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Key Findings and Recommendations 
Colony Collapse Disorder (CCD) has accelerated loss of honey bee colonies beginning in 2006.  Beekeepers across the country have seen winter losses of 25 – 85%.  No one single common factor has been identified as the sole cause of CCD, though many factors such as varroa mites, viruses, bacteria, fungi, poor nutrition and pesticides are all suspected.    
An extensive field interview conducted among beekeepers and scientists, made possible by a Specialty Crop Block Grant through the California Department of Food and Agriculture (CDFA), has yielded the simple conclusion that beekeepers do not have the objective tools they need to determine if a hive is healthy or not.  Growers of pollinated crops have little truly objective information on bee supply and health as their pollination season approaches.  
Beekeepers and growers alike would benefit from a structured program for the objective assessment of honey bee colony health and strength for crop pollination purposes.  Field and laboratory assessments that analyze bees for disease and virus levels, pest levels and nutritional health indicators are being pursued.  These tests will insure California’s pollinated crops receive healthy hives.  In-field sampling for bee health diagnostics is both feasible and desired.  The critical elements that will insure a successful program of in-field sampling include: affordability, scientific validity, and timeliness of results such that beekeepers can implement control strategies.  

Project Apis m. (PAm) has been instrumental in sourcing and funding laboratories and institutions to assist in honey bee evaluations.  In Year 2 of the CDFA Specialty Crop Block Grant, PAm will develop and publish more extensive sampling and evaluation protocols and include more research laboratories and options.  
Definition of the Service
This study reports on a new and developing program for in-field evaluation of honey bee health and nutrition status and exposure to environmental stressors for commercially-managed honey bees used in the pollination of California specialty crops.  Methods underway to assess honey bee colony health and strength for crop pollination purposes will be described.  

Background

One-third of our nation’s food supply depends on bees for pollination, yet there exists little in the way of objective methods to assess their health and strength for pollination.  Nationwide, $16 B in agricultural crops require pollination.  California utilizes three-quarters of the nation’s honey bee hives to pollinate over $6 B in CA crops.  As demand for bees increase, available colonies have been declining due to varroa mites, loss of natural forage, Colony Collapse Disorder (CCD), and many other factors.  In the past 10 years, available commercial hives have decreased by 1 million colonies.  Yet, California almonds require 1.2 M colonies to pollinate their crop.  Hence, hive rental costs for almond growers have escalated rapidly from $35/colony a few years ago to projected pricing for the 2009 pollination season to be nearly $185/colony.   
Even at the current high price for colony rental, growers may have little idea as to the health and strength of the colonies they are renting.  The main method currently in place to evaluate colony strength is frame counts, or the number of frames in a colony that are 75% covered with bees (front and back). 
CCD has brought to the forefront a sense of urgency regarding the health status of available honey bee colonies for pollination.  Beekeepers, some who thought they had several thousand colonies ready for almond pollination, have found themselves with nothing but empty boxes for growers and thus no pollination income.  These losses have come at great expense – often after feeding hives in the fall, applying products for pest and disease control and transporting them across country.  According to Apiary Inspectors of America surveys, nationwide colony losses for 2007 were 31% and 36-37% for 2008.  Symptoms of CCD include rapid loss of adult worker bees and no dead bees present in the hive.   A queen is usually present, brood can be seen, but the bees present appear to be young and in insufficient quantity to cover the brood.  Whereas the symptoms of CCD are quite clear, according to the most recent information from members of the CCD Working Team, the cause of CCD is more elusive.  Dr. Jeffrey Pettis, USDA-ARS Beltsville’s working hypothesis for the cause of CCD suggests that there is a primary stress on bees such as a pathogen, pest, or stress due to transportation, nutrition or management that weakens the hive thus compromising the immune system such that the colony becomes very susceptible to a secondary pathogen such as a virus, Nosema or fungi. 
Though we have no definitive cause for CCD at this time, progress has been made in understanding pest, disease and nutrition factors that likely lead to colony losses.  Project Apis m. (PAm), through the assistance of a California Department of Food and Agriculture (CDFA) Specialty Crop Block Grant has facilitated the development of diagnostics available to beekeepers for pest, disease, nutrition and pesticide evaluations.  When beekeepers and growers can objectively evaluate bee health, they can then make appropriate management adjustments thus ensuring adequate healthy hives for spring pollination.  
These findings are a result of an extensive field interview process conducted among beekeepers, growers and scientists from October, 2007 to September, 2008.  This feasibility study focuses on the technical feasibility of a program for in-field sampling of honey bees for health rather than the economic feasibility of such a service.  This study is being conducted with its results geared ultimately for the benefit of bees and beekeepers, to bring greater objectivity into the science and husbandry of beekeeping management while assisting in justifying and setting rental fees.  In addition to beekeepers, this study will also benefit:  1) growers of pollinated crops by providing a more solid basis for pollination service expenditures, 2) lenders who increasingly are requiring colony strength assessment prior to providing financing, 3) leaders of national bee and crop organizations as they seek to strategically improve their industries in sustainable practices, 4) laboratories looking to expand the services they provide will find the information helpful in developing a business plan based upon their own financial situation and desired return on investment, and 5) academic research institutions, now needing to rely more on stakeholder funding in the absence of, or to match, state or federal funding, will recognize opportunities to expand their research influence and possibly develop additional funding mechanisms.    
Methods for Evaluating Bee Health 
It is both recommended and feasible for beekeepers to begin adding more objective assessments of their bees in their management practices.  
Current methods for evaluating bee health.  Beekeeper and scientist interviews conducted in the last 12 months have identified the most common indicators used in colony evaluation.  Some say that with the onset of CCD, there is concern over simply two conditions – are their bees dead or alive.   Beyond whether the colonies are simply dead or alive, the main method currently in place to evaluate colony strength is frame counts.  As mentioned above, the usual definition of frame count refers to the number of frames in a colony that are 75% covered with bees (on both sides of frame).  The contracting beekeeper reports to the grower, or the grower requests, certain sized colonies, i.e., 8-frame colonies (8 frames covered 75% with bees).  On occasion, an independent third party will evaluate the bees for number of frames.  Independent third party evaluation of hive strength is limited by the number of available inspectors, the short time frame leading up to the mid- February to mid- March bloom in almonds and the huge number of hives that should be evaluated.  Accuracy of frame counts is also limited by bee flight.  Prime time to open and inspect hives is also prime flight time for bees to be away foraging.  Thus there are other problems inherent in the determination of frame counts.  Some inspectors use 67% coverage rather than 75% coverage as a full-frame count.  Some inspectors adjust for temperature and the number of workers who may be foraging out in the field, while others do not.   

In addition to frame counts, the majority of beekeepers, however, include in their evaluations frame counts as discussed above, presence of brood (queen-right), brood area (quality of queen), and honey and pollen stores for evaluating colony strength.  For assessment of health, varroa mites are identified visually by looking for adult mites on bees, mites in capped cells (especially drone cells) or by mite counts (i.e., on sticky boards, screened bottom boards or by using ether or powdered sugar rolls).  American Foulbrood is most commonly identified by smell.  Chalkbrood is found in cells containing dead, whitish, chalk-like larvae.  Nosema is identified generally by signs of dysentery and more recently by spore counts.  Some beekeepers assess hive weight.
When asked how they evaluate the condition of their hives, beekeepers often site important but more subjective clues and characteristics including:  1) the smell of the hive, 2) the activity or “nervousness” of the hive, 3) how well the hive clusters, 4) the sound of the hive, 5) the laying pattern of the queen, and 6) the gloss of the bee.
For an agricultural input as significant as the honey bee, there is little used in the way of objective diagnostics.  Sight, smell and sometimes sound are the main evaluation tools.  

Proposed program for evaluating bee health.  Interviews conducted with beekeepers have illuminated two possible mechanisms for improved honey bee evaluations.  One method would be to develop, encourage and train Pest Control Advisors (PCAs) for the pollination industry.  These individuals would be similar to PCAs used as consultants in pest and disease control in orchard crops.  A second method for increasing knowledge and objectivity on the status of colonies would be for beekeepers (or pollination PCAs) to have access to a variety of diagnostic laboratories where they can send bee samples that have been collected in-field.  

Pollination PCAs.  Individuals who have worked as state apiarists, with county agricultural commissioners or retired university or extension personnel and are looking for part-time or seasonal income would be well-suited to perform objective assessment of honey bee colonies.   Pollination PCAs could act as objective third party inspectors to assess bee health and colony strength and could recommend prophylactic and control measures. They could readily perform on-site tests such as standardized frame counts and mite counts.  Where needed, Pollination PCAs can certify colonies to be free of Red Important Fire Ant and Small Hive Beetle in preparation for interstate transport.  Perhaps they could make site visits with a mobile lab.  Under an over-arching organization such as the Apiary Inspectors of America (www.apiaryinspectors.org) or the American Association of Professional Apiculturists (http://entomology.ucdavis.edu/aapa/index.cfm), efforts could be made to certify individuals and standardize evaluations.  Continuing education credits could be offered as new technologies are developed.  The critical elements of a Pollination PCA service would be affordability, dependability, high quality service and timeliness.  Two limitations to the pollination PCA model include: 1) beekeepers unwillingness to expose their (sometime frequent) use of off-label chemicals to a third party, and 2) the required new infrastructure necessary for training, certification and continuing education in the development of the individuals and the program for pollination PCAs. 

In-field sample collection and analysis by diagnostic centers.  The efforts of PAm, with the help of the CDFA Specialty Crop Block Grant, have begun to concentrate on sourcing laboratories to perform analytical evaluations on honey bee samples.  This has emerged as the best course of action to improve our knowledge of colony health because many of these institutions and their staff already exist.  With funding, support, and exposure to the beekeeping community, these labs can provide a much-needed service to the pollination business.  The scientific robustness of the diagnostic services can be better insured when working with established research institutions as opposed to individual PCAs.  
In-Field Honey Bee Diagnostics
PAm, with assistance from the CDFA grant, is leading the way in discovering, funding and promoting new methods for bee diagnostics.  In another twelve months, PAm’s website (www.ProjectApism.org) will have a fully developed Bee Diagnostics section that will help the beekeeper locate either by pest or issue, laboratories where samples can be submitted for testing for various types of diseases and pests, assessment of nutrition status or pesticide exposure.  Also proposed is a suggested sampling schedule by season and time of year. 
Proposed Evaluations.  PAm is sourcing laboratories that have the capability to test bee samples for a wide variety of pests, diseases and other factors important to bee health.  Ideally these labs could provide one or more analyses for the following pests - varroa mites and tracheal mites; for diseases, including  American Foulbrood (AFB), European Foulbrood (EFB) and chalkbrood;  for the fungal pathogen, Nosema; for a wide variety of existing and new viruses, including Israeli Acute Paralysis Virus (IAPV), Kashmir Bee Virus (KBV) and Sacbrood Virus (SBV); for nutrition status - protein, lipids, vitellogenin (a storage lipoprotein); and for environmental stressors such as pesticide exposure.  
Recent advances in detection of AFB include the Vita® AFB Diagnostic Kit that is based on lateral flow Enzyme-Linked ImmunoSorbent Assay (ELISA) technology.  This product is not widely used at this time.  
Scientists are just now refining techniques for sampling and differentiating between Nosema apis and Nosema ceranae.  N. apis was thought to be the most prevalent type of Nosema and the Nosema beekeepers targeted for treatment.   N. ceranae is now thought to be implicated in colony losses.  N. ceranae spore proliferation and treatment vary from N. apis.  Laboratories are beginning to offer N. apis/N. ceranae diagnosis, and being able to differentiate between the two species of Nosema.  

Great strides have been made in the last few months in the virus detection arena.  PAm has assisted in placing an Integrated Virus Detection System (IVDS) at BVS, Inc., in Missoula, MT.  The IVDS, originally built for the military and now representing cross-over technology for assessment of bee health, can rapidly screen for known and unknown viruses.   

Most recently, PAm is funding a molecular biology program at University of California, San Francisco, to develop a DNA microarray technique, a Virochip, which would screen bee samples for all known pathogens and diseases.  This genomics-based technique is desperately needed to better understand both healthy and collapsing colonies. So little is known not only about colonies losses due to CCD, but little is also known about background pathogen levels in healthy colonies.  Once developed, UCSF will readily make this technology available for commercialization.  
Quick diagnostic tests for honey bee nutrition status lag behind in development compared to other forms of diagnostic testing.  Bees vary in their protein and lipid stores during the course of the year, and individual bees vary in their vitellogenin levels depending on their age and role in the hive.  Vitellogenin is important to nurse bees and its prevalence is related to the division of labor between nurse bees and worker bees.  Proper nutrition is important to the health status of bees and their ability to resist pest, disease and other stressors.  Nutrition also affects bee longevity.  Because CCD symptoms include lack of adult bees, poor nutrition is thought to be a factor.  To date, testing bees for protein, lipid and vitellogenin levels are not a common practice.  Proposed diagnostic assessments will include quick tests for nutrition status.

PAm is assisting in making available a centralized cost-sharing pesticide screening program at Pennsylvania State University (PSU).   Beekeepers are now able to send samples from their colonies and apiaries, including that of wax, pollen or brood to PSU for a full screen of 171 pesticides at or near the ppb level.  Due to contributions from PAm and the Foundation for the Preservation of Honey Bees, beekeepers pay just half the total cost of the analyses. 
Finally, a national honey bee data collection and health surveillance site is being proposed under the direction of PSU.  This centralized database, called “BeePIPE” will serve as a national repository for all information pertaining to honey bee health by centralizing all bee pest and disease surveys and collected data.  PAm fully supports this effort and will seek to build support for BeePIPE.  
Current laboratories sourced and their technological capabilities.  To date, a few laboratories have been sourced that avail themselves to analyses for various aspects of bee health.  In the coming months the focus will be on locating additional laboratories and capabilities and supporting their efforts where needed.  The laboratories currently available for receipt of in-field sampling and the evaluations they can perform include:   
1) Bee Alert Technology, Inc., Missoula, MT

http://beealert.blackfoot.net/
Viruses, Nosema, aflatoxins, hydroxymethylfurfural (HMF), pollutants
2) BVS, Inc., Missoula, MT

http://www.bvs-inc.us/
Screening and detection of viruses

3) Apis Molecular Systematics Laboratory

Washington State University, Pullman, WA

http://apis.wsu.edu/
Mites and Nosema

4) Pennsylvania State University, University Park, PA

http://www.ento.psu.edu/HoneyBeeResearch.html
Cost-share program for pesticide screening

5) USDA-ARS, Tucson, AZ

Carl Hayden Bee Research Laboratory

http://www.ars.usda.gov/main/site_main.htm?modecode=53420300
High Fructose Corn Syrup (HFCS) contaminants and HMF

Additional laboratories are being sourced for their expertise or to develop new technologies.  These labs include:

1) DeRisi Lab, UCSF, San Francisco, CA

http://derisilab.ucsf.edu/
Developing the Virochip, a DNA microarray chip for rapid screening of all bee pathogens, viruses, bacteria and fungi

2) S.A.F.E. Research & Development, LLC, Tucson, AZ

Initial stages underway to develop a vitellogenin test kit

3) Connecticut Agricultural Experiment Station, New Haven, CT

http://www.ct.gov/caes/
Analysis of pesticides in foraging sources: pollen and nectar

4) Wildwood Labs, Inc., Nova Scotia, Canada

http://www.wildwoodlabs.com/
Honey bee health monitoring and diagnosis
Why developing diagnostic services are needed.  Diagnostic services will give the pollination industry a much better idea as to the health and status of honey bee colony health.  Beekeepers will learn what is needed to treat or protect their hives.  Growers of pollinated crops will have a better idea as to the strength and status of the hives they are renting.  
Positive aspects of the service.  The science and knowledge base for colony health nationwide will be expanded.  Through building the database of colonies sampled and the sharing of results, scientists can follow trends and understand pest and disease outbreaks.  Use of well-established laboratories and reputable scientists will lend validity to the data collected.  Furthermore, established laboratories have the personnel and equipment in place to conduct tests.  In terms of the business model for in-field sampling, labs can focus on tests where they have developed expertise and can derive an additional source of revenue for their specialties.  From a practical standpoint, it is fairly easy to collect bees and preserve them for transport (frozen or in alcohol, depending on the test).  
Challenges for laboratories to overcome.  There will be several challenges to overcome as laboratories gear up for greater diagnostic capabilities and beekeepers begin to use the service.  The business model for laboratories should address the following challenges:   

1) Turn-around time for results must be timely so that beekeepers have time to mitigate any negative results,

2) Laboratory work-load will be cyclical depending on time of year, thus staffing might need to be variable, 
3) Fees-for-services must be reasonable so as not to contribute significantly to beekeeper management overhead, and 

4) Linking services with other laboratories should be considered so the beekeeper need not ship samples to multiple labs.  Because different labs have different expertise, labs should consider linking their services.  
5) Sampling, storage and shipping procedures will have to be carefully followed because improper procedures will affect validity of results.  
Promotion and marketing of in-field sampling services.   PAm will concentrate on promoting in-field sampling and laboratory diagnostics by dedicating a portion of its website to describing the types of analyses available, providing links to the sampling protocols, and to easily accessing the laboratories.  PAm’s newsletter will promote the diagnostic services.  PAm representatives are asked to present at many of the state, regional and national beekeeping organization meetings, as well as grower meetings, and will promote in-field sampling for evaluation of bee health by discussing the various labs, how to reach them, and what they offer.  PAm has ready access to print media for beekeepers.  PAm will write articles for the two national bee journals, plus arrange for placement in other newsletters and e-newsletters, including Dr. Eric Mussen’s UC Apiaries, Kim Flottum’s Catch the Buzz and thedailygreen.com, Joe Traynor’s Scientific Ag Newsletter, the Almond Board’s newsletter and Blue Diamond’s Almond Facts.  PAm’s expertise lies in the interface between developments in the research arena and facilitating the transfer of knowledge to the field.  
Future efforts. The first year of PAm’s efforts in surveying beekeeper needs, concerns, and challenges has yielded specific needs for in-field sampling and evaluation of honey bee colonies.  Several laboratories have been identified that can begin to meet those needs.  Further work in this area will be accomplished in the coming months with PAm publishing more extensive sampling and evaluation protocols with available diagnostics that will include more research laboratories and options.  Pest, disease and virus detection as well as nutritional health indicators will be more extensively pursued.  These tests will insure California’s pollinated crops receive healthy hives.  
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