
Bees—internationally recognized for their role in pollination…



http://kidsgrowingstrong.net/images/pollination2.jpg

“The birds and the bees…”
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http://www2.umt.edu/geograph/edlund/g446/meeuse.html

Pollination
--the process by which 
pollen grains, 
containing male sex 
cells, are transferred to 
stigmas, female floral 
parts, to bring about 
fertilization, a necessary 
step in producing seeds 



For about 75% of 
the planet’s 
240,000+ species 
of flowering 
plants, the 
process depends 
on animal 
partners, which 
deliver pollen 
with greater 
precision than 
wind, water, or 
other abiotic
agents

S. Cameron

J Spencer



Sexual reproduction generates variation, which is essential for survival in a changeable 
world.  It’s the main reason flowering plants (with their pollinator partners) dominate 
most terrestrial communities



Given that more than 400,000 species planet-wide are engaged in this process, it’s 
remarkable how little is known about it.
Humans have been blissfully unaware of their dependence on pollinators for most 
of their existence on the planet; as ecological interactions go, animal-mediated 
pollination is rare, rapid, and easily overlooked

Diane Schmidt



Plant requirements for survival

• Sunlight
• Water
• Nutrients
• Protection from pests
• Pollination (for 75%)

T. Craig



History of agricultural technology

• Fertilization: 10,000 BCE (manuring)
• Irrigation: 6,000 BCE (Mesopotamia) 
• Chemical pest control: 400 BCE 

(Theophrastus)



www.ghcc.msfc.nasa.gov



History of agricultural technology

• Fertilization: 10,000 BCE (manuring)
• Irrigation: 6,000 BCE (Mesopotamia) 
• Chemical pest control: 400 BCE 

(Theophrastus)
• Pollination: 17th century (R. J. Camerarius)



Apis mellifera
Western honey bee
Technology for pollen delivery



Although honey bees have been 
semi-domesticated for 
thousands of years, 
management for the purpose of 
pollination delivery is a post-
Enlightenment phenomenon



That plants have sexual organs is a 
relatively new concept.  Carolus Linnaeus 
1707-1778 used the sexual organs of 
plants to devise a system of classification 
and shocked his contemporaries.
The Reverend Samuel Goodenough, 
Bishop of Carlisle remarked,
“To tell you that nothing could equal the 
gross prurience of Linnaeus’s mind is 
perfectly needless”



Joseph Gottlieb Kölreuter
(1733-1806), professor of natural 
history at the University of 
Karlsruhe, Germany

Kölreuter was the first to demonstrate 
that insect visitation is necessary for 
seed production in many important 
fruits, vegetables, and ornamental 
flowers.  He applied his knowledge by 
developing techniques for artificial 
fertilization and by conducting the first 
cross-hybridization of two plant species
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Christian Konrad Sprengel 
(1750-1816)

C.K. Sprengel 1793, Das 
entdeckte Geheimniss der Natur 
im Bau und in der Befruchtung 
der Blumen
(followed by Die nützlichkeit der 
bienen und die nothwendigkeit 
der bienenzucht, von einer neuen 
seite dargestellt)

http://www.sil.si.edu/Exhibitions/Science-and-the-Artists-Book/biol.htm
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Darwin C. 1862. On the Various Contrivances by 
Which British and Foreign  Orchids Are 
Fertilized. London: Murray. 365 pp.

Darwin C. 1859. On the Origin of 
Species by Means of Natural 
Selection. London: Murray. 365 pp.
(“coadaptations of organic beings to each other and to their 
physical condition of life”)



Attributes of honey bees conducive for use as managed 
pollinators 

Large colony size for servicing extensive monocultures

Elaborate communication system to promote flower fidelity

Extremely broad diet

Ability to learn to handle many kinds of flower types

Cavity-nesting habit well-suited to management purposes 
G. Zettel



http://www.graviton.demon.co.uk/Honey%20bee%201798.jpg

Today, honey accounts 
for only about 25% of 
the value of the 
apiculture industry in the 
United States



Pollination by honey bees--a 15+ billion 
dollar service to US agriculture (>90 crops)

• Direct result:almond, 
apple, avocado, 
blueberry, cantaloupe, 
cherries, cranberries, 
cucumber, citrus, 
plums, peaches, 
pumpkin, strawberries, 
watermelon, zucchini

• Indirect result: dairy 
products (from alfalfa 
and clover hay), seeds
(carrots, celery, 
onion), higher yields
(peanuts, soybeans, 
olives, grapes)



Portfolio effect 

• diversification of holdings minimizes risk and 
volatility

Photo: MAAREC



Decline in commercial beekeeping in the 
United States

• 1976: number of beekeepers estimated at 212,000 
(U.S. International Trade Commission)

• 1991: number of beekeepers estimated at 139,000 
(Bee Culture Magazine)

• 1992: number of beekeepers estimated at 125,000 
(Bee Culture Magazine)

http://gears.tucson.ars.ag.gov/dept/abf.html



22Tracheal mite (1984) Small hive beetle  (1998) 

Varroa mite (1987)

Africanized 
bees (1990)



Feral bees were hard-hit but just how hard-hit is impossible to determine, given the 
general lack of survey data

S.A. Cameron.



The Forgotten Pollinators,”
by S. L. Buchmann and 
G. P. Nabhan, 1996



25

Pollinator policy efforts
• September 1996 Subsidiary Body on Scientific Technical and Technological Advice of 

Convention on Biodiversity, Montreal, to establish an “international pollinator conservation 
initiative”

• November 1996, Third Conference of the Parties to the Convention on Biodiversity, Buenos 
Aires Decision III.11, pollinators are “priority group”

• October 1998, International Workshop on Conservation and sustainable use of pollinators in 
Agriculture, Sao Paolo--Declaration 

• January 1999 Systematics Society of Southern Africa, African Pollinator Initiative
• 1999, North American Pollinator Protection Campaign, Coevolution Institute 
• May 2000, Kenya, Fifth meeting of COP, International Initiative for the conservation and 

sustainable use of pollinators--FAO invited, International Pollination Initiative
• April 2002, IPI approved at COP6, The Netherlands
• 2004, National Research Council study approved, with USDA/USGS funding



Status of Pollinators 
in North America

Report Briefing October 2006

•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



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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Causes of decline
Managed and wild species
• Introduced pathogens and parasites
• Habitat degradation and loss

http://www.theses.ulaval.ca/2003/21026/ch02.html



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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Also in October, 
2006, reports of 
mysterious honey 
bee disappearances 
began to surface…



Keith Delaplane

A new phenomenon?
-- Bees die away from the hive

-- Queen, grubs, food left behind

-- Scavengers slow to move in

Colony Collapse Disorder (CCD)
-- November 2006 Dave Hackenberg lost 
400 colonies in Florida

-- Other beekeepers experienced similar 
sudden losses



Disappearances have been reported from time to 
time but Colony Collapse Disorder appeared to be 
qualitatively and quantitatively different …

Oertel. 1965. American Bee Journal



http://www.doacs.state.fl.us/pi/plantinsp/apiary/images/ccdstates.jpg

By February, massive disappearances had occurred in 
over 20 states…
Beekeepers and researchers convened a meeting in 
Florida to discuss the possible causes and consequences



USDA bee researchers collected samples of afflicted bees 
in Pennsylvania and Florida in order to figure out what 
was causing the problems...
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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
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http://www.spiegel.de/international/world/0,1518,473166,00.html

“Auf  einen Satz verweisen betroffene Bienenzüchter  
und nüchterne Bienenforscher inzwischen immer 
wieder, einen Satz, den Albert Einstein einmal gesagt 
haben soll: ,,Wenn die Biene von der Erde verschwindet, 
dann hat der Mensch nur noch vier Jahre zu leben; 
keine Bienen mehr, keine Bestäubung mehr, keine 
Pflanzen mehr, keine Tiere mehr, keine Menschen 
mehr...‘‘. …



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

On April 23-24, 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
• Alien abduction
• Bee “rapture”

Most likely Less likely

Imidacloprid



On June 20, 2007, the 
Congressional Research Service 
updated its report on Colony 
Collapse Disorder

By this point, CCD had been 
reported in 35 states



and the NAS report seemed prophetic...

“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)



Beekeeping technology is for the 
most part unchanged since the 19th 
century. For an industry that 
contributes about $15 billion 
annually, it’s remarkably unimproved



http://www.ars.usda.gov/

Chief 20th century 
technological 
innovations in 
beekeeping include 
rubber tires and air-
conditioning for 
trucks and artificial 
insemination 
instrumentation



A line of honey bees 
resistant to mites (SMR, 
“suppressed mite 
reproduction” or VSH,  
“Varroa-sensitive 
hygiene” bee), was 
selected but it’s not 
commercially available…





Increasing demand for pollination 
services is pushing the limits of the 
system in an unprecedented way

http://www.indiansummerhoneyfarm.com/slide1.jpg
http://boxer.senate.gov/news/photos/features/farmbill/

544 hives on the truck,



If almond acreage continues to 
expand, by 2012 every honey 
bee in America will be needed 
to pollinate just that crop; 
however, demand for 
pollination services is 
increasing for other crops as 
well.



Contributions of native 
pollinators is estimated 
to be worth $3 billion 
but prospects of 
expanding the use of 
native pollinators are 
dim



Clean weed-free fields without fences have no nectar or nesting resources
http://www.seaburst.com/cornfield01.jpg



Where have the bees gone?



A new forensic tool for understanding CCD: the 
honey bee genome (October 2006)

-- use genome-derived tools to 
find out what's happening

-- or at least find good 
diagnostics for determining if a 
colony has CCD or not 





itp.nyu.edu/animals/ 02/taxa.htm

Mite management presented the challenge of finding selective acaricides that do 
not kill bees



Tau-fluvalinate
615mg per Apistan strip

approx. 0.125 µg/bee/day

0.1 µg/bee recorded 1 yr.
after treatment 
(Haarmann et al. 2002)

Coumaphos
1.4g per CheckMite+ strip

approx. 0.33 µg/bee/day

3.2 µg/bee recorded
(Haarmann et al. 2002)
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Each miticide interferes with detoxification of the other 
(Reed Johnson et al. 2009)



Coumaphos and fluvalinate are the most frequently detected pesticides in brood nest wax of 
honey bees—they were present in 100% of samples

Frazier et al., 2008.  American Bee Journal.

55



In-hive pesticides

Apistan 

Agricultural pesticides 
(particularly 
neonicotinoids, synthetic 
neurotoxic analogues of 
nicotine)



Do neonicotinoids 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 . . .
-- France STILL has problems after banning imidacloprid

-- Imidacloprid has been used in the U.S. since 1996

-- Only 3 out of 108 pollen samples taken from CCD colonies contained 
imidacloprid

Frazier et al., 2008. Am. Bee J.
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Using a viral metagenomics approach, Cox-Foster et al. 2007 
demonstrated that Israeli Acute Paralysis Virus is associated with 
colony collapse



Israeli Acute Paralysis Virus (IAPV)

• First described in Israel in 2004

• Israeli version causes shivering of 
wings and paralysis

• Never before reported in the U.S.

• IAPV was reported in 83% of 
CCD colonies

• IAPV was also found in 
Australian bees imported for 
almond pollination in 2005 (after 
Congress lifted the 1922 ban on 
importation)
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Australians took issue with 
any implication that their 
bees were involved…



Chen and Evans. 2007. American Bee  Journal.

“

But IAPV wasn’t 
the answer…

-- healthy colonies 
in the U.S. had 
IAPV in 2001



An unusual fungal pathogen, Nosema ceranae

N. ceranae causes CCD?
-- no diarrhea (in contrast with Nosema 
apis)

--100% of CCD colonies

But . . .
-- N. ceranae in US since 1995

-- present in 81% of non-CCD colonies

MAERC



10,157 genes

Honey bee 
whole genome 
microarray 
(UIUC-Gene 
Robinson)



Gene expression, turning genes on or off, is a 
bee's first response to stress

detox 
genes

immune  
genes



healthy
historical

CCD

Microarray analysis 
compares gene expression 
in “healthy” (pre-CCD)  
and CCD bees



antibacterial proteins 
(apidaecins) down in 
CCD

“programmed cell 
death” genes up in 
CCD
“unknown” genes 
might be diagnostic 
for CCD (ribosomal 
RNA fragments)

CCD

Heat map displays 
differences between CCD 
and “historical” bees
Yellow--upregulated
Blue--downregulated



Picorna-like viruses…

Van Engelsdorp et al. (PLoS One, 2009) also found consistently higher pathogen 
loads in CCD bees…



*



The 5' non-translated region (NTR) of picornaviruses and picorna-like viruses 
(Dicistroviridae) contains a functional domain called the internal ribosome entry 
site (IRES) (members of the Dicistroviridae possess two open reading frames 
translated by two IRESes).  The IRES is used by a virus to hijack the translation 
machinery in the host so the host translates viral mRNA instead of its own 
mRNA

Wikipedia



Figure 1 Model illustrating the recruitment of ribosomal subuniFigure 1 Model illustrating the recruitment of ribosomal subunits by the diverse IRES elements located in the insect ts by the diverse IRES elements located in the insect 
Dicistroviridae viruses Dicistroviridae viruses 

Biochemical Society Transactions          www.biochemsoctrans.oBiochemical Society Transactions          www.biochemsoctrans.org          Biochem. Soc. Trans. (2005) rg          Biochem. Soc. Trans. (2005) 
33, 147933, 1479--1482 1482 



Multiple viral infections are increasingly common…



…all over the 
world…



…probably as a 
result of 
globalization of 
trade…



Although the 
microarray analysis 
doesn’t directly 
identify a cause, it 
provides tools for 
genome-enabled 
diagnosis so that 
beekeepers will have 
earlier opportunities to 
take action



Curing CCD won’t

• protect bees against future pests or pathogens 
(increasingly likely with globalization of trade)

• provide “crop insurance” in the form of 
alternative pollinators

• maintain wild populations of pollinators to 
insure the vitality of both managed and natural 
plant communities



It’s unlikely that honey 
bees will go extinct 
(there are close to two 
dozen races across the 
globe), but the 
beekeeping industry in 
the U.S. might not 
survive; prospects for 
survival of  wild 
pollinators are 
impossible to assess 
without baseline data

Unlike sunshine, 
pollination is not an 
inexhaustible resourceG. Zettel
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