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ABSTRACT

Imidacloprid is an insecticide from the group of neonicotinoids that is widely used to control agricultural pests.
Furthermore, this insecticide can also affect beneficial insects such as honey bees (Apis mellifera). Since learning
and memory play an important role in honey bee behavior and social communication, this study aimed to
investigate the learning and memory of honey bees treated with a sub-lethal dose of imidacloprid using the
proboscis’ extension reflex method under controlled laboratory conditions. In this method, when the honey
bee's antenna is stimulated with a sucrose solution, the bee extends its proboscis to consume sucrose solution.
When sucrose solution (unconditioned stimulus) is paired with stimuli such as odor and color (conditioned
stimulus), the bee can learn and remember the relationship between the two stimuli. Data from this study showed
that the oral treatment of honey bees with this insecticide did not affect water consumption, uncontaminated syrup,
and water responsiveness. But it reduced olfactory and visual learning and memory performances, and
responsiveness to various sucrose concentrations. Therefore, our results show that the changes made by the sub-
lethal dose of imidacloprid have affected honey bee's responsiveness, which ultimately reduced colony health.
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1. Proboscis extension reflex (PER)
2. Associative learning

3. Conditioned stimulus (CS)

4. Unconditioned stimulus (US)
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Table 1. Determination of oral LCs, and LC3, of imidacloprid on honey bee, Apis mellifera

Exposure Number of honey bees LCso (mg/l)

Oral 25 0.32

LCs (mg/l) C.1.95% x 2 D.F
0.444 — 0.246 8.046 13
0.217-0.105
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Figure 2. (A) Water responsiveness of honey bees after sub-lethal exposure to imidacloprid. Treatments
with different letters are significantly different at P<0.05.
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Figure 2. (B) Sucrose responsiveness of honey bees after sub-lethal exposure to imidacloprid.
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Figure 3. Olfactory learning (A) and memory (B) performance of honey bees after sub-lethal exposure

to imidacloprid. Treatments with different letters are significantly different at P<0.05.
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Figure 4. Visual learning (A) and memory (B) performance of honey bees after sub-lethal exposure to
imidacloprid. Treatments with different letters are significantly different at P<0.05.
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Figure 5. (A) Water consumption (Mean + SE) measured in honey bees treated and untreated with sub-
lethal dose of imidacloprid. Treatments with different letters are significantly different at P<0.05.
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Figure 5. (B) Consumption of non-contaminated syrup (Mean + SE) measured in honey bees treated and
untreated with sub-lethal dose of imidacloprid. Treatments with different letters are significantly
different at P<0.05.
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Figure 5. (C) Consumption of contaminated syrup (Mean + SE) measured in honey bees treated and
untreated with sub-lethal dose of imidacloprid. Treatments with different letters are significantly
different at P<0.05.
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