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Northeastern IPM Center – IPM Partnership Grant Program 2011 – Project Description 
 
PD: John E. Losey, Ph.D. 
Lead Institution: Cornell University 
Co-PD(s) and Institutions: Arthur Agnello, Ph.D., Cornell University; Bryan Danforth, Ph.D., 
Cornell University; David Biddinger, Ph.D., Penn State University; Edwin Rajotte, Ph.D., Penn 
State University. 
Project Title: Native Pollinators of Eastern Apple Orchards and How to Conserve Them 
Project Type:  Regional IPM Publications 
 
Project Summary 
 
In the Northeast, apple is an economically important crop that relies on insect pollination to set 
marketable fruit. Recent declines due to Colony Collapse Disorder (CCD) and subsequent 
increases in hive rental costs make honey bees an increasingly risky pollination source for apple 
growers. Apple blooms during peak, wild bee activity in the Northeast; recent studies confirm 
that abundant and diverse native pollinators visit apple orchards. Grower interest in native 
pollinators and willingness to make management changes to enhance their pollination services in 
apple orchards are high. Quality guides on bee benefits for farming exist for national audiences, 
but are not widely distributed and inadequately address information needs of apple growers who 
want to optimize native pollination services.  
 
This project seeks funding to produce an eastern region, apple-specific guide to native pollinators 
and how to conserve them. This synthetic publication would provide accessible information 
about native pollinator biology, importance and conservation, specifically in eastern apple 
orchards. Tables describing timing of bee activity within orchards and toxicity rankings of 
common pesticides will help growers minimize pesticide effects on pollinators. Steps to creating 
pollinator habitat will also be outlined as will links to NRCS government cost-share programs. 
The publication will be relevant to all eastern states, by including state-specific tables of bee and 
flower phenologies. The long term vision of such a publication is to promote sustainable, native 
pollination services for apple across the eastern landscape, by reducing the effects of pesticides 
on native pollinators and enhancing pollinator-friendly habitat. 
 
Problem and Justification 
 
New York (NY) and Pennsylvania (PA) are the largest producers of apple in the eastern United 
States, collectively yielding 1.86 billion pounds of apple worth $277 million (USDA NASS, 
2009). To set a marketable fruit, commercial apple varieties require cross-pollination by bees and 
other insects (Morse and Calderone 2000). The eastern apple industry has traditionally relied on 
honey bee rentals to provide this service. Honey bees are valuable pollinators in agriculture 
because they are well understood, relatively easy to maintain, movable, and able to communicate 
locations of new food sources (DeGrandi-Hoffman 2003). Honey bee populations, however, 
have declined for the past several years to the point that total reliance on them is increasingly 
risky.  From 2006-07, North American beekeepers lost approximately 1/3 of the honey bee 
colonies mostly due to Colony Collapse Disorder (CCD) (vanEngelsdorp et al. 2007); losses at 
this level or higher have continued since. Inadequate forage, stress of migratory bee-keeping, 
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disease and pesticides are all implicated in the cause of CCD. By 2009, a majority (59%) of 
apple growers in NY considered CCD a threat to successful apple production (Park et al. 2010b). 
 
The potential economic impacts of pollinator shortages on a specialty crop like apple are 
considerable. Inadequate pollination can reduce crop quality as well as yield. The most 
conspicuous consequence of honey bee declines since CCD has been a dramatic increase in the 
costs of producing bees which translates into rising costs for bee rentals for apple crop growers – 
from $35/hive for PA apple growers in 2006 to $100/hive in 2010 (similar trends observed in 
NY; J. Eve pers. comm.). Inadequate supply and increased hive rental costs have already forced 
some Eastern apple growers to go without honey bees (J. Eve, pers. comm.). An apple industry 
vulnerable to the health of a single pollinator is a risk that could be minimized by fostering 
alternative -- and potentially free -- pollination services by existing native pollinators.  
 
There are several reasons why native bees in the East have increased potential to provide 
important pollination services for apple production compared to other regions. First, unlike their 
western counterparts, eastern orchards are situated in a complex landscape mosaic of woodlots 
and fencerows in which habitat for pollinators, important for nesting and refuge from pesticides, 
is still accessible (Kremen and Thorp 2002).  Second, recent bee surveys confirm the presence of 
abundant and diverse native bee communities, of over 80 and 50 species in NY and PA apple 
orchards, respectively (Biddinger et al. 2009, Park et al. 2010b). Such diversity for a crop is 
impressive and results from apple’s early bloom coinciding with peak native bee activity in the 
Northeast.  For well-studied crops, like watermelon, when native bees are abundant, they alone 
can provide adequate pollination services (Kremen and Thorp 2002, Winfree et al. 2008, Isaacs 
and Kirk 2010). Third, the most abundant native pollinators of apple, ground-nesting bees of the 
genus Andrena, are more efficient than honey bees (Park et al. 2010a). It is well-known that 
honey bees are not the best pollinators for all crops (Westerkamp 1991, Batra 1995); this is true 
for apple. Other native bees, such as bumble bees and Osmia orchard bees, have also been shown 
to be better apple pollinators than honey bees on a per-visit basis (Vicens and Bosch 2000, 
Thomson and Goodell 2001). Finally, anecdotal case studies already support adequacy of wild 
pollination services in eastern apple orchards. In PA, at least, two fresh market apple producers 
with over 750 acres each have not rented honey bees for pollination for over 10 years; this is 
without noticeable loss of quality or yield (Biddinger, pers. comm.; Slaybaugh grower letter in 
“Other Documents”).  Although initially, pollination of these apple orchards may have been 
partially attributed to feral honey bees, introductions of the varroa and tracheal mites have 
reduced feral honey bee colonies in the eastern US by over 80%, so pollination in these orchards 
has to be due to the natural populations of solitary bees. These examples demonstrate the 
potential for even large-scale growers to benefit from free pollination services in the East. 
 
In spite of apple stakeholder interest in promoting native pollination services, useful information 
is dispersed among scattered resources; none of which are specific to apple.  In NY, growers 
have high appreciation (85%) for native bee pollinators and are willing (65%) to adopt low-cost 
management practices to enhance native bees (Park et al. 2010b). PA stakeholders are similarly 
engaged, as expressed in letters of support for a successful USDA-SCRI grant, led by Co-PDs D. 
Biddinger and E. Rajotte, to focus research and extension on native pollinators of tree fruit in PA 
(see “Other Documents”). Currently, information about native pollinators of apple in the East 
and how to promote their pollination services is unavailable for this grower community. If such 
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information were disseminated, Eastern apple growers could optimize pollination services, by 
protecting and enhancing native bees in ways that would reduce grower vulnerability to volatile 
honey bee supplies and minimize pollination costs.  
 
Efforts to improve native pollinator awareness among growers, consultants, extension agents and 
the general public would support NE IPM’s mission to support pest management strategies with 
economic and environmental benefits (www.northeastipm.org/abou_mission.cfm). Priorities to 
protect wild and managed pollinators, as well as increasing ecosystem services and sustainable 
use of agro-ecosystems, would also be addressed (www.northeastipm.org/priorities/Priorities-
USDA2007-EntomSocAmer.pdf; www.northeastipm.org/priorities/Priorities-USDA2007-
EntomSocAmer.pdf). The stakeholders whose needs will be most met, however, are Eastern 
apple growers whose livelihoods depend on reliable pollination services (see Mike Fargione and 
Jim Eve support letters for NY in “Letters of Collaboration”; see grower support letters to D. 
Biddinger to support SCRI grant for PA in “Other Documents”, accompanied with letter of 
relevance by E. Rajotte). 
 
Many pollinator-friendly land practices are known and available, but not yet widely 
disseminated. The Xerces Society for Invertebrate Conservation published a guide for conserving 
native bees entitled “Farming For Bees” (Vaughan et al. 2007). Although the guide was 
developed for the bees and habitat of the western US, their three steps to enhancing bee 
populations could be adapted to the East.  Partnerships with USDA National Agroforestry Center 
and ATTRA have allowed The Xerces Society to reach a greater national audience. National 
publications are provide helpful general introductions to native pollinators; however, key 
pollinators will vary among crops due to differences in growing phenology, locality and identity 
of the crop. For example, unlike honey bees whose activity spans entire growing seasons and 
multiple crops, Andrena bees visiting apple only live a few weeks and are prefer plants in the 
Rosaceae family. The Xerces Society has produced 1-page fact sheets on benefits of native 
pollinators for watermelon, cherry tomatoes and sunflowers (www.xerces.org/pollinator-
conservation-publications/); crop-specific publications such as these are not yet available for 
apple. 
 
The few region and state-specific native pollinator guides available for eastern US are valuable 
due to geographic differences in pollinator composition and phenology, but are also general in 
scope. USDA NRCS Maine (Vaughan et al. 2009) published a lengthy, comprehensive guide to 
pollinator biology and habitat for New England (Maine, New Hampshire, Vermont, Connecticut, 
Massachusetts and Rhode Island). Williams and Winfree (2009) developed a “Native Bee 
Benefits” pamphlet for PA and New Jersey (NJ) with a photo guide to major bee groups and 
tables for flowering phenology of good bee forage. Given the economic importance of apple in 
NY and PA and the absence of a NY-specific native pollinator guide, a guide to apple pollination 
by native insects in the East would fill multiple gaps in grower knowledge. 
 
Active research programs at Cornell and Penn State Universities on native pollinators of apple 
now make such a guide possible. It would be the first of its kind and provide targeted 
information and recommendations that better meet stakeholder needs.  Risk of pesticide exposure 
for native pollinators in apple orchards is arguably higher than for other crops, since heavy 
disease and pest pressure require apple growers use relatively aggressive spray regime 
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(http://ipmguidelines.org/treefruits/). In general, growers act conscientiously to minimize harm to 
pollinators during bloom; however, native pollinators are vulnerable to pesticide exposure 
beyond the bloom period and require adequate food and nesting resources near orchards. Current 
bee-friendly management recommendations, based on non-target effects to managed honey bees, 
need to be supplemented in order to maximize native bee pollination services in apple.  This 
guide is intended to raise awareness among apple growers about the benefits of native pollinators 
and the means to protect and enhance their services. By considering the risk of IPM programs to 
native pollinators, growers may have more incentive to reduce pesticide use and, in so doing, 
benefit from the free pollination services these beneficial insects provide. 
 
As mentioned previously, state-specific pollinator biology and habitat guides are helpful to 
growers since timetables for bee flight periods and bee-friendly floral resources vary by climatic 
zone. In order to maximize the use of this guide and minimize redundant efforts, most sections of 
the guide will be applicable to eastern states; however, phenology tables and key pollinator 
groups could be customized by state. Virginia is an eastern example where tables could be 
tailored to earlier bee flight periods and flowering phenology due to warmer climate.  
 
Objectives 
 
As outlined in the appended Logic Model under “Activities” (see “Other Documents”), major 
project objectives include: 
 
1. Produce a short, synthetic guide to apple pollinators in eastern North America and how to 

conserve them. The guide will be a colorful pamphlet, distributed at no cost to readers.  
Color photos will be used to identify the most important groups of native apple pollinators; 
easy to read tables describing timing of bee activity and alternative floral resources will be 
customizable by state. A table of ranking common pesticides by bee toxicity will also be 
included.  
 

2. Use multiple media to distribute pamphlets widely to growers, consultants, managers, 
extension agents and interested public across eastern states, with focus on NY and PA. 

 
Anticipated Impacts 

 
The proposed pamphlet has several specific aims with indirect impacts, which are outlined in the 
appended Logic Model and summarized here: 
 
1. Increase awareness among apple growers, extension agents, and interested general public 

about the diversity, biology and importance of native pollinators in apple production.  
 

2. Indirectly reduce risk of pesticides to non-target beneficial insects and improve resistance 
management, by encouraging IPM practitioners to consider the cost to native pollination 
services when applying pesticides. This way of thinking theoretically increases the threshold 
economic injury level and would reduce the likelihood of spraying.  
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3. Provide practical information to growers, IPM extension agents and pest management 
consultants about timing of native pollinator activity in orchards (diurnal and seasonal) and 
of relative bee toxicities of commonly used pesticides to reduce risk of pesticide exposure to 
native pollinators. Protecting native pollinators would benefit growers by reducing the need 
to pay for pollination services. In NY and PA alone, about 1000 growers and potentially 
66,000 acres could be affected (USDA NASS: www.nass.usda.gov). Crafting a flexible guide 
that could be tailored to other eastern states extends this potential reach. 

 
4. Inform growers of how to conserve and, even, enhance native pollinators in orchards in order 

to maximize pollination benefits. If this awareness leads to action, such as habitat creation, 
growers may increase free pollination services; dual benefits to wildlife are likely. At a large 
enough scale, collective action could, in the long term, support sustainable pollination 
services across the agri-landscape. 

 
5. Facilitate information sharing and collaboration between Cornell and Penn State University 

researchers, actively studying native pollinators of apple.  
 

Approach and Procedures 
 
1. Plan and Develop Guide (April – August 2011) 
 
Co-PDs and collaborator will have an initial meeting at Cornell University to plan and develop 
the publication, following NE IPM Guidelines for Center-Funded Communication Projects and 
stakeholder needs. An advisory committee of extension agents and growers from NY and PA 
will be invited to inform pamphlet content. The Cornell team will work closely with a graphic 
artist to create the pamphlet design and layout. Text will be written and tables will be developed 
by collaborator M. Park, Ph.D. candidate in the Department of Entomology, Cornell University. 
After the initial visit, Penn State University Co-PDs will provide input in all aspects of design 
and development via Polycom and email communications. They will also provide table 
information that is PA-specific. (See Logic Model: Inputs and Activities) 
 
Collaborator M. Park will invite eastern states outside NY and PA to provide state-specific tables 
and arrange printing and dissemination. 
 
The proposed pamphlet will provide basic identification and life history information about key 
native apple pollinators, their nesting and floral resource needs, and bee toxicity rankings of 
commonly used pesticides. Concrete steps to protect and enhance native pollinators on and 
around orchards will be detailed. The main components of the pamphlet will be as follows: 
 

1. Introduction to the benefits of native bees as pollinators. 
2. Photo guide to key native pollinators, which will include life history information (nesting, 

sociality, size, floral hosts). 
3. Phenology tables of pollinator flight times and important alternative forage relative to 

apple phenology. Photos of flowers for key forage will be provided to complement table. 
4. Synthetic table ranking commonly used pesticides in apple orchards, including fungicides 

and herbicides, according to bee toxicity. 
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5. How to conserve native pollinators: management recommendations to protect native 
pollinators from pesticide exposure and enhance their habitat and forage. 

6. Protocol for growers to monitor native bee abundance pre- and post actions, based on the 
“Pennsylvania Native Bee Survey: citizen science pollinator monitoring program” 
(Donovall and vanEngelsdorp 2008). 

7. Links to other native pollinator resources and NRCS cost-share programs. 
 

2. Test prototype (September 2011) 
To ensure an effective guide is produced, Cornell and Penn State University Co-PDs will invite 
the advisory committee, composed of extension agents and apple growers, to assess and 
comment on a prototype pamphlet. 
 
3. Produce and distribute pamphlet (October 2011 -- March 2012) 
Cornell Co-PDs will oversee pamphlet printing in Ithaca, NY. Co-PD A. Agnello will oversee 
distribution of pamphlets to NY county extension agents (see M. Fargione support letter), 
growers and pest management consultants at fruit meetings, IPM workshops and individuals via 
mailings or one-on-one consultation. Several presentations summarizing the pamphlet 
information will be given at grower meetings and invited workshops by M. Park. A 
downloadable pdf of the pamphlet will be made available through various websites, including 
those managed by A. Agnello (Scaffolds Fruit Journal; www.nysaes.cornell.edu/ent/scaffolds) 
and B. Danforth (Danforth Lab; www.danforthlab.entomology.cornell.edu). These web links will 
be publicized through grower newsletters and informal trade magazines. Xerces Society will also 
be contacted to post the pamphlet on their online Pollinator Conservation Resource Center for 
access by the general public. Penn State University Co-PDs will be in charge of distributing 
pamphlets in a similar manner in PA. Pamphlets tailored to other states will be mailed by Cornell 
team. (See Logic Model: Audience and Activities) 
 
Evaluation Plan 
 
Project success will be evaluated in several ways (see Logic Model: Short Term evaluation 
measures): 
 
1. Success will partly be determined by the production of roughly 3000 pamphlets, vetted by a 

stakeholder advisory committee, and widely distributed within NY and PA. Engaging states 
outside of NY and PA to use the guide would be an excellent outcome but not necessary for 
its success. Online distribution will also be measured by tallying hits to webpage highlighting 
downloadable pamphlet. 

 
2. In 2009, a base line, state-wide survey of NY apple grower knowledge, attitudes, satisfaction 

and aspirations (KASA) regarding native pollinators was supervised by Co-PD B. Danforth 
and conducted by USDA National Agricultural Statistics Service (Park et al. 2010b). 
Comparing the baseline KASA to new levels of grower KASA after pamphlet distribution 
provides a unique opportunity to evaluate the effectiveness of the pamphlet among the 
population of apple growers in NY (Bennet and Rockwell 1995).  If funded, a follow-up, 
mail and phone survey will be conducted for NY to provide post-pamphlet measures of 
grower KASA.  Unfortunately, no such baseline exists for PA. 
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3. On a finer scale, pre- and post-test evaluations of knowledge change will be administered at 

major grower meetings in NY and PA where pamphlets will be distributed and presented. 
Such evaluations may also be administered through the web and email. 

 
Logic Model 
 
See Appendix for Logic Model, describing inputs, target audience and activities, as well as 
anticipated project impacts: short, intermediate and long term. These elements are summarized 
above in the project narrative. 
 
Cooperation, Institutional Units, and Key Personnel Involved 
 
PD J. Losey, at Cornell University, will manage project funds, ensure progress is met within the 
year timeline, communicate with PA Co-PDs and report to funding agency. Co-PDs B. Danforth 
(Cornell U.), D. Biddinger (Penn State) and E. Rajotte (Penn State) will supervise pamphlet 
content on native pollinator biology, habitat needs and monitoring protocol based on their 
research. Edwin Rajotte and A. Agnello (Cornell U.) are IPM extension experts and will produce 
guidelines that minimize pesticide exposure to native pollinators, as well as supervise the 
production of a toxicity table for commonly used pesticides. They will also oversee creation of 
questionnaires for project evaluation. Collaborator, M. Park (Cornell U.) will be responsible for 
writing pamphlet content, synthesizing data needed for tables, and coordinating development of 
pamphlet with photographer and designer. She will also engage other states to use the guide. 
Bryan Danforth, A. Agnello, D. Biddinger will provide links to a pdf version of the pamphlet on 
their respective websites. Distribution in NY will be the responsibility of A. Agnello, with 
assistance from M. Park and county agents while distribution in PA will be the responsibility of 
D. Biddinger and E. Rajotte. 
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