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ABSTRACT  
 

The Ontario government began a multi-year monitoring project in 2015 to create an inventory of honey 

bee pests and pathogens found in Ontario apiaries as well as to assess the prevalence and load (levels or 

intensity) of pathogens at various times during the beekeeping season. The data presented in this report 

covers the 2019 beekeeping season and represents the fifth and final year of data acquired through the 

apiary monitoring project. 

The present study tested for five honey bee viruses and one species of Nosema, all of which were 

detected. The prevalence of varroa and tracheal mites, small hive beetle and brood diseases was low 

among tested honey bees. 

INTRODUCTION 
 

Honey bees (Apis mellifera) are an important part of agriculture. In addition to producing honey, 

managed honey bees are responsible for pollinating approximately 80% of all agricultural crops 

requiring insect pollination and are the most economically valuable pollinators world-wide. Managed 

honey bees pollinate a broad range of Ontario crops including apples, apricots, asparagus, blueberries, 

squash, and canola. The value of the honey produced in Canada in 2019 was estimated at $182 million, 

to which Ontario contributed approximately $29 million (Agriculture and Agri-Food Canada, 2019). 

Despite the important contribution that honey bees add to both the economy and the environment, 

reports from around the world continue to suggest global declines in populations of both managed 

honey bees and wild pollinators. It has been proposed that a number of interacting stressors are 

contributing to declining populations of bees, including disease and pests, exposure to pesticides, 

reduced habitat and climate change (Pindar et al., 2017).    

The Ontario beekeeping industry closely observes the mortality of honey bee colonies during the 

overwintering period (December through to May). The beekeeping industry and specialists in Canada 

consider 15% overwinter mortality to be sustainable (Furgala and McCutcheon, 1992; CAPA, 2007 to 

2018). Since 2007, overwintering losses in Ontario have ranged from a low of 12% in 2012 to an all-time 

high of 58% in 2014. Ontario beekeepers reported an overwinter mortality of 46% in 2018 and 23% in 

2019.   

Ontario beekeepers began reporting honey bee mortality incidents during the active beekeeping season 

(spring to fall) in 2012 to Health Canada’s Pest Management Regulatory Agency (PMRA). Following these 

reports, the PMRA initiated a program to investigate the potential causes of the incidents reported. In-

season bee mortality incidents continued to be reported in 2013 and the number of reports remained 

high. Based on the PMRA’s findings, mandatory measures to reduce exposure to pesticide-containing 

dust during planting of neonicotinoid-treated seed were put in place prior to the 2014 planting season. 

Following the implementation of these measures, the number of incidents reported to the PMRA during 

https://data.ontario.ca/dataset/honey-bee-pests-and-pathogens-in-ontario-apiaries
https://data.ontario.ca/dataset/honey-bee-pests-and-pathogens-in-ontario-apiaries
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the planting periods in 2014, 2015 and 2016 decreased significantly as compared to 2013 (Health 

Canada, 2017). Suspected incidents which took place in 2017 and beyond are reported to the Ontario 

Ministry of Agriculture, Food and Rural Affairs (OMAFRA). 

The strategy for improving honey bee health in Ontario requires a comprehensive approach. This 

strategy must address honey bee stressors, support the continued implementation of integrated pest 

management practices by beekeepers and crop growers, increase pollinator-friendly forage areas and 

pursue additional research on honey bee health.  

To better comprehend some of the stressors impacting pollinator health in Ontario, the government 

committed to collecting data from several government monitoring and surveillance programs to use as a 

benchmark for the current state of managed honey bee health, wild pollinator abundance and diversity, 

and pesticide residues in the environment. Datasets maintained by the Ontario government can be 

searched for on Ontario’s Data Catalogue.  

In support of this action, OMAFRA initiated an apiary monitoring project in 2015 to better understand 

the prevalence and load of honey bee pests and pathogens across the province. Monitoring activities 

involved ministry apiary inspectors observing colonies and collecting samples throughout the active 

beekeeping season (spring to fall). The changes to study design that were introduced to the 2017 apiary 

monitoring study were carried through to the 2019 study. Refer to the Appendix in the 2017 report to 

see the list of changes to the study design.   

METHODS 
 
3.1 Apiary Site and Colony Selection 
 
Thirty-two registered bee yards across Ontario were selected for monitoring under this project. First, 

yards were selected from a randomized list of registered beekeepers that operated a minimum of 40 

colonies in total and were then added to the project if the beekeeper agreed to participate. Participation 

in the monitoring project was voluntary on the part of the beekeeper. Eligible yards were required to 

have a minimum of eight colonies in each of the selected yards in the spring of 2019. Beekeeping 

operations that provided mobile pollination services were excluded from the monitoring project and 

only stationary yards (colonies present at the same site the entire season) were selected for study as the 

colonies needed to be accessible for three apiary inspections from spring to fall. Using these criteria, bee 

yards were randomly selected across five defined beekeeping regions in Ontario (Figure 1). These 

regions are defined by geography, climate and weather patterns. Yards were selected in each region 

proportionate to the number of beekeepers in the region. As the majority of registered beekeepers 

maintain colonies in the central and south beekeeping regions, these regions had a greater number of 

bee yards enrolled in the monitoring project (Table 1). 

https://data.ontario.ca/
https://data.ontario.ca/dataset/77531572-6a9a-40b4-b4f2-02f89993f5bb/resource/6df38717-62c7-4a04-9f7b-060011f13b9a/download/apiary_monitoring_summary_report_2017_1001_kb.pdf
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Figure 1. Beekeeping regions in Ontario 

Table 1. Number of bee yards per Ontario beekeeping region selected for the 2019 monitoring project 

Beekeeping Region  
Number of Bee Yards 

Selected for Monitoring 

Central 10 

East 6 

North 2 

South 9 

Southwest 5 

 

All colonies in each of the 32 monitoring yards were numbered sequentially. Six colonies were randomly 

selected from each of the 32 monitoring yards for inclusion in the monitoring project. All six selected 

colonies were evaluated by ministry apiary inspectors and were classified as either “populous” (of 

sufficient population to likely survive the season) or “compromised” (low population and unlikely to 

survive the season). Only populous colonies were included in the monitoring project; if necessary, 

random selection continued until six populous colonies were obtained.     

Typical management practices for these colonies were permitted and the beekeepers were able to 

extract honey and treat for pest and disease when necessary. However, the monitoring project required 

the beekeepers to keep the colonies at the selected yards for the entire season. Colonies could not be 
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requeened (replacement of honey bee queen) unless they became queenless (lacking a honey bee 

queen) and the colonies could not be split (divided in two). Colonies could still be equalized in the bee 

yard (including the six monitoring colonies) and up to three frames of brood and bees, at one visit, could 

be added or removed from a colony as needed. 

3.2 Apiary Inspection and Live Bee Collection  

 

Ministry apiary inspectors visited the selected bee yards three times throughout the active beekeeping 

season to inspect the six selected colonies. The first apiary inspection of the season was to occur as early 

as possible in the spring when ambient temperatures were ≥ 15°C. The second apiary inspection was 

scheduled during the summer months when colony populations were near their peak. The third 

inspection was scheduled in the fall when colonies were near the end of the active season. Due to the 

geographical distribution of the monitoring yards and the seasonal temperatures experienced in the 

different areas, the timing of spring thaw varied by region. This resulted in each inspection period 

spanning 33 or more days. Inspection 1 occurred between June 6 and July 9, inspection 2 occurred 

between July 11 and August 30 and inspection 3 occurred between September 1 and October 26 (Table 

2). In this year of the Enhanced Monitoring Project, period one inspections and sampling were delayed 

due to some logistical issues experienced. This resulted in later spring sampling, greater overlap 

between sampling periods and later sampling into fall.   

Table 2. The range of dates corresponding to apiary inspections one through three in 2019 

Apiary Inspection 
(Collection Period) 

Date Range of Inspections in 2019 

1  June 6 – July 9 

2  July 11 – August 30 

3 September 1 – October 26 

 

At each apiary inspection, ministry inspectors recorded observations for the presence or absence of a 

honey bee queen and checked for clinical signs of disease such as American foulbrood, European 

foulbrood and chalkbrood. Additionally, inspectors performed on-site diagnostics, which included an 

estimation of the degree of infestation of Varroa destructor (varroa mites). The intensity of varroa mite 

infestation was determined in the field by counting the number of varroa mites found in a sample of 

approximately 300 honey bees using a standard alcohol wash (refer to www.ontario.ca/beekeeping for 

more information on varroa mite sampling and monitoring).  

Samples were collected at each bee yard and consisted of gathering a quarter (1/4) cup of live bees 

(approximately 100 to 150 bees) from each of the six selected colonies and placing the bees in a 250 ml 

collection jar. Collections were made from the brood nest, where the majority of the biological activity 

takes place within the colony. The jars were either immediately delivered to the Animal Health 

Laboratory (AHL) at the University of Guelph by the inspector or were placed in a small Styrofoam cooler 

on dry ice, sealed and delivered by inspectors or shipped by courier to the AHL.  

http://www.ontario.ca/beekeeping
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 3.3 Bee Sample Analysis 

 
Diagnostics were performed by the AHL. As per the AHL’s protocol, all live bees were euthanized using 

dry ice as this has been determined to be the most humane approach before examination and further 

processing for molecular analysis by the lab. Prior to processing, all sampled bees were individually 

examined to ensure they were free of varroa mites.  

Detection and quantification of tracheal mites was conducted by manual dissection of the honey bees 

followed by the use of a compound microscope. Twenty-five bees, taken from multiple colonies in each 

yard, were examined for evidence of tracheal mites, including both the physical presence of mites and 

tracheal scarring. The degree of infestation was categorized as high (≥ 6 bees positive for tracheal mites 

out of 25), medium (4 – 5 bees positive for tracheal mites out of 25), low (≤ 3 bees positive for tracheal 

mites out of 25) or negative (no bees found positive for tracheal mites).  

Viral analysis was done by extracting nucleic acids (RNA and DNA) using commercially available kits and 

RNA was reverse transcribed. Honey bee viruses were detected and quantified through the use of 

quantitative polymerase chain reaction (qPCR). The viral load was expressed as the number of viral RNA 

or DNA copies per bee. Viruses were tested either at the colony level (individual sample per colony) or 

the yard level (a composite sample made up from all colonies). Acute bee paralysis virus, deformed wing 

virus and Israeli acute paralysis virus were tested at the colony level and Kashmir bee virus and sacbrood 

virus were tested at the yard level.  

Nosema ceranae samples were processed by qPCR. A single pool of whole bees (50 bees per colony) was 

homogenized in 500 uL TRIreagent per bee and then nucleic acids (RNA and DNA) were extracted in 

parallel with other qPCR samples (e.g., viruses). Nucleic acid extract was used as a template for the 

qPCRs, rather than adding in a reverse transcription step before qPCR as with the viral pathogens. 

Quantification was done using in-run standards (gBlocks), external standard curves and then back-

calculating dilutions in an Excel spreadsheet using the initial 500 uL/bee of TRIreagent to generate a 

result of copy number per bee. Resulting values are higher than a spore count done via microscopy as 

qPCR does not differentiate between vegetative and non-vegetative Nosema.  A higher value also results 

if multiple copies of the target are present per cell. 

All six colonies per yard underwent individual colony level diagnostics using 10 bees per sample 

submission jar. For each of these colony level tests, 10 bees were randomly selected from the sample 

submission jars and were mixed using a bead-mill homogenizer. Each of the six colonies was assessed 

for acute bee paralysis virus (ABPV), deformed wing virus (DWV), Israeli acute paralysis virus (IAPV) and 

Nosema ceranae. These pathogens were chosen to be assessed at a colony level in this study due to 

their known impact and prevalence in honey bee colonies and for their inclusion in similar monitoring 

projects in North America.  

Yard-level analyses were conducted for Kashmir bee virus (KBV) and sacbrood virus (SBV). Composite 

samples were prepared by selecting two honey bees from each of the six sample submission jars per 

yard to form a pool of 12 bees and the sample was mixed using a bead-mill homogenizer. Tracheal mite 
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analysis was also conducted at the yard-level. Twenty-five bees, which were different from those 

processed for viral analysis, were selected for dissection and microscope analysis. KBV, SBV and tracheal 

mites were chosen for yard-level analysis as their known impact and prevalence in honey bees is less 

than the other pathogens examined in this study.  

3.4 Data Analysis 

 

Pathogen loads, expressed as the number of viral RNA (or DNA depending on pathogen) copies per bee, 

generally have right-skewed distributions that range over several orders of magnitude. Therefore, log10-

transformation was used to reduce skewness and the range of data. Samples for which pathogens were 

not detected or were below the limit of detection were assigned a value of one prior to log10-

transformation. For pathogens which were tested at the colony level (ABPV, DWV, IAPV and N. ceranae), 

results were averaged after log10- transformation to provide one value for yard level summarization. 

RESULTS 

 
Data summaries are presented below for each apiary pest or pathogen by inspection (i.e., yard-level 

summaries by inspection period). Disease prevalence, reported as a percent, is the proportion of the 

sampled yards that tested positive during each inspection, using laboratory diagnostics.  

Although 32 bee yards were included in the study, the number of bee yards that have results for each 

inspection period differs due to missing data. Thirty-two bee yards were sampled in period 1, but only 

31 were inspected. All 32 bee yards were inspected and sampled in period 2 while only 27 bee yards 

were inspected and sampled in period 3. Missing data is most commonly due to bee yard inspections 

not being conducted, colonies dying during the project or the inability to collect samples during an 

inspection. 

4.1 Viral Pathogens 

 
Honey bees can be affected by at least 24 described viruses (de Miranda et al., 2014). Many of these 

viruses lack observable symptoms and some physical effects may be caused by more than one virus 

(e.g., deformed wing virus, sacbrood virus). For these reasons, molecular techniques are required for the 

detection and quantification of viruses such as quantitative polymerase chain reaction (qPCR). Despite 

differing modes of transmission, sites of infection, physical effects and life stage effects, viruses can 

affect honey bee health and have an impact on lifespan. The degree to which viruses ultimately affect 

honey bee colonies under a wide range of conditions is still being examined by researchers. 
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a. Acute Bee Paralysis Virus 

Acute Bee Paralysis Virus (ABPV) is a single stranded RNA virus from the Dicistroviridae family (genus 

Aparavirus). It can infect honey bees at both the pupal (Bailey & Ball, 1991) and adult stages (Hunter et 

al., 2010). Infection may be without symptoms or can cause rapid death. ABPV is transmitted both by 

varroa mites and by pollen (Chen & Evans, 2006). Infection with ABPV has been shown to inhibit the 

honey bee immune response (Azzami et al., 2012). 

Desai et al., 2016 found the prevalence of ABPV in Canadian apiaries to be low at 0 – 20% and it was not 

consistently detected in all provinces. Research from the USA indicates that the prevalence of ABPV 

tends to be lower in the summer months and higher in the winter (Steinhauer et al., 2014). To date, very 

little is known regarding naturally occurring ABPV viral loads in bees and no thresholds have been 

defined to determine a pathogenic or otherwise detrimental load to bee or colony health. 

In the present study, the prevalence of ABPV ranged from 16 – 48%. ABPV was detected in more apiaries 

than Desai et al. (2016), with levels of virus (mean viral loads) starting low in period 1 (spring), increasing 

in period 2 (summer), and increasing again in period 3 (fall) (Figure 2, Table 3).  

  

Figure 2. ABPV viral load and prevalence by collection period in 2019. Bars indicate the mean viral load (log 

RNA copies per bee) of ABPV ±1 standard error. Dotted lines indicate the percent of ABPV positive bee yards 

at each collection period.  
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Table 3. Descriptive statistics of ABPV viral load (log RNA copies per bee) and prevalence of ABPV infection in 

Ontario bee yards by collection period in 2019  

Collection 
Period 

No. of 
Yards 

Tested 

Prevalence Log RNA Copies per Bee 

No. of 
Yards 

Positive 
Percent Mean 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 5 16% 0.37 0.21 0 0 5.83 

Inspection 2 32 11 34% 1.58 0.49 0 0 7.81 

Inspection 3 27 13 48% 2.85 0.62 0 0 9.86 

 

b. Deformed Wing Virus  

Deformed Wing Virus (DWV), a single stranded RNA virus from the Iflaviridae family (genus Iflavirus), is 

considered to be the most economically harmful honey bee virus and has been extensively studied. This 

virus is transmitted and amplified by the parasitic mite Varroa destructor and has been associated with 

the mortality of honey bee colonies. The virus affects the developing honey bee larvae, resulting in 

deformed, non-functional wings, abnormal abdomens and damaged appendages. Asymptomatic 

infected adults will generally have lower viral titres (Tentcheva et al., 2006). The virus is primarily spread 

by varroa mites and through feeding. Timely mite control is the most effective method of controlling this 

virus in a colony. 

In Canada, DWV is often the most prevalent viral infection and has been reported to be found in 90 – 

100% of apiaries (Desai et al., 2016). Viral load has been reported to typically peak in the fall and winter 

months coinciding with the build-up of varroa mite levels in colonies (Prisco et al., 2011; Desai & Currie, 

2016). Although there are no thresholds established for the pathogenicity of DWV, the viral titre has 

been shown to be inversely correlated with bee health and life span at both the individual and colony 

level (Dainat et al., 2012; Dainat and Nuemann, 2013; Desai & Currie, 2016). 

In the present study, the prevalence of DWV was 41% in period 1, increasing in the summer (inspection 

period 2) to 50% and increasing again in the fall (inspection period 3) to 85% (Figure 3, Table 4). With the 

more recent discoveries of novel DWV variants (Mordecai et al., 2016), it should be noted that the DWV 

in this project were not distinguished by variant.  
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Figure 3. DWV viral load and prevalence by collection period in 2019. Bars indicate the mean viral load (log 

RNA copies per bee) of DWV ±1 standard error. Dotted lines indicate the percent of DWV positive bee yards 

at each collection period. 

 

Table 4. Descriptive statistics of DWV viral load (log RNA copies per bee) and prevalence of DWV infection in 

Ontario bee yards by collection period in 2019  

Collection 
Period 

No. of 
Yards 

Tested 

Prevalence Log RNA Copies per Bee 

No. of 
Yards 

Positive 
Percent Mean 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 13 41% 0.76 0.22 0 0 4.99 

Inspection 2 32 16 50% 2.13 0.49 0 0.38 8.57 

Inspection 3 27 23 85% 4.97 0.67 0 5.16 10.71 

 

c. Israeli Acute Paralysis Virus 

Similar to ABPV, Israeli Acute Paralysis Virus (IAPV) is a single stranded RNA virus from the Dicistroviridae 

family (genus Aparavirus). The virus has been found in all life stages of honey bees, from eggs to adults 
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(Chen et al., 2014). Infection may be asymptomatic or can result in shivering wings and progressive 

paralysis (Maori et al., 2007). IAPV infection has been shown to result in the downregulation of the 

honey bee immune response (Chen et al., 2014), leaving the bees in an immunocompromised state and 

vulnerable to other pathogens. The virus is spread both by varroa mites (Di Prisco et al., 2011) and food 

sources (Chen et al., 2014). 

In Canada, IAPV has been reported to be found in 40 – 70% of apiaries (Desai et al., 2016). The 

prevalence of this virus has been reported to be lower in the spring and summer and to peak in the fall 

and winter months. No thresholds currently exist to determine the implications of IAPV viral loads on 

honey bees. 

In contrast to the findings mentioned above, the prevalence of IAPV in the present study peaked in the 

spring and summer (periods 1 and 2) and ranged from 37 – 69% over the three inspection periods 

(Figure 4, Table 5). Mean viral load was highest at inspection 2. 

 

Figure 4. IAPV viral load and prevalence by collection period in 2019. Bars indicate the mean viral load (log 

RNA copies per bee) of IAPV ±1 standard error. Dotted lines indicate the percent of IAPV positive bee yards at 

each collection period. 
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Table 5. Descriptive statistics of IAPV viral load (log RNA copies per bee) and prevalence of IAPV infection in 

Ontario bee yards by collection period in 2019  

Collection 
Period 

No. of 
Yards 

Tested 

Prevalence Log RNA Copies per Bee 

No. of 
Yards 

Positive 
Percent Mean 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 22 69% 2.29 0.47 0 1.11 9.31 

Inspection 2 32 22 69% 2.52 0.46 0 1.75 8.18 

Inspection 3 27 10 37% 1.71 0.55 0 0 11.78 

 

d. Kashmir Bee Virus  

Kashmir Bee Virus (KBV) is a single stranded RNA virus from the Dicistroviridae family (genus Cripavirus). 

In adults, viral infection generally leads to death within a few days. In larvae, the infection may remain 

asymptomatic (Berenyi et al., 2006). The virus is spread by varroa mites, food sources, and also from 

queen to egg (Shen et al., 2005).  

The prevalence of KBV in Canadian apiaries has been reported to be low to moderate, generally 10 – 

40%, and has been detected by Desai et al. (2016) in all provinces except Alberta. Adequate data is 

currently not available to determine the seasonal prevalence of the virus, although, because it is spread 

by the varroa mite, it may follow patterns similar to IAPV and DWV. No thresholds currently exist to 

determine the implications of KBV viral loads on honey bees. 

The prevalence of KBV was highest in period 1 (25%) and decreased in periods 2 and 3 to 13% and 11% 

respectively (Figure 5, Table 6). Viral load peaked in the spring months before declining in the summer 

and fall months. 
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Figure 5. KBV viral load and prevalence by collection period in 2019. Bars indicate the mean viral load (log 

RNA copies per bee) of KBV ±1 standard error. Dotted lines indicate the percent of KBV positive bee yards at 

each collection period. 

Table 6. Descriptive statistics of KBV viral load (log RNA copies per bee) and prevalence of KBV infection in 

Ontario bee yards by collection period in 2019 

Collection 
Period 

No. of 
Yards 

Tested 

Prevalence Log RNA Copies per Bee 

No. of 
Yards 

Positive 
Percent Mean 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 8 25% 1.79 0.58 0 0 10.28 

Inspection 2 32 4 13% 1.11 0.53 0 0 10.76 

Inspection 3 27 3 11% 0.76 0.44 0 0 9.46 

 

e. Sacbrood Virus 

Sacbrood Virus (SBV) is a single stranded RNA virus belonging to the family Iflaviridae (genus Iflavirus). 

The virus can cause mortality at the larval stage. In the field, affected larvae can be readily identified by 

the presence of a fluid-filled sac that can be removed from the brood cell, often intact. Clinical signs of 

SBV in the field are typically observed by, or anecdotally reported to, OMAFRA’s Apiary Program as 

being no more than a few infected honey bee larvae in a colony. In adults, the virus is typically 
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asymptomatic. Nurse bees infected with SBV may exhibit behavioural changes, including early and 

preferential pollen foraging, and can transmit the virus to young through feeding.  

The prevalence of SBV in Canadian apiaries has been reported to be low (16%) across all provinces 

except Manitoba where the prevalence was 44% (Desai et al., 2016). The prevalence of this virus has 

been reported to be lower in the spring. No thresholds currently exist to determine the implications of 

SBV viral loads in honey bees. 

In the present study, contrasting with the findings mentioned above, the prevalence of SBV ranged from 

81% - 91% (Figure 6, Table 7), with prevalence being 91% and the highest viral load occurring in period 1.  

  

Figure 6. SBV viral load and prevalence by collection period in 2019. Bars indicate the mean viral load (log 

RNA copies per bee) of SBV ±1 standard error. Dotted lines indicate the percent of SBV positive bee yards at 

each collection period. 

Table 7. Descriptive statistics of SBV viral load (log RNA copies per bee) and prevalence of SBV infection in 

Ontario bee yards by collection period in 2019 

Collection 
Period 

No. of 
Yards 

Tested 

Prevalence Log RNA Copies per Bee 

No. of 
Yards 

Positive 
Percent Mean 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 29 91% 6.72 0.51 0 7.53 9.97 

Inspection 2 32 26 81% 6.36 0.58 0 7.77 9.74 

Inspection 3 27 22 81% 6.12 0.65 0 6.94 9.88 
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4.2 Brood Diseases 

 

a. American Foulbrood 

American foulbrood (AFB) is caused by a spore-forming bacterium, Paenibacillus larvae. AFB is an 

economically destructive and virulent disease where the spores can remain viable for at least 70 years, 

resistant to both boiling and dehydration (Shimanuki and Knox, 1988; Grady et al., 2016). Honey bee 

larvae are most susceptible to AFB infection within the first 36 hours after hatching and only a few 

spores (≤ 35) are needed to initiate infection (Bucher, 1958). Clinical signs of the disease include larvae 

that are slightly yellow to brown in colour, which settle to the bottom of the brood cell as the larvae dies 

and decomposes. Billions of infective spores are produced when the larvae die and these spores are 

then spread within the colony when nurse bees clean out infected cells and feed young larvae with their 

contaminated mouthparts. 

In the present study, no clinical signs of AFB were found in any of the monitoring yards during any of the 

inspection periods. 

b. Chalkbrood  

Chalkbrood is caused by the fungus Ascosphaera apis. Clinical signs of the disease include dead and 

dried larvae covered in a hard white or black fungus with the tip of the larvae protruding from the cell 

(colloquially known as “chalkbrood mummies”).  

Apiary inspectors noted clinical signs of the disease at every collection period (Table 8). The prevalence 

of chalkbrood was highest in period 1 as the disease was detected at 35% of bee yards (Figure 7) with an 

average of 10.2% of inspected colonies, per yard, affected (highest in period 1 / spring) (Figure 8).  
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Figure 7. Percentage of bee yards with clinical signs of chalkbrood by collection period in 2019 

 

  

Figure 8. Mean percent of colonies ±1 standard error with clinical signs of chalkbrood in Ontario bee yards by 

collection period in 2019 
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Table 8. Descriptive statistics of chalkbrood detection (% of yards positive) and % of colonies in a bee yard 

with signs of chalkbrood by collection period in 2019 

Collection 
Period 

No. of 
Bee 

Yards 
Inspected 

Detection 
Percentage of Inspected Colonies, Per Yard,  

with Chalkbrood 

No. of 
Yards 

Positive 

% of 
Yards 

Positive 

Mean % of 
Colonies in a 

Bee Yard with 
Signs of 

Chalkbrood 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 31 11 35% 10.2% 3.06% 0% 0% 66.7% 

Inspection 2 32 7 22% 6.8% 3.07% 0% 0% 83.3% 

Inspection 3 27 4 15% 6.0% 3.07% 0% 0% 60.0% 

 

c. European Foulbrood 

European foulbrood (EFB) is a honey bee disease caused by the bacteria Melissococcus plutonius. Larvae 

become infected within the first 48 hours after hatching. EFB is often documented at higher frequencies 

during early summer (Grangier et al., 2015). From 2010 to 2019, Ontario apiary inspections have shown 

that EFB has been found at a very low prevalence (< 1%). Clinical signs of infection include dead larvae 

that appear yellowish or brown in colour and are found curled in a C-shape at the bottom of the cell. 

The disease is also often accompanied by a sour odour which is distinct from AFB. 

In the present study, EFB was only observed in one bee yard during period 2.  

4.3 Nosema spp. (N. cerenae) 

 
Nosema are single-celled parasites of the honey bee that are classified as fungi and infect and damage 

the mid-gut tissue. There are two species of Nosema of interest: Nosema apis and Nosema ceranae. N. 

ceranae has been present in Canada since at least 1994, however, it may have been present for longer 

(Williams et al., 2008).  

While Nosema is widespread, previous surveys in Ontario and Alberta (Currie et al., 2010; Guzman et al., 

2010; Emsen et al., 2015) have shown that N. ceranae is the dominant species, ranging in prevalence 

from 41 – 91%. Comparatively, the prevalence of N. apis is reported to be 4 – 34%. Occasionally, 

concurrent infections by both Nosema spp. in a single colony have been reported, however this is less 

frequent than single species infections (Emsen et al., 2015). Additionally, there has been no significant 

link between N. ceranae infections and winter mortality.  

As N. ceranae has been shown to be the dominant species in Ontario, the present study only 

investigated the prevalence and load of N. cerenae and did not investigate N. apis. The prevalence of N. 

ceranae remained consistently high throughout the beekeeping season with 100% in period 1, 97% in 

period 2 and 70% in period 3 (Figure 9, Table 9). The mean load of N. ceranae peaked during the spring 
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months (period 1) and decreased in the summer and fall months (periods 2 and 3). It should be noted 

that this analysis of N. ceranae is based on sampling of bees from the brood nest rather than at the 

entrance, where most sampling for Nosema occurs, as it was more efficient to collect one sample for all 

pathogens.   

  

Figure 9. Nosema ceranae load and prevalence by collection period in 2019. Bars indicate the mean load (log 

DNA copies per bee) of N. ceranae ±1 standard error. Dotted lines indicate the percent of N. ceranae positive 

bee yards at each collection period.  
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Table 9. Descriptive statistics of N. ceranae load (log DNA copies per bee) and prevalence of infection in 

Ontario bee yards by collection period in 2019 

Collection 
Period 

No. of 
Bee 

Yards 
Tested 

Detection  Log DNA Copies per Bee 

No. of 
Yards 

Positive 

% of 
Yards 

Positive 

Mean 
Level 

Standard 
Error 

Minimum Median Maximum 

Inspection 1 32 32 100% 6.16 0.26 1.46 6.79 7.57 

Inspection 2 32 31 97% 4.17 0.40 0 4.48 7.04 

Inspection 3 27 19 70% 2.27 0.38 0 2.41 6.45 

4.4 Mites 

 

a. Tracheal Mites (Acarapis woodi) 

Acarapis woodi is an internal parasite of honey bees that lives and reproduces in the tracheae 

(respiratory tubes) of honey bees. Tracheal mites have been detected on most continents, including 

Europe, Asia, parts of Africa, and North and South America. These mites are very small and can only be 

observed with a microscope. Tracheal mite infestations lack unique physical symptoms and can only be 

diagnosed by the presence of mites or eggs in the trachea, or by evidence of scarring detected in the 

dissected trachea of sampled honey bees.   

Tracheal mites were detected in 9% of yards during period 2 and 11% of yards during period 3 (Figure 

10, Table 10). All yards which showed evidence of tracheal mites, specifically 3 yards in period 2 and 3 

yards in period 3, had low infestation (less than 4 bees out of a 25-bee sample were positive for tracheal 

mites). There were no detections of tracheal mites found during period 1. The low prevalence of 

tracheal mites may have been influenced by the use of acaricides by beekeepers to manage either 

tracheal or varroa mites. In particular, formic acid is a commonly used acaricide in Ontario and can 

reduce the levels of tracheal mites within honey bee colonies.  
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Figure 10. Percent of Ontario bee yards with evidence of tracheal mite (Acarapis woodi) infestation by 

collection period in 2019 

Table 10. Descriptive statistics of percentage of bee yards with evidence of tracheal mite infestation by 

collection period in 2019 

Collection 
Period 

No. of Bee 
Yards Tested 

Evidence of Tracheal Mites 

No. of Yards % of Yards 

Inspection 1 32 0 0% 

Inspection 2 32 3 9% 

Inspection 3 27 3 11% 

 

b. Varroa Mites (Varroa destructor)  

Varroa destructor is an external parasite of honey bees that attaches to the body of both adult and 

developing honey bees and weakens bees by sucking their hemolymph and fat bodies. In this process, 

RNA viruses such as the deformed wing virus are spread to the bee. A significant varroa mite infestation 

may lead to the death of a honey bee colony, usually in the late fall through early spring. V. destructor 
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infestation has been documented as the primary contributor to winter mortality in Ontario (Guzman et 

al., 2010). For the Ontario beekeeping industry, recommended treatment thresholds (2% of bees in the 

spring/May; 3% of bees in the late summer/August) have been described by Guzmán-Novoa et al. 

(2010). 

V. destructor was detected at all collection periods and the mean percent of bees infested was low and 

under the established treatment thresholds for Ontario in all periods (Figure 11, Table 11). 

When examining the percentage of bees infested by V. destructor by collection period at the individual 

yard-level (Figure 12), varying levels of infestation were observed within and between bee yards. Some 

bee yards had levels of varroa infestation that were higher than the recommended treatment thresholds 

described by Guzmán-Novoa et al. (2010). In period 1, two bee yards had levels of infestation above the 

established spring treatment threshold. It must be noted however, that the sampling for period 1 took 

place between June 6 and July 9 which is well past May and the established spring threshold. In period 

2, 16% of bee yards (five yards) were above the spring treatment threshold and 9% (three yards) were 

above the late summer treatment threshold. However, it should be noted here that the sampling dates 

for period 2 are after the time-frames developed for the spring (May) threshold for varroa mites. Three 

yards in period 2 had what could be characterized as high levels of varroa infestation (> 4% varroa in an 

alcohol wash sample). Of the bee yards inspected in period 3, 15% of yards (four yards) were above the 

late summer treatment threshold and three yards had what could be characterized as high levels of 

varroa infestation (> 4% varroa in an alcohol wash sample). This data demonstrates that while levels of 

varroa infestation are increasing throughout the season, there is variation between bee yards within 

each of the three collection periods with the variation being greater as the season progresses. It should 

be noted that it is possible for these varroa levels to have either increased further or decreased based 

on the management practices (treatment for varroa or lack thereof) employed by the beekeepers after 

sampling took place.  
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Figure 11. Mean percentage of bees ±1 standard error infested by V. destructor in Ontario bee yards by 

collection period in 2019 

Table 11.  Descriptive statistics of mean percentage of bees infested by V. destructor by collection period in 

2019 

Collection Period 

No. of 
Bee 

Yards 
Inspected 

Mean 
Standard 

Error 
Minimum Median Maximum 

Inspection 1 31 0.36% 0.12% 0% 0% 3.00% 

Inspection 2 32 1.17% 0.45% 0% 0.33% 13.39% 

Inspection 3 27 1.52% 0.39% 0% 0.78% 8.08% 
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Figure 12. Percentage of bees infested by V. destructor in Ontario bee yards by collection period in 2019. Bee 

yards are grouped (number of bee yards indicated by slices in pie charts) based on the severity (percentage 

of bees infested) of V. destructor within each collection period.  

4.5 Small Hive Beetle (Aethina tumida) 

 

The small hive beetle (SHB) was first detected in Ontario in 2010. Since this time the SHB has expanded 

its range and has been detected in numerous regions of the province. The distribution of SHB is being 

tracked by OMAFRA through the Ontario Small Hive Beetle Viewer. While this pest is capable of 

damaging stressed colonies by destroying wax comb and honey bee brood in addition to spoiling honey 

(Hood, 2004; Neumann and Elzen, 2004; Neumann and Ellis, 2008), it is largely considered a manageable 

pest in many parts of temperate North America where damage to the colony can be minimized or 

prevented through established management practices. 

In the present study, SHB was not observed in any of the 32 participating bee yards. 

4.6 Honey Bee Queens (Colony Health Indicator) 

 

A healthy and functional honey bee colony requires a mated and productive queen. The absence of the 

queen or a failing queen may indicate an underlying issue related to colony health, including an impact 

from a pest or disease or an environmental stressor. The absence of a queen could also indicate an 

underlying condition of the queen herself, such as her age, genetics or the conditions at the time of 

mating. 

Honey bee queens were noted in the majority of colonies inspected. The mean percentage of inspected 

colonies per bee yard (typically six colonies inspected per bee yard) that appeared queenless varied 

from 3.2% at inspection 1, to 4.5% at inspection 2 and to 5.1% at inspection 3 (Figure 13, Table 12). The 

https://ontarioca11.maps.arcgis.com/apps/webappviewer/index.html?id=4c52b96dcd3c470886c1579326df2611
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overall percentage of inspected colonies that appeared to be queenless was 3.8% (20 colonies out of 

524 colony inspections over the course of the study). 

  

Figure 13. Mean percentage of queenless colonies per bee yard ±1 standard error by collection period in 

2019 

Table 12. Descriptive statistics of percentage of queenless colonies per bee yard by collection period in 2019 

Collection Period 

No. of 
Bee 

Yards 
Inspected 

Mean 
Standard 

Error 
Minimum Median Maximum 

Inspection 1 31 3.2% 1.4% 0% 0% 33.3% 

Inspection 2 32 4.5% 1.8% 0% 0% 40.0% 

Inspection 3 27 5.1% 2.2% 0% 0% 50.0% 
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DISCUSSION 
 

5.1 Viral Pathogens 

 

Early studies have identified common viruses in honey bee populations and further studies have 

identified some modes of transmission and seasonal patterns of certain viruses. Research suggests that 

only a minority of honey bee populations are virus-free throughout the year (Tentcheva et al., 2006; 

Gauthier et al., 2007) and that honey bee viruses occur in different geographical regions (Chen & Siede, 

2007). In several cases, many of these viruses infect honey bees without causing clinical signs of disease. 

In addition, several bee viruses may result in detrimental effects that are difficult to assess visually 

(Aubert, 2008). Notable exceptions include deformed wing virus and sacbrood virus where adult worker 

bees have crumpled and deformed wings, and dead larvae have characteristic thick-skinned sacs of fluid, 

respectively. Even in the case of these two viruses, infected honey bees may be asymptomatic.  

Overall, viruses have been largely demonstrated to be detrimental to honey bee health. There remains 

some uncertainty on the exact role of many honey bee viruses, either independently or in synergy with 

other stressors. For example, many viruses are ubiquitous in populations of honey bees, have been 

present for decades and can be found in colonies that are healthy. There is increasing research being 

done on viral loads in honey bees, although at this stage there are no peer-reviewed thresholds for 

honey bee viruses and their effects on colony health. In the case of DWV, the most well studied viral 

pathogen of honey bees, research has demonstrated a relationship between the presence of V. 

destructor and high viral loads as predictors for colony mortality (Dainat et al., 2012; Dainat & Neumann, 

2013; Desai & Currie, 2016). The close relationship between V. destructor and viruses is due to V. 

destructor being the primary vector of viruses of bees, spreading the viruses between and increasing the 

levels in individual honey bees (in the developing and adult stage of honey bees) through their 

mouthparts as they feed on the honey bee.  

Recent quantitative work has focused on documenting the prevalence of viruses in Canadian honey bee 

colony populations and evaluating viral loads (Desai et al., 2016). Viral load, not just presence or 

prevalence, is an important determinant in bee health. Studies on the prevalence and quantification of 

honey bee viruses have shown that all the viruses investigated in the present study are present in 

Ontario (Emsen et al., 2015; Desai et al., 2016). 

Work by Desai et al. (2016) characterised the occurrence and frequency of seven honey bee viruses 

(ABPV, BQCV, CBPV, DWV, IAPV, KBV, and SBV) in eight Canadian provinces, including Ontario, using 

collections of honey bees from 2009 and 2010. The results of this study confirm that the viruses 

detected by Desai et al. (2016) continue to be detected in Ontario apiaries. Of note, two of the most 

common viruses (DWV, SBV) detected in this study were also the most commonly detected viruses in 

both Europe (France, Italy) and other parts of North America (USA), further confirming the general 

prevalence of these particular viruses (Tentcheva et al., 2006; Porrini et al., 2016). 

In the present study, the prevalence of ABPV peaked at 48%, which is greater than expected based on 

previous work (Desai et al., 2016). Unlike the seasonal pattern described by Steinhauer et al. (2014) 
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where the prevalence of ABPV tends to be lower in the summer months and higher in the winter, ABPV 

prevalence was lowest in the spring followed by an increase in summer and the highest prevalence 

found in the fall. This follows the seasonal pattern of increased V. destructor throughout the active 

beekeeping season.  

The prevalence and viral load of DWV in the present study peaked in the fall months, likely as a result of 

the close association of this virus with V. destructor and following the natural increase of V. destructor 

levels inside the honey bee colony in the fall. Studies have shown that in the absence of V. destructor, 

DWV is benign and low DWV loads have been detected in honey bee colonies without serious impacts to 

colony health (Genersch & Aubert, 2010; Dainat et al., 2012). As DWV is vectored and amplified by V. 

destructor mites, increased mite infestations will further increase DWV (Genersch & Aubert, 2010). 

While there are no thresholds established for the pathogenicity of DWV, research in Switzerland has 

provided evidence that the presence and number of worker bees in a colony with DWV symptoms is 

correlated with V. destructor infestation and these two variables can be used to predict colony loss 

(Dainat and Neumann, 2013). Clinical signs of DWV in the field are typically observed by, or anecdotally 

reported to, OMAFRA’s Apiary Program as being associated with colonies with high varroa mites late in 

the season and high mortality in winter.  

Compared to other honey bee viruses, IAPV is a relatively new discovery and there are studies 

documenting the range and prevalence of this virus. IAPV has been documented to be prevalent in the 

Middle East, Australia, and North America (Genersch & Aubert, 2010). In 2006, when Colony Collapse 

Disorder (CCD) was first being investigated in the USA, IAPV had been associated with early reports of 

high honey bee mortality in colonies examined for CCD (Cox-Foster et al., 2007). Since that time, 

however, IAPV has also been commonly associated with normal and healthy colonies as well. No 

causative agent has been identified for the suite of symptoms reported for CCD and there have not been 

official reports of CCD in Canada. IAPV has been reported to be found in 40 – 70% of Canadian apiaries 

with prevalence and viral load lower in the spring and summer, followed by a peak in the fall and winter 

months (Desai et al., 2016). This trend was not observed in the present study as the prevalence of IAPV 

peaked from late spring to early summer before declining in the fall months and the viral load was 

lowest in the fall. It should be noted that the colonies in the present study were not investigated over 

the winter months. 

KBV has been documented to be prevalent in honey bee populations in North America and New Zealand 

(Genersch & Aubert, 2010). Although the implications of KBV viral loads in honey bees are currently 

unknown, the virulence of KBV appears to differ depending on the mode of transmission. For example, 

early studies on KBV showed rapid onset of mortality in adult bees when injected with purified KBV 

particles compared to there having been no obvious effects when bees were exposed through oral 

transmission (Bailey et al., 1979). In the present study, KBV prevalence and viral load peaked in the 

spring and decreased in the summer and fall.  

SBV prevalence has been investigated in particular detail by Desai et al. (2016). Studies have indicated 

that the prevalence of SBV in Canadian apiaries is low in all provinces except Manitoba, where the 

prevalence was 44%, and that this virus is reported less frequently in the spring. In the present study, 
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the prevalence of SBV was found to be high in all inspection periods, reaching a peak of 91% in the 

spring. The prevalence observed in the present study is contrary to what was expected based on the 

literature (Desai et al., 2016). High prevalence of SBV in colonies has been correlated with low winter 

survival (Desai & Currie, 2016).  

Currently, there are no established thresholds for honey bee viruses. While the seasonal prevalence of 

the above-mentioned honey bee viruses can be reported, viral loads in Ontario apiaries can only be 

categorized as ‘not detected’, ‘low’, ‘medium’ and ‘high’ based on the distribution of the current data 

collected in 2019 from these sample sites. Additionally, the virulence of these viral pathogens is not 

completely understood, and the scientific literature indicates that virulence may vary seasonally and 

geographically. Further monitoring is required to understand the prevalence and viral load of these 

pathogens in Ontario apiaries. 

5.2 Brood Diseases 

 

American Foulbrood 

Clinical signs observed in the field that distinguish AFB from other brood diseases of honey bees include 

a characteristic foul odour and sunken, perforated brood cell cappings. When the infection is new, the 

decomposed larvae have a mucus-like consistency where they can be stretched out of the brood cell (up 

to 2.5 cm or more). When the infection is old, the decomposed larvae form a hard, black, brittle scale 

that is difficult to remove from the bottom of the cell wall. At a population level, AFB represents a major 

risk to honey bee colonies as it can be easily transmitted from one bee yard to another.  

Each beekeeping season, colony health and the presence of pests and disease are assessed by ministry 

apiary inspectors as part of regulatory compliance activities. Of the 2,961 colonies inspected across 

Ontario in 2019, AFB was found in 35 honey bee colonies or 1.18% of the colonies inspected. In the 

present study, with up to six colonies inspected at each yard, AFB was not found in any of the 90 bee 

yard inspections. Samples of AFB that were tested for resistance to known treatments have confirmed 

that the strains of AFB circulating in Ontario are still susceptible to registered antibiotics 

(oxytetracycline) and there have been no instances of antibiotic resistant AFB in Ontario to date (2019 

Provincial Apiarist Report).  

Chalkbrood and European Foulbrood 

In heavy chalkbrood infestations, colonies may have multiple “chalkbrood mummies” in the honey bee 

brood frames and may litter the bottom board or entrance of the colony. Chalkbrood in honey bees is 

typically understood to be a brood disease of minor importance, rarely causing damage in honey bee 

colonies (Morse & Flottum, 2013).  

European foulbrood (EFB) is another brood disease that has typically been understood to be of minor 

importance (Morse and Flottum, 2013), however, in recent years there have been reports from other 

provinces and American states of increased prevalence and virulence of EFB cases. EFB infected larvae 
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often die before the brood cell is capped and when dried can be easily removed from the cell, unlike AFB 

where the larvae die after the cell is capped and are typically difficult to remove from the cell.  

Of the 2,961 colonies inspected by ministry apiary inspectors across Ontario in 2019, chalkbrood was 

detected in 1.42% of colonies and EFB was only found in one colony. In the present study, chalkbrood 

peaked at 35% of inspected bee yards (11 out of 31) in period 1, which is greater than expected from the 

results of province-wide regulatory inspections. EFB was found in one bee yard in period 2 during this 

study.   

5.3 Nosema spp. 

 

Nosema spores are picked up by honey bees from the surrounding environment and beekeeping 

equipment. Once in the gut tissue, the pathogen replicates producing large numbers of spores which are 

excreted in the feces of the honey bee, continuing the transmission cycle (Fries et al., 1992). The effects 

of Nosema make it difficult for bees to digest food, resulting in nutritional deficiency, starvation, and 

diarrhea.  

N. ceranae has been documented to reduce the lifespan of individual worker honey bees, be more 

virulent, and proliferate when combined with environmental stressors (Alaux et al., 2010; Pettis et al., 

2012; Goblirsch et al., 2013; Pettis et al., 2013). In Ontario, no correlation was found between N. 

ceranae and colony mortality during winter, but a correlation between N. ceranae and reduced colony 

strength in the early spring was identified (Guzman et al., 2010; Emsen et al., 2015). As expected, this 

study found very high prevalence rates of N. ceranae. No threshold currently exists for N. ceranae and 

more research is needed to develop a threshold. 

5.4 Mites 

 

Tracheal Mites 

Parasitism of honey bees by tracheal mites can have serious negative effects on colony health such as a 

decrease in honey production, a reduction in life span of individual bees and increased winter mortality 

(Bailey 1958; Eischen et al., 1989; Otis and Scott-Dupree, 1992). Physical impacts of tracheal mite 

infestations on the individual bee include pierced and scarred trachea, and in some cases damage to 

flight muscles and hypopharyngeal glands (Liu et al., 1989a; Liu et al., 1989b). Mortality in individual 

bees parasitized by tracheal mites is believed to occur as a result of disruption to respiration caused by 

mites blocking the flow of air through the tracheae and the damage caused by the mites to the integrity 

of the tracheae. Additionally, parasitism by tracheal mites results in a loss of hemolymph and may assist 

in the introduction of microorganisms into the hemolymph (Liu et al., 1989b). When over 30% of the 

bees in a colony become parasitized, honey production may be reduced and the likelihood of winter 

survival decreases with a corresponding increase in infestation (USDA, 2016). In addition, tracheal mites 

may also increase the virulence of V. destructor when honey bee colonies are infested with both mites 

(Downey and Winston, 2001).  
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The prevalence of tracheal mites has been demonstrated to be low in Ontario. This is not surprising 

given that Ontario beekeepers are commonly using formic acid and other methods of treatment to 

control V. destructor mites, which will also impact populations of tracheal mites (Liu and Nasr, 1992). 

Additionally, some Ontario beekeepers continue to work with the Ontario Beekeepers’ Association’s 

Technology Transfer Program to incorporate honey bee stock into their operations from established bee 

breeders who have bred stock to harbour fewer mites through selection for the trait for hygienic 

behaviour (Otis and Scott-Dupree, 1992; Lin et al., 1996; Nasr et al., 2001). In this 2019 study, no 

tracheal mites were found during the first sampling period while 9% and 11% of sampled bee yards 

presented with tracheal mites in the second and third sampling periods respectively. While the level of 

infestation found in this study was low (1 or 2 bees positive for tracheal mites out of 25 bees tested), 

tracheal mites are still present within the population of Ontario honey bees and it is possible that they 

could be found in higher proportions and levels. As such, further attention should be given to this pest in 

the treatment plans for Ontario beekeepers.  

At present, aside from mixed infestations of tracheal mites and varroa mites, tracheal mites are 

considered to be largely manageable in Ontario honey bee colonies with current treatment, breeding, 

and management options available to beekeepers.   

Varroa Mites 

Varroa mites (Varroa destructor) are considered by many to be one of the greatest threats to honey bee 

health based on its current distribution and virulence (Rosenkratz, 2010; Guzmán-Novoa, 2016). 

Although V. destructor co-evolved with another species of honey bee, the Asian honey bee (Apis 

cerana), it has spread to most western hemisphere honey bee (Apis mellifera) populations globally, 

excluding Australia. V. destructor has been in most parts of Ontario since the early 1990s and is found in 

virtually all honey bee colonies in the province. Ontario beekeepers rely on different methods to control 

this pest, including the use of registered chemical treatments and management techniques such as 

cultural control, monitoring for infestation levels and breeding as part of an integrated pest 

management approach. Academics in the field are working on breeding honey bees that demonstrate 

grooming and hygienic behaviours as well as other traits which protect against V. destructor (Guzmán-

Novoa et al., 2012).   

In Ontario, V. destructor has been shown to be the main culprit for death and reduced populations of 

overwintered honey bees (Guzmán-Novoa et al., 2010). Regular monitoring for levels of V. destructor 

and effective and timely treatments to reduce those levels are crucial for honey bee colony survival (Lee 

et al., 2010; Currie & Gatien, 2006; Guzmán-Novoa et al., 2010). Ontario beekeepers are encouraged to 

monitor for V. destructor throughout the season and treat colonies when needed. The treatment 

thresholds described by Guzmán-Novoa et al. (2010) recommend that beekeepers in Ontario treat their 

colonies for V. destructor when infestation levels of V. destructor reach or exceed 2% in a sample of bees 

collected from the brood nest (e.g., two mites per 100 bees) in the spring / May, and 3% in a sample of 

bees in the late summer-early fall / August. The present study showed that the mean percent of bees 

infested with varroa mites was low and below the recommended treatment thresholds. Comparing 

results from periods 1 and 2 with the spring treatment threshold (2%), the findings showed that there 
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were two yards in period 1 and five yards in period 2 above the threshold level. Comparing results from 

periods 2 and 3 with the late summer/fall treatment threshold (3%), findings showed that there were 

three yards in period 2 and four yards in period 3 above the threshold (Figure 12). It should be noted 

here that the study periods do not align exactly with threshold seasons, thus comparisons are to both 

thresholds for period 2. These results are to be expected as varroa mite populations naturally increase in 

honey bee colonies from spring to fall, especially if no treatment or intervention is applied by the 

beekeeper or the treatment was ineffective. It is assumed that most of the beekeepers who participated 

in this study treated their colonies to reduce the levels of varroa mite infestation at some point during 

the beekeeping season and followed the recommended practices for Ontario beekeepers.  

5.5 Small Hive Beetle 

 

The small hive beetle (SHB), which is native to sub-Saharan Africa, first spread to the United States in 

1996 and has since become established throughout most of the country. Since Ontario first detected 

this apiary pest in 2010, the provincial government, in partnership with industry, has undertaken a 

number of actions including education, regulatory action, and supporting regional research to mitigate 

the spread and potential impact of SHB in Ontario.  

The larval stage of SHB is the damaging stage for honey bee colonies and the cause of honey spoilage. 

SHB larvae consume honey and pollen, predate honey bee brood, spoil the honey stores in the honey 

bee colony, and destroy the wax comb. In addition, if the SHB larvae occur in large numbers, they can 

disrupt colony behaviour and stress the colony to the point of collapse. In most cases, damage occurs 

from SHB larvae when the colony is already weak or severely compromised. In honey extraction 

facilities, honey may be spoiled by fermentation when the SHB larvae consume honey while still in the 

frames, defecating in the honey and leaving a yeast that will cause fermentation. In areas where SHB is 

established, beekeepers will prevent most spoilage from occurring by promptly (within a 48-hour 

period) extracting their honey. While SHB can directly impact honey bee colonies under some 

circumstances, the presence of the pest has not been linked to overwintering losses (Schafer et al., 

2010). The impacts of SHB can typically be mitigated through best management practices (Elzen et al., 

1999; Ellis, 2005a; Ellis, 2005b). As the known distribution of SHB is generally restricted to certain 

regions in Ontario (e.g., Chatham-Kent, Niagara, Essex, Haldimand, Norfolk and Timiskaming), it is not 

surprising that, in the current study, SHB was not detected in any of the inspected bee yards.       

5.6 Honey Bee Queens 

 

The health and productivity of a honey bee colony is directly influenced by the presence of a functional, 

mated queen. Potential causes of queen issues may range from disease, inadequate mating conditions, 

age of the queen, environmental stressors such as pesticides, and beekeeper management. In the 2018-

2019 season, commercial beekeepers reported ‘poor queens’ as the second highest contributing factor 

to winter mortality while hobbyist beekeepers reported “poor queens” as the fourth highest 

contributing factor to winter mortality (OMAFRA, 2019). While honey bee colonies have been shown to 
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have a multitude of different pathogens (Chen & Siede, 2007; Desai et al., 2016; Steinhauer et al., 2014), 

the queen bee may be exempt from a number of these pathogens (Delaney et al., 2011). A survey of 

commercially produced honey bee queens in the USA found that the overall disease and pest prevalence 

in queens is low (Delaney et al., 2011). The prevalence of disease in honey bee queens was not 

investigated in the present study. Altogether, honey bee queens were noted in the majority (greater 

than 96%) of colonies inspected. This is encouraging, but further work on queen health and survival is 

warranted and outside of the scope of this study.  

LIMITATIONS 
 

There are a number of limitations regarding the interpretation of the data collected from Ontario 

apiaries in 2019. Primarily, there are no established thresholds for many of the honey bee pathogens 

studied. The work outlined in this report aimed to survey honey bee pathogens at selected apiaries 

across Ontario to gain a better understanding of pathogen prevalence and load. It must be emphasized 

that the disease detections outlined in the present study are reported at the bee yard level and may not 

accurately reflect the individual colony level data within each yard. Aside from thresholds defined for V. 

destructor, tracheal mites and Nosema, cause and effect relationships with other pathogens must be 

treated with caution as pathogenic levels have not been established. Further research is required to 

define thresholds for honey bee pathogens, which is outside the scope of the current monitoring 

project. 

The beekeeping population in Ontario is diverse, resulting in the need to focus this study on a subset of 

beekeeper types. Only beekeeping operations having 40 or greater colonies at stationary bee yards were 

studied; small-scale and migratory beekeepers were not included. The population of beekeepers that 

was examined accounts for the majority of honey bee colonies in Ontario, and the stationary nature of 

the operations is important for studying the same colonies within a season without the additional 

confounding influence of different locations for the same colonies.  

Due to some logistical issues experienced by the Apiary Program, the date ranges for the collection 

periods and the timing of sampling took place later in the active beekeeping season than in previous 

years of the apiary monitoring project. While this resulted in the established thresholds (e.g., varroa 

mites) not aligning with the dates sampling took place, this was also seen in other study years of the 

project where many sampling dates were before, after or in between the established thresholds for 

varroa mite treatment. This highlights two important considerations that may be addressed in future 

work on honey bee pests and diseases: 1) thresholds are required for more time frames (months) 

throughout the beekeeping season and 2) set dates may not be important on their own, without 

seasonal weather data (e.g., degree days in the case of cropping systems and their associated pest and 

disease patterns) as honey bee colonies begin their rebuilding and development in line with field 

conditions (ambient temperatures and availability of floral resources) as opposed dates on a calendar. 

However, for the scope of this work, using dates was a practical compromise in order to assist with 

logistics and planning with other inspection activities outside of this project.  
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Due to the field-monitoring nature of this study rather than a controlled experiment, results should be 

largely viewed as exploratory with the goal of determining seasonal patterns of pests and diseases in the 

honey bee population of Ontario. The apiary monitoring data collected in 2019, along with data 

collected in 2018, 2017, 2016 and 2015, will serve as a basis for comparison for subsequently acquired 

data.   
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