Table S1. Starting number of larvae (on Day 4, when the treatment was applied) for each treatment and experimental trial of the in-vitro assays.

	
	Trial 1
	Trial 2
	Trial 3

	Control (-)
	61
	94
	80

	Control (+)
	61
	95
	80

	Captan low
	16
	32
	44

	Captan med
	16
	32
	48

	Captan high
	16
	32
	48

	Thiamethoxam low
	16
	32
	46

	Thiamethoxam med
	16
	32
	47

	Thiamethoxam high
	16
	32
	46

	Cap. high + Thia. low
	29
	32
	48

	Cap. high + Thia. med
	29
	32
	48

	Cap. high + Thia. high
	29
	26
	48









Table S2. Pairwise comparisons for the effects of treatment on the proportional hazards in the in-vitro assays, from the Cox model. Estimates are for column label minus row label; for example, the upper left cell indicates that the hazard rate for “Control (-)” is exp(0.243)=1.28 times that of “Control (+)”. Tukey corrections have been applied to the p-values. Significant negative estimates (higher survival for column label) are shown in red. No significant positive estimates were found.
	
	Control  (-)
	Control (+)
	Cap. low
	Cap. med
	Cap. high
	Thia. low
	Thia. med
	Thia. high
	C high + T low
	C high + T med

	Control (+)
	est = 0.243,
p = 0.949
	
	
	
	
	
	
	
	
	

	Cap. low
	est = -0.565,
p = 0.105
	est = -0.808,
p = 0.002
	
	
	
	
	
	
	
	

	Cap. med
	est = -0.47,
p = 0.351
	est = -0.713,
p = 0.017
	est = 0.095,
p = 1.000
	
	
	
	
	
	
	

	Cap. high
	est = -0.53,
p = 0.186
	est = -0.773,
p = 0.006
	est = 0.035,
p = 1.000
	est = -0.06,
p = 1.000
	
	
	
	
	
	

	Thia. low
	est = -0.712,
p = 0.008
	est = -0.955,
p = < 0.001
	est = -0.146,
p = 1.000
	est = -0.241,
p = 0.989
	est = -0.182,
p = 0.999
	
	
	
	
	

	Thia. med
	est = -0.841,
p = < 0.001
	est = -1.083,
p = < 0.001
	est = -0.275,
p = 0.965
	est = -0.37,
p = 0.805
	est = -0.31,
p = 0.928
	est = -0.129,
p = 1.000
	
	
	
	

	Thia. high
	est = -0.987,
p = < 0.001
	est = -1.23,
p = < 0.001
	est = -0.422,
p = 0.584
	est = -0.517,
p = 0.287
	est = -0.457,
p = 0.478
	est = -0.275,
p = 0.953
	est = -0.147,
p = 1.000
	
	
	

	C high + T low
	est = -0.964,
p = < 0.001
	est = -1.206,
p = < 0.001
	est = -0.398,
p = 0.645
	est = -0.493,
p = 0.336
	est = -0.433,
p = 0.540
	est = -0.252,
p = 0.971
	est = -0.123,
p = 1.000
	est = 0.023,
p = 1.000
	
	

	C high + T med
	est = -1.031,
p = < 0.001
	est = -1.274,
p = < 0.001
	est = -0.465,
p = 0.395
	est = -0.56,
p = 0.159
	est = -0.501,
p = 0.305
	est = -0.319,
p = 0.864
	est = -0.19,
p = 0.996
	est = -0.044,
p = 1.000
	est = -0.067,
p = 1.000
	

	C high + T high
	est = -1.624,
p = < 0.001
	est = -1.867,
p = < 0.001
	est = -1.058,
p = < 0.001
	est = -1.153,
p = < 0.001
	est = -1.094,
p = < 0.001
	est = -0.912,
p = < 0.001
	est = -0.783,
p = 0.001
	est = -0.637,
p = 0.015
	est = -0.660,
p = 0.006
	est = -0.593,
p = 0.022





Table S3. Pairwise comparisons for the effects of treatment on the percentage mortality at the end of the in-vitro assays, from the logistic model. Estimates are for column label minus row label; for example, the upper left cell indicates that logit(mortality) for “Control (-)” is larger than that of “Control (+)” by 0.257. Tukey corrections have been applied to the p-values. Significant negative estimates (higher survival for column label) are shown in red. No significant positive estimates were found.
	
	Control  (-)
	Control (+)
	Cap. low
	Cap. med
	Cap. high
	Thia. low
	Thia. med
	Thia. high
	C + T low
	C + T med

	Control (+)
	est = 0.267,
p = 0.972
	
	
	
	
	
	
	
	
	

	Cap. low
	est = -0.840,
p = 0.045
	est = -1.107,
p = 0.001
	
	
	
	
	
	
	
	

	Cap. med
	est = -0.687,
p = 0.208
	est = -0.954,
p = 0.011
	est = 0.154,
p = 1.000
	
	
	
	
	
	
	

	Cap. high
	est = -0.687,
p = 0.208
	est = -0.954,
p = 0.011
	est = 0.154,
p = 1.000
	est = 0.000,
p = 1.000
	
	
	
	
	
	

	Thia. low
	est = -0.896,
p = 0.021
	est = -1.163,
p = < 0.001
	est = -0.056,
p = 1.000
	est = -0.21,
p = 1.000
	est = -0.21,
p = 1.000
	
	
	
	
	

	Thia. med
	est = -1.012,
p = 0.004
	est = -1.279,
p = < 0.001
	est = -0.172,
p = 1.000
	est = -0.325,
p = 0.992
	est = -0.325,
p = 0.992
	est = -0.115,
p = 1.000
	
	
	
	

	Thia. high
	est = -1.347,
p = < 0.001
	est = -1.614,
p = < 0.001
	est = -0.507,
p = 0.85
	est = -0.661,
p = 0.509
	est = -0.661,
p = 0.509
	est = -0.451,
p = 0.922
	est = -0.335,
p = 0.990
	
	
	

	C + T low
	est = -1.181,
p = < 0.001
	est = -1.448,
p = < 0.001
	est = -0.341,
p = 0.986
	est = -0.494,
p = 0.830
	est = -0.494,
p = 0.830
	est = -0.284,
p = 0.996
	est = -0.169,
p = 1.000
	est = 0.166,
p = 1.000
	
	

	C + T med
	est = -1.259,
p = < 0.001
	est = -1.526,
p = < 0.001
	est = -0.418,
p = 0.94
	est = -0.572,
p = 0.665
	est = -0.572,
p = 0.665
	est = -0.362,
p = 0.977
	est = -0.247,
p = 0.999
	est = 0.088,
p = 1.000
	est = -0.078,
p = 1.000
	

	C + T high
	est = -2.035,
p = < 0.001
	est = -2.302,
p = < 0.001
	est = -1.195,
p = 0.006
	est = -1.349,
p = < 0.001
	est = -1.349,
p = < 0.001
	est = -1.139,
p = 0.011
	est = -1.023,
p = 0.039
	est = -0.688,
p = 0.507
	est = -0.855,
p = 0.144
	est = -0.777,
p = 0.262






Table S4. Likelihood ratio tests for Bliss interaction between thiamethoxam (three dosages) and captan (high dosage) in the in-vitro assays, based on log-binomial GLMs of survivorship. Since Bliss interaction is traditionally defined using mortality, we have converted survivorships estimated from the GLMs into the Abbott-corrected mortalities shown below. The larval data included all starting larvae, the pre-pupal data only included larvae that had survived to the pre-pupa stage, and the pupal data only included those that had further survived to the pupa stage. Two sets of Holm adjustments were made, one for the analyses of overall survivorship (3 tests), and one for the analyses of survivorship within each developmental stage (9 tests).
	Dev. stage
	Thiamat. dosage
	Mortality (Captan)
	Mortality (Thiamat.)
	Mortality (Combined)
	Interaction
	χ2(1)
	p-value (Holm)

	All stages combined (overall survivorship)
	Low
	0.241
	0.298
	0.401
	Antagonism
	0.461
	1.000

	
	Medium
	0.240
	0.341
	0.411
	Antagonism
	0.834
	1.000

	
	High
	0.243
	0.461
	0.644
	Synergism
	0.359
	1.000

	Larva
	Low
	0.080
	0.010
	0.165
	Synergism
	1.218
	1.000

	
	Medium
	0.075
	0.041
	0.191
	Synergism
	1.200
	1.000

	
	High
	0.074
	0.014
	0.299
	Synergism
	7.932
	0.044

	Pre-pupa
	Low
	0.062
	0.177
	0.096
	Antagonism
	3.153
	0.531

	
	Medium
	0.062
	0.219
	0.085
	Antagonism
	5.984
	0.115

	
	High
	0.063
	0.234
	0.233
	Antagonism
	0.333
	1.000

	Pupa
	Low
	0.098
	0.113
	0.199
	Antagonism
	0.000
	1.000

	
	Medium
	0.089
	0.035
	0.191
	Synergism
	0.430
	1.000

	
	High
	0.099
	0.212
	0.302
	Synergism
	0.010
	1.000




Table S5: Likelihood ratio test results for model of pollen patty consumption. Pollen patties were treated with captan, thiamethoxam, captan and thiamethoxam combined, or left untreated (control). Pollen patties were placed in hives approximately once a week from June to October.
	Source
	Degrees of freedom
	χ2
	p

	Treatment
	3
	1.54
	0.67

	Month
	4
	398.51
	<0.0001

	Area of adult bees
	1
	42.83
	<0.0001

	Bee yard
	2
	0.64
	0.72

	Treatment × month
	12
	18.58
	0.099





Table S6. Likelihood ratio test results for separate models to test the effect of pesticide treatments on Varroa levels in the field trials.
	Source
	Degrees of freedom
	χ2
	p

	Treatment
	3
	2.23
	0.53

	Month
	2
	51.86
	<0.0001

	Bee yard
	2
	0.48
	0.79

	Treatment × month
	6
	8.09
	0.23





Table S7: Thiamethoxam Surveys. 
	Paper
	Residue

	(Mullin et al., 2010) 
	53.0 ppb in beebread (mean of positives)

	(Rennich et al., 2013)
	13.5 ppb in beebread (mean of positives)

	(Krupke et al., 2012)
	1.2-7.4 ppb in trapped pollen (range of positives)

	(Dively and Kamel, 2012)
	54.8-127.0 ppb in pollen of treated pumpkin plants (range of all)

	(Pilling et al., 2013)
	1.0-7.0 ppb in trapped pollen (range of all)

	(Sanchez-Bayo and Goka, 2014)
	28.9 ppb in beebread (mean of positives) 127.0 ppb (max)

	(Botías et al., 2015)
	≤0.12-86.02 ppb in pollen of wildflowers in oilseed rape field margins (range of all)

	(Long and Krupke, 2016)
	0.07-1.82 ppb in trapped pollen (range of positives)

	(McArt et al., 2017)
	21.5 ppb in beebread (mean of positives)

	(Frazier et al., 2015)
	12.7 ppb in trapped pollen (mean of all)








Internal

Table S8: Captan Surveys. 

	Paper
	Residue

	(Kubik et al., 2000)
	6,390 ppb in beebread (mean of all)

	(Mullin et al., 2010) 
	433.5 ppb in beebread (mean of all)
16.0-10000.0 ppb (range of positives)

	(Bernal et al., 2010)
	17 ppb in beebread (mean of positives)

	(Rennich et al., 2013)
	411 ppb in beebread (mean positives)
72.6–4900.0 ppb (range of positives)

	(Pettis et al., 2013)
	976.9 ppb in trapped pollen (mean of all)
13800 ppb (max)

	(Sanchez-Bayo and Goka, 2014)
	820.8 ppb in beebread (mean of positives)
10363 ppb (max)

	(Frazier et al., 2015)
	1310.0 ppb in trapped pollen (mean of all from blueberry pollination)
51.5 ppb in trapped pollen (mean of all from apple pollination)





Figure S1: Pollen patty consumption across four pesticide treatments applied from June to October 2016. Different letters indicate significant differences in pollen consumption between months (p < 0.05) according to post-hoc Tukey pairwise comparisons.
Figure S2: Percent drone comb frame covered by drone brood across four pesticide treatments applied from June to October 2016. Different letters below month names indicate significant differences between months (p < 0.05) according to post-hoc Tukey pairwise comparisons.
Figure S3: Varroa levels across four pesticide treatments applied from June to October 2016. Different letters below month names indicate significant differences in Varroa levels between months (p < 0.05) according to post-hoc Tukey pairwise comparisons.
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