
What’s killing  
the honey bees?



What products or jobs  
do honey bees provide?



Honey bees are 
known for their honey. 



Bees are important to our food supply in other ways
75% of flowering plants and 35% of food crops rely on pollinators.



Beekeepers travel around the US  
with their hives
Almond pollination brings 2,000,000  
hives to California where 80% of the  
world’s almonds are grown each year.



Bee colonies  
in the orchard

Almond bloom



What threatens  
honey bee colonies?



There is a problem: annual colony loss



Global honey bee (and pollinator) crisis
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The parasitic mite Varroa destructor Anderson & Trueman, was first 

reported in Canada in 1989 (McElheran, 1990), but slowly spread to 

most beekeeping regions in the country by 2002.  Limited migratory 

movement of colonies between provinces and beekeeping regions and 

effective control of mites through the use of two registered products, 

fluvalinate (Apistan®) and formic acid, mitigated the spread and impact 

of V. destructor in Canada during this period. 

Resistance of V. destructor to fluvalinate was first confirmed 

through laboratory testing by Provincial Apiarists in Canada in 2001, 

but was not present in all provinces (Fig. 1).  Prior to the development 

of fluvalinate resistance, coumaphos was not registered for use in 

Canada. Emergency use permits to allow applications of coumaphos 

(CheckMite+®) were permitted only after resistance to Apistan® was 

documented within a region. Resistance of V. destructor to coumaphos 

was first noted in an isolated region of Ontario in 2002, but has since 

become more widespread, and is now present in most provinces (Fig. 1). 

Since the development of acaricide resistance to fluvalinate in 

Canada, colony winter losses within each province have been recorded 

annually by the Canadian Association of Professional Apiculturists 

(CAPA).  Surveys began after the winter of 2002-3 (Fig.1).  Beekeeper 

statistics on colony losses were collected through telephone and / or 

written surveys conducted by Provincial Apiarists to establish an  

estimate for their respective province.    

Colony winter mortality varied considerably in different regions of 

the country over the study, and was highly variable within regions, 

with some areas within provinces experiencing losses substantially 

higher than the provincial average. Winter losses were slightly higher 

than “normal” (5 to 15%) (reviewed by Furgala and McCutcheon, 

1992) during the winter of 2002-3, but returned to near “normal” 

levels in most regions by 2006.  In the winter of 2006-7, however, 

winter mortality increased dramatically with 231,034 colonies dying 

over the winter (36% winter and early spring mortality), and colony 

mortality was similar in the winters of 2007-9 when 203,597-208,142  

colonies (34 -35%) died. Winter mortality rates we found were very 

similar to the overall losses reported in the United States in each of 

those two years (32%  and 36%, respectively) that have been  

associated in part with the symptoms of Colony Collapse Disorder 

(CCD) (vanEngelsdorp et al., 2008).  Despite similar rates of  

mortality in our study in Canada and that in the U.S., the collection of 

symptoms characteristic of CCD in the U.S. have not typically been 

associated with these colony losses in Canada.  The main causes of 

mortality identified by professional apiculturists in each region were 

high levels of V. destructor associated with treatment failure caused by 

acaricide resistance (Fig. 1), unusual fall and winter weather that 

affected mite and bee population growth patterns, timing of treat-

ments, forage for bee populations or fall feeding of colonies in prepara-

tion for winter and / or in the spring build-up period, and in some 

cases presence of Nosema spp. may have been a contributing factor. 

These factors may have acted alone or in combination with each 

other depending upon the individual region and / or apiary sampled. 

Despite relatively large fluctuations in winter survival rates, the 

overall number of colonies wintered in Canada (and within each region; 

Fig. 1) has remained fairly stable between 575,705 to 639,119 hives 

from 2003 to 2009. This is due to the fact that, even though high 

losses have occurred, beekeepers were able to recover from losses 

through the purchase of replacement colonies and by making splits of 

existing colonies.    

Other pathogens linked to CCD, Israeli acute paralysis virus (IAPV) 

and Nosema ceranae, have been identified from Canada. IAPV has 

been detected in several Provinces (BC, MB, ON, QC) and is probably 

widely distributed throughout Canada, although extensive surveys for 

this disease have not been carried out.  Detections of N. ceranae were 

first made from samples collected in 2006 and 2007 from the Canadian 

Maritime Provinces (Williams et al., 2008), but the oldest sample from  

which this parasite has been identified was one originally collected in 

1994 from Northern Alberta (Pernal, unpublished data).  Finding  
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Summary 
Growing evidence indicates that European managed honey bees are in decline, but information for Europe remains patchy and localized. Here we compile data from 18 European countries to assess trends in the number of honey bee colonies and beekeepers between 1965 and 2005. We found consistent declines in colony numbers in central European countries and some increases in Mediterranean countries. Beekeeper numbers have declined in all of the European countries examined. Our data support the view that honey bees are in decline at least in some regions, which is probably closely linked to the decreasing number of beekeepers. Our data on colony numbers and beekeepers must, however, be interpreted with caution due to different approaches and socioeconomic factors in the various countries, thereby limiting their comparability. We therefore make specific recommendations for standardized methodologies to be adopted at the national and global level to assist in the future monitoring of honey bees. 

 

 

Pérdidas de abejas manejadas y apicultores en Europa 
Resumen  
Cada vez hay más pruebas que indican que las abejas europeas manejadas están en declive, pero la información para Europa sigue desigual y localizada. Aquí compilamos datos a partir de 18 países europeos para evaluar las tendencias respecto al número de colonias de la abeja de la miel y de apicultores entre 1965 y 2005. Encontramos constantes disminuciones en cuanto al número de colonias en países centroeuropeos y algún aumento en países mediterráneos. El número de apicultores ha disminuido en todos los países europeos examinados. Nuestros datos apoyan la visión de que las abejas de la miel están disminuyendo por lo menos en algunas regiones, lo que está probablemente ligado a la disminución de apicultores. Nuestros datos sobre el número de colonias y de apicultores deben, sin embargo, ser interpretados con precaución debido a diversos enfoques y a los factores socioeconómicos en los diversos países, limitando por tanto su comparación. Por lo tanto hacemos recomendaciones específicas para que sean adoptadas metodologías estandardizadas al nivel nacional y global para ayudar en la futura supervisión de las abejas de la miel.  
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On February 22, 2007, many Americans woke up to 

media reports that something was awry with their 

honey bees. A signifi cant proportion of American 

beekeepers were complaining of unusually high rates of 

colony loss as their bees broke from their overwintering 

clusters. Loss of some colonies (say 10%) in early spring is 

normal and occurs every year. In 2007, however, losses were 

particularly heavy and widespread—beekeepers in 22 states 

(including Hawaii) reported the problem. Some beekeepers 

lost nearly all of their colonies. And the problem is not just in 

the United States. Many European beekeepers complain of 

the same problem. Moreover, beekeepers and researchers do 

not understand the specifi c causes of the losses.

Is There a Real Problem?

Were the losses in 2007 within the normal range, or is 

there something new afoot in the bee industry? If there is 

something new, what is it? Is it indicative of a general toxic 

overload of agricultural ecosystems, or a problem confi ned 

to the bee industry? Should beekeepers be worried? Should 

we be worried? The US House Agriculture Committee is 

suffi ciently worried to be holding hearings into the matter, as 

well they might. Honey bees are essential pollinators: in 2000, 

the value of American crops pollinated by bees was estimated 

to be $14.6 billion [1].

Here, I try to get to the bottom of the unsolved mystery of 

colony collapse disorder (CCD)—the offi cial description of a 

syndrome in which many bee colonies died in the winter and 

spring of 2006–2007.

What is CCD?

The syndrome is mysterious in that the main symptom is 

simply a low number of adult bees in the hive. (This is a bit 

like going to a previously well-populated hen house and 

fi nding hardly any hens.) There are no bodies, and although 

there are often many disease organisms present, no outward 

signs of disease, pests, or parasites exist. Often there is still 

food in the hive, and immature bees (brood) are present. 

The cause of the loss of bees seems to be the sudden early 

death, in the fi eld, of large numbers of adult workers [2]. 

Curiously, the dead colonies tend to be left alone by the two 

cleptoparasites that normally infest dead honey bee colonies: 

the wax moth Gallaria mellonella and the small hive beetle 

Aethina tumida. Could this be due to some toxic residue in 

the dead colonies? Perhaps this was a contributing factor, 

but more likely the time of year meant that there were few 

cleptoparasites about—their abundance is seasonal.

Were the Losses Unusual?

Some winter losses are normal, and because the proportion 

of colonies dying varies enormously from year to year, it is 

diffi cult to say when a crisis is occurring and when losses are 

part of the normal continuum. What is clear is that about 

one year in ten, apiarists suffer unusually heavy colony losses. 

This has been going on for a long time. In Ireland, there 

was a “great mortality of bees” in 950, and again in 992 and 

1443 [3]. One of the most famous events was in the spring 

of 1906, when most beekeepers on the Isle of Wight (United 

Kingdom) lost all of their colonies [4]. American beekeepers 

also suffer heavy losses periodically. In 1903, in the Cache 

valley of Utah, 2000 colonies were lost to a mysterious 

“disappearing disease” following a “hard winter and cold 

spring” [5]. More recently, there was an incident in 1995 in 

which Pennsylvania beekeepers lost 53% of colonies [6].
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The syndrome is mysterious in that the 

main symptom is simply a low number 

of adult bees in the hive. . . There are 

no bodies, and although there are 

often many disease organisms present, 

no outward signs of disease, pests, or 

parasites exist.

Unsolved Mysteries discuss a topic of biological importance that is poorly 

understood and in need of research attention.

doi:10.1371/journal.pbio.0050168.g001

Figure 1. A Colony of Honey Bees Affected by CCD

Note the small number of adult workers relative to the large amount of 

brood. 
(Photo: Keith Delaplane)
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The causes  
are many!



Sometimes sick colonies 
have symptoms…



…and sometimes not.



Deformed Wing Virus
• Found globally
• RNA virus
• One of the few that  

produces symptoms
• High infections associated  

with colony loss
• Transmitted by a mite  

(Varroa destructor)



Deformed Wing Virus

Models
Electron microscope image

Genome (10,000 bps) positive-sense RNA genome (acts like mRNA)



(full genome)



The Ohio State 
University Extension
u.osu.edu/beelab



Activity 1: What virus is killing honey bee colonies?
A commercial beekeeping operation has lost 10% of their colonies after almond 
pollination. Word has spread that a new variant of a virus has been discovered and  
is transmitted by the parasitic mite, Varroa destructor. 
The beekeeper has asked the diagnostic lab to identify if the new  variant (type B)  
is in their operation as well as create a new test that will distinguish this new variant 
from the other variant (type A). 
To help your efforts, a researcher has isolated and sequenced a portion of the 
new variant found in the two dying colonies (Colony 299 and Colony 300) at the 
university. They have sent you the raw sequences for analysis and test development. 



Bioinformatics
• Brings together biology,  

computer science, and statistics.
• Used to acquire, store, analyze 

and share large quantities of 
biological data – mostly DNA, 
RNA, and amino acid sequences.

Stats
Comp. 
science

Bioinformatics

Biostatistics
Comp. 
biology

Data
science

Biology



Aims of this activity
Use the web-based program to:
• Transform raw sequencing files (ABI) into fasta sequences for further analysis
• Use BLAST, a basic bioinformatics tool, to search DNA databases 
• Align sequences from the database to your unknown sequence for identification
• From these alignments, develop new primers that will only detect (amplify) the 

variant that matches your sequence


