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Exploring the Physiological Mechanisms Underlying Sublethal Imidacloprid-Induced Early Foraging Behavior in Honey
Bee Workers

Wan Yi Chen, En Cheng Yang
Department of Entomology, National Taiwan University, Taipei, Taiwan

Colony collapse disorder (CCD) of the honey bee, Apis mellifera, is an abnormal phenomenon marked by the sudden
loss of most worker bees, including hive bees and foragers, in a colony. Previous studies have shown that exposure to
environmental stressors, such as the neonicotinoid pesticide imidacloprid, can trigger early behavioral maturation in hive
bees and impair the flight and homing abilities of foragers. These symptoms are closely linked to the rapid collapse of
honey bee colonies. The transition from hive tasks to foraging behavior is coordinated with the increasing level of juvenile
hormone (JH) lll, which plays a crucial role in age polyethism. Elevated levels of JH Il in young hive bees can cause early
behavioral maturation and result in precocious foraging activity. Despite these insights, the molecular and physiological
mechanisms underlying stress-induced precocious forager behavior remain largely unknown, but they may be associated
with the level of JH III.

To investigate the molecular and physiological mechanisms underlying sublethal imidacloprid-induced precocious
foraging, we used next-generation sequencing (NGS) and gas chromatography-mass spectrometry (GC-MS) to monitor
trends in transcriptome profiles and JH Il titers in workers of different ages between imidacloprid-treated and control
groups. Our findings indicate that JH biosynthesis-related genes were significantly upregulated in young workers exposed
to sublethal doses of imidacloprid during the larval stage. Additionally, the transcriptomic profiles of imidacloprid-treated
young workers closely resembled those of older control workers, suggesting accelerated behavioral maturation at the
molecular level. Correspondingly, JH Ill titers increased earlier in imidacloprid-treated young workers, further supporting
the physiological mechanism of JH Ill in mediating stress-induced precocious foraging behavior.

The outcome of this project provides genetic and physiological evidence that exposure to sublethal imidacloprid during
the larval stage may disrupt the age polyethism in the colony; this could potentially impair individual bee development
and threaten colony stability. Our results highlight the need for further research into the long-term ecological impacts of
neonicotinoid exposure on honey bee populations.
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The impact of pollen diet and microbiome on honey bee health
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In the last decade, drought has been identified as one of the most relevant climate change factors affecting ecosystem
integrity across countries, affecting plant growth in agroecosystems, and leading to changes in the trophic potential
of nectar and pollen. As a cascade effect, a deficit in the nutritional composition and availability of pollen can weaken
pollinators, triggering additional threats to ecosystem stability. In this scenario, understanding the impact of trophic
sources on honey bee health remains a significant gap that needs to be addressed. Our research aims to correlate
pollen of different botanical and geographical origins, and therefore of different trophic potential, with selected honey
bee markers: the abundance of core gut microbial taxa and proteins involved in the immune response detectable in
the haemolymph. A holistic proteomic approach based on MALDI BeeTyping® and SDS-PAGE profiles, together with
gPCR for the quantification of target microorganisms, was used to elucidate these interactions in bees fed with pollen of
different botanical families. Briefly, newly-emerged caged honeybees were daily fed with a fresh suspension of pollen and
sugar syrup (1:1 w/v) for a total of 40 monofloral and 13 polyfloral pollens belonging to 8 botanical families (Cistaceae,
Asteraceae, Cornaceae, Boraginaceae, Fagaceae, Leguminosae, Rosaceae and Salicaceae) collected in 5 Italian regions.
After 5 days, haemolymph and guts were extracted for the MALDI-BeeTyping, SDS-PAGE, and qPCR analysis after DNA
extraction. Our results show that different pollens significantly affect the core gut microbiome composition but do not
significantly affect the concentration and the total amount of small and large haemolymph proteins. Furthermore, the
effect of different diets on the microbiome suggests an indirect effect on the immune system response by modulating and
influencing the synthesis of some immune-related peptides. This research confirms the importance of gut symbionts in
honey bee health also in a changing diet scenario. Finally, our results represent the first step in the understanding on the
honeybees response to climate changes.
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