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Abstract
One of the major causes of aquatic biodiversity loss is the contamination of the environment by
pesticides. Although there is a considerable amount of studies on the subject, there are still few that deal
with the effects of carbofuran on native species in Brazil. Although carbofuran is widely used in Brazil, its
action on native organisms, such as the Atlantic Forest lambari Deuterodon iguape , has not yet been
studied. This work aimed to evaluate the effects of exposure to carbofuran on the �sh D. iguape ,
considering the behavior and speci�c oxygen consumption and speci�c ammonia excretion as end
points. Opercular movements, dorsal �n movements and swimming speed were analyzed as behavioral
parameters. To assess speci�c oxygen consumption and speci�c ammonia excretion, �sh were subjected
to concentrations of 0.0, 0.05, 0.1, 0.25, and 0.5 mg/L, for 24 hours. For behavior analysis, �sh remained
exposed to carbofuran at concentrations: 0.0, 0.01, 0.05, 0.1 and 0.5 mg/L, in periods of 0, 2, 24 and 48
hours. The behavior was studied through �lming, analyzed with the free software, Tracker 4.92 (Open
Source Physics). The results showed that there was a decrease in opercular movements (-8%±2.65), in
dorsal �n movements (-18.6%±2.97), as well as in swimming speed (-66.4%±1.83). There was an increase
in oxygen consumption of 58.4% and ammonia excretion by 90.6% in �sh exposed to the highest
concentration of carbofuran. Thus, it is concluded that carbofuran altered D. iguape 's behavior, oxygen
consumption and ammonia excretion. The species was sensitive to carbofuran concentrations and can
be used as a bioindicator.

Introduction
The increase in human activities involving pesticides contributes to the increase in the concentrations of
these pollutants in water bodies, threatening both aquatic and terrestrial biota as well as human health
(Reigala et al. 2014). Despite the fact that pesticides guarantee an increase in agricultural productivity, by
protecting crops from their “natural enemies”, their inadequate management can compromise soils, water
sources and, consequently, non-target organisms (Gunningham and Sinclair 2005; Campos-Garcia et al.
2016). In this sense, the constant use of these substances causes great concern, because once present in
the environment, they affect all the biota that is exposed to them in different ways (Barbieri et al. 2013;
Santiago-Moreira 2013; Ruíz-Hidalgo et al. 2016).

Toxic compounds such as pesticides can affect aquatic organisms by compromising their behavioral,
nutritional, and physiological status (Van der Oost et al. 2003; Lal 2007). For this reason, studies of the
behavior and metabolism of �sh and shrimp can assist in monitoring the environmental quality where
these organisms are present. Using behavior and metabolism as a biomarker, it is possible to analyze the
general physical state of these animals when in contact with certain toxic substances (Barbieri 2007b).

Among pesticides, carbamates are one of the most used in Brazil because they are e�cient over a large
number of insects (Barbieri et al. 2013). Carbofuran, the largest representative of the carbamate class,
produces deleterious effects capable of reaching non-target organisms as �sh (Herbrandson et al. 2003).
The scarcity of knowledge about the risks that pesticides can cause on native �sh is worrying, since their
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demand and use in the environment has increased in recent years, raising concerns about the toxicity of
these substances in the behavioral and physiological processes of aquatic organisms (Britto et al. 2012;
Campos-Garcia et al. 2016; Barbieri et al. 2018). Due to the great potential reach that pesticides have in
aquatic environments, it is necessary to determine what levels of exposure are impacting the species
present in these environments (Klaper et al. 2010). Although carbofuran is widely used in Brazil, its action
on native organisms, such as the Atlantic Forest lambari Deuterodon iguape, has not yet been studied.
Marques et al. (2007) revealed that of 152 water samples analyzed, only 24% showed the presence of
pesticides, particularly carbofuran (0.01 and 0.5 mg/L) in the São Paulo region.

Jash and Bhattacharaya (1983) observed in �sh that the effects caused by exposure to carbofuran
caused the inhibition of acetyl cholinesterase, affecting nervous and muscular impulses. Little and Finger
(1990) studied post-exposure to different concentrations of pesticides, noting changes in behavior, as
evidenced by decreased swimming activity. Many of these functions are visibly altered by pollutants,
which cause �sh to show altered signs in vital activities, since their senses are affected (Barbieri 2007a).
Some behaviors, which are affected in some way, include latency in eating, aggressiveness, adverse
response to a predator, variation in breathing, altered swimming ability and capacity, and consequent
effects on reproduction (Baldwin et al. 2009).

The behavioral responses of �sh can be used as important biomarkers (Bosisio et al. 2017), especially
swimming and breathing (Rand 1984; Barbieri, 2007b; Ferarini et al., 2016), which are parameters that
can be easily assessed when �sh are exposed to toxic substances (Little and Finger 1990; Christiansen et
al. 1998; Maxuwell and Dutta 2005).

The test organisms who can be cultivated in the laboratory and are the most used, internationally, in
ecotoxicological tests are microalgae (Pseudokirchneriella subcaptata), cladocerans (Daphnia similis or
Ceriodaphnia dubia) and �sh (Danio rerio and Pimephales promelas) (Lombardi 2004). Testing the
hypothesis of viability in other organisms, which present the basic principles for use in the toxicity tests
suggested by Zagatto and Bertoletti (2006), �sh of the species Deuterodon iguape, belonging to the
Characidae family, found in watersheds in neotropical and subtropical regions of Brazil, were used in this
study. Characidae is the largest of the families in the Characiform order, and contains 65% of the species
of that order, distributed into 12 subfamilies, 167 genera and 980 species, totaling 21% of the entire
neotropical ichthyofauna (Fonseca et al. 2017). The Deuterodon iguape lambari is an endemic species of
small rivers and streams in the region of tropical and subtropical forests and has wide market
possibilities (Henriques et al. 2019). Recent studies have identi�ed that, in addition to selling them for
human consumption, they can be used as live bait for sport �shing (Henriques et al. 2018).

The objective of this study was to evaluate the effects of exposure to carbofuran on lambaris
(Deuterodon iguape), using the behavioral parameters of opercular movement, dorsal �n movement,
swimming speed, as well as the metabolic parameters of speci�c oxygen consumption and speci�c
ammonia excretion.



Page 4/19

Materials And Methods

Pollutant used
The chemical substance used was a carbamate (2,3-dihydro-2,2-dimethyl-7-benzofuranyl methyl
carbamate) (99.5%, Sigma), a chemical pesticide popularly known as carbofuran.

Experimental design
Specimens of Deuterodon iguape were obtained from the Instituto de Pesca (Fisheries Institute). After the
7-day acclimatization period, 50 �sh were used. Twenty �ve individuals, with an average weight of 11.76
g (±1.90 g) and an average length of 11.02 cm (±1.41 cm), were used for the analysis of behavior
parameters and the other 25 individuals, with an average weight of 10.35 g (±3.82 g) and an average
length of 10.75 cm (±1.24 cm), were used for the analysis of routine metabolism. No �sh was used more
than once in each experiment. For both experiments, the animals were divided into 5 experimental groups
(n=5), each group was in a 30 L glass aquarium, with constantly aerated water, a pH of 6.5, and
controlled temperature between 20 and 21 °C. For the behavior groups, there was an extra aquarium
(Filming Record Aquarium-ARF) with the same dimensions and characteristics (without carbofuran), in
which the �lming and collection of the behavior data were made. This method aimed to test the post-
stress behavior of aquarium transfer. The intention was to simulate escape stress or even hunting for
food.

Water chemical analysis to con�rm exposure concentrations of carbofuran was performed using an
HPLC system (1200 series, Agilent Technologies, CA, USA) coupled to a 6130 quadrupole mass
spectrometer with a G1978B multimode ion source [electrospray ionization (ESI) and atmospheric
pressure chemical ionization (APCI)]

This study followed the ethical principles for animal experimentation adopted by the Brazilian School of
Animal Experimentation (COBEA) and received authorization (no.14/2018) from the Ethics Committee on
Animal Experimentation of the Fisheries Institute, São Paulo, Brazil.

The carbofuran concentrations used for the behavior parameters were 0.0; 0.01; 0.05; 0.1 and 0.5 mg/L,
and data collections were performed during the periods of 0h, 2h, 24h, and 48h. In each group-to-group
period, they were transferred to the ARF for �lming, which began after one minute of the �sh's stay. Each
group of the �sh were subjected a different concentration. To obtain the carbofuran desired
concentration, the necessary volume of the main (mother) substance (1 mg/carbofuran/mL) was
calculated to each volume of glass aquarium. The behavior was analyzed in an aquarium for each �sh.
The �lming was done in two shots (pro�le and aerial) simultaneously, and lasted 1 minute, to record the
opercular movements, dorsal �ns, and swimming speed. The Video resolution: FHD 1920 x 1080, 30
frames per second. In order to check the swimming speed, the footage was submitted to the Tracker 4.92
software (Open Source Physics), which through sequences of the images produced several frames,

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/quadrupoles
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mass-spectrometer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ion-source
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allowing the addition of coordinate axes. The program creates mass points, with different colors,
indicating the path of each �sh, avoiding the exchange of �sh. Each �sh was assessed individually. Then,
using the mass point, which is the location of each �sh on the axes, it was possible to verify the trajectory
of each individual over the 60 seconds of �lming. At the end of the trajectory, the program reported the
swimming speed and the individual's position in the X and Y coordinates. The number of opercular
movements and dorsal �ns were counted in a direct, visual way through the Filming Reports (Henriques et
al. 2018). For each treatment, including controls, the �sh were fasted for 24 hours and then were kept for
2 hours in an aquarium with 30 L of water.

For the analysis of metabolism, the remaining 25 �sh were used, which were exposed to concentrations
of 0.0, 0.05, 0.1, 0.25, 0.5 mg/L of carbofuran, for a period of 24 hours. After this period of exposure to
the contaminant, the specimens were distributed in cylindrical glass respirometers, with one �sh per
respirometer. The respirometers were kept in a closed system with continuous water circulation, to
mitigate the stress caused by handling, the specimens were kept inside the respirometers for one hour
with continuous water circulation. Soon after, the respirometers were closed, interrupting the internal
water circulation, and isolating them from the closed system with continuous circulation, for one hour.
Immediately after one hour, water was collected from respirometers to analyze oxygen consumption and
ammonia excretion (Barbieri and Doi 2011).

For each treatment, including controls, the �sh were fasted for 24 hours and then were kept for 2 hours in
an aquarium with 30L of water. Different amounts of carbofuran were added to each aquarium with
precision pipettes to ensure a homogeneous distribution in the aquarium and to obtain the �nal
concentration determined, just before the introduction of the �sh.

Speci�c oxygen consumption was determined by the difference in dissolved oxygen concentrations
between the beginning and the end of an hour, according to the volume of the respirometer, the wet
weight of the �sh, and the con�nement time (mLO2/g/L/h). Dissolved oxygen was determined according
to the method of Winkler (1888).

The collections of water for the analysis of the speci�c ammonia excretion were carried out
simultaneously with the collections for analysis of speci�c oxygen consumption. Ammonia excretion was
determined by the difference between ammoniacal nitrogen concentrations at the beginning and at the
end of an hour, according to the volume of the respirometer, the wet weight of the �sh, and the
con�nement time (mg/g/L/h). Ammoniacal nitrogen was determined by the Nessler (1856) method
(APHA, 1995).

Statistical analysis
The behavioral data were evaluated, after checking the normal distributions (Kruskal-Wallis test) and
homoscedasticity (Levene test), according to the means and standard deviations obtained by the
statistical analysis of ANOVA (one-way).
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The means and standard deviation of the routine metabolism data were submitted to the Shapiro-Wilk
normality test and Levene's homoscedasticity test. Subsequently, the ANOVA test was applied. Before
statistical tests, all data tested using Tukey test (p<0.05)

Results

Behavior: opercular movements
In the 0-hour exposure period, the average of opercular movements in the concentrations used, did not
present statistical difference in relation to the control (Fig. 1). In the 24- and 48-hours periods, the �sh
demonstrated a drop in the opercular rhythm in the concentrations used when compared to the control,
with statistical differences observed with the concentrations of 0.01 mg/L to 0.5 mg/L (Fig. 1).

Behavior: dorsal �n movements
During the 0-hour exposure period, the means of opercular movements showed statistical difference in
relation to the control only in the concentration of 0.5 mg/L. Fish exposed in the periods of 2, 24 and 48
hours, showed statistical differences in relation to the control in all concentrations used (Fig. 2).

Behavior: swimming speed
Except for the 0-hour exposure period, the averages of the swimming speed of the �sh were statistically
different in relation to the control in all concentrations and exposure periods used (Fig. 3).

Metabolism: Speci�c oxygen consumption
The averages of speci�c oxygen consumption of individuals exposed to carbofuran increased as the
concentration increased (Fig. 4). There was a statistical difference in relation to the control in
concentrations of 0.1, 0.25, and 0.5mg/L.

Metabolism: Speci�c ammonia excretion
The results for speci�c ammonia excretion indicated an increase in excretion as the carbofuran
concentration increased; however, there was a statistical difference only in the concentration of 0.5mg/L
(Fig. 5).

Discussion
Rand (1984) cataloged a series of �sh behaviors that are used as indicators of toxicity. Among these,
swimming is considered a good indicator of changes due to water pollution, including substances
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present at sublethal levels. Swimming time until tiredness and oxygen consumption during exercise are
adequate to study acute effects of toxins on the environment, since they provide quick and easily
measurable responses in different species of �sh (Little and Finger 1990). Studies comparing the
duration of swimming activity, feeding, and predator escape in the rainbow trout, Oncorhynchus mykiss,
demonstrated that these parameters were reduced by sublethal exposure to chemicals (Little et al. 1990).
Moreover, in studies with Mugil platanus, there was a change in swimming capacity when exposed to
different surfactants (Barbieri et al. 1998; Barbieri 2007b).

The changes in the behavior parameters evaluated in this work showed similarities with the studies by
Rand and Petrocelli (1985), who tested behavioral parameters of swimming as a biomarker in their
experiment, and found a decrease in the speed of swimming in individuals exposed to pesticides. Nile
tilapia (Oreochromis niloticus) exposed to carbofurano detergent also had its swimming capacity
decreased as the xenobiotic concentration increased (Campos-Garcia et al., 2015).

In the present study it was possible to observe changes in the behavior of D. iguape, exposed to
carbofuran similar to those reported in the works of Pereira et al. (2012) and Diniz and Honorato (2012),
when �sh were exposed to pesticides and showed changes in their behavior. According to Campos-Garcia
et al. (2016), the degree of toxicity to �sh varies due to the quantity and availability of the pollutant in the
environment, plus the exposure time of the organism. Thus, for D. iguape, greater effects of carbofuran
were also observed, altering its behavior during longer periods of exposure. According to Iwama et al.
(2004) and Barreto and Volpato (2006), the changes suffered by �sh in the respiratory parameters are the
most noticeable, considering that they affect the opercular movements. These results were veri�ed, in the
present study, during the periods of 2, 24 and 48 hours of exposure to the pollutant, corroborating with
those mentioned by these authors.

Changes in swimming speed are re�ected in various activities of the organism such as migration,
predation, or success in the �ight from predators, with serious ecological consequences (Reidy et al.
1995). In addition, the decrease in swimming speed makes it di�cult to �nd the prey due to the reduced
search area (Barbieri 2007a). This fact damages eating e�ciency with the concomitant decrease in the
amount of energy available for growth (Little and Finger 1990).

The studies by Little and Finger (1990), Barbieri (2007a,b) and Campos-Garcia et al. (2016) highlight the
behavior of swimming as an important parameter to be used in ecotoxicology, which is con�rmed in the
present study, given that the loss of swimming speed of the �sh, reached 56.6% (±1.41) in the highest
concentration of carbofuran (0.5 mg/L) during the �nal period of 48 hours.

Silva et al. (2006) observed that the result of the presence of pollutants initially provoked, in the studied
organisms, an increase in the swimming speed and later a decrease. This result is similar to what was
observed for the Atlantic Forest lambari D. iguape, which after an initial increase in swimming speed,
there was a sequential decrease of around 50%, compared to the control. The concentrations of
carbofuran used in the present study resulted in a noticeable reduction in swimming speed as well as,
consequently, in the other behavior parameters. Hernandez-Moreno et al. (2011) reached similar results
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when they found that the swimming capacity, related to the opercular and �ipper movements, decreased
when the pesticide concentration was increased.

Swimming speed is a valid parameter and a consistent index of sublethal toxicity, which can be easily
incorporated into testing protocols to increase the sensitivity of the toxicity test pattern. Measurements
from swimming time to tiredness can be closely monitored in the laboratory with simple equipment that
can be easily adapted for use in �eld toxicity tests.

According to Sabra and Mehana (2015) and Santana and Cavalcante (2016), the results of studies
developed with pesticides in �sh always show changes in branchial functions in�uencing alterations in
gas exchange capacity, directly affecting breathing, as well as opercular movement disorders and other
related functions, which were also observed in the present study.

Several studies have shown an increase in oxygen consumption in organisms exposed to various toxins.
Lemaire et al. (1996), studying the effects of aromatic compounds, found a pronounced increase in
oxygen consumption in �sh as the concentration of aromatics increased. On the other hand, MacLead
and Smith (1966), testing the effect of wood �bers on oxygen consumption and activity of Pimephales
promelas, found that with each doubling of the concentration, there was a decrease of 1 mg/kg/min in
consumption amid low levels of dissolved oxygen, and 0.2 mg/kg/min in high levels of it. The authors
also reported a signi�cant decrease in swimming capacity, using this parameter as an indicator of stress.

In our experiments, we found a signi�cant increase in routine metabolism as the carbofuran
concentration increased. Probably, in the concentrations used during the short experimental period, the
pesticide effect was not enough to alter the respiratory organs to the point of compromising their
absorption of the gas. In addition, it can also be assumed that as gills are involved in osmoregulation and
other metabolic processes as well as gas exchange, carbamates, even in low concentrations, impair the
proper functioning of these processes, causing individuals exposed to them to spend more energy
attempting to maintain homeostasis (Barbieri et al. 2018).

The changes in the speci�c oxygen consumption presented in this study were greater with high
concentrations of carbofuran, because the higher the concentration, the greater the effect. According to
Bosisio et al. (2017), changes in speci�c oxygen consumption are related to metabolic disorders in
general, causing behavioral changes in �sh. There was an increase in the speci�c oxygen consumption of
D. iguape exposed to carbofuran, in the same way as was veri�ed by Vargas et al. (1991 a,b) and
Campos-Garcia et al. (2016) in �sh exposed to plant extracts and carbofuran, respectively. In view of
these changes, it was found that substances with the potential for environmental changes can cause
changes in oxygen consumption in aerobic aquatic organisms.

Studies by Campos-Garcia et al. (2016) with tilapia exposed to parathion and carbofuran, observed an
increase in oxygen consumption, at the different concentrations used. These results are similar to those
observed in the present study, in which there was an increase in oxygen consumption, with an increase in
the concentration of carbofuran.
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Barbieri et al. (2017a, 2018) indicated a signi�cant increase in ammonia excretion with large
concentrations of carbofuran, which is similar to results observed for D. iguape where the excretion of
ammonia was greater at the highest concentration employed. De-Boeck et al. (1995) explains that protein
catabolism, for the production of energy in �sh, ends up generating ammonia as a �nal product, which
indicates a constant increase in excretion. Therefore, higher concentrations of carbofuran likely increase
the demand of for energy production in D. iguape, as measured by ammonia excretion, implying a
stressful condition.

Similarly, Dhamagaye et al. (2015) found a signi�cant increase in the amount of ammonia excretion in a
study with Pangasius hypophthalmus exposed to cypermethrin. This was similar to what was observed
in the present study when there was a considerable increase in ammonia excretion in the tested
individuals. A study with freshwater shrimp, Macrobrachium olfersii, exposed to carbofuran, found that
ammonia excretion increased when concentrations were the highest (Barbieri et al. 2013). In addition, in a
study by Campos-Garcia et al. (2016) with Oreochromis niloticus exposed to carbofuran, the authors
found an increase of more than 200% in ammonia excretion when �sh were exposed to carbofuran. This
was also similar to what occurred in D. iguape as the increase in ammonia excretion reached 172.8% (at
0.5 mg/L).

Conclusions
It is concluded that the concentrations of carbofuran used were able to result in changes in the behavior
of the �sh, which were clear in the three parameters, opercular movements, dorsal �n movements and
swimming speed.

The Atlantic forest lambari, D. iguape, proved to be sensitive to carbofuran and can be used as a
bioindicator of water pollution in ecotoxicological studies. This study demonstrated that the
concentrations used have su�cient potential to alter the behavior of the �sh. Moreover, it showed that the
response of these individuals to the pollutant, in addition to being useful, is an environmental concern,
especially in areas where the use of carbofuran is more intense.
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Figure 1

Averages of opercular movements (n=5), of each group, for �sh exposed to different concentrations of
carbofuran, in the exposure periods of 0, 2, 24 and 48 hours. The bars are the respective standard
deviations and the asterisks represent the concentrations where there was a statistical difference in
relation to the control
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Figure 2

Average dorsal �n movements (n=5) for �sh exposed to different concentrations of carbofuran, in the
exposure periods of 0, 2, 24, and 48 hours. The bars are the respective standard deviations and the
asterisks represent the concentrations where there was a statistical difference in relation to the control
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Figure 3

Swimming speed averages (n=5) for �sh exposed to various concentrations of carbofuran at various
periods of exposure. The bars are the respective standard deviations and the asterisks represent the
concentrations where there was a statistical difference in relation to the control
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Figure 4

Speci�c oxygen consumption averages of D. iguape in relation to carbofuran concentration. The bars are
the respective standard deviations and the asterisks are the statistical differences in relation to the
control (n=5)

Figure 5
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Speci�c ammonia excretion averages of D. iguape in relation to the concentration of carbofuran, the bars
are the respective standard deviations and the asterisk is the statistical difference in relation to the
control (n = 5)


