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Table S1. Locations of honey bee colonies that were placed in 30 apple orchards during
bloom period (May 7-22, 2015) in western and central New York.

Orchard ID Longitude

Latitude
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-76.499255

-76.65669
-76.594983
-76.459711
-76.568317
-77.048993
-77.338395
-76.472265
-76.510821
-77.023644
-76.550461
-76.654045

-77.12573
-77.106385
-77.123662
-77.092533
-76.986722
-76.565643

-77.22096
-77.214333
-77.152612
-76.523568
-76.926414
-77.006645
-76.925518
-77.006277
-76.979654
-76.993568
-76.860642
-76.535329

42.605823
42.551575
42.573562
42.444163
42.190409
43.247517
43.167552
42.657503
42.358211

42.85354

42.47103
42.562614
43.223607
43.205716
43.169204
43.277507
42.832091
42.351326
43.216111
43.217624
43.269367
42.544315
43.198014
42.872915
42.377164
42.776101
43.142233
43.203916
43.275884
42.444562




Table S2. Percent apple pollen and total pesticide residues in recently accumulated
beebread as predicted by three different landscape variables (percent apple area, natural
area and agricultural area) at three spatial buffers (3000, 2000 and 1000 m).

Spatial scale

Landscape variable Response (m) AIC value R’ value
Percent apple area Percent apple pollen 3000 194.75 0.6725"
Percent apple area Percent apple pollen 2000 196.35 0.6546"
Percent apple area Percent apple pollen 1000 206.89 0.5091"
Percent apple area Total pesticides 3000 554.68 0.3664"
Percent apple area Total pesticides 2000 555.13 0.3564"
Percent apple area Total pesticides 1000 562.45 0.1719"
Percent natural area Percent apple pollen 3000 228.58 0.0234
Percent natural area Percent apple pollen 2000 228.78 0.0168
Percent natural area Percent apple pollen 1000 229.29 <0.0001
Percent natural area Total pesticides 3000 568.38 0.0201
Percent natural area Total pesticides 2000 568.14 0.0281
Percent natural area Total pesticides 1000 567.78 0.0402
Percent agricultural area Percent apple pollen 3000 229.28 <0.0001
Percent agricultural area Percent apple pollen 2000 229.29 <0.0001
Percent agricultural area Percent apple pollen 1000 229.25 0.0014
Percent agricultural area Total pesticides 3000 568.59 0.0131
Percent agricultural area Total pesticides 2000 568.23 0.0253
Percent agricultural area Total pesticides 1000 567.83 0.0386

" Significant univariate linear model (Im function in R, a = 0.05).



Table S3. Pesticides sprayed during apple bloom period (May 7-22, 2015) at the 30 orchard

sites, with corresponding toxicity information.

Contact  Oral

LDs, LDs, Total number of
Compound Class Type (ug/bee)2 (ug/bee)2 applications*
Abamectin Macrocyclic lactone Insecticide 0.03 NA 6
Acetamiprid Neonicotinoid Insecticide 7.9 14.0 5
Captan' Dicarboximide Fungicide 215 91 38
Carbaryl Carbamate Insecticide 0.84 0.15
Chlorothalonil' Aromatic Fungicide 135 63 4
Cyprodinil Pyrimidine Fungicide 100 100 15
Difenoconazole Triazole Fungicide 101 177 18
Dodine' Aliphatic nitrogen Fungicide 145 NA 2
Emamectin benzoate' Macrocyclic lactone Insecticide 0.004 NA 6
Fenbuconazole Triazole Fungicide 290 NA 4
Fluopyram' Amide Fungicide 83.2 102.3 5
Indoxacarb Oxadiazine Insecticide 0.118 0.26 8
Iprodione Dicarboximide Fungicide 400 25.0 3
Glyphosate' Organophosphorus Herbicide 100 100 2
Lambda-cyhalothrin' Pyrethroid Insecticide 0.048 0.84 8
Mancozeb' Dithiocarbamate Fungicide 226 171 46
Oxytetracycline calcium'  Antibiotic Fungicide >100 NA 2
Pendimethalin' Dinitroaniline Herbicide >100 NA 2
Penthiopyrad Pyrazole Fungicide 312 385 3
Phosmet Organophosphate Insecticide 0.62 0.37 2
Potassium bicarbonate' Inorganic Fungicide NA NA 5
Pyraclostrobin' Pyrazole Fungicide 100 73 7
Pyrethrins' Pyrethroid Insecticide 0.14 0.10 1
Pyrimethanil' Pyrimidine Fungicide 100 100 5
Spinetoram J & L Macrocyclic lactone Insecticide 0.024 0.14 1
Spinosad A & D Macrocyclic lactone Insecticide 0.003 0.057 2
Thiacloprid Neonicotinoid Insecticide 37.83 17.32 1
Thiamethoxam Neonicotinoid Insecticide 0.024 0.005 2
Thiophanate-methyl Benzimidazole precursor  Fungicide 100 100 1
Trifloxystrobin Antibiotic Fungicide 200 200 9

" Compounds sprayed during bloom but not quantified in pollen (see Table 1).

2 Contact and oral honey bee LDs, toxicity data were obtained from the Tomlin Pesticide Manual 1, the ECOTOX
database of the U.S. Environment Protection Agency (http://cfpub.epa.gov/ecotox/) and the AgriTox Database of
the French government (http://www.agritox.anses.fr/index.php). Oral LDs, toxicity data was not available for
abamectin, atrazine, dodine, emamectin benzoate, fenbuconazole, oxytetracycline calcium, pendimethalin and
potassium bicarbonate.

" Summed across all 30 sites during bloom period (May 7-22, 2015).




Table S4. Summary of pesticides sprayed during apple bloom (May 7-22, 2015) at each
orchard site compared to the number of novel compounds” and risk (measured via contact
and oral PHQ ?) in freshly collected beebread from hives placed at each site during bloom.

Compounds Percentage of Percentage of
Orchard sprayed at Compounds Novel . total contact PHQ total oral PHQ
ID site during detected in compounds attributed to novel attributed to novel
bloom beebread in beebread compounds compounds
A 6 4 3 99.4 99.9
B 13 3 0 0.0 0.0
C 11 2 1 79.5 87.2
D 8 3 2 29.8 4.3
E 1 1 1 100.0 100.0
F 9 8 5 1.6 335
G 5 3 3 100.0 100.0
H 10 6 3 99.9 99.9
I 0 1 1 100.0 100.0
J 12 2 1 13.8 9.2
K 10 3 1 99.0 98.8
L 3 4 4 100.0 100.0
M 10 9 6 92.4 98.1
N 10 7 4 99.4 97.6
o 3 0 0 0.0 0.0
P 6 7 4 92.6 98.6
Q 11 4 2 99.7 99.7
R 5 2 2 100.0 100.0
S 11 3 2 28.4 27.4
T 11 5 2 58.8 84.8
U 8 7 4 0.9 1.0
v 0 3 3 100.0 100.0
w 5 6 4 31.6 72.4
X 0 5 5 100.0 100.0
Y 13 5 4 1.8 0.2
Z 6 3 2 18.3 12.3
Al 9 7 2 0.1 0.2
B1 10 7 5 47.0 75.5
Cl1 14 11 7 14.4 214
DI 2 1 1 100.0 100.0
Average 7.4 4.4 2.8 62.3 66.3

" Pesticides that were not sprayed during bloom at the site but were detected in pollen.



Table SS. Percent of each pollen type identified from recently collected beebread

collected from honey bee colonies that were placed in 30 apple orchards during bloom
(May 7-22, 2015) in western and central New York.
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F 0.0 347 87 1.0 11.0 0.0 00 00 03 00 1.0 0.7 2.7 1.0 0.3 1.3 03 120 40 0.0 21.0
P 0.0 28.0 200 4.7 0.7 0.0 00 10 27 00 20 43 1.0 4.0 1.0 03 00 33 03 0.0 267
w 0.0 29.0 6.7 0.0 2.7 0.0 00 70 57 03 13 1.7 1.7 0.0 3.0 50 0.0 8.3 03 00 273
E 0.3 45 225 0.0 0.0 0.0 00 13 00 00 03 45 395 0.0 6.4 0.0 0.0 2.9 26 0.0 15.1
H 03 110 1.7 0.0 3.0 0.0 00 13 00 00 3.0 247 143 33 0.0 33 00 143 0.0 0.0 197
C1 0.7 333 100 1.0 0.3 1.3 00 17 03 00 20 217 1.0 1.3 0.0 0.7 0.0 3.0 13 0.0 203
B1 2.7 7.3 20 00 8.7 0.3 1.0 03 10 00 1.0 173 227 127 0.3 27 0.0 1.7 1.7 0.0 16.7
U 33 197 20 00 0.7 0.3 07 03 03 00 83 250 0.0 137 0.0 1.3 00 4.0 03 0.0 20.0
R 43 103 11.0 0.0 1.3 0.0 00 17 00 07 17 1.7 7.0 0.0 203 47 0.0 0.3 07 0.0 343
A 5.0 6.3 1.3 03 5.7 0.0 00 07 00 00 67 360 8.7 0.3 3.0 47 0.0 0.3 0.0 0.0 21.0
N 25.0 4.7 23 13 1.7 1.3 00 03 00 00 17 13.0 23 107 0.3 6.7 0.0 1.0 1.7 0.0 26.0
Y 26.7 2.7 8.0 0.0 6.3 0.3 07 00 00 00 03 283 5.3 0.0 9.7 0.7 0.0 0.0 03 0.0 10.7
G 39.7 0.3 30 13 4.0 2.7 07 00 03 1.0 00 2.7 33 3.0 1.0 6.7 0.0 33 0.0 0.0 27.0
I 41.7 5.3 63 00 0.7 00 113 20 00 00 0.0 0.0 33 2.0 5.0 37 00 2.7 23 0.0 137
K 453 5.7 30 00 173 0.3 20 00 03 33 00 0.0 0.0 0.3 6.7 03 00 0.7 13 0.0 133
M 480 117 20 00 0.7 0.0 80 00 03 00 1.7 5.3 33 0.7 0.0 1.3 00 43 23 0.0 103
T 48.7 4.0 1.7 0.0 3.0 0.0 13 00 00 00 07 5.7 83 113 0.3 20 00 1.3 1.0 0.0 10.7
Al 51.7 110 33 03 0.3 2.7 00 03 20 03 20 1.3 1.3 23 0.3 0.7 0.0 23 1.7 0.0 16.0
S 55.3 3.7 23 00 8.0 0.0 00 03 00 00 07 147 2.0 0.7 0.0 1.7 0.0 2.0 03 0.0 8.3
X 55.7 0.7 0.0 0.0 43 00 100 00 00 13 13 0.3 33 0.0 0.0 20 33 1.0 03 0.0 163
\Y 60.0 143 1.3 1.0 0.7 0.0 03 07 07 00 03 0.0 0.7 0.0 0.7 3.0 00 1.0 0.0 0.0 153
zZ 62.0 1.0 03 00 0.0 0.0 20 03 07 00 07 207 7.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 4.7
J 62.3 0.0 0.0 0.0 0.0 0.0 40 00 03 07 40 107 1.7 5.3 0.0 37 00 0.0 0.0 0.0 7.3
(0] 66.3 1.7 33 00 1.0 0.7 00 00 07 00 03 1.3 4.0 0.0 0.0 03 00 1.7 00 63 123
B 68.3 1.3 0.0 0.0 0.3 1.0 177 07 03 1.7 07 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 7.0
L 73.0 1.3 1.0 0.0 2.0 1.3 1.0 00 03 03 03 0.0 43 0.3 0.3 0.7 0.0 0.0 20 00 11.7
Q 75.3 1.0 03 00 1.7 0.0 47 00 00 1.0 0.0 1.3 4.7 0.3 0.0 0.0 0.0 0.3 03 0.0 9.0
C 713 5.7 1.7 0.0 1.0 0.0 00 03 03 00 03 0.0 3.0 0.0 0.7 03 00 0.0 0.0 0.0 9.3
D 78.7 0.7 20 03 0.0 0.0 03 00 00 03 07 0.3 1.3 0.3 0.0 40 0.0 0.0 03 0.0 10.7
D1 79.3 1.3 1.7 0.0 2.0 0.3 1.0 00 00 03 03 0.3 1.0 0.0 0.7 1.3 00 0.0 1.0 0.0 9.3
Mean  38.6 8.7 43 04 3.0 0.4 22 07 06 04 14 8.1 5.3 2.5 2.0 21 0.1 2.4 09 02 157




Fig. S1. Pesticide residues and sources of risk to bees across 30 apple orchard sites.
Pollen Hazard Quotient (PHQ) * was positively related to total insecticides in beebread
(a, red) while there was no relationship with total fungicides (a, blue). There was no
relationship Pesticide Use Index (PUI) and insecticides (b, red), fungicides (b, blue), or
PHQ (c) when all compounds sprayed during bloom were used to calculate PUI. When
only the 25 compounds quantified in beebread were used to calculate PUI, there was a
positive relationship between PUI and insecticide residues (d, red), no relationship
between PUI and fungicide residues (d, blue), and a positive relationship between PUI

and PHQ (e).

Insecticides
@ Fungicides

Total insecticides in pollen (ppb)

8 o 00
T

0e+00 2e+05 4e+05 6e+05 8e+05

Pollen hazard quotient (PHQ)

o ]

Insecticides
Fungicides

Total insecticides in pollen (ppb)

T T T
0 5 10 15 20 25

Pesticide use index (PUI) screened

15000

10000
Total fungicides in pollen (ppb)

5000

15000

10000
Total fungicides in pollen (ppb)

5000

Total insecticides in pollen (ppb)

Pollen hazard quotient (PHQ)

400 600 800

200

2e+05 4e+05 6e+05 8e+05

0e+00

8e+05

o e 5 R °
_ (®) TS Insecticides | & & g (©
Fungicides o = o 3
c L 3|
2 z &
i ° o
8 o = )
o - g = S s
o [ ] AR [SA S
- [e) [} kel ~
2 <
. ©
) ) © L 8 & s 8 o ®
s 5 S &7, ®e °
1 8 2 5 Yo % *
< 2
s 890 sl 3 2 o
s &0 8 6 LoP T 8 loam®e o o
< T T T T T
o 20 40 60 80 o 20 40 60 80
Pesticide use index (PUI) Pesticide use index (PUI)
0
(e)
°
. [}
- °
°
° ° f
o edne o ° oo
T T T T T T
0 5 10 15 20 25

Pesticide use index (PUI) screened



References

1 Tomlin, C. The Pesticide Manual: A World Compendium, 16th Edition. (British
Crop Protection Council, 2013).

2 Stoner, K. A. & Eitzer, B. D. Using a hazard quotient to evaluate pesticide
residues detected in pollen trapped from honey bees (4pis mellifera) in
Connecticut. PLoS ONE 8, 77550 (2013).



