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HIGHLIGHTS:
Flupyradifurone exhibited highly toxicity to Apis mellifera when applied via direct spray, regardless of the dose.
Thiacloprid presented low toxicity through ingestion, but caused moderate mortality when sprayed directly.
All insecticides impaired motor functions, independent of the dose or exposure route.

ABSTRACT: Understanding the toxicity of insecticides on the bee Apis mellifera (Hymenoptera: Apidae) is crucial for
the conservation of this Vita?pollinator in agricultural systems. From this perspective, the olla)jective in this study was to
evaluate the toxicity of the insecticides flupyradifurone (Butenolide) and thiacloprid (Neonicotinoid) to A. mellifera under
laboratory conditions. Three commercial doses commonly used in Brazilian crops were tested for flupyradifurone (0.1,
0.15,and 0.2 g a.i. L") and thiacloprid (0.072, 0.12, and 0.168 g a.i. L"), along with two controls: absolute (distilled water)
and positive ?thiamethoxam insecticide). The insecticides were administered via direct spray application and ingestion
through a contaminated diet, and their effects on mortality, motor function disorders, and flight ability of surviving bees was
evaluated. Flupyradifurone caused 100% mortality at all doses via direct spraying, witha LT_ of 2.15 hours at 0.2 ga.i. L™}, and
resulted in 16.44% mortality via contaminated diet, with a LT, of 304.56 hours. thiacloprid led to 46.33% mortaﬁty via direct
spraying (LT_ = 70.28 hours), and 33.92% mortality via ingestion, with a LT_| of 304.56 hours at 0.072 g a.i. L ' and 143.05
hours at higher doses. Both insecticides, regardless of dose and exposure route, impaired the flight ability of A. mellifera,
causing motor dysfunction. Flupyradifurone was highly toxic to adult worker bees via direct spraying and mildly toxic via
ingestion, whereas thiacloprid was slightly toxic through ingestion and caused moderate mortality when sprayed directly.

Key words: honey bee, mortality, flight ability, direct toxicity, pollinator conservation

RESUMO: Compreender a toxicidade de inseticidas sobre Apis mellifera (Hymenoptera: Apidae) é crucial para a conservagao
desse importante polinizador em ambientes agricolas. Nessa perspectiva, o objetivo deste estudo foi avaliar a toxicidade dos
inseticidas Flupiradifurona (Butenolida) e Tiaclopride (Neonicotinoide) sobre A. mellifera em condig¢oes de laboratdrio.
Trés doses comerciais utilizadas em cultivos no Brasil de Flupiradifurona (0,1; 0,15 € 0,2 gi.a. L™!) e Tiaclopride (0,072; 0,12
e 0,168 g ia. L) foram testadas, juntamente com dois controles: absoluto (dgua destilada) e positivo (Tiametoxam). Os
inseticifas foram expostos por meio de pulverizacio direta e ingestdo de dieta contaminada, e foram avaliados seus efeitos
sobre a mortalidade, distarbios motores e capacidade de voo das abelhas sobreviventes. A Flupiradifurona causou 100% de
mortalidade em todas as doses via pulverizagao direta, com uma TL_ de 2,15 horas a 0,2 gi.a. L™', e via dieta contaminada
resultou em 16,44% de mortalidade, com uma TL,, de 304,56 horas. O Tiaclopride levou a 46,33% de mortalidade via
pulverizagdo direta, com uma TL, de 70,28 horas, e 33,92% de mortalidade via dieta contaminada, com uma TL,  de
304,56 horas a 0,072 g i.a. L' e 143,05 horas nas doses mais altas. Ambos os inseticidas, independentemente da dose e
do método de exposigao, prejudicaram a capacidade de voo de A. mellifera, causando distirbios nas fungdes motoras. A
Flupiradifurona foi altamente toxica para abelhas operarias adultas via pulverizagdo direta e levemente toxica via ingestéo,
enquanto o Tiaclopride foi levemente tdxico via ingestdo e causou mortalidade moderada via pulverizagéo direta.

Palavras-chave: abelha melifera, mortalidade, capacidade de voo, toxicidade direta, conservagio de polinizadores
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INTRODUCTION

In agricultural landscapes, pollination by bees is essential
for the productivity of most economically important crops
(Potts et al., 2016; Reilly et al., 2020; Khalifa et al., 2021), with
the species Apis mellifera Linnaeus (Hymenoptera: Apidae)
playing a crucial role as one of the most efficient pollinators
(Cridland et al., 2017; Klein et al., 2020). A. mellifera is widely
employed in crop pollination due to its ease of management,
large colony size, and superior efficiency and speed compared
to other pollinator species (Pires et al., 2016; Klein et al., 2020).

However, bee populations have experienced a global decline
over recent decades, driven by multiple factors such as climate
change, habitat fragmentation, monoculture practices, pest
infestations, reduced flower resources, and the indiscriminate
use of pesticides (Kearns & Inouye, 1997; Rahimi et al., 2022;
Ferreira et al., 2022; Rahimi & Jung, 2024). Among these,
pesticide application is considered a leading cause of pollinator
decline (Devine & Furlong, 2007). In Brazil, Castilhos et al.
(2019) reported that approximately 50% of bee colonies are
lost annually across various regions, resulting in an estimated
1 billion dead bees, with pesticide exposure identified as one
of the primary contributors to this phenomenon.

Bees may come in contact with pesticides through direct
exposure to spray droplets, contact with residues on plant
surfaces, or by collecting and ingesting contaminated nectar
or pollen (Taning et al., 2019; Varikou et al., 2019). In addition
to causing mortality, pesticide exposure can lead to sublethal
effects, including impaired foraging behaviour, reduced
lifespan, diminished learning and memory capacity, and
behavioral disturbances such as motor dysfunction (Wu-Smart
& Spivak, 2016; Shi et al., 2020; Riikiin et al., 2025; Zhang et
al., 2025). Therefore, understanding the effects of insecticides
on bees is essential to reconcile chemical pest management
with pollinator conservation in agricultural settings (Pecenka
et al., 2023).

The effects of insecticides such as thiacloprid and
flupyradifurone on bees may vary depending on the dose
applied and the route of exposure. For instance, Fischer et al.
(2014) found that A. mellifera bees orally exposed to 1.25 ug
per bee of thiacloprid in field conditions showed no significant
changes in flight or foraging behaviour. In contrast, Tison et
al. (2016) reported significant alterations in foraging activity,
navigation, colony return success, and social communication
following chronic oral exposure to 4.5 ng pL* of thiacloprid.
Similarly, Hesselbach & Scheiner (2018) demonstrated that
acute exposure to 1.2 ug a.i. of flupyradifurone per bee
negatively affected cognitive functions, while Tong et al.
(2019) observed motor impairments during foraging following
flupyradifurone exposure.

Nevertheless, limited data are available regarding the
toxicity of thiacloprid and flupyradifurone at doses registered
for agricultural use in Brazil, underscoring the need for further
research to support honey bee conservation in crop production
systems. In ths context, the present study aimed to evaluate
the toxicity of thiacloprid and flupyradifurone to A. mellifera
under controlled laboratory conditions.
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MATERIAL AND METHODS

The experiment was conducted at the Entomology
Laboratory of the Center for Sciences and Agri-food
Technology (CCTA) of the Federal University of Campina
Grande (UFCG), Pombal Campus, Paraiba, Brazil. Adult A.
mellifera workers were collected from three hives installed in
Langstroth wooden boxes located at the CCTA/UFCG apiary.

The insecticides evaluated were flupyradifurone (Sivanto
Prime’ 200 SL), a butenolide-class compound recommended
for pest control in several economically important crops in
Brazil, such as coftee (Coffea arabica L.), melon (Cucumis melo
L.), and orange (Citrus sinensis L.); and thiacloprid (Calypso’),
a neonicotinoid-class insecticide indicated for use in crops
including melon, tomato (Solanum lycopersicum Mill.), and
soybean (Glycine max L.), all crops of which rely on pollination
by A. mellifera.

Three commercial doses were tested for each insecticide:
0.072, 0.12, and 0.168 g a.i. L for thiacloprid, and 0.1, 0.15,
and 0.2 g a.i. L' of flupyradifurone, based on manufacturer
recommendations. Distilled water served as the absolute
control, while the positive control consisted of thiamethoxam
(Actara” 250 WG) at the maximum recommended dose for
melon (0.3 ga.i. L).

The lethal effect of flupyradifurone and thiacloprid on A.
mellifera was evaluated using two bioassays, corresponding
to two exposure routes: direct spraying on the bees and oral
ingestion of insecticide-contaminated diet, following the
methodology described by Costa et al. (2014).

In both bioassays, bees were confined in plastic containers
(15 cm in diameter x 15 cm in height), partially covered at the
top with anti-aphid mesh. The container sides had 0.1 cm-wide
openings to ensure adequate ventilation. Inside each arena,
an artificial diet composed of refined sugar and honey (1:1)
was provided in 28 mm-wide plastic containers, along with
a cotton pad soaked in distilled water, which was replaced
at each evaluation interval. To facilitate handling, bees were
anesthetized by exposure to a refrigerated environment (+ 4
°C for 90 seconds).

The bioassays followed a completely randomized design
with eight treatments: 1 — absolute control (distilled water);
2 - positive control (thiamethoxam 0.3 g a.i. L'); 3to 5 -
flupyradifurone (0.1,0.15,and 0.2 g a.i. L'"); 6 to 8 — thiacloprid
(0.072, 0.12, and 0.168 g a.i. L!). Each treatment included
20 replications (arenas), with 10 adult A. mellifera bees
per replicate. All bioassays were conducted in a controlled
environment (25 + 2 °C, 60 £ 10% relative humidity, and 12-
hour photoperiod).

After distributed into the arenas, bees were sprayed directly
according to each treatment using a manual sprayer. Artificial
diet and water were provided, and the evaluations were
performed at predetermined time intervals.

In the oral exposure bioassay, bees were fasted for 2 hours
prior to the experiment. The artificial diet was prepared, and
sprayed with the insecticides using a manual sprayer. Once
distributed into the arenas, bees received the contaminated diet
and distilled water. Continuous observation was maintained
until ingestion was confirmed, and the effects were monitored
over a 48-hour period.
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Flight ability was evaluated using a flight tower, following
the methodology of Gomes et al. (2020). The tower consisted
of a wooden structure (35 x 35 x 115 cm) open inside,
with a fluorescent lamp on the top. All sides were covered
with transparent plastic to allow unobstructed observation.
Evaluations were conducted in a dark room (25 + 2 °C, 60
+ 10% RH), with the lamp serving as the sole light source to
stumulate flight via positive phototropism.

Due to the number of bees used, a maximum of 100
individuals per treatment was established for flight assessment.
Where fewer than 100 bees survived, all survivors were tested.
Each bee was individually placed at the base on the tower (0
cm height), and given 60 seconds to complete its flight. The
final height reached was recorded. The tower was divided in
five height levels: 1 - base (0 cm); 2 - 1-30 cm; 3 - 31-60 cmy;
4-61-90 cm; 5 - 91-115 cm (lamp location).

Mortality and motor disorders were evaluated at 1, 2, 3, 4, 5,
6,9,12,15, 18,21, 24, 30, 36, 42, and 48 hours after exposure.
Bees unresponsive to mechanical stimuli (e.g., body touches)
were recorded as dead. Flight ability was assessed in surviving
bees at 48 hours of following Gomes et al. (2020).

Mortality rates were corrected using Abbott’s (1925)
equation. Data were analyzed using the Kruskal-Wallis (1952)
non-parametric test, followed by Wilcoxon’s test, both at a
5% significance level. Survival data were processed using the
survival package (Therneau & Lumley, 2020) for R software
(R Core Team, 2022) and fitted to a Weibull distribution.
Treatments with similar toxicity and mortality profiles were
grouped by contrast analysis. Median lethal time (LT, ) was
calculated for each group. Survival percentage was determined
using the Eq. 1.

f(x)=el ™M) (1)

where:
i - lethal time;
a - 1/score of the chosen model;
t - time (hours); and,
f(x) - survival (%).

The effect of treatments on the flight ability was analyzed
using permutational analysis of variance (PERMANOVA),
followed by Wilcoxon’s test for each exposure method. P-values
for multiple concentrations were adjusted using the Bonferroni
correction, minimizing the risk of type I errors. Comparisons
were made only within each height class.

RESULTS AND DISCUSSION

The insecticide flupyradifurone caused 100% mortality of
Apis mellifera workers at all three commercial doses tested,
showing no statistical difference from the positive control,
thiamethoxam. Within the first hour of observation, from
50 to 70% of the bees exhibited symptoms such as tremors,
prostration, and paralysis, prior to death when exposed to 0.1
and 0.2 g a.i. L' respectively.

Thiacloprid induced moderate mortality at the evaluated
doses. However, following the direct spraying, aproximately
40% of the bees displayed transient paralysis, but subsequently
regained motor function (Kruskal-Wallis x* = 145.55; g.1. = 7;
p-value = 3.49e-28; Table 1).

In the oral exposure bioassay, flupyradifurone caused low
mortality, which was statistically different from the positive
control (thiamethoxam), responsible for 97.50% mortality.
Thiacloprid also differed statistically from thiamethoxam,
causing 8.06, 25.43, and 33.92% mortality at doses of 0.072,
0.12,and 0.168 ga.i. L, respectively (Kruskal-Wallis x* = 84.52;
g.l. = 7; p-valor = 1.63e-15; Table 1).

Direct exposure of bees to spray droplets of flupyradifurone
and thiacloprid significantly compromised their survival.
Flupyradifurone induced 100% mortality across all tested
doses, with mortality rates similar to those of the positive
control, thiamethoxam—a compound widely recognized for its
toxicity to honey bees (Costa et al., 2014; Pizzaia et al.,, 2021).
Following exposure, bees exhibited neuromotor symptoms
such as tremors, prostration, and paralysis, mirroring the
effects observed with thiamethoxam (Costa et al., 2014).

The elevated mortalit associated with flupyradifurone is
attributed to its agonistic action on nicotinic acetylcholine
receptors (nAChRs). This compound induces sustained
ion currents leading to neuronal hyperexcitation.
Unlike acetylcholine flupyradifurone is not degraded by
acetylcholinesterase, resulting in persistent stimulation,
neuromuscular dysfunction, and eventual death (Jeschke et
al., 2015).

In contrast, thiacloprid demonstrated lower toxicity,
with reduced mortality rates and slower onset of lethal
effects compared to thiamethoxam. Although data on direct
contact effects of thiacloprid are limited, the faster metabolic
degradation relative to thiamethoxam may explain the
observed differences in toxicity (Alptekin et al., 2016).

The survival analysis revealed marked differences in
the Median Lethal Times (LT, ) among the insecticides.

Table 1. Mortality (%) of Apis mellifera bees exposed via direct spraying and oral ingestion to different doses of use in crops of

the insecticides flupyradifurone and thiacloprid

Dose
Treatments (@ ai L)
Absolute control (distilled water) -
Positive control (Thiamethoxam) 0.3
Flupyradifurone 0.1
Flupyradifurone 0.15
Flupyradifurone 0.2
Thiacloprid 0.072
Thiacloprid 0.12
Thiacloprid 0.168

Mortality in each mode of exposure (%)

Direct Oral
0c* Oe
100.00 a 9750 +1.2a
100.00 a 15.61 + 3.7 cd
100.00 a 15.97 + 3.7 cd
100.00 a 16.44 + 3.5 cd
35.30 = 6.8b 8.06 = 2.7d
4507 £5.7b 25.43 = 6.0 be
46.33 £ 6.9b 3392 +6.1b

*Means followed by different letters represent significant differences according to the Wilcoxon test at a 5% significance level
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Flupyradifurone, regardless of dose, drastically shortened bee
survival, with a LT, values below 4 hours. The dose 0.2 g. a.i.L"!
yielded LT, of 2.15 hours, closely approximating the positive
control (LT, = 1 hour) (Figure 1A). In contrast, the highest
LT, values were recorded for thiacloprid, with the 0.072 g.a.i.
L* dose reaching 70.28 hours—second only to the absolute
control (Figure 1B).

All doses of flupyradifurone, as well as the lowest dose of
thiacloprid (0.072 ga.i. L") were less toxic when administered
via ingestion, exhibiting the longest median lethal time (LT,
= 304.56 hours) among all insecticides and concentrations
tested, with all causing under 20% mortality, indicating low
acute oral toxicity. Conversely, thiacloprid at doses 0.12 and
0.168 ga.i. L showed higher toxicity, with LT, values of 143.05
hours and mortality rates of 25.43 and 33.92%, respectively
(Figures 2A and B).

Bees that survived direct exposure to thiacloprid exhibited
motor dysfunctions, including impaired locomotion and flight
capacity, indicative of neurotoxic effects resulting from insecticide
intoxication. Similar findings were reported by Shi et al. (2018),
who identified significant alterations in 115 metabolites following
direct exposure to thiacloprid, compared to control bees. These
metabolites are associated with oxidative stress and detoxification
pathways, suggesting activation of the bees” detoxification system.
Among the metabolic changes, a reduction in serotonin levels was
observed, indicating a potential impact of thiacloprid on neural
processes to learning and cognition.

Figure 1. Survival rate (%) of adult worker bees of Apis mellifera
after direct spray with different doses of use in crops of the
insecticides flupyradifurone (A) and thiacloprid (B)

Rev. Bras. Eng. Agric. Ambiental, v.30, n.2, €295422, 2026.

Figure 2. Survival rate (%) of adult worker bees of Apis
mellifera after ingestion of contaminated diet with different
doses of use in crops of the insecticides flupyradifurone (A)
and thiacloprid (B)

According to Manjon et al. (2018), cytochrome P450
enzymes play a key role in the detoxification of neonicotinoids,
efficiently metabolizing compounds like thiaclopride into
less toxic derivatives. The susceptibility of A. mellifera to
neonicotinoids from the cyano and nitro functional groups
is influenced not only by the affinity of these molecules for
nicotinic acetylcholine receptors, but also by the efficiency of
P450-mediated metabolism. Notably, this metabolic process
is less effective for thiamethoxam, contributing to its higher
toxicity.

Under oral exposure, flupyradifurone demonstrated
lower toxicity than thiacloprid. This reduced toxicity may be
partially explained by a repellent effect, as bees exposed to
flupyradifurone showed reduced feeding behavior compared
to those exposed to thiacloprid, potentially limiting ingestion
and subsequent mortality.

The repellent properties of flupyradifurone on A. mellifera
have been documented by Wu et al. (2021) and other authors.
According to Nauen et al. (2015), flupyradifurone exhibits
oral toxicity (LD, 1.2 ng a.i. per bee), but low contact toxicity
(LD, 0.1 ng a.i. per bee), indicating that ingestion of residues
is the primary route of contamination. Despite its toxicity,
the compound shows strong repellent activity. Tong et al.
(2019), evaluating the effect of flupyradifurone administrated
via contaminated diet (4 ppm, daily dose = 241 * 4 ng
per bee) under conditions of nutritional stress (low sugar
concentration), reported reduced survival, impaired foraging
behavior, compromised thermoregulation, and decline in flight
performance in adult worker bees.
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Hesselbach & Scheiner (2018) found that flupyradifurone
significantly affected gustatory responsiveness of A. mellifera
workers treated with 8.3 x 10 mol L" resulting in a marked
reduction in the proboscis extension response. Treated bees
showed significantly diminished foraging behavior compared
to the control group. Additionally, a decreased food-seeking
activity was observed, suggesting that flupyradifurone exerts
a strong repellent effect on A. mellifera.

Al Naggar & Baer (2019) reported that larval exposure
to flupyradifurone via contaminated diet (0.025 pg) led to
a survival reduction of 7 + 2%, a pattern also observed in
adult workers exposed to 0.645 pg. Moreover, the presence
of fungal pathogen Nosema ceranae enhanced toxic effects of
flupyradifurone in both developmental stages.

Tosi et al. (2021), investigating the lethal and sublethal
impacts of flupyradifurone administrated via contaminated
sucrose solution (444, 1333, 4000, 12000, and 36000 pg kg™),
observed a significant decline in survival, along with motor
coordination deficits and hyperactivity, as well as reductions
in foraging and flight performance.

The absence of a repellent effect likely contributed
to a greater oral toxicity of thiacloprid compared to
flupyradifurone. Bommuraj et al. (2020), evaluating the
average daily consumption of diets contaminated with various
insectcides, found no significant difference in the intake of
thiacloprid-contaminated diet relative to the control, indicating

that thiacloprid does not repel bees. This finding supports the
higher mortality rates observed in bees exposed to thiacloprid
via ingestion.

Jacob et al. (2019) found that oral exposure of A. mellifera to
acetamiprid, imidacloprid, and thiacloprid resulted in reduced
survival and impaired locomotion. Thiacloprid exhibited
intermediate toxicity, causing slower movement, extended
resting periods, and tremors.

Brandt et al. (2017) assessed the effects of thiacloprid and
clothianidin on queens and workers of A. mellifera via ingestion
of contaminated diet (100 or 200 pg L' of thiacloprid and
10, 50 or 200 ug L' of clothianidin). Although thiacloprid
was not lethal, it led to a reduction in total hemocytes count,
melanization, and antimicrobial activity. These results differ
from those of the present study, possibly due to variations in
solution preparation and insecticide concentrations.

In the direct exposure bioassay, only bees from the absolute
control and those exposed to the three flupyradifurone doses
were evaluated, as no survivors remained in the other treatments
(Figure 3A). In the oral exposure bioassay, bees from the absolute
control and those that survived exposure to thiacloprid and
flupyradifurone were assessed (Figures 4A and B).

In both exposure modalities, only bees from the absolute
control group were able to reach the top of the flight tower (115
cm; Figures 3 and 4). Among the bees exposed to insecticides,
the maximum flight height recorded was 60 cm, corresponding

*Means followed by different letters represent significant differences according to the Wilcoxon test at a 5% significance level

Figure 3. Flight ability (cm) of adult worker bees of Apis mellifera after direct spray with different doses of use in crops of the

insecticides flupyradifurone (A) and thiacloprid (B)

Rev. Bras. Eng. Agric. Ambiental, v.30, n.2, €295422, 2026.
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*Different letters represent significant differences according to the Wilcoxon test at a 5% significance level
Figure 4. Flight ability (cm) of adult worker bees of Apis mellifera after ingestion of contaminated diet with different doses of
use in crops of the insecticides flupyradifurone (A) and thiacloprid (B)

to level 3 of the tower, and only a small number of individuals
reached this level. Specifically, three exposed to 0.072 ga.i. L
of thiacloprid via direct spraying (Figure 3B); four exposed to
flupyradifurone at the dose of 0.1 g a.i. L via contaminated
diet; and five to flupyradifurone at 0.15 g a.i. L' also via
contaminated diet (Figure 4A).

Most bees exposed to insecticides—regardless of the dose or
mode of exposure—remained at the bottom of the flight tower
(0 cm), accounting for 72.86% of individuals exposed via direct
spraying and 59.58% of those exposed through contaminated
diet. Additionally, a significant proportion of bees reached only
level 2 of the tower: 26.02% for direct spraying and 38.54% for
dietary exposure.

Both flupyradifurone and thiacloprid, irrespective of
concentration and exposure route, negatively affected the flight
ability of A. mellifera, disrupting motor functions. Although
several studies have emphasized the importance of assessing
how insecticide impair bee flight (Fernandez et al., 2012;
Henry et al., 2012; Oliveira et al., 2014; Gomes et al., 2020),
data specificaly involving flupyradifurone and thiacloprid
remain limited.

Among the tested compounds, flupyradifurone was
the most detrimental to flight performance. The reduced
impact observed in of oral exposure may be attributed to the
insecticide’s repellent properties, which likely led the bees
to consume less contaminated food and, thereby lowering

Rev. Bras. Eng. Agric. Ambiental, v.30, n.2, €295422, 2026.

their effective dose. Wu et al. (2021), investigating whether
nectar (sucrose solution) containing 4 ppm of flupyradifurone
altered foraging and recruitment dance in A. mellifera, found
that bees were repelled by the compound—uvisiting feeders
less frequently and spending less time imbibing the solution.
Moreover, flupyradifurone significantly altered the expression
of 116 genes, many of which are associated with olfactory
learning deficits, and was shown to impair motor coordination,
reducing flight ability.

Although less harmful thiacloprid also compromised
flight performance, as no bee—regardless of the dose or
exposure route—reached the top of flight tower. Fischer et
al. (2014) reported that under field conditions, bees orally
exposed to thiacloprid maintained foraging activity but
exhibited reduced flight speed and lower return success to
the colony. Jacob et al. (2019), evaluating the effects of three
neonicotinoid (acetamiprid, imidacloprid, and thiacloprid) on
the survival and locomotion of A. mellifera and the stingless
bee Scaptotrigona postica, observed greater susceptibility in A.
mellifera, with thiacloprid causing slower movement, extended
resting periods, and tremors.

The findings of this study contribute to a deeper
understanding of how flupyradifurone and thiacloprid
interfere with bee flight—an essential behavior for survival
and pollination. Foraging is directly linked to the maintenance,
organization, and survival of the colony, as it encompasses
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both pollination and transport of food resources to the hive.
Furthermore, successful foraging depends on cognitive
integrity, particularly memory, which enables bees to navigate
using previously acquired environmental cues to locate
resources and return to the colony (Balbuena et al., 2015).

These results offer valuable insights for the conservation of
A. mellifera in high-pollination agricultural zones, especially
considering that flupyradifurone and thiacloprid are frequently
applied during the melon crop cycle. This practice poses risks
of mortality, motor dysfunction, and reduced flight capacity.
It is therefore recommended to avoid insecticide application
during flowering, minimizing direct exposure and contact
with contaminated nectar. The findings underscore the need
to revise application schedules and promote Integrated Pest
Management (IPM) strategies as sustainable alternative.
Additionaly, they lay the groundwork for future research aimed
at safeguarding A. mellifera in agricultural ecosystems.

CONCLUSIONS

1. Flupyradifurone was highly toxic to adult worker
bees of A. mellifera when applied through direct spraying,
regardless of the dose used, but exhibited low toxicity when
ingested through a contaminated diet.

2. Thiacloprid demonstrated minimal toxicity to adult
workers of bees when administrated through a contaminated
diet, but caused moderate mortality when applied via direct
spraying.

3. The flight ability of A. mellifera was impaired by
both insecticides, with flupyradifurone causing the most
pronounced effects, independent of dose and exposure route.
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