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Supplementary Figure S1. Average (SE) distance travelled (cm) (A) and proportion of time immobile (B) by 
queens per 15-minute observation period in 1500-, 3000-, and 7000-bee colonies exposed to imidacloprid (IMD) 
treatments (0, 10, 20, 50 and 100 ppb) in 50% sucrose pooled over three weeks. Results indicate interaction 
effects between dose and colony size for the distance travelled by queens ((dose*size*week) interaction: F16, 2153 

= 1.31; p = 0.18; (dose*size) interaction: F8, 2153 = 4.02; p <0.0001)) and time spent immobile ((dose*size*week) 

interaction: F16,1213=1.66; p=0.05; (dose*size) interaction: (F8,1213=3.31; p<0.001)). Letters denote statistically 

significant differences among treatment levels within each colony size at α < 0.05. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2 Average (SE) number of worker bees flying in (IN) and out (OUT) of (A) 3000-
bee and (B) 7000-bee colonies treated with varying levels of imidacloprid (0, 10, 20, 50, and 100 ppb). 
Statistical analysis was separate for foragers flying IN (dose: F4, 837 = 50.00; p < 2x10 -16; colony size: F1, 

837 = 250.66; p <0.0001; interaction effect: F4, 837 = 1.19; p = 0.31) and OUT (dose: F4,837 = 44.46; p 

<0.0001; colony size: F1,837 = 404.85; p < 0.0001; interaction effect: F4, 837 = 3.03; p = 0.02). Data is pooled 

over three weeks and letters denote statistically significant differences in the number of foragers flying 
both in and out among treatment levels at α < 0.05. Results indicate a dose-dependent effect on 
foraging in 3000-bee colonies but not in 7000-bee colonies. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S3. Final adult worker bee population (±SE) after three weeks of chronic imidacloprid 
(IMD) exposure at varying levels (0, 10, 20, 50, and 100 ppb) in 1500-,  3000-, and 7000-bee colonies. There 
were no significant differences among treatment levels within all three colony sizes (F4, 55 = 1.4; p = 0.241).  

Dotted lines represent initial populations for each colony size. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S4. The average (SE) level of imidacloprid residues detected in adult worker 
bees collected from experimental colonies of different sizes (1500-, 3000- and 7000-bees) treated at 0, 
10, 20, 50, and 100 ppb imidacloprid (IMD) after three weeks of chronic exposure (dose: F4, 36  = 9.06;  

p < 0.0001; colony size: F2, 36 = 2.79; p = 0.07; interaction effect: F8, 28 = 1.81; p = 0.1). Results indicate 

significantly higher residues found in 100 ppb treated worker bees compared to all other treatment 
levels and there were no differences among 0, 10, 20, and 50 ppb treated bees. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S5. The average (SE) level of imidacloprid residues detected in stored nectar or 
honey collected from comb cells inside experimental colonies of different sizes (1500-, 3000- and 7000-
bees) treated at 0, 10, 20, 50, and 100 ppb imidacloprid (IMD) after three weeks of chronic exposure 
(dose: F4, 34  = 12.68; p < 0.0001; colony size: F2, 34 = 1.52; p = 0.23; interaction effect: F8, 26 = 0.52; p = 0.8). 

Results indicate comb nectar from untreated colonies exhibited significantly lower imidacloprid residues 
than 50 and 100 ppb treated colonies and comb nectar from 10 and 20 ppb had significantly lower 
imidacloprid residues than 100 ppb treated colonies. 



 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


