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Abstract – In Brazil, where the use of neonicotinoids is allowed in bee-attracting flowering crops, we investigated
whether thiamethoxam intake during the larval stage of the native bee species Scaptotrigona aff. depilis affects the
survival and development by exposing larvae to contaminated food. Our results indicated that the larvae exposed to
the dose at a field-realistic level and to the doses ranging around it had their survival rates significantly impaired. At
the highest doses, we observed larvae and pupae with shorter and longer development times, respectively, and the
formation of smaller and asymmetric specimens. Evidently, we need to consider that thiamethoxam reaches the
pollen and nectar at residual levels, and that they are processed by nurse bees before destined for offspring.
Nevertheless, our findings suggest a warning, since the individuals had their biological parameters affected by
thiamethoxam, when exposed to doses at field-realistic levels.

larval food / in vitro rearing / adverse effects / developmental stage / insecticides

1. INTRODUCTION

The use of neonicotinoid insecticides has been
implicated as one of the main causes of the decline
of pollinator populations worldwide (Goulson
2013; Van der Sluijs et al. 2013). The use of these
insecticides in bee-attracting flowering crops is
growing worldwide (Köhler and Triebskorn
2013), and the fact that their neurotoxic activity
may affect pollinators justifies the increasing
number of studies that seek to fill these gaps in
knowledge (Gill et al. 2012; Arena and Sgolastra
2014; Costa et al. 2014; Fairbrother et al. 2014;

Feltham et al. 2014). Neonicotinoids can be
sprayed, applied to the soil or applied as a seed
coating (Blacquiere et al. 2012). In the last two
cases, the active ingredient can reach pollen and
nectar as residue (Rortais et al. 2005; Blacquiere
et al. 2012) due to its systemic properties.

The stingless bees, which are important polli-
nators of the tropical regions for both wild and
cultivated plants (Wilms et al. 1996; Del Sarto
et al. 2005; dos Santos et al. 2008; Nunes-Silva
et al. 2013), feed on pollen and nectar that are
stored in the colony, with few exceptions
(Nogueira-Neto 1997). The larval nutrition of this
group of bees consists of the massive deposition
of food from the nurse bees; the food is composed
of honey, glandular secretions and pollen
(Hartfelder and Engels 1989). Therefore, all of
the food that will be consumed by the larva is
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deposited in the brood cell, which is operculated
soon after the eggs are laid by the queen
(Sakagami 1982). After returning from the field,
the forager workers bring floral resources to the
colony, which will be processed by nurse bees
(Nogueira-Neto 1997) and offered to the offspring
as larval food. Thus, if any residues contaminate
the floral resources, the larvae in the colony will
come into contact with the residue by eating the
contaminated food (Villa et al. 2000).

Most studies on the effects of pesticides on
bees have evaluated the adult stage (Moraes
et al. 2000), mainly using the species Apis
mellifera as a study model (Cresswell 2011;
Costa et al. 2014; Fairbrother et al. 2014).
Studies on the exposure of bees during the larval
stage through in vitro rearing tests also focus on
this species (Aupinel et al. 2007; Hendriksma
et al. 2011; Wilkins et al. 2013; Tavares et al.
2015). However, Kremen et al. (2002), Del Sarto
et al. (2005) and Tomé et al. (2015) highlighted
the importance of native pollinators in the context
of insecticide use in agriculture. Despite their
importance as native pollinators in Brazil, the first
and only study to date that addressed the exposure
of stingless bees during the larval stage to insec-
ticides was published by Tomé et al. (2012). In
their study, the authors observed several adverse
effects of the neonicotinoid imidacloprid on
Melipona quadrifasciata anthidioides .

In Brazil, the native stingless bee species
Scaptotrigona aff. depilis Moure, 1942 visits a
wide range of floral resources, such as citrus,
eucalyptus (Faria et al. 2012) and cotton flowers
(Pires et al. 2014), crops on which the use of
neonicotinoids is common (Ministério da
Agricultura, Pecuária e Abastecimento 2015). In
addition, the wide distribution of this native sting-
less bee species in the Neotropical region (Moure
et al. 2013) makes it an important species for
research. Therefore, we selected S. aff. depilis
as a model to assess the potential risks that
thiamethoxam, an insecticide of the neonicotinoid
chemical group, offers to native bees by evaluat-
ing the sublethal effects of larval feeding in vitro.
To determine the effects of thiamethoxam intake
during the larval stage, we investigated whether
the survival rate of S. aff. depilis specimens in
each developmental stage decreases with

increasing thiamethoxam doses and whether
thiamethoxam intake affects the development
time of immature individuals and the size and
asymmetry of adults. Our findings indicate that
the consumption of thiamethoxam during the lar-
val stage causes delayed development of imma-
ture individuals and the formation of smaller and
asymmetric S. aff. depilis specimens.

2. MATERIAL AND METHODS

2.1. Study site and studied species

This study was performed at the University of São
Paulo, Ribeirão Preto campus, and the bee species cho-
sen as the study model was S. aff. depilis .

2.2. Insecticide and diet

The active ingredient thiamethoxam (Pestanal®, an-
alytical standard—Fluka) was obtained from Sigma
Aldrich, UK. A stock solution of 0.125 ng of
thiamethoxam/μL of distilled water was prepared and
was added to larval food (using a vortex mixer). The
doses of thiamethoxam provided to the larvae were
based on the recommended concentrations for use on
citrus crops in Brazil (translated to ng of active ingredi-
ent/larva): 0.0 (CS, control with solvent); 0.004 (T1 =
one tenth of the maximum recommended concentration
BMRC^); 0.044 (T2 = BMRC^); and 4.375 (T3 = 100
times more than the BMRC^). The control group was
identified as NC (negative control, no solvent).
Thiamethoxam is frequently applied on these crops,
whose flowers are commonly visited by stingless bee
S. aff. depilis (Faria et al. 2012).

2.3. In vitro rearing of stingless bees

The technique used for in vitro bioassays was
adapted from the method developed by Menezes et al.
(2013). For the experimental design, we considered and
adapted the standard methods for toxicity testing in
A. mellifera (Medrzycki et al. 2013).

Brood combs from different colonies of S. aff.
depilis were used. One or two combs containing larvae
of approximately 24 h of age were collected from each
colony, and the larval food was recovered from these
combs and subsequently homogenised for the experi-
ments. We used the same material to measure the
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amount of food that each brood comb should contain
with the aid of microcapillaries. Thus, each cell of an
acrylic plate received 35 μL of larval food, and the
plates were then placed in a controlled-temperature
incubator (28 to 29 °C) for 48 h. Next, the larvae were
transferred from the natural honeycombs to acrylic
plates, which were returned to the incubator. Four rep-
licates with 50 specimens were evaluated for each treat-
ment and the control group. Each replicate contained
larvae from a single colony. For a humidity control, we
used the treatment with the highest survival rate
(97.9 %) reported by Menezes et al. (2013): 100 %
humidity for the first 6 days after transferring the larvae
to the acrylic plates and 75 % humidity for the addition-
al development time.

2.4. Development

Biological parameters significant for larval develop-
ment were evaluated through daily specimen monitoring.
The parameters were as follows: (a) mortality rate from
larval transfer to adult emergence; (b) development time of
the specimens at each stage (larva, pre-pupa and pupa),
considering the surviving individuals. Dead specimens
were identified by the absence of spiracle movement and
were removed from the plates.

2.5. Morphometric analysis

The adult workers that emerged were collected for
morphometric analysis [NC (n =73); CS (n =83); T1
(n =88); T2 (n =77); T3 (n =77)], while the males were
discarded. The specimens were photographed using a
stereoscopic microscope (Leica MZ16) connected to a
digital camera (Leica DFC500) and Leica Application
Suite (LAS 3.8.0 software), from Switzerland, for mea-
suring the head width and the intertegular span.

Then, the anterior wings of the same specimens were
removed and mounted on slides. The anterior wings
were also photographed, and a .tps file was created from
the image file in the software tpsUtil version 1.40 (Rohlf
2008). Then, 11 anatomical landmarks of the branching
point of the wing veins were identified and established
using tpsDig version 2.12 software (Rohlf 2008) to
assess the wing asymmetry through parameters such
as the centroid size (the square root of the sum of
squared deviations of landmarks around their centroid
or centre of mass) and wing shape (through wing vena-
tion patterns) (Klingenberg et al. 1998).

2.6. Statistical analysis

The mortality results were subjected to procedure
Survival Analysis, in which survival curves were ob-
tained through Kaplan-Meier estimators. The bees that
survived until emergence were treated as censored data.
The survival curves of each treatment were compared
using the Log-rank test (with significance levels of
0.05). Analysis of variance (ANOVA) was used to
compare the means of the development time,
intertegular span and head width between treatments,
after assessing the data normality, through the
Kolmogorov-Smirnov-Lilliefors test. Next, Tukey’s
post hoc tests (with significance levels of 0.05) were
used for analysis of the parameters with significant
differences in ANOVA. The analyses were performed
in SPSS 17.0 software.

Concerning wing morphometry, a standard ANOVA
for fluctuating asymmetry was used in the analysis of
the centroid size (Palmer and Strobeck 1986), and a
corresponding Procrustes ANOVAwas used for analy-
sis of the wing venation patterns (Klingenberg et al.
1998). These analyses were performed in MorphoJ
version 1.03 software (Klingenberg 2011).

3. RESULTS

3.1. Development

The curves obtained from Kaplan-Meier
estimators showed that the survival of S.
aff. depilis larvae exposed to thiamethoxam
was significantly impaired (Log-rank: X 2 =74.6;
P <0.001) (Figure 1). The survival curves indi-
cated that the group treated with the highest dose
of thiamethoxam (T3) had a significant decrease
in survival (43.7 %), comparing to the groups NC
(80.3 %) (X 2 = 40.1; P <0.001), CS (74.6 %)
(X 2 = 28.8; P <0.001) and T1 (68.5 %) (X 2 =
18.8; P <0.001). Only the T2 (45.0 %) was
similar to the T3 (X 2 = 0.05; P = 0.82) and
different from the other treatments. When
comparing T1 and T2 to NC, we can also
observe a decrease in survival. No differences
were found between the groups NC and CS
(X 2=1.2; P =0.26).

Regarding the development time of each stage
(Figure 2) after exposure to different doses of
thiamethoxam, there was a significant difference
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between treatments in the larval stage, and
larvae exposed to T2 and T3 had shorter devel-
opment times (ANOVA, F = 48.5, P < 0.001;
Tukey’s post hoc test significant at P <0.05).
The duration of the pre-pupal stage was not dif-
ferent between groups (ANOVA, F = 1.30,

P > 0.5), while in the pupal stage (ANOVA,
F =38.62, P <0.0000), the specimens had signif-
icantly longer development times at the higher
doses (T2 and T3).

3.2. Morphometric analysis (head width,
intertegular span andwing asymmetry)

The head width (ANOVA, F = 1238.0,
P <0.01) and the intertegular span (ANOVA,
F =1766.4, P <0.01) of the workers were signif-
icantly affected by the presence of thiamethoxam.
Individuals of the CS and T1 groups showed a
tendency to increase the size of both measures
(Figure 3): the head width was found to be mean
3.59 mm±0.03SE for bees from NC, while at the
CS and T1 were means 3.74 mm±0.02SE and
3.80 mm±0.01SE, respectively; the intertegular
span was found to be mean 2.43 mm±0.01SE for
bees fromNC, while at the CS and T1were means
2.55 mm±0.01SE and 2.54 mm±0.008SE, re-
spectively. However, specimens fed with the
higher doses of thiamethoxam exhibited signifi-
cantly lower values for both the head width (T2,
2.37 mm±0.01SE; T3, 2.32 mm±0.01SE) and
the intertegular span (T2, 1.68 mm±0.01SE; T3,
1.53 mm±0.01SE) (Figure 3) compared to the
specimens of the other groups. Figure 4a–e illus-
trates the comparison of the body size among the
groups.

Figure 1. Survival probability of S. aff. depilis speci-
mens until the last pupal stage in each treatment. NC
(negative control), CS (control with solvent: 0.0 ng/
larva), T1 (0.007 ng/larva), T2 (0.044 ng/larva) and
T3 (4.375 ng/larva). Survival curves are indicated by
Kaplan-Meier estimators. Circles indicate the censored
data (bees that survived until emergence).

Figure 2. Development time of S. aff. depilis speci-
mens in each developmental stage (represented by col-
umns ) in each treatment. NC (negative control), CS
(control with solvent: 0.0 ng/larva), T1 (0.007 ng/larva),
T2 (0.044 ng/larva) and T3 (4.375 ng/larva). Different
letters indicate statistical difference (Tukey’s test, sig-
nificant at 0.05). The comparison of means indicated by
the letters was performed between the columns corre-
sponding to the same developmental stage.

Figure 3.Morphometric measures (mean in mm) of S.
aff. depilis workers fed diets with and without the
insecticide thiamethoxam. a , head width; b ,
intertegular span. Columns represent the treatments:
NC (negative control), CS (control with solvent:
0.0 ng/larva), T1 (0.007 ng/larva), T2 (0.044 ng/larva)
and T3 (4.375 ng/larva). Bars indicate the mean stan-
dard error values. Different letters indicate significant
differences (P <0.05).
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Regarding the wing morphometry, the cen-
troid size was significantly different in all
treatments according to the ANOVA results,
but there was no difference between the left
and right sides of the same specimen
(Table I). Thus, for the centroid size, we
did not detected asymmetry among workers.
Regarding the wing venation pattern, which
was analysed using Procrustes ANOVA, the
NC and CS groups were statistically different
only in terms of interindividual variation and
not between the left and right sides of the
same individual, i.e. the NC and CS speci-
mens were not asymmetric. The specimens
exposed to 0.004 ng thiamethoxam/larva

(T1) were significantly different in both the
variation between individuals and the varia-
tion between sides. Furthermore, in T1, the
magnitude of the mean squares for both pa-
rameters evaluated was similar, indicating
that both parameters are important for con-
cluding that the specimens are asymmetric.
In T2 and T3, both the variation between
individuals and the variation between sides
were significant, but the magnitude of the
mean squares between sides was higher than
between individuals. Because the difference
between sides is primarily responsible for
shape variation, the T2 and T3 specimens
are also considered asymmetric.

Figure 4. Head width and intertegular span of S. aff. depilis workers fed diets with and without the insecticide
thiamethoxam. a NC (negative control); b CS (control with solvent, 0.0 ng/larva); c T1 (0.007 ng/larva); d T2
(0.044 ng/larva); and e T3 (4.375 ng/larva).Values within the squares indicate themeans of themorphometricmeasures.
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4. DISCUSSION

The currently concern regarding bee population
losses and its link to the use of neonicotinoids has
focused investigations on honey bees (Godfray
et al. 2014). On the other hand, Tomé et al. (2015)
and Barbosa et al. (2015) emphasise the importance
of including native pollinators in risk assessments
of pesticides, and highlight the stingless bees in the
Neotropical region. In this context, recently, Rosa
et al. (2015) detected the presence of neonicotinoids
thiamethoxam and imidacloprid in forager bodies
of S. aff. depilis that were returning to the colony
after foraging, maintained at meliponary, at
University of São Paulo, Brazil. In eusocial bees,
as honey bees and stingless bees, the pollen and
nectar collected in the field by forager workers are
later processed by nurse bees, and are ultimately
destined for offspring, composing the larval food
(Hartfelder and Engels 1989; Blacquiere et al.
2012). Thus, if any residues contaminate the floral
resources, the larvae in the colony will come into
contact with the residue by eating the contaminated
food (Villa et al. 2000; Blacquiere et al. 2012). The
in vitro rearing technique used in the present study
proved satisfactory for studies on the development
of stingless bees exposed to insecticides dur-
ing the larval stage. The mortality rate of the
control group was the lowest between the
treatments (13.2 %) and was similar to those
observed in studies with A. mellifera (Fukuda
and Sakagami 1968).

Our results indicated that the specimens ex-
posed to the higher doses of thiamethoxam during
the larval stage (0.044 and 4.375 ng/larva) had
significantly lower survival rates compared to the
NC. It corroborates earlier findings about high
toxicity of thiamethoxam on honey bee larvae
(Tavares et al. 2015). Tomé et al. (2012) also
reported adverse effects of neonicotinoid on sting-
less bees, showing significant reduction on sur-
vival rates of larvae of M. quadrifasciata
anthidioides , when exposed to imidacloprid. At
the highest doses (T2 and T3), our study revealed
significant acceleration and delay in larval and
pupal development times, respectively. In this
context, Tavares et al. (2015) showed that suble-
thal doses of thiamethoxam for honey bees can
cause atypical progression of larval developmentT
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stages. In addition, Wu et al. (2011) reported
delay in the development of A. mellifera
workers exposed to pesticide residues, including
neonicotinoids, and suggested that it could have
negative consequences in the long term, e.g. af-
fecting several activities, such as brood care, food
processing and storage, queen care, hygienic be-
haviour and foraging efficiency.

Besides the consequences on the survival and
development time, the presence of variations in
important morphological landmarks, such as
intertegular span and head width (Lima et al.
2011, 2013), and/or size and shape of wings due
to the intake of residues during the larval
stage, should be taken into consideration, as
these changes can later affect the bees’ activities
within the colony (Wu et al. 2011). In this context,
the workers exposed to the highest doses of
thiamethoxam in our tests produced smaller
specimens compared to the control group.
Furthermore, the thiamethoxam intake, even
at the lowest dose, caused wing shape asymmetry.
Tavares et al. (2015) also found reduction in body
size of individuals of A. mellifera exposed to high
concentrations of thiamethoxam (20, 50 and
100 ng/μL of larval diet). In addition, Higginson
and Barnard (2004) found that the increased wing
asymmetry results in reduced flight efficiency of
A. mellifera workers. Thus, we may infer that if
smaller stingless bees with decreased intertegular
span caused by thiamethoxam intake during the
larval stage reach the foraging age, they would
potentially show changes in their activities effi-
ciency for the colonies. The morphometric param-
eters used in our study indicated sublethal effects
of thiamethoxam in the short term. Therefore, we
emphasise the importance of using morphometric
parameters as indicators of adverse effects in stud-
ies that evaluate the exposure of bees to insecti-
cides during the larval stage.

Decourtye and Devillers (2010) stated that
several studies have assessed the effects of
neonicotinoids on adult bees but warned that
the adverse effects on the offspring may have
more serious consequences for the colony health
than the loss of older bees such as foragers. The
delayed development coupled with worker mal-
formation, found in our study, could potentially
weaken the colony in the long term and promote

susceptibility to diseases and consequent de-
creases in fitness.

From the results presented, we concluded that
the larvae exposed to the dose at a field-realistic
level (T2) and to the doses ranging around it
(T1 and T3) had their survival rates signifi-
cantly impaired. Other findings are regarding the
adverse effects verified on the larval and pupal
development time, the body size and wings
asymmetry, observed just at the T2 and T3.
Evidently, we need to consider that, as a
systemic insecticide, thiamethoxam reaches the
pollen and nectar at residual levels. Dively et al.
(2015) have conducted experiments to track the
movement and degradation of imidacloprid within
whole colonies of honey bees to better understand
the fate of imidacloprid doses used in the sub-
lethal experiments. The authors found about 1/
166 of the imidacloprid from a patty ending up
in RJ and in larvae. For both honey bees and
stingless bees, the food is processed by nurse bees
and is ultimately destined for offspring. Thus, it is
relevant to consider the degradation of active in-
gredients also in colonies of stingless bees.

In this context, a factor that could maybe influ-
ence the amount of residues that reaches the larvae
is the difference in the type of larval feeding
between honey bees and stingless bees. In honey
bees, adult workers inspect the brood cells and
progressively deposit food for the larvae.
However, the proportion of pollen is small in
relation to the proportion of nectar present in
larval food (Haydac 1970). Haydac (1970) does
not consider pollen to be an essential component
of the larval diet in this species. On the other hand,
larval nutrition in stingless bees consists of the en
masse deposition of food by nurse bees (Roubik
1982; Hartfelder et al. 2006). Thus, all food to be
consumed by a larva is deposited in the brood cell,
and after the queen lays her eggs, the cells are
operculated (Sakagami 1982). The highest con-
sumption of pollen by stingless bees occurs during
the larval stage (Zerbo et al. 2001). Another factor
to be considered, for instance, is the ability of
detoxification of the active ingredients by adult
worker bees. In this context, Suchail et al. (2004)
found that 6 and 24 h, respectively, after ingestion
of imidacloprid at 20 and 50 μg kg−1 bee,
imidacloprid could no longer be detected in the
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adult honeybee. In addition, Rosa et al. (2015)
found that forager workers of the stingless bee
species S . aff. depilis contaminated with
imidacloprid, after 24 h of confinement with
non-contaminated diet, had peaks revealing
imidacloprid was still present. However, for sting-
less bees there are still no studies on pesticide
residues, and thus, it is difficult to accurately
estimate the amount of residue that one larva of
stingless bees consumes.

Anyway, our findings suggest a warning, since
the larvae of S. aff. depilis had their biological
parameters affected by the consumption of
thiamethoxam, when exposed to a dose one tenth
of the “MRC” for use on citrus, cropwhose flowers
are commonly visited by this stingless bee species.
Additionally, another point is that thiamethoxam is
also applied on other bee-attracting flowering crops
in Brazil (other than citrus), and the recommended
concentration for use in the field may vary among
them. Regarding the use of pesticides on
agroecosystems, Guedes et al. (2015) highlights
that its use is guided by short-term efficacy; the
indirect and subtler effects of pesticides on their
target arthropod pest species have been neglected.
The authors warn that potential long-term impacts
should be considered.

In this context, our findings suggest that the
thiamethoxam effects on S. aff. depilis specimens
can be observed over the long term. Thus, we also
reinforce the importance of considering other spe-
cies of stingless bees for risk analyses of insecti-
cide use. Our study contributed with important
information for in vitro rearing tests that assess
the exposure of stingless bees to insecticides dur-
ing the larval stage.
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