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Outline

Honeybees and CCD

• Symptoms of “CCD”
• Historical perspectives on 

CCD
• Most likely causes of honey 

bee declines
• What we really know about 

honey bee declines

Native bees 

• Native bee diversity and 
abundance in apple 
orchards

• Drivers of 
diversity/abundance

• Native bee pollinator 
effectiveness

• What you can do…
• What we can do together
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Colony collapse disorder (CCD)
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Colony collapse disorder (CCD)

Symptoms:

Bee keepers would find 
colonies with no resident 
adult workers. Only the queen 
and young brood would be 
present. 

All the adult worker bees 
appear to have dispersed or 
died.

Comb from abandoned hive
http://www.waldeneffect.org/

Colony collapse disorder (CCD)

States reporting CCD‐like symptoms in 2007/2008
http://www.earthlyissues.com/
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Colony collapse disorder (CCD)

Historical precedence: Reports of “spring 
dwindling” and “disappearing disease” go 
back over 1000 years.

950 (Ireland) – “great mortality of bees”
992 (Ireland) – “great mortality of bees”
1443 (Ireland) – “great mortality of bees”
1906 (Isle of Wight, UK) – all colonies died off
1903 (Cache Valley, UT) – “disappearing disease”
1995 (Pennsylvania) – 53% of colonies died

In 2007 colony losses ranged from 50% - 100%

Colony collapse disorder (CCD)

From: National Academy of Sciences (2005). Status of Pollinators 
in North America. 
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Colony collapse disorder (CCD)

The most likely cause(s):

 Pathogens and parasites
 Pesticides including insecticides, 

fungicides, and possibly inert 
ingredients

Migratory beekeeping and long-
distance transport of colonies, 
especially to almond orchards in the 
Central Valley of CA 

 “Synergistic” (i.e., sublethal) effects

Microsporidia:
Nosema (Nosema apis) – 2005 arrived in US

Bacteria: 
Foul brood (Paenibacillus larvae) -- 1906

Fungi: 
Chalkbrood (Ascosphaera apis) – 1968

Parasites:
Varroa mites (Varroa destructor) -- 1987
Tracheal mites (Acarapis woodi) -- 1984
Small hive beetle (Aethina tumida) – 1998

Viruses: deformed wing virus, black queen cell virus, 
sacbrood virus, Kashmir bee virus, acute bee paralysis 
virus, chronic bee paralysis virus, and Israeli acute 
paralysis virus

http://www.caes.uga.edu/departments/ent/bees/index.html

Pathogens and parasites

Chalkbrood infected cells
http://www.egofelix.com/
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Chalk brood
Varroa

Small hive beetle

Tracheal mites

Pathogens and parasites

From: National Academy of Sciences (2005). Status of Pollinators 
in North America. 

Varroa mites (Varroa destructor)
Introduced into US in 1987; origin: southeast Asian 
species of honey bee (Apis cerana) 

Pathogens and parasites
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Pesticides

121 different pesticides detected in pollen and wax samples taken 
from honey bee colonies in Pennsylvania, Florida, and California.

Most common: 
 Acaricides (fluvalinate, coumaphos)
 Insecticides (aldicarb, carbaryl, chlorpyrifos, imidacloprid)
 Fungicides (chlorothalonil, boscalid, captan, myclobutanil)
 Herbicides (pendimethalin)

Pesticides – neonics?
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Pesticides -- neonics

Some potential problems with neonicotinoid pesticides: 

 High toxicity (10,000 x more toxic than DDT)
Water soluble so they can accumulate in ground and 

surface water
 Can be taken up by root systems of non‐target plants
 Are expressed in all plant tissues
 Long term persistence (=years)
 Sublethal effects on pollinators include: 

1. Impaired foraging and navigation
2. Impaired larval development
3. Reduced colony growth

For more information: http://www.xerces.org/neonicotinoids‐and‐bees/

Migratory beekeeping

Estimate: 1/3 of all US bee hives are 
moved to CA in the early spring for 
almond pollination!
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Migratory beekeeping

The Beekeeper’s Lament
Hannah Nordhaus
2010

“Synergistic” (=sublethal) effects

Pesticides 
(especially fungicides and 

possibly neonics)

Pathogens and parasites
(Nosema and Varroa)
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“Synergistic” (=sublethal) effects

“While fungicides are typically seen as fairly safe for honey bees, we found 
an increased probability of Nosema infection in bees that consumed pollen 
with a higher fungicide load. Our results highlight a need for research on 
sub‐lethal effects of fungicides and other chemicals that bees placed in an 
agricultural setting are exposed to.”

“Synergistic” (=sublethal) effects

Long‐distance 
transport of 
colonies

Pesticides
Pathogens 

and parasites

A bad combination…. and none of these problems are going away
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Native bees

Thank you!

Ithaca: 
Barbara Reynolds
Brayton Foster
Dennis Hartley
Eric Shatt
Reenie Sandsted
Joanna Cornell
Susan Grisamore
Steve Cummins
Brian Caldwell
John Bokaer‐Smith
Ian & Jackie Merwin

Wayne County: 
Doug Mason
Steve Knapp
Gary & Stephanie Craft
Rob Perkins
Paul Wafler
Kendra Burnap
Ron DeBadts
Chris Hance
Lou Walker
Richard Endres
Brian Bartleson
Bob DeBadts
Ken Simpelaar

Geneva: 
Brian Nicholson

Syracuse: 
Walt Blackler

Watkins Glen:
Rick Reisinger

… plus Mike Biltonen and Jim Eve!
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Survey orchards
(2009‐2011)

Ithaca

Geneva

Lake Ontario

• 2009‐2014, 21 farms 
intensively surveyed

• honey and wild bees 
collected in 15min 
standardized transects 

• local scale
• farm size
• management 

• landscape scale
• % natural area 
• % apple
• % other agriculture

orchard surveys

1. Native bee diversity and 
abundance

• Collect (aerial netting)
• 1. “General” collecting
• 2. “Time trials” 

• Label and barcode

• Identify to species

• Database (Biota)

• ~3000 specimens per year

orchard surveys

1. Native bee diversity and 
abundance
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CUIC as a resource for biodiversity studies

1. Native bee diversity and 
abundance

1. Native bee diversity and 
abundance
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Total number species: 

Please take a guess….

Results:  Bee community

Total number species: 104

Results:  Bee community
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Results:  Bee community

Results:  Bee community
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Results:  Bee community

Results:  Bee community
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2. Drivers of bee abundance and 
diversity in apple orchards

Two factors appear to be important in 
determining native bee abundance and 
diversity: 

 Percentage of natural habitat 
surrounding orchards

 Level of pesticide (especially fungicide) 
use within orchards

Cornell Ithaca
1000m

Apple

Other Ag

Natural

Developed

Endres
1000m

Apple

Other Ag

Natural

Developed

Methods: Bee community
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Results: % natural habitat
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ComplexSimple
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Results: pesticides

2011 pesticide use 
index

2011 2012

P < 
0.05

P < 
0.05

P = NS

P = NS

High 
intensity

Low 
intensity
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2011 pesticide use index

Insecticides

Fungicides

Fungicides, not insecticides, impact  bee pollinators

2
0
1
2

Results: fungicides vs. insecticides

Fungicides are having a much bigger impact on native bees than we realized.
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3. Impacts of native bees on fruit 
and seed set in apples

Experimental design (2013): 

A) Survey bee diversity and abundance across 17 farms in upstate NY

B) Measure apple seed set in 17 farms and two apple varieties (MacIntosh and 
Golden Delicious)

C) Relate survey data to seed set to examine the impact of:

1. Native bee abundance
2. Native bee species richness
3. Honey bee abundance

To which of these factors is seed set most closely responsive to?

3. Impacts of native bees on fruit 
and seed set in apples

2000 apples later…
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3. Impacts of native bees on fruit 
and seed set in apples

p=0.018

3. Impacts of native bees on fruit 
and seed set in apples

p=0.004
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3. Impacts of native bees on fruit 
and seed set in apples

p=0.271
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4. Native bee pollinator effectiveness

Native bees deposit 2‐4 times more pollen 
per visit than honey bees

Apple pollen
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Bottom line: native bees 
are having an impact on 
apple pollination in New 
York State

Studies in Pennsylvania, Wisconsin and 
Quebec are finding the same thing… native 
bees are important apple pollinators. 



3/17/2015

24

What apple 
growers can do to 
maintain native 
bee diversity and 
abundance

Provide nesting resources for native bees

Pollinator Paradise 
http://pollinatorparadise.com/Market/Pricelist.htm

Knox Cellars 
http://www.knoxcellars.com/

Some ideas: 

 Disturb the soil (till) in 
unused portions of the 
orchard

 Leave abandoned wood 
and dead trees

 Leave stone walls intact 
(excellent sites for bumble 
bees)

 Install “trap” nests for 
mason bees (at left)
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Maintain natural habitat in and around orchards

Leave unmanaged orchards intact

Unmanaged
orchard
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Minimize fungicide use (to the extent possible)

Fungicides may be having a more significant impact on 
native bees than we had previously realized.

Developing more 
effective pollinator 
management for 
NYS apple growers
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www.northeastpollinatorpartnership.org

THE NORTHEAST POLLINATOR PARTNERSHIP

“A partnership between scientists 
and apple growers that will lead to 
more informed orchard pollination, 
long‐term monitoring of wild bee 
populations, and more sustainable 
pollinator management.”

THE NORTHEAST POLLINATOR PARTNERSHIP

Data 
collection

Data 
analysis

Data 
visualization

Participants

Apple growers
Extension professionals
Scientists (i.e., my lab)

Scientists (i.e., my lab)
App designers (Ancient Wisdom Productions)

Apple growers
Extension professionals
The general public
K‐12 classrooms
Scientists
Policy makerswww.northeastpollinatorpartnership.org
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THE NORTHEAST POLLINATOR PARTNERSHIP

Data 
collection

What does “data 
collection” mean??

Data collection would be made via a 
smart‐phone app: 

 Number of wild bees and honey 
bees in a 5 minute interval

 Location (lat/long)
 Temperature
 Time of day
 Level of apple bloom

W
ild

 b
ee

H
o
n
ey b

ee

THE NORTHEAST POLLINATOR PARTNERSHIP

Current number of smart‐
phone users: 
2 billion

This umber will double by end 
of the decade 

“The smart‐phone is a 
platform, so startups can 
cheaply create an app to test 
an idea – and then rapidly go 
global if people like it. That is 
why it will unleash creativity 
on a planetary scale.”
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www.northeastpollinatorpartnership.org

THE NORTHEAST POLLINATOR PARTNERSHIP

What APPLE GROWERS could do with the data: 

 make more informed decisions about whether to 
purchase, rent, or borrow honey bees for apple pollination

 reduce the cost associated with honey bee rentals
develop a more efficient method for achieving sufficient 
apple pollination

www.northeastpollinatorpartnership.org

THE NORTHEAST POLLINATOR PARTNERSHIP

What RESEARCHERS could do with the data: 

 detect declines in wild pollinators across the 
Northeast

 Understand the impact of climate change on apple 
flowering and pollination

 Understand more about what factors drive wild 
pollinator communities
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www.northeastpollinatorpartnership.org

THE NORTHEAST POLLINATOR PARTNERSHIP

What interested citizens and K‐12 classrooms can do with the 
data: 

 learn more about pollination biology
 learn more about bees and bee biology
 learn more about conservation of wild pollinators
 learn more about the challenges of sustainable apple 

orchard management

THE NORTHEAST POLLINATOR PARTNERSHIP

www.northeastpollinatorpartnership.org
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