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Abstract: Currently, only Apis mellifera is used in environmental regulation to evaluate the hazard of pesticides to pollinators.
The low representativeness of pollinators and bee diversity in this approach may result in insufficient protection for the wild
species. This scenario is intensified in tropical environments, where little is known about the effects of pesticides on solitary
bees. We aimed to calculate the medium lethal dose (LD50) and medium lethal concentration (LC50) of the insecticide
dimethoate in the Neotropical solitary bee Centris analis, a cavity‐nesting, oil‐collecting bee distributed from Brazil to
Mexico. Males and females of C. analis were exposed orally to dimethoate for 48 h under laboratory conditions. Lethality was
assessed every 24 h until 144 h after the beginning of the test. After the LD50 calculation, we compared the value with
available LD50 values in the literature of other bee species using the species sensitivity distribution curve. In 48 h
of exposure, males showed an LD50 value 1.33 times lower than females (32.78 and 43.84 ng active ingredient/bee,
respectively). Centris analis was more sensitive to dimethoate than the model species A. mellifera and the solitary bee from
temperate zones,Osmia lignaria. However, on a body weight basis, C. analis and A. mellifera had similar LD50 values. Ours is
the first study that calculated an LD50 for a Neotropical solitary bee. Besides, the results are of crucial importance for a better
understanding of the effects of pesticides on the tropical bee fauna and will help to improve the risk assessment of pesticides
to bees under tropical conditions, giving attention to wild species, which are commonly neglected. Environ Toxicol Chem
2023;00:1–10. © 2023 SETAC
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INTRODUCTION
In recent years, critiques and suggestions have been made

by several scientists to improve the environmental regulation of
pesticide use and hence maximize the protection of native
species (Fisher, 2021; More et al., 2021; Topping et al., 2020).
For bee populations, the environmental risk of pesticides can
be assessed by considering data from the effects posed by the
pesticides on bees and information about their exposure to the
contaminant. Toxicological endpoints, such as lethal dose (LD),

are used in risk‐assessment approaches to evaluate the effects
of pesticides on bee populations (Cham et al., 2020; European
Food Safety Authority [EFSA], 2013). These endpoints may be
calculated through laboratory assays, following standard pro-
tocols such as those from the Organisation for Economic
Co‐operation and Development (OECD; OECD, 2013, 2017).

The bee model species used for pesticide evaluation is Apis
mellifera, a generalist and social bee. During toxicological
experiments, the OECD requests a test using dimethoate as
a positive control (toxic reference) to validate the assay.
Dimethoate is an organophosphorus insecticide that presents
robust toxicity data, that is, with a low intraspecific variation of
its effects on the exposed bees (Gough et al., 1994).

Although A. mellifera is considered a model species for bee
species, a sensitivity variation between different bee species
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can occur during their exposure to the insecticide dimethoate
(Uhl et al., 2016) or other pesticides (Arena & Sgolastra, 2014).
Hence, to improve environmental risk assessment (ERA) and
include pesticide sensitivity interspecific variations, regulators
apply a safety factor of 10 to extrapolate the results of the
pesticide effects obtained using the model species A. mellifera
to other bee species. This means that it is assumed that non‐
Apis species are 10 times more sensitive to pesticides than the
model species (Arena & Sgolastra, 2014; Cham et al., 2020;
EFSA, 2013).

Regarding exposure, to perform an ERA, it is important to
recognize the routes from which pesticides may reach bee
populations. Bee species have diverse life habits and, there-
fore, different routes of exposure (Kopit & Pitts‐Singer, 2018).
However, in Brazil, data from pesticide exposure in the ERA
framework only consider A. mellifera life habits. This approach
may misestimate the exposure of other bee species due to
characteristics such as the amount of food consumption,
ground‐nesting, leaf‐cutting behaviors, and other differences
among bees’ life habits, which may result in different levels of
exposure to the pesticides between non‐Apis species and A.
mellifera (Cham et al., 2019; Sgolastra et al., 2019).

In Neotropical countries, little is known about the sensitivity
of native bees to pesticides (Lourencetti et al., 2023), especially
for solitary bees (Lehmann & Camp, 2021). Nevertheless, some
studies with Neotropical bees corroborate the greater toler-
ance of A. mellifera to pesticides compared to other bee
species (Assis et al., 2022; Miotelo et al., 2021). Thus, the in-
formation gap on pesticide effects in Neotropical solitary bees
may result in inefficient protection by environmental regulation.

From the recognized gaps, differences in pesticide sensi-
tivities, exposure levels (e.g., nectar and pollen consumption),
and exposure routes among bee species have been reported
as some of the most important limitations on the current risk
assessment of pesticides to pollinators in the world (Assis
et al., 2022; Sgolastra et al., 2020; Topping et al., 2021). In the
present study, we calculated the LC50 (medium lethal con-
centration) and LD50 values of dimethoate for males and fe-
males of the Neotropical solitary bee Centris analis (Fabricius,
1804) as the first step to gather more information regarding
pesticide effects on solitary bees, hence helping to improve risk
assessment conducted in tropical countries. Because the nu-
tritional conditions of bees can influence their sensitivity to
pesticides, we performed a larval food pollen analysis to assess
the differences between the individuals used in the present
study (Woodard et al., 2019). Besides, a species sensitivity

distribution (SSD) curve was produced using LD50 values
from different bee species to compare the sensitivity between
non‐Apis species (social and solitary) and A. mellifera.

METHODS
Collection of the solitary bee C. analis

The oil‐collecting bee C. analis is a cavity‐nesting, solitary
bee (Supporting Information, Figure S1), widely distributed in
South America, from Mexico to Brazil (Moure, 2012). This
species was selected for our study because it is a multivoltine
species with nesting activities in natural and artificial cavities
(Moure‐Oliveira et al., 2017; Silva et al., 2017) and because
there is a preexisting method for the maintenance of adult
organisms under laboratory conditions (Tadei et al., 2022).

During summer and spring from 2021 to 2022, nests of
C. analis were collected from trap‐nests allocated in shelters
installed in rural areas from São Paulo and Minas Gerais states
(Brazil). The shelters were surrounded by fragments of Atlantic
forest and Brazilian cerrado. After being taken to the labo-
ratory, the nests were kept under controlled conditions of
temperature (28± 2 °C) and humidity (65%± 10%) until the
emergence of adults. The use and collection of individuals
occurred under the authorization of the Brazilian agency
SISBIO (no. 75499‐4; in Portuguese, Sistema de Autorização e
Informação em Biodiversidade).

After the emergence of the bees, 10 females and 13 males of
different nests were used to calculate the bee fresh weight. For
the other newly emerged bees, each bee was transferred to a
ventilated, transparent plastic cage containing a wooden cube
and an artificial flower around the microtube feeder (500 µl), ac-
cording to the methodology described in Tadei et al. (2022).
Acclimatization under laboratory conditions occurred for at least
4 days (Figure 1), where individuals were fed with 35% w/w su-
crose solution and kept at 28± 2 °C, 75%± 10% humidity, with
the absence of light inside the incubator.

Larval food analysis
To verify the influence of larval nutrition in the individual re-

sponse of adult bees to the insecticide dimethoate, we evaluated
the similarity of diet among bee nests through pollen analysis.

After the emergence of bees, the residual pollen resulting
from bee feces or not consumed in the larval phase was
separated from the nest and kept in ethanol at 70% for 24 h

FIGURE 1: Schematic representation of assay steps showing the dimethoate exposure period and times of lethality observation (blue dots). The
arrows indicate the time of median lethal dose (LD50) calculation.
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(Silva et al., 2010). Next, the ethanol was replaced with glacial
acetic acid. After 24 h, the samples were centrifuged at
2000 rpm for 10min for acid removal and the beginning of the
acetolysis process (Erdtman, 1960).

A mixture of acetic anhydride and sulfuric acid (9:1) was
added to the pollen samples and kept for 4min at 100 °C. This
solution was removed, and the samples were washed in dis-
tilled water. Glycerin 50% was added to the samples for slide
mounting and pollen identification in the microscope (Silva
et al., 2014). A qualitative analysis was conducted by identi-
fying the plants in the larval food samples per nest.

Pollen grains were identified to the lowest taxonomic level
possible using the pollen collection in the RCPol: Online Pollen
Catalogs Network as reference (2023). Pollen morphology was
verified using scanning electron microscopy. For the quantita-
tive analysis, we counted the first 400 pollen grains in each
sample, as suggested by Montero and Tormo (1990), and cal-
culated the percentage of each pollen type in the samples.
Then, to evaluate the food composition of bees used in the
present study, we calculated the Shannon diversity index
(Shannon, 1948), the Pielou equitability index (Pielou, 1966),
and the Berger‐Parker dominance index (Berger &
Parker, 1970). Centris analis diet similarity was analyzed using
the Bray‐Curtis index with the package “vegan” in the R soft-
ware (Oksanen et al., 2020).

Determination of acute toxicity
To evaluate the toxicity of dimethoate to the bee species

C. analis, previously acclimatized males and females were ex-
posed orally to the active ingredient (a.i.) dimethoate (Sigma‐
Aldrich; Chemical Abstracts Service no. 1219794‐81‐6; ≥98%
purity) for 48 h. The lethality of female and male individuals was
evaluated in independent experiments. We conducted the
experiments using a randomized block design, where each
block contained at least one bee of the same sex and age
group (from 4 to 7 days old) per concentration. The blocks were
repeated until reaching the minimum sample of 7 females and
10 males per concentration. A lower number of females were
used because of the sexual rate of 1 female to 1.7 males found
in the collected nests.

To calculate LC50 and LD50 values after 24 h of exposure,
we used the results obtained from exposure to the dimethoate
concentrations 10, 5, 2.5, 1.25, 0.625, and 0 ng a.i./µl. To
refine the LC50 and LD50 values in 48 h of exposure, we
tested the concentrations 2.5, 1.25, 0.625, 0.313, 0.156, and
0 ng a.i./µl. Dimethoate was mixed in 35% w/w sucrose solution
according to the concentrations above and offered ad libitum to
the bees. After 24 h, the dimethoate solution was renewed. Next,
48 h after the beginning of the test, we replaced the feeder with
a new one containing only 35% w/w sucrose solution.

During the experiment, bees were kept at 28± 2 °C, at
75%± 10% relative humidity, and in darkness. Lethality was
assessed every 24 h until 144 h, that is, 96 h after the exposure
time (Figure 1). To calculate the total dimethoate ingested by
each bee, we weighed the feeders at the start of the test
and every 24 h. Subsequently, daily food consumption was

calculated by the food weight difference minus the evaporation
rate. The evaporation rate was calculated by averaging the daily
feed difference of five cages without bees kept under the same
conditions during the experiments. The food consumed weight
was converted to volume using the food density value. Bees
without food consumption at 48 h were removed from the assay.

All data were analyzed in the software R Core Team (2022).
Survival data were analyzed using the log‐rank test from the
“Survival” package (Therneau, 2020, 2021). For LC50 and LD50
(nanograms per bee and nanograms per milligram of bee) cal-
culations, we fitted generalized linear models (GLMs) with bino-
mial (logit‐link) and quasi‐binomial (cauchit‐link) distributions.
Food consumption data were analyzed using quasi‐Poisson and
Gaussian models. To assess the goodness of fit of the fitted
models, we used the half‐normal plots from the “hnp” package
(Moral et al., 2017).

SSD curve
We constructed an SSD curve using the toxicological data

available in the literature to compare the LD50 value obtained for
C. analis with other bee species. For this, a literature review was
performed using the keywords “dimethoate” AND “bees” AND
“LD50” OR “lethal” OR “toxicity” to find LD50 values from oral
exposure to dimethoate in the following databases: Web of
Science, Capes Periodicals, the ecotoxicological database from
the US Environmental Protection Agency (USEPA), and the Pes-
ticide Properties DataBase from the University of Hertfordshire.

The articles were selected based on four parameters: (1) the
testing procedure used in the experiments, which should
contain an oral exposure to dimethoate under laboratory
conditions; (2) a description of the number of concentrations
used and the time of food administration, with a maximum time
of 24 h of exposure; (3) mortality observation every 24 h; and
(4) use of adult individuals from the same sex and similar ages
in the assay. Because bees' consumption can change according
to the feeding habits of different species, we compared the
amount of dimethoate consumed per bee (dose); therefore,
studies reporting food consumption conducted with controlled
volume or ad libitum food administration were considered.

From these criteria, we obtained the LD50 value from four
other species (Table 1) exposed orally to dimethoate. To increase
the number of bee species with LD50 values, two observation
times from the literature data (24 and 48h) were used. For spe-
cies with more than one LD50 value available, we used the
geometric mean of the values (Sanchez‐Bayo & Goka, 2014;
Wheeler et al., 2002). For C. analis, only the LD50 obtained at
24 h of exposure was used in the SSD curve, to improve com-
parisons with the different species used (differences in exposure
time are shown in Table 1). The SSD curve was fitted using the
USEPA SSD generator program (USEPA, 2005).

To compare the species according to their body weight, a
second SSD curve was built using the LD50 in nanograms per
milligram of bee (Table 1). In the absence of the LD50 value
considering body weight, we calculated the LD50 in nanograms
per milligram by dividing the LD50 (nanograms per bee) per their
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respective medium fresh body weight: 110mg for A. mellifera,
130mg for Osmia lignaria, and 225mg for Bombus terrestris
(Arena & Sgolastra, 2014; Sheffield et al., 2008).

Using a log‐normal distribution, the hazardous doses at 5%
(HD5) and 50% (HD50) were estimated by the software ETX 2.0
(van Vlaardingen et al., 2004).

RESULTS AND DISCUSSION
Pollen analysis from C. analis nests showed that individuals

used in the toxicological test had a larval diet with >80% of
similarity (Figure 2). The most common pollen identified in the
larval diet was from the Malpighia emarginata species or

Malpighiaceae type (not identified species), representing,
respectively, 81.5% and 11.3% of the pollen larval food
(Supporting Information, Figures S2 and S3 and Table S1),
corroborating the data of Silva et al. (2017). Therefore, as
expected because of the high diet similarity, the larval food
diversity (Shannon index, p= 0.05), equitability (Pielou index,
p= 0.13), and dominance of plant species (Berger‐Parker
index, p= 0.16) did not influence the mortality of the
individuals after dimethoate exposure.

In 24 h, C. analis females were more sensitive to dimethoate
than males, showing lower LC50 and LD50 values (Table 2).
However, in 48 h, males showed an LD50 value 1.33 times
lower than females, indicating a higher sensitivity. As expected,
for both sexes, the toxicity increased from 24 to 48 h because

TABLE 1: Medium lethal dose of adult bees exposed orally to dimethoate under laboratory conditions

Species
Time
(hours) Food administration

LD50 (ng
a.i./bee)

LD50 (ng a.i./
mg bee) Reference

Apis mellifera 24 Ad libitum 80 0.73 Fiedler (1987)
Apis mellifera 24 Controlled volume (10 µl) 150 1.36 Ladurner et al. (2005)
Apis mellifera 24 Controlled volume 170 1.55 Drescher & Geusen‐Pfister (1991)
Apis mellifera 24 Ad libitum for 3–4 h 100a 0.91 Organisation for Economic Co‐operation

and Development (1998)
Apis mellifera 24 Controlled volume 177 1.61 Gough et al. (1994)
Apis mellifera 48 Controlled volume (10 µl) 130 1.18 Ladurner et al. (2005)
Apis mellifera 48 Controlled volume (10 µl) 26.7 0.24 Tai et al. (2022)
Apis mellifera 48 Controlled volume 166 1.51 Gough et al. (1994)
Apis mellifera—geometric mean 109.59 1.00
Bombus terrestris 24 Controlled volume (10 µl) 440 1.96 Marletto et al. (2003)
Leioproctus

paahaumaa
48 Controlled volume (10 µl) 56.5 1.09 Tai et al. (2022)

Osmia lignaria 24 Controlled volume (10 µl) 270 2.00 Ladurner et al. (2005)
Osmia lignaria 48 Controlled volume (10 µl) 260 2.08 Ladurner et al. (2005)
Osmia lignaria—geometric mean 265 2.04

aThe Organisation for Economic Co‐operation and Development guideline provides an LD50 value of 100–350 ng/honeybee. We used the lowest value to calculate the
geometric mean.
Time is time in hours of observation of mortality of bees; Food administration is a description of the methodology used for oral exposure to the bees.
LD50=median lethal dose; a.i.= active ingredient.

FIGURE 2: Larval diet dissimilarity of Centris analis throughout residual pollen analysis from the nests. Blue points represent pollen samples from
each nest.
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of the increased time of exposure to the insecticide. The same
pattern was observed using body weight because the females
(61.16± 13.46mg) and males (60.79± 9.72mg) used in the
assays had similar weights.

Comparatively, in both concentration ranges, no difference
was reported from the log‐rank test between the male and fe-
male survival curves exposed at the same dimethoate concen-
tration (p> 0.28). Hence, for both C. analis males and females,
dimethoate concentrations >0.6 ng/µl showed lethal effects
during the exposure period (24 and 48h) or 24 h after the ex-
posure (until 72 h from the beginning of the test; Figure 3). No
significant survival reduction was observed in the observation
times of 96, 120, and 144 h, that is, after 48 h from the end of
dimethoate exposure (Figure 3; log‐rank test, χ2= 19.5,
df= 14, p= 0.1).

In general, C. analis food consumption was lower at dime-
thoate concentrations >1 ng a.i./µl (Figure 4). The reduction in
food consumption was more evident after 24 h of exposure
and in the first tested concentration range (Figure 4A,B). At
72 h, when all bees received food without pesticide for 24 h, no
increase in food consumption was observed in exposed
bees compared to the food consumption during dimethoate
exposure (p= 0.25).

Males exposed to 0.156 and 0.313 ng a.i./µl showed a re-
duction in food consumption after 24 h (GLM—Gaussian,
p= 0.002) and 72 h (GLM—quasi‐Poisson, p= 0.01) from the
beginning of the pesticide exposure, even with substitution for
a dimethoate‐free food (from 48 to 72 h; Figure 4C). Females
exposed to concentrations <1.25 ng a.i./µl did not show alter-
ation in food consumption compared to the control group
(Figure 4D; p> 0.1).

A decrease in the consumption of food containing dime-
thoate was also reported by Yang et al. (2019) in honeybees (A.
mellifera and Apis cerana) exposed to 1 ng/µl of dimethoate.
Dimethoate is a highly toxic organophosphate pesticide to
bees (Tai et al., 2022; Waller et al., 1984) that acts in the
nervous system through the inhibition of acetylcholinesterase
(Christen et al., 2019). Organophosphate pesticides can lead to
physiological and motor function alterations (Pashte & Patil
Shivshankar, 2018; Williamson et al., 2013), which can explain
the inability or difficulty of bees in moving toward the feeder.
Because dimethoate fails to cause repellent effects on bees
(Danka & Collison, 1987), the reduced consumption of food by
exposed bees may have been caused by the bee behavior
alterations induced by this insecticide.

TABLE 2: Medium lethal concentration and medium lethal dose of
Centris analis continuously exposed orally to the dimethoate

Time
(hours) Male Female

LC50 (95% CI;
ng a.i./µl)

24 2.09 (1.95–2.23) 1.56 (1.47–1.65)
48 0.74 (0.68–0.79) 0.63 (0.02–1.24)

LD50 (95% CI;
ng a.i./bee)

24 58.34 (58.13–58.84) 52.02 (51.95–52.10)
48 32.78 (32.54–33.01) 43.84 (43.65–44.04)

LD50 (95% CI;
ng a.i./
mg bee)

24 0.98 (0.91–1.06) 0.86 (0.82–0.89)
48 0.68 (0.62–0.74) 0.80 (0.74–0.86)

Time is time of exposure and observation. The dose is expressed as the total
dimethoate consumption at the end of the observation time.
LC50=median lethal concentration; 95% CI= 95% confidence interval; a.i.=
active ingredient; LD50=median lethal dose.

FIGURE 3: Survival probability of adult Centris analis exposed orally to dimethoate for 48 h. (A, C) Survival curve of male individuals from the first
and second range of concentrations, respectively; (B, D) survival curve of female individuals from the first and second range of concentrations,
respectively. p< 0.05 indicates a difference compared to the control group (0 ng/µl).
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Considering the 24‐h LD50 on a per bee basis obtained in our
toxicological test (Table 2), females of C. analis are 2.1‐fold more
sensitive to oral exposure to dimethoate than A. mellifera, 5‐fold
more sensitive than the solitary bee O. lignaria (Ladurner
et al., 2005), and 8.5‐fold more sensitive than the bumblebee B.
terrestris (Marletto et al., 2003). Centris analis showed a similar
LD50 value to the native New Zealand solitary, ground‐nesting
bee Leioproctus paahaumaa (Figure 5A; Tai et al., 2022). How-
ever, taking body weight into account, females of C. analis
were more sensitive than L. paahaumaa (Figure 5B) and 1.16‐fold
more sensitive than A. mellifera. Hence, when fitting the SSD
curve with the LD50 values available, C. analis proved to be the
most sensitive bee species based on the effect per individual
(Figure 5A) and per weight of the bee (Figure 5B).

The calculated HD5 was 22.38 (3.98–51.64) ng/bee, and the
HD50 was 114 (54.14–239.90) ng/bee. Using the body weight of
the bees, the HD5 was 0.64 (0.31–0.89) ng/mg bee, and the
HD50 was 1.24 (0.91–1.69) ng/mg bee. The species A. mellifera,
O. linaria, and B. terrestris showed LD50 values above the HD50
found (Figure 5A). Of these species, A. mellifera is a world bee
species model, and Osmia and Bombus genera were recom-
mended by the other studies as potential models for ERA (Eer-
aerts et al., 2020; EFSA, 2013; Sgolastra et al., 2019). Thus,
considering the low sensitivity of these species, their use as
representatives of bee diversity must be performed carefully,
taking these differences in sensitivities into consideration. Fur-
thermore, few LD50 values were available for other bees' oral
exposure to dimethoate, limiting the comparisons with C. analis.

Except for C. analis, the model species A. mellifera showed
higher sensitivity to dimethoate when using body weight
as a parameter to calculate the LD50 values, in comparison
to solitary bees from temperate zones and bumblebees
(Figure 5B). Body weight has been used in bee ecotoxicology
studies to normalize the differences in size among species,
although the sensitivity pattern related to body weight is still
not totally clear to all pesticide groups (Lourencetti et al., 2023;
Yue et al., 2018).

Although more sensitive than the model species
A. mellifera, the LD50 of C. analis is within the 10‐fold safety
factor used in the risk assessment to extrapolate the toxicity
data of A. mellifera to other bee species, at least relative to the
standard insecticide dimethoate. Studies with contact exposure
to dimethoate showed that the LD50 values for the solitary bee
Megachile rotundata (Ansell et al., 2021), Osmia cornifrons
(Biddinger et al., 2013), and the Brazilian social stingless bee
Scaptotrigona postica (van der Steen et al., 2012) are also
within this proposed safety factor, that is, presenting an LD50
greater than the LD50 of A. mellifera divided by 10. Corrobo-
rating this observation, Uhl et al. (2016) showed that seven
European bee species exposed to dimethoate via contact also
showed LD50 values higher than the LD50/10 for A. mellifera.

However, it is important to note that the susceptibility of
bee species can change according to the pesticide, type of
exposure, and exposure time (Arena & Sgolastra, 2014; Del
Sarto et al., 2014). For example, for the insecticide dimethoate,
the solitary bee L. paahaumaa showed similar sensitivity to

FIGURE 4: Pattern of food consumption of Centris analis exposed orally to the insecticide dimethoate for 48 h. Bars show mean values and the
respective standard error. For 72 h, all bees were fed with 35% w/w pesticide‐free sucrose solution. Consumption was calculated daily according to
the feeder weight difference and food density. (A, B) Individuals exposed to the first range of concentrations; (C, D) individuals exposed to the
second range of concentrations. Asterisks indicate a difference from the control group (0 ng/µl, p< 0.05).
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A. mellifera. However, based on the LD50 value per bee, when
exposed to the insecticide imidacloprid (a systemic neon-
icotinoid) L. paahaumaa proved to be 36‐fold more sensitive
from oral exposure and 194‐fold more sensitive than A. melli-
fera when considering contact exposure (Tai et al., 2022).
Those values show that, in this case, the safety factor was not
sufficient to protect this species. The same trend was observed
in Neotropical stingless bees exposed to the neonicotinoid
imidacloprid (Assis et al., 2022). For the first time, the present
study calculated an LD50 for a Neotropical solitary bee. Future
studies are needed to confirm the Neotropical solitary bee
sensitivity observed using other pesticides and to refine the
exposure time because in the present study the exposure was
conducted continuously for 24 and 48 h.

In addition, the safety factor in risk assessment considers
only the toxicity endpoint representing the hazard data. Be-
cause different bee species have the same pesticide sensitivity

does not necessarily confirm that they will have the same risk of
exposure to them. Therefore, the differences in exposure route
between A. mellifera and solitary bees (Kopit & Pitts‐
Singer, 2018; Sgolastra et al., 2019) and the vulnerability con-
cept added to population resilience (Schmolke et al., 2021)
need to be considered to improve ERA for bee diversity pro-
tection.

The risk of pesticides to bee species can change according to
the amount of pollen and nectar consumed, nesting habits, so-
ciality level, agricultural landscape, and foraging habits (Kopit &
Pitts‐Singer, 2018; Sponsler et al., 2019). Knapp et al. (2023),
using a trait‐based approach, concluded that landscape context
modifies pesticide risk for limited (Osmia bicornis) and inter-
mediate (B. terrestris) foragers but not for extensive foragers
(A. mellifera), which showed highest exposure risk where there
are flowering crops. However, the pesticide risk increases for the
non‐Apis species B. terrestris and O. bicornis as the intensively

FIGURE 5: Species sensitivity distribution (SSD) curve of bees exposed orally to dimethoate under laboratory conditions. Exposure time ranges
from 4 to 24 h. Values refer to the median lethal dose (LD50) value from acute exposure or the geometric mean value for species with more than one
LD50 value (Table 1). Gray lines indicate the 95% confidence interval, black line indicates the central log‐normal distribution, and red dashed line
shows the hazardous dose affecting 5% of species (HD5): (A) SSD curve estimated using dose/individual; (B) SSD curve estimated using body
weight.
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managed agricultural area expands because pesticides can drift
into surrounding seminatural habitats where these non‐Apis
species collect food resources within their foraging range.

Centris analis prefers pollen from the cultivated plant
Malpighia emarginata, the acerola fruit tree (Silva et al.,
2017), of which Brazil is the world's greatest producer
(Farinelli et al., 2021). Currently, 21 pesticides are recom-
mended to be used in the Malpighia emarginata crops, in-
cluding insecticides, fungicides, and acaricides (Ministério
de Agricultura, Pecuária e Abastecimento, 2023). Due to the
intensive use of oil and pollen from Malpighia emarginata
flowers to provide larval food for C. analis; they are recom-
mended as a manageable bee species to conduct the
pollination process in acerola orchards (Magalhães &
Freitas, 2013; Oliveira & Schlindwein, 2009). Therefore, it is
expected that C. analis will forage landscapes with a high
agricultural proportion (acerola crops) to collect their pollen
and will, consequently, be exposed to different types of
pesticides, which should be considered in environmental
regulation processes. Combining all the factors—the higher
sensitivity of C. analis to dimethoate in comparison to A.
mellifera, the occurrence of C. analis in crops treated with
pesticides, and considering that non‐Apis species may have a
greater vulnerability to pesticides than A. mellifera (Schmolke
et al., 2021)—our results highlight the urgent need for more
studies using Neotropical solitary bees to improve the risk
assessment for bees during pesticide regulation processes.

CONCLUSION
The results obtained in the present study are of great im-

portance for the ERA of pesticides to bees in tropical regions. We
bring the first LD50 and LC50 values for a solitary bee, native to
tropical countries. The Neotropical solitary bee C. analis showed
a higher sensitivity to the insecticide dimethoate than the model
species A. mellifera. However, the LD50 value obtained was
within the 10‐fold safety factor used in the risk‐assessment
framework to protect non‐Apis species. That means that the
actual risk‐assessment procedure would be enough to cover the
difference of pesticide sensitivity of C. analis if both species had
the same exposure levels to the pesticides. However, it was
discussed that the exposure and vulnerability of C. analis to
pesticides might be higher than for A. mellifera. Hence, the
variation in sensitivity between types of pesticides, population
vulnerabilities, and different routes of exposure needs to be
further explored in future studies to improve the ecological risk
assessment of pesticides to bees under tropical conditions.
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