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Overview	  

•  The Pollinator Stewardship Council/Pesticide 
Research Institute Hive Tracking Project

•  Correlations of pallet strength over time with 
pesticide concentrations in pollen

•  Assessment of reproductive failures
•  Variability in pesticide residue concentrations 

across hives/pallets/locations



PRI/PSC	  Hive	  Tracking	  Study	  

•  3 beekeepers, 60 hives
•  4 sampling times

–  Before almonds
–  After almonds
–  After cherries or early 

summer 
–  Late summer

Goal:	  To	  measure	  longitudinal	  changes	  in	  exposure	  of	  
commercial	  beehives	  to	  pes7cides	  and	  pathogens	  and	  
assess	  poten7al	  correla7ons	  between	  honey	  bee	  
health	  and	  measured	  parameters.	  
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Support	  for	  the	  Work	  

•  National Honey Board
•  Pesticide Research Institute
•  Supporters of the Pollinator Stewardship 

Council
•  California-Minnesota Honey Farms
•  Old Mill Honey Farms
•  Cox Honey of Utah



Measurements	  

Pathogens	  

Colony	  Strength	  

Varroa	  

Pes8cide	  Residues	  



Assessing	  Colony	  Strength	  Changes	  Over	  Time	  

•  Assess hive population using frame counts ���
(1 frame = frame more than 2/3 covered on 
both sides)

•  Account for splits to obtain a corrected frame 
count (Beekeepers SE and DC)

•  Obtain pallet population at each assessment 
time by summing frame counts across all 4 
hives











Pes8cide	  Residues	  

•  180 total analytes 
assessed (USDA lab)

•  Insecticides, insect 
growth regulators, 
fungicides, herbicides, 
miticides

•  Pollen (as bee bread), 
honey, and wax

•  Composite samples of 
the 4 hives on a pallet 
analyzed



•  Before almonds:
– Healthy colonies
– Few pesticides, mostly ���

low levels of miticides

Results:	  Pes8cide	  Residues	  



Results:	  Pes8cide	  Residues	  

•  After almond pollination:
– 11–17 different chemicals���

in pollen. Low detections in honey, if any.
– Primarily fungicides and insect growth regulators 

having low acute toxicity to bees individually
– Most pesticides detected were permitted to be 

applied during bloom
– Bees likely also brought in residues from other 

blooming crops or weeds in the area
– Some miticide residues, but relatively low 

concentrations







Assessing	  the	  Effects	  of	  Individual	  Chemicals	  

•  Determine percent change in ���
frame counts between two dates
– January 1, 2014 to December 31, 2014
– January 1, 2014 to April 10, 2014
– June 1, 2014 to October 1, 2014

•  Evaluate percent change as a function of 
chemical concentration across 15 pallets

•  Used Spearman rank order correlation (non-
parametric) to calculate statistical significance



January	  1,	  2014	  to	  December	  31,	  2015	  

•  No statistically 
significant correlations 
with concentrations of 
27 individual pesticides

•  Dinotefuran shows a 
strong positive 
correlation���
 (p = 0.009)







January	  1,	  2014	  to	  April	  10,	  2014	  

•  27 pesticides show no significant effect
•  Significant:
– Tau-fluvalinate: p = 0.04, negative correlation





Caveats:	  Death	  in	  Slow	  Mo8on	  

•  Colony strength at the time of residue measurement 
doesn’t tell the whole story

•  Colonies can be resilient when they are in a high-
growth phase

•  Exposure occurs, and if it doesn’t kill them quickly, the 
effects will only be seen over time
–  Decrease in queen egg-laying: 21 day hatch time
–  Queen failure and supersedure: >21 days
–  Decrease in larval survival: <21 days
–  Loss of foragers and precocious foraging, shortage of nurse 

bees: Modeling indicates rapid collapse
«  US EPA current risk assessments do not account for 

delayed effects



Exposure	  Con8nues	  Over	  Time	  





June	  1,	  2014	  to	  October	  1,	  2015	  

•  14 pesticides show no significant effect
•  9 significant 5 borderline

Fenbuconazole p = 0.002  Atrazine    p = 0.06
Boscalid  p = 0.003  Tau-fluvalinate p = 0.06
Pyraclostrobin p = 0.003  Esfenvalerate   p = 0.07
Pendimethalin p = 0.007  Azoxystrobin   p = 0.08
Carbendazim p = 0.007  Thymol    p = 0.08
Acetamiprid p = 0.017
Dinotefuran p = 0.028(+)
Imidacloprid  p = 0.04
Cyhalothrin p = 0.05









Assessing	  Effects	  of	  Mul8ple	  Pes8cides	  

•  Comparing concentrations is tricky: Can’t just add them 
together
–  100 ppb of thymol is not the same as 100 ppb of imidacloprid, in 

terms of effect
•  Normalization is important: The measure of exposure 

should be related to the measure of effect. 
•  Best would be to normalize based on a toxicity reference 

value (TRV) for the observed endpoint
–  For acute toxicity to adult honey bees: Normalize by LD50 and 

sum the number of LD50s across chemicals (Hazard Quotient)
–  Insufficient for sub-lethal effectsà Few TRVs exist, endpoints 

different for different chemicals
•  Alternatively: Normalize to maximum concentration found 

during the study. Internally consistent within the data set.









Uncertain8es	  in	  Es8ma8ng	  Dose	  

•  When is the pesticide applied?
•  When do the bees bring it into the hive in 

pollen and/or nectar?
•  Do the bees eat the contaminated pollen and 

nectar?
•  When do the bees eat the contaminated pollen/

nectar?
•  Has the contaminated pollen/nectar been 

diluted with clean pollen/nectar? 



Reproduc8ve	  Failures:	  Queens	  &	  Larvae	  

•  Queen supersedure
•  Poor brood pattern
•  Laying workers
•  No brood
•  Drone layer



Reproduc8ve	  Failures	  Drive	  Hive	  Collapse	  

•  28 out of 60 colonies (47%) died over the 
course of the study

•  Conclusion: Acute worker poisonings are not 
a primary factor in colony survival



Pes8cide	  Effects	  on	  Queens	  and	  Larvae	  

•  Williams et al., 2015: ���
At 1–4 ppb imidacloprid in 
pollen, queen success 
significantly impaired

•  Pettis et al., 2015 (AHPA mtg): 
Amitraz effects on sperm 
viability

•  Dively et al., 2015: At 20, and 
100 ppb imidacloprid in pollen, 
queen failures noted

•  Johnson et al., 2013: 100 ppm 
of diflubenzuron reduces 
survival of immature queens



Varia8on	  in	  Pes8cide	  Concentra8ons	  
Across	  Hives	  on	  a	  Pallet	  
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Varia8on	  in	  Pes8cide	  Concentra8ons	  
Across	  Pallets	  at	  the	  Same	  Loca8on	  



Varia8on	  in	  Pes8cide	  Concentra8ons	  
Across	  Beekeepers	  at	  Different	  Loca8ons	  



Take-‐Home	  Messages	  

•  Evaluation by pallet allows for a more representative 
assessment of both colony strength and pesticide residues 

•  Location, location, location
–  Pesticide concentrations in pollen are similar across hives on 

the same pallet (within a factor of 5)
–  Pesticide concentrations in pollen are similar across pallets 

placed in the same location (within a factor of 5)
•  Colony failures appear to be driven by effects on 

reproduction (queen failures, larval death)
•  Data suggest that fungicides, IGRs, and neonicotinoids 

may have adverse effects on colony health and over the 
long term



Next	  Steps	  for	  Hive	  Tracking	  Project	  

•  Test correlations between pesticide concentrations and 
mite loads

•  Test correlations between pesticide concentrations and 
pathogen levels

•  Test correlations between mite loads and pathogen 
levels

•  Identify pesticide applications near pallet locations
•  Re-do the study with some modifications
–  Better detection limits for neonicotinoids
–  More frequent hive strength and pesticide residue 

measurements
–  Controlled queen genetics





Results:	  Varroa	  mite	  counts	  not	  correlated	  with	  
colony	  survival	  February	  through	  February	  2015	  

Are	  these	  
sta8s8cally	  
significantly	  
different?	  
No.	  	  
p	  =	  0.65	  



Results:	  Even	  high	  Varroa	  mite	  counts	  	  
do	  not	  necessarily	  doom	  a	  hive	  




