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ABSTRACT. This paper shows the results of a dose-response study in Scaptotrigona bipunctata bees,
Lepeletier, 1836 (Hymenoptera: Apidae) exposed to the insecticide Fastac Duo. The aim was to evaluate the
lethal concentration that causes the death of 50% of bees (LCso) and investigate the odd of mortality after
exposure to different concentrations, using the logistic regression model under the Bayesian approach. In
this approach, it is possible to incorporate a prior information and gives more accurate inferential results.
Three independent dose-response experiments were analyzed, dissimilar in their lead time according to
guidelines from the Organisation for Economic Co-operation and Development (OECD), in which each
assay contained four replicates at the concentration levels investigated, including control. Observing
exposure to the agrochemical, it was identified that the higher the concentration, the greater the odd of
mortality. Regarding the estimated lethal concentrations for each experiment, the following values were
found, 0.03 g a.i. L'}, for 24 hours, 0.04 g a.i. L'}, for 48 hours and 0.06 g a.i. L'! for 72 hours, showing that in
experiments with longer exposure times there was an increase in LCso. Concluding, the study showed an
alternative approach to classical methods for dose-response studies in Scaptotrigona bipunctata bees
exposed to the insecticide Fastac Duo.

Keywords: lethal concentration; hamiltonian Monte Carlo; statistical modeling; binary regression; completely
randomized design.
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Introduction

Bees, belonging to the class of pollinating insects, play a crucial role in the stability and conservation of
biosystems. The authors Barbosa, Crupinski, Silveira, and Limberger (2017) and Ramirez, Ayala, and Gonzalez
(2018) mention that these insects are associated with pollination of crops, reaching on average in Brazil an
approximate contribution of US$3,000 ha! in soybean production.

There are several species of bees classified as native Brazilian bees (Chuttonh, Chanbang, Sringarm, &
Burget, 2016). Among these species is the Scaptotrigona bipunctata, Lepeletier, 1836 (Hymenoptera: Apidae),
a stingless bee, found in South America (Bolivia, Brazil, Paraguay and Peru) and the Brazilian states of Acre,
Ceara, Maranhao, Minas Gerais, Parand, Pard, Rio Grande do Sul, Rio de Janeiro and Santa Catarina (Camargo
& Pedro, 2013). Its colonies are quite populated and, despite presenting great potential as pollinators,
research on their vulnerability to agrochemicals is limited (Diniz et al., 2020a).

The use of agrochemicals is one of the principal causes of contamination, harming the environment, as well as
the insects that visit these crops, impacting biodiversity, deforestation and loss of native ecosystems, thus
becoming one of the main disadvantages for the beekeeping sector (Dively & Kamel, 2012). The authors Sanchez-
Bayo and Goka (2014), indicate that plants contaminated by specific agrochemicals, in full bloom, play a
fundamental role in the mortality of pollinating insects, and may impair the behavior of bees affecting the colony.

In recent years, there has been a wide use of agrochemicals for pest management, the most common type
of combination are pyrethroids and neonicotinoids because this arrangement increases their efficiency and
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decrease the probability of resistance (Sosa-Gémez & Omoto, 2012). In this context, the insecticide Fastac Duo
stands out, a systemic and contact insecticide composed of two chemical groups: neonicotinoid and pyrethroid.

Neonicotinoids have become the most widely used class of insecticides, with large-scale applications
ranging from plant protection, veterinary products and biocides in fish farming. They act as agonists of the
post-synaptic nicotinic acetylcholine receptor of the insect central nervous system, causing a signalling
blockage (Bridi, Larena, Pizarro, Giordano, & Montenegro, 2018). Pyrethroid insecticides also present low-
dose efficiency, it acts on the sodium channels of the nerve cell membrane, altering depolarization and nerve
impulse conduction (Santos, Areas, & Reyes, 2007).

As stingless bees are more sensitive to insecticides, the use of these compounds is threatening its survival,
and it is critical to evaluate the toxicity of these components in these bees to ensure their protection (Arena
& Sgolastra, 2014). Dose-response studies stand out as a methodology in different fields, such as agricultural
and biological areas and more specifically in the plant, soil, entomological, animal sciences, microbiology,
clinical and pharmaceutical. Among the potentialities observed in these studies, we highlight the possibility
of evaluating the effects of controlled experimental factors (dose) on the measured responses.

In the literature, there are few dose-response studies for stingless bees (LC50), (Dorneles, Souza Rosa, &
Blochtein, 2017; Moreira et al., 2018; de Jacob, Zanardi, Malaquias, Silva, & Yamamoto, 2019; Diniz et al.,
2020b; Rosa-Fontana, Dorigo, Galaschi-Teixeira, Nocelli, & Malaspina, 2020), however, none of these studies
analyzed the exposure of Scaptotrigona bipunctata bees to the insecticide Fastac Duo. Also, considering
statistical methods, the studies mentioned used classical approaches in their analyses, such as logistic
regression, probit regression, parametric and non-parametric tests. On the other hand, Jacob et al. (2019)
used Bayesian inference as an alternative to classical inference, associated with cluster analysis using the
Jaccard index.

Differently to classical methods, Bayesian methods coherently manage uncertainty through probability
calculation, quantify several sources of simultaneous variation, incorporate a prior knowledge in modeling
when possible and also allow a more accurate inference, taking advantage of all available information, which
is ideal in decision making (Hennessey, Rosner, Bast Jr, & Chen, 2013). Therefore, this study aims to show the
statistical results obtained by Bayesian methods, using logistic regression, inherent to the dose-response
assay (LC50), in Scaptotrigona bipunctata bees exposed to the insecticide Fastac Duo.

Material and methods

Experiment description

Adult Scaptotrigona bipunctata forages were collected at the entrance of the colony when they returned
from foraging, at the Fazenda Experimental de Iguatemi (FEI) (23°25'S and 51°57'W) of Universidade Estadual
de Maringd (UEM) and taken to the Laboratory of Animal Genetics of the Department of Biotechnology,
Genetics and Cell Biology at UEM. The insecticide used was Fastac Duo, a ready-made mixture of systemic
and contact insecticides, composed of two different chemical classes: Neonicotinoid (Acetamipride) and
Pyrethroid (Alpha-Cypermethrin). The main solution was diluted in water, based on the recommended dose
for the whitefly pest, Bemisia tabaci (0.5332 g a.i. L'!), and preliminary tests were performed to determine
concentrations (0.0265 g a.i. L'!; 0.053 g a.i. L-1; 0.0795 g a.i. L' and 0.106 g a.i. L'!). The agrochemical was
added to the syrup (water and sugar) and analyzed after the ingestion test. The control group received only
syrup (0.001 g a.i. L').

The bioassays were designed according to the Organisation for Economic Co-operation and Development
[OECD] (1998) guidelines to evaluate the acute oral toxicity of agrochemicals in adult workers. Three
bioassays were performed from March to May 2019, containing four replications, with 15 Scaptotrigona
bipunctata adult workers per concentration, totalling 300 bees in each bioassay, with a duration of 24, 48 and
72 hours. Glass bottles containing filter paper at the bottom, a water-soaked cotton swab and a container with
syrup + Fastac Duo and only syrup for the control group, were used. Bioassays were stored in a BOD incubator,
maintained in 28 # 2°C and UR 70 + 10%, for 24, 48 and 72 hours, and evaluated. For each experiment, the
LC50 was determined based on mortality.

Logistic regression model

The logistic regression model is widely used to model the dependency relationship between a binary
variable (success/failure, killed/alive, yes/no) and a set of explanatory variables (independent variables).
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In general, explanatory variables are a mixture of categorical and continuous variables (Giolo, 2017). The
binary regression model is defined by (Equations 1 and 2):

Y,Ix; "4 Ber(p)), i=1,...,n, 1

pi = E[Yilxi], @)

where: Y; = (Y,,Y,,...,Y,)T expresses a vector nx1 independent binary random variables, with Bernoulli
probability distribution, x; = (Xi;,...,X;)T, where i=1,..,n contains the vectors associated with the
explanatory variables implying the construction of the matrix of the model described by X = [1,x;], where
vector 1 with dimension nx1, B = (B, By, ..., k)T represents the vector of unknown parameters associated
with the k explanatory variables. The aim of this model is to estimate the probability of success of a binary
variable given a set of explanatory variables.

According to Giolo (2017), in binomial regression models it is necessary to consider some characteristics,
where E[Y;|x;] belongs to the interval [0,1] and not to the interval (-o0,) as in linear regression, in addition
to the relationship between x; and E[Y;|x;] it has the form of an S, similar to the accumulated distribution of
a random variable, this format motivated the use of logistic distribution to model E[Y;|x;], and its distribution
function is expressed by Equation 3:

exp (X;)

F(Y.|x) = —— 1
(Yilxi) 1+ exp (X;)

&)

where (3) is a nonlinear function in a linear set of parameters, which if x; tends to -« where F(-«) = 0 and if
x; tends to « imply F(«) = 1. Shipe, Deppen, Farjah, and Grogan (2019) explain that due to the flexibility from
the mathematical point of view and simple interpretation because it is based on odds, the logistic regression
model has become the most used model with these characteristics. The probability of an individual with
observed values x; present a given success, is defined by Equation 4:

exp (B'xi) _ _exp (Bo+Zi, Bix1)
1+exp (B'x;)  1+exp (Bot+Xi, Bix))

pi = p(Y; = 1|x;) = (4)

where B, represents a constant, §, are the unknown parameters of the regression and x = (1,x, ..., x)"
a vector containing the constant 1 and the observed values of independent variables. As a result of the
Equation in (4), the probability of the individual not presenting the failure is expressed by Equation 5:

1
I-pi=1-p(Yi =1|x) = ——or Borsi b 5)

McCullagh and Nelder (1989) highlight that in dose-response assays the aim is to find a sigmoidal curve
that is a good fit to the data since this curve admits mathematical properties of a continuous distribution
function. Such search can be performed with nonlinear models in the parameters, so the idea consists of doing
a transformation in the sigmoidal curve in a way that it becomes a straight line, making it possible to use
common regression procedures to estimate the parameters.

Therefore, performing a transformation, expressed by the natural log of the ratio between Equations (4)
and (5) the result is a function called logit, a symmetric function, that is, it is the logarithm of an odds and
can be described by Equation 6:

- _PMi=1x) Iy
odds PErYTI exp(B'x;) 6)
In the literature, there are other distributions commonly used in dose-response assays, which are the
probit and complementary log-log, that according to McCullagh and Nelder (1989), because of the lack of fit,
there is a need to verify a suitable model for this situation.

Acta Scientiarum. Biological Sciences, v. 43, e57781, 2021



Page 4 of 12 Silva et al.

Bayesian estimation in dose-response trials

In statistics, the inference is the science of obtaining outcomes about a ‘population’ through a ‘sample’ of
this population (Lee, 2013). In classical inference, the parameter 6 is unknown and fixed, but in Bayesian
inference, the parameter 0 is unknown and random. So, in the Bayesian inference the uncertainty of the
parameter 6 is measured by a probability distribution. For the description of dead bees in 24, 48 and 72 hours
(three independent experiments), the parameters to be estimated are the coefficients of regression, so =
(Bo, By, > B)T. Thus, information related to the vector of parameters pcan be obtained through the
likelihood function, which is defined as (Equation 7):

L) = H;[p(Yi = 1|x)]1 [1 - p(Y; = 1]x)]" ¥ R

1

where p(Y; = 1|x;) is defined in Equation (4) and is related with B (the unknown regression coefficients)
and x (independent variables). In this way, the structure of the Bayesian model is given by (Equations 8,
9 and 10):

Yix "4 Ber(p),  i=1,.m, ©
Bi~N(w02), 1=0,,..,k (10)

A non-informative prior distribution will be used for B, since there are no reports of work on Scaptotrigona
bipunctata bees in the applied or theoretical literature. Other prior distribution could be studied in practice
(for instance, Jeffreys prior or Student t prior among others) and compare the results. However, is not the goal
of this paper to compare the results of the posterior distribution by using different prior distribution. For our
data set, the parameters 8, and B, are defined as a normal distribution of mean 0 and variance 10°, in which
B, is associated with the intercept and 3, refers to the parameter corresponding to the logarithmic variable of
the concentration of the insecticide used, that is (Equations 11 and 12):

Bo ~ N(0,10%) €3]
B, ~N(0,10%) 12)

With these specifications established, the joint posterior distribution, according to the Bayes’s theorem,
showed in the structure of the Bayesian model, is (Equations 13 and 14):

__L®.®)
N PO O 9
n@I 0 e [ | % = 1P [0 - p0 = 1 [ | exneh) (14

Where o represents proportionality. The joint posterior distribution in Equation (14) does not have a
close form, therefore we use in our paper a variation of the Hamiltonian Monte Carlo (Betancourt, 2017)
because produces samples for the joint posterior distribution in a more efficient way compare with the
traditional Gibbs Sampling and Metropolis-Hastings algorithm (Betancourt, 2017). One of the sampling
algorithms that is implemented in Stan and used in this work is the ‘NUTS’ (No -U-Turn sampler), which
is a variation of the Hamiltonian Monte Carlo (Hoffman & Gelman 2011; Betancourt, 2017). It is well
know, that the samples produces by the Monte Carlo sampling are highly correlated, so we need to do
something for trying to avoid this problem. It is necessary to discard an initial sample (burnin) and
perform jumps in the generated values (thin, which is the dilution interval used in the simulation) so that
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convergence occurs for a stationary distribution, resulting in the joint posterior distribution. Thus, until
it reaches convergence, the number of iterations, burnin values and dilution interval, can change. In this
paper, three chains were generated, with 11000 iterations for each of them, discarding a sample of 1000
initial values and considering dilution intervals equal to ten. In our paper, we use some traditional
measures (not presented in the paper for simplicity) for assessing convergence (Stan Development Team,
2020) such as: traceplot that evaluates the mixing rate of the chain, autocorrelation plot that assess the
dependent sampling, the effective sample size (ESS) that measure the amount by which autocorrelation
in samples increases uncertainty (standard errors) relative to an independent sample, the Monte Carlo
standard error that is the uncertainty about a statistic in the sample due to sampling error. In our paper,
we just present the Potential Scale Reduction (R-hat) and the rule of thumb is that R-hat values for all
less than 1.1 (Stan Development Team, 2020). For more details about how to assess convergence, please
review the Stan Development Team (2020).

Statistical analysis and computational aspects

All data were analyzed in the Software R version 4.0.2 (R Core Team, 2020), the graphs of the statistical
analysis were performed with the function ggplot of the package ggplot2 (Wickham, 2016). The function stan
of the package rstan was used to fit the logistic regression model, under the Bayesian approach (Stan
Development Team, 2020). Odds were retrieved to investigate whether insects exposed to higher doses of the
insecticide reveal higher mortality odds. Intervals of Highest Posterior Density (HPD) were obtained through
the boa.hpd function of the package boa from Smith (2007), to calculate the posterior mean of the
distribution. More tails about the HPD interval could be found for instance in Chen and Shao (1999). Pearson's
residuals from the fitted models were used as a diagnostic measure.

Results

First, a descriptive analysis was performed (300 bees in each bioassay), in which it was observed that
for the first period (24 hours), the proportion of dead bees were 50.67%. For the second period (48 hours),
the proportion of dead bees was 46.33%. Finally, for the 72 hours period, the proportion of dead bees
decreased to 39.67%. Thus, it was observed that the percentage of deaths decreases over time. Regarding
the scatter plot of logarithm of concentrations vs. the proportions of deaths, it was noticed a behavior
close to a sigmoid (Figure 1), thus there was evidence to fit binary regression models, more precisely the
logistic model.

Experiment Duration: 24h Experiment Duration: 48h Experiment Duration: 72h

1.00-
20.75 . .
o ‘ =
8 . .
@
L '3
5 0.50 -
= L]
[=] ]
S 2
&
&
£ 0.25 .

0.00

-8 -6 -4 -2 -8 -6 -4 -2 -8 -6 -4 -2

log (Concentrations g a.i L'lj

Figure 1. Scatter plot of the logarithm of concentrations depending on the sample proportions.
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Table 1 presents the posterior mean estimates, the posterior Highest Posterior Density (HPD) and standard
deviation for the intercept and logarithm of the concentration, showing that the logarithm of concentration
is significant in all periods. Since the zero is not contained in 95% HPD intervals and the values of that the
generated value chain showed a stationary behavior, where they are close to or equal to 1.

Table 1. Posterior mean, 95% HPD intervals and posterior standard deviation of logistic regression model.

Mean

Period Parameters (95% HPD intervals) Standard Deviation R (R hat)

Intercept 2.21 (1.64,2.77) 0.34 0.99
24 hours log(Concentration) 0.62 (0.47,0.79) 0.10 0.9
Intercept 2.15 (1.54,2.76) 0.37 1.00
48 hours log(Concentration) 0.67 (0.50,0.85) 0.11 1.00
Intercept 2.16 (1.42,2.84) 0.43 1.00

72 hours .
log(Concentration) 0.78 (0.55,1.01) 0.14 1.00

In general, it was observed (Table 2) that the higher the concentration, the greater the odd of a bee dying
after contact with the agrochemical, in all periods. However, regarding the odds, considering the
concentration of 1og(0.0795) = -2.53, after 72 hours, it was observed that to increase one unit in the
concentration of the insecticide Fastac Duo, it is expected about 20% increase in the mortality odds of
Scaptotrigona bipunctata exposed to the agrochemical. Similarly, concerning the concentration of 1og(0.1060)
= -2.24, after 72 hours, it is noted that to increase one unit in the concentration of the insecticide, it is
expected about 50% increase in the mortality odds.

Table 2. Odd of mortality of Scaptotrigona bipunctata workers exposed to different concentrations of the insecticide Fastac Duo.

log(Concentrations) Odds-24 hours Odds-48 hours 0Odds-72 hours
-6.90 0.12 0.08 0.04
-3.63 0.96 0.75 0.51
-2.93 1.47 1.19 0.89
-2.53 1.89 1.56 1.20
-2.24 2.27 1.89 1.50

With regard to the graphs of a posteriori densities, considering each of the experiments, it can be seen in
the (Figures 2(a) and 2(b)), (Figures 2(c) and 2(d)), (Figures 2(e) and 2(f)), that the marginal distribution admits
behavior close to a normal distribution, and furthermore, the most probable value of the parameters S, and
B, considering the period of 24 hours is 2.21 and 0.62 respectively (Figures 2(a) and 2(b)). As for the period of
48 hours, the most probable value of the parameters 3, and g, are 2.15 and 0.67 respectively (Figures 2(c) and
2(d)), and finally, regarding the period of 72 hours, it is observed that the most probable value of the
parameters ) and {3, are 2.16 and 0.78 respectively (Figures 2(e) and 2(f)).

On (Figure 3), considering the logarithmic scale in the concentrations, the following LCs, results were
obtained: -3.53 g a.i. L'}, for 24 hours, -3.19 g a.i. L'}, for 48 hours and -2.75 g a.i. L'! for 72 hours. The fitted
values are close to the actual values, showing a satisfactory adjustment of the model.

However, to obtain the original values of the concentrations it is necessary to calculate the exponential in
the results thus the estimated values were 0.03 g a.i. L'}, for 24 hours, 0.04 g a.i. L™}, for 48 hours and 0.06 g
a.i. L'! for 72 hours. Therefore, the experiments with longer exposure times caused an increase in the LCs of
Scaptotrigona bipunctata workers.

Figures 4(a), 4(c) and 4(e) show Pearson's residuals (r), as defined by McCullagh and Nelder (1989),
considering the Bayesian logistic model, in which it is expressed by the quotient of ordinary residuals r” =
& =vy; — [ by its standard deviation \/W(ﬁi), g, being the estimated error, fi; the estimated values and
Var(fi;) the variance function of the model, observing that it is contained in the borderline of -3 to 3,
indicating no violated assumptions. Figures 4(b), 4(d) and 4(f) contain the Q-Q plot graphics, verifying that
they approach the adjusted line, that is, there are indications that the residuals admit an appropriate behavior
for all experimental periods considered.
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Figure 2. Posteriori marginal distribution for the coefficients of the logistic regression model.
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Figure 3. Lethal concentration curve of 50% Mortality of Scaptotrigona bipunctata after oral contamination with the insecticide

Fastac Duo.
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Figure 4. Diagnostic analysis of the logistic regression model for each of the experiments.

Discussion

Bayesian methods provide intuitive and meaningful inferences. Highlights that this method allows the
researcher to answer complex questions more accurately and use all available data set information. The main
difference between frequentist and Bayesian methods is that frequentist methods are based only on
probability, while Bayesian methods use probability and information previously acquired through previous
research or dialogue with the researcher (O'Hagan, 2004).

However, as this is a pioneer study, it was not possible to include informative priors in Bayesian analyses,
so further research is necessary to include extra information in future analyses to avoid any evidence of
subjectivity. Regarding the agrochemical used in this study, its composition is a combination of products of
different chemical classes, considered highly toxic (Agéncia de Defesa Agropecudria do Parand [Adapar],
2018). The values of estimated LCso (0.03 g a.i. L'}, for 24 hours, 0.04 g a.i. L', for 48 hours and 0.06 g a.i. L!
for 72 hours) were lower when compared to those reported in the literature for this compound.

In a study conducted by Diniz et al. (2020b) the estimated LCso for Scaptotrigona bipunctata bees orally
contaminated with the insecticide Fastac Duo were 0.07 g a.i. L ! to 24 hours, 0.10 g a.i. L}, for 48 hours and
0.0665 g a.i. L'! for 72 hours. However, our results were higher when compared to studies that estimated LCs
for only one chemical class of agrochemical, which is the most common pesticide reported in the literature.
The LCso after exposure to the neonicotinoid imidacloprid was 2.35x10® g/bee for Melipona quadrifasciata
(Tomé, Martins, Lima, Campos, & Guedes, 2012), 4.25x10® g L'! after 24 hours and 1.43x10® g L'! after 48 hours
for Scaptotrigona postica (Soares, Jacob, Carvalho, Nocelli, & Malaspina, 2015) and 2.01x10*® a.i. L (24 hours) and
0.81x103 a.i. L'! (48 hours) for Melipona scutellaris (++Costa, Grella, Barbosa, Malaspina, & Nocelli, 2015).

The LCs for Scaptotrigona bipunctata after oral contamination with the neonicotinoid thiamethoxam were
2x10° g a.i. L'! (Moreira et al., 2018) and the LCs, for Scaptotrigona tubiba after exposure to the pyrethroid
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deltamethrin were 0.70 ppm (Moraes, Batista, & Viana, 2000) and Scaptotrigona bipunctata showed an LDs, of
2.72x10®% g a.i. L'! (Pereira, Diniz, & Ruvolo-Takasusuki, 2021) after orally contaminated with the pyrethroid
cypermethrin. Thus, it can be concluded that this species has a certain degree of tolerance to the insecticide
Fastac Duo because although it is an agrochemical of synergistic effect, the LCs, was higher when compared
to the common insecticides.

Neonicotinoids act as nicotinic acetylcholine receptor agonists (nAChR) (Pacifico-da-Silva, Melo, & Soto-
Blanco, 2016). This binding is persistent since neonicotinoids are insensitive to the acetylcholinesterase
enzyme and the activation of acetylcholine receptors is prolonged, causing hyperexcitability of the central
nervous system of insects due to continuous and uncontrolled transmission of nerve impulses. Symptoms
resulting from intoxication include tremors, seizures (eventually central nervous system collapse) and death
(Faria, 2009).

On the other hand, pyrethroid insecticides act on sodium channels, interfering in their opening and
closing, prolonging the entry time of Na+ ions into the cell. At high concentrations, pyrethroids bind to the
inotropic receptor complex of y-aminobutyric acid (GABA) blocking chlorine channels and their activation,
which leads to hyperexcitability of the insects' central nervous system (Santos et al., 2007).

Sublethal effects may induce behavioural changes in insects (Rossi, Roat, Tavares, Cintra-Socolowski, &
Malaspina, 2013). Tison et al. (2016) studied chronic exposure to sublethal doses of thiacloprid in A. mellifera
and found that this neonicotinoid caused foraging impairment, difficult to return to the colony, harmed
navigation performance and bees communication. Moreover, thiacloprid residue levels increased on both
foragers and nestmates over time.

Thany et al. (2015) studied the proboscis retraction of A. mellifera and showed that acetamiprid
(neonicotinoid) impaired movement in the tested doses, interfering in their feeding behavior. Also, according
to Freitas and Pinheiro (2010), the use of pyrethroids at recommended levels appear to affect the ability of
honeybees to return to the colony.

Besides, Catae, Roat, Oliveira, Nocelli, and Malaspina (2014), verified that after thiamethoxam
ingestion there was significant damage to the bee organism, affecting the distribution of specific proteins
in the brain, indicating changes in oxygen supply, synapses, neuronal degeneration, which may explain
deficiencies in learning and memory processes and that can compromise the behavior of individuals and
colony health.

Oral contamination of insects at sublethal doses of agrochemicals can harm their organs (Catae
et al., 2014; Diniz et al., 2020b). Catae et al. (2014) investigated the effects of the neonicotinoid thiamethoxam
on the midgut and Malpighi tubule of A. mellifera and the results indicated that the insecticide is cytotoxic to
bees. In the midgut, the damage was more evident in bees exposed to the insecticide on the first day. On the
eighth day, the cells were ultrastructurally intact, suggesting its recovery. Malpighi's tubules showed severe
alterations on the eighth day of exposure.

Diniz et al. (2020b) analyzed exposure of Scaptotrigona bipunctata with the insecticide Fastac Duo, showing
several alterations in their midgut in all experimental periods, such as loosening of the circular and
longitudinal musculature, disorganization of the epithelium, degradation of the peritrophic membrane and
detachment of the epithelium of the basal lamina, in addition to the absence of regeneration nests, which
indicate the degenerative effects of this agrochemical.

The action of agrochemicals on bees is considered adverse and may reflect on various aspects. Some
responses occur through physiological and morphological changes, such as changes in the musculature,
epithelium and peritrophic membrane, which results in harmful effects on survival and behavior, impairing
foraging and compromising the colony survival (Roat et al., 2013).

Conclusion

Although the statistical results were presented under the Bayesian approach in dose-response studies with
Scaptotrigona bipunctata, such application can be extended to other insect species. In the literature, studies
using this species exposed Fastac Duo are scarce thus informational priors were not available. Therefore, new
research must be carried out to include such information in future analyzes. However, the results found are
informative to alert the high levels of agrochemicals that are being applied, without taking into account the
environmental damage it can cause.
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