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Understanding sublethal impacts of neonicotinoid exposure on pollinators



5.5 million species of insects on earth (Stork 2017)
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~308,000 species of flowering plants (88% of global diversity) are visited by 

animal pollinators (Ollerton et al. 2011)

~1/3 of global food supply (and growing) comes from pollinator-dependent 

crops (Klein et al. 2007), including many important crops in Wisconsin

(cranberry, apples, cherries, and many others!)

Pollination accounts for ~25% of agricultural yield gaps, and pollination is as 

important as all other plant quality management in some crops (Garibaldi et al.

2016)

Pollinator diversity is critically important for crop pollination (Garibaldi et al. 

2013, Dainese et al. 2019)



Target nicotinic acetylcholine receptors

(nAChRs), disrupting the primary excitatory 

neurotransmission system in the insect CNS

Neonics are persistent and 

widespread in the environment 

Xerces Society, How Neonicotinoids can 

kill bees, 2016

Neonicotinoid pesticides



Crall and Raine (2023). Advances in Insect Physiology



Mitchell et al. (2017, Science)
~75% of global honey samples contain neonicotinoids

Global patterns of neonicotinoid exposure



Neonicotinoid impacts in the field

Strong evidence that field-realistic 

exposure to neonicotinoids has negative 

effects on bees

Stronger effects on solitary and 

bumblebees than honeybees



Neonicotinoids and pollinator population declines

Neonicotinoids were an important (but not 

the only!) contributor to the decline of 

Bombus occidentalis



Neonicotinoids can negatively affect bees, even at concentrations below 

acute, lethal toxicity (i.e., sublethal effects)

But how do neonicotinoids affect pollinator health? 

What can this tell us about how to improve risk assessment?



Tetragonsica spp, photo: Alex Wild

Key challenges:

Sublethal effects (e.g., on 

behavior, physiology)

Combined stressors (e.g., 

neonicotinoids + other 

agrochemical, nutrition, weather)







Crall et al. (2018). Nature Communications



Neonicotinoid impacts on foraging 

Exposure to neonicotinoids can disrupt….

Stanley et al, 2015

…floral learning…

Stanley et al, 2016

…foraging…



Neonicotinoid impacts on foraging 

Exposure to neonicotinoids can disrupt….

Fischer et al, 2014

…and navigation… … leading to reduced colony food intake

Feltham et al, 2014
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BEEtag

Crall et al. (2015) BEEtag, PLOS One





Orally dosing B. impatiens with imidacloprid

Impacts of neonicotinoid exposure



control 0.1 ng imidacloprid 1.0 ng imidacloprid

Crall et al. (2018) Science

Acute neonicotinoid exposure within colonies
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Acute neonicotinoid exposure within colonies

Acute imidacloprid exposure reduces nursing, activity, and social 

interactions in bumblebee (Bombus impatiens) colonies



Crall et al. (2018) Science

Impacts of colony-level, chronic imidacloprid exposure

control imidacloprid (6 ppb)

control imidacloprid

Chronic exposure shows similar qualitative effects to acute exposure,

but effects vary with time of day



Crall et al. (2018) Science

Imidacloprid and social thermoregulation

Surface 

temperature

30℃

15℃

Imidacloprid impairs active social thermoregulation and 

adaptive changes to nest architecture
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Does sociality drive sensitivity to novel stressors?

Solitary

Social

Are smaller colonies more sensitive to stress?



Temperature stress in bumble bee colonies

Easton-Calabria et al (2023) Proc B



Long-term impacts on colony size

Generalized linear mixed effects model, Poisson distribution, three-way interaction [imidacloprid]*[cold]*[colony size]: df = 47, z=3.16, p = 0.0016 Easton-Calabria et al 

(2023). Proc B

Smaller, younger colonies are more sensitive to interacting stressors (e.g., 

cold and pesticides), partially because of improved thermoregulation

Bombus colonies exposed to 2-day stress combinations at 

random times during colony development



Neonicotinoid exposure can alter critical behaviors

within bumblebee nests and reduce colony growth, 

even at ‘sublethal’ concentrations

Focusing on well-fed, mature colonies under lab conditions 

might underestimate effects in the field

Emerging technologies and monitoring programs

can help us better understand the effects of neonicotinoids 

in natural environments

Conclusions
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Easton-Calabria

The BumbleBox: A low-cost, open-source platform for bumblebee nest tracking



Understanding behavior and colony health in the field

Anupreksha Jain

Foraging tunnel Nest tracking



Global patterns of neonicotinoid exposureGlobal patterns of neonicotinoid exposure

Neonicotinoids are one important 

component of the overall ‘risk 

landscape’ bees and other 

biodiversity are facing
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