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Introduction
Background
• Honey bees are regularly exposed to trace levels of various 
environmental pollutants, which persist in their colonies over time1.
• In contrast, toxicological tests with honey bees, which are required 
during pesticide registration, usually last for just 2-4 days2.
• As a result, regulators may fail to account for time-cumulative 
toxic effects when setting acceptable levels of honey bee exposure 
(“limits of concern”) to pesticides and other chemicals2.
• To address this issue, there’s high demand for modeling 
approaches that can predict the cumulative effects of chemicals to 
honey bee colonies over time.
• In the last decade, the General Unified Thresholds Model of 
Survival (GUTS) has emerged as a state-of-the-art model of toxicity, 
capable of extrapolating data from laboratory trials over any 
timescale of interest3.

Question
• Are the EPA’s limits of concern protective of honey bees after 

taking time-cumulative toxicity into account?
Objective
• Using data from extended (10-day) laboratory trials, I aim to 

predict the long-term effects of chemicals to honey bee colonies 
at their regulatory limits of concern and field-relevant levels of 
exposure, using GUTS and honey bee population modeling (Fig. 
1).

Hypothesis
• The EPA’s limits of concern will not be protective for chemicals 

with particularly high cumulative toxicity (such as metals and 
potentially systemic pesticides like neonicotinoids).

Methods
Colony Modeling
• A preexisting colony population model4 was adapted for the 

purpose of the present study (Fig. 2).

Preliminary Result
Example: Clothianidin (a neonicotinoid insecticide)

Discussion and Next Steps
• EPA limits of concern for clothianidin appear to be protective of 

honey bee colonies in terms of lethal effects. Simulated colonies 
never lost more than 2,500 bees relative to control simulations at 
these levels of exposure.

• But simulations using nectar concentrations of clothianidin 
reported in the literature5 showed dramatic declines to mean 
survival during the period of exposure.

• Going forward, a more comprehensive analysis of model 
predictions across chemicals and different levels of exposure will 
be conducted.

Modeling Exposure
• Exposure scenarios corresponding to regulatory limits of concern 

were modeled for each chemical of interest. Limits of concern 
were calculated for each chemical using the EPA’s Bee-REX 
software. Additional exposure scenarios were generated based 
on chemical residues reported from honey bee colonies1,5. For 
example, for the neonicotinoid clothianidin, which is applied to 
crops as a seed treatment, maximum exposure was simulated on 
day 50 (the hypothetical day-of-flowering) and declined over the 
subsequent 50 days (Fig. 3b).

Modeling Toxic Effects
• For a subset of chemicals, existing data from extended (10-day) 

trials were requested from the corresponding authors of the 
associated papers.

• A Bayesian GUTS analysis was performed with the R package 
morse6, yielding probability distributions of GUTS parameters for 
each chemical. Monte Carlo simulations were performed by 
taking random samples from these distributions (1000 
simulations per exposure scenario). The median, 5th, and 95th

percentiles across simulations were calculated and used for 
subsequent analysis.

Fig. 2. The colony population model used for the present study. The model 
represents three groups within the colony (brood, hive bees, and foragers), 
with parameters governing the rate that bees transition between groups. My 
modifications only affect the death rate of adult bees (blue arrows), as a 
function of chemical exposure (see below). Figure reproduced from Khoury et 
al. (2011)4.

Fig. 3. (A) Predicted population sizes of simulated colonies at different levels of 
exposure to clothianidin (in ppm) in colony nectar. The period of exposure is 
highlighted in grey. The two lowest levels of exposure (0.002 and 0.006 ppm) 
correspond to the EPA’s acute and chronic limits of concern, respectively. (B) 
For each exposure scenario, exposure peaked at day 50 (flowering) and 
declined over the subsequent 50 days.
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