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Presenter
Presentation Notes
Thank you Matt for including me in the program today. I am here to share some interesting and possibly persuasive results about the native wild bee community that visits apple flowers in NY apple orchards.

http://www.danforthlab.entomology.cornell.edu/
mailto:bnd1@cornell.edu
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  Our Project 

Presenter
Presentation Notes
Bryan Danforth’s Native Bee Lab has been studying the role of wild bees in apple pollination on orchards since 2009.  In order to understand the complexity of apple pollinationand the role of wild bees, Our sites ranged from Lake Ontario in the north to Ithaca in the south and the Hudson Valley. This work was done in collaboration with a grad student Mia Park and postdocs (Russo, Blitzer, Gibbs) a graduate student (Mia Park) in the lab. 

two very simple goals: (1) understand how orchard management and landscape impact the local wild bee fauna in NY apple orchards, and (2) understand how the fauna of wild and managed bees in NY apple orchards impacts fruit and seed set in apples. 
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Park et al. 2015 PRSL 

  Orchard and Landscape 

Presenter
Presentation Notes
Work by Mia Park, focused on the first question… *Do natural habitat and pesticide use impact the fauna of wild bees in and around apple orchards.  *Do these two factors drive wild bee abundance and diversity.



Increasing 
Natural 
Habitat 

HIGH Abundance and 
Diversity of Wild Bees 

Increasing 
Pesticide Use 

LOW Abundance and 
Diversity of Wild Bees 

  Orchard and Landscape 

Presenter
Presentation Notes
We find that there are a higher abundance and diversity of wild native bees associated with increased amounts of surrounding natural habitat as well as the with limited use of pesticides. Increasing pesticide use seemed to drive the low abundance and diversity of wild native bees especially when there was limited natural habitat surrounding the orchard.
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Pesticides: Fungicides vs. Insecticides 

4. Drivers of bee abundance and diversity in apple orchards Orchard Management: Fungicides Impact bees   Orchard and Landscape 

Toxicity 

Presenter
Presentation Notes
However what I think is the more groundbreaking finding of this research was that fungicides are driving the negative impact and NOT the insecticides. The toxicity of fungicides compared to insecticides is much higher. Also, growers are already careful to minimize insecticide use and do not spray during bloom. In contrast, fungicides are considered  benign to bees and are applied during the bloom. I think this is possibly one of our most significant results. 
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  Bee Fauna Impact on Fruit Set 

Laura Russo and EJ Blitzer 

Presenter
Presentation Notes
Now that we have some perspective on what drives ab & diversity let’s look at how the bee fauna (both abundance and species richness) impacts fruit and seed set in apples… which I hope has you on the edge of your seat.



The existential 
question posed by 
every apple….who 

pollinated me? 

Honey bees or wild bees?  

Who is doing MOST of the pollination in NY 
apple orchards? 

Presenter
Presentation Notes
Specifically… “Who is doing most of the apple pollination in NY apple orchards, honey bees or wild bees?” The existential question posed by every apple is …



Total pollinator 
importance x = Pollinator 

abundance 
Per visit 
effectiveness 

Ne’eman et al. 2009 

A framework for comparing pollinator 
importance 

Presenter
Presentation Notes
Quantifying the importance of one pollinator vs. another pollinator is not a trivial undertaking. One needs to have information on both pollinator abundance (or visitation rate) as well as the per-visit effectiveness (i.e., pollen grains deposited or seeds set per visit) of each pollinator. We will use this framework to compare the contribution of wild bees and honey bees to apple pollination in NY apple orchards. 
Pollinator abundance (visitation rate) is relatively easy to quantify. 




• Collect (aerial netting) 
• Identify to species 
• ~3000 specimens per year 

orchard surveys 

Quantifying abundance     Quantifying Diversity & Abundance 

Presenter
Presentation Notes
In each of the six years, we carried out extensive sampling across sites. We typically collect, label, and identify to species around 3000 specimens per year. This is an extremely difficult fauna to sample because of the short period of apple bloom. 



Collections permanently stored in the CUIC 

Quantifying abundance  Quantifying Diversity & Abundance 

Presenter
Presentation Notes
Specimens are stored in the Cornell University Insect Collection and are a valuable research tool for future work.



Quantifying abundance  Quantifying Diversity & Abundance 

Presenter
Presentation Notes
As you know apple flowers only bloom for a very brief period of time, so we need a large team to get it all done in the 10 days to two weeks. 



Total 
number bee  
species: 104  

    1. Quantifying abundance and species richness      Quantifying Diversity 

Presenter
Presentation Notes
We found 104 species visiting flowers.
The apple orchard bee community spans five families with particular diversity in Halictidae and Andrenidae. 
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Number specimens 

    Quantifying Abundance 

Presenter
Presentation Notes
And what makes this a noteworthy detail is that Andrenidae have several species that specialize on pollen of the Rosaceae of which apple is a member.  Even though the majority of species are Halictidae the majority of individuals are Andrenidae. 
The majority of these species forage for 3-6 weeks in the spring, starting a little before apple bloom and continuing on a few weeks after apple bloom.  Having early flowering bush and tree species like willows and maples in the vicinity of the orchard ensures they stay in your orchard for apple bloom. 
Also, The majority of the species in all of these families nest in the ground. Therefore as orchard managers you may want to keep this in mind when disturbing the ground…they like a degree of disturbance, like minor excavation but laying concrete or gravel will inhibit their nesting.




1. Quantifying abundance and species richness 
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    Quantifying Abundance 
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Presenter
Presentation Notes
These boxplots show that orchards vary widely in the number of bees and proportion of WB/HB…translating into different rates of bee visitation. 
Looking at the relative number of wild bees vs. honey bees it is clear that, on average, wild bees outnumber honey bees at the majority of our sites. This alone suggests that wild bees are playing a key role in apple pollination. 
Breakdown figures…. All figure first.ie these are boxplot that show variation.



Ne’eman et al. 2009 

Abundance is easy to measure… 
 
but per-visit effectiveness is not. 

Total pollinator 
importance x = Pollinator 

abundance 
Per visit 
effectiveness 

    Pollinator Effectiveness But are these wild bees EFFECTIVE 
pollinators? 

Presenter
Presentation Notes
But are these native wild bees effective pollinators? If not, then their value is minimized  but if so, it is a great boost to the apple production and native bee conservation. So, Mia Park set out to examine the per visit pollinator effectiveness of (several?) bees in the genus Andrena (Melandrena) vis-à-vis honey. Bees.

Back to our framework…Ab is Relatively easy……………..especially when one has a diverse bee fauna. 



Honeycrisp 

Measuring per-visit effectiveness 

Park et al. 2015 
Apidologie 

    Measuring per visit effectiveness 

Presenter
Presentation Notes
We compared per-visit pollen deposition in our most common group of wild bees (Andrena subgenus Melandrena) vis-à-vis the honey bee. We did this by mounting unvisited flowers on the stick” and interview bees.  The flowers were allowed one visit by either a Melandrena or a honey bee and then the number of pollen grains on the stigma was counted for each species. 
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2. Measuring per-visit effectiveness 

Visit type 

    Results per visit effectiveness 

Presenter
Presentation Notes
Overall you can see that the Melandrena were far more effective visitors than the HB’s. This held true in regards to nectar and pollen visits. Per visit pollen deposition is the “gold standard” for assessing pollinator effectiveness. 
Video



Total pollinator 
importance x = Pollinator 

abundance 
Per visit 
effectiveness 

Factors contributing to per-visit effectiveness     Factors contributing to per visit effectiveness 

 Bee body size 
 Pollen purity 
 Flower handling 

Scaling up effectiveness to the larger wild 
bee community of apple orchards 

Presenter
Presentation Notes
Per visit pollen deposition is the gold standard BUT with over 100 species of wild bees this was an impossible task. So EJ blitzer and Laura Russo, approached this problem from a different perspective……

…And broke PvisitEffectivness down into 3 more easily measured features, Body Size, Pollen purity (proportion of apple pollen) carried by each species and how each species handles the flower when foraging. We considered these to be reasonably good proxies for per-visit effectiveness. Can one of these help us determine effectiveness for a large bee community?



Honey bees Wild bees 

Total pollinator 
importance = Pollinator 

abundance 

P=0.08 

Presenter
Presentation Notes
So let’s take a step back……
Based only on abundance data (assuming all bees are equally effective on a per-visit basis), wild bees are more important than honey bees.




Rationale: larger bees are likely to deposit 
more pollen than smaller bees 
 
Methods: measured body length for all bee 
species 

Total pollinator 
importance x = Pollinator 

abundance Body size 

  Effectiveness: Body size 

Presenter
Presentation Notes
Body size… Bees in this system range from tiny sweat beesto enormous queen Bombus impatiens [visual on body size] Give example of where HB falls out

METHODS so we took 



Honey bees Wild bees 

Total pollinator 
importance x = Pollinator 

abundance Body size 

P= 0.17 

Presenter
Presentation Notes
Based on the combination of abundance and body size, wild bees are, again, more important than honey bees, but not significantly so. This can be easily explained because honey bees are more or less in the middle of the pack in terms of body size measurements. The little tiny sweat bees are driving down the importance of the wild bees as a group which is somewhat misleading if you keep in mind that the abundance of the larger Digger bees that prefer apple flowers are infact the most abundant species in general across all of these orchards.



Rationale: bees that carry a larger 
proportion of apple pollen are likely to 
deposit more apple pollen grains/visit 
 
Methods: quantified the percent apple 
pollen carried by the most common bees 
across our surveys that represented all size 
groups equally.  

Total pollinator 
importance x = Pollinator 

abundance 
Pollen purity 

  Effectiveness: Proportion of apple pollen 

Presenter
Presentation Notes
Then we looked at the pollen purity or the proportion of apple pollen on each species… the rationale being….
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Highly effective apple pollinator 

  Effectiveness: Proportion of apple pollen 

Presenter
Presentation Notes
There is wide variation in the proportion of Malus pollen carried across the bee species we analyzed. Some species carry nearly pure loads of apple pollen, while others have very little apple pollen. We believe that species carrying a higher proportion of Malus pollen are likely to be more effective pollinators on a per-visit basis. 
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Honeybee 

Measuring pollen purity   Effectiveness: Proportion of apple pollen 

Presenter
Presentation Notes
Honeybees come out as pretty average for the bee species we looked at. Andrena and Osmia carry a nearly pure load of Malus pollen, whereas some halictids are largely carrying a very low proportion of Malus pollen. 



Honey bees Wild bees 

Total pollinator 
importance x = Pollinator 

abundance Pollen purity 

P= 0.21 

Presenter
Presentation Notes
Based on pollen purity as a measure of per-visit effectiveness, again, wild bees are more important than honey bees but not significantly so. This is, again, since the honey bees are more or less in the middle of the pack in terms of pollen purity, so we would not expect this to have a significant impact on the relative importance of wild bees vis-à-vis the honey bee



Rationale: bee species that do more “top 
working” than “side working” are likely to 
deposit more pollen per visit 
 
Methods: quantified the proportion of “top” 
and “side” working for the most common 
bee species in our surveys 

Total pollinator 
importance x = Pollinator 

abundance 
Flower handling 

  Effectiveness: Flower Handling 

Presenter
Presentation Notes
Flower handling… i.e., top working vs. side working. During a “side working” visit, the bees do not contact the anthers or stigma and little pollen transfer takes place. 



Honey bees Wild bees 

Total pollinator 
importance x = Pollinator 

abundance Flower handling 

P<0.01 

Presenter
Presentation Notes
When we define pollinator importance as abundance and foraging behavior (the strongest model explaining seed set in the orchards), the wild bees are, on average, 2.4 times more important than honeybees! This also makes sense because wild bees show the highest proportion of “top working” among all the bees in our study. So, while honey bees are abundant, they may have little impact on pollen deposition. 
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Orchards 

wild bees > honey bees 

wild bees = honey bees 

honey bees > 
wild bees 

Presenter
Presentation Notes
If we look at individual orchard data we can see that in 17 of 23 orchards (those in blue) wild bee importance is greater than honey bee importance. Honey bees are significantly more important than wild bees in just two orchards and wild bees and honey bees are equally important in four orchards. Note that only orchards indicated with a black dot did not bring in honey bees. All other orchards had commercial hives on site. 



 Do these pollinator importance measures  
ACTUALLY  

translate into increased fruit set?  

Presenter
Presentation Notes
So these results are encouraging but can high abundance, diversity and effectiveness translate into increased seed set? But does fruit/seed set relate with our most reliable proxy, FLOWER HANDLING? Explain correlation of seed set to fruit set in other studies.

These indirect measures suggest that wild bees are 





2000 apples later… 

Relating variation in bee fauna to seed set   Bee Diversity and Seed Set 

Presenter
Presentation Notes
EJ and her assistant counted seeds in over 2000 experimental apples used in this experiment. This took much of the summer of 2013. 



3. Measuring impact of wild bees on seed set 

Wild Bee 
Abundance 

Increased seed set 

Wild Bee 
Diversity 

Honey Bee 
Abundance 

Increased seed set 

No significant effect  
on seed set 

  Measuring Impact of Wild Bees on Seed Set 

Presenter
Presentation Notes
Wild bee abundance did show a positive correlation with seed set.  This is a result others have found ie Garibaldi. Not unique to apples.



Conclusions 

Orchard and 
Landscape 

Bee fauna 

Fruit set 

Wild bees have a greater 
importance than honey bees 

  Conclusions 1 

Presenter
Presentation Notes
Conclusion 1 NO matter how we measure “importance”



Conclusions 

Orchard and 
Landscape 

Bee fauna 

Fruit set 

Flower handling is the best 
measure for per-visit effectiveness.  
 
Wild bees are more than twice as 
important as honey bees 
 

  Conclusions 2 

Presenter
Presentation Notes
Conclusion 2 – rather than spending time measuring bee body size or counting and identifying pollen grains, one would be better off videotaping bee visitation in orchards to get a measure of per-visit effectiveness. 



Conclusions 

Orchard and 
Landscape 

Bee fauna 

Fruit set 

Seed set as a proxy for fruit 
production is driven by an abundant 
and diverse wild bee population. 
 

  Conclusions 3 

Presenter
Presentation Notes
Conclusion 2 – rather than spending time measuring bee body size or counting and identifying pollen grains, one would be better off videotaping bee visitation in orchards to get a measure of per-visit effectiveness. 



www.northeastpollinatorpartnership.org 

  But HOW DO YOU KNOW  
if you have enough wild bees in your orchard? 

Presenter
Presentation Notes
We have created a tool for orchard managers to do just that…

http://www.northeastpollinatorpartnership.org/


A partnership between scientists and apple 
growers that will lead to: 
 

• more informed orchard pollination and savings. 
• long-term monitoring of wild bee populations in 

regards to climate change. 
• more sustainable pollinator management. 

THE NORTHEAST POLLINATOR PARTNERSHIP 

www.northeastpollinatorpartnership.org 

Presenter
Presentation Notes
We have launched a project you may have heard of in the Core Report or through list servs. We seek to develop a partnership between…

http://www.northeastpollinatorpartnership.org/


THE NORTHEAST POLLINATOR PARTNERSHIP 
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Apple growers 
Extension professionals 
Scientists 

Apple growers 
Extension professionals 
General public 
K-12 classrooms 
Scientists 
Policy makers 

Scientists (our lab) 

Presenter
Presentation Notes
The project is structured in the following way… we’ve developed simple visual survey protocols for growers/Extension/Scientists to count the number of wild and honey bees visiting apple. This data is directly entered into our web app via your cell phone. *We will carry out simple data analysis to determine bee abundance and proportion of wild vs managed hb’s.  Then we will make it available to interested groups, such as apple growers like yourself, extension professionals, the general public…
We would analyze the data to assess the bee community on your orchard and give recommendations to you about how many bee hives, if any, you need and ways to attract more wild bees to the orchards. 

http://www.northeastpollinatorpartnership.org/
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Data Collection 
• Count native bees and 

honey bees. 
• 5 minutes 
• 1 sq meter area. 

 
Training Materials 
• Video: Teach protocol and 

use of survey app 
• Online pictures of apple 

bees with a quiz 
 

THE NORTHEAST POLLINATOR PARTNERSHIP 

Presenter
Presentation Notes
The bee survey will consist of a 5 minute observation, which we encourage you to do 3 times (once each at early, peak and late bloom). That is only 15 minutes of time if you do all three, so they would not require an enormous amount of time. We have training materials including …. To get you on your way. You could even ask one of your scouts to do this….



www.northeastpollinatorpartnership.org 

What YOU could do with the data:  
 
1. Make more informed decisions about how many hives to 

rent. 
 
2. Determine if you are susceptible to honey bee declines 
 
3. Manage for native bees to fulfill certain biodiversity 

requirements for out of country export. 

THE NORTHEAST POLLINATOR PARTNERSHIP 

Presenter
Presentation Notes
Knowing how many wild bees are in your orchard 

http://www.northeastpollinatorpartnership.org/


What RESEARCHERS could do with the data:  
 
1. Detect declines in wild pollinators across the Northeast 

 
2. Understand the impact of climate change on apple flowering 

and pollination 
 

3. Understand more about what factors drive wild pollinator 
communities 

THE NORTHEAST POLLINATOR PARTNERSHIP 

www.northeastpollinatorpartnership.org 

Presenter
Presentation Notes
How could we use the data?

http://www.northeastpollinatorpartnership.org/


Other products arising from this research:  

On-line pollen reference library:  
http://blogs.cornell.edu/pollengrains/ 
 
Guide to wild pollinators in eastern apple 
orchards: 
http://entomology.cals.cornell.edu/extensi
on/wild-pollinators 
 
Northeast Pollinator Partnership:  
http://www.northeastpollinatorpartnership.org/ 
 
Download the app: 
http://app.northeastpollinatorpartnership.org/ 
 

http://blogs.cornell.edu/pollengrains/
http://blogs.cornell.edu/pollengrains/
http://blogs.cornell.edu/pollengrains/
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://entomology.cals.cornell.edu/extension/wild-pollinators
http://www.northeastpollinatorpartnership.org/
http://www.northeastpollinatorpartnership.org/
http://app.northeastpollinatorpartnership.org/
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