
history and outlook 
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An Update on Colony 
Collapse Disorder: 
What’s Happening 

to the Honey Bees?
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Honey bee colonies have been 
dying at a rate of about 30 
percent a year over the past few 
winters which leave virtually no 
cushion of bees for pollination.

Surveys of beekeepers throughout 
the United States have 
documented this 30 percent or 
greater loss for five consecutive 
years while for … 2011-2012, the 
losses were only 22 percent. 
 

—(Dr. Jeff Pettis, USDA ARS, Beltsville, 
Maryland; Dr. Dennis vanEngelsdorp, 
University of Maryland, College Park, 
Maryland)
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(AP Photo/Haraz N. Ghanbari, File) 

Jeff Pettis



Declining numbers of managed colonies in the U.S. 
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Managed honey bee colonies in U.S. (Millions)
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Why the honey bee 
is such a valuable 

pollinator:

• Perennial colony 

• Nectar and pollen diet 

• Plumose (branched) body 
hairs 

• Flower-consistent behavior 

• Manageable populations 
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A few important 
crops requiring 

insect pollination

• Alfalfa

• Almonds

• Apples

• Asparagus

• Avocado

• Blackberries

• Blueberries

• Broccoli

• Cantaloupe

• Cherries

• Clover

• Vegetable seeds

• Citrus fruits

• Cranberries

• Cucumber

• Celery

• Onions

• Peach, nectarine

• Pears

• Pumpkin

• Raspberries

• Squash

• Sunflowers

• Watermelon
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Almond industry alone requires 
1.5 million colonies each spring.
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Bee colonies are transported cross-country on tractor-trailer rigs.



Pollination
• Honey bees alone 

pollinated $12.4 
billion in dependent 
crops in 2010, and 
$6.8 billion in 
indirectly 
dependent crops in 
2010.

• Crops pollinated by 
honeybees and 
other insects 
contributed $29 
billion to farm 
income in 2010.
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USDA CropScape             Yellow=Corn        Green=Soybeans      Red=Cotton

U.S. Crop distribution 2012



• Longevity of female parent (queen) 
coexisting with her offspring

• Reproductive castes (two female castes)

• Siblings help with brood care

• Progressive brood feeding

• Age-determined division of labor

• Nest construction, thermoregulation

• Food storage

• Swarming as colony reproductive process

• Perennial colony

• Communication among members
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Advanced social 
behaviors

Clay Stauffer photo



Waggle dance
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Honey bee genome
• Compared with other insects’ genomes, the honey bee genome encodes fewer proteins 

implicated in pathways, suggesting that “honeybees use novel immune pathways, are 
poorly defended against pathogens at the individual level, and/or have immune systems 
that are narrowly focused on a relatively small group of co-evolved pathogens” (HGSC, 
2006).

• “Honey bees are unusually sensitive to certain pesticides, have fewer detoxifying genes 
than other insects. Sub-lethal effects of pesticides affect honey bee initial learning and odor 
responses, traits directly linked to foraging” (HGSC, 2006).
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“What’s happening to the 
bees?”

• Parasites: especially Varroa destructor 

• Pathogens 

• Pesticides

• Poor nutrition because of habitat loss, 
prevalence of “monocultures” 

• Loss of genetic diversity
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Varroa destructor: 
the honey bee’s 

biggest challenge 

1.5 mm

Parasites
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Tony Linka
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Varroa 
sensitive 
hygiene or 
VSH: Some 
strains of 
honey bees 
do better 
than others 
at combating 
varroa mite. 
Bee 
breeders are 
actively 
developing 
these genetic 
lines of bees.
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Breeding better bees



Pathogens

European foul brood

American foul brood

Nosema

Sacbrood virus

Israeli acute paralysis virus
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Acute paralysis virus

Kashmir bee virus

Chronic bee paralysis virus

Deformed wing virus

Hairless black syndrome



Pesticides

• Modern U.S. agriculture dependent on pesticides, 
herbicides, fungicides. More than 1,200 registered 
active ingredients in some 18,000 products: A 
complex chemical landscape. 

• In France, fewer than 500. In Britain, fewer than 
300.
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• New classes of insecticides, such as systemic 
neonicotinoids, while in some ways safer for bees, may 
pose serious problems at sub-lethal doses, since entire 
plant (including pollen) is toxic. 

• “The 98 pesticides and metabolites detected in mixtures 
up to 214 ppm in bee pollen alone represents a 
remarkably high level for toxicants in the brood and adult 
food of this primary pollinator. This represents over half of 
the maximum individual pesticide incidences ever 
reported for apiaries. While exposure to many of these 
neurotoxicants elicits acute and sublethal reductions in 
honey bee fitness, the effects of these materials in 
combinations and their direct association with CCD or 
declining bee health remains to be determined.” (Mullin, 
2010)
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Tony Linka
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Frazier, Mullin et al, 2008



“Laboratory tests on individual honey bees have 
shown that field-relevant, sublethal doses of 
some pesticides have effects on bee behavior 
and susceptibility to disease.”
 

—(Dr. Reed Johnson, Ohio State University, Columbus, Ohio; Dr. James 
Frazier, Pennsylvania State University, University Park, Pennsylvania) 
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“The use of neonicitinoid seed treatments over 
hundreds of millions of acres annually, coupled with 
their extremely high toxicity to honey bees, and their 
persistence in plants (including nectar and pollen that 
bees eat) combine to create and environment where it 
is very difficult for bees to avoid exposure to these 
highly toxic chemicals.”

—Greg Hunt, professor, Behavioral Genetics, Purdue 
University 

—Christian Krupke, associate professor, Dept. of 
Entomology, Purdue University
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Habitat 
loss
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Bees need diverse flowering plants to 
provide adequate nectar and pollen. 
Intensive, chemically dependent cultivation 
of soybeans and corn, which dominates the 
Midwest farm belt, forms agricultural 
deserts .
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USDA CropScape             Yellow=Corn        Green=Soybeans      Red=Cotton

U.S. Crop distribution 2012
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“CCD”: A complex of factors 
rather than a single cause

“The interactions between pesticides, mite stresses 
and diseases including the newly identified Israeli 
acute paralysis virus … are likely contributing factors, 
and support an emerging hypothesis that no one 
factor alone is responsible for the dramatic losses of 
honey bees in general or for CCD 
specifically.” (Mullin, 2010)
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• Consensus is building that a complex set of stressors and 
pathogens is associated with CCD.

• The parasitic mite Varroa destructor remains the single worst 
pest of honey bees, and is closely associated with 
overwintering colony losses. 

• Multiple virus species have been associated with CCD. 
• Varroa is a vector and amplifier of bee viruses.
• Nutrition has a major impact on individual bee and colony 
longevity. 

Findings from 2012 Report on the National 
Stakeholders Conference on Honey Bee Health
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• Acute and sublethal effects of pesticides on honey bees have 
been increasingly documented, and are a primary concern. 

• The most pressing pesticide research questions lie in 
determining the actual field-relevant pesticide exposure bees 
receive and the effects of pervasive exposure to multiple 
pesticides on bee health and productivity of whole honey bee 
colonies. 

• Genetic variation improves bee thermoregulation, disease 
resistance and worker productivity. 

• Genomic insights from sequencing the honey bee genome are 
now widely used to understand and address major questions of 
breeding, parasite interactions, novel controls (e.g., RNAi), and 
management to make bees less stressed and more productive. 
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Queen
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Drone
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3 castes: worker, queen, drone
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• Historical pattern of honey bee introductions to the New World primarily 
occurred between 1622 and 1922. Eight Old World subspecies were 
introduced, including several from Africa, the Middle East and Europe. Only 
three European strains found favor with U.S. beekeepers: Italian, Carniolan, 
and Caucasian. 

• At the intra-colony level: genetic variation improves thermoregulation, 
disease resistance, worker productivity, i.e., related to colony health 

• At the population level: U.S. honey bees show effects of multiple 
“bottlenecks” 

• Initial introductions of limited numbers of queens, queen production methods 
(One million queens produced from less than 600 “mother” queens), highly 
restricted importation of new breeding germplasm since 1922.

— (Dr. Marla Spivak, University of Minnesota, St. Paul, Minnesota; and 
Dr. W. Steve Sheppard, Washington State University, Pullman, 
Washington).
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Genetic diversity is critical to honey bees colonies



48

Foraging worker bee with a load of pollen.
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