
glucose / g tissue) compared to the results obtained with
animals from the field (0.15 £ 0.07 mg of glucose / g tissue),
after the third (0.12 + 0.11 mg of glucose / g tissue) and
fourth (0.12 + 0.08 mg of glucose / g of tissue) weeks
(Figure 2, Table 1).

In addition, no significant difference in glycogen
concentrations was found in samples that were obtained
from the field or submitted to transport (depurated and
non-depurated). Furthermore, regardless of the group
(depurated or non-depurated), after three weeks in the
laboratory, the glycogen concentrations of the golden
mussels became similar to those observed in animals
from the field. Based on ANOVA (F | ,=0.71, p=0.40),
no significant influence of temperature on the glycogen
concentrations was observed for either the depurated or
non-depurated group. In other words, when the effects of
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After transport
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Figure 2. Glycogen content, average values (milligrams
of glucose/gram of tissue, wet weight) of L. fortunei with
the 95% confidence interval for the groups: depurated
and no-depurated samples obtained from the field and
maintained under laboratory conditions over four weeks
(28 days).

Table 1. Mean values of concentration of glycogen*
(+ standard deviation) of Limnoperna fortunei for depurated
and non-depurated groups by the analyzed treatments
(field, after transport, 1st, 2nd, 3rd and 4th week laboratory
maintenance).

Treatments Groups
Depurated Non-depurated

Field 0.15+0.07 0.15+0.07
After transport 0.34+0.16 0.47+0.23
1st week 0.44+£0.26 0.79 £0.34
2nd week 0.63+0.41 0.59 +0.83
3rd week 0.12+0.11 0.42+0.11
4th week 0.12+0.08 0.09 £+ 0.06

*expressed as milligrams of glucose per of gram tissue.

the interaction between the depurated and non-depurated
processes were analyzed with the transport temperature
of L. fortunei (factorial ANOVA: F | /=021, p =0.64),
no significant difference in glycogen concentration was
observed.

4. Discussion

Variations in glycogen concentrations among specimens
of L. fortunei obtained from the field and the depurated and
non-depurated groups were observed only during the first
week for the non-depurated group and the second week
for the depurated group. These observations were also
detected by Widdows and Bayne (1971), who observed an
increase in circulating glucose in Mytilus edulis Linnaeus,
1758 (Bivalvia: Mytilidae) during the second week of
acclimation under laboratory conditions. This increase is
related to the stress caused by transport (Pekkarinen and
Suoranta, 1995) and to acclimation at different temperatures
under laboratory conditions (Widdows and Bayne, 1971).
However, the increased glycogen concentration did not last
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throughout the analyzed period (28 days); indeed, after
three weeks, the glycogen concentration was similar to
that obtained from animals of the field, which indicated
that the specimens had already acclimatized. The increased
glycogen content lasted for a short period of time, which
indicated that L. fortunei specimens suffered little stress
during sampling, transport and acclimation (stressors),
as suggested by Chen et al. (2001). The reduction and
maintenance of similar glycogen concentrations of those
observed in animals that were obtained from the field
are considered indicative of a rapid recovery of stress
and consequent adaptation to laboratory conditions by
the metabolism regulation (Widdows and Bayne, 1971).

Herein, L. fortunei specimens acclimatized within
three weeks under laboratory conditions. Indeed, bivalves
are often subjected to wide temperature variation when
submitted to transport and relocation; thus, in the glycogen
content analysis, the temperature fluctuation negatively
affected the conditions of these organisms and caused
high mortality during transport (Anacleto et al., 2013).
Temperature significantly influenced estuarine bivalve
metabolism, and the lowest temperatures were considered
the best conditions during transport (Anacleto et al., 2013),
consequently decreasing the excretion products and benefitting
their capability to regulate oxygen consumption (Chase
and McMahon, 1995; Gatenby et al., 1998). In this study,
the tested temperatures i.e., 15 °C (ten degrees lower than
the reservoir water temperature) and 25 °C (similar to the
reservoir water temperature), did not affect the glycogen
content of L. fortunei specimens. Based on our results,
golden mussel showed tolerance to temperature fluctuation
during transport, which suggests that this tolerance could
strongly influence its invasiveness ability. In fact, the golden
mussel can inhabit a wide range of water temperatures
(Sylvester et al., 2005; Darrigran et al., 2011), and in
some localities of Brazil - where the water temperature is
not below 15 °C - its populations still successfully spread
through new watersheds (Santos et al., 2012).

In this study, the depuration process did not significantly
affect the glycogen content after L. fortunei specimens
were transported to laboratory, as was also observed by
Anacleto et al. (2013) for the bivalves Venerupis pullastra
(=corrugata) (Gmelin, 1791) (Veneroida: Veneridae)
and Ruditapes phillipinarum (Adams & Reeve, 1850)
(Veneroida: Veneridae). The absence of a measurable
decline in glycogen content in L. fortunei specimens after
eight hours of transport could be related to their ability to
consume a small amount of glycogen through anaerobic
metabolism as reported by Chen et al. (2001), in unionid
bivalves after 24 hours of transport.

This work demonstrates that regardless of the depuration
process and temperature conditions under which L. fortunei
specimens are transported, this species is able to withstand
environmental changes and quickly adapt (after three weeks)
to the new laboratory conditions (e.g., stocking density,
photoperiod, nutrition and physical-chemical conditions of
the water). A recent transcriptome study identified various
forms of heat shock proteins and cytochrome P450, which
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indicate that this mussel have a wide range of genetic
repertoire that may help it overcome the stressors when
it is introduced to new environments (Uliano-Silva et al.,
2014). However, the same study also detected a lack of
special adaptation to extremely low O, levels. Based on
this information, the use of O, inside of plastic bags is
probably critical to the survivor of the specimens during
the transport process and may help to guarantee their health.

Thus, to obtain healthy L. fortunei specimens with good
physiological conditions to perform reliable laboratory
experiments, we suggest that the mussels could be captured
and transported (without water/dry conditions) in plastic
bags filled only with pure oxygen by using thermal insulated
boxes at room temperature and acclimatized under laboratory
conditions for a minimum of three weeks. This precaution
should be considered for any bioassay in the laboratory
to account for the health of the golden mussel specimens,
thus avoiding any bias with the target organisms during
the experiments and ensuring reliable results. Thus, our
results show that physiological analyses could provide the
most reliable and complete picture of L. fortunei reaction
to stress and can be used to monitor the rearing and health
of this species under laboratory conditions.
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Erratum

Erratum

Erratum In the article “Physiological response of invasive mussel Limnoperna fortunei (Dunker, 1857) (Bivalvia:
Mytilidae) submitted to transport and experimental conditions”, DOI https://doi.org/10.1590/1519-6984.15315,
published in Brazilian Journal of Biology, vol. 77, no. 1, p. 195, in the results of the article:

Where it reads:

The glycogen content after the first week of maintenance of L. fortunei specimens under laboratory conditions was
significantly higher (0.34 £ 0.79 mg glucose / g tissue) than in depurated and non-depurated field animals (0.15+0.07 mg
of glucose / g of tissue) and those that were maintained for four weeks in the laboratory (0.09 + 0.06 mg glucose / g tissue).
Based on our results, there was significant difference among treatments of non-depurated animals (ANOVA: F, | =3.69,
p = 0.008) (Figure 2, Table 1). However, the glycogen concentrations among non-depurated animals decreased after
the first week, and in the fourth week, reached concentrations at levels similar to those obtained in animals from the
field (0.42 £ 0.11 mg glucose/g tissue).

It should be read:

The glycogen content after the first week of maintenance of L. fortunei specimens under laboratory conditions was
significantly higher (0.79 + 0.34 mg glucose / g tissue) than in depurated and non-depurated field animals (0.15 £ 0.07 mg
of glucose / g of tissue) and those that were maintained for four weeks in the laboratory (0.09 + 0.06 mg glucose / g tissue).
Based on our results, there was significant difference among treatments of non-depurated animals (ANOVA: F, |, =3.69,
p = 0.008) (Figure 2, Table 1). However, the glycogen concentrations among non-depurated animals decreased after
the first week, and in the fourth week, reached concentrations at levels similar to those obtained in animals from the
field (0.09 + 0.06 mg glucose/g tissue).
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