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http://www.wfs.org/blogs/len-rosen/
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A Google 

Trends analysis 

suggests that 

Colony 

Collapse 

Disorder isn’t 

making 

headlines today 

like it did in 

2007…
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…which is not 

to say that 

interest in bees 

is diminishing; 

in fact, interest 

in honey bees 

has, in the 

intervening 8 

years since 

CCD first 

appeared, has 

waxed (as it 

were) and 

waned…
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…and along 

with honey 

bees, interest 

in insecticides 

has also 

waxed and 

waned, 

around the 

world…

So how did 

we get here?
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Status of Pollinators 

in North America

•May Berenbaum (chair)

•Peter Bernhard, St Louis University’

•Stephen Buchmann, The Bee Works

•Nicholas Calderone, Cornell University

•Paul Goldstein, Florida Museum of Natural History

•David Inouye, University of Maryland

•Peter Kevan, University of Guelph

•Claire Kremen, University of California-Berkeley

•Rodrigo Medellin, University of Mexico 

•Taylor Ricketts, World Wildlife Fund

•Gene Robinson, University of Illinois Urbana-Champaign

•Allison Snow, Ohio State University

•Leonard Thien, Tulane University

•F. C. Thompson, U.S. National Museum

•Dr. Scott Swinton, Michigan State University

To what degree, if any, are 
pollinators experiencing 
serious decline? 

Where decline can be 
established by available 
data, what are its causes?

What are the potential 
consequences of decline in 
agricultural and natural 
ecosystems?

What research and 
monitoring are needed to 
improve information?

What conservation or 
restoration steps can be 
taken to prevent, slow, or 
reverse decline?

October, 2006
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Managed pollinators

Status

• Long-term population 

trends for honey bee in 

the United States are 

demonstrably 

downward.

• Similar data are not 

available for other 

managed pollinators.
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U.S. honey bee colonies, 1945-2005.  

Data compiled from USDA-NASS
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Managed Pollinators

Consequences of Decline
Declines in honey bee supplies in the absence of viable alternative 

species are exacerbated by increasing demands for

pollination services, creating shortages and raising pollination costs  
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“The U.S. commercial 

honey bee population 

was stable from 1996 to 

2004, but if it were to 

continue to decline at the 

rates exhibited from 1947 

to 1972 and from 1989 to 

1996, it would vanish by 

2035” (p. 118)
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October 

2006 also  

marked 

the first 

reports of 

“sudden 

and 

alarming 

colony 

losses…”



November 2006

Keith Delaplane

A new disease—”Colony 
Collapse Disorder”

-- Bees die away from the hive

-- Queen, grubs, food left behind

-- Scavengers slow to move in

-- Dave Hackenberg lost 400 colonies 
in Florida

-- Other beekeepers experienced 
similar sudden losses
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http://www.doacs.state.fl.us/pi/plantinsp/apiary/images/ccdstates.jpg

February 2007
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The New York Times 

picked up the 

story…and it was one 

of the most frequently 

downloaded stories in 

the entire month of 

February
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Majority 

* Dennis A. Cardoza, C

Chairman

* Bob Etheridge, NC

* Lincoln Davis, TN

* Tim Mahoney, FL

* John Barrow, GA

* Kirsten E. Gillibrand, NY

Minority

* Randy Neugebauer, TX

Ranking Minority Member

* John R. "Randy" Kuhl, NY

* Virginia Foxx, NC

* K. Michael Conaway, TX

* Robert E. Latta, OH

The extensive losses 

caught the attention 

of legislators in key 

states (California, 

with its $2.5 billion 

almond industry, 

and Florida) and the 

House Agriculture 

Committee 

Subcommittee on 

Horticulture and 

Organic Agriculture 

(which oversees 

apiculture) held a 

hearing on Colony 

Collapse Disorder 

on March 29, 2007

March 2007
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Panic increased…

April 2007
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CCD Meeting @ USDA BARC, April 23-24, 2007

On April 23-24, 2007, about fifty bee researchers and other 

interested parties convened at a workshop at USDA BARC to 

prioritize Colony Collapse Disorder research objectives
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Hypotheses to account for colony collapse disorder

• Neonicotinoid insecticides

• Novel pathogen or parasite

• Immune suppression relating to 

management practices

• Declines in nutritional adequacy of 

diet

• GM corn pollen

• Cell phones

• Wi-Fi

• Elevated carbon dioxide

• Elevated UVB light

• Osama Bin Laden

• Automobile grilles

• Solar maxima

• Jet chemical contrails

• Fluctuations in the Earth’s 
magnetic field

• Soviet Russian mind control 
experiments

• Alien abduction

• Bee “rapture”

Most likely Less likely

Imidacloprid
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October 2006 

was also when 

the honey bee 

genome 

sequence was 

completed…
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Using a viral metagenomics approach, Cox-Foster et al. demonstrated that Israeli 

Acute Paralysis Virus is associated with colony collapse; other factors appear to 

affect its impact (novel pathogen)

September, 2007

Progress…



20

Chen and Evans. 2007. American Bee 

Journal.

“

-- but healthy colonies 
in the U.S. collected in 
2001 and kept in a 
freezer were positive for  
had IAPVwhen tested in 
2007



Do neonicotinoids (a relatively new class of insecticide) cause CCD?

-- systemic – present in nectar and pollen
-- cause learning problems in bees exposed to high doses
-- imidacloprid banned in France for use on sunflowers (“mad bee disease”)

Gilles Ratia - www.apiculture.com



But . . .

-- When residues in hives were analyzed, only 3 out of 108 pollen samples taken 

from CCD colonies contained imidacloprid

--Coumaphos and fluvalinate were the most frequently detected pesticides in 

brood nest wax of honey bees—they were present in 100% of samples

Frazier, M., C. Mullin, J. Frazier, and S. Ashcraft. 2008. What have pesticides got to do with 

it? American Bee Journal 148 (6): 521-523.

June 2008
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23Tracheal mite (1984)

Varroa mite (1987)
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U.S. honey bee colonies, 1945-2005. USDA-NASS

The varroa mite was first discovered in the 

U.S. in Saukville, WI, on September 25, 

1987, and by early October USDA-APHIS 

received emergency certification from the 

EPA to use fluvalinate, a pyrethroid, for 

control; by 2002, after varroa developed 

resistance to fluvalinate, coumaphos, an 

organophosphate, was also approved.
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These two acaricides 

used by beekeepers to 

control varroa mites 

contaminated almost 

all hives (Frazier et al. 

2008)…

…and it turns out they 

interact synergistically 

when they co-occur to 

enhance toxicity…

April 2009
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Each miticide interferes with detoxification of the other (Johnson et al. 2009) 

(management practices)
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“…121 different pesticides and metabolites within…wax, pollen, bee and associated 

hive samples…Almost all comb and foundation wax samples (98%) were 

contaminated…with an average of 6 pesticide detections per sample and a high of39…”

March 2010
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Almost every kind of 

pesticide was detected 

(insecticide, acaricide, 

herbicide, fungicide) 

and most major classes 

of insecticide were 

detectable…



Honey bee 
whole genome 
microarray 
(UIUC)

July 2009



Microarray 

analysis 

revealed that 

picorna-like 

viruses were 

more numerous 

in CCD bees

Varroa mites 

are vectors for 

honey bee viral 

diseases…

Stephen Ausmus
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Van Engelsdorp et al. found consistently higher pathogen loads in CCD 

bees…(pathogen overload)

August 2009
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Over the 2009-2010 season, losses averaged 42.2%...



32

According to beekeepers responding to a survey on overwintering 

loss, losses to starvation, weather, “fall weakness,” mites, and queen 

failure exceeded CCD as a cause..
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In 2010, a new analytical method revealed two RNA viruses previously unreported 

in North America and an invertebrate iridescent virus previously unknown to 

science in CCD bees (novel pathogen)

October 2010
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In 2011, a different new analytical approach revealed four RNA viruses 

previously unknown to science in CCD bees in purportedly healthy hives…(novel 

pathogen) 

June 2011
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January 2012

(novel parasite)
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http://www.migueldante.com/2012/01/zombee-apocalypse-fly-parasite-turns.html

January 7-8, 2012
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February 2012

Varroa mites—kill bees outright, carry 

viral pathogens, suppress immunity, and 

lead beekeepers to apply acaricides, 

which also suppress immunity 

(management practices)



39
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January 17, 2012—the 

bee-pocalypse is 

attributed to another 

cause: “Inseciticides”

[sic]
http://bee-life.eu
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January 2012
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January 20, 2012

In January through March 2012, three 

studies confirmed earlier reports that 

neonicotinoids influence susceptibility to 

Nosema infection…(pesticide x pathogen



4343

January 11, 2012

43
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“With this experimental approach we monitored the acute effects of sublethal doses 

of the neonicotinoids imidacloprid (0.15–6 ng/bee) and clothianidin (0.05–2 

ng/bee) under field-like circumstances. At field-relevant doses for nectar and pollen 

no adverse effects were observed for either substance. Both substances led to a 

significant reduction of foraging activity and to longer foraging flights at doses of 

0.5 ng/bee (clothianidin) and 1.5 ng/bee (imidacloprid) during the first three hours 

after treatment…

The significant reductions to the visit frequency by both substances did not 

persist on the following day”
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Notwithstanding, 

petitions circulating 

across the country to 

ban neonicotinoids 

had acquired over a 

million signatures by 

March 22…



4646

A study published in Science documenting sublethal effects of a 

neonicotinoid on homing behavior “that could put a colony at risk of 

collapse” attracted attention in both the popular and scientific presses…
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Ho: Sublethal residues of imidacloprid in high fructose corn syrup…
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--Only four hives were 

used per dosage at each 

apiary

--Dosages were changed 

midway through the 

experiment

--No brood remained in 

any colonies, including 

controls

--Since sample sizes were 

so small, no statistical 

analysis could be done…
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“Although this observation 

is not quite reminiscent of 

the reported CCD 

symptoms…bees exiting 

the hives would have 

dispersed some distance 

from the hives…” 

CCD is characterized 

by bee death away 

from the hive but in 

this experiment they 

died in front of the 

hives…
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Also in February, 2012, a study took into account that honey and beebread, not 

sucrose, are what honey bees eat, so the natural diet of honey bees may contain all 

kinds of chemicals that could interact with pesticides…(diet x pesticide)
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Cytochrome P450-mediated detoxification

contributes to pyrethroid tolerance in many 

insects,  but specific P450s responsible for 

pesticide detoxification in honey bees 

(indeed, in any hymenopteran pollinator) 

have not been defined.  We expressed and 

assayed CYP3 clan midgut P450s and 

demonstrated that CYP9Q1, CYP9Q2, and 

CYP9Q3 metabolize tau-fluvalinate to a form 

suitable for further cleavage by the 

carboxylesterases

that also contribute to tau-fluvalinate 

tolerance These in vitro assays indicated that 

all of the three CYP9Q enzymes

also detoxify coumaphos.
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Natural bee foods (honey, pollen) affect pesticide detoxification
March 2013
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Gene name Fold change Accession number

Antimicrobial genes Abaecin 1.90 GB18323

Drug 

metabolizing 

genes

Phase I

CYP6AS2 2.70 GB19197

CYP6AS3 3.11 GB15681

CYP6AS4 2.60 GB15793

CYP6AS5 2.55 GB17434

CYP6BD1 1.92 GB19306

CYP9Q3 2.55 GB19967

Esterase FE4 1.47 GB19306

Phase II Gamma-glutamyltransferase 1 1.50 GB18219

Glucuronosyltransferase 1.46 GB15163

Glucuronosyltransferase 1.81 GB10367

Phase III Multidrug resistance-associated protein 4 1.60 GB12525

Multidrug resistance-associated protein 1 1.80 GB18864

Others

FABP-like protein 1.58 GB15990

Inorganic phosphate cotransporter-like protein 1.60 GB16723

Similar to CG13424 1.59 GB15934

Protein lethal(2) essential for life-like 1.92 GB18662

Hypothetical protein LOC408807 3.69 GB10708

UDP-glycosyltransferase 2.26 GB17015

Sarcoplasmic calcium-binding protein 2 2.43 GB10018

Hypothetical protein LOC552202 1.55 GB19401

Venom acid phosphatase 1.71 GB12546

Luciferin 4-monooxygenase-like 2.81 GB15411

These same compounds upregulate immunity genes, too…(diet x pathogen)
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Beekeeping practices that replace 

honey with sucrose or high-fructose 

corn syrup  may compromise 

detoxification and immunity.

Why do beekeepers feed their bees 

sucrose or fructose syrup?

56

Guts of honey bees consuming sugar are flaccid and reduced in size 

in comparison with guts of bees consuming honey  
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Back in 2009, habitat loss 

was linked to CCD: The 

greater the amount of open 

land, the greater the honey 

yield; the lower the ratio of 

open to developed land, the 

higher the proportion of 

colony loss…(diet)
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Bees exposed to imidacloprid were less likely to form a long-term memory, whereas bees exposed 

to coumaphos were only less likely to respond during the short-term memory test after massed 

conditioning. Both imidacloprid, coumaphos and a combination of the two compounds 

impaired the bees’ ability to differentiate the conditioned odour from a novel odour during the 

memory test. Our results demonstrate that exposure to sublethal doses of combined cholinergic 

pesticides significantly impairs important behaviors involved in foraging, implying that

pollinator population decline could be the result of a failure of neural function of bees exposed to

pesticides in agricultural landscapes

Neurotoxic 

pesticides (both 

neonicotinoids 

AND acaricides) 

interact to affect 

behavior…(pestici

des x 

management)

February 2013
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November 2013

And, using genomic 

approaches, 

investigators 

determined how 

neonicotinoids 

impair bee 

immunity and 

promote viral 

replication…(pestici

des x pathogen)
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The potential for 

synergistic 

interactions among 

pesticides in a 

beehive is almost 

limitless. A study 

showed that 

fungicides, with no 

known insecticidal 

properties, can 

interact with 

acaricides and 

increase 

mortality…Even 

formulation solvents 

can synergize 

pesticides…

January 2014
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beeinformed.org

In addition to causing 

direct toxicity, fungicides 

(not surprisingly) kill the 

beneficial fungi on which 

bees rely to process pollen 

into beebread… 
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…which might explain the 

phenomenon of “entombed pollen” 

(characterized by higher levels of 

fungicide) reported in 2009 in 

connection with Colony Collapse 

Disorder, suggesting that bees have 

some capacity for recognizing the 

presence of contaminants… 

62
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February 2014—a 

massive bee kill in 

California was 

associated with a 

pyrethroid and an insect 

growth regulator
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March 2007

In Eugene, 

Oregon, 

neonicotinoid 

pesticides 

were banned 

(city 

politicians 

felt that the 

state’s 

pollinator 

protection 

bill was too 

weak)
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…and in Minnesota beekeepers 

circulated a petition to stop 

neonicotinoid seed treatment..
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On March 20, the 

EPA received a 

petition demanding 

a ban on two 

neonicotinoids, 

signed by 500,000 

people, on the two-

year anniversary of 

an earlier petition 

on the same issue.



From March to August, several dozen 

more petitions relating to bees and 

pesticides have gone online…

beepetitions.web.com
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December 2014

Pollen-fed honey bees deal with 

organophosphate pesticides better 

than honey bees not receiving pollen 

(pesticide x diet)
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Almost 8 years 

after CCD made 

headlines in the 

New York Times, 

what do we know? 

Well, we know it’s 

complicated…
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Hypotheses to account for colony collapse disorder

• Neonicotinoid insecticides

• Novel pathogen or parasite

• Immune suppression relating to 

management practices

• Declines in nutritional adequacy of 

diet

• GM corn pollen

• Cell phones

• Wi-Fi

• Elevated carbon dioxide

• Elevated UVB light

• Osama Bin Laden

• Automobile grilles

• Solar maxima

• Jet chemical contrails

• Fluctuations in the Earth’s 
magnetic field

• Soviet Russian mind control 
experiments

• Alien abduction

• Bee “rapture”

Most likely Less likely

Imidacloprid

None of the most likely hypotheses from 2007 has been ruled out; in fact, they 

all seem to apply and they all seem to interact…
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Hypotheses to account for colony collapse disorder

• Neonicotinoid insecticides

• Novel pathogen or parasite

• Immune suppression relating to 

management practices

• Declines in nutritional adequacy of 

diet

• GM corn pollen

• Cell phones

• Wi-Fi

• Elevated carbon dioxide

• Elevated UVB light

• Osama Bin Laden

• Automobile grilles

• Solar maxima

• Jet chemical contrails

• Fluctuations in the Earth’s 
magnetic field

• Soviet Russian mind control 
experiments

• Alien abduction

• Bee “rapture”

Most likely Less likely

Imidacloprid

But thanks to Seal Team 6, at least one hypothesis proposed in 2006 isn’t viable 

in 2015…
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Beespotter photo: 

John Dahlstedt

CCD may 

remain a 

mystery but as 

a consequence 

we now know 

a lot more 

about honey 

bees (and 

we’ve been 

made acutely 

aware of what 

we don’t 

know)…Let’s 

hope attention 

remains 

focused for the 

foreseeable 

future…
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Thank you!
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