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Abstract: 

Honey bee (Apis mellifera L.) toxicology research is crucial to understanding the risks of different 

chemicals and for finding new compounds to decrease pests and pathogens in honey bee 

colonies. However, the results of toxicological studies are not always consistent. In this study, 

we tested compounds from 7 chemical classes to compare topical LD50 values for honey bees 

that were reared in the winter versus honey bees that were reared in the spring. The 

compounds included acetamiprid, amitraz, coumaphos, fipronil, fluvalinate, indoxacarb, and 

hydramethylnon, all of which are periodically used by beekeepers to control honey bee pests. 

Fluvalinate was 4× more toxic in the spring than in the winter. Conversely, acetamiprid, amitraz, 

coumaphos, fipronil, and indoxacarb were all more toxic in the winter than the spring by 37×, 

7×, >87×, 6×, and 4×, respectively. Coumaphos had the highest discrepancy between the 

seasons, while hydramethylnon was not significantly different between winter and spring. 

Overall, our results suggest that toxicology research on honey bees should be accounting for 

seasonal variation in the honey bees they are testing. The honey bee’s susceptibility to each 

compound may change depending on what time of year they are collected and is unique to 

each chemical class being tested. This work provides evidence that honey bee susceptibility to 

pesticides needs to be evaluated in the context of season in future research to properly 

evaluate their impact on honey bee health. 

Plain Language Summary: 

Researchers tested the LD50 (quantity of pesticide required to kill 50% of adult bees) of 

commonly used beekeeping treatments (acetamiprid, amitraz, coumaphos, fipronil, fluvalinate, 

indoxacarb, and hydramethylnon). Honey bees reared in winter and honey bees reared in spring 

were tested. The data reveal seasonal variations in the toxicity of the same pesticide to bees. 

For example, Amitraz was 7x more toxic to worker bees reared in winter than to worker bees 

reared in spring. 
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Abstract 

Honeybees, Apis mellifera, play a vital role as pollinators in global agricultural ecosystems. 

Nutrition, particularly dietary protein content, profoundly impacts honeybee health and 

reproduction. Yet, the molecular mechanisms connecting diet composition and gene expression 

in honeybee eggs remain underexplored. In this study, we investigate the intricate relationship 

between diet, gene expression, and honeybee egg development. Using RNA-seq analysis, we 

explore the effects of different protein-to-carbohydrate (P: C) ratios in honeybee diets on 

differential gene expression in the eggs laid by the queen and potential associated molecular 

responses. Our research identifies 1007 differentially expressed genes (DEGs) across various 

dietary conditions, highlighting the pivotal role of nutritional composition in shaping gene 

expression during egg development. Cluster analysis revealed two DEG profiles corresponding 

to low protein diets (LPD) and high protein diets (HPD). LPD conditions upregulate genes linked 

to protein catabolism, autophagy, and ubiquitin-mediated proteolysis, indicating potential 

cellular responses to nutritional stress. Conversely, HPD conditions upregulate genes related to 

RNA processing, spliceosome activity, and the MAPK signalling pathway, suggesting normal 

cellular development. Notably, the Hippo signalling pathway exhibits distinct gene regulation 

patterns under LPD and HPD conditions, potentially influencing cellular growth and 

differentiation in response to nutrient availability. Our findings underscore the critical role of 

nutrition in honeybee health and reproduction, providing insights into optimizing honeybee 

diets for colony health and resilience. As honeybee populations confront challenges from 

changing environmental conditions and resource availability, understanding these molecular 

responses is crucial for their effective management and conservation as essential pollinators. 

This study establishes a foundation for further investigations into the functional consequences 

at the individual level and their broader implications for honeybee colony health. 

Plain Language Summary: 

This study takes advantage of a cage designed to monitor honey bee queen egg laying under 

controlled conditions, to look at the role of nutrition in determining the quality of eggs. Using 

six sugar and pollen-based patties (with varying protein concentration 0%, 9%, 10%, 14%, 20%, 

33%), researchers show that low protein diets (0-10%) activate gene pathways linked to 

nutritional stress, while high protein diets (14-33%) lead to normal development. This study 

stops short of evaluating implications for colony health.  
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Abstract 

Beekeepers engaging in highbush blueberry pollination in Canada and the U.S. have raised 

concerns over poor colony health outcomes presenting as European foulbrood disease (EFB), 

which highlights a need for improved management strategies supporting colony health during 

and after pollination. We assessed over 200 colonies belonging to five beekeepers before, at the 

end, and three weeks following the end of the blueberry pollination period. Half of the colonies 

at each site were provided with MegaBee pollen supplement and scored for EFB prevalence and 

severity to test the hypothesis that protein patty supplementation could prevent or mitigate 

disease development. Before pollination, EFB prevalence was overall low for each beekeeper, 

with 0–17% of colonies displaying symptoms. In contrast, EFB prevalence was higher post-

pollination, ranging from 12–57% symptomatic colonies, though temporal changes were not 

statistically significant for every beekeeper. Field disease assessments were corroborated with 

droplet digital PCR (ddPCR) analyses of M. plutonius, the causative agent of EFB, in adult bees, 

where disease category (symptomatic versus asymptomatic) was significantly, positively linked 

to both M. plutonius presence and intensity. Protein patty supplementation did not significantly 

affect EFB prevalence or severity. This data shows that EFB prevalence can increase after 

blueberry pollination, but not consistently, and that the MegaBee protein supplementation 

does not appear to be an effective intervention. Other disease mitigation strategies should be 

pursued, as well as investigation into additional factors leading to EFB occurrence. 

 

Plain Language Summary: 

A field trial of more than 200 colonies during blueberry pollination in Canada. Researchers test 

the hypothesis that protein patty supplementation could prevent or mitigate European 

Foulbrood (EFB) disease development. MegaBee protein patties did not have an effect on EFB 

disease or symptoms. 
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