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ABSTRACT 
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Beekeepers in Ontario, Canada experienced record-breaking winter losses in 2014, and an 

unexplained rise in honey bee mortality incident reports between 2012-2014. The purpose of this 

thesis was to improve the understanding of the beekeeping industry in Ontario, and identify 

disease, management, and spatial factors associated with in-season (i.e., non-winter) colony 

mortality. This retrospective cross-sectional study utilized data (2014) from an Ontario-wide 

survey of beekeepers, and spatial corn crop locations obtained from Agriculture and Agrifood 

Canada. Results of descriptive analyses showed that Varroa mites and queen supersedure were 

among the key self-reported challenges facing many responding beekeepers. Stratified results 

between small scale beekeepers (<50 colonies) versus commercial beekeepers (≥50 colonies), 

showed commercial beekeepers have significantly more years of experience and higher honey 

production. Total in-season colony loss (i.e., cumulative incidence of colony mortality) for the 

study population was 19.6% (978 dead colonies and 4,992 colonies at risk; 95% confidence 

interval (CI)=18.5-20.7%). In-season colony loss was significantly lower for beekeepers with >3 

years of experience (versus ≤2 years; odds ratio (OR)=0.40; 95% CI=0.18-0.90), and those 

managing ≥2 yards (versus 1 yard; OR=0.37; 95% CI=0.17-0.80). Knowledge of Varroa 

presence significantly lowered the odds of in-season colony loss (OR=0.34; 95% CI=0.16-0.76). 

Additionally, colonies with queens that were 1-year old (OR=0.34; 95% CI=0.14-0.83) or ≥2 



 

years old (OR=0.15; 95% CI=0.05-0.45) were associated with decreased odds of in-season 

colony loss compared to queens <1 year of age. In spatial analyses, the presence of corn (as a 

surrogate for neonicotinoid exposure) in the same 10 km2 quadrat of a yard was not significantly 

associated with in-season colony mortality. In summary, this thesis finds in-season colony loss to 

have significant associations with beekeeper and disease factors but does not support the role of 

corn exposure. This provides opportunities to actively support and improve colony health by 

focusing on increased beekeeper education, particularly for small-scale beekeepers, in the areas 

of disease management and queen health. Future research that includes surveillance of in-season 

loss over multiple years, for both small-scale and commercial beekeepers, would likely 

contribute to a better understanding of honey bee health in Ontario. 
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CHAPTER ONE  
Review of the literature 

 
INTRODUCTION AND OVERVIEW 

Declining honey bee health constitutes a growing concern to beekeepers, agricultural farmers, 

and the public (Melhim et al., 2010). Based on data from annual winter mortality reports to the 

Canadian Association of Professional Apiculturists (CAPA), over the past 10 years (2007-2017), 

Ontario beekeepers have lost, on average, one-third of their colonies every winter (mean: 32%; 

range: 12% - 58%), (CAPA, 2018). This is higher than the average national winter loss for all 

provinces (mean: 25%; range: 15-35%) during the same decade (CAPA, 2018). In addition, 

Ontario beekeepers represented an average of 80% (range: 75% - 84%) of the national total 

beekeepers reporting non-winter acute honey bee death incidents to the Pest Management 

Regulatory Agency (PMRA) between 2012 and 2014 (PMRA, 2014). The potential effects of 

prolonged honey bee colony losses include economic impacts to the commercial beekeeping 

industry, lower crop yields, and decreased pollination of commercial and native plants 

(Southwick and Southwick, 1992). There is a further concern that increased honey bee mortality 

is an indicator of environmental degradation overall (National Research Council, 2007; Potts et 

al., 2010).  

The causes of declining honey bee health are multifactorial, with a range of potential 

contributing factors having been reported. These include infectious agents (e.g., Varroa mites, 

Nosema disease, viruses, brood diseases), chemical causes (e.g., miticides, pesticides), 

crop/forage distribution, management practices, climate, and unknown factors (Goulson, 2013; 

van der Sluijs et al., 2013; Suryanarayanan, 2013). However, few studies can highlight 
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specifically which concert of factors most impact honey bee health due to the complexity and 

difficulty in designing appropriately representative experimental studies (Suryanarayanan, 2013). 

Epidemiological research methods can help to address this knowledge gap and examine the key 

factors impacting health under field conditions. These methodologies have been widely used in 

human and animal health to address diseases and conditions with multifactorial etiology (e.g., 

smoking and lung cancer, or rabies transmission and spread in animals); (Bhopal, 2008; Dohoo 

et al., 2009). While there are examples of epidemiological studies examining specific honey bee 

diseases (Budge et al., 2010; Jacques et al., 2017; Milbrath et al., 2015; Mill et al., 2014; Mõtus 

et al., 2016), few explore the complex factors impacting colony mortality (Holt, 2014; Jacques et 

al., 2017; Pirk et al., 2014; Seitz et al., 2015; vanEngelsdorp et al., 2009); no such studies have 

examined Canadian populations. Use of epidemiological methods allows for examination of data 

from multiple sources (e.g., agricultural databases, health data, management surveys) as well as 

the interactions between, and relative importance of, risk factors (Bhopal, 2008; Dohoo et al., 

2009). 

This review will first provide an overview of honey bee biology and beekeeping practices, 

followed by the impact and relevance of honey bees to Canadian agriculture, and the economy. 

Secondly, a summary will be made of what is currently known about the factors contributing to 

declining bee health including: food access, diseases and pests, and pesticides. This material will 

provide the background information for understanding the elements unique to Ontario honey 

bees and the beekeeping industry which follows. The chapter concludes with the thesis research 

rationale and list of thesis objectives. It should be noted that there are gaps in knowledge which 

exist in the Canadian and Ontario literature; to support these gaps, grey literature sources are 

cited in lieu of peer reviewed sources, where necessary. 
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HONEY BEE BIOLOGY 

Colony structure 

The Western/European honey bee (Apis mellifera) is a unique and complex social species where 

groups of individual animals coexist to form colonies. A combination of pheromones and a 

complex dance language is used for communication (Bortolotti and Costa, 2014) among the as 

many as 60,000 bees per colony (Caron, 2009). Each colony includes three castes: one fertile 

female queen, tens of thousands of infertile female workers, and several hundred male drones 

(Page Jr. and Robinson, 1991). Each caste takes a different amount of time to develop from an 

egg; queens emerge as fully developed adults in 16 days, while workers and drones emerge from 

their cells in 21 and 24 days, respectively (Caron, 2009). The queen has a long abdomen which 

aids her in laying up to 1,500-2,000 eggs per day to produce new brood (immature bees in the 

comb cells as egg, larvae, or pupae) and keep the colony populous (Caron, 2009). The small and 

nimble worker bees conduct the vital daily operations to keep the hive functioning, including: 

feeding the queen, rearing larvae and young brood, cleaning comb and cells, foraging for nectar 

and pollen, and putting wax capping on larvae and cured honey (Caron, 2009). Drones are larger 

than workers and responsible for mating with a new young queen on her maiden flight; these 

drones will die during the act of mating (Caron, 2009). A virgin queen will mate with up to 10 

drones in a single flight and will take several mating flights in her first two weeks of life (Caron, 

2009; Sammataro and Avitabile, 1998). The number of mating flights a queen will take depends 

on when she has collected enough semen in her spermatheca, a sperm storage receptacle (Caron, 

2009; Sammataro and Avitabile, 1998). After that time, she will no longer leave the hive and will 

use the stored semen to fertilize as many as 200,000 eggs per year (Caron, 2009; Sammataro and 

Avitabile, 1998); she will continue to lay throughout her productive life to produce more workers 
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and drones (Sammataro and Avitabile, 1998). Collectively, all castes of bees play a role in 

ensuring success of each colony. 

Productive (“non-winter”) season 

For the purposes of this thesis dissertation, the productive (“non-winter”) season of honey bees 

encompasses all active periods of the honey bee colony, and excludes winter. This productive 

season is typically marked by the emergence of honey bees from their hives in the spring, when 

they then begin foraging for the nectar and pollen of newly developing flowers; however, food is 

often scarce at this time. Once night temperatures get warmer and flowers begin blooming, 

nectar flows, and honey bees can begin rapidly replenishing their food storage and producing 

honey. This work is intensive; bees often work themselves to death in a shortened life span of 

approximately six weeks (Caron, 2009). However, this allows the queen to remain well fed so 

she can lay eggs at a prolific rate and ensure the colony can continue to grow (Caron, 2009). The 

process of egg laying by the queen and foraging by workers continues for as long as nectar is 

flowing and food is abundant (Caron, 2009). The productive season approaches conclusion in the 

late autumn when cooler temperatures and evening frosts begin to limit food sources. 

During the summer when food is abundant, healthy populous colonies will often reproduce by 

swarming. Swarming often occurs when the growth of the colony exceeds the physical limits of 

the hive. The queen and older workers will leave the hive in a large swarm in search of a new 

location to develop a hive and begin laying new brood (Caron, 2009; Ribbands, 1955). Only the 

young workers and larvae will remain in the original hive (Caron, 2009). This newly queenless 

colony will need to rear a new queen to survive, and the young workers will need to prioritize 

foraging activities to maintain the food supply for larvae (Caron, 2009). Swarming often happens 

in optimal conditions when food supplies are high and colonies are growing rapidly (Rangel and 
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Seeley, 2012). In Ontario, swarming typically occurs in late May to early June (Rangel and 

Seeley, 2012). It is uncommon for colonies to swarm later in the productive season because it 

does not afford enough time for each of the two smaller colonies to rebuild their respective 

populations and establish necessary food stores before winter (Rangel and Seeley, 2012). 

Swarming late in the season would likely result in death of one or both split colonies (Seeley and 

Visscher, 1985). When successful, however, this natural swarming process will take one larger 

colony and produce two (complete) smaller colonies, each of which can grow larger and swarm 

again in the next year, if conditions are favourable.  

Overwintering 

The overwintering period is one when the honey bee colony shifts priorities from production to 

survival of the winter months. During this time, the remaining unmated drones are ejected from 

the colony in late autumn to preserve resources (Severson and Erickson Jr., 1989). Brood that 

emerge from cells in late autumn are considered ‘winter bees’ (Mattila et al., 2001), and many 

will often live for the duration of the winter season and have a lifespan of over 100 days 

(Sakagami and Fukuda, 1968). These workers remain inside the hive during winter because their 

internal thorax temperature needs to remain at approximately 35° Celsius (Southwick and 

Heldmaier, 1987), and their wings can only operate in ambient temperatures above 10° Celsius 

(Sammataro and Avitabile, 1998). Colonies are highly efficient at thermoregulation, keeping the 

comb at 32-36° Celsius to ensure brood survival (Fukuda and Sakagami, 1968; Sammataro and 

Avitabile, 1998). The individual bodies of honey bees are small and they cannot withstand cold 

temperatures (i.e., 4-5° Celsius) for any prolonged periods (Sammataro and Avitabile, 1998). To 

account for this, as winter temperatures decrease, workers keep the colony warm by clustering 

around the queen and rapidly contracting their thoracic muscles (i.e., shivering) to produce heat 
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(Southwick and Heldmaier, 1987). This shivering cluster is warmest at the inner centre and 

cooler at the outer edges (Owens, 1971). Regardless of outdoor temperature, the ambient 

temperature at the centre of this cluster remains at a minimum of 20° Celsius to ensure the queen 

will survive (Southwick and Heldmaier, 1987). This process is highly energy intensive and 

creates a large demand on the available food reserves. The length of winter and temperatures 

during this time determine how fast these reserves are consumed. Winter mortality is often a 

factor in colonies with too few food stores to last the full winter, or colonies that are not 

populous enough to create a sufficiently warm cluster (Owens, 1971; Seeley and Visscher, 

1985). 

Importance of the queen 

The success of the colony relies on the presence and health of the queen. Typically, a healthy 

queen will remain productive for an average of two to three years, and occasionally can live up 

to four to six years (Page Jr. and Peng, 2001). The queen’s lifespan depends on her ability to 

continue to lay fertilized eggs; depletion of her egg or sperm supply marks the end of her 

productive life. If the queen stops laying eggs, or is otherwise lost or killed, she will need to be 

replaced by the colony; this process of rearing a new queen (known as supersedure), takes 

approximately two to three weeks (Caron, 2009; Miller III and Ratnieks, 2001). During this time, 

a colony may experience a variety of difficulties, including: decreases in population size, food 

shortages (if there are not enough new workers to replace those that have died), as well as raising 

and accepting a new queen (Caron, 2009; Miller III and Ratnieks, 2001). Depending on the time 

of the year and strength of the colony, loss of a queen can lead to the demise of the colony 

(Moore et al., 2015).  
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The complex biology and nature of the colony requires the actions of thousands of honey bees 

working together (known as a superorganism) to reproduce, grow, and thrive (Tautz, 1989). 

Honey bees would not successfully survive as solitary organisms; they require the support of the 

colony. Healthy colonies should have no problem replacing an aging queen, swarming, or even 

surviving winter without the support of beekeepers. However, Apis mellifera has been managed 

by beekeepers worldwide for hundreds of years (Caron, 2009), often in order to produce surplus 

honey for harvest, which in some eras, this sweet nectar was considered a luxury. In modern 

times, the desire to maintain abundant levels of honey productivity is sometimes impacted by 

natural challenges such as weather, diseases, queen problems, and colony loss. The challenge of 

modern beekeeping is to harness the prolific nature of honey production by honey bees while 

balancing the unique dynamics of each individual colony, and understanding and continually 

supporting honey bee health. 

BEEKEEPER MANAGEMENT PRACTICES 

In non-intensively managed bee populations, North American beekeepers keep one colony per 

hive box. Hive boxes typically contain 8-10 frames for bees to rear brood and store honey for 

their own use (Caron, 2009; Sammataro and Avitabile, 1998) additional boxes are added as the 

population grows and honey production begins. Beekeepers will typically manage multiple 

colonies in one apiary (or bee yard), although this number varies greatly depending on the lot 

size and food source in a given area. Beekeepers keep one or several yards in their operation 

depending on their experience and goals. Further, their operation might be a small-scale or a 

commercial enterprise. Small-scale beekeepers are defined by the Ontario Provincial Apiarist as 

beekeepers with fewer than 50 colonies; commercial beekeepers are classified as having 50 or 

more colonies (Kozak, 2016). It is important to note that the distinction between a small-scale 
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and commercial beekeeper does not necessarily correlate to an individual’s experience. Those 

rearing bees for many years are not always commercial operations. Nevertheless, regardless of 

operation size, beekeepers use common practices to leverage the natural tendencies of honey 

bees for their mutual benefit.  

Types of beekeeping 

Beekeepers’ operations are often categorized into types based on their goals. The most common 

goal of beekeepers is honey production; in 2012, approximately 98% of Ontario beekeepers kept 

bees and harvested surplus honey for sale or personal consumption, and approximately 2% kept 

bees for queen breeding and production of small nucleus starter colonies for sale to other 

beekeepers (OMAFRA, 2013). These nucleus colonies typically contain a small version of a full 

colony with a queen, frames of brood and feed, and some workers, to allow beekeepers to get a 

head-start on growing new colonies (Delaplane, 2017). Other operations offer pollination 

services where beekeepers rent out and transport their hives to farmers who wish to improve the 

yield of their crops (Darrach and Page, 2016). While not all pollination services are paid 

(especially if they are in exchange for land to place apiaries), there are specialized crops, such as 

blueberries in Canada and almonds in the United States of America (USA), that rely heavily on 

pollination services (Darrach and Page, 2016; Kozak, 2016). For these special crops, beekeepers 

will transport their hives on trucks across their country to provide this service. These three main 

operation types (honey, queen, and pollination) occasionally overlap; for example, beekeepers 

who provide pollination services may also harvest honey, and those harvesting honey may also 

rear queens for sale. 

Beekeepers take advantage of the natural swarming process and use management techniques of 

splitting hives in order to grow their number of colonies (Caron, 2009; Sammataro and Avitabile, 
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1998). When colonies grow larger and prepare to swarm, beekeepers often pre-emptively split 

the growing colony into two hives and introduce a new (often purchased) virgin or mated queen 

to the colony that is queenless (Rangel and Seeley, 2012). Providing an already mated queen 

helps speed up the process of establishing the newly split colony. If the new queen is accepted by 

the colony, then the process of producing splits can allow beekeepers to grow the size of their 

apiary in an economical manner (Sammataro and Avitabile, 1998).  

Beekeeping practices for honey production 

Honey bees are innately prolific honey producers. Canadian beekeepers produced 92 million 

pounds of surplus honey in 2016 (Statistics Canada, 2017). Beekeepers take advantage of this 

fact, and have developed hives that allow for harvest of honey from boxes placed on top of the 

hive called ‘supers’, without disturbing the queen and developing brood in the brood chamber 

below (Sammataro and Avitabile, 1998). On average, a full super will contain 45 kg (100 lbs) of 

honey (Sanford and Bonney, 2010). Beekeepers will harvest honey from the bees in late summer 

and autumn by removing supers. Often, the available nectar and pollen begin to decrease in the 

autumn, so beekeepers will supplement feed by providing a 2:1 (70%) sugar-water syrup solution 

to individual hives (hive feeding) or in an open barrel (barrel feeding) to allow bees to rapidly 

replenish the food supply before winter (Caron, 2009; Delaplane, 2017). Best management 

practices recommend overwintering colonies all have sufficient nutrition consisting of 3-6 

frames of pollen with a minimum total hive weight of 80-90 lbs (36-40 kg) and 120 lbs (54 kg) 

for hive setups with single and double brood chambers, respectively (Eccles et al., 2016). 

Increased autumn hive weights are suggested in northern or western climates where winters are 

longer and colder and more food is required (Eccles et al., 2016). 
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As the weather begins to change and temperatures cool down for winter, many beekeepers will 

wrap or insulate their hives to support each colony’s thermoregulation through the winter 

(Owens, 1971). A variety of materials including corrugated plastic, Styrofoam, tar paper, and 

shavings may be used at the beekeepers’ preference (Melathopoulos, 2007; Sammataro and 

Avitabile, 1998). The key to wrapping is ensuring adequate airflow throughout the hive. The 

cluster of bees created in winter can produce heat that can cause condensation in poorly 

ventilated hives (Toomemaa et al., 2013). Condensation could result in unwanted excess 

moisture or mould, and may lead to water on wings of the bees, which can impair their use and 

render them incapable of the vibration movements needed to generate heat (Melathopoulos, 

2007; Sammataro and Avitabile, 1998; Toomemaa et al., 2013). As a result, moisture build up 

can often be fatal to bees (Melathopoulos, 2007; Sammataro and Avitabile, 1998). Effective hive 

wrapping with sufficient ventilation controls humidity, and allows for both insulation and 

protection from the wind; this will reduce metabolic demand on the cluster to maintain 

temperature (Owens, 1971; Toomemaa et al., 2013). 

Beekeeper practices such as splitting, feeding, and wrapping are all management techniques that 

support and accelerate natural bee behaviour to ensure colony growth or strong honey production 

(Eccles et al., 2016). These, combined with early identification of signs of disease, are the key 

pillars for the success of beekeeping operations (Eccles et al., 2016). This said, each colony 

presents its own challenges and beekeepers may face an endless number of decisions to manage 

their colonies and operations.  

VALUE OF HONEY BEES 

Insects (including honey bees) are cited to be involved, directly and indirectly, in the production 

of one-third of every bite of food consumed by humans worldwide (McGregor, 1976). Directly, 
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it is through the act of pollination, as honey bees are one of the most efficient means of 

supporting the growth of a variety of fruits and vegetables (Southwick and Southwick, 1992). 

Indirectly, the impact of honey bees extends to pollination of foods fed to animals that are raised 

for food, such as hay and other grains (Klein et al., 2007). Honey bees are an integral part of the 

agricultural and food system and provide tremendous value both practically and economically for 

their services.  

Given the complex interconnectivity of bees in the environment, the economic benefit provided 

by honey bee pollination activities is difficult to quantify accurately. Based on research in the 

USA by Morse and Caldrone (2000) regarding the dependence of particular crops on honey bees 

for pollination, an estimate for Canada was calculated. The direct contribution of honey bee 

pollination to Canadian commercial harvest value was determined to be CAD$2.05 billion 

annually in 2013 (Darrach and Page, 2016). The value for honey was an additional CAD$181 

million in 2013 (Statistics Canada, 2017). Few data are available for additional minor products 

such as pollen, wax, propolis, royal jelly, and other revenue from beekeepers who provide rental 

pollination services. Although this valuation is substantial, this estimate was based on USA 

research, which only used a limited number of crops; therefore, this may be an underestimate of 

the true economic value. Accurate valuations of the direct economic impacts of honey bee 

pollination require further research and refinement to be more aligned with the crops and 

industry in Canada.  

Nevertheless, the high economic, environmental, and societal value of honey bees warrants 

investigation of health preservation and sustainable approaches to ensure honey bees can thrive. 

Without the pollination services provided by honey bees and other pollinators, available food 
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would be less diverse, more expensive, and lacking in the most colourful fruits and vegetables 

(Garratt et al., 2014; Klein et al., 2007; Southwick and Southwick, 1992). 

FACTORS IMPACTING HONEY BEE HEALTH 

A variety of factors can impact the health and strength of honey bee colonies, and across the 

literature, no one definitive cause has emerged as the key factor for colony loss. Lack of 

adequate food, pests, diseases, and pesticides are commonly cited factors thought to contribute to 

weakening a colony (Spivak et al., 2011; Staveley et al., 2014); however, multiple factors are 

likely (Potts et al., 2010). The complex nature of colony health, however, makes it difficult to 

identify the most important risk factors for mortality. Potts and colleagues (2010) suggest three 

key groups of factors contributing to honey bee losses. These drivers include presence of 

environmental stressors (e.g., malnutrition, poor management, exposure to pesticides), lack of 

genetic diversity, and infections with pests and pathogens (Potts et al., 2010). Furthermore, while 

each of these factors can directly impact loss, interactions between factors within each group, as 

well as between these groups, can further complicate understanding the cause of colony losses 

(Potts et al., 2010).  

Food access 

As a semi-free ranging species, honey bees require adequate access to food from their local 

environment. Often traveling 5.5 km, on average (Beekman and Ratnieks, 2000), honey bees 

travel only as far as necessary (Ribbands, 1951) to bring back nectar and pollen to the hive. In 

areas lacking adequate food, bees can travel as far as 14.4 km, but 95% of bees forage within a 

10 km radius (Beekman and Ratnieks, 2000). This offers a large travel radius, and for this 

reason, beekeepers carefully consider the placement of yards to ensure bees have access to a 
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variety of blooming flowers for the whole growing season, which ensures growth of colonies and 

higher honey yields (Delaplane and Mayer, 2000). 

Modern beekeeping, however, has additional factors to consider. After the industrial era, the 

specialization of farm tools for planting and harvesting changed the way agricultural farms 

operate (Fitzgerald, 2003). Monoculture, characterized as large fields filled with a single crop, 

evolved as a means of efficient production and harvest. Across North America, it is common to 

see far ranging monocultures in agricultural growing areas. The most common monoculture 

crops in Ontario are soybeans, grain corn, and hay with 3 million, 1.9 million, and 2 million 

acres planted in 2014 (the time frame pertaining to this thesis research), respectively (Statistics 

Canada, 2018). More recent reports for 2017 indicate these estimates to be 3 million, 2.1 million 

and 1.7 million acres, respectively (Statistics Canada, 2018). For perspective, the total seeded 

acres of wheat, rye, oats, barley, canola, and grain planted in 2014 ranged from 35,000 to 

775,000 total seeded acres (Statistics Canada, 2018). 

The practice of monocultured crops several agricultural advantages, and creates a demand for 

paid pollination services whereby beekeepers will transport their colonies large distances to 

monocultures which require pollination. In these cases, migratory beekeepers often conclude 

pollination services with the end of nectar flow and flowering of the crop to ensure adequate 

food source. However, although bees are often very well fed during flowering, they are mainly 

exposed to a single food source and this can sometimes lead to deficiencies in their diet. Dietary 

deficiencies from monocultures are largely dependent on the pollination crop; almond pollination 

(typical in the western United States) for example, often provides a protein-rich diet for bees 

(Standifer et al., 1960), whereas blueberries (common in eastern Canada) provide an incomplete 

protein composition (Girard et al., 2012).  
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In stationary or migratory colonies, food shortages in honey bee colonies can occur for a variety 

of reasons. Apiaries located near vast monocultures may experience shortages since monoculture 

crops offer very little food diversity; since the crops flower at the same time of the year, the 

limited nectar flow may leave gaps in the food supply for bees (Delaplane and Mayer, 2000). 

Apiary survival has a significant positive association with area of uncultivated land (e.g., pasture, 

grassland, hayland, ditch, flowering trees and shrubs) surrounding it, when compared to 

cultivated forage crops (Smart, 2015). However, even colonies placed in diverse growing areas 

can experience food shortages if there is high competition for food sources, or weather 

conditions (e.g., too much or too little rain) have impacted growing conditions (Caron, 2009). 

Nectar and pollen availability can have a direct influence on the size and growth of populations 

of colonies (Caron, 2009).  

Diseases and pests 

The presence of diseases or pests can impact the strength of a honey bee colony and lead to 

impaired bee function, decreases in adults or brood, and sometimes death of the colony. Use of 

best practices, integrated pest management strategies, and careful use of necessary treatments by 

beekeepers can be important tools for disease management and colony survival. The most 

relevant diseases for this thesis are discussed. 

Varroa mites 

A major pest to honey bee colonies in North America, and elsewhere, is the mite, Varroa 

destructor. Since its inadvertent introduction from other continents in the late 1980s, this 

parasitic mite has spread rapidly throughout North America (Melhim et al., 2010; Pernal and 

Clay, 2013). Reports (Melhim et al., 2010) indicate that Varroa are widespread and present in 

every Canadian province, with the exception of Newfoundland and Labrador, which is still 
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considered Varroa-free (Pernal and Clay, 2013). The colony prevalence of Varroa in Ontario in 

2015 was 14.5% (851 positive colonies, from 5,883 colonies inspected) but increased sharply in 

2016 to 29.9% (1,293 positive colonies, from 4,326 inspected) (OMAFRA, 2016a, 2017). 

Although inspectors for this study indicated a relatively low level of Varroa in many operations 

relative to treatment thresholds, Varroa are one of the primary concerns for beekeepers because 

of its impact on colonies (OMAFRA, 2016a). The mite feeds on the hemolymph (‘blood’) of 

adult bees and can ultimately cause death of individual bees (Kozak et al., 2012a). Continued 

mite presence will weaken the overall colony and can readily spread to other hives in the apiary 

(Kozak et al., 2012b). Highly infected colonies will display irregular (spotty) brood patterns and 

often bees will leave the hive (abscond) and cause colony death if no treatment is provided 

(Kozak et al., 2012a; Pernal and Clay, 2013). 

Once Varroa are established, preventing Varroa spread is often difficult. Bees carrying Varroa 

may enter the wrong hive and leave behind a mite, spreading the parasite among hives in the 

same apiary (Kozak et al., 2012b). However, it is common to have large variability in the level of 

infestations between colonies of the same apiary, based on factors like overall health and 

strength of the individual colony (Pernal and Clay, 2013). Since the mite life cycle relies on the 

presence of young bee brood (with a preference for reproduction in drone larval cells due to 

longer development time), a mite infestation may not be easily detectable in the early stages 

(Kozak et al., 2012a). Those exposed colonies may first see small impacts on adult bees, but 

experience a more significant loss of their developing bee pupae as Varroa establish further. 

Early detection is important to avoid high losses and spread within the apiary (Caron, 2009). 

Testing for Varroa levels is a critical component in assessing the degree of mite infestation 

throughout the season, and to inform appropriate action or treatment. The alcohol wash method 
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uses a sample of about 300 adult bees and a liquid alcohol solution which, when shaken, causes 

the mites to dislodge, and the fluid strained to assess the percentage Varroa infestation as 

number of mites per volume of bees (Pernal and Clay, 2013). Alternatively, the sticky board (or 

24-hour mite drop) method involves use of a sticky piece of cardboard inserted at the bottom of 

the hive beneath the screen bottom board and retrieved after a time period of a 24, 48 or 72 hours 

to calculate the average number of mites dropped onto the sticky board per day (Pernal and Clay, 

2013). Alcohol wash and sticky board are considered to provide similar estimates (Gatien and 

Currie, 2003), but the most sensitive form of testing is utilizing the sticky board following an 

acaricide treatment (Pernal and Clay, 2013). In addition to the alcohol wash method and mite 

drop test, beekeepers also may remove the wax capping of select brood cells to inspect for 

presence of developing mites which utilize larvae cells for their reproduction (Ritter and 

Akratanakul, 2006). These tests, however, rely on the experience of the beekeeper to be 

performed regularly and correctly. 

Evidence of Varroa exceeding thresholds suggested by OMAFRA warrant treatments be applied 

to the individual hives; specifically, those colonies exceeding 2% infestation or 9 mites/24 hour 

drop in May or 3% infestation or 12 mites/24 hour drop in August for alcohol wash and sticky 

board testing methods, respectively (Currie, 2008; Kozak et al., 2012b). With the exception of 

Mite Away Quick Strips® (a food grade formic acid Varroa mite treatment), chemical 

treatments are avoided during the productive season when colonies are producing honey intended 

for harvest and sale, to avoid product contamination (Currie and Gatien, 2006; Kozak et al., 

2012b). As a result, treatments can be applied in the spring and / or the late autumn, as required, 

depending on the number of mites present (Currie and Gatien, 2006). Spring treatments have 
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been shown to improve honey yield. Testing should continue throughout the season and heavy 

infestations in the summer may also warrant an emergency treatment (Kozak et al., 2012b). 

Beekeepers have several treatments available to manage Varroa. Three synthetic acaricide 

treatments are registered for use on Varroa mites in Canada: Apivar® (Active ingredient: 

amitraz), Apistan® (Active ingredient: fluvalinate-tau), and CheckMite+TM (Active ingredient: 

coumaphos). In addition, the registered organic chemicals for treatment are Oxalic acid (Active 

ingredient: oxalic acid dihydrate), Thymovar®/Apiguard® (Active ingredient: thymol), and Mite 

Away Quick Strips® (Active ingredient: 46.7% formic acid in strips) (Eccles et al., 2016). To 

date, however, mites in Ontario and across North America have demonstrated resistance to active 

ingredients of several synthetic products, in particular, Apistan® and CheckMite+TM (Currie et 

al., 2010; Kozak et al., 2012a; Sammataro et al., 2005). In Ontario, resistance to Apistan® was 

laboratory confirmed in 2001 and subsequently CheckMite+TM was permitted for use. The first 

signs of CheckMite+TM resistance were noted in 2002 in Ontario, and resistance in other 

provinces were also documented between 2002 and 2008 (Currie et al., 2010). Mites have also 

shown resistance to Apivar® in USA (Elzen et al., 2000), but no documented cases have been 

recorded in Canada (Kozak et al., 2012a; Naggar et al., 2016). A study by Sammataro and 

colleagues (2005) demonstrated that the development of resistance to multiple products (i.e., 

Apivar®, Apistan®, and CheckMite+TM) could occur within a year. The colonies started with 

susceptible Varroa mites in spring demonstrated resistance in mites by autumn as both the bee 

colony and mite population increased (Sammataro et al., 2005). However, a group of researchers 

found varying levels of insecticide sensitivity, seeing some move from resistant to sensitive, over 

the 5-month period of their study (Rinkevich et al., 2017).  
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Although resistance is present in synthetic products, organic chemicals can still be used 

effectively, namely: oxalic acid, Thymovar®/Apiguard®, and formic acid (Eccles et al., 2016). 

However, even treatments without known resistance may not always be effective. For instance, 

treatment failure of Varroa typically occurs in the autumn if the treatment is insufficient (e.g., 

not the correct treatment type for the situation) or inappropriately timed (e.g., too late to stop a 

heavy infestation) (Currie and Gatien, 2006). Since mites can be hidden in capped brood cells, if 

mite populations have reproduced and begun to establish, beekeepers may assume their mite 

count is low if they are only using mite drop tests or alcohol washes to inform treatment 

decisions. Furthermore, only certain treatments, such as formic acid, will penetrate the wax 

capping to impact the immature developing mites (Calis et al., 1998). Therefore, even if few 

mites are seen upon testing, it is often not immediately evident that treatment was not effective 

until the following spring, when Varroa weakens the colony throughout winter and the colony 

does not survive to spring (Currie and Gatien, 2006; Francis et al., 2013). The importance of 

sufficient and effective treatment is demonstrated in research conducted by Francis and 

colleagues (2013). Over the course of a year, the viral load in bees (used as a surrogate for 

Varroa presence under three Varroa mite treatment conditions (organic acids (i.e., formic acid or 

oxalic acid), pyrethroid (i.e., Apistan®), or no treatment) was investigated (Francis et al., 2013). 

It was found that Varroa mite treatment efficacy was often ineffective as mite numbers and viral 

titres of Varroa transmitted viruses continued to rise in several colonies after treatment, resulting 

in colony loss over the winter period. In colonies where treatment reduced the mite load, 

colonies overwintered successfully (Francis et al., 2013). Therefore, the difficulty of accurately 

quantifying Varroa mite infestations, coupled with the desire for a long productive season 



 

19 

(during which treatments are undesired as they leave unwanted residues in honey), can make it 

difficult to time treatments properly to be most effective.  

Alternative interventions for Varroa management have been utilized during the productive 

season with varying success. These interventions include drone traps, screened bottom boards, 

and powdered sugar. Drone traps exploit the Varroa mite’s preference for reproduction in drone 

cells and employ use of specialised comb to encourage the colony queen to lay drone brood that 

the beekeeper then removes before mature drones emerge (Calderone, 2005). Doing so, disrupts 

the life cycle and prevents release of new mites. When used properly, this method has been 

demonstrated to be up to 93% successful at trapping mites in otherwise broodless colonies (Calis 

et al., 1999) and has no adverse effects on colony health (Calderone, 2005). The screened bottom 

board approach uses a mesh screen placed at the bottom of the hive and can be adapted to hive 

setups. These boards are intended to reduce the number of mites honey bees come into contact 

with by allowing mites to drop through the screen where bees cannot go. Screened bottom boards 

are only minimally effective when used on their own as they do not directly impact mites, but 

studies have shown a significantly decreased percentage of mites in capped brood cells, 

suggesting the mechanism of protection does slow the mite life cycle (Harbo and Harris, 2004). 

Powdered sugar dusting is also commonly used to boost grooming behaviour; the premise is to 

encourage bees to clean themselves and subsequently dislodge attached mites (Macedo et al., 

2002). Research has shown powdered sugar to allow for up to 93% mite recovery, which was the 

highest recovery compared to other dusting agents (i.e., talcum powder, cornstarch, baking soda) 

(Macedo et al., 2002). However, an 11-month study with biweekly powdered sugar dusting was 

not found to significantly control Varroa (Ellis et al., 2009). These three methods are part of 

integrated pest management practices, and while not considered effective as a sole control of 
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Varroa (Rinkevich et al., 2017), when properly utilized with testing and appropriate treatments, 

can help to reduce Varroa mites (Calderone, 2005; Harbo and Harris, 2004).  

Other relevant diseases (brood diseases) 

A variety of brood diseases impact colonies. Brood diseases transmit from unaffected adult 

carrier bees to newly developing susceptible brood, often impacting the growth and development 

of brood in affected colonies. The key brood diseases in Ontario, from most prevalent to least, 

include chalkbrood, American foulbrood (AFB), sacbrood virus, and European foulbrood (EFB) 

(OMAFRA, 2016a).  

Chalkbrood has an increasing prevalence of 3.84% (2014), 5.80% (2015), and 11.14% (2016) in 

Ontario honey bee colonies (Kozak, 2016; OMAFRA, 2016a, 2017). This disease is spread by a 

spore forming fungus (Ascophaera apis) that infects larval stages of brood. The classic 

mummified white or grey/black larvae indicative of chalkbrood can be seen in the spring, or in 

times of colony stress (Pernal and Clay, 2013). Although no treatment is available, chalkbrood 

can often be resolved with management that reduces spread of spores and strengthens colonies 

(Pernal and Clay, 2013). As a result, it is less concerning than other brood diseases because it 

often does not cause significant losses, unless hives are already stressed or weakened by other 

factors (Pernal and Clay, 2013).  

Prevalence of AFB in Ontario is variable in recent years moving from 0.86% (2014), to 0.95% 

(2015), and decreasing again to 0.51% (2016) (Kozak, 2016; OMAFRA, 2016a, 2017); however, 

its presence is of grave concern to beekeepers worldwide (Pernal and Clay, 2013). It is 

considered endemic to Canada, and devastating to colonies because of its virulent nature and 

highly contagious transmission (OMAFRA, 2014). Spread of spore-forming Paenbacillus larvae 
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bacterium occurs readily, and spores can persist against various disinfectants, in a wide range of 

environmental temperatures, and can survive on stored equipment for decades (Ritter and 

Akratanakul, 2006). The disease is characterized by a fish-like odour of dead pupal stage bees 

found beneath darker coloured sunken scales capping the brood (Ritter and Akratanakul, 2006). 

Oxytetracycline antibiotic can be used to treat affected colonies, but has no action on the spores. 

Irradiation of equipment is the most effective method of rendering spores non-viable in order to 

prevent further spread (Pernal and Clay, 2013). In some cases where infections are widespread 

and irradiation facilities are not available or feasible, the burning of the affected hive and colony 

is necessary to prevent further spread (Pernal and Clay, 2013). 

Sacbrood is a virus (Morator aetatulas) that has a relatively low but slowly increasing 

prevalence of 0.36% (2014), 0.54% (2015), and 0.75% (2016) in Ontario (Kozak, 2016; 

OMAFRA, 2016a, 2017). This virus prevents pupation by forming a leathery sac membrane 

around the larvae (Pernal and Clay, 2013). Varroa mites can act as a vector for spread of this 

virus between colonies, and transmission from adult carrier bees tending to larvae is common. 

No treatment is available but breeding programs that reduce overall susceptibility to sacbrood 

virus (e.g., by requeening colonies), and reducing colony stress are the best approaches to control 

(OMAFRA, 2014; Pernal and Clay, 2013). 

Lastly, EFB has a prevalence which has increased from 0.02% (2014), to 0.13% (2015), and 

decreased slightly again to 0.10% (2016) in Ontario (Kozak, 2016; OMAFRA, 2016a, 2017). 

The agent of EFB is a bacterium (Melissococcus plutonius), which invokes a competition for 

food within the gut of larvae, and causes larval death in times of food scarcity (Ritter and 

Akratanakul, 2006). This bacterium can be carried by adult bees without symptoms (Forsgren, 

2009) and transmitted to larvae by contact with adult bees, contaminated food or infected cells 
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(Ritter and Akratanakul, 2006). Although signs can sometimes be confused with AFB, EFB is 

distinct as death often occurs before capping and dead larvae often form a “C” shape in the cell 

(Ritter and Akratanakul, 2006). The occurrence of EFB often happens during spring when rapid 

expansion of brood nests coupled with abundant nectar and pollen sources require more bees to 

forage than to feed larvae (Pernal and Clay, 2013). Often, EFB resolves on its own when the 

colony expansion subsides, and nectar and pollen flow are more consistent (Pernal and Clay, 

2013). Unlike AFB, only infected comb needs to be replaced and treated with oxytetracycline, in 

cases where it is required (OMAFRA, 2014). 

Although the prevalence of many of these brood diseases are relatively low, they are a cause for 

concern under the conditions that promote rapid spread across a bee yard (OMAFRA, 2014). 

Presence of any of the above brood disease may weaken colonies, resulting in a lower collective 

immunity, and increasing susceptibility to other diseases, pests and / or viruses. Research 

conducted to examine which of these diseases are most impactful to colony mortality further 

highlight the interactions between diseases. For example, in a 10-month cohort study conducted 

by vanEngelsdorp and colleagues (2013), colonies were randomly selected and tracked from 

three migratory beekeeping operations in the eastern USA. to determine risk factors associated 

with colony morbidity and mortality. The colonies were inspected at varied intervals for death or 

clinical symptoms of the following brood diseases: chalkbrood, EFB, AFB, sacbrood virus, 

deformed wing virus, and idiopathic brood disease syndrome (which refers to a recognizable set 

of symptoms with an unknown cause leading to poor brood survival) (vanEngelsdorp et al., 

2013). Basic epidemiological methods were used to calculate the relative risk of mortality 

following exposure to these risk factors; some of the key findings were that colonies diagnosed 

with idiopathic brood disease syndrome had three times the risk (P=0.013) of dying within 50 
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days compared to colonies without the diagnosis (vanEngelsdorp et al., 2013). Further, the 

diagnosis of a disease was often positively associated with simultaneous diagnosis of another 

disease, supporting the hypothesis that colony mortality has a multifactorial etiology 

(vanEngelsdorp et al., 2013). 

Pesticides 

Complex synthetic chemical pesticides were first created during the Second World War, and 

were intended to reduce the number of pests that impact crops, improve crop yields, and reduce 

the prior observed toxic effects of pesticides to mammals (Tomizawa and Casida, 2005). Since 

then, their effectiveness has contributed to widespread utilization by crop farmers (Tomizawa 

and Casida, 2005). 

Eight neonicotinoid pesticides were patented between the late 1970s to early 1990s and made 

commercially available shortly thereafter (Tomizawa and Casida, 2005). Clothianidin, 

imidacloprid, and thiamethoxam are the three neonicotinoids currently approved for agricultural 

use in Canada (PMRA, 2014). The mode of action of the neonicotinoid class of insecticide 

involves binding to nicotinic acetylcholine receptors in the central nervous system of pests, 

causing nervous simulation at low concentrations, and paralysis or death at high concentrations 

(Tomizawa and Casida, 2005). Each insecticide has a nicotinic acetylcholine receptor agonist, 

allowing them to be selectively toxic to insects in minute quantities, while providing more safety 

to mammals and birds compared to other insecticides (organochlorines, organophosphates and 

methylcarbamate) (PMRA, 2014; Tomizawa and Casida, 2005). Nevertheless, these 

neonicotinoids have shown evidence of toxicity. A summary of toxicological data from various 

studies by Tomizawa and Casida (2005) demonstrate that thiamethoxam is rated as a likely 

human carcinogen (based on ‘no-observed-adverse-effect-level’ chronic toxicity studies 
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performed with rats), and the acute oral dosing studies of imidacloprid is considered most toxic 

of the neonicotinoids to birds, namely the Japanese or bobwhite quail tested. However, despite 

this, the more attractive features of neonicotinoids (i.e., relative safety, strong efficacy on insects, 

and persistent nature (allowing for long term protection), have resulted in wide use in agriculture, 

both as a spray and a seed coat treatment for crops (Tomizawa and Casida, 2005). 

The neonicotinoid class of pesticides are water soluble and can be absorbed by plant roots or 

leaves and transported throughout the plant tissues, providing unique advantages to plant pest 

control previously not possible with past pesticide technologies (Tomizawa and Casida, 2005). 

When used as a seed treatment, the neonicotinoid compounds are found to distribute systemically 

(throughout the plants tissues), in various plants including corn and soybean (Bonmatin et al., 

2005; Stamm et al., 2016). However, less than 20% of the active substance is found to enter the 

crop; the remaining can leach into soil and surface or ground water (Schaafsma et al., 2015; Sur 

and Stork, 2003). Amounts of leaching can vary depending on soil type (Jeong and Selim, 2010) 

and pesticide formulation, as additives may adjust the activity of the chemical compound (Gupta 

et al., 2002). The PMRA (2001), which regulates product registrations, indicates the dissipation 

time (DT50) (time for 50% of the product to dissipate) of imidacloprid is 1-2 years. Furthermore, 

if the capacity of the soil to bind to imidacloprid is reached (i.e., through continued application), 

the product is likely to leach into groundwater, for which there is no known remediation (PMRA, 

2001). A field study in the United Kingdom compared soil concentrations of three neonicotinoids 

and demonstrated lower levels of thiamethoxam and clothianidin relative to imidacloprid, 

suggesting more persistence of imidacloprid (Jones et al., 2014). Neonicotinoids can be 

recovered from wild forage near treated fields; however, it is unknown whether this results from 

uptake of neonicotinoids from soil and water or from the dust created during the planting (seed-
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drilling) of treated seed (van der Sluijs et al., 2013). Nevertheless, the persistence of 

neonicotinoids in the environment means a variety of unintended insects could be exposed to low 

doses of the insecticide for much of the year, not just during application (Jones et al., 2014; van 

der Sluijs et al., 2013). 

Although not the primary target, honey bees in particular may be exposed to neonicotinoids in 

several ways. Foraging worker bees may be exposed through direct contact with treated plants, 

or via inhalation of aerosolized spray or seed dust, both of which have been reported to cause 

acute bee mortality (Girolami et al., 2013; Tapparo et al., 2012). Furthermore, bees within the 

colony may also be indirectly exposed to neonicotinoids through ingestion of treated food 

sources (e.g., pollen and nectar) that contain residues (van der Sluijs et al., 2013). Preventing 

honey bee exposure to pesticide sprays can be mitigated through clear communication between 

farmers and beekeepers about times of application, so that the beekeeper can take precautions 

(Alberta Agriculture and Forestry, 2001). However, even with such precautions, the systemic 

nature of neonicotinoid treated seed makes it difficult for beekeepers to prevent bees from being 

exposed to varying levels of neonicotinoids dispersed throughout the plant tissue of seed treated 

crops (Bonmatin et al., 2005; Stamm et al., 2016).  

The potential health impact on honey bees from exposure of neonicotinoid insecticides has been 

brought to light in recent years. Acute toxicity is expressed as the dose necessary to yield death 

of 50% (LD50) of the exposed honey bees in 48 hours, in a laboratory setting (van der Sluijs et 

al., 2013). Laurino and colleagues (2013) determined mean acute oral toxicity lethal dose values 

for 24 hours for clothianidin (LD50 mean=3.53 ng/honey bee), imidacloprid (LD50 mean=118.74 

ng/honey bee) and thiamethoxam (LD50 mean=4.27 ng/honey bee).  
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Evidence for long term toxic effects of neonicotinoids on honey bees under practical field 

conditions is complex; several factors may contribute to honey bee mortality (Suryanarayanan, 

2013). Neonicotinoids are detectable in pollen and nectar of treated crops, including those that 

are seed-treated (Sánchez-Hernández et al., 2016). The amount of neonicotinoids found in pollen 

and nectar is variable, but is generally considered inadequate to cause acute toxicity to honey 

bees (Goulson, 2013; Suchail et al., 2000). However, neonicotinoid levels found in individual 

bees exposed to imidacloprid seed dust at planting have been shown as high as 4,786 ng/bee and 

an average of 300 ng/bee (Girolami et al., 2013), well above the LD50. Other sources of high 

concentrations of neonicotinoids have been found in the excretion of xylem fluid (called leaf 

guttation) of seed coated corn plants (Girolami et al., 2009). When guttation was consumed by a 

honey bee, the lethal neonicotinoid levels caused signs of intoxication followed by acute 

mortality (Girolami et al., 2009). Acute neonicotinoid poisoning in honey bees is characterized 

by shaking and tremors, uncoordinated and uncontrolled movements, staggering, inability to take 

up a correct body position, prolonged frenetic movement of the legs, rotation when in the supine 

position, and vomiting (Ritter and Akratanakul, 2006). 

While the LD50 guideline considers acute mortality, it does not provide a dose for sublethal 

effects (Yang et al., 2008). There is no measurement of safety to avoid a cumulative sublethal 

impact resulting from ingestion of neonicotinoid residues over a prolonged time period. 

Sublethal effects of pesticide exposure are characterized by physiological or behavioural effects 

on insects that survive exposure to a pesticide (Desneux et al., 2007). These effects, which 

impair the immunity and behaviour of honey bees, can eventually contribute to death and 

collapse of the colony (van der Sluijs et al., 2013). There is a growing body of research 

examining the sublethal effects of neonicotinoids on honey bees. For example, sublethal doses of 
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neonicotinoids have been shown to reduce learning, foraging ability, and homing in honey bees, 

and increase queen failure (Dively et al., 2015; Han et al., 2010; Henry et al., 2012; Yang et al., 

2008). Such sublethal effects are likely to occur in field situations, but are difficult to fully 

demonstrate because of a variety of uncontrolled factors, such as impacts of diseases and viruses, 

in-hive treatment effects, and overall colony strength. Furthermore, product safety studies using 

standard testing protocols only aim to identify the presence of acute effects and generally do not 

examine effects on behaviour or learning. 

In contrast to these findings, some studies did not identify neonicotinoids as having an impact on 

honey bees. For example, an experimental study attempted to use the worst-case scenario for 

honey bee exposure to clothianidin seed-treated canola to investigate the sub-lethal impact of 

neonicotinoids on honey bee health (Cutler and Scott-Dupree, 2007). Honey bee colonies were 

either placed in clothianidin-treated canola fields or untreated control fields during the bloom 

period, then moved to an autumn apiary; data were collected on bee mortality, worker longevity, 

brood development, and honey yields over 130 days (Cutler and Scott-Dupree, 2007). The study 

did not find any significant differences between treatment and control groups; however, treated 

and control fields were 300 metres apart and it was possible for bees from either study group to 

forage on either field (Suryanarayanan, 2013). However, if fields were placed too far apart there 

may not be a reliable amount of replication of exposure between the two groups. Such details 

further highlight the practical difficulty in designing a controlled field study for honey bees to 

measure the impact of individual factors (in this case, neonicotinoids). A meta-analysis 

examining imidacloprid and found that field-realistic levels for seed treated crops under lab and 

semi-field conditions had no significant lethal effects on honey bees (Cresswell, 2011). 

However, such studies may not reflect conditions that exist in the field (Suryanarayanan, 2013). 



 

28 

For example, the consideration of other factors associated with honey bee health, including 

diseases, management practices, forage quantity and quality, and weather may yield different 

results.  

Although there has been much research performed on neonicotinoids, there are still questions 

and gaps in understanding the impact on bee health. Initial research and assessment of 

neonicotinoid products relating to risks to human health and the environment were required to 

obtain pesticide approval from Health Canada. Such studies are the responsibility of the 

companies that manufacture the product; therefore, bias and conflict of interest must always be 

considered. Additional independent research is necessary to assess the impact of neonicotinoids 

on honey bees beyond that of just safety. For example, there is a question whether honey bees 

actively avoid crops contaminated with neonicotinoids; if they do, this could have implications 

for crop pollination (Goulson, 2013). The interaction of sublethal effects and other potential 

stressors (e.g., infectious, nutritional, climatic, toxic) are also not well characterized 

(Suryanarayanan, 2013). There is a lack of studies addressing the multifactorial nature of the 

etiology of bee health decline in true field situations; more localized/controlled studies may well 

exclude factors (including unknown ones) that are required to produce field effects which are 

reported anecdotally, for example, by producers (Suryanarayanan, 2013). Furthermore, the true 

long-term impacts of these products are often unclear and the necessary studies required to show 

effects take years or decades, careful study design, and large budgets to complete. 
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BEEKEEPING IN ONTARIO 

While universally applicable factors impact the health of honey bees and contribute to the 

difficulties facing beekeepers worldwide, some unique features exist in Ontario that set the 

province apart from other regions. Industry growth and makeup, geography, and agricultural 

landscape all contribute to the managed honey bee colonies in Ontario. 

Ontario beekeeping industry: growth and demographics 

In the growing Canadian beekeeping industry, Ontario colonies consistently represent between 

12-15% of the national total (Statistics Canada, 2017). In just under a decade (2006-2015), the 

national number of managed colonies in Canada rose from 628,401 in 2006 to 750,155 in 2016 

(Statistics Canada, 2017). These colony totals, however, can be deceiving. Over the course of the 

same decade (2006-2015), despite overall industry growth, beekeepers in Ontario experienced 

historic losses of their colonies over the winter seasons. Currie and colleagues (2010) suggest 

that high winter losses are often able to be rapidly replaced by beekeepers splitting their hives 

throughout the productive season, which is why high winter losses do not always align with the 

overall growth of the industry. The national reporting authority, CAPA, summarises data on 

annual winter losses of managed commercial honey bee colonies for all Canadian provinces 

(CAPA, 2018). The winter colony loss statistics for Ontario and Canada are presented for each 

year between 2006-2017 in Figure 1.1. Although the acceptable proportion of winter honey bee 

mortality indicated by CAPA is 15%, the national and Ontario averages only met or fell below 

this threshold once in 2011/2012 (CAPA, 2012). In addition, Ontario has shown much variability 

in winter colony loss averages, however they have consistently been recorded as having among 

the highest winter losses compared to other provinces in Canada (CAPA, 2018). Most notably, 

the winter of 2013/2014 saw losses reach a historic 58% in Ontario, while the Canadian average 
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was 25% (CAPA, 2014). These high mortality values are cited to be a result of a variety of 

factors, including long cold winter and a wet spring experienced by many beekeepers (CAPA, 

2014). Many respondents cited starvation as a key cause of winter losses, and queen quality was 

also of concern generally (CAPA, 2014). Additional research from Guzmán-Novoa and 

colleagues (2010) in Ontario suggest that presence of Varroa and poor food reserves can result in 

weakened colonies and may contribute to higher overwinter losses. However, this particular 

CAPA winter loss report indicated that fewer beekeepers cited Varroa as a concern for impacting 

their winter loss in 2013/2014 (CAPA, 2014), which may be because of anecdotal evidence of a 

temporal pattern where Varroa mites are particularly damaging every other year. Nevertheless, 

winter losses of this scale are considered unsustainable, and continued high winter mortality 

figures have initiated interest in further investigation. 

The demographics of beekeepers in Ontario is unique compared to most other Canadian 

provinces. Although Ontario is the second largest contributor of total colonies to the national 

total, it contains the most beekeepers of any province in Canada (Figure 1.2). For Alberta, the 

total colonies were 311,000 in 2017, were kept by 1,360 beekeepers (Statistics Canada, 2017) 

with an average of 229 colonies per beekeeper. In Ontario, however, there were 3,331 

beekeepers keeping 105,244 colonies in 2017 (Statistics Canada, 2017) averaging 32 colonies 

per beekeeper. This may reflect that the distribution of beekeepers in Ontario is predominantly 

small-scale (92.4% of the 3,262 beekeepers in 2014) compared to Alberta where there are more 

commercial beekeepers (16.3% of the 1,390 total beekeepers were responsible for keeping 98% 

of all colonies in 2016); (Kozak, 2016; Nasr, 2017). Furthermore, there is a growing demand and 

interest for beekeepers to provide financially lucrative out of province pollination services by 

transporting their colonies to blueberry fields in eastern Canada (OMAFRA, 2016a). In 2015, a 
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third (32,000 colonies) of all Ontario colonies were utilised for the growing pollination service 

industry (OMAFRA, 2016a). It remains unclear, however, whether the higher proportion of 

small-scale operations or a growing number of colonies performing pollination services would 

contribute to the higher colony mortality experienced in Ontario. 

Environmental factors  

Honey bees managed in Ontario are exposed to a continental humid climate as classified by the 

updated Köppen Climate Classification system (Peel et al., 2007). The characteristic snowy cold 

winters (mean temperature below 0° Celsius) are likely to impact bees use of resources while 

overwintering. The varied differences in summer temperatures throughout the province 

(predominantly between 4 and 21° Celsius) also impacts availability of forage, and bees’ 

productivity in the summer. The influence of climate on honey bees was particularly highlighted 

by one Canadian study that investigated changes in the flight activity of 10 honey bee colonies 

over three years (Szabo, 1980). A highly significant correlation was found between an increase 

in temperature and an increase in flight activity, contributing to reliable weight gain and growth 

in the colonies (Szabo, 1980). Burrill and Dietz (1981) built on this research and noted a strongly 

positive correlation between ambient environment temperature and honey bee flight departures 

from the hive. The impact of climate on bees is important in foraging to promote colony health, 

growth and survival. Variations in Ontario’s weather in recent years (with some very cold long 

winters) may have impacts on honey bee health. 

The geographical landscape in Ontario also differs from that of other provinces and Ontario 

beekeepers must consider these differences in making decisions about the areas in which they 

locate apiaries. As with many Canadian provinces, agriculture is a large industry, and in Ontario, 

the widespread utilization of monocultures can limit food sources and result in exposure to 
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pesticides (Dolezal et al., 2016; Mogren and Lundgren, 2016). In southwestern Ontario, 

clothianidin and thiamethoxam are the most commonly used neonicotinoids (Schaafsma et al., 

2015). The most common crops for neonicotinoid treated seeds are corn and soybeans (Jeschke 

et al., 2011). Testing of 76 water samples obtained within the proximity of 18 corn fields in 

southwestern Ontario revealed residues of clothianidin and thiamethoxam present in 100% and 

98.7% of samples, respectively (Schaafsma et al., 2015). The highest concentrations of these 

neonicotinoids were observed within the first five weeks after planting; clothianidin reached 

levels of 43.60 ng/mL (mean: 2.28 ng/ml) while thiamethoxam had a maximum of concentration 

of 16.50 ng/mL (mean: 1.12 ng/ml) (Schaafsma et al., 2015). Exposure to dust from seed drilling 

is also believed to be the cause of many of the spontaneous bee losses in Ontario in the spring of 

2012 (PMRA, 2014). As a result, Health Canada’s PMRA has implemented a mitigation strategy 

to reduce exposure of honey bees to dust generated during planting of neonicotinoid-treated corn 

seed, that includes limiting the use of talc lubricant (which increases dust) and installing 

deflector equipment on planters so that exhausted air from the planter moves towards the ground 

(PMRA, 2013a). In addition, the Ontario government also implemented a neonicotinoid 

reduction plan, as part of the Pollinator Health Strategy, to target an 80% reduction in the 

number of acres planted with neonicotinoid treated (corn and soybean) seed by 2017 (OMAFRA, 

2016b). This strategy focuses attention on prophylactic use of neonicotinoid seed treatments and 

requires farmers to demonstrate their need for these treatments prior to their use (OMAFRA, 

2016b). Although it is a complex issue, these steps demonstrate responses by Ontario to address 

concerns of the role neonicotinoids may have on bees. 



 

33 

THESIS RATIONALE AND OBJECTIVES 

Thesis research rationale 

Honey bees play an important role in maintaining a healthy and productive agri-food sector and 

environment (Bauer and Wing, 2010; Melhim et al., 2010). Significantly diminished honey bee 

health and productivity has been reported in Ontario (Kozak, 2016), with evidence linking this to 

neonicotinoid use via seed dust during planting of field crops (PMRA, 2013b, 2014). Mounting 

public pressure resulted in government action in Ontario whereby a focus on pollinator health, 

and targets for reduction in both honey bee winter mortality and neonicotinoid seed use were 

prioritised (OMAFRA, 2016b). The unique landscape of the Ontario beekeeping industry, 

together with the climate, agricultural composition, and record of high winter bee losses, warrant 

the study of factors impacting honey bee health in the province.  

Epidemiological studies generate useful information on risk factors and inform strategies to 

monitor and control disease. However, few large scale multifactorial epidemiological studies 

have been conducted to address the wide array of potential risk factors impacting bee health. 

Furthermore, very few epidemiological studies independently assessed the impact of 

neonicotinoids, with the exception of surveillance summaries (Chauzat et al., 2011) and incident 

reports (PMRA, 2013b). The absence of multifactorial studies involving ‘real world’ field 

conditions, the potential role of neonicotinoids, and the interrelationships with other factors is a 

major gap in the science and practice of apiculture. 

The yearly reports of Ontario beekeepers’ winter losses from the Provincial Apiarist provide an 

indication of ongoing challenges faced by beekeepers. These surveys have historically been 

performed solely with responses from commercial beekeepers. More recently, in 2016 (after the 

study period of this thesis), small scale beekeepers were asked to participate in some aspects; this 
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is important as Ontario is uniquely made up of predominantly small-scale beekeepers. However, 

only commercial responses were incorporated in yearly CAPA reports to allow for comparison 

with other provinces. To date, no known province-wide surveys have been conducted to 

understand the degree and extent of colony losses during the productive (non-winter) season. 

Without this information, it is difficult to assess if the high winter colony losses are due to 

isolated factors such as weather, or if they are ongoing. By examining the in-season (i.e., non-

winter) colony losses and incorporating small-scale beekeepers, the research in this thesis can 

highlight which key factors are important and relevant to in-season losses in Ontario. 

Hence this research aims to identify the key elements impacting honey bee health in Ontario. It 

examines the relationships between honey bee health and sustainability, beekeeper management, 

apiary size, presence of corn treated with neonicotinoids, and other potential risk factors. It also 

aims to quantify and better understand the challenges faced by beekeepers, as well as the role of 

beekeeper management (including disease management) and experience to in-season (i.e., non-

winter) honey bee colony losses.  
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Thesis objectives 

The main goal of this thesis was to improve the understanding of the Ontario beekeeping 

industry by undertaking a formal multifactorial epidemiological analysis of field data on honey 

bee health to investigate risk factors for in-season (i.e., non-winter) colony loss. The specific 

objectives of this thesis were to:  

1. Describe the characteristics of non-migratory Ontario beekeepers and their operations 

(including demographics, productivity, management practices, bee disease knowledge, and 

observations) (Chapter 2);  

2. Explore differences between commercial and small-scale beekeepers’ productivity and 

management practices (Chapter 2); 

3. Identify the level of the in-season colony loss in Ontario (Chapter 3);  

4. Investigate management and disease factors associated with in-season colony loss  

(Chapter 3); 

5. Describe spatial distribution of factors associated with colony loss and/or the presence of 

pesticides (i.e., presence of Varroa mites, previous winter colony loss, honey production, 

supplemental nutrition) (Chapter 4); 

6. Identify spatial clustering of in-season colony loss among beekeeper yards (Chapter 4); 

7. Investigate associations that may exist between in-season colony loss and presence or 

absence of corn (used as a surrogate for neonicotinoid exposure) (Chapter 4). 
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Figure 1.1: Average winter mortality statistics of Ontario honey bee colonies, as reported by Canadian Association of Professional 
Apiculturists (CAPA) between 2006-2017. 
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Figure 1.2: The number of registered beekeepers and total honey bee colonies per province in Canada, 2017.  
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CHAPTER TWO  
Health of honey bee colonies in Ontario, Canada: a cross-sectional study of 

beekeeper management practices and production 

 
ABSTRACT 

Following the record high average winter honey bee colony losses of 58% in Ontario during the 

2013/2014 winter, concerns from beekeepers, industry and the public were heightened regarding 

the state of honey bee health and the beekeeping industry. In response to this, and the lack of 

understanding about the factors contributing to these unsustainable levels of loss, the goal of this 

study was to examine management and productivity characteristics of Ontario beekeepers and 

explore differences between commercial and small-scale beekeepers. This cross-sectional study 

utilized a province-wide survey for a convenience sample of non-migratory Ontario beekeepers. 

Eligible respondents (n=303) had a mean 10.6 years of beekeeping experience (Standard 

deviation (SD)=13.1; Range=1-66; n=301) and managed 2.7 yards (SD=5.2; Range=1-59; 

n=294), on average. Most respondents (68%; 205/303) indicated they used independent research 

to gain the initial knowledge they needed to begin keeping bees. When asked about their level of 

familiarity with a list of common honey bee pests and diseases, respondents reported being ‘very 

familiar’ with Varroa and wax moth (Galleria mellonella), and ‘not at all familiar’ with parasitic 

mite syndrome and sacbrood virus. Among the most commonly identified diseases in colonies, 

beekeepers reported Varroa (62.9%; 139/221) and wax moth (47.6%; 90/189), which aligns with 

their self-reported level of familiarity with these diseases. Regarding respondents’ Varroa mite 

management practices (n=257), beekeepers most commonly inspected for Varroa using visual 

inspection (51.8%; 133/257), sticky board/24 hour drop count (38.9%; 100/257), and drone 

uncapping (35.0%; 90/257). Commonly used Varroa treatment (n=201) included Mite Away 

Quick Strips® (Active ingredient: 46.7% formic acid) (29.9%; 60/201), Apivar® (Active 
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ingredient: amitraz) (25.9%; 52/201), and oxalic acid (23.9%; 48/201). Concerning queen health, 

beekeepers indicated commonly observing queen supersedure (51.1%; 71/139), and poor laying 

(42.4%; 59/139) in their colonies. Commercial beekeepers managed 74% (5,109/6,880) of all 

colonies, and comprised 9.5% (27/283) of the responding beekeepers. Compared to small-scale 

beekeepers, commercial beekeepers had statistically significantly more years of experience, 

managed more yards, and obtained higher honey yields. Commercial beekeepers also reported 

significantly higher use of powdered sugar, drone uncapping, ether roll, and alcohol wash Varroa 

inspection methods, as well as more use of Apivar® (Active ingredient: amitraz) and multiple 

application 65% formic acid as Varroa treatments, than small-scale beekeepers. Regarding 

queens, commercial beekeepers reported more queenlessness, repeated supersedure, egg laying 

worker and drone laying queens then small-scale beekeepers. While results of this study 

demonstrate some beekeeper familiarity with various diseases, opportunities exist for expanded 

beekeeper education on diseases, and best management practices, particularly directed at small-

scale beekeepers, to further improve health of colonies across the province. These results may 

illuminate knowledge gaps, and areas of improvement for beekeepers to better support the health 

of their honey be colonies, as well as inform future research directives. 

INTRODUCTION 

Strong honey bee colony health is an important element for the sustainability of beekeeping 

operations. Pests and diseases are among the key threats to health of honey bees. In North 

America these include: American foulbrood (AFB) (Genersch, 2009); chalkbrood (Ritter and 

Akratanakul, 2006); deformed wing virus (DWV) (Chen et al., 2006); European foulbrood (EFB) 

(Forsgren, 2009); Nosema disease (Forsgren and Fries, 2010); sacbrood virus (Chen et al., 2006); 

small hive beetle (SHB) (Aethina tumida) (Chauzat et al., 2017); parasitic mite syndrome 
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(Shimanuki et al., 1994); wax moth (Galleria mellonella) (Ritter and Akratanakul, 2006); 

tracheal mites (Acarapis woodi) (Caron, 2009); and Varroa mites (Varroa destructor) (Anderson 

and Trueman, 2000; Guzmán-Novoa et al., 2010). Other factors impacting honey bee colony 

health are well described in the literature to include beekeeper management practices (Jacques et 

al., 2017), colony population factors (van Dooremalen et al., 2012), queen health (Amiri et al., 

2017), and Varroa treatment efficacy (Naggar et al., 2016). All of these factors require 

consideration as they can contribute to, or detract from, sustained health of bee colonies (Akyol 

et al., 2008; Alaux et al., 2010; Le Conte et al., 2010; Ritter and Akratanakul, 2006). 

Management practices have the potential to play a large role in honey bee health since they 

impact a wide range of areas including: disease monitoring; disease treatment; re-queening; 

supplemental feeding; and winter preparation (Findlay et al., 2015). These management practices 

can be dependent on the operation size, which is commonly determined based on number of 

colonies per producer. Commercial beekeepers are classified as keeping 50 or more colonies in 

their operation, and small-scale beekeepers are defined as keeping fewer than 50 colonies 

(Kozak, 2016). In addition to operation size, ongoing management decisions may also be 

informed by beekeeper-specific factors, such as their knowledge and experience, record-keeping 

practices, and economic factors. Beekeepers can further be classified into migratory and non-

migratory, often based on whether they offer their colonies for paid pollination services. 

Migratory beekeepers typically move their colonies on demand to large acreage crops (such as 

blueberry fields); such practices would require additional management considerations. This 

complex tapestry of management factors makes it difficult to adequately quantify and highlight 

areas of most importance for the success of beekeeping operations, and these factors are not 

always considered in honey bee research. 
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A commonly used metric to describe bee colony health is overwinter colony losses (Jacques et 

al., 2017; Lee et al., 2015; Pirk et al., 2014), with high winter losses signalling problems (CAPA, 

2016). In Ontario, the sustainability of the beekeeping industry has been questioned as high 

winter losses have persisted during the last decade. These winter losses have been higher than the 

15% acceptable loss threshold (Melhim et al., 2010), with the exception of one year (winter: 

2011/2012) (OMAFRA, 2017). Furthermore, for the past five years (2013-2017), Ontario winter 

colony losses have also reliably exceeded the Canadian national averages (OMAFRA, 2017). 

These consistently high losses in Ontario have gained media attention and interest from 

government, the public, and beekeepers alike, curious about which underlying factors are at play. 

While yearly records of winter loss have been consistently reported by the Canadian Association 

of Professional Apiculturists (CAPA), and some additional details on the Ontario industry are 

available from Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA), there is 

little published data on industry beekeeper management practices and disease knowledge, and 

their impacts on colony loss in Ontario. Addressing this gap in knowledge can help to provide an 

understanding of the current state of honey bee colony health and prioritize actions to support 

honey bee health and the industry.  

Given that honey bee health is impacted by a variety of pests and diseases, with the opportunity 

for beekeeper management practices and knowledge to play a role, and the potential for colony 

health concerns in Ontario signalled by ongoing high winter losses, this study was conducted 

with two main objectives. The first objective was to describe the characteristics of non-migratory 

Ontario beekeepers and their operations (including demographics, productivity, management 

practices, bee disease knowledge, and observations). The second objective was to explore 
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differences between commercial and small-scale beekeepers’ productivity, management 

practices, beekeeper knowledge, and observations.  

MATERIALS AND METHODS 

Data sources 

A cross-sectional study was conducted from March 11 to May 16, 2015 that collected 

information on a variety of variables (Appendix I) using an online comprehensive beekeeper 

questionnaire (Appendix II) for the 2014 beekeeping season in Ontario. Paper copies of the 

questionnaire were mailed to potential respondents who requested them. Data were collected on: 

bee health, beekeeper management practices, beekeeper demographics, pest and disease 

management, queen health factors, as well as economic considerations (e.g., percent income, 

profit, and financial based decision making). This study was approved by the University of 

Guelph Research Ethics Board (REB # 15FE025). 

Questionnaire design and evaluation 

The online questionnaire was developed using best practices of survey design (Dillman, 2007) 

and with input from an ad-hoc committee of small-scale and commercial beekeepers comprised 

of queen breeders, honey producers, and industry specialists. The questionnaire, designed to be 

approximately 20 minutes to one hour in length depending on the size and type of the 

beekeeper’s operation, was delivered via Qualtrics® (Provo, UT, USA). Pilot testing was 

conducted to ensure the questions were clear and intuitive, the online tool was navigable, and the 

amount of time for completion was reasonable. A beekeeper from four different operation types 

(small-scale operator, commercial honey producer, bee breeder / queen producer, and pollinator) 

was recruited for participation in this pilot. Each pilot respondent was asked to complete the 

questionnaire, and then participate in a one-on-one interview directly following completion to 
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learn their opinions on the questionnaire. Any concerns, comments, and / or difficulties were 

noted from pilot respondent and necessary changes were made to the questionnaire before the 

survey launch (e.g., wording changes for clarity, question order rearrangement, or question 

removal).  

Sampling strategy and recruitment 

The target population was registered active beekeepers in Ontario. To recruit beekeepers, the 

questionnaire was promoted through various methods, including the research team’s website, 

distribution of email newsletters and mailed letters via beekeeping organizations, relevant social 

media platforms (i.e., FacebookTM and TwitterTM), presentations at beekeeper association 

meetings, and distribution of information cards at local beekeeper supply stores. Inclusion 

criteria for the study were as follows: a beekeeper who kept honey bees in Ontario during the 

2014 season and did not provide migratory pollination services. 

Gift-card incentives were offered to encourage participation; a $5 Tim Horton’s® gift card was 

offered to the first 100 beekeepers to complete the survey. In addition, all eligible beekeepers 

were entered in a prize draw for one of two gift cards for $250 at a beekeeper supply store of 

their choice. Incentives and thank-you cards were distributed to all respondents following 

conclusion of the data collection period. 

Statistical analysis 

Data cleaning was performed to ensure respondents met eligibility criteria, and data were 

screened for data entry errors and were corrected (e.g., a beekeeper inputting 2012 in their 

response to ‘number of years of experience’ instead of 2 years). These minor inaccuracies were 
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corrected manually where possible, and the responses for these questions were excluded if they 

could not be resolved. 

Microsoft Excel 2016TM (Microsoft Corporation, 2016; Redmond, Washington, USA) was used 

to store response data, as well as create charts and figures. Stata® Special Edition 14.2 for 

Windows (StataCorp, 2015; College Station Texas, USA) was used to perform descriptive 

statistics (e.g., means, proportions, standard deviations (SD), 95% confidence intervals (CI)), 

estimate odds ratios (OR), and perform test statistics (i.e., Kruskal-Wallis rank sum χ2 for 

continuous data; Fisher’s exact test for categorical data) to compare small-scale and commercial 

beekeeper in a variety of practices and perceptions measured at the beekeeper level. Where 

necessary, additional variables were calculated based on these available questionnaire data, 

including colony level honey production (pounds/colony). 

RESULTS 

In total, responses from 329 beekeepers were received; 303 met the eligibility criteria for 

inclusion. Figure 2.1 describes the process of inclusion for those responses analysed. Of the 303 

eligible responses, 227 respondents (75%) fully completed the whole questionnaire, while 76 

respondents (25%) partially completed the questionnaire. The median completion time for the 

questionnaire was 46 minutes (25th percentile: 30 minutes; 75th percentile: 1 hour 16 minutes). 

The 303 eligible respondents represented 9.3% of the 3,262 active registered Ontario beekeepers 

in 2014 reported in the Provincial Apiarist Report (Kozak, 2016), the province’s primary 

authority on beekeeping activities in Ontario. The respondents collectively managed 10.3% 
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(7,536/73,100) of the colonies reported in Ontario for the autumn of 20131, and 8.4% 

(6,880/82,000) of the colonies reported in Ontario for the autumn of 20142 (Kozak, 2016).  

Beekeeper characteristics, productivity, and management practices 

Respondents had an average of 10.6 years of experience (SD=13.1; Median=5; Range=1-66; 

n=301). Approximately 29% reported having 2 years or less of beekeeping experience; 44% and 

27% of respondents had between 2 and 10 years, and 11 years or more experience, respectively. 

The majority of respondents (65%; 191/294) had one yard in their operation, with an average of 

2.7 yards (SD=5.2; Median=1; Range=1-59; n=294) across all respondents.  

Summaries of management practices, production and beekeeper characteristics are shown in 

Table 2.1. Seventy-five percent (228/303) of respondents performed some form of record-

keeping for their operation, and 68% (205/303) of beekeepers gained the initial knowledge for 

beekeeping from independent research through books, video or online resources (Table 2.1). 

Almost a quarter of respondents (24%; 72/298) did not belong to a beekeeping organization. Just 

under half of respondents (46%; 98/214) reported their 2014 honey yield was below average 

(compared to their average in the previous 5 years, as applicable) (Table 2.1); however, the total 

reported honey harvest for all respondents in 2014 was higher than 2013 with yields of 48.7 

pounds/colony (SD=39.2; Median=135.8; Range=0-187.5; n=271) versus 44.0 pounds/colony 

(SD=35.5; Median=122.5; Range=0-160; n=232), respectively. Many beekeepers provided 

supplemental feed in spring (68%;145/213), but this practice was more common in autumn 

(85%; 180/213) (Table 2.1). Most responding beekeepers (76%; 130/171) reported less than 10% 

of their total annual income was a result of beekeeping, and 64% (117/184) of beekeepers lost 

                         
1 Total reported Ontario colonies in autumn 2013: 97,500 (73,100 non-migratory and 24,400 migratory)  
2 Total reported Ontario colonies in autumn 2014: 112,800 (82,000 non-migratory and 30,800 migratory) 
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income by investing more money in the operation than was made (Table 2.1). Nevertheless, 34% 

(67/198) and 48% (96/198) of respondents planned to continue keeping bees and further expand 

their operation, respectively, in the 2015 season (Table 2.1).  

The proportion of respondents who were classified as small-scale beekeepers (i.e., <50 colonies) 

was 90.5% (256/283); the remainder were commercial beekeepers (i.e., ≥50 colonies). Despite 

being a smaller fraction of respondents by operation size, commercial beekeepers managed three 

quarters (74%; 5,109/6,880) of the 6,880 total colonies reported in late fall 2014. Commercial 

beekeepers demonstrated significantly higher odds (OR=3.07; 95% CI=0.95-9.85; Fisher’s exact 

P=0.044; n=283) of keeping any records, compared to small-scale beekeepers. Summary 

statistics of beekeeper demographics and productivity differentiated by operation type are 

provided in Table 2.2. Compared to small-scale beekeepers, commercial beekeepers had more 

years of experience, managed more yards, and had higher honey production per colony in 2013, 

and 2014, on average (Table 2.2). 

Varroa mite inspection and treatment methods 

Varroa mite inspection methods (n=257) are described in Figure 2.2. The most common methods 

that respondents reported using to inspect for Varroa included: visual inspection (51.8%; 

133/257), sticky board/24-hour drop count (38.9%; 100/257), and drone uncapping (35.0%; 

90/257). The majority of beekeepers, 57.1% (173/303), reported using two or more of these 

methods. Table 2.3 shows that compared to small-scale beekeepers, commercial beekeepers 

demonstrated significantly higher use of sticky board/24-hour drop, drone uncapping, alcohol 

wash, powdered sugar, and ether roll methods to inspect for Varroa mites. 
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Varroa mite treatment methods (n=201) are presented in Figure 2.3. Mite Away Quick Strips® 

(Active ingredient: 46.7% formic acid) (29.9%; 60/201), Apivar® (Active ingredient: amitraz) 

(25.9%; 52/201), and oxalic acid (23.9%; 48/201) were the treatment methods most commonly 

reported. Significantly more commercial beekeepers reported higher usage of Apivar® and 

multiple application 65% formic acid for Varroa mite treatment, than small-scale beekeepers 

(Table 2.3). 

Level of self-reported disease knowledge and diseases and pests detected 

The level of self-reported beekeeper knowledge of common diseases and pests is shown in 

Figure 2.4. The highest degree of familiarity (i.e., ‘extremely familiar’) was with Varroa and 

wax moth pests, while the majority of beekeepers indicated they were ‘not at all familiar’ with 

parasitic mite syndrome and sacbrood virus.  

Regarding self-reported disease and pests detected by beekeepers in their colonies (Figure 2.5), 

each disease category maintains its own denominator based on how many beekeepers reported 

inspecting for the respective diseases and pests. Most respondents detected Varroa mites (63%; 

139/221) and wax moth (48%; 90/189). Commercial beekeepers detected significantly more wax 

moth and chalkbrood than small-scale beekeepers (Table 2.3). 

Queen bee health, management, and reported queen problems 

The majority of respondents (65%; 168/257) did not have marked queens. Approximately one-

half (45%; 106/235) of respondents had queens younger than one-year old in the majority of 

their colonies, while 35% (83/235) respondents had one-year old queens, and 20% (46/235) 

respondents had queens two years or older. Beekeepers reported that in the majority of their 

colonies they would either: let colonies raise their own queens (48.1%; 77/160) or replace queens 
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as needed (45.0%; 72/160). A smaller percentage of beekeepers (6.9%) preferred to schedule 

their queen replacement. Self-reported queen problems of respondents (n=139) are shown in 

Figure 2.6. The most common problems reported were queen supersedure (51.1%; 71/139), poor 

queen laying (42.4%; 59/139), and queenlessness (31.7%; 44/139). Commercial beekeepers 

reported significantly higher amounts of queenlessness, repeated queen supersedure, laying 

workers, and drone laying queens in their colonies compared to small-scale beekeepers (Table 

2.3). 

Observed unusual bee behaviours 

Respondents’ observations of unusual behaviours occurring in their colonies (n=60) are shown in 

Figure 2.7. The most common was the occurrence of late swarming (66.7%; 40/60). In addition, 

significantly more commercial beekeepers identified brood removal in their colonies than did 

small-scale beekeepers (Table 2.3). 

DISCUSSION AND CONCLUSION 

This study improves understanding of management practices, and characteristics of non-

migratory, commercial and small-scale beekeepers in Ontario. These results can help inform and 

prioritize areas of action within the industry, particularly with respect to educational 

opportunities for beekeepers. Additionally, the results can help inform future research directions.  

These results provided more context to the Ontario beekeeping industry by revealing that many 

respondents were either: new to beekeeping, did not belong to any organizations, used 

independent research to gain initial knowledge, had a desire to grow their operations, or were not 

currently profitable. This presents an opportunity for industry improvement by way of supporting 

these new and eager beekeepers in these key areas of operation growth and profitability. Such 
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support may come from incentivizing membership to beekeeping organizations, which can 

facilitate education amongst all beekeepers, but especially those new to the industry.  

This study also highlights that differences exist between small-scale and commercial beekeepers 

with regard to experience, productivity, diseases and pests, and management practices. In almost 

all instances (with the exception of the use of sticky boards), commercial beekeepers had 

significantly increased odds of performing a best management practice or detecting disease 

compared to small-scale beekeepers. Given the fact that most respondents in this study were 

small-scale beekeepers, this finding is noteworthy; in particular, it highlights that several 

variables within both the Varroa inspection methods and queen problem groups were 

significantly lower in small-scale beekeepers than commercial. These findings raise the question 

of how best to support an industry comprised predominantly of small-scale beekeepers. The 

wider implications may also be important as the majority (92.4%) of beekeepers in Ontario are 

small-scale operations (Kozak, 2016), and this contributes the largest proportion (32%), by 

province, of the 10,544 total registered beekeepers in Canada (Statistics Canada, 2017). At a 

minimum, it would be important to continue to include small-scale beekeepers in future honey 

bee studies to provide accurate representation of the industry in Ontario. In addition, the 

promotion of record-keeping to small-scale beekeepers, which has benefited producers in other 

industries (van Staaveren et al., 2017), would inform management decisions, improve 

production, and bee health of this large proportion of the population.  

Beekeeper respondents cited Varroa mites as a key pest in the majority of their colonies. Several 

studies have identified Varroa destructor (Anderson and Trueman, 2000) as a major factor 

impacting colony health or winter survival (Francis et al., 2013; Guzmán-Novoa et al., 2010; Le 

Conte et al., 2010; van Dooremalen et al., 2012; Yang and Cox-Foster, 2007). Untreated Varroa 
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infestations can precipitate colony death within six months to two years depending on infestation 

pressure (Le Conte et al., 2010; Lee et al., 2010). A key element in managing Varroa is 

diagnosing its presence. Unnecessary treatment only contributes to potentially harmful acaricide 

residues in hives (Mullin et al., 2010; Wallner, 1999), and contributes to development of drug 

resistance (Pettis, 2004; Rinkevich et al., 2017; Sammataro et al., 2005). Therefore, it is 

important for beekeepers to use methods that allow for quantification of Varroa infestation to 

inform treatment decisions and protocols. Unfortunately, the results from this study highlight 

concerns regarding the lack of, or suboptimal methods for, Varroa mite inspection and 

quantification. Commonly reported practices of visual inspection and uncapping drone brood 

only help to identify the presence of established Varroa and are not suitable for quantification 

(Flores et al., 2015). Further, the clinical signs of varroosis (e.g., visible mites, associated 

viruses, sick brood) only appear in late stage infestation (Ritter, 2017); therefore, brood 

investigation would not identify new infestations that had not yet begun to reproduce (Flores et 

al., 2015). Best management practices in Ontario suggest quantification of Varroa infection with 

the use of alcohol wash (Eccles et al., 2016); however, only a very small proportion of 

responding beekeepers reported using this method, or the similar ether roll method. While there 

is lack of consensus on the most effective Varroa quantification method (Flores et al., 2015; 

Macedo et al., 2002; Ritter, 2017), the use of samples of approximately 300 bees from the 

uppermost brood box is generally considered to provide acceptable precision and is the gold 

standard (Lee et al., 2010). It is unclear if these methods are underutilized due to a lack of 

knowledge, the work required compared to other methods, or other reasons. Indeed, the accurate 

diagnosis of varroosis is a balance between precision of the method and the practicality of 

application in operations. These results highlight an important opportunity to educate beekeepers 
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on the importance of Varroa inspection, and the best management practices related to Varroa 

quantification to help ensure proper diagnosis of Varroa and to inform treatment decisions.  

In 2001 and 2002, the first signs of Varroa mite resistance to synthetic chemical acaricide 

products, Apistan® (Active ingredient: fluvalinate-tau) and CheckMite+™ (Active ingredient: 

coumaphos), respectively, surfaced in Ontario (Currie et al., 2010). This resistance reduced the 

number of effective chemical products available. While it is encouraging to see the relatively low 

reported use of these products among beekeepers in this study, some operations are still using 

potentially ineffective treatment strategies. This has implications on colony health as resistant 

Varroa mites have the ability to spread to other nearby colonies (Le Conte et al., 2010). The 

most common synthetic product reported by beekeepers, Apivar® currently has no documented 

resistance in Ontario (OMAFRA, 2017). However, suspected intermediate resistance (i.e., partial 

product efficacy) to Apivar® has been reported in Alberta (Nasr, 2017) and cases of intermediate 

resistance have been identified in Saskatchewan using the Pettis test for resistance (Pettis, 2004) 

(G. Wilson, Personal communication, November 2017). Given that this is currently the only 

remaining synthetic product currently available, widespread full resistance would be devastating 

to beekeepers. These results, which highlight the continued use of ineffective products due to 

acquired resistance in mites (Currie et al., 2010), combined with the reports of partial resistance 

to Apivar® in Canada (Nasr, 2017), are concerning. Such emerging resistance further 

underscores the importance of Ontario beekeepers to use informed diagnostic techniques to 

monitor colonies and inform treatment decisions in an effort to delay preserve use of effective 

chemical treatments as an option for serious Varroa mite infestations. 

Prudent use of chemical miticides is also important as these products have been shown to impact 

queens. For example, in a study examining use of high doses of fluvalinate (i.e., Apistan®; 
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1.35mg/kg; 8 strips/colony) and coumaphos (i.e., CheckMite+™: 1.54mg/kg; 4 strips/colony), 

significantly lower mean queen weights were reported for both products compared to controls 

(Haarmann et al., 2002). Coumaphos (i.e., CheckMite+™) treated colonies also had queens with 

significantly smaller sized ovaries versus controls (Haarmann et al., 2002). When queens were 

exposed during their development, 24-hour exposure of one strip of coumaphos (i.e., 

CheckMite+™) treatment was reported to decrease queen larvae survival (8 viable cells from 

160 grafted queen cells) and noted the single emerging queen to have curled antennae, and 

uncoordinated movements (Haarmann et al., 2002). Given the central role of queens in keeping 

colonies populous (Caron, 2009), impacts to emerging queen survival or ovary size may 

adversely impact the success of whole colonies (Haarmann et al., 2002). Delays in achieving a 

successful laying queen are likely to result in decreased brood production and slower 

replenishment of foraging workers (Caron, 2009). Beekeepers in the present study commonly 

reported queen supersedure, poor laying, and queenlessness in their colonies, and while the 

causes are unknown, the impacts of miticide products should be considered.  

Beekeepers reported a high level of familiarity with Varroa mites which was also the most 

commonly reported disease or pest detected within 63% of respondents’ operations. This may 

relate to the high level of self-reported familiarity with Varroa, as well as research that has 

stressed the importance of the damaging impact of Varroa mites to colonies (Guzmán-Novoa et 

al., 2010; Kevan et al., 2006; Le Conte et al., 2010; Yang and Cox-Foster, 2007), and the Ontario 

colony prevalence of 14.5% in 2015 (OMAFRA, 2016). The third most detected disease by 

respondents of this study was chalkbrood, which is was the second most common disease in 

Ontario colonies in 2014 (3.84%; 550/14,336 colonies) (OMAFRA, 2016). In 2014, the reported 

prevalence of AFB in Ontario colonies was 0.86% (124/14,336 colonies from 48/1,405 bee 
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yards) (Kozak, 2016). Beekeepers in this study infrequently detected AFB, but still reported with 

a high degree of familiarity, which may be due to the pathogen being extremely damaging to 

operations (Genersch, 2009). Pests and diseases such as small hive beetle and EFB were both 

unfamiliar to many respondents, and infrequently detected, which also reflects the low reported 

prevalence in Ontario colonies in 2014 of 0.16% (23/14,336 colonies from 1/1,405 bee yards), 

and 0.02% (3/14,336 colonies3), respectively (Kozak, 2016). Despite low prevalence, low 

reported familiarity of various diseases may offer opportunities for targeted education and 

improved screening; in particular, the respondents’ lack of familiarity with small hive beetle may 

be of most immediate concern as this is an emerging pest in Ontario for which quarantine 

protocols are in place to prevent spread (Kozak, 2016). 

Several studies have identified the importance of queens in establishing or maintaining healthy 

colonies (Amiri et al., 2017; Moore et al., 2015; Tarpy et al., 2000). In the present study, 45% of 

respondents reported that most of their colonies had queens younger than one year old. If queens 

are young and healthy it would be suggestive that colonies would be similarly healthy. Healthy 

populations which begin to exceed the available nest space have also been associated with 

swarming behaviour (Rangel and Seeley, 2012). Swarming behaviour typically occurs in 

springtime and is initiated during times of abundant food and an overpopulated colony with little 

room for expansion (Fell et al., 1977; Rangel and Seeley, 2012). Although the act of swarming 

late in the season (second swarm) is mentioned in the literature (Winston, 1987), it is an unusual 

behaviour because it is incongruent with the goals of survival and reproduction, as it often does 

not allow the time necessary to ensure both colonies (but particularly the daughter colony) 

establish food and population levels (11,000 adults) required for winter survival (McLellan and 

                         
3 Number of bee yards in which European foulbrood (EFB) was found was not reported by Kozak, 2016 
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Rowland, 1986). The reasons for the high number of late swarming events observed in Ontario in 

2014 is unknown; additional surveillance and research would be beneficial. 

Several limitations of this study should be noted. The cross-sectional nature provides a snapshot 

of the industry at one point in time, and this limits the ability to identify any temporal trends in 

these data. Further, the retrospective nature of the data collected may have led to recall bias, in 

that beekeepers were asked in March to May 2015 to report on events of their 2014 season, and 

25% did not keep any records of these events. As such bias is difficult to account for in analysis, 

it should be recognized in the interpretation of these data. Further, selection bias needs to be 

considered. For example, if beekeepers who believed they had high, or low, colony health 

problems were more likely to participate in this study, the reported health issues would be over- 

and under-estimated, respectively. Also, given the majority of recruitment relied on accessing 

respondents affiliated with beekeeping organizations, the proportion of respondents not 

belonging to organizations may be under-estimated; if such membership improves knowledge of 

disease and/or adoption of best management practices, this would also paint the results pertaining 

to disease knowledge and management in a more positive light. In an effort to lessen this 

selection bias, the survey was also distributed as widely as possible through social media and 

with post cards of study information distributed at various beekeeping stores. As a result of this 

type of recruitment however, the level of non-response bias is hard to estimate as the number of 

beekeepers aware of the study who chose not to participate could not be enumerated. Finally, as 

this study investigated self-reported knowledge and behaviours, and confirmation was not 

possible, misclassification bias may exist. 

In conclusion, the results from this study provide valuable context to the Ontario beekeeping 

industry by characterizing the unique composition of small-scale and commercial beekeepers, 
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along with management practices and levels of beekeeping knowledge of relevance to honey bee 

health. These results indicate that additional outreach and education to increase familiarity with 

important diseases, and knowledge to support queen health (including supersedure, re-queening 

etc.) are needed. Actions to increase membership with beekeeping organizations and educational 

programming related to best management practices, particularly for small-scale beekeepers, 

would help promote bee health colony productivity and may further strengthen the industry. This 

study also raises important lines of research inquiry related to efficacy of Varroa mite 

quantitative inspection techniques, treatment strategies, and common use of drugs for which mite 

resistance has been shown. Increased beekeeper education and honey bee health research can 

help inform beekeepers and promote refinement of their management practices to further support 

ongoing sustainable bee health and success. 
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Table 2.1: Management practices, production, and characteristics of responding Ontario 
beekeepers (2014 productive season). 

 Number of 
respondents 

Percent of 
respondents 

Record-keeping (n=303) † 
Did you keep detailed records of your 2014 beekeeping activities (including health information, 
management activities, production, pollination, disease treatments etc.)? 
Kept no records 75 25% 
Kept some key records 155 51% 
Kept detailed records 73 24% 
Beekeeping knowledge (n=303) † 
Where did you get the initial knowledge you needed to begin keeping honey bees? 
Family and friends 126 42% 
Attend a beekeeping class 139 46% 
Independent research (books, video, online resources) 205 68% 
Worked for a commercial beekeeper 35 12% 
Mentored with a non-commercial beekeeper 85 28% 
Other§ 48 26% 
Affiliations with beekeeping organizations (n=298) † 
Are you a member of a beekeeping organization? 
Local organization (i.e., city or township) 166 56% 
Provincial organization (i.e., Ontario-wide) 141 47% 
National organization (i.e., Canada-wide) 20 7% 
None 72 24% 
Supplemental feeding (n=213) † 
When in 2014 did you provide supplemental feed to your colonies? 
Winter 2013/2014 56 26% 
Spring 2014 145 68% 
Summer 2014 12 6% 
Autumn 2014 180 85% 
Honey production (n=214) ⸸ 
Compared to your average honey production within the past 5 years, would you say your 2014 
honey harvest weights were above average, average or below average? 
Above average 30 14% 
Average 56 26% 
Below average 98 46% 
Did not produce honey in previous year 30 14% 
Beekeeping income (n=171) ⸸ 
What percentage of your total annual income in 2014 was derived from your beekeeping activities? 
Below 10% 130 76% 
Between 11-50% 12 7% 
Between 51-80% 1 1% 
Over 81% 6 3% 
Prefer not to answer 22 13% 
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 Number of 
respondents 

Percent of 
respondents 

Profitability (n=184) ⸸ 
Thinking of income from your 2014 beekeeping activities (selling honey, pollination, selling queens 
or nucleus etc.), how did this translate into profit? 
Made more money than was invested (profit) 35 19% 
Broke even 20 11% 
Invested more money than was made 117 64% 
Prefer not to answer 12 6% 
Future plans (n=198) ⸸ 
Keeping in mind your personal and financial goals as a beekeeper, and the productivity and bee 
health experienced in 2014, please identify which best reflects your future plans for your operation? 
Continue without change in size 67 34% 
Expand operation 96 48% 
Downsize operation 5 3% 
Stop beekeeping (due to high losses) 16 8% 
Stop beekeeping (personal reasons) 1 0% 
Other‡  11 6% 
Prefer not to answer 2 1% 

†Could select >1 category therefore total does not add to 100%. 

⸸Dropped response ‘Unsure’ for honey production (n=22), beekeeping income (n=22), 
profitability (n=13), and future plans (n=3). 

§ Responses to ‘Other’: most respondents cited learning from local beekeeper association 
meetings. 

‡Responses to ‘Other’: most respondents cited they were hobbyists with no financial goals. 

  



 

78 

Table 2.2: Demographic and productivity statistics stratified by small-scale and commercial 
beekeeping operations of responding Ontario beekeepers (2014). 

VARIABLE 
OPERATION SIZE 

Kruskal-Wallis 
Rank Sum 

Small-scale beekeeper Commercial beekeeper χ2 P-value 

Beekeeper 
experience 

9.6 years (SD +/- 12.4) 
Range: 1 - 66 (n=254) 

21.7 years (SD +/- 14.4) 
Range: 1 - 50 (n=27) 20.89 <0.001* 

Yards 
managed 

1.7 yards (SD +/- 2.7) 
Range: 1 - 40 (n=255) 

11.5 yards (SD +/- 12.2) 
Range: 2 - 59 (n=27) 60.22 <0.001* 

2013 honey 
harvest  

42.0 lb/colony (SD +/- 34.8) 
Range: 0 - 160 (n=204) 

56.4 lb/colony (SD +/- 37.5) 
Range: 0 - 131 (n=26) 3.89 0.049* 

2014 honey 
harvest 

46.6 lb/colony (SD +/- 39.2) 
Range: 0 - 187.5 (n=252) 

63.4 lb/colony (SD +/- 34.8) 
Range: 0 - 158.4 (n=27) 6.24 0.013* 

*Significant association (P ≤0.05) 

Note: lb/colony is pounds per colony 
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Table 2.3: Associations between operation type (commerciala and small-scaleb beekeeping 
practices) and the following types of dependent variables (Varroa mite inspection methods, 
Varroa mite treatment methods, diseases and pests detected, reported queen problems, observed 
unusual behaviours). 

Dependent variables (yesa versus nob) 
Odds 
Ratio 

95% Confidence 
Interval 

P-value 

Varroa mite inspection methods (n=257) 

Visual inspection 1.10 0.49 - 2.44 0.839 

Sticky board / 24 hour drop 0.34 0.12 - 0.91 0.034* 

Uncapping drones 6.12 2.51 - 14.83 <0.001* 

Alcohol wash 15.64 6.06 - 40.55 <0.001* 

Powdered sugar 3.43 1.18 - 10.05 0.038* 

Ether roll 8.21 2.22 - 30.62 0.007* 

No Varroa check 0.28 0.00 - 1.69 0.331 

Other 0.33 0.00 - 2.00 0.489 

Varroa mite treatment methods (n=201) 

Mite Away Quick Strips® (46.7% formic acid) 0.71 0.28 - 1.84 0.642 

Apivar® (amitraz) 5.63 2.38 - 13.34 <0.001* 

Oxalic acid  1.98 0.82 - 4.73 0.138 

65% formic acid (single application) 1.00 0.37 - 2.78 1.000 

65% formic acid (multiple applications) 5.20 2.10 - 12.94 <0.001* 

Apistan® (fluvalinate-tau) -- -- -- 

Thymovar® / Apiguard® (thymol) 0.34 0.00 - 2.13 0.478 

CheckMite+™ (coumaphos) 1.18 0.00 - 7.93 1.000 

Other 0.63 0.00 - 3.99 1.000 

Diseases and pests detected (of those beekeepers who inspected for the disease)  

Varroa mites (n=221) 2.59 0.96 - 6.92 0.078 

Wax moth (n=189) 5.72 2.11 - 15.35 <0.001* 

Chalkbrood (n=150) 2.80 1.19 - 6.64 0.023* 

Deformed wing virus (n=106) 1.21 0.46 - 3.16 0.800 

Nosema (n=125) 2.67 0.92 - 7.41 0.080 

Sacbrood virus (n=67) 2.30 0.70 - 7.66 0.196 

Parasitic mite syndrome (n=49) 2.35 0.52 - 11.04 0.363 

Tracheal mites (n=65) -- -- -- 

American foulbrood (n=169) 5.03 1.17 - 21.75 0.060 

Small hive beetle (n=125) -- -- -- 

European foulbrood (n=101) -- -- -- 
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Dependent variables (yesa versus nob) 
Odds 
Ratio  

95% Confidence 
Interval  

P-value 

Reported queen problems (n=139)    

Queen supersedure 2.82 0.98 - 8.07 0.076 

Poor laying 1.84 0.69 - 4.85 0.307 

Queenlessness 4.19 1.53 - 11.39 0.006* 

Repeated queen supersedure 3.65 1.35 - 9.90 0.011* 

Laying worker 6.65 2.29 - 19.44 <0.001* 

Drone laying queen 9.95 3.24 - 30.81 <0.001* 

Queen balled 2.82 0.73 - 11.08 0.154 

Unknown 3.92 1.42 - 10.86 0.016* 

Other 0.95 0.27 - 3.38 1.000 

Observed unusual bee behaviours (n=60) 

Late swarm 1.33 0.37 - 4.65 0.756 

Pollen kicked out 3.70 0.97 - 14.28 0.107 

Drone laying 2.23 0.58 - 8.73 0.264 

Removing brood 25.00 3.30 - 333.29 <0.001* 

Queen kicked out 6.00 1.04 - 33.89 0.078 

Flying at lights (at night) 1.10 0.00 - 8.63 0.665 

Drones kicked out early 1.69 0.00 - 14.28 0.556 

Other 0.37 0.00 - 2.54 0.671 
-- (dashes) signify that the variable, once stratified into small-scale and commercial beekeepers, 
had a zero in one category and was therefore not comparable. 

*Significant association (P ≤0.05) based on two-tailed Fisher’s exact test. 

Note: odds ratio interpretation4 

                         
4 OR>1 indicates a commercial beekeeper is at increased odds of performing a practice or detecting a disease;  
OR<1 indicates a commercial beekeeper is at decreased odds of performing a practice or detecting a disease. 
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Figure 2.1: Inclusion criteria for data analysis of a questionnaire administered to beekeepers to ensure respondents were Ontario 
beekeepers, who actively kept bees in 2014, and were non-migratory. 
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Figure 2.2: Varroa mite inspection methods utilized by beekeeper respondents in 2014 (n=257). Percentages show average value for 
all responding beekeepers (i.e., total), and error bars indicate 95% confidence intervals when stratified by operation size (i.e., small-
scale versus commercial)5. 

  

                         
5 Responses to ‘Other’: performed preventative treatment (6), inspect bottom board (5), checked by inspector (3), reviewed hive pictures for Varroa (2), 
deformed wing virus suggested Varroa presence (2), boiling water wash (1), Varroa seen on dead bees (1).  
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Figure 2.3: Varroa treatment methods used by beekeeper respondents in 2014 (n=201). Percentages show average value for all 
responding beekeepers (i.e., total), and error bars indicate 95% confidence intervals when stratified by operation size (i.e., small-scale 
versus commercial)6. 

 
  

                         
6 Responses to ‘Other’: powdered sugar (4), grease or extender patties (2), wintergreen oil in feed (1), coconut/essential oil strips (1), mineral oil (1), Mitegone 
(1), mint (1), Hypoaspis Miles (1).  
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Figure 2.4: Degree of familiarity (likert scale ranging from ‘extremely familiar’ (lightest) to ‘not at all familiar’ (darkest)) of 
beekeeper respondents with various diseases and pests. Number in brackets denotes number of respondents who responded for each 
particular disease or pest7. 

  

                         
7 AFB: American foulbrood; DWV: Deformed wing virus; EFB: European foulbrood; SHB: Small hive beetle; PMS: Parasitic mite syndrome. 

0

20

40

60

80

100

120

140

AFB (n=249) Chalkbrood
(n=248)

DWV
(n=244)

EFB (n=240) Nosema
(n=248)

Sacbrood
(n=240)

SHB (n=241) PMS
(n=246)

Wax moth
(n=249)

Tracheal
mites

(n=243)

Varroa
(n=253)

N
um

be
r o

f b
ee

ke
ep

er
s

Diseases and Pests

Extremely familiar Moderately familiar Somewhat familiar Slightly familiar Not at all familiair



 

85 

 
Figure 2.5: Diseases self-reported by beekeeper respondents as present in their colonies (check all that apply). Number in brackets 
denotes number of respondents who self identified as inspecting for those diseases. Percentages show average value for all responding 
beekeepers (i.e., total), and error bars indicate 95% confidence intervals when stratified by operation size (i.e., small-scale versus 
commercial).  
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Figure 2.6: Queen problems self-reported in operations of beekeeper respondents in 2014 (n=139). Percentages show average value 
for all responding beekeepers (i.e., total), and error bars indicate 95% confidence intervals when stratified by operation size (i.e., 
small-scale versus commercial)8.  

  

                         
8 Responses to ‘Other’: queen lost to swarming (8), treatment killed queen (4), slow population build up (4), lost on breeding flight (2), lack of acceptance (2), 
two queens (2), poor survival of Australia & New Zealand queens (1). 
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Figure 2.7: Self-reported unusual behaviours observed in colonies of beekeeper respondents in 2014 (n=60). Percentages show 
average value for all responding beekeepers (i.e., total), and error bars indicate 95% confidence intervals when stratified by operation 
size (i.e., small-scale versus commercial)9. 

                         
9 Responses to ‘Other’: drones kicked out late (2), stopped producing / 'lazy' (2), no honey stores despite forage (1), frames sealed with propolis and abandoned 
(1). 
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CHAPTER THREE  
Investigation of management and disease factors associated with in-season 

colony loss of honey bees in Ontario, Canada 

  
ABSTRACT 

Concerns and reports of acute colony death, identification of weakened colonies, and widely 

fluctuating overwintering losses of honey bees continue to be reported by beekeepers in Ontario 

and across Canada. Symptoms of weakened colonies have been described to include queen 

health issues, reduced productivity, increased susceptibility to pests and diseases, and reduced 

ability to overwinter. Declining pollinator health is multifactorial and complex. Epidemiological 

studies investigating honey bee health issues are limited in Canada, but could prove useful in 

better understanding the intricacies of health and disease in this population. Therefore, this study 

describes the level of in-season (i.e., non-winter) colony loss in Ontario, and identifies the 

disease and management factors associated with these colony losses. A cross-sectional study was 

performed in Ontario, Canada, from March to May 2015 using management data from 303 

beekeeper questionnaires about their 2014 season. Statistical analyses included multi-level 

univariable and multivariable logistic regression models with a random intercept for beekeeper. 

Total in-season colony loss (i.e., cumulative incidence of colony mortality) for the study 

population in 2014 was 19.6% (978 dead colonies and 4,992 colonies at risk; 95% confidence 

interval (CI)=18.5-20.7%). The average loss (AL) (i.e., the mean in-season colony loss) among 

beekeepers was 23.4% (95% CI=19.4-27.3%) and ranged from 0 to 100%. In univariable 

analyses, in-season colony loss was significantly lower for more experienced beekeepers (>3 

years of beekeeping experience versus ≤2 years of beekeeping experience; odds ratio (OR)=0.40; 

95% CI=0.18-0.90), and those managing 2 or more yards (versus 1 yard; OR=0.37; 95% 

CI=0.17-0.80). Being a small-scale beekeeper (versus commercial) significantly increased the 
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odds of colony loss (OR=5.93; 95% CI=1.68-20.91). Knowledge of Varroa presence 

significantly lowered the odds of in-season colony loss (OR=0.34; 95% CI=0.16-0.76). 

Additionally, colonies with queens one year of age (OR=0.34; 95% CI=0.14-0.83) and at least 

two years of age or more (OR=0.15; 95% CI=0.05-0.45) were associated with decreased odds of 

in-season colony loss when compared to new queens less than one year of age. Two-variable 

regression models constructed to adjust for potential confounders produced similar results to the 

univariable models. These results highlight the influence of colony factors driven by 

management (i.e., Varroa presence and age of queens) and beekeeper experience on in-season 

colony survival. These findings can help improve and refine best practice guidelines for 

beekeepers to support healthy colonies, as well as inform future areas of research. 

INTRODUCTION 

The high levels of honey bee colony losses experienced by Ontario beekeepers in recent years 

are unsustainable and suggest a declined state of honey bee health. With the exception of the 

winter 2011/12, the yearly winter colony loss levels for Ontario were consistently above the 

stated acceptable 15% colony loss threshold (OMAFRA, 2017), with values ranging widely from 

12% to 58% (Kozak, 2016). The notably high levels of winter colony loss in 2013/14 (58%) 

increased the sense of urgency for understanding the factors impacting the health of honey bees 

in Ontario.  

In addition to well documented winter losses, dramatically increased numbers of reports from 

beekeepers citing incidents of mortality in their colonies (during the 2012, 2013, and 2014 

productive non-winter seasons) were made to the National Incident Reporting Program 

administered by Health Canada’s Pest Management Regulatory Agency (PMRA) (PMRA, 2014). 

For comparison, a total of six colony mortality incidents were reported between 2007 (when the 
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program began) and 2011, compared to 103 reported incidents in 2012 (Cutler et al., 2014). 

Although these reports had varying degrees of severity, based on number of affected bees (Cutler 

et al., 2014), the majority of beekeepers reporting to this national program were consistently 

from Ontario; 75% in 2012, 84% in 2013, and 80% in 2014, respectively (PMRA, 2014). The 

suspected cause for these colony mortality incidents was the neonicotinoids present on seed 

treated corn and soybeans (PMRA, 2014). This hypothesis arose as reported losses in 2012 and 

2013 were well timed with seed planting, and reported symptoms were consistent with pesticide 

exposure (PMRA, 2014). However, in 2014, the colony mortality incidents were reported 

throughout the productive season and not just during pesticide application (PMRA, 2014). While 

various research has suggested a negative impact of neonicotinoids on colony health (Mullin et 

al., 2010; Wu-Smart and Spivak, 2016; Xavier et al., 2015), the multifactorial nature of honey 

bee health and other potential contributing factors, including impacts of management practices 

and education shown by other researchers, must also be considered (Findlay et al., 2015; Jacques 

et al., 2017; Suryanarayanan, 2013). 

While dramatic events such as colony mortality incidents are captured by PMRA, the subtle in-

season (i.e., non-winter) colony losses largely go undetected as Canada does not conduct colony 

mortality surveillance during the productive (non-winter) season. National survey research of 

this type (i.e., in-season colony losses) has been conducted in Europe, the United States, and 

South Africa (Jacques et al., 2017; Lee et al., 2015; Pirk et al., 2014) and has demonstrated 

varying levels of colony loss (7.8-46.2%) during the non-winter season. The lack of similar 

surveillance in Canada presents an important gap in knowledge. It is necessary to identify local 

levels of in-season colony loss, and understand associated factors, in order to better support and 

understand honey bee health. 
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Considering these elements of increased winter loss, evidence of non-pesticide related colony 

mortality incidents, and no benchmark for non-winter season losses in Ontario, the objective of 

the present study was to determine the level of in-season colony losses in Ontario in 2014 and 

investigate colony disease and beekeeper management factors associated with this mortality. The 

present work specifically focused on the role of beekeeper experience and management practices 

to build on research from other countries (Findlay et al., 2015; Jacques et al., 2017) that has 

identified associations of these factors with colony mortality.  

MATERIALS AND METHODS 

Study design, sampling strategy, and recruitment  

This retrospective cross-sectional study used an online questionnaire that was administered to 

beekeepers between March 11 and May 16, 2015. Data were collected on health and 

management of Ontario beekeepers’ honey bee colonies for the 2014 season. 

Details on the questionnaire design, evaluation, sample size determination, data collection and 

participant recruitment are provided in Chapter 2. Briefly, a questionnaire was developed using 

best practices of survey design (Dillman, 2007), consideration of standard methods of honey bee 

colony loss research (van der Zee et al., 2014), and with input and guidance from a committee of 

small-scale beekeepers, commercial beekeepers, queen breeders, honey producers, and industry 

specialists (n=8). The questionnaire was then pre-tested with four beekeepers (including a small-

scale operator, commercial honey producers, breeder, and pollinator), and finalized based on 

feedback. Specifically, minor changes to wording for clarity, and improvements to skip-logic 

organization were made. The questionnaire collected information on beekeeper demographics, 

beekeeper management practices, honey bee health (behaviours, diseases and pest presence and 

management), and queen health and management. In total, the questionnaire included 185 
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questions, of which, 85 were open-ended (numeric or text), 57 were categorical, and 43 were 

dichotomous closed-ended questions. The questionnaire included a staged question design 

tailored to each beekeeper situation (e.g., pollinator, honey, single yard) so respondents would 

only be shown relevant questions. On average, a respondent would have been asked 

approximately 115 questions. The questionnaire was designed to be completed in 20 minutes to 

one hour depending on the operation’s complexity. The complete questionnaire can be found in 

Appendix II. 

The target population was registered beekeepers in Ontario who kept honey bees in 2014. A 

sample size of 277 beekeepers was required (van der Zee et al., 2013) using an error bound of 

5%, a confidence level of 95%, a beekeeper population size of 3,155 (Statistics Canada, 2017), 

and an expected prevalence of 25.3%. As very little Canadian data were available for values of 

in-season colony loss, the population prevalence parameter used for the sample size calculation 

was based on research on 2012 summer loss in the United States (Steinhauer et al., 2014).  

Beekeepers were informed about the opportunity to participate in the study via post cards at 

beekeeping supply stores, and presentations at local beekeeper association meetings. 

Additionally, local beekeeper organizations in Ontario assisted in the promotion of the 

questionnaire through meeting announcements, newsletters (i.e., electronic and/or mailed), and 

social media (e.g., Facebook, Twitter). A website (http://healthybees.buzz) was available for 

beekeepers seeking further information and / or the survey link. The inclusion criteria required 

participants to: consent to participate in the study, be an Ontario based non-migratory beekeeper, 

and actively kept bees during the 2014 season. The University of Guelph Research Ethics Board 

approved this study (REB # 15FE025).  
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Measurement of in-season (non-winter) colony loss 

The dependent variable of interest was total in-season colony loss (cumulative incidence) for 

each beekeeper. This variable, hereafter referred to as “in-season colony loss”, was calculated as 

per the COLOSS (Prevention of honey bee COlony LOSSes) Honey Bee Research Association 

at the Institute of Bee Health (vanEngelsdorp et al., 2013), at the individual beekeeper level and 

for the overall study population: 

 
where: 

Tdead = Tcolonies at risk of dying – Tend 
Tcolonies at risk of dying = Tstart + Tsplits + Tpurchased – Tremoved 

 
Tdead = Total number of colonies that died during the period 
Tcolonies at risk of dying = Total number of colonies at risk of dying during the period 
Tend = Total number of colonies at the end of the period 
Tstart = Total number of colonies at the start of the period 
Tsplits = Total number of splits (by separating one colony into two) made during the period 
Tpurchased = Total number of colonies purchased during the period 
Tremoved = Total number of colonies removed (by selling or combining) during the period 
 

The time-period for the total colony loss calculation is parameterized by the time between 

colonies at Tstart and Tend of the period during the active production season in a fashion similar 

to that used by van der Zee and colleagues (van der Zee et al., 2014). This time-period was 

marked by key beekeeping management events where Tstart is after winter loss assessment in the 

spring, and Tend is marked by hive wrapping or similar winter preparation in the following late 

autumn. 
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The average loss (AL) was also calculated, describing the mean of individual beekeeper level 

total colony loss, as per vanEnglesdorp and colleagues (2013):  

 

where: 

N = Total number of respondents for which colony loss was calculated  

Independent variables 

Data on many independent variables were collected with the questionnaire (Appendix II); only 

those variables relevant to the objectives of the present study were analyzed and reported here. 

Based on the study objectives and a causal diagram (Figure 3.1), three areas were identified a 

priori as factors of interest for their associations with in-season colony loss. These included: 

beekeeper characteristics and management, Varroa mite treatment and control, and queen related 

factors. Given the exploratory nature of this research and the intent to identify all possible 

management and disease factors of consideration to in-season loss, many other potential 

independent variables (Appendix III) were also investigated.  

Additional variables were derived from the questionnaire data. This included classifying 

operation size as commercial or small-scale. A commercial beekeeper was identified as having 

50 colonies or more, while small-scale beekeepers kept fewer than 50 colonies (Kozak, 2016). 

This classification was derived from the total colonies at risk of dying variable described above. 

A new variable was also created for type of Varroa mite treatments. The question regarding 

Varroa mite treatment requested respondents “check all those that apply” for a list of several 

common treatments. These data were then unified by categorizing treatments used in 2014 as 
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synthetic (i.e., Apistan®, Apivar®, and CheckMite+™), organic (i.e., Mite Away Quick Strips®, 

Thymovar®, oxalic acid, formic acid), mixed (i.e., both synthetic and organic treatments), or 

none. A further simplified dichotomous Varroa mite treatment variable was also created to 

identify whether or not beekeepers used any Varroa mite treatment in 2014.  

Statistical analysis 

Descriptive statistics including means, standard deviations, ranges, proportions, and 95% 

confidence intervals (CI) were calculated using Stata© v.14.2 Special Edition (SE) for Windows 

(StataCorp, College Station, TX, USA). Multi-level logistic regression models of in-season 

colony loss (yes/no) were created using the “melogit” command in Stata© v.14.2 SE. Beekeeper 

was included as a random intercept to account for colony clustering at the operation level. A 

significance level of 5% was used for all analyses (i.e., alpha=5%).  

One multi-level regression model was created for each independent variable. In all significant 

univariable models, the intraclass correlation coefficient (ICC) was estimated for colonies 

managed by the same beekeeper using the latent variable technique (Dohoo et al., 2009). The 

intercept-only ICC was estimated and compared to each model to examine the degree of impact 

the independent variable had on explaining the beekeeper/operational level variance. Continuous 

independent variables were examined for linearity against the log odds of the in-season colony 

loss using a locally weighted regression (i.e., lowess curve) (Dohoo et al., 2009). Due to non-

linearity, two continuous variables were categorized: years of beekeeper experience ((a) divided 

into five approximately equal categories (quantiles) and (b) dichotomized into two years or fewer 

and three years or more experience) and number of yards (dichotomized based on the median: 

beekeepers managing one bee yard, and beekeepers managing two or more yards).  
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Operation type (commercial or small-scale), years of beekeeper experience (two years or less, or 

three or more years), and number of yards managed (one yard, or two or more yards) were also 

of interest a priori because of their potential to confound the associations between the 

independent variables of interest and in-season colony loss (based on biological plausibility and 

a causal diagram (Figure 3.1)). One combined multivariable regression model was not feasible 

given the small sample size and associated low statistical power. The effect of each potential 

confounding variable on each of the independent variables that were significantly associated with 

in-season colony loss in univariable analyses (P ≤0.05) was therefore assessed using several two-

variable (i.e., the independent variable of interest and one potential confounder) multi-level 

models. A change in the independent variable coefficient of >20% with inclusion of the potential 

confounding variable was considered evidence of confounding, and suggested use of the adjusted 

odds ratio (OR) (Dohoo et al., 2009). Following this, independent variables were examined for 

multi-collinearity. 

Models fit was assessed based on graphical assessment of the best linear unbiased predictions 

(BLUPs) for normality and homogeneity of variance (Dohoo et al., 2009). Outliers were 

identified by graphically assessing Pearson residuals using a normal quantile plot, and by 

plotting the BLUPs against the predicted outcome, respectively. 

RESULTS 

Questionnaire 

In total, 329 individuals completed all or part of the questionnaire, of which, 303 were eligible 

for analysis. Responders were ineligible for the following reasons: answered “no” to beekeeping 

in 2014 (n=6), answered “no” to keeping bees in Ontario (n=5), requested their answers be 

removed from the analysis after survey completion (n=1), answered “yes” to beekeeping in 2014 
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but bees died overwinter 2013/14 without replacement (n=2), and migratory beekeeper (n=4). Of 

the 303 eligible responses, 76 respondents partially completed the questionnaire while the 

remaining 227 respondents completed the questionnaire; hence, sample sizes vary, as noted. 

Eligible respondents represented 9.3% (303/3,262) active registered Ontario beekeepers in 2014 

(Kozak, 2016). Respondents collectively managed 10.3% (n=7,536) of the 73,100 non-migratory 

colonies reported for the autumn of 201310, and 8.4% (n=6,880) of the 82,000 non-migratory 

colonies for the autumn of 201411 (Kozak, 2016). The questionnaire had a median completion 

time of 46 minutes (25th percentile: 30 minutes; 75th percentile: 1 hour and 16 minutes). 

Respondents’ demographic characteristics 

On average, respondents had 10.6 years of beekeeping experience (SD=13.2; Range=1-66; 

n=301) and managed an average of 2.6 yards (SD=5.3; Range=1-59; n=294). The majority 

(90.5%; 256/283) were small-scale beekeepers, and 9.5% (27/283) were commercial.  

Among the 216 respondents for whom a valid in-season colony loss calculation was possible, 

49.5% (n=107) experienced the loss of at least one colony in-season, while the other 50.5% of 

respondents (n=109) did not experience any colony losses during the season. Responses with 

missing key variables (n=49) (specifically Tstart or Tend) resulted in an invalid colony loss 

calculation and were omitted. In addition, colony loss calculations that resulted in an invalid 

(negative) number were also not used (n=38). The total in-season colony loss (cumulative 

incidence of colony mortality) for the study population was 19.6% (978 dead colonies of 4,992 

                         
10 Total reported Ontario colonies in autumn 2013: 97,500 (73,100 non-migratory and 24,400 migratory)  
11 Total reported Ontario colonies in autumn 2014: 112,800 (82,000 non-migratory and 30,800 migratory) 
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colonies at risk; 95% CI: 18.5-20.7%). The average loss (AL) describing the mean in-season 

colony loss among beekeepers was 23.4% (95% CI=19.4-27.3%), and ranged from 0 to 100%. 

Figure 3.2 summarizes beekeepers’ suspected reasons for their in-season colony loss from those 

respondents experiencing losses (n=127). Respondents could choose more than one option; the 

most commonly cited reasons for in-season loss were: queen failure (52.7%; 67/127), slow 

spring buildup (30.7%; 39/127) and suspected pesticide poisoning (26%; 33/127). 

Regression analyses 

Univariable models 

Of the 28 independent variables examined for association with colony loss (including beekeeper 

characteristics and management, Varroa mite treatment and control, and queen related factors), 

eight were significantly associated with in-season colony loss in the univariable multi-level 

logistic regression models (Tables 3.1-3.3). The ICC based on the intercept only model was 65% 

(95% CI=56-73%); with the inclusion of each fixed effect, the ICC varied between 62 to 74%. 

This high ICC suggests that 65% of the variance is explained at the beekeeper level and that the 

variation within a beekeepers’ operation is low relative to the variation between different 

beekeepers. 

The beekeeper characteristics that were assessed for association with in-season colony loss are 

shown in Table 3.1. The odds of in-season colony loss were significantly lower with three or 

more years of beekeeping experience (versus 2 years or less), managing 2 or more yards (versus 

1 yard), or when providing springtime supplemental feeding (Table 3.1). When in-season colony 

loss was stratified by operation size, small-scale beekeepers had significantly higher cumulative 

incidences of in-season colony loss (24.2%; 380 colonies dead of 1,566 colonies at risk; 95% 
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CI=22.2-26.5%) than commercial beekeepers (17.5%; 598 colonies dead of 3,426 colonies at 

risk; 95% CI=16.2-18.8%) (Table 3.1).  

The variables related to Varroa detection and control that were assessed for association with in-

season colony loss are outlined in Table 3.2. Knowledge of Varroa presence, and treatment with 

oxalic acid were associated with significantly lower odds of in-season colony loss (Table 3.2).  

Table 3.3 demonstrates univariable analysis of associations of various queen related factors with 

in-season colony loss. Compared to queens <1 year of age, colonies with queens 1 year of age 

and ≥2 years of age were at significantly decreased odds of in-season colony loss; the same was 

true for the variable describing presence of queen supersedure (Table 3.3). 

Multivariable models 

Multi-level regression models of in-season colony loss with two fixed effects were created with 

each potential confounder (operation type, beekeeper years’ experience, and yards managed) and 

each independent variable that was significant in univariable analyses (Table 3.4). There were no 

coefficient changes >20% for any of the independent variables assessed when operation type was 

added to the models; hence, it was not deemed a confounder. When beekeeper experience (less 

than two years versus three or more years) was included as a variable, the coefficients for the 

independent variables oxalic acid treatment and spring supplemental feeding changed by 23% 

and 25% and became non-significant, indicating confounding by beekeeper experience (Table 

3.4). Similarly, when number of yards managed (one yard versus two or more yards) was added 

to the models, the coefficients for the independent variables presence of Varroa mites and queen 

supersedure changed by 27% and 23%, respectively (Table 3.4) and became non-significant, 

indicating confounding by number of yards managed.  
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DISCUSSION AND CONCLUSION 

This study demonstrated a cumulative incidence of in-season colony loss of 19.6% during the 

2014 in Ontario. While acceptable levels of winter colony loss are suggested to be 15% (Melhim 

et al., 2010), no such value has been identified for in-season (non-winter) colony mortality, and 

no Canadian data are available for comparison. The estimate from this study (19.6%) is however, 

lower than the 2014 summer cumulative incidence of 25.4% (n=4,971 beekeepers) reported in 

the annual survey of the Bee Informed Partnership group in the United States (Seitz et al., 2015). 

This estimate is also lower than that calculated from research results of Findlay and colleagues 

(2015) from 56 beekeepers in the United States (prevalence of 29.9%; 41 dead colonies of 137 

total colonies). Despite being slightly lower than estimates from other countries, loss of 19.6% of 

colonies during one non-winter season is considerable. Particularly given that this followed the 

reported 58% winter colony loss of 2013/2014 in Ontario (Kozak, 2016). Continued losses of 

this magnitude would be unsustainable for the beekeeping industry. Hence, there would be value 

in conducting on-going surveillance and research to help mitigate colony loss.  

The in-season colony loss (cumulative incidence) results for this study showed significantly 

lower colony losses for commercial beekeepers compared to small-scale beekeepers. In the 

literature, similar examples are only available for winter colony losses, where commercial 

beekeepers in the United States have consistently demonstrated fewer winter colony losses than 

small-scale beekeepers (Kulhanek et al., 2017; Lee et al., 2015; Steinhauer et al., 2014). 

Although the annual national winter colony loss statistics for Canadian colonies are based on 

data from commercial beekeepers (CAPA, 2016; Kozak, 2016), it is suggested that future 

Ontario surveillance of in-season colony loss present information from both small-scale 

beekeepers and commercial beekeepers so as not to potentially underestimate these values. 
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It is also important to note that time periods to measure in-season colony loss in this study were 

based on management events, rather than specific calendar dates suggested by COLOSS 

(vanEngelsdorp et al., 2013). This difference may hinder direct comparisons with studies that did 

not use a similar approach. The main reason for this approach relates to Ontario beekeepers 

being geographically widespread; hence, they experience different climates, and likely, local 

microclimates. It was assumed this would translate into differences in calendar start and end 

dates for beekeepers, making it difficult to select a specific but widely applicable date. Despite 

the deviation from COLOSS, this management-event based approach, also suggested by van der 

Zee and colleagues (2014), may be one that researchers examining beekeepers across varying 

climates may also want to consider (an inappropriately selected date would potentially exclude 

respondents or fail to capture the true number of live colonies in the spring).  

Respondents’ characteristics 

These results highlight the association between beekeeper experience and in-season colony 

mortality. Specifically, having more than one year of experience, managing more than one yard, 

and managing a commercial operation, was significantly associated with decreased odds of in-

season colony mortality. If years’ experience can reasonably be translated into education level of 

beekeepers, these results are in line with that of Findlay and colleagues (2015) who reported 

significantly decreased colony mortality amongst beekeepers with formal beekeeper training 

compared to those without such training. There is also alignment with a recent publication by 

Jacques and colleagues (2017) that reported the lowest in-season (referenced as “seasonal”) 

mortality for beekeepers with more experience (identified as training and ownership of apiarist 

book(s)), and no observed clinical disease. In addition, beekeeper size and experience impacted 

winter mortality in that study, where small-scale beekeepers (defined as ≤50 colonies) with little 
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experience (i.e., no training, apiarist book or qualifications) had two times the level of winter 

losses than that of professional beekeepers with relevant training, qualifications and apiarist 

books (Jacques et al., 2017). Our results support those of Jacques et al., (2017) and Findlay et al., 

(2015) that colony loss is associated with beekeeper experience. As such, beekeeping 

organizations are encouraged to (continue to) offer opportunities for beekeeper education with 

respect to best management practices for colony health. A targeted focus on new beekeepers may 

also be prudent. The availability of printed or online materials and hands-on workshop offerings 

to broaden beekeeper training and experience may be of benefit in decreasing in-season colony 

mortality of honey bees in Ontario.  

Varroa mite related factors 

Beekeeper awareness of the presence of Varroa mites was observed to be associated with 

lowered odds of in-season losses in univariable analyses, although the association was no longer 

statistically significant after controlling for the confounding effect of number of yards managed. 

Beekeepers were asked to report their Varroa mite status to the best of their knowledge, and 

approximately two-thirds indicated presence of Varroa in their colonies. Interestingly, those 

beekeepers reporting no Varroa mites demonstrated significantly higher in-season loss, which is 

counter-intuitive because generally, Varroa is considered highly virulent and a major concern for 

health of managed colonies. Varroa have been shown to increase winter colony losses (Guzmán-

Novoa et al., 2010), and to alter the survivorship of bees (Currie and Gatien, 2006), particularly 

when additional viruses are present (Yang and Cox-Foster, 2007). In addition, Varroa has been 

associated with transmission of viruses (Ball and Allen, 1988), as well as immunosuppression of 

honey bees (Yang and Cox-Foster, 2007), leading to increased susceptibility to diseases and 

likely decreased colony strength. It may be that self-reported Varroa presence is acting as a 
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proxy for some other unmeasured factor. For example, it has been suggested that all colonies in 

Ontario are affected by Varroa mites (Kozak et al., 2012). If this is assumed to be true, 

beekeepers reporting no Varroa presence would be “false negatives” suggesting a lack of 

beekeeper familiarity or accuracy in disease screening. Those who did not report Varroa may 

have missed its presence and this unmanaged Varroa infestation may have reduced colony 

health. Unfortunately, the beekeepers’ self-reported Varroa status was not able to be confirmed 

in the present study. Further, beekeepers who reported having identified Varroa would have 

most likely taken appropriate steps to manage it and thereby protect from in-season colony loss 

(Jacques et al., 2017). Hence, knowledge of Varroa presence in this study may be a proxy for 

experience, good monitoring, or proactive disease management, which could help explain the 

counterintuitive result of Varroa presence being associated with decreased colony mortality. 

These results could be better interpreted with the additional exploration of the degree of 

misclassification of Varroa mite reporting. Future research to understand whether beekeeper 

knowledge of the Varroa mite presence in colonies translates into less colony loss due to better 

disease management (including appropriate treatment), would be useful.  

Queen related factors 

Queens younger than one-year of age (<1 year old) were associated with higher odds of in-

season losses compared to queens one-year of age (1-year old) and queens aged two-years or 

older (≥2 years old). This result is somewhat contrary to the research by Akyol and colleagues 

(2008) who reported that colonies with younger queens (<1 year or 1-year old) had better 

wintering ability (84.3% and 88.0% versus 46.6% and 26.8%, respectively) and higher colony 

survival (100% and 100% versus 60% and 40%, respectively), compared to older queens (2 years 

or 3 years old). However, the 1-year old queens developed more populous colonies, and higher 
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amounts of brood, compared to new queens <1 year old (Akyol et al., 2008). This, coupled with 

the importance of strong populous colonies in prevention of various diseases (Pernal and Clay, 

2013), may explain lower in-season loss in 1-year old queens compared to queens <1 year old 

observed in the present study. Further explanation for higher in-season loss for queens <1 year 

old may be queen failure, as the majority of responding beekeepers self-reported this being the 

primary suspected cause for their in-season loss. A variety of factors can impact queen success 

during the crucial transition period to a new queen via supersedure or beekeeper replacement, 

including: the larvae age at time of queen rearing (Tarpy et al., 2000), quality of purchased 

queens (Delaney et al., 2011), successful and diverse mating (Tarpy et al., 2013), and presence of 

diseases and viruses (Francis et al., 2013). Difficulty in any of these areas may result in delays in 

brood production or impact colony survival if the timing was late in the season. Hence, there 

may be several explanations for the significantly higher levels of in-season loss experienced by 

beekeepers in this study when the majority of their queens were <1 year old. Further research to 

understand whether in-season colony mortality can be closely tied to supersedure difficulty 

during transitions to new queens, or whether other factors affect young queen success and 

subsequently impact colony loss would be beneficial.  

Examination of confounders 

Confounding effects of two variables, number of yards managed (one yard versus two or more 

yards) and years as a beekeeper (less than 2 years versus 3 or more years), should be considered 

in future research as they may contribute to more accurate understanding of other independent 

variables of importance to in-season colony loss. Furthermore, those independent variables that 

became non-significant (i.e., oxalic acid treatment, supplemental feeding in spring, Varroa mite 

presence, and queen supersedure) when including these confounders, and therefore may not have 
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a true association, and should be considered during interpretation. However, this lack of 

association may also be attributable to the low statistical power associated with the small sample 

size. Operation type (commercial versus small-scale) was explored as a confounder but did not 

act as one. It did however, often remain statistically significant in two-variable models (data not 

shown), suggesting its importance as an independent variable for consideration by other 

researchers. Furthermore, as the intention of the study was to explore a wide variety of variables, 

the significant univariable associations that were identified can still provide valuable information 

about areas of focus for future research in Ontario. 

Study limitations 

Several limitations of this study should be noted. There is opportunity for selection bias as this 

study utilizes convenience sample of self-selected individuals due to lack of an available 

sampling frame. Attempts were made to reduce selection bias by distributing the questionnaire 

widely through a variety of avenues; additionally, the study group had a sampled distribution of 

beekeeper type (i.e., proportion of small-scale and commercial) that aligns with Ontario’s 

distribution overall. In addition, recall bias should be considered as respondents were asked to 

report on events from the past season (i.e., 4-11 months prior). Measures taken to mitigate this 

bias included selecting questions from most memorable beekeeping activities and requesting that 

respondents use their production records, where possible. In addition, this research did not 

include the study of weather-related risk factors. Furthermore, as this single cross-sectional study 

can only speak to the conditions of the time-period investigated, repeated studies capturing in-

season colony loss are important to assess trends and identify impacts of temporal factors such as 

weather. 
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Conclusion 

This study provides first-ever statistics on the in-season colony loss of honey bees in Ontario, 

Canada, and the results suggest cause for concern. This work highlights factors associated with 

in-season colony loss, discusses opportunities to educate beekeepers (especially those new to 

beekeeping on best management practices related Varroa mites and queen management), and can 

help inform future research to help reduce in-season colony loss. In particular, surveillance of in-

season loss over multiple years, with focus on associations presented here, will contribute to a 

better understanding of honey bee health in Ontario. Finally, these results can aid in refining best 

practice guidelines for beekeepers as a means to further support colony health and sustainability. 
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Table 3.1: Summary statistics and univariable multi-level logistic regression model results, examining the association between 
individual beekeeper characteristics and management factors with in-season colony loss. 

Independent variable† 

Number of 
beekeepers 
losing ≥1 

colony 

In-season  
colony loss 
(cumulative  
incidence) 

Univariable OR  
(95% CI) 

P-value 
Variance 

component  
(95% CI) 

Intraclass 
correlation 
coefficient‡  
(95% CI) 

Years experience 
(dichotomized) 

2 years or less 
3 years or more 

 
 
38/72 (52.8%) 
69/143 (48.3%) 

 
 
323/706 (45.7%) 
655/5797 (11.2%) 

 
 
Referent 
0.40 (0.18 - 0.90) 

 
 
 

0.026* 

5.77 
(3.95 - 8.41) 

64% 
(55% - 72%) 

Yards managed (categorized) 
1 yard 
2 yards or more 

 
76/151 (50.3%) 
30/63 (47.6%) 

 
225/1004 (22.4%) 
749/5495 (13.6%) 

 
Referent 
0.37 (0.17 - 0.80) 

 
 

0.012* 

4.18 
(2.81- 6.21) 

63% 
(53% - 70%) 

Operation type§ 
Commercial 
Small-scale 

 
7/14 (50.0%) 
100/201 (49.8%) 

 
598/3426 (17.5%) 
380/1566 (24.2%) 

 
Referent 
5.93 (1.68 -20.91) 

 
 

0.006* 

5.61 
(3.82 - 8.22) 

63% 
(54% - 71%) 

Record-keeping 
None 
Yes, detailed 
Yes, some 

 
28/57 (49.1%) 
29/51 (58.9%) 
50/107 (46.7%) 

 
295/837 (35.2%) 
135/1617 (8.3%) 
548/4049 (13.5%) 

 
Referent 
1.10 (0.37 - 3.23) 
0.64 (0.25 - 1.64) 

 
 

0.869 
0.357 

6.09 
(4.18 - 8.86) 

65% 
(56% - 73%) 

Supplemental feed - spring 
No 
Yes 

 
34/56 (61.7%) 
54/118 (45.8%) 

 
281/983 (28.6%) 
602/4431 (13.6%) 

 
Referent 
0.38 (0.16 - 0.91) 

 
 

0.029* 

5.32 
(3.54 - 8.00) 

62% 
(52% - 71%) 

†Beekeeper modeled as a random intercept;   ‡Estimated using the latent variable technique; 
§ Commercial: ≥50 colonies; small-scale: <50 colonies;   *Significant association (P ≤0.05)  

  



 

113 

Table 3.2: Summary statistics and univariable multi-level logistic regression model results, examining the association between Varroa 
mite treatment and control factors with in-season colony loss. 

Independent variable† 

Number of 
beekeepers 
losing ≥1 

colony 

In-season 
colony loss 
(cumulative 
incidence) 

Univariable OR  
(95% CI) 

P-value 
Variance 

component  
(95% CI) 

Intraclass 
correlation 
coefficient‡ 
(95% CI) 

Varroa mites present 
No 
Yes 

 
43/79 (54.4%) 
61/133 (45.9%) 

 
162/610 (26.5%) 
804/5855 (13.7%) 

 
Referent 
0.34 (0.16 - 0.76) 

 
 

0.008* 

5.74 
(3.92 - 8.41) 

64% 
(54% - 72%) 

Used 65% formic (multiple) 
No 
Yes 

 
66/138 (47.8%) 
13/21 (61.9%) 

 
534/3784 (14.1%) 
364/2399 (15.1%) 

 
Referent 
2.28 (0.65 - 7.97) 

 
 

0.198 

6.33 
(4.18 - 9.62) 

66% 
(56% - 75%) 

Used 65% formic (single) 
No 
Yes 

 
63/129 (48.8%) 
16/30 (53.3%) 

 
787/4536 (17.3%) 
111/1647 (6.7%) 

 
Referent 
1.32 (0.43 - 4.04) 

 
 

0.632 

6.39 
(4.21 - 9.71) 

66% 
(56% - 75%) 

Used fluvalinate-tau  
(i.e., Apistan®) 

No 
Yes 

 
 
68/141 (48.2%) 
11/18 (61.1%) 

 
 
868/6038 (14.3%) 
30/145 (20.6%) 

 
 
Referent 
1.88 (0.45 - 7.82) 

 
 
 

0.385 

6.37 
(4.19 - 9.67) 

66% 
(56% - 75%) 

Used amitraz (i.e., Apivar®) 
No 
Yes 

 
60/123 (48.8%) 
19/36 (52.8%) 

 
595/3349 (17.7%) 
303/2834 (10.6%) 

 
Referent 
0.56 (0.20 - 1.55) 

 
 

0.264 

6.21 
(4.07 - 9.47) 

65% 
(55% - 74%) 

Used coumaphos  
(i.e., CheckMite+™) 

No 
Yes 

 
 
75/152 (49.3%) 
4/7 (57.1%) 

 
 
880/5889 (14.9%) 
18/294 (6.1%) 

 
 
Referent 
0.83 (0.12 - 6.00) 

 
 
 

0.856 

6.39 
(4.20 - 9.71) 

66% 
(56% - 75%) 
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Used thymol (i.e., 
Thymovar®/Apiguard®) 

No 
Yes 

 
 
71/142 (50.0%) 
8/17 (47.1%) 

 
 
658/5643 (11.6%) 
240/540 (44.4%) 

 
 
Referent 
1.43 (0.35 - 5.78) 

 
 
 

0.619 

6.36 
(4.19 - 9.67) 

66% 
(56% - 75%) 

Used 46.7% formic acid 
(i.e., Mite Away Quick 
Strips®),  

No 
Yes 

 
 
 
56/112 (50.0%) 
23/47 (48.9%) 

 
 
 
678/4682 (14.4%) 
220/1501 (14.6%) 

 
 
 
Referent 
1.04 (0.39 - 2.74) 

 
 
 
 

0.944 

6.40 
(4.21 - 9.71) 

66% 
(56% - 75%) 

Used oxalic acid 
No 
Yes 

 
66/128 (51.6%) 
13/31 (41.9%) 

 
729/4219 (17.2%) 
169/1964 (8.6%) 

 
Referent 
0.29 (0.10 - 0.89) 

 
 

0.030* 

6.06 
(3.98 - 9.21) 

65% 
(55% - 74%) 

Combined treatment types** 
None 
Synthetic 
Organic 
Both  

 
28/64 (42.8%) 
18/33 (54.6%) 
42/88 (47.7%) 
16/26 (61.54%) 

 
77/378 (20.3%) 
45/877 (5.1%) 
540/3030 (17.8%) 
306/2184 (14.0%) 

 
Referent 
0.77 (0.23 - 2.62) 
0.81 (0.31 - 2.01) 
0.58 (0.17 - 1.97) 

 
 

0.676 
0.652 
0.381 

6.03 
(4.14 - 8.88) 

65% 
(55% - 73%) 

Treatment administered** 
No 
Yes 

 
28/64 (43.8%) 
76/147 (51.7%) 

 
77/378 (20.4%) 
891/6091 (14.6%) 

 
Referent 
0.75 (0.31 - 1.77) 

 
 

0.507 

6.13 
(4.20 - 9.96) 

65% 
(56% - 73%) 

Screened bottom board 
No 
Yes 

 
5/11 (45.5%) 
53/110 (48.2%) 

 
100/539 (18.5%) 
453/2653 (17.0%) 

 
Referent 
3.43 (0.68 - 7.34) 

 
 

0.136 

5.52 
(3.31 - 9.22) 

63% 
(50% - 74%) 

Drone trap 
No 
Yes 

 
43/83 (51.8%) 
15/38 (39.5%) 

 
401/2148 (18.6%) 
152/1054 (14.4%) 

 
Referent 
0.35 (0.12 - 1.03) 

 
 

0.058 

5.52 
(3.32 - 9.19) 

63% 
(50% - 74%) 

†Beekeeper modeled as a random intercept;   ‡Estimated using the latent variable technique;   *Significant association (P ≤0.05);  
**=Constructed variables  
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Table 3.3: Summary statistics and univariable multi-level logistic regression model results, examining associations between queen 
related factors with in-season colony loss. 

Independent variable† 

Number of 
beekeepers 
losing ≥1 

colony 

In-season  
colony loss 
(cumulative 
incidence) 

Univariable OR  
(95% CI) 

P-value 
Variance 

component  
(95% CI) 

Intraclass 
correlation 
coefficient‡ 
(95% CI) 

Marked queen 
No 
Yes 

 
72/146 (49.3%) 
33/67 (49.3%) 

 
597/3372 (17.7%) 
373/2982 (12.5%) 

 
Referent 
1.51 (0.66 - 3.42) 

 
 

0.327 

6.03 
(4.14 - 8.78) 

65% 
(56% - 73%) 

Queen Age (year replaced) 
< 1 year (2014) 
= 1 year (2013) 
≥ 2 years (2012) 

 
53/84 (63.1%) 
28/67 (41.7%) 
15/40 (37.5%) 

 
610/2802 (21.7%) 
174/2510 (6.9%) 
169/978 (17.3%) 

 
Referent 
0.34 (0.14 - 0.83) 
0.15 (0.05 - 0.45) 

 
 

0.018* 
0.001* 

5.74 
(3.87 - 8.51) 

64% 
(54% - 72%) 

Queen replacement approach 
Raised own 
As needed 
Scheduled 
Other 

 
27/65 (41.5%) 
26/54 (48.2%) 
4/7 (57.1%) 
11/17 (64.7%) 

 
119/741 (16.0%) 
709/4027 (17.6%) 
9/319 (2.8%) 
31/329 (9.4%) 

 
Referent 
0.76 (0.27 - 2.18) 
0.87 (0.09 - 8.51) 
3.43 (0.70 -16.85) 

 
 

0.612 
0.905 
0.129 

6.97 
(4.41 - 11.03) 

74% 
(62% - 83%) 

Supersedure 
No  
Yes 

 
32/57 (56.1%) 
25/55 (45.5%) 

 
145/803 (18.0%) 
386/2520 (15.3%) 

 
Referent 
0.32 (0.11 - 0.90) 

 
 

0.032* 

6.20 
(3.70 - 10.38) 

65% 
(53% - 76%) 

Repeated supersedure 
No 
Yes 

 
46/88 (52.3%) 
11/24 (45.8%) 

 
439/1991 (22.0%) 
92/1332 (6.9%) 

 
Referent 
0.44 (0.13 - 1.50) 

 
 

0.188 

6.46 
(3.87 - 10.79) 

66% 
(54% - 77%) 

Queenlessness 
No  
Yes 

 
39/79 (49.4%) 
18/33 (54.5%) 

 
213/1514 (14.0%) 
318/1809 (17.5%) 

 
Referent 
0.86 (0.28 - 1.64) 

 
 

0.788 

6.65 
(3.98 - 11.11) 

67% 
(55% - 77%) 
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Poor laying queen 
No  
Yes 

 
28/62 (45.2%) 
29/50 (58.0%) 

 
147/1484 (9.9%) 
384/1839 (20.8%) 

 
Referent 
2.68 (0.93 - 7.75) 

 
 

0.069 

6.37 
(3.81 - 10.64) 

66% 
(54% - 76%) 

Drone laying queen 
No  
Yes 

 
50/101 (49.5%) 
7/11 (63.6%) 

 
434/2098 (20.6%) 
97/1225 (7.9%) 

 
Referent 
0.63 (0.12 - 3.18) 

 
 

0.580 

6.58 
(3.93 - 11.02) 

67% 
(54% - 77%) 

Laying worker 
No  
Yes 

 
51/100 (51.0%) 
6/12 (50.0%) 

 
428/1912 (22.3%) 
103/1411 (7.2%) 

 
Referent 
0.44 (0.09 - 2.23) 

 
 

0.321 

6.54 
(3.91 - 10.93) 

67% 
(54% - 77%) 

Queen balled 
No 
Yes 

 
52/104 (50.0%) 
5/8 (62.5%) 

 
324/2774 (11.6%) 
207/549 (37.7%) 

 
Referent 
1.24 (0.17 - 9.19) 

 
 

0.832 

6.66 
(3.98 - 11.13) 

67% 
(55% - 77%) 

†Beekeeper modeled as a random intercept;    ‡Estimated using the latent variable technique;   *Significant association (P ≤0.05) 
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Table 3.4: Unadjusted and adjusted odds ratios (OR) for independent variable coefficients that changed >20% between significant 
univariable multi-level logistic regression models and two-variable multi-level logistic regression models with one of three potential 
confounders (i.e., operation type, beekeeper years’ experience, yards managed) examining the association with in-season colony loss.  

Confounder (bold) and 
independent variables† 

Unadjusted model Adjusted model Percent change in 
coefficient from 

Unadjusted 
OR 95% CI P-value OR 95% CI P-value 

Operation type (Commercial) - Colony level 
 No independent variables with coefficient change greater than 20% 

Beekeeper years experience (Three or more years experience) - Beekeeper level 
Oxalic acid treatment (Yes) 0.29 0.97 - 0.89 0.030* 0.39 0.13 - 1.18 0.097 23% 
Spring supplemental feed (Yes) 0.38 0.16 - 0.91 0.029* 0.48 0.20 - 1.15 0.101 25% 
Yards managed (Two or more yards) - Operation level 
Varroa mite present (Yes) 0.34 0.16 - 0.76 0.008* 0.46 0.20 - 1.04 0.063 27% 
Queen supersedure (Yes) 0.32 0.11 - 0.90 0.032* 0.41 0.15 - 1.16 0.093 23% 

†Beekeeper modeled as a random intercept;   *Significant association (P ≤0.05) 
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Figure 3.1: Causal diagram of factors associated with in-season mortality of honey bees. 
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Figure 3.2: Suspected reasons of 2014 in-season colony loss identified by beekeeper respondents (n=127) where percentages above 
each bar represent proportion of beekepers responding to this category (number of responses / total number of respondants)12. 

                         
12 Responses to ‘Other’: swarm related (5), bear visit (4), management related (3), queen breeding problem (2), American foulbrood (2), unexplained 
disappearance (1), hornets (1), wax moth (1), condensation (1), nutrition (1), chemtrails (1) 
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CHAPTER FOUR  
Spatial and statistical examination of association of corn presence with in-

season colony loss of honey bees in Ontario, Canada 

 
ABSTRACT 

Incidents of acute honey bee colony deaths have been reported worldwide; a notable increase in 

reports in Ontario between 2012 and 2014 was suspected to be a result of lethal exposure to 

neonicotinoid pesticides on seed-treated corn and soybeans. Airborne seed dust released at 

planting, and pesticide residues in soil and water provide avenues of lethal exposure to 

neonicotinoids; raising the question of whether proximity to corn poses a serious risk to honey 

bee survival. Therefore, this study describes the spatial distribution and clustering of potential 

risk factors and in-season (i.e., non-winter) colony loss, and examines for an association between 

in-season colony loss and the presence or absence of corn (as a surrogate for neonicotinoid 

exposure). This retrospective observational study employed a combination of epidemiological, 

geographical and statistical approaches to analyze beekeeper questionnaire and crop inventory 

data for Ontario (2014). Data analyses included: the use of spatial point data for mapping and 

data visualisation of key variables (i.e., Varroa mite presence, supplemental feeding practices, 

honey production and winter colony loss); a spatial scan statistic to detect spatial clusters of in-

season colony loss and corn density; and multi-level univariable logistic regression models to 

examine associations of in-season colony losses of a yard to corn presence within a 10 km2 

quadrat around that yard. Respondents had a total in-season colony loss of 21.8% (317 dead 

colonies of 1,455 colonies at risk; 95% confidence interval (CI)=19.7-24.0%) during 2014, and 

an average honey yield of 45.2 pounds/colony (95% CI=40.0-50.4). Visual examination of 

mapping data showed few notable patterns, with the exception of two groupings of high density 

corn in Ontario. The geographical cluster analysis identified one significant (P ≤0.05) cluster of 
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high in-season colony loss located in an area where no corn was present. In addition, two 

significant clusters of low in-season colony loss were identified; these clusters included 17 yards 

with less than 1% corn (but often containing no corn) in each of their respective 10 km2 quadrats. 

Univariable multi-level logistic regression found no significant association between in-season 

colony loss and presence/absence of corn in the same 10 km2 quadrat (Odds Ratio (OR)=1.79; P-

value=0.247; 95% CI=0.67-4.77; n=174). The association of corn with in-season colony loss was 

also not significant with the corn density variable when categorized into quartiles. In conclusion, 

the results of this study suggest that presence of corn (as a surrogate for neonicotinoid exposure) 

within a 10 km2 quadrat around a yard was not significantly associated with in-season colony 

mortality and does not support the study hypothesis. However, further research that examines 

yards located near high corn density areas (e.g., ≥35%) would broaden the understanding of 

associations that may exist between neonicotinoids and honey bee colony losses.  

INTRODUCTION 

High colony losses have been documented throughout the world, for various reasons, over the 

past 150 years (Underwood and VanEngelsdorp, 2007). More recently, Health Canada’s Pest 

Management Regulatory Agency (PMRA) noted a sharp increase in incidents of acute honey bee 

colony mortality in Canada between 2012 and 2014 (PMRA, 2014). Of the 1,041 incident 

reports, Ontario beekeepers accounted for 92% (PMRA, 2014). Reports indicated high numbers 

of dead bees, as well as colony effects such as decreased honey production (PMRA, 2014). The 

PMRA indicated that many incidents of colony mortality in 2012 and 2013 were attributed to 

pesticide exposure, as timing of these reports corresponded to planting of corn and soybean seeds 

treated with neonicotinoid pesticides (i.e., clothianidin, imidacloprid, and thiamethoxam) 

(PMRA, 2014). Concerns about the role of neonicotinoids on honey bee health have been echoed 
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in numerous reviews and original research conducted across the world (Cresswell, 2011; 

Desneux et al., 2007; Lu et al., 2014; Lundin et al., 2015; Nguyen et al., 2009; Sánchez-Bayo et 

al., 2016). Despite no consensus among researchers these studies have, at minimum, highlighted 

the complexity and importance of this topic. 

In North America, corn represents the largest use of arable land and it is estimated that all of the 

seeds planted, with the exception of a small proportion of organic corn (composing 0.2% of total 

acreage), are coated in neonicotinoids (primarily clothianidin and thiamethoxam) (Simon-Delso 

et al., 2015). Although concentrations of neonicotinoids in pollen and plant fluids or plant saps of 

a mature corn plant are generally considered inadequate to cause acute toxicity to honey bees in 

the short term (Goulson, 2013; Suchail et al., 2000), honey bees can be exposed to these 

insecticides in a number of other ways. For example, one single seed can be coated with 0.5-1.5 

mg (1,500-4,500 ppm) of insecticide (Simon-Delso et al., 2015) and during planting, the seed 

dust exhausted from planting equipment has been shown to have lethal effects to exposed honey 

bees (Girolami et al., 2013; Tapparo et al., 2012). Neonicotinoids distributed systemically in 

seed-treated corn plants can have lethal insecticide concentrations in xylem fluid of young plants 

(Girolami et al., 2009). Furthermore, neonicotinoid coating can leach into soil and surface water 

(Schaafsma et al., 2015), which can harm bees drinking from contaminated puddles. The half life 

of neonicotinoids (including total of clothianidin and thiamethoxam) on Ontario fields is 0.57 

years (SE=±0.11); thus, neonicotinoids have been shown to persist in soil for long periods of 

time (Schaafsma et al., 2016) and this may pose a risk to bees every time there is water on soil. 

Research in Ontario examining areas adjacent to corn growing fields demonstrated the presence 

of neonicotinoid soil residues, specifically thiamethoxam and clothianidin, in 98.7% and 100.0% 

of 76 samples, respectively (Schaafsma et al., 2015). Given the pervasive and persistent nature of 



 

123 

these neonicotinoids, and the reports of lethal effects to honey bees, the potential for pesticide 

exposure of honey bees in proximity to corn fields is of interest. 

More research with field realistic neonicotinoid levels is needed (Lundin et al., 2015); however, 

such research is difficult. It has been suggested that the necessary experimental controls 

employed to elucidate direct effects in honey bee field research may simultaneously mask 

indirect cumulative effects, and ultimately obscure discovery of less obvious associations 

(Suryanarayanan, 2013). In addition, since honey bees can fly as far as 10 km for forage 

(Beekman and Ratnieks, 2000; Suryanarayanan, 2013), there are complex practical and 

geospatial considerations necessary for design of field-realistic experimental research that 

examines effects of neonicotinoid exposure on honey bees. The use of spatial data to visualize 

geographic distribution of health outcomes has occurred in various contexts, with examples 

ranging from surveillance of vector-borne and water-borne disease spread (Kalluri et al., 2007; 

Odoi et al., 2004), infectious disease risk investigations (Lai et al., 2004), preventative public 

health contexts (Sherman et al., 2014), and improved understanding of animal health (Gay et al., 

2007). However, such studies are under-represented across the honey bee health literature, with 

only a few studies utilizing a geospatial analytical approach (Giacobino et al., 2015; Jacques et 

al., 2017; Mill et al., 2014; Roelandt et al., 2016). Given these gaps, examination of spatial 

patterns for variables shown in the literature to be associated with colony loss or pesticides are of 

interest. Specifically, colony loss has been associated with the presence of Varroa mites 

(Guzmán-Novoa et al., 2010), and previous winter colony loss (Jacques et al., 2017). In addition, 

factors suspected to be associated with pesticides, such as lowered honey production (PMRA, 

2014), or associated with decreased pesticide susceptibility, such as supplemental nutrition 
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(Schmehl et al., 2014), are also of interest. Furthermore, use of various geospatial analytical 

techniques’ may provide additional insight into honey bee health and associations to colony loss. 

Increased concerns about the impact of neonicotinoids on honey bee health, coupled with 

evidence of mechanisms of persistent pesticide exposure, and the lack of spatial analysis for 

honey bee research, led to three key objectives of this study. These objectives were to: i) describe 

the spatial distribution of factors thought to be associated with colony loss and/or the presence of 

pesticides (i.e., presence of Varroa mites, previous winter colony loss, honey production, 

supplemental nutrition); ii) identify spatial clustering of in-season (i.e., non-winter) colony loss 

among those yards; and iii) investigate associations that may exist between in-season colony loss 

and presence or absence of corn (used as a surrogate for neonicotinoid exposure).  

METHODS 

Study design, data collection, and recruitment 

This retrospective cross-sectional study examined yard level management data from beekeepers 

and agricultural corn distribution data for Ontario. Yard level data were collected from an online 

questionnaire administered from March 11 and May 16, 2015. The questionnaire requested yard 

health and management (including management practices, pest and disease management, honey 

production and the beekeepers’ perception of the percentage of each crop located within their 

immediate 3 km radius around their yard) of Ontario beekeepers’ honey bee colonies for the 

2014 season. The inclusion criteria of this study was to be an Ontario based-beekeeper, actively 

kept bees during the 2014 season, and willing to provide yard location information. 

The online questionnaire was developed using survey design best practices (Dillman, 2007), 

standardized methods of honey bee colony loss research (van der Zee et al., 2014; vanEngelsdorp 
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et al., 2013), and with the input of an advisory committee of beekeepers and industry specialists 

(n=8). The questionnaire was delivered online via Qualtrics® (Provo, UT, USA) and designed to 

take between 20 to 60 minutes to complete depending on each operation’s complexity. It was 

pre-tested with four different types of beekeeper (small-scale, commercial, breeder, and 

pollinator), to ensure the questionnaire was clear, intuitive, and navigable, and was adjusted to 

meet these needs based on feedback. The complete questionnaire can be found in Appendix II. 

Ontario beekeepers were recruited by notices distributed to local beekeeper meetings, 

beekeeping supply stores, and via newsletters or social media (i.e., FacebookTM and TwitterTM) 

distributed by beekeeping associations. A website (http://healthybees.buzz) was available for 

beekeepers seeking further information or the survey link. The University of Guelph Research 

Ethics Board approved this study (REB # 15FE025).  

Data sources 

The questionnaire collected a variety of management data related to one self-selected ‘worst’ 

performing yard (herein referred to as ‘yard’), or their ‘only yard’, depending on the size of the 

responding beekeepers’ operation in 2014. The ‘worst’ performing yard was requested to ensure 

the events were remarkable enough to recall for those who kept multiple yards. This included 

geographic references to the yard (i.e., global positioning system (GPS) coordinates, address, 

descriptive location, postal code, town, and county of bee yards were recorded). Since all 

information was optionally provided, in some cases the best geographic data for the self-reported 

yard was postal code or town. In all cases, each yard was geo-referenced at the most detailed 

level possible given the available data (Table 4.1). 
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Ontario corn distribution data for 2014 were obtained from the Agriculture and Agrifood Canada 

(AAFC) Annual Crop Inventory (Government of Canada, 2014). A detailed description of these 

corn data collection methods are described by AAFC, but briefly, maps are derived from both 

optical satellite and radar satellite data using LandSat-8 and RADARSAT-2, respectively, to 

capture imagery at several points throughout the year to produce an annual crop inventory 

(Government of Canada, 2014). The product produces a national coverage at a spatial resolution 

of 30m². The specific corn data for 2014 were extracted from the available AAFC annual crop 

inventory in February 2016. As all corn seed is assumed to be treated (Simon-Delso et al., 2015), 

these corn data provided a surrogate indicator of neonicotinoid presence and allowed for these 

analyses to examine of the association between corn presence and in-season colony loss.  

Measurement of in-season (non-winter) colony loss 

Total in-season colony loss (cumulative incidence) for each beekeeper was the dependent 

variable of interest. This variable, hereafter referred to as “in-season colony loss”, was calculated 

as per the COLOSS (Prevention of honey bee COlony LOSSes) Honey Bee Research 

Association at the Institute of Bee Health (vanEngelsdorp et al., 2013), for each yard at the 

individual beekeeper level, and for the overall study population as follows: 

 

where: 

Tdead = Tcolonies at risk of dying – Tend 
Tcolonies at risk of dying = Tstart + Tsplits + Tpurchased – Tremoved 
 
Tdead = Total number of colonies that died during the period 
Tcolonies at risk of dying = Total number of colonies at risk of dying during the period 
Tend = Total number of colonies at the end of the period 
Tstart = Total number of colonies at the start of the period 
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Tsplits = Total number of splits (by separating one colony into two) made during the period 
Tpurchased = Total number of colonies purchased during the period 
Tremoved = Total number of colonies removed (by selling or combining) during the period 
 
Total colony loss calculation time-period is captured as the time between colonies at Tstart and 

Tend of the period during the active production season, similar to that used by van der Zee and 

colleagues (2014). The productive non-winter season was considered as the colony count (i.e., 

Tstart) after winter loss assessment in the spring. and colony count (i.e., Tend) at hive wrapping 

or similar winter preparation in the following late autumn. 

The average loss (AL) describes the mean number of lost colonies was also calculated, 

describing the mean number of lost colonies per beekeeper, as per vanEnglesdorp and colleagues 

(2013):  

 

where: 

N = Total number of respondents for which colony loss was calculated  

Spatial data preparation 

Quadrat analysis (Thomas, 1979) was performed by generating a vector-based grid (comprised 

of defined uniform polygons) using a geographical information system that covered the entire 

study area of Ontario. This standardized unit (i.e., quadrat) provided a means for visualization, 

exploration and modelling of data. This quadrat method was selected to maintain confidentiality 

of beekeepers’ yard location, and to protect the identity of individual operator, while still 

maintaining the spatial information necessary for analysis. A boundary size of 10 km² square was 

selected to further balance considerations of yard location confidentiality, with data precision, 

and the average bee foraging distance (Beekman and Ratnieks, 2000). The study contained 3,459 
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unique quadrats, each with its own identifying number and a centroid point (including latitudinal 

and longitudinal coordinates) representing the geographic centre of the area. These quadrats were 

used to spatially link the various data sources within a single database. 

Within the database, each quadrat was populated with corn distribution data associated with the 

respective geographic boundaries of the quadrat. The total area occupied by corn (m² of corn per 

quadrat) was calculated; this number was also converted into a percentage of the total area of 

corn within each quadrat (% corn per quadrat area). In addition, questionnaire data for each yard 

were also associated with its respective quadrat, to produce a single record for each quadrat. 

Specific bee yard coordinates of the quadrat record were identified and replaced with the 

coordinates of the quadrat centroid to fully anonymize data, and further ensure individual yard 

locations could not be identified. Once these steps were taken, the various analyses were 

conducted, as described below. 

Various spatial and statistical analyses 

Descriptive maps were generated in ArcGIS® v.10.1 (Esri, Redlands, CA, USA) to visualize the 

study population and inform subsequent statistical analyses. To provide better visualization of 

patterns, these maps were focused on southern Ontario as too few yards were reported in 

northern Ontario to provide visual patterns, and relatively no corn was present in this northern 

region. All data however, were included in the spatial and statistical analyses.  

A circular spatial scan statistic (Kulldorff and Nagarwalla, 1995) was applied using the software 

program SaTScanTM v.9.6 (Martin Kulldorff, Boston, MA, USA) to test for the presence of 

significant (P ≤0.05) spatial clusters of high and low in-season colony loss. This geographical 

cluster analysis employed a Bernoulli model using Monte Carlo testing (Kulldorff, 1997) with 
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999 replicates, a maximum spatial cluster size of 50%, and detected clusters of high and low 

cumulative incidence of in-season colony loss (i.e. two-tailed test). Yards present in significant 

cluster locations were cross referenced with the data to identify whether corn was present in the 

same quadrat as the yard. Two such analyses were performed: (1) examining all respondents 

(n=174), and (2) only examining a beekeepers that kept a single yard (n=148). The purpose for 

this stratified analysis was to recognize and manage the possible bias introduced by those 

beekeepers selecting their ‘worst’ yard. Additional cluster analysis using a Normal model with 

similar parameters to above (i.e., two tailed and 50% spatial cluster size) were used to examine 

for clustering in continuous data of honey yields (i.e., yard average yield per colony and total 

yield per yard) and percent corn density. 

In addition, multi-level univariable logistic regression models were fitted using Stata® v.14.2 

Special Edition (SE) for Windows (StataCorp, College Station, TX, USA) to investigate 

associations of in-season colony loss outcome with corn density in the same 10 km2 quadrat as 

the yard. The continuous variable of percent corn density was examined for linearity against the 

log odds of the outcome using a locally weighted regression (i.e., lowess curve) (Dohoo et al., 

2009). This revealed a non-linear relationship of corn density which was managed for analysis 

by categorization into quartiles (corn at <0.71%, 0.71-4.39%, 4.40-11.93%, 11.94-34.48%) and 

by dichotomizing (corn present versus corn absent) into presence versus absence of corn. 

Beekeeper was included as a random intercept to account for colony clustering at the operation 

level. A significance level of 5% was used for all analyses (i.e., alpha=5%). These models were 

fitted using all respondents (n=174) as well as a subset of the beekeepers with just one single 

yard (n=148). 
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RESULTS 

Descriptive statistics 

In total, 242 beekeepers met the inclusion criteria for the study. Respondents were 98% 

(227/231) small-scale beekeepers (i.e., kept 50 or fewer colonies total in their operation); 

commercial beekeepers (i.e., more than 50 colonies) made up the other 2% (4/231). Three-

quarters (76%; 184/242) of respondents managed a single yard, and 24% (58/242) of respondents 

had multiple yards from which they selected their ‘worst’ performing yard within their operation. 

Responding beekeepers had a mean of 9.9 years experience (95% confidence interval (CI)=8.4-

11.5; n=240) and an average honey yield of 45.2 pounds per colony (95% CI=40.0-50.4; n=215). 

Table 4.2 presents summaries of in-season colony loss variable for subsets of data including: all 

respondents (n=196), respondents with a valid yard location (n=174), and respondents with 

single yard only (n=148). In general, the various data subsets display similar total and average 

in-season colony loss values. 

To get a sense of beekeepers’ perception of the yard surroundings, Figure 4.1 shows the average 

percentage of each beekeeper’s self-identified and estimated crop surrounding the 3 km area of 

their yard. Wildflowers and woodlot were most commonly reported, comprising an average of 

20.4% and 16.9% of crops in the 3 km radius surrounding the yard, respectively. Beekeepers also 

reported corn to represent 13.3%, and soybeans to represent 9.4%, of the crops within 3 km of 

their yards.  

Spatial visualization of data 

Spatial point data (i.e., yard location information) were provided by beekeepers in a variety of 

different ways. The geocoding scale used to identify each yard location was as follows: town 

and/or descriptive location (48.6%), postal code (32.5%), address (12.2%), and GPS coordinates 
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(6.7%). A map showing the distribution of the honey bee yards of responding beekeepers in 

Ontario is presented in Figure 4.2. Visual examination reveals yards are well distributed 

throughout the province with many more yards located in the southern region of Ontario. 

Figure 4.3 illustrates the percent colony loss for winter 2013-2014 for each respondents’ yard. A 

number of markers representing winter colony losses exceeding 35% are evident throughout the 

province. A grouping of losses above 50% is seen in the far eastern area of Ontario.  

The self-identified Varroa mite status for each beekeeper’s yard is shown in Figure 4.4. The 

visual pattern shows an even distribution leaning towards more yards having Varroa mites 

present, than not. A small grouping of Varroa positive yards can be seen at the south-western 

region. 

The practice of providing supplemental feed by each respondent was examined spatially in 

Figure 4.5. The majority of respondents did provide supplemental feed to colonies and no clear 

spatial pattern is evident for yards that do not provide supplementation.  

Figure 4.6 presents the 2014 honey yields (total pounds of honey per colony) for each 

beekeepers’ yard. This map shows a number of yards with high honey yields (i.e., 76 pounds per 

colony or greater) are distributed throughout the province, although a potential grouping of high 

honey yields is also observed in the far eastern region of Ontario.  

In addition to demographic statistics, the spatial density of corn (%) 10 km² quadrat throughout 

Ontario was mapped alongside the respondent yard locations (Figure 4.7). Missing quadrats 

indicate no corn was identified in that quadrat; no corn was found in northern Ontario (%Figure 

4.7). Of the 3,459 unique quadrats utilized in this study, 1,109 quadrats contained corn. Of those 

10 km² quadrats with corn, there was an average 9.15% corn per quadrat (Median=4.88%; 
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Range=0.01-53.34%; n=1,109). In addition, it can be noted that visually, there are few overlaps 

are shown between quadrats with high corn (i.e., 35-55% corn) and the respondent yard 

locations. 

Spatial scan analyses 

Spatial data and completed in-season colony loss information were available for 174 

respondents’ yards (i.e., 72% of eligible respondents). The spatial scan identified three 

significant clusters (one high and two low level clusters) of colony loss (Table 4.3). The 

significant cluster of high in-season colony loss (Cluster 1a) contained a single location (Table 

4.3), however there was no corn present in the same 10 km2 quadrat (or surrounding area). The 

significant clusters, Cluster 2a and Cluster 3a, were of low levels of in-season colony loss (Table 

4.3). Cluster 2a was comprised of 13 locations where 11 yard locations had no corn and two yard 

locations had less than 1% corn present in each surrounding 10 km2 quadrat; similarly Cluster 3a 

included four yard locations and no corn was present in any of these the respective quadrats. 

When data were restricted to just beekeepers who kept a single yard (n=148), one significantly 

high and one significant low cluster were identified (Table 4.3). Cluster 1b was the same high 

cluster identified previously (i.e., Cluster 1a) that remained significant; however, a new low in-

season colony loss cluster (Cluster 4b) was significant (Table 4.3). Cluster 4b included seven 

yards; low percentages of corn were found in each of the surrounding 10km2 quadrats 

(mean=1.75% corn per quadrat; Median=1.72% corn per quadrat; Range=0.03-5.44% corn per 

quadrat). A visual representation of all clusters (i.e., Cluster 1a, 2a, 3a, 1b, 4b) provided in 

Figure 4.8 demonstrates overlap of clusters and corn density (%) per 10km2 quadrat. 

Spatial scans examining honey yields (i.e., yard average yield per colony and total yield per 

yard) identified no significant high or low value clusters among the 162 respondents’ yards. In 
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addition, no significant clusters emerged when the analyses were restricted to the 141 single yard 

respondents. 

A spatial analysis of corn density revealed two significant high clusters of corn (Table 4.4 and 

Figure 4.9). Cluster A, contained a mean of 21.84% corn density (SD=4.62; P=0.001; n=294 

quadrats), while Cluster B is smaller in size it contained an average of 14.69% corn density 

(SD=7.20; P=0.001; n=67 quadrats) (Table 4.4). Locations of these high corn density clusters are 

visualized in Figure 4.9 with 2014 corn density (%) per 10km2 quadrat. 

Regression analyses 

The mean percentage of corn present in a 10 km2 quadrat with a yard location was 7.7% (95% 

CI=6.6-8.8%; Range=0-34.5%; n=242). In all 242 quadrats with a yard location, corn was absent 

from 11% (26/242) of these 10 km2 quadrats. Colony loss was present in 51.2% (89/174) of 

participating yards. 

Table 4.5 shows the results of the univariable multi-level logistic regression analyses with 

beekeeper as a random intercept. There was no statistically significant association between in-

season colony loss in 2014 and presence/absence of corn in the same 10 km2 quadrat for either 

model examining all responding beekeepers or those with a single yard only (Table 4.5). When 

the corn density variable was examined in quartiles for all beekeepers and those with a single 

yard it was non-significant, with one exception (Table 4.5). For the model including all 

respondents, Quartile 3 (4.40-11.93% corn) had significantly (P=0.046) higher odds of in-season 

colony loss than Quartile 1 (0.00-0.70%), however the P-value for the entire variable was not 

significant (P=0.232), and Quartile 3 was not significant in the quartile model evaluating 

respondents with only one yard (Table 4.5).  
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DISCUSSION AND CONCLUSION 

Corn has been suspected as a source of honey bee losses when a high number of mortality 

incident reports in Ontario coincided with corn planting in 2013 (PMRA, 2014). However, in 

subsequent years (e.g., 2014 and 2015) the incident reports were made throughout the entire 

season (PMRA, 2014), warranting further investigation into the role of corn on in-season losses. 

The results from this study showed significant spatial clusters of high and low in-season colony 

loss but no consistent pattern relative to high corn density clusters; in addition, no association 

was found between in-season colony loss and presence or absence of corn (i.e., a surrogate of 

neonicotinoid exposure) or level of corn. This research provides a unique, yet preliminary, view 

of the ways a spatial approach can provide depth to honey bee health research by way of 

visualisation of data and identification of spatial clusters. 

Mapping and spatial analysis  

The visual patterns shown by mapping these data may help develop hypotheses and identify 

variables for consideration in future geospatial honey bee research. These spatial data have the 

characteristic of spatial dependence, where close proximity neighbours may be more similar than 

those further apart (Tobler, 1970); which is illustrated in the corn density mapping which 

displays gradual increases of corn density in two areas which were confirmed with spatial cluster 

analysis. When comparing these clusters of high corn density (i.e., Cluster A and B) to the 

location of significant clusters of in-season colony loss, there was no notable overlap to support 

the hypothesis that proximity to corn may play a role in colony losses. Moreover, the maps 

developed in this study suggest a need for further investigation into the association between corn 

density and honey production. Low honey production has been anecdotally reported by those 

beekeepers reporting mortality incidents to PMRA (PMRA, 2014) and may be a factor associated 
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with pesticide exposure; however, the spatial analysis revealed that the three non-significant 

clusters of high honey production (data not shown) were each located in the clusters of 

significant high corn density identified in this study. 

A key consideration for this spatial analysis was the honey bee movement patterns, their 

unrestricted, often direct flight paths. In some cases, region-specific spatial data may benefit 

from the use of a flexible (irregular) scanning window (Tango and Takahashi, 2005); however, 

since honey bees are not confined by region, a circular scanning window approach (Kulldorff 

and Nagarwalla, 1995) was selected for its high accuracy and ability to detect localized clusters. 

Furthermore, the shape of the scanning window can alter the reported relative risk and P-value 

obtained (Tango, 2009). The circular scanning window seemed most appropriate for honey bees , 

however a key consideration of this approach is the possibility of detecting a larger cluster than 

truly exists (Tango, 2009). Interpretation of this study’s results should therefore be made 

accordingly, particularly for Cluster 2a (13 locations and 663.16 km radius), in which this 

significant cluster may in fact be smaller than suggested by the spatial scan result.  

Regression analysis 

These results align with the growing body of literature demonstrating that neonicotinoids do not 

significantly impact in-season colony mortality. For example, a recent meta-analysis examining 

13 lab and semi-field studies suggested that field-realistic levels of imidacloprid (0.7-10 µg/L) 

for seed treated crops had no significant lethal effects on honey bees (Cresswell, 2011). 

Similarly, a field-realistic study conducted by Cutler and Scott-Dupree (2007) in Ontario also 

found no negative effect of exposure to seed-treated clothianidin to honey bees colonies 

compared to unexposed colonies. Furthermore, research by Cresswell and colleagues (2014) 

suggests that daily imidacloprid exposure of 2.2 ng/bee/day for 8 days would not accumulate in 
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honey bees; results showed imidacloprid levels were not significantly different between dosed 

and non-dosed bees (Cresswell et al., 2014). This rapid clearance of small amounts of 

imidacloprid from the honey bee may point to a mechanism to avoid mortality. Conversely, there 

is no available research examining whether honey bees avoid crops contaminated with 

neonicotinoids (Goulson, 2013). The implications of such behaviour would provide valuable 

insight into the epidemiology of neonicotinoid exposure. 

In addition, the lack of association between in-season colony mortality and corn presence is 

unlikely a result of inadequate neonicotinoid exposure. An Ontario study demonstrated 

concentrations of neonicotinoid residues in water surrounding planting areas have been shown to 

increase six-fold in the first five weeks post-planting, only returning to pre-planting 

concentrations after the seventh week (Schaafsma et al., 2015). In addition, soil concentrations of 

neonicotinoids in Ontario have been demonstrated to plateau at 6 ng/g when seed treatments are 

used annually (Schaafsma et al., 2016). In the context of this research, these studies demonstrate 

a likelihood of neonicotinoid exposure occurring beyond the corn field, at soil concentrations 

higher than the 2.2 ng/bee/day that Cresswell and colleagues (2014) showed can be cleared from 

the honey bee system. Therefore, it should be considered that for the 89% of yards with corn 

present in their quadrat, colonies would have been exposed to some level of neonicotinoids. 

Future research to examine higher dosages (e.g., 6 ng/g) to reflect Ontario soil concentrations 

would be important to understand what association (if any) these levels may have on honey bee 

colonies in Ontario. In all cases, if exposure is adequate and the literature shows lethal 

implications of neonicotinoids during planting in particular (Girolami et al., 2013; Tapparo et al., 

2012), perhaps the lack of association to colony loss is masked by the common practice of 
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beekeepers splitting colonies (throughout the season) from one into two smaller colonies as a 

means to replace losses (Sammataro and Avitabile, 1998).  

Study limitations 

Potential limitations of this study, should be considered when interpreting the results. Recall bias 

is a common obstacle in retrospective studies (Dohoo et al., 2009) and was considered when 

developing the questionnaire. Efforts were made to mitigate this bias by cross validating amongst 

questions to make certain responses were consistent. In addition, beekeepers were asked to refer 

to records to inform responses and the questions were designed to refer to remarkable, and likely, 

the most memorable events (such as ‘worst’ yard). Although this approach may have helped to 

reduce the recall bias, the selection of the ‘worst’ yard may introduce other forms of bias; as 

yards were not selected randomly by the beekeeper it is possible that the data variation necessary 

to see a difference, if one existed, was inadequate. To cope with this, a stratified analysis was 

conducted for all responding beekeepers including those reporting their ‘worst’ yard (n=174) and 

only those beekeepers who had one single yard (n=148) in an effort to report all available results 

with accuracy.  

It is important to recognize, that examining these results in the context of the total beekeeper 

population (and all registered yards) in Ontario, should be done with caution. The reason is two-

fold; firstly, while corn densities across Ontario in 2014 reached a maximum of 55% in one 10 

km2 quadrat, a yard in this study was exposed to a maximum of 34.5% per 10 km2 quadrat. 

Therefore, this study can only conclude that no association exists for a corn presence for corn 

densities equal to, or below, 34.5% per 10 km2. Secondly, this noted lack of yards in corn dense 

areas may signal a non-response selection bias that can manifest as a difference in potential 

neonicotinoid exposure between the study respondents and the target population (Dohoo et al., 
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2009). The convenience sample utilized in this study makes it difficult to enumerate and quantify 

the extent to which non-response bias may have occurred. Random selection methods would be 

preferred but require the total registry of active beekeeper yards in Ontario, that was not 

accessible for this study due to privacy concerns. 

Finally, accuracy of yard location data should be considered in these results; respondents were 

able to provide the geocoding method of their choosing in order to protect confidentiality and 

increase likelihood of response. The resulting decreased accuracy is most concerning in rural 

areas, where postal code geolocation methods are less accurate (Khan et al., 2018). Rural postal 

codes service 20% of the population in Canada; taking this into account, research has indicated 

the population weighted mean distance between the true location and the identified location from 

a rural postal code is 3.54 km (Khan et al., 2018). Based on these findings, it is likely that the 

yards were located within their assigned quadrats, and errors associated with assigning their 

location to the centroid of the quadrat where small in subsequent analyses. 

Conclusion 

In conclusion, under the conditions of this investigation, the results of this study suggest that the 

presence of corn (used as a surrogate for neonicotinoid exposure) is not associated with in-season 

colony mortality. However, effects of higher corn density thresholds (≥35%) on in-season colony 

loss should be further studied. In addition, a significant cluster of high in-season colony loss 

occurred in an area with no corn present while significant clusters of low in-season colony loss 

did have low amounts of corn present (≤5%). This information may be particularly important 

because it points to other factors contributing to in-season colony loss. These results may provide 

a benchmark for future surveillance efforts examining in-season colony loss for long-term 

temporospatial patterns to complement the existing understanding of honey bee health.  
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Table 4.1: Geocoding hierarchy of available location data for 242 participating beekeepers’ 
worst performing honey bee yards, in Ontario, Canada (2014). 

Method Accuracy and Notes 

Global positioning 
system (GPS) 

Most accurate, involves using a GPS device with accuracy to within 15 
metres. Some data were recorded in decimal degrees and others in 
degrees minutes seconds. All data were converted to decimal degrees. 

Address 
Corresponds to a street address, location is plotted using road files with 
an address range. Locates on the road line, accurate in urban areas, rural 
areas may be off by >100 metres (Faure et al., 2017). 

Descriptive 
Location 

Usually the nearest intersection but varies as it is entered by the end 
user. Geocoding requires identifying the descriptive location referenced. 

Postal Code More accurate in urban areas than rural areas (Khan et al., 2018). 

Town 
Uses a centroid point for a town may be several kilometers from actual 
location (Faure et al., 2017). 

County Uses the county centroid as a locator. 
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Table 4.2: Descriptive statistics of total and average in-season colony loss for beekeepers in Ontario, Canada (2014), stratified by all 
eligible respondents (n=196), those with a valid yard location (n=174) and those with a single yard only (n=148). 

Variable (Unit) Mean 
95% confidence 

interval (CI) 
Total (N) 

Available colony loss statistics of all eligible survey respondents  
Total in-season colony loss (%) 

Cumulative incidence of in-season 
colony mortality 

24.7% total colony loss 22.7% - 26.7% 1,842 colonies 

Average in-season colony loss (%)  
Mean of in-season colony 
mortality 

24.5% average colony loss 20.4% - 28.7% 196 beekeepers 

Available colony loss statistics for beekeepers with a valid yard location 
Total in-season colony loss (%) 

Cumulative incidence of in-season 
colony mortality 

21.8% total colony loss 19.7% - 24.0% 1,455 colonies 

Average in-season colony loss (%)  
Mean of in-season colony 
mortality 

24.0% average colony loss 19.7% - 28.3% 174 beekeepers 

Available colony loss statistics for beekeepers with a valid yard location and single yard only 
Total in-season colony loss (%) 

Cumulative incidence of in-season 
colony mortality 

22.2% total colony loss 19.6% - 24.8% 1,213 colonies 

Average in-season colony loss (%)  
Mean of in-season colony 
mortality 

23.7% average colony loss 19.0% - 28.3% 148 beekeepers 
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Table 4.3: Spatial clusters of significantly high and low cumulative incidence of in-season colony loss for honey bee yards, in Ontario, 
Canada (2014) stratified by all responding beekeepers (n=174) and responding beekeepers with only a single yard (n=148) 

Cluster 
ID 

Respondents 
(n) 

Number of 
yard 

locations in 
cluster 

Number 
of 

colonies 
lost 

Total 
number 
colonies 

in cluster 

Expected 
number of 

colonies 
lost 

Cluster 
RR† 

High or 
low§ 

cluster 

Cluster 
radius 
(km) 

P-value 

1a 174‡ 1 28 32 8.37 3.57 High 0 <0.001* 
2a 174‡ 13 2 69 18.05 0.11 Low 663.16 <0.001* 
3a 174‡ 4 0 27 7.06 0 Low 10.13 0.046* 
1b 148⸸ 1 28 32 8.86 3.48 High 0 <0.001* 
4b 148⸸ 7 1 53 14.67 0.064 Low 35.96 <0.001* 

†Relative Risk (RR)  
‡All respondents (i.e., including single yards and those self-identified ‘worst’ yards) 
⸸Respondents with a single yard only 
§High and low cumulative incidence of in-season colony loss 
*Significant association (P ≤0.05) 
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Table 4.4: Spatial clusters of significantly high corn density in Ontario, Canada (2014) (N=3,459 quadrats). 

Cluster ID 
Quadrats in 
cluster (n) 

Mean  
(% corn) 

Variance 
Standard 
deviation 

Cluster 
radius (km) 

P-value 

A 294 21.84 21.35 4.62 119.65 0.001* 
B 67 14.69 51.85 7.20 53.67 0.001* 

*Significant association (P ≤0.05) 
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Table 4.5: Univariable multi-level logistic regression analyses of in-season colony loss’ association to corn density variables 
(dichotomous and quartile) in 2014, with beekeeper modelled as a random intercept, and stratified by all responding beekeepers (n=174) 
and those with only one yard (n=148). 

Variable 
Odds 
ratio 

95% 
confidence 

interval (CI) 
P-value 

Whole 
model  

P-value 

Variance 
component  
(95% CI) 

Intraclass 
correlation 
coefficient‡ 
(95% CI) 

All respondents (n=174)    
Dichotomous univariable model:     

Corn absent Referent 
0.247 2.33 (1.42 - 3.82) 41% (30% - 53%) 

Corn present 1.79 0.67 - 4.77 0.247 
Quartile univariable model:       

Quartile 1 (0.00 - 0.70% corn) Referent 

0.232 2.35 (1.43 - 3.84) 42% (30% - 53%) 
Quartile 2 (0.71 - 4.39% corn) 1.66 0.69 - 3.98 0.258 
Quartile 3 (4.40 - 11.93% corn) 2.51 1.01 - 6.21 0.046* 
Quartile 4 (11.94 - 34.48% corn) 1.98 0.81 - 4.87 0.134 
Respondents with a single yard (n=148)    
Dichotomous univariable model:    

Corn absent Referent 
0.922 2.25 (1.28 - 3.95) 41% (28% - 54%) 

Corn present 1.06 0.32 - 3.44 0.922 
Quartile univariable model:       

Quartile 1 (0 - 0.70% corn) Referent 

0.357 2.20 (1.26 - 3.87) 40% (27% - 54%) 
Quartile 2 (0.71 - 4.39% corn) 1.24 0.48 - 3.23 0.654 
Quartile 3 (4.40 - 11.93% corn) 2.30 0.85 - 6.18 0.097 
Quartile 4 (11.94 - 34.48% corn) 1.68 0.61 - 4.61 0.314 

*Significant association (P ≤0.05) 
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Figure 4.1: Average self-estimated percentages of crop types within a 3 km radius of the responding beekeepers’ yard (n=213). Error 
bars represent 95% confidence intervals.13 

                         
13 Responses to ‘Other’: sweet clover, golden rod, oats, buckwheat, raspberries, roadside grass, grape vines, garden flowers, sunflowers, basswood,  
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Figure 4.2: Distribution of self-reported ‘worst’ performing honey bee yards of beekeeper respondents (n=242) in in Ontario Canada 
(2014) with yard location identified by centroid of the 10 km2 quadrat in which it is located.14 

                         
14 Of responding beekeepers (n=242), 76% managed a single yard while 24% managed multiple yards from which they identified their ‘worst’ performing yard. 
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Figure 4.3: Spatial distribution of total winter colony loss (2013-2014) among respondents’ yards in Ontario Canada. 
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Figure 4.4: Spatial distribution of beekeeper-identified Varroa mite presence in respondents’ yards in Ontario Canada (2014). 
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Figure 4.5: Spatial distribution of supplemental feeding practices occurring in respondents’ yards in Ontario Canada (2014).
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Figure 4.6: Spatial distribution of total weight (in pounds) of honey produced per colony for respondants’ yard in Ontario Canada 
(2014). 
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Figure 4.7: Location of respondents’ yards demonstrated spatially against the percent corn density per 10 km2 quadrat in Ontario, 
Canada (2014).  
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Figure 4.8: Spatial clusters of significantly high and low in-season colony loss (circles) of all responding beekeepers (i.e., Cluster ID 
including ‘a’) or responding beekeepers with only a single yard (i.e, Cluster ID including ‘b’), compared to percent corn density per 10 
km2 quadrat (shaded areas) in Ontario, Canada (2014)15.

                         
15 Cluster 1a and 1b are the same significant high cluster identified in northern Ontario where no corn is present (i.e., non-shaded areas) 
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Figure 4.9: Spatial clusters of significantly high corn density (circles), and the percent corn density per 10 km2 quadrat (shaded areas) 
in Ontario, Canada (2014).  
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CHAPTER FIVE  
Conclusion 

 
SUMMARY 

Domesticated pollinators, such as honey bees, play an important role to global food production; 

however as pollinator sustainability is threatened, concerns emerge about future food security 

(Potts et al., 2010). Although beekeeping practices have remained largely unchanged over the 

last century (Caron, 2009), the evolving landscapes and weather (Goulson, 2013), intensification 

of agriculture (Klein et al., 2007), increased use of agricultural pesticides and in-hive treatments 

(Codling et al., 2016; Mullin et al., 2010; Naggar et al., 2016; Wu et al., 2011), and spread of 

various diseases and pests (particularly Varroa mites) (Guzmán-Novoa et al., 2010; Kevan et al., 

2006) have impacted honey bee health. Given that insect pollination is responsible for the 

production of one-third of food consumed by humans worldwide (McGregor, 1976), continued 

honey bee productivity and health is of upmost importance to food production. Substantial 

numbers of reports of honey bee mortality incidents in the productive season (PMRA, 2014) and 

record high winter losses (Kozak, 2016) raised several questions about what factors may be 

affecting honey bee health. Epidemiological research methods have been used in human and 

animal populations to examine similarly complex questions; use of a such an approach may help 

better understand impacts to honey bee health under field conditions. The purpose of this thesis 

was to fill gaps in knowledge surrounding the Ontario beekeeping industry, and factors 

associated with in-season (i.e., non-winter) colony mortality. Using epidemiological methods, 

this research presented a relatively novel approach to studying honey bee health. Multifactorial 

characteristics were described through a comprehensive survey of the unique composition of 

beekeepers and landscape in Ontario, and simultaneously incorporated other relevant factors 
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such as management, beekeeper experience, colony factors, and geospatial analyses of the 

presence of corn (as a surrogate for neonicotinoid exposure) to determine what factors may be 

associated with in-season colony losses.  

The first study of this thesis (Chapter 2) used an online survey to examine the beekeeping 

industry in Ontario. This included characterization of the non-migratory beekeepers (including 

demographics, productivity, management practices, disease familiarity, and economics), and the 

differences in these characteristics between small-scale and commercial operations. Study 

participants represented 9.3% (303/3,262) of reported active registered Ontario beekeepers 

(Kozak, 2016), and were predominantly small-scale beekeepers (90.5%; 256/283) keeping 50 

colonies or fewer; this closely matched the reported distribution of beekeeper operation sizes in 

the province (92.4% small-scale and 7.6% commercial) (Kozak, 2016). The heavily weighted 

small-scale beekeeper population in Ontario is unusual when compared to higher proportions of 

commercial beekeepers seen in many other Canadian provinces (Statistics Canada, 2017). 

Differences in operation size (small-scale versus commercial) revealed that, on average, small-

scale beekeepers had significantly fewer years of experience, managed fewer yards, and had 

smaller honey yields. The results of the survey also described beekeeper knowledge and 

management practices; the need for targeted education to small-scale beekeepers, and continued 

refinement of disease knowledge for all beekeepers, was highlighted. Moreover, 

recommendations from this Chapter also include ongoing education to all beekeepers regarding 

best practices for Varroa mite quantitative inspection techniques, management, and treatment 

strategies. The results also demonstrated to the common use of miticide products known to be 

associated with Varroa mite resistance, and raise important lines of inquiry and discussion. 
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Hence, the improved understanding of the Ontario beekeepers and their management practices 

yielded from this study is of benefit to the industry, and to the sustainability of honey bee health. 

The second study of this thesis (Chapter 3) investigated the in-season colony loss experienced by 

Ontario beekeepers and associations with colony and beekeeper factors. As the first study to 

report total in-season colony loss in Canada (i.e., 19.6%; 978 dead colonies and 4,992 colonies at 

risk; 95% Confidence Interval (CI)=18.5-20.7%), ongoing surveillance will be needed to 

understand this result in context of annual trends. In addition, the in-season colony losses of 

small-scale beekeepers were higher than that of commercial beekeepers. This is a key finding to 

consider, given its relevance to annual winter colony loss surveillance activities. The current 

winter colony loss surveillance practice in Ontario, and nationally, only represents commercial 

beekeepers (CAPA, 2018); while this may be appropriate for comparison of commercial 

operations among provinces, it may also underestimate the true state of colony loss in Ontario. 

Furthermore, while the losses indicated in this study are lower than those reported in the United 

States (i.e., a total loss of 25.3% (95% CI=24.7-25.9%) for 2014) (Seitz et al., 2015), ongoing 

losses of this magnitude are not considered sustainable. The results of Chapter 3 also 

demonstrated that management driven colony factors, such as knowledge of Varroa mite 

presence and one-year old queens, as well as beekeeper specific factors which point to 

experience (i.e., more than three years of experience, managing two or more yards, or being a 

commercial beekeeper) were significantly associated with lowered odds of colony loss. Given 

that losses during the in-season colony losses have not been well documented in Canada, it is 

unclear if 19.6% incidence of in-season loss is acceptable. If it is not acceptable, education 

efforts directed to new beekeepers that focus on factors such as Varroa mites, queen health, and 
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best colony management practices may be needed to support healthy colonies and decrease 

future in-season colony loss.  

The final study of this thesis research (Chapter 4) examined the spatial factors associated with in-

season colony loss. In 2012, Health Canada’s Pest Management Regulatory Agency (PMRA) 

began receiving many reports about honey bee mortality incidents in Ontario, with the 

conclusion that neonicotinoid seed treated corn exposure at planting was the likely cause of the 

majority of incidents (PMRA, 2014). Neonicotinoid exposure from corn has been highlighted as 

a key concern in Ontario in regards to colony losses (PMRA, 2014). One quarter of all of the 8.5 

million acres of field crops planted in 2014 were grain corn and fodder corn (Statistics Canada, 

2018). Most, if not all, corn plants are assumed to have been seed coated with neonicotinoid 

pesticides (Simon-Delso et al., 2015).. Other research has demonstrated the potential lethal 

effects of neonicotinoids to honey bees under certain conditions (Girolami et al., 2013; Lundin et 

al., 2015; Tapparo et al., 2012). The results of this research demonstrated that total in-season 

colony loss was 24.2% (445 dead colonies and 1,842 colonies at risk; 95% CI=22.2-26.2%) in 

respondents’ self-selected ‘worst’ performing yard. The geographical cluster analysis of yards 

identified one significant (P ≤0.05) cluster of high in-season colony loss relating to one yard that 

was located northern Ontario, in an area where no corn was present. Other significant low 

clusters of in-season loss were mostly found in areas without corn but a few yards had corn 

ranging from 0.3-5.4% per 10 km2 quadrat. When examined against the presence/absence of corn 

or level of corn (as a surrogate for neonicotinoid exposure) within the 10 km2 quadrat containing 

a respondents’ yard, in-season colony loss was not found to be significantly associated. Hence, 

the findings of this study do not support the notion that neonicotinoid treated corn is associated 

with colony loss. While these results help broaden current understanding of neonicotinoid 
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exposure on colonies, they also suggest that further studies are needed. For example, it may be 

that losses captured over the entirety of the productive season are not significantly associated 

with corn. Given that the literature shows lethal implications of neonicotinoids during planting in 

particular (Girolami et al., 2013; Tapparo et al., 2012), perhaps a colony loss effect is masked by 

the common practice of beekeepers splitting colonies (throughout the season) from one into two 

smaller colonies as a means to replace losses. Furthermore, beekeepers in this study did not 

identify any yards which were exposed to >35% corn per 10 km2, the upper quartile of density of 

corn in Ontario. Therefore, future studies should include yards within a broader range of level of 

corn that includes the higher levels of corn (i.e., >35%) to determine if there is an association 

with colony mortality. Nevertheless, these results suggest that factors other than corn presence 

(as a surrogate for neonicotinoid exposure) may be associated with in-season colony losses. 

Overall conclusions 

The studies in this thesis used epidemiological methodology to provide a first look at the roles 

different operation sizes and beekeeper knowledge may play colony mortality in Ontario. Colony 

factors and spatial factors associated with in-season colony loss were also explored for the first 

time. The results suggest that colony management factors and beekeeper experience are key 

factors associated with in-season colony loss. Practical applications of this research include 

education of best management practices targeted toward both small-scale beekeepers and those 

with two years of experience or less, to help benefit colony health in Ontario. Further, pest and 

disease management education to all beekeepers is also warranted. Although beekeepers were 

familiar with Varroa mites, it is important to continue to encourage use of quantitative inspection 

methods, alongside appropriate and prudent treatment practices with miticide products known to 

be effective. For those beekeepers interested in understanding the impacts of their management, 
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tracking their own colony losses (both in winter and in-season) is a very low-cost and accessible 

approach. By regularly calculating colony losses, beekeepers may better understand their 

personal benchmarks, while providing a metric to measure their improvements, and more rapidly 

identify potential problems in their operations which may warrant attention.  

STUDY ADVANTAGES, LIMITATIONS AND FUTURE RESEARCH 

RECOMMENDATIONS 

The work presented in this thesis was exploratory and the results were developed within the 

context of a cross-sectional study. This approach has inherent benefits and drawbacks which 

should be considered when interpreting the results. The cross-sectional design used a single year 

of data (2014) and limited the ability to identify potential variation from year to year. Without 

this context, and since no Canadian benchmarks are available, it is difficult to interpret and 

understand these results in a broader context. These results provide a foundation on which to 

build surveillance programs across multiple years. 

The questionnaire developed to gather data for this thesis research was developed and 

disseminated relatively inexpensively to a wide number of beekeepers. As is common with 

exploratory studies, the questionnaire gathered a large amount of information on several aspects 

of colony health and management, while providing the opportunity for participants to respond at 

their own pace. Although the decision to create a lengthy survey was intentional, it may have 

deterred potential respondents, and negatively affected response rates (Dillman, 2007; Dohoo et 

al., 2009). Furthermore, a chief limitation of self-reported retrospective information is the 

potential for recall bias in respondents’ responses. This said, the results address important gaps in 

knowledge regarding the Ontario beekeeping industry and can serve to inform important target 

areas for future research. 
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This study captured suitable coverage of the beekeeper population with responses from 9.3% of 

the registered Ontario beekeepers; however, these data were limited to non-migratory 

beekeepers. In 2014, Ontario had 27% (30,800/112,800) of Canada’s colonies used for migratory 

pollination purposes (Kozak, 2016). Migratory beekeepers have different circumstances 

compared to non-migratory beekeepers since they often transport their colonies outside the 

province, to perform paid pollination services for large acreage crops, such as blueberries 

(Kozak, 2016). Although this study’s recruitment did not exclude migratory beekeepers a priori, 

only four migratory beekeepers responded to the questionnaire and the sample was not 

considered large enough for meaningful analysis, and were excluded. Given that the proportion 

of migratory beekeepers has been on an upward trend (Kozak, 2016), and that migratory honey 

bee management is vastly different to non-migratory honey bee management, this population 

deserves its own study. In addition to relevance of beekeeper experience and colony factors such 

as queen age and Varroa mites, future studies may also consider the Pollination services section 

of the questionnaire (Appendix II). Further to this, future studies should to examine the 

importance of colony stress from honey bee travel (Simone-Finstrom et al., 2016), gaps in honey 

bee nutrition from monocultures (vanEngelsdorp and Meixner, 2009), and the nature of disease 

spread at pollination sites. 

A strength of this study was the consideration that honey bees are highly mobile; although they 

will travel to the closest food sources, they may fly as far as 10 km radius from the hive 

(Beekman and Ratnieks, 2000). Within that radius, honey bees may be exposed to various 

environmental factors that are out of the realm of the beekeepers’ management. For this reason, 

spatial analysis is a highly suited method for investigating honey bee health, as it can examine a 

variety of spatially dependent factors identified from the secondary data sources (e.g., satellite 
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imagery). Although this study was limited in exploring univariable associations, it does provide a 

foundation on which to build future research studies that include additional environmental 

factors. Future investigations of the impact of corn density on productivity measures, such as 

honey production, would also be of interest. However, future examination of neonicotinoid 

exposure in Ontario may be less straightforward as the provincial government initiated a 

Pollinator Health Strategy in late 2014 which targets a reduction in the number of acres using 

neonicotinoid treated seed by 2017 (OMAFRA, 2016). This change in agricultural practice may 

limit the ability to make assumptions on how much of the planted corn will result in 

neonicotinoid exposure.  

In summary, despite these limitations, there are opportunities to utilize the results of these 

analyses in future studies, to enhance understanding of honey bee production, conduct further 

surveillance, and encourage the incorporation of spatial analytical methods into other honey bee 

health studies. Understanding the differences that exist between beekeepers of different operation 

sizes (i.e., small-scale and commercial) can lead to specific suggestions for each group; new 

research that recognizes this as a factor may enhance the utility of their results for beekeepers. In 

addition, since beekeeper factors (i.e., years of experience) can impact colony loss, future studies 

may consider controlling for these factors when investigating risk factors and spatial patterns of 

in-season colony loss to ensure clearer understanding of colony health and mortality. However, 

these beekeeper and colony factors would be somewhat different for the Ontario colonies used to 

meet the increased demand for migratory pollination services. Further study of the growing 

number Canadian migratory beekeepers may to provide more insights into the Ontario 

beekeeping industry as a whole. The use of graphical information systems to identify agricultural 

and environmental exposures, coupled with spatial analysis, is well suited to meet the demands 
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of this mobile agricultural species. Finally, based on the many beekeepers who diligently 

completed the lengthy survey for this study, the industry appears to be highly motivated to work 

with researchers to improve honey bee health and productivity.  

RESEARCH CONTEXT AND OUTCOMES 

Research implications in the broader context  

The importance of pollinators in the food production should not be underestimated. While part of 

the agri-food system, honey bees are unlike other livestock. Not only do honey bees provide a 

livelihood for many beekeepers by way of surplus honey, but they also very effectively pollinate 

various nearby crops and improve yields, to the benefit of crop growers. Furthermore, as a 

managed domesticated species, honey bees are well enumerated compared to other essential wild 

pollinators, and therefore, may be considered as somewhat of an imperfect sentinel of some wild 

pollinators. Repeated reports of higher than acceptable winter colony losses of honey bees in 

Ontario and elsewhere (Bee Informed Partnership, 2018; CAPA, 2018), have fueled concerns 

about industry sustainability, and also suggest concern for the future of pollinator dependent food 

production. Epidemiological data, as collected in this thesis, will enhance further understanding 

around this issue for honey bees and may suggest approaches for other pollinator research.  

Practical outcomes of this research 

By engaging multiple stakeholders, these results have already informed provincial government 

agencies, inspired beginner beekeeping photo guide books, and supported other knowledge 

translation and transfer tools to be assembled in an effort to better educate new beekeepers. It is 

also likely that such results can aid in targeted refinement of best practice guidelines for 

beekeepers, inform beekeeper education programs, and provide better understanding of the role 

of corn presence to apiaries. These results will be communicated with various beekeeping 
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organizations as it can provide opportunities to inform their members with practical applications 

to further support colony health and improve sustainability. Although much is known about 

beekeeping and honey bee health, changing circumstances are revealing gaps in knowledge, 

which this thesis, helped address. Honey bees are vital to sustainable agri-food production. 

Addressing current honey bee issues is complex, and at times contentious given the variety of 

stakeholders. By further engaging and encouraging beekeepers, farmers, scientists, and the 

public to come together in the interest of protecting these important pollinators, the more we will 

all reap the benefits in terms of our future food security. 



 

169 

REFERENCES 

Bee Informed Partnership. 2018. Colony Loss Results. Retrieved April 13, 2018, from 

https://beeinformed.org/results-categories/Colony-loss/ 

Beekman, M. and Ratnieks, F. 2000. Long-range foraging by the honey-bee, Apis mellifera L. 

Functional Ecology, 14(4), 490–496. 

CAPA. 2018. Annual Colony Loss Reports – CAPA. Retrieved January 3, 2018, from 

http://capabees.com/capa-statement-on-honey-bees/ 

Caron, D.M. 2009. Honey bee biology and beekeeping (2nd edition). Wicwas Press, Cheshire, 

CT. 

Codling, G., Al Naggar, Y., Giesy, J.P., and Robertson, A.J. 2016. Concentrations of 

neonicotinoid insecticides in honey, pollen and honey bees (Apis mellifera L.) in central 

Saskatchewan, Canada. Chemosphere, 144, 2321–2328. 

Dillman, D.A. 2007. Mail and internet surveys: the tailored design method (2nd edition). Wiley, 

Hoboken, NJ. 

Dohoo, I., Martin, W., and Stryhn, H. 2009. Veterinary epidemiologic research (2nd edition). 

VER Inc, Charlottetown, PE. 

Girolami, V., Marzaro, M., Vivan, L., Mazzon, L., Giorio, C., Marton, D., and Tapparo, A. 2013. 

Aerial powdering of bees inside mobile cages and the extent of neonicotinoid cloud 

surrounding corn drillers. Journal of Applied Entomology, 137(1–2), 35–44. 

Goulson, D. 2013. An overview of the environmental risks posed by neonicotinoid insecticides. 

Journal of Applied Ecology, 50(4), 977–987. 

Guzmán-Novoa, E., Eccles, L., Calvete, Y., Mcgowan, J., Kelly, P., and Correa-Benítez, A. 

2010. Varroa destructor is the main culprit for the death and reduced populations of 

overwintered honey bee (Apis mellifera) colonies in Ontario, Canada. Apidologie, 41, 443–

450. 



 

170 

Kevan, P.G., Hannan, M., Ostiguy, N., and Guzmán-Novoa, E. 2006. A summary of the Varroa-

virus disease complex in honey bees. American Bee Journal, 694–697. 

Klein, A.-M., Vaissière, B.E., Cane, J.H., Steffan-Dewenter, I., Cunningham, S.A., Kremen, C., 

and Tscharntke, T. 2007. Importance of pollinators in changing landscapes for world crops. 

Proceedings of The Royal Society, 274, 303–313. 

Kozak, P. 2016. 2014 Provincial Apiarist report - Ontario. Retrieved January 10, 2016, from 

http://www.omafra.gov.on.ca/english/food/inspection/bees/14rep.htm 

Lundin, O., Rundlöf, M., Smith, H.G., Fries, I., Bommarco, R., and Raine, N.E. 2015. 

Neonicotinoid insecticides and their impacts on bees: a systematic review of research 

approaches and identification of knowledge gaps. PLoS ONE, 10(8), 1–20. 

McGregor, S. 1976. Insect pollination of cultivated crop plants. Tucson, AZ. 

Mullin, C., Frazier, M., Frazier, J.L., Ashcraft, S., Simonds, R., vanEngelsdorp, D., and Pettis, 

J.S. 2010. High levels of miticides and agrochemicals in North American apiaries: 

implications for honey bee health. PLoS ONE, 5(3), 1–19. 

Naggar, Y. Al, Tan, Y., Rutherford, C., Connor, W., Griebel, P., Giesy, J.P., and Robertson, A.J. 

2016. Effects of treatments with Apivar® and Thymovar® on V. destructor populations, 

virus infections and indoor winter survival of Canadian honey bee (Apis mellifera L.) 

colonies. Journal of Apicultural Research, 54(June), 548–554. 

OMAFRA. 2016. Pollinator health action plan. Retrieved July 7, 2017, from 

http://www.omafra.gov.on.ca/english/pollinator/action_plan.htm#reg 

PMRA. 2014. Update on neonicotinoid pesticides and bee health. Retrieved February 5, 2015, 

from http://www.hc-sc.gc.ca/cps-spc/alt_formats/pdf/pubs/pest/_fact-

fiche/neonicotinoid/neonicotinoid-eng.pdf 

Potts, S., Biesmeijer, J.C., Kremen, C., Neumann, P., Schweiger, O., and Kunin, W. 2010. 

Global pollinator declines: trends, impacts and drivers. Trends in Ecology & Evolution, 

25(6), 345–353. 



 

171 

Seitz, N., Traynor, K.S., Steinhauer, N., Rennich, K., Wilson, M.E., Ellis, J.D., Rose, R., Tarpy, 

D.R., Sagili, R.R., Caron, D.M., Delaplane, K.S., Rangel, J., Lee, K., Baylis, K., Wilkes, 

J.T., Skinner, J.A., Pettis, J.S., and vanEngelsdorp, D. 2015. A national survey of managed 

honey bee 2014 - 2015 annual colony losses in the USA. Journal of Apicultural Research, 

54(4), 292–304. 

Simon-Delso, N., Amaral-Rogers, B., Belzunces, L., Bonmatin, J.-M., Chagnon, M., Downs, C., 

Fulan, L., Gibbons, D., Giorio, C., Girolami, V., Goulson, D., Kreutzweizer, D., Krupke, C., 

Liess, M., Long, E., McField, M., Mineau, P., Mitchell, E., Morrissey, C., Noome, D., Pisa, 

L., Settele, J., Stark, J., Tapparto, A., Van Dyck, H., Van Praagh, J., van der Sluijs, J., 

Whitehorn, P., and Wiemers, M. 2015. Systemic insecticides (neonicotinoids and fipronil): 

trends, uses, mode of action and metabolites. Environmental Science and Pollution 

Research, 22, 5–34. 

Simone-Finstrom, M., Li-Byarlay, H., Huang, M.H., Strand, M.K., Rueppell, O., and Tarpy, 

D.R. 2016. Migratory management and environmental conditions affect lifespan and 

oxidative stress in honey bees. Scientific Reports, 6(32023), 1–10. 

Statistics Canada. 2017. Production and value of honey. Retrieved January 15, 2018, from 

http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0010007&tabMode=d

ataTable&p1=1&p2=1&srchLan=-1 

Statistics Canada. 2018. Area, yeild, production and farm value of specified field crops, Ontario, 

2011 - 2017. Retrieved February 27, 2018, from 

http://www.omafra.gov.on.ca/english/stats/crops/estimate_new.htm 

Tapparo, A., Marton, D., Giorio, C., Zanella, A., Soldà, L., Marzaro, M., Vivan, L., and 

Girolami, V. 2012. Assessment of the environmental exposure of honeybees to particulate 

matter containing neonicotinoid insecticides coming from corn coated seeds. Environmental 

Science and Technology, 46(5), 2592–2599. 

vanEngelsdorp, D. and Meixner, M.D. 2009. A historical review of managed honey bee 

populations in Europe and the United States and the factors that may affect them. Journal of 

Invertebrate Pathology, 103, S80–S95. 



 

172 

Wu, J.Y., Anelli, C.M., and Sheppard, W.S. 2011. Sub-lethal effects of pesticide residues in 

brood comb on worker honey bee (Apis mellifera) development and longevity. PLoS ONE, 

6(2), 1–11. 

 



 

173 

APPENDIX I 
Summary of variables included in the questionnaire 

In-season colony loss 
Date of start of 2014 season 
Date of end of 2014 season 
No. of colonies at start 2014 (Full size / Nucleus) 
No. of colonies at end 2014 (Full size / Nucleus) 
No. added colonies 
No. removed colonies 
Suspected in-season losses reasons 
 
Winter colony losses 
Date of end of 2013 season 
No. of colonies at winter start 2013 (Full / Nucleus) 
No. of colonies at winter end 2013/14 (Full / Nucleus) 
Suspected winter loss reasons  
 
Beekeeping practices 
Number of total apiaries 2014 
All located within 15km 
Location of apiaries 
Primary product or service (Honey, Pollination, 

Breeding) 
Any colonies rented for pollination 
 
Honey production 
Weight of honey harvested in 2014 
Number of harvested colonies harvested in 2014 
Weight of honey harvested in 2013 
Number of harvested colonies harvested in 2013 
Opinion: Average 5-year honey production vs. 2014 
 
 

Queen health 
Queen problems experienced  

Supersedure 
Repeated supersedure 
Queenlessness 
Poor laying 
Drone laying queen 
Laying worker 
Queen balled 
Queen with deformed wings 
Unknown 

Cause of queen problems 
Young queens 
Old queens 
Queen breeding 
Queen mating problems 
Disappearing queen 
Disease or pests 
Varroa mites 
Weather  
Management 
Missed signs 

Experience same queen problems in 2013 
 
Queen management practices  
Queens marked 
Average queen age Dec 2014 
Queen replacement practices 

Raised own 
Replace at queen failure 
Schedule replacement 

Disease and treatments 
Familiarity with various disease 
Diseases detected 

American foulbrood 
Chalkbrood 
Deformed wing virus 
European foulbrood 
Nosema disease 
Parasitic Mite Syndrome 
Sacbrood 
Small hive beetle 
Tracheal mites 
Varroa mites 
Wax moths 
Other 

Treatments used 
ApiGo 
Apiguard® 
ApiLife VAR 
Apistan® 
Apivar® 
CheckMite+™ 
Fumagillin B 
Hivastan 
Hop oil 
Mite Away Quick Strips® 
Nozevit 
Oxalic acid 
Oxytetracycline 
Thymovar® 
Tylosin 
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Winter preparation 
How colonies were prepared 
Wrap and insulate 
Change to entrances 
Decrease winder and moisture 
Move colonies indoors 
 
Varroa mites 
Varroa mite present in 2014 
Varroa mite control methods 

Sticky board/24 hour drop 
Ether roll 
Alcohol wash 
Powdered sugar roll 
Visible detection of mites 
Uncapping drone brood 

Varroa mite inspection times 
Spring 2014 
Summer 2014 
Autumn 2014 

Varroa mite treatments 
65% Formic Acid – Multi  
65% Formic Acid – Single 
Apistan® 
Apivar® 
CheckMite+™ 
Thymovar® 
Mite Away Quick Strips® 
Oxalic acid 

Varroa mite control 
Screened bottom board 
Drone trapping 

Add new queens to splits 
Requeening approach 

Queen cells 
Virgin queens 
Mated queens 

Queen purchase origin  
Check queen introduction success 
Estimated percent introduction success 
 
Supplemental feeding 
Any supplemental feed offered 

Supplemental feed offered 
Sugar syrup 1:1 
Sugar syrup 2:1 
Capped honey 
Excess extracted honey 
High Fructose Corn Syrup 
Pollen 
Pollen Supplement 
Candy 

Supplemental feed timing 
Spring 2014 
Summer 2014 
Autumn 2014 

Supporting nutrition 
BeePro 
Ener-G Plus 
Honey-B-Healthy 
MegaBee 
Vitafeed Green 
Vitafeed Gold 
Homemade mixture  

 
Acute and abnormal events 
Observation of events in 2014 
Reported to Pest Management 

Regulatory Agency 
 

Beekeeper opinion 
Experience large number of dead 

bees 
Suspected cause (open form) 
Experience any of the following 
Decline in overall health 
Colony strength decline  
 Reduction in productivity 
 Colony death (mass die off) 
 Emptying of hive/non-swarming 

disappearance 
Suspected main cause of experience 

above 
 
Beekeeper information 
Number of years experience 
Small-scale or commercial beekeeper 
Beekeeper training 

Family & friends 
Beekeeping class 
Independent research 
Working for a commercial 

beekeeper 
Mentoring with small-scale 

beekeeper 
Member of beekeeping organization 
Recordkeeping in 2014 
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APPENDIX II 
Beekeeper questionnaire 

Welcome! Thank you so much for helping make a difference to honey bee health! You are 
invited to take part in an important research project to study the diminishing health and 
productivity of honey bees in Ontario. In 2014, the Canadian national overwintering loss was 
reported to be 25%. Ontario experienced a historic average loss of 58% - more than double the 
national average. While this may partly be due to the extreme weather conditions experienced in 
Ontario, the overall decline in bee numbers over the past few years may be a symptom of a larger 
issue. This study aims to identify the patterns and key factors which contribute to the decreased 
health and productivity of honey bees in Ontario using a big picture, multi-factorial, 
epidemiologic approach. 
 
Honey Bee Health Research Questionnaire: The purpose of this statement is to provide you with 
the information you require to make an informed decision on participating in this research. 
Please print this page for your records.  
 
About the researchers, and the research: The "Healthy Bees Buzz" research team is comprised of 
beekeepers, University of Guelph faculty and provincial and federal experts in apiculture, honey 
bee health, epidemiology and toxicology. The principal researchers include Dr. Jeff Wilson, Dr. 
Andria Jones-Bitton and Alessia Guthrie. Dr. Wilson, Adjunct Professor at the University of 
Guelph and President of Novometrix Research Inc., has 25 years’ experience in the field of 
Epidemiology and animal health research. Dr. Jones-Bitton is a veterinarian, epidemiologist and 
Associate Professor at the University of Guelph. Ms. Guthrie is a PhD student in the Department 
of Population Medicine at the University of Guelph, and Project Management Consultant at 
Novometrix Research Inc. 
 
If you have any questions about the research, and/or your role as a participant, please feel free to 
contact Ms. Guthrie at healthybeesbuzz@gmail.com. 
 
The information being collected as part of this research will be communicated to stakeholders 
through reports to Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) and 
presentations at beekeeper meetings in the spring of 2016. 
 
Funding for this research is generously provided by the OMAFRA New Directions Program. 
 
Survey Overview: The survey is intended for Ontario beekeepers who kept bees in 2014. You 
will be asked questions relating to health and management of your bees. We ask that you provide 
information which is supported by your records wherever possible. This survey relates to the 
2014 season, unless otherwise specified. You will be asked in some instances to provide dates to 
correspond with occurring events (e.g. date(s) of honey harvest(s)). Please be as accurate as 
possible. Information about the location of your bee yard(s) will also be requested. This is 
voluntary but we ask that you consider providing this information as it will be extremely helpful 
in allowing us to identify if external factors (such as weather, nearby crops in this region) may be 
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influencing the health of your bees. You may also choose to opt-in to receive further 
communications regarding future studies and / or sharing of research results. Your personal 
information, if you choose to provide it, will be kept physically separate from your survey 
responses.  
 
Information Security: All information collected will be encrypted, maintained in password 
protected files, and stored in a secure location. Every step will be taken to keep your information 
secure, however, please note that confidentiality cannot be guaranteed while data are in transit 
over the Internet. Your Role as a Participant: By completing this survey you will help us identify 
the true current state of honey bee health in Ontario. With this information, and other data we 
gather, we aim to identify how management factors, weather, forage distribution and external 
pressures (e.g. diseases and pesticide use) interrelate to impact honey bee health and 
productivity. There are no known risks to your participation in this study. Participation in this 
study is voluntary. If you have already completed and submitted the survey, you can change your 
mind about participating at any time during the study by contacting Alessia Guthrie 
(healthybeesbuzz@gmail.com). Please note however, your data can only be identified and 
removed if you choose to provide a form of personal information (email or phone number) in 
order to identify your responses. If you have any questions about your rights as a research 
participant, please contact the Director, Research Ethics, (519) 824-4120; reb@uoguelph.ca  
Gifts and Prizes: If you are eligible (an Ontario beekeeper who kept honey bees in 2014), and 
complete this survey, you will be entered into a draw to receive a chance to win one of two $250 
gift certificates (to the beekeeping supply store of your choice) in appreciation. Chances of 
winning one of the draw prizes are approximately 1 in 150 – but this number is subject to change 
depending on total number of participants. In addition, the first 100 eligible participants to 
complete this survey will receive a $10 Tim Hortons gift card.  
 
Time Commitment and Study Benefits: The survey should take about 30-40 minutes for average 
sized operations, potentially more time for larger operations. It can be completed in more than 
one sitting if you wish (please note this will only work if you are using the same computer and 
browser with cookies enabled). We recognize that this is a significant commitment for you and 
that you have many demands on your time. We urge you to participate because collection of this 
kind of information from beekeepers (of all size operations) is critical to determining the causes 
of high colony losses, and developing effective practical approaches to help reduce this. Your 
help will benefit honey bees, and the industry as a whole. 
 
Many thanks again for helping to MAKE A DIFFERENCE FOR HONEY BEE HEALTH! 
 
Q1  
Having read the above statement, would you like to participate in this questionnaire? * (required) 
 Yes, I would like to participate 
 No, I do not wish to participate 
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Q2 
You indicated that you did NOT wish to participate. If this was an error, please select "I wish to 
participate". If you want to end this survey now please select "I do not wish to participate". If 
you would prefer more information before making your selection please visit our website 
(http://healthybees.buzz) to see how we will use these survey responses to benefit the health and 
productivity of bees in Ontario. 
 I wish to participate 
 I do not wish to participate at this time 
 
Q3 
Did you keep honey bees at any point between January 2014 and December 2014 (the 2014 
season)? * 
 Yes 
 No 
 
Q4 
Did your keep your honey bee colonies in Ontario during the 2014 season? * (excluding when 
providing pollination services out of Ontario) 
 Yes 
 No 
 
Q5 
Were you a beekeeper prior to the 2014 season? 
 Yes 
 No 
 
Q6 
Are you interested in becoming a beekeeper? 
 Yes 
 No 
 
Q7 
How many years have you been a beekeeper? 
 The 2014 season was my first year 
 I have been a beekeeper for more than 1 year. Please specify number of years: 

____________________ 
 
Q8 
You indicated that the 2014 was your first year keeping bees. Please can you clarify whether or 
not you had kept bees over the winter of 2013 / 2014? 
 Yes (I kept bees over winter 2013 / 2014) 
 No (I did not have bees over winter 2013 / 2014) 
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Q9 
Do you consider yourself to be a hobbyist beekeeper or a commercial beekeeper? 
 Hobbyist beekeeper 
 Commercial beekeeper 
 
Q10 
Where did you get the initial knowledge you needed to begin keeping honey bees? (Check all 
that apply) 
 Family and friends 
 Attended a beekeeping class 
 Independent research (books, videos, on-line sources) 
 Worked for a commercial beekeeper 
 Mentored with a non-commercial beekeeper 
 Other (please specify): ____________________ 
 
Q11  
Are you a member of a beekeeping organization? (Check all that apply) 
 No, Not a member of any beekeeping organization 
 Yes, Local / regional beekeeping organization 
 Yes, Provincial organization (e.g. Ontario Beekeepers Association - OBA) 
 Yes, National organization (e.g. Canadian Honey Council - CHC) 
 Yes, Other, (please specify): ____________________ 
 Prefer not to answer 
 
Q12 
Did you keep detailed records of your 2014 beekeeping activities (including health information, 
management activities, production, pollination, disease treatments etc.) 
 Yes, I kept detailed written / electronic records 
 I kept some key written / electronic records, I remembered the rest 
 No, I did not keep written / electronic records 
 
Q13 
Would you be willing to answer some questions at the end of this questionnaire about the 
economics of your operation (e.g., average cost of queen replacements, price per kg honey etc.)? 
 Yes 
 No 
 
Q14 
At any point while keeping honey bees, have you ever experienced large numbers of dead bees 
near the front, or in the vicinity, of one of your hives?  
 Yes 
 No 
 Not sure 
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Q15 
In your opinion, what caused these bee deaths? 
 

 
Q16 
At any point while keeping honey bees, have you ever experienced any of the following events 
when bees are foraging? (Check all that apply) 
 Decline in overall bee health 
 Decrease in colony strength or (late) dwindling in autumn 
 Reduction in productivity 
 Colony death events (or large numbers of bee die offs) 
 Emptying of the hive (colony disappearances unrelated to swarming events) 
 None of the above 
 
Q17 
In your opinion, what do you think was the main cause of these decline(s)? (Please select one) 
 Environmental factors (e.g., weather, climate etc.) 
 Disease pressures (e.g., viruses, bacteria, fungus) 
 Mites (e.g., Varroa mites) 
 Forage availability (e.g., surrounding food sources) 
 External events (e.g., vandalism or animal damage) 
 Management (e.g., management decisions such as treatments, queen management affecting 

colony health) 
 Agricultural pesticide use around bee yard(s) 
 The use of chemical treatments (e.g., hive treatments) 
 Other factors (please specify): ____________________ 
 
Q18 
Please can you provide a sentence to elaborate on how these declines impacted your bees. 
 

 
Q19 
In your operation, how many total bee yard(s) / apiaries did you manage in 2014? 
 

 
Q20  
Are all of your bee yards / apiaries located within a 15 km radius? 
 Yes 
 No 
 
Q21 
In what town, city or county are your bee yard(s) / apiaries located? (Please be as specific as 
possible) 
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Q22 
In 2014, what was the primary product or service provided by your beekeeping operation? For 
mixed operations, please select the option which best reflects the activities of the bees for the 
majority of the 2014 season. 
 Honey 
 Pollination 
 Queens and Nucs 
 Other (please specify): ____________________ 
 
Q23 
In addition to honey production, did you rent any colonies in your operation for pollination 
services in the 2014 season? 
 Yes, I rented some colonies for pollination 
 No, none of my colonies were rented for pollination 
 
 
Pollination service (for pollinating beekeepers) 
 
Q24 
In addition to pollination services, did you harvest any honey in 2014 for personal use and / or 
sale (excluding any honey harvested to feed bees)? 
 Yes 
 No 
 
Q25 
In which province(s) did your honey bees provide contracted pollination services in the 2014 
season? (Check all that apply) 
 Within Ontario (ON) 
 Quebec (QC) 
 New Brunswick (NB) 
 Nova Scotia (NS) 
 Prince Edward Island (PE) 
 Other, (please specify): ____________________ 
 
Q26 
For your pollination services in 2014, how many colonies did you rent for each of the following 
crops in the province(s) you selected? (Leave boxes blank if you did not rent colonies for 
pollination of that crop) 

 Number of colonies rented for pollination in each province 

 ON QC NB NS PE ‘OTHER’ 

Blueberries       

Cranberries       
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Raspberries       

Strawberries       

Apples       

Apricots       

Cherries       

Nectarines       

Peaches       

Pears       

Plums       

Melons (cantaloupe/honey 
dew) 

      

Watermelons       

Cucumbers       

Pumpkins       

Alfalfa       

Buckwheat       

Canola       

Clovers       

Sunflowers       

Other (please specify):         
 
Q27 
For each crop you rented your colonies to pollinate, please indicate the start date and end date for 
the pollination service provided in 2014. 
 

 
Q28 
When renting your colonies for pollination in 2014, please indicate when you personally 
managed the loading and/or unloading of hives before and after your pollination services 
contract(s). (Check all that apply) 
 I (and my team) loaded bees for transport from home yard(s) (in Ontario) 
 I (and my team) unloaded bees once at pollination destination before starting contract 
 I (and my team) loaded bees for transport from pollination destination after contract 

completed 
 I (and my team) unloaded bees to their home yard(s) (in Ontario) 
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Q29 
How many total colonies did you transport in 2014 to provide pollination services for the crops 
you identified? 

In total I transported:  _______________ 
 
Q30 
Of the colonies transported for pollination in 2014, please estimate the proportion of transported 
colonies that were strong enough to fulfill your pollination services contract(s)?  
 
Q31 
Before starting pollination in 2014, did you need to import / purchase any queens, packages, 
nucleus colonies or full sized colonies in order to make up for colony losses?  
 Yes 
 No 
 
Q32 
Approximately how many queens, packages, nucleus colonies or full sized colonies did you 
import / purchase before starting pollination in 2014? Please enter '0' if not applicable 

______ Queens 
______ Packages 
______ Nucleus colonies 
______ Full sized colonies 

 
Q33 
When colonies were actively pollinating crops in 2014, were any queen health or colony health 
issues identified? Please exclude those issues present before pollination started. 
 Yes 
 No 
 Not applicable - I did not monitor the colonies during active pollination 
 
Q34 
Did these queen health or colony health issues impact your pollination contract? (i.e. affect the 
ability for those colonies to pollinate effectively) 
 Yes 
 No 
 
Q35 
Please provide a sentence to describe the way in which queen health, or colony health issues, 
impacted your pollination contract. 
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Q36 
Please identify the queen health or colony health issues observed / reported to you during active 
pollination. (Check all that apply) 
 Dysentery / brown streaks in hives 
 Slow spring build up 
 Dwindling of colonies during the summer 
 Dwindling of colonies in the autumn 
 Patchy brood / scattered empty cells 
 Frequent queen loss and / or queen supersedure 
 Other (please specify): ____________________ 
 
Q37 
Approximately how long after transportation to the pollination crop were these health 
observations made? 
 Less then a day following transport 
 Within 2 - 4 days after transport 
 Within 5 - 7 days after transport 
 Within 8 - 14 days after transport 
 More than 14 days after transport - please estimate the number of days: ________________ 
 
Q38 
Which statement most accurately describes the condition of the majority of colonies once they 
were returned to their home yard(s) in Ontario? 
 Strong, with little or no supportive management needed 
 Strong, but some required supportive management (e.g. combining weaker colonies) 
 Weak, but most were recoverable 
 Weak / dead and mostly unrecoverable 
 
Q39 
Do you have any additional information about your pollination services in 2014 which may be 
useful to share? 
 

 
 
Honey production information 
 
Q40 
When recording the weight of your honey harvest, which measurement unit do you use: pounds 
(lb) or kilograms (kg)? 
 pounds (lb) 
 kilograms (kg) 
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Q41 
What was the total weight (in lb) of honey harvested from your operation in 2014? (Please 
exclude honey used for feeding bees) 
 

 
Q42 
What was the total weight (in kg) of honey harvested from your operation in 2014? (Please 
exclude honey used for feeding bees) 
 

 
Q43 
How many total colonies do you estimate you harvested honey from in 2014? 
 

 
Q44 
What was the total weight (in lb) of honey harvested from your operation in 2013? (Please 
exclude honey used for feeding bees) 
 

 
Q45 
What was the total weight (in kg) of honey harvested from your operation in 2013? (Please 
exclude honey used for feeding bees) 
 

 
Q46 
How many total colonies do you estimate you harvested honey from in 2013? 
 

 
Q47 
Compared to your average honey production within the past 5 years, would you say your 2014 
honey harvest weights (per colony) were above average, average, or below average? If you did 
not produce honey, or your management in 2014 has changed drastically compared to previous 
years (e.g. switched to / from raising queens or pollinating) please indicate this instead. 
 Above average 
 Average 
 Below average 
 Did not produce honey in previous years 
 Change in management in 2014 making comparison difficult 
 
Q48 
Can you suggest a reason for this 2014 level of production (identified in the previous question)? 
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Winter colony losses 
 
These next questions will ask about your 2013 / 2014 overwinter colony losses. This information 
relates only to the colonies put into winter (autumn 2013) and how many of those wintered 
colonies remained in end of winter (spring 2014). 
 
Q49 
In your operation, when in 2013 did you completely finish your pre-winter preparations (e.g. 
winter wrapping, treatments and other management) for the 2013 season? Please consider this 
date as the end of your 2013 season 
Month ______ 
Day ______ 
 
Q50 
In your operation, how many winter colonies did you prepare and put into winter at the end of 
your 2013 season? Please consider winter colonies to be those which are queen-right and strong 
enough to survive the winter. 

 
Number of colonies before winter 

2013/2014 

Number of full size colonies  

Number of nucleus colonies (or Nucs)  
 
Q51 
In your operation, how many wintered colonies (those put in to winter in autumn 2013) 
were remaining at the end of winter in 2014?  Please only provide numbers from the last day of 
your winter loss assessment, prior to any management activities where colonies were added, 
split, or combined during the spring 2014. 

 
Number of colonies after winter 

2013/2014 

Number of full size colonies (which remained viable)  

Number of nucleus colonies (which remained viable)  

Number of weak colonies (with 3 or fewer frames of 
clustered bees, or required support to be viable) 

 

 
Q52 
Of the colonies lost during the 2013 / 2014 winter, how many winter colonies did you lose to 
each of the following factors? Please ensure all colonies lost during winter 2013 / 2014 are 
accounted for 

______ Starvation 
______ Queen problems (failure, poor queen, missing queen) 
______ Varroa mites 
______ Suspected nosema disease - please describe symptoms 
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______ Animal damage 
______ Vandalism or theft 
______ Suspected pesticide effects - please describe symptoms 
______ Unknown cause(s) but with food present 
______ Unknown cause(s) - please describe symptoms 
______ Weather (please describe) 
______ Other (please specify) 

 
Q53 
Of the colonies lost during the 2013 / 2014 winter, please estimate the proportions of colonies 
lost to each of the following factors? Please ensure total equals 100%. 

______% Starvation 
______% Queen problems (failure, poor queen, missing queen) 
______% Varroa mites 
______% Suspected nosema disease - please describe symptoms 
______% Animal damage 
______% Vandalism or theft 
______% Suspected pesticide effects - please describe symptoms 
______% Unknown cause(s) but with food present 
______% Unknown cause(s) - please describe symptoms 
______% Weather (please describe) 
______% Other (please specify) 

 
Q54 
Please describe how you typically managed equipment (frames and boxes) from dead colonies in 
2014. (Check all that apply) Please exclude dead hives resulting from American Foulbrood-AFB 
 Re-use equipment immediately (without storage) by installing a new colony or using 

equipment in a split 
 Pack up and store equipment 
 Both methods - re-use without storing or store equipment depending on situation 
 Other (please specify): ____________________ 
 
 
In-season colony losses  
 
These next questions will ask about your in-season colony losses in 2014. 
 
Q55 
In your operation, when did you start the 2014 season (i.e. last day of winter loss assessment) in 
2014? Please consider this date as the START of your 2014 season 
Month ______ 
Day ______ 
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Q56 
In your operation, when did you completely finish your pre-winter preparations (e.g. winter 
wrapping, treatments and other management) in for winter 2014 / 2015? Please consider this date 
as the END of your 2014 season 
Month ______ 
Day ______ 
 
Q57 
In your operation, how many productive colonies did you have at the start of your 2014 season? 
Please consider productive colonies to be those which are queen-right and strong enough to 
produce honey. 

 
Number of productive colonies at the  

START of 2014 

Number of full size productive colonies  

Number of nucleus colonies (or Nucs)  
 
Q58 
In your operation, how many productive colonies did you have at the end of your 2014 season? 
Please consider productive colonies to be those which are queen-right and strong enough to 
produce honey. 

 
Number of productive colonies at the  

END of 2014 

Number of full size productive colonies  

Number of nucleus colonies (or Nucs)  
 
Q59 
During your 2014 productive season how, many total new colonies did you purchase and / or 
make (through splitting)? 
 

 
Q60 
During the 2014 productive season, how many colonies did you sell, give away, and / or 
decrease (through combining colonies)? 
 

 
Q61 
What do you consider to be the main reason(s) for any in-season colony losses experienced 
during the 2014 production season? (Check all that apply) 
 Slow / poor spring build up 
 Summer dwindling 
 Fall dwindling 
 Small hive beetle 
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 Suspected Nosema disease 
 Varroa mites 
 Queen failure (queen killed or replaced by colony) 
 Poor available forage 
 Suspected pesticide poisoning 
 Weather (please specify): ____________________ 
 Other (please specify): ____________________ 
 Not sure 
 Not applicable - I did not lose any colonies during the 2014 season 
 
 
Queen problems and management 
 
Q62 
During the 2014 season, please identify which (if any) queen problems you experienced within 
your operation? (Check all that apply) 
 Queen supersedure (supersedure refers to a colony which rears its own new replacement 

queen) 
 Repeated queen supersedure (supersedure happening 2 or more times in the same colony) 
 Queenlessness 
 Poor laying (slow laying or irregular / spotty laying pattern) 
 Drone laying queen 
 Laying worker 
 Queen "balled" (killed by workers) 
 Queen with deformed wings 
 Undefined / unknown queen problems 
 Other (please specify): ____________________ 
 Not applicable - No queen problems experienced in 2014 
 
Q63 
How many colonies in your operation did you experience these queen problems in 2014? 
 

 
Q64 
What percent (%) of colonies in your operation did you experience each identified queen 
problem in 2014? 
________% Queen supersedure (supersedure: a colony which rears its own replacement queen) 
________% Repeated queen supersedure (supersedure two or more times in the same colony) 
________% Queenlessness 
________% Poor laying (slow laying or irregular / spotty laying pattern) 
________% Drone laying queen 
________% Laying worker 
________% Queen "balled" (killed by workers) 
________% Queen with deformed wings 
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________% Undefined / unknown queen problems 
________% Other 
 
Q65 
In your opinion, what do you think the main cause(s) of these queen problems in 2014 were? 
(Check all that apply) 
 Young queen(s) 
 Old queen(s) 
 Queen breeding (i.e. queen pedigree / genetics) 
 Queen mating problems 
 Disappearing (absconding) queen 
 Disease or pests 
 Varroa mites 
 Weather 
 Management (e.g. accidental queen crushing) 
 Missed signs (e.g. swarming preparation) 
 Other (please specify): ____________________ 
 Not sure 
 
Q66 
Did you also experience these queen problems in any colonies in your operation in 2013? 
 

 
Q67  
Are the majority of your queens marked or unmarked? 
 Marked 
 Unmarked 
 
Q68 
On average across your operation, how old were the majority of queens in your colonies on 
December 31, 2014. 
 Less than 1 year old (most replaced in 2014) 
 At least 1 year old (most replaced in 2013) 
 At least 2 years old (most replaced in 2012) 
 At least 3 years old (most replaced in 2011) 
 At least 4 years old (most replaced in 2010) 
 Older than 4 years old 
 Not sure 
 
Q69 
In 2014, how were the majority of the colonies in your operation re-queened? (Please exclude 
queens added to split colonies) 
 Colonies raised their own (daughter) queen 
 I replaced queens in colonies when necessary (i.e. noting signs of problems or failing) 
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 I replaced queens in colonies on a schedule (i.e. without problems present) 
 Other (please specify): ____________________ 
 No colonies were re-queened in 2014 
 
Q70 
Did you add new queens to any colonies you split in 2014? 
 Yes 
 No 
 
Q71 
When replacing queens on a schedule - on average, what age were existing (old) queens when 
scheduled re-queening occurred? 
 Existing queens are 1 year old when replaced 
 Existing queens are 2 years old when replaced 
 Existing queens are 3 years old when replaced 
 Other (please specify): ____________________ 
 
Q72 
When (re-) queening a colony in 2014, which approach did you use for the majority of your 
colonies? 
 Introduce queen cells 
 Introduce virgin queens 
 Introduce mated queens 
 
Q73 
Of the queen cells, virgin queens, and / or mated queens used to (re-) queen colonies in your 
operation, what proportion did you purchase and what proportion did you raise independently? 
Please ensure total equals 100%. 

 % of Queens 

Purchased from commercial queen 
producers 

 

Raised myself  

Other (please specify):  
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Q74 
Which supplier(s) did you use for your commercial queen purchases in 2014?  Please ensure 
total equals 100%. 

 % of Queens 

Queen breeder in Ontario, Canada  

Queen breeder in Canada (outside Ontario) - 
please specify province(s): 

 

Queen breeder in California, USA  

Queen breeder in Hawaii, USA  

Queen breeder in Chile  

Queen breeder in Australia  

Queen breeder in New Zealand  

Other (please specify):  
 
Q75 
After a queen is introduced, do you return to the hive within a couple of weeks to monitor the 
success of the newly introduced queen? (i.e. ensure she is laying) 
 Always 
 Often 
 Sometimes 
 Never 
 
Q76 
In colonies that you introduced a new queen in 2014, can you estimate the percentage (%) of 
colonies with a successful queen introduction. Please consider successful introductions those 
where the colony accepted the new queen, and the queen started laying eggs. 

______ Percentage (%) of colonies with a successful queen introduction in 2014 
 
Q77 
Do you have any additional comments you would like to share about the health or management 
of your queens in 2014? 
 
Q78 
To the best of your knowledge, did you have Varroa mites in any colonies in your operation in 
2014? 
 Yes 
 No 
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Q79 
Which of the following method(s) did you use to inspect your colonies for Varroa mites in 2014? 
(Check all that apply) 
 Sticky board / 24 hour drop / 48 hour drop 
 Ether roll 
 Alcohol wash 
 Powdered sugar roll 
 Visible detection of mites on adult bees 
 Uncapping drone brood 
 Other (please specify): ____________________ 
 None - I did not inspect for Varroa mites in 2014 
 
Q80 
When did you inspect for Varroa mites in 2014? 

 
Yes  

(inspected for Varroa mites) 

No  
(did not inspect for Varroa 

mites) 

Spring 2014     

Summer 2014     

Autumn 2014     
 
Q81 
Which treatment method(s) did you use in your operation to manage Varroa mites in your 
colonies in 2014? (Check all that apply) 
 65% formic acid - multiple applications 
 65% formic acid - single application (250ml) 
 Apistan® 
 Apivar® 
 CheckMite+™ 
 Thymovar® 
 Mite Away Quick Strips® 
 Oxalic acid 
 Other (please specify): ____________________ 
 None - I did not treat for Varroa mites in 2014 
 
Q82 
You indicated you used 65% formic acid as a method to treat Varroa mites. Please can you 
specify your preferred dose (i.e. 40ml) and the average number of applications for each 
treatment. 

Dose (ml): ___________ 
Number of applications: ___________ 
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Q83 
Did you use any of the following methods in 2014 to help control Varroa mites in your colonies? 
(Check all that apply) 
 Screened bottom board 
 Drone trapping 
 None of the above 
 
Q84 
If your Varroa mite levels were noticeably higher in 2014 compared to previous years, which 
reason(s) do you think contributed to this? (Check all that apply) 
 Resistance of Varroa mites to the product used 
 Not enough treatment in 2013 
 Not enough treatment in 2014 
 No treatment in autumn 2013 
 No treatment in spring 2014 
 Poor timing of treatment in 2013 
 Poor timing of treatment in 2014 
 Weather (temperature too low) 
 Placement of product 
 Inexperience 
 Other (please specify): ____________________ 
 Not applicable - 2014 Varroa mite levels were approximately the same (or lower) as previous 

years 
 
 
Routine colony management practices 
 
Q85 
In 2014, did you provide supplemental feed to any of your colonies for the purposes of nutrition? 
(Not including feed used to administer treatments) 
 Yes 
 No 
 
Q86 
What supplemental feed(s) did you offer to your honey bees in 2014? (Check all that apply) 
 Sugar syrup 1:1 (50%) 
 Sugar syrup 2:1 (66%) 
 Capped honey 
 Excess extracted honey 
 High Fructose Corn Syrup (HFCS) 
 Pollen 
 Pollen supplement (e.g. soy based protein) 
 Candy (e.g. Fondant) 
 Other (please specify): ____________________ 
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Q87 
When in 2014 did you provide supplemental feed to your colonies? (Check all that apply) 
 Winter 2014 - while colonies were still wrapped 
 Spring 2014 - for post winter & pre-production preparation 
 Summer 2014 - during honey production 
 Autumn 2014 - for post-production & winter preparation 
 
Q88 
Did you use any of the following products for the purposes of supporting nutrition in 2014? 
(Check all that apply) 
 BeePro 
 Ener-G Plus 
 Honey-B-HealthyTM 
 MegaBee 
 Vitafeed Green 
 Vitafeed Gold 
 Homemade mixture (please specify): ____________________ 
 Other (please specify): ____________________ 
 None of the above 
 
Q89 
In autumn 2013, how did you prepare your colonies for the 2013 / 2014 winter? (Check all that 
apply) 
 Wrap colonies using insulated plastic (e.g. fibreglass batt in plastic) 
 Wrap colonies using a sleeve (e.g. corrugated plastic polypropylene) 
 Wrap colonies using radiant foil / foil bubble wrap in plastic 
 Wrap colonies with tar paper 
 Wrap using a large wooden box filled with wood shavings 
 Utilize insulation on top of hives 
 Utilize an upper entrance on hives 
 Utilize entrance reducers 
 Utilize a moisture board 
 Provide a wind break 
 Physically place hives together in groups of 2 or 4 
 Move colonies indoors 
 Provide management support for weaker colonies (e.g. combining colonies or feeding) 
 I did not prepare colonies for the 2013 / 2014 winter 
 I did not have colonies in autumn 2013 
 Other (please specify): ____________________ 
 
Q90 
What percentage of your total colonies did you move indoors for the 2013/2014 winter? 

_______ % 
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Q91 
What was the average number of (full) frames of cured honey per each individual brood box 
before entering winter 2013 / 2014?  Please move the slider left or right to indicate the number of 
frames of honey. 

______ Average number of frames of cured honey per brood box 
 
Q92 
In your operation, what proportion of single and / or double deep brood boxes did your colonies 
overwinter in 2013 / 2014?  Please ensure total equals 100%. 

 
Single brood box 

configuration 
Double brood box 

configuration 

Percentage of brood boxes 
(per configuration type) 

  

 
 
Disease & pest familiarity and management 
 
Q93 
Please indicate your level of familiarity with each of the diseases or pests listed. 

 Level of familiarity 

 
Extremely 

familiar 
Moderately 

familiar 
Somewhat 

familiar 
Slightly 
familiar 

Not at all 
familiar 

American 
Foulbrood 

          

Chalkbrood           

Deformed 
Wing Virus 

          

European 
Foulbrood 

          

Nosema 
disease 

          

Parasitic Mite 
Syndrome 

(PMS) 
          

Sacbrood           

Small hive 
beetle 

          

Tracheal 
mites 
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Varroa mites           

Wax moth           

Other (please 
specify): 

          

 
Q94 
During the 2014 season, which diseases and pests did you inspect and identify in your colonies? 
(Check all that apply) 
 
Q95 
You indicated that you detected American Foulbrood disease in 2014. Was this diagnosis 
confirmed by sending samples to a laboratory? 
 Yes 
 No 
 
Q96 
You indicated that you detected Deformed Wing Virus in 2014. Was this diagnosis confirmed by 
sending samples to a laboratory? 
 Yes 
 No 
 
Q97 
You indicated that you detected European Foulbrood in 2014. Was this diagnosis confirmed by 
sending samples to a laboratory? 
 Yes 
 No 
 
Q98 
You indicated that you detected nosema disease in 2014. Was this diagnosis confirmed by 
sending samples to a laboratory? 
 Yes 
 No 
 
Q99 
You indicated that you detected sacbrood in 2014. Was this diagnosis confirmed by sending 
samples to a laboratory? 
 Yes 
 No 
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Q100 
You indicated that you detected tracheal mites in 2014. Was this diagnosis confirmed by sending 
samples to a laboratory? 
 Yes 
 No 
 
Q101 
Which of the following treatments did you use during the 2014 season? (Check all that apply) 
 ApiGo 
 ApiGuard 
 ApiLife VAR 
 Apistan / Amitraz 
 Apivar / Fluvalinate 
 CheckMite / Coumaphos 
 Fumagillin B / Fumadil B 
 Hivastan / Fenpyroximate 
 Hop oil / HopGuard 
 Mite Away Quick Strips 
 Nozevit 
 Oxalic acid 
 Oxysol / Oxytet / Oxytetracycline / OTC / Terramycin 
 ThymoVar 
 Tylan / Tylosin 
 Other (please specify): ____________________ 
 None of the above 
 
 
Observed events 
 
Q102 
During the 2014 season, did you observe any of the following events in your operation? (Check 
all that apply) 
 Large numbers of dead bees near the hive (entrance, bottom board, or on the ground nearby) 
 Dead bees near the hive with pollen on their legs 
 Dying bees at the hive entrance 
 Trembling bees 
 Disoriented bees 
 Rotting larvae 
 Rapid decline in colony population 
 Bees not returning to hives / disappearance (less then two frames remaining) 
 Other (please specify): ____________________ 
 No, I did not observe any of the above in 2014 
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Q103 
Did you observe any of these same events to occur at multiple different times in the 2014 
season? (even if impacting different colonies) 
 
Q104 
For the observations you identified to occur in 2014, approximately when were these event(s) 
FIRST noticed? (Please supply exact dates where possible) 
 
Q105 
For the observations you identified to occur in more than once in 2014, approximately when was 
the SECOND time these event(s) occurred? (Please supply exact dates where possible) 
 
Q106 
In 2014, how many yards did you observe each of these event(s)? 
 
Q107 
During 2014, how many colonies in your operation did you observe each of these event(s) in? 
 
Q108 
During 2014, what percent (%) of colonies in your operation did you observe each of these 
event(s)? 
 
Q109 
Did you report this incident to any government authority in 2014 (e.g. PMRA, OMAFRA, 
MOECC, Agricorp)? 
 Yes 
 No 
 
Q110 
What was the principle forage within 3 km of the bee yard at the time of the event(s)? 
 Alfalfa 
 Blueberries 
 Canola 
 Corn 
 Hay 
 Orchard or tree-fruit 
 Potatoes 
 Soybeans 
 Turfgrass 
 Vegetables 
 Wheat 
 Woodlot 
 Wild flowers 
 Other (please specify): ____________________ 
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Q111 
Were any of the following impacts on the queen observed after the event(s)? (Check all that 
apply) 
 Dead queen 
 Development of emergency / supersedure cells 
 Change in laying pattern (became unusual and / or spotty) 
 Failure of the colony to re-queen itself 
 Other (please specify): ____________________ 
 No queen symptoms observed 
 Not sure 
 
Q112 
Were any of the following impacts on brood observed after the event(s)? (Check all that apply) 
 Dead larvae / pupae on the bottom board 
 Dead larvae / pupae outside the colony 
 Bees uncapping cells for removal of pupae 
 Rotting brood 
 Overall decline in brood production 
 Other (please specify): ____________________ 
 No brood symptoms observed 
 Not sure 
 
Q113 
Were any of the following impacts on general colony health observed after the event(s)? (Check 
all that apply) 
 Noticeable decline in the number of frames of bees 
 Noticeable decline in the number of frames of brood 
 Noticeable decline in the number of frames of pollen/honey 
 Occurrence of pests/disease got worse following incident. Please describe: 

____________________ 
 Other (please specify): ____________________ 
 No symptoms observed 
 Not sure 
 
Q114 
At any point during the 2014 season, did you notice any of the following unusual behaviours in 
any of your colonies? (Check all that apply) 
 Hives with pollen outside (bees kicking out pollen) 
 Bees flying towards lights (at night) 
 Excessive removal of brood 
 Large numbers of drone laying queens 
 Late swarming (e.g. in autumn) - confirmed by seeing swarm cells in hive 
 Drones kicked out early (in spring / summer) 
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 Queens kicked out of colonies 
 Other (please specify): ____________________ 
 No, I did not observe any of the above in 2014 
 
Q115 
Approximately when did you first observe these unusual behaviours in 2014? (Please supply 
exact dates where possible) 
 

 
Q116 
In 2014, how many yards did you observe each of these unusual behaviours? 
 

 
Q117 
How many colonies did you observe each of these unusual behaviours in 2014? 
 

 
Q118 
In 2014, what percentage (%) of colonies in your operation were affected by each of the unusual 
behaviours? 
 
Q119 
Can you offer any additional information as to what may have caused these unusual behaviours 
in 2014? 
 
 
Economic questions 
 
Q120 
In 2014, what was the average price received per kilogram of honey? (Optional, leave blank if 
you prefer not to answer) 
 

 
Q121 
What was the average cost of queen replacements, packages, nucleus colonies, and / or full 
colonies purchased? (Optional, leave blank if you prefer not to answer) 

Queen replacements 
Nucleus colonies 
Queen & nuc packages 
Full-sized colonies 
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Q122 
What would you estimate you spent on treatments in 2014? (Optional, leave blank if you prefer 
not to answer)   
 

 
Q123 
What is the average price per hive received for your pollination services in 2014? (Optional, 
leave blank if you prefer not to answer) 
 

 
Q124 
What percentage of your total annual income in 2014 was derived from your beekeeping 
activities? 
 Below 10% of my annual income was from keeping bees 
 Between 11% - 50% of my annual income was from keeping bees 
 Between 51% - 80% of my annual income was from keeping bees 
 More than 81% of my annual income was from keeping bees 
 Prefer not to answer 
 Not sure 
 
Q125 
Thinking of income from your 2014 beekeeping activities (selling honey, pollination, selling 
queens or nucs etc.), how did this translate into profit? 
 Negative profit - I invested more money in 2014 then I made this year 
 No profit - I broke even 
 Positive profit - I was able to make a profit in 2014 
 Prefer not to answer 
 Not sure 
 
Q126 
Keeping in mind your personal and financial goals as a beekeeper, and the level of productivity 
and bee health experienced in 2014, please select the option below which best reflects your 
future plans for your operation. 
 I plan to continue operating without any major changes 
 I plan to expand the size of my operation (more bees compared to 2014) 
 I plan to downsize my operation (by reducing the number of bees, or not replacing losses) 
 I am considering stopping beekeeping entirely - if I continue to experience high losses or low 

productivity 
 I am considering stopping beekeeping entirely - for personal reasons (other than losses and 

productivity) 
 Other (please specify): ____________________ 
 Prefer not to answer 
 Not sure 
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Yard level questions (Multi-yard beekeepers) 
 
In this section we would like to know about one specific yard in your operation. The next few 
questions will ask some yard-specific questions such as the location and type of forage 
surrounding the yard. It will also use information you provided earlier about your operation (e.g. 
treatments used) to ask some additional questions.  What do we plan to do with this information?  
Specific yard information (including yard location) will allow us to combine your responses 
about your bees' health, with geographic data about physical surroundings. This information will 
also be important if we identify groups of bee yards (with different beekeepers) in one specific 
area experiencing similar bee health issues (or areas with no bee health issues).  As with all of 
your data, no identifiable information will be shared or reported. For the purpose of results 
reporting, yours and other beekeepers coordinates may be used to place dots of all beekeepers 
yards on to a single map which will have low resolution (i.e. no zoom ability to see exact 
location other than approximate town). 
 
Q127 
In order to compare honey bee health between nearby beekeepers yards, we will require the 
location of one of your yards. Are you willing to share this information? 
 Yes 
 No 
 
Q128 
Please select and identify your "worst yard" in your operation in 2014. This may likely be a very 
memorable yard because it may have required extra attention during the 2014 season.  When 
selecting your "worst yard" please ensure:  i) yard was established in late 2013 (or before) and  
ii) yard was stationary for the entire 2014 season (please do not identify any yard where colonies 
were moved / transported in 2014 for pollination or other reasons).  
Do you have a yard in mind which matches this criteria? 
 Yes 
 No 
 
Q129 
With a memorable yard, meeting the previous two criteria (established in 2013 and stationary), 
please identify the location of this "worst yard" as specifically as possible, by filling in as many 
specific location details as you are able to.   Please answer all questions for 
this same "worst yard".  

GPS (if known): ____________________ 
Street name & number: ____________________ 
Main intersection: ____________________ 
Township: ____________________ 
County: ____________________ 
Postal code: ____________________ 
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Q130 
Would also you consider this yard to be the "worst yard" in your operation in the 2013 season? 
 Yes 
 No 
 Not applicable - I did not have this yard in 2013 
 
Q131 
Is your "worst yard" located within 3 km from any of the following? (Check all that apply) 
 Naturally occurring standing water (e.g. pond) 
 Lake 
 Golf course 
 Woodlot 
 Industrial area 
 An active factory or mill 
 Another bee yard that you manage 
 Another bee yard managed by someone else 
 Within city limits (please specify which city): ____________________ 
 None of the above 
 
Q132 
Estimate the percentage of each available forage source within 3 km of your "worst yard". Please 
ensure total equals 100%. 

______ Alfalfa 
______ Blueberries 
______ Canola 
______ Corn 
______ Hay 
______ Orchard or tree-fruit 
______ Potatoes 
______ Soybeans 
______ Turf grass 
______ Vegetables 
______ Wheat 
______ Woodlot 
______ Wild flowers 
______ Unidentified or Unknown 
______ Other forage 1 (please specify) 

 
Q133 
What was the last date you harvested honey in your "worst yard" in 2014? (Please supply exact 
dates where possible) 
Month ______ 
Day ______ 
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Q134 
In your "worst yard", how many colonies did you harvest honey from in 2014?  
 

 
Q135 
What was the total weight of honey harvested from your "worst yard" in 2014? (Please exclude 
honey used for feeding bees)  (If you do not know the exact quantity, enter the weight to the best 
of your knowledge in the "approximate weight" box) 
 Exact weight (kilograms): ____________________ 
 Approximate weight (kilograms): ____________________ 
 Exact weight (pounds): ____________________ 
 Approximate weight (pounds): ____________________ 
 Not sure 
 
Q136 
Instead, can you estimate how many honey supers did you harvest from your "worst yard" in 
2014? 

 Number of supers  
harvested in 2014 Not applicable 

Medium supers (6 ⅝)    

Deep supers (9 ⅝)    

 
Q137 
For the supers harvested from your "worst yard" in 2014, please identify whether the honey was 
capped or uncapped and what the average percent of honey per frame was? For example: Of the 
supers harvested in 2014, frames were covered on average by 70% of capped honey 
 
Q138 
In your "worst yard", what date did you start the 2014 season (i.e. last day of winter loss 
assessment) in 2014? Please consider this date as the START of your 2014 season 
Month ______ 
Day ______ 
 
Q139 
In your "worst yard", when did you finish your pre-winter preparations (e.g. colony counts, 
winter wrapping, treatments and other management) in 2014? Please consider this date as 
the END of your 2014 season 
Month ______ 
Day ______ 
 
Q140 
In your "worst yard", how many productive colonies did you have at the start of your 2014 
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season? Please consider productive colonies to be those which are queen-right and strong enough 
to produce honey. 

 Number of productive colonies in your "worst 
yard" at the START of 2014 

Number of full size productive colonies  

Number of nucleus colonies (or Nucs)  
 
Q141 
In your "worst yard", how many productive colonies did you have at the end of your 2014 
season? Please consider productive colonies to be those which are queen-right and strong enough 
to produce honey. 

 Number of productive colonies in your "worst 
yard" at the END of 2014 

Number of full size productive colonies  

Number of nucleus colonies (or Nucs)  
 
Q142 
During your 2014 production season, how many total new productive colonies did you purchase 
and / or make (through splitting) in your "worst yard"? 
 

 
Q143 
During the 2014 production season, how many productive colonies did you sell or give away 
from your "worst yard"? 
 

 
Q144 
What do you consider to be the main reason(s) for any in-season colony losses experienced 
during the 2014 production season in your "worst yard"? (Check all that apply) 
 Slow / poor spring build up 
 Summer dwindling 
 Fall dwindling 
 Small hive beetle 
 Suspected nosema disease 
 Varroa mites 
 Queen failure (queen killed or replaced by colony) 
 Poor available forage 
 Suspected pesticide poisoning 
 Weather (please specify): ____________________ 
 Other (please specify): ____________________ 
 Not sure 
 Not applicable - I did not lose any colonies during the 2014 season 
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Q145 
Thinking about your 2013 / 2014 winter loss in your "worst yard", was it: noticeably higher, 
lower, or the same, compared to your average operation 2013 / 2014 winter loss? 
 Higher 2013/2014 winter loss in "worst yard" 
 Relatively the same winter loss compared to operational average 
 Lower 2013/2014 winter loss in "worst yard" 
 Not sure 
 
Q146 
In your "worst yard", how old were the majority of queens in your colonies on December 31, 
2014. 
 Less than 1 year old (most replaced in 2014) 
 At least 1 year old (most replaced in 2013) 
 At least 2 year old (most replaced in 2012) 
 At least 3 years old (most replaced in 2011) 
 Not sure 
 
Q147 
Based on the queen problems you identified to have occurred in your operation in 2014, in how 
many colonies did these problems occur in your "worst yard"? 
 

 
Q148 
In your "worst yard", please estimate the number of colonies that were (re-)queened for each of 
the following reasons. 

  Number of colonies  
(re-) queened  Not applicable 

Queen problems _____   

Replacing old queens _____   

To split colonies _____   

 
Q149 
If known, please identify the level of Varroa mite infection in your "worst yard" in autumn 2013 
(prior to 2013/2014 winter). 

Number of mites / number of bees 
Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 

 
Q150 
Please identify the level of Varroa mite infection in your "worst yard" in spring 2014 (after 
2013/2014 winter) 

Number of mites / number of bees 
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Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 

 
Q151 
Please identify the level of Varroa mite infection in your "worst yard" in autumn 2014 (prior to 
the recent 2014/2015 winter) 

Number of mites / number of bees 
Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 

 
Q152 
When did you treat for Varroa mites in your "worst yard", and with which product did you use? 
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Q153 
For your "worst yard", please indicate the number of colonies you provided supplemental feed to 
during each time period in the 2014 season.  Please enter 0 if no colonies were fed.    
 
Q154 
For your "worst yard", please identify the method used to provide supplemental feed to colonies 
in 2014.  
 
Q155 
For each of the following time periods (spring, autumn etc.) in 2014, can you estimate the 
average total feed supplemental feed consumed per colony in your "worst yard". Please include 
any units as required (e.g. litres - L; gallon - gal; grams - g; kilograms - kg; pounds - lb) 
 
Q156 
Of the diseases identified to occur in your operation in 2014, how many colonies were affected 
in your "worst yard"? Please enter 0 if no colonies were affected. 
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Q157 
For your "worst yard", please indicate the number of colonies you treated with each 
product during each time period in the 2014 season. Please enter 0 if no colonies were treated.    
 
Q158 
Did you note any of the following health indicators in your "worst yard" in 2014? 
 Dysentery / brown streaks in hives 
 Patchy brood / scattered empty cells 
 Slow spring build up 
 Dwindling of colonies during the summer 
 Frequent queen loss and queen supersedure 
 Unexplained overwinter loss (strong hives in the autumn, dying for other reasons than 

starvation) 
 Other (please specify): ____________________ 
 
Q159 
Do you have any other information about your "worst yard" that you think might be helpful to 
mention? 
 

 
 
Yard level questions (Single yard beekeepers)  
 
The next few questions will ask some yard-specific questions such as the location and type of 
forage surrounding the yard. What do we plan to do with this information?   Specific yard 
information (including yard location) will allow us to combine your responses about your bees' 
health, with geographic data about physical surroundings such as proximity to corn and soy. This 
information will also be important if we identify groups of bee yards (with different beekeepers) 
in one specific area experiencing similar bee health issues (or areas with no bee health issues).   
As with all of your data, no identifiable information will be shared or reported. For the purpose 
of results reporting, yours and other beekeepers coordinates may be used to place dots of all 
beekeepers yards on to a single map which will have low resolution (i.e. no zoom ability to see 
exact location other than approximate town). 
 
Q160 
In order to compare your honey bee health between nearby beekeepers yards, we will require the 
location of your yards. Are you willing to share this information? 
 Yes 
 No 
 
Q161 
Please identify the location of your yard as specifically as possible, by filling in as many location 
details as you are able to.  

GPS (if known): _______________ 
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Street name & number: _______________ 
Main intersection: _______________ 
Township: _______________ 
County: _______________ 
Postal code: _______________ 

 
Q162 
Does your yard match the following criteria? 

 Yes No 

1. Yard established in late 2013 (or earlier)     

2. Yard was stationary the entire 2014 season (i.e. colonies were not 
moved / transported during 2014 for pollination or other reasons) 

    

 
Q163 
If your yard does not match the first criteria (established in 2013), is it because you established 
the yard in the spring 2014? 
 Yes 
 No 
 
Q164 
If your yard does not match the first criteria (established in 2013), is it because you lost 100% of 
your colonies over winter 2013/2014 and started with new colonies in spring 2014? 
 Yes 
 No 
 
Q165 
Is your yard located within 3 km from any of the following? (Check all that apply) 
 Naturally occurring standing water (e.g. pond) 
 Lake 
 Golf course 
 Woodlot 
 Industrial area 
 An active factory or mill 
 Another bee yard that you manage 
 Another bee yard managed by someone else 
 Within city limits (please specify which city): ____________________ 
 None of the above 
 
Q166 
Estimate the percentage of each available forage source within 3 km of your yard. Please ensure 
total equals 100%. 

______ Alfalfa 
______ Blueberries 
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______ Canola 
______ Corn 
______ Hay 
______ Orchard or tree-fruit 
______ Potatoes 
______ Soybeans 
______ Turf grass 
______ Vegetables 
______ Wheat 
______ Woodlot 
______ Wild flowers 
______ Unidentified or Unknown 
______ Other forage 1 (please specify) 

 
Q167 
What was the last date you harvested honey in your yard in 2014? (Please supply exact dates 
where possible) 
Month ______ 
Day ______ 
 
Q168 
In your yard, please estimate the number of colonies that were re-queened for each of the 
following reasons. 

 
 Number of colonies (re-) 

queened 
 Not applicable 

Queen problems    

Replacing old queens    

To split colonies    
 
Q169 
If known, please identify the level of Varroa mite infection in your yard in autumn 2013 (prior to 
2013/2014 winter). 

Number of mites / number of bees 
Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 

 
Q170 
Please identify the level of Varroa mite infection in your yard in spring 2014 (after 2013/2014 
winter) 

Number of mites / number of bees 
Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 
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Q171 
Please identify the level of Varroa mite infection in your yard in autumn 2014 (prior to the 
recent 2014/2015 winter) 

Number of mites / number of bees 
Number of mites / 24 hour drop 
Varroa mite levels (please specify measurement): 

 
Q172 
When did you treat for Varroa mites in your yard, and with which product did you use? 
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Q173 
For your yard, please indicate how many colonies you provided supplemental feed to during the 
2014 season.  Please specify the number of colonies fed by in each time time period. 
 

 
Q174 
For your yard, please describe how you provided supplemental feed to colonies in 2014.  
 

 
Q175 
For each of the following time periods (spring, autumn etc.), can you estimate the average 
total feed supplemental feed consumed per colony in your yard. Please include any units as 
required (e.g. litres - L; millilitres - ml; grams - g; kilograms - kg; pounds - lb) 
 

 
Q176 
Of the diseases identified to occur in your operation - how many colonies were affected in your 
yard? Please enter 0 if no colonies were affected. 
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Q177 
For your yard, please indicate the number of colonies you treated with each product during each 
time period in the 2014 season. Please enter 0 if no colonies were treated.    
 

 
Q178 
Did you note any of the following health indicators in colonies in your yard in 2014? 
 Dysentery / brown streaks in hives 
 Patchy brood / scattered empty cells 
 Slow spring build up 
 Dwindling of colonies during the summer 
 Frequent queen loss and queen supersedure 
 Unexplained overwinter loss (strong hives in the autumn, dying for other reasons than 

starvation) 
 Other (please specify): ____________________ 
 
Q179 
Do you have any other information about your yard that you think might be helpful to mention? 
 

 
 
Survey Completion 
 
This is the final section of the survey. Answering 'yes' to any of the next 3 questions will prompt 
us to ask for your contact information. Providing this information will allow us to follow up 
accordingly. Any contact information provided will be kept confidential and separate from your 
questionnaire responses. 
 
Q180  
Can we contact you if we have any questions about your responses in this questionnaire? 
 Yes 
 No 
 
Q181 
Would you be willing to participate in future honey bee health surveys? 
 Yes 
 No 
 
Q182 
Would you like to receive a summary report once the survey results are analyzed? 
 Yes 
 No 
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Q183 
How do you prefer we contact you? (Select one, or check both if desired) 
 By email 
 By telephone 
 
Q184 
Please provide your contact details. 

Name: _____________________ 
Daytime phone: ______________________ 
Evening phone: ______________________ 
Email: ______________________ 

 
Q185 
Please feel free to leave us a comment about this survey. You are also welcome to include any 
additional information you would like us to know about your bees, or beekeeping operation. 
 

 
This is the end of the survey, but click NEXT to enter the prize draw!   Thank you for taking 
time to complete this survey, your help is so very appreciated! Participation by beekeepers like 
you will benefit the health of Ontario bees! As a token of our gratitude we would like to enter 
you in our prize draw to receive a chance to win one of two $250 gift certificates for a 
beekeeping supply store of your choosing. You may also be eligible for a $10 Tim Hortons gift 
card if you are one of the first 100 participants. To ensure anonymity, separate survey will collect 
the information necessary to enter. Please click NEXT to continue to this survey.  
For further information about this research please contact: Alessia Guthrie, PhD student 
Department of Population Medicine, Stewart Building Ontario Veterinary College, University of 
Guelph 50 Stone Road E., Guelph ON N1G 2W1, Canada Email: healthybeesbuzz@gmail.com 
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APPENDIX III 
Univariable associations with in-season colony loss 

 

 
 
 

Independent variable† Data type 
Significance 

level* 
Operation type Dichotomous P ≤0.05 
Years experience Continuous P ≤0.20 
Years experience  Categorical P ≤0.05 
Years experience  Dichotomous P ≤0.05 
Yards managed  Categorical P ≤0.05 
Colony density  Continuous P ≤0.05 
Honey yield 2014 (lb/colony) Continuous P ≤0.05 
Varroa mites present Dichotomous P ≤0.05 
Varroa mite check in spring Dichotomous P ≤0.20 
Control Varroa: screen bottom board Dichotomous P ≤0.20 
Control Varroa: drone uncapping Dichotomous P ≤0.20 
Inspect Varroa: powdered sugar Dichotomous P ≤0.20 
Inspect Varroa: drone uncapping Dichotomous P ≤0.20 
Varroa Treatment: Formic acid multi Dichotomous P ≤0.20 
Varroa Treatment: Oxalic acid Dichotomous P ≤0.05 
Queen age Categorical P ≤0.05 
Queen problem: supersedure Dichotomous P ≤0.05 
Queen problem: repeated supersedure Dichotomous P ≤0.20 
Queen problem: poor laying queen Dichotomous P ≤0.20 
Supplemental feed provided in spring Dichotomous P ≤0.05 
Supplemental feed provided in autumn Dichotomous P ≤0.20 
Unusual colony behaviour: brood removal Dichotomous P ≤0.05 
Suspected in-season loss: pesticide poisoning Dichotomous P ≤0.20 
Suspected in-season loss: queen failure Dichotomous P ≤0.05 
Suspected in-season loss: summer dwindle Dichotomous P ≤0.20 
Suspected in-season loss: fall dwindle Dichotomous P ≤0.20 
Disease treatments: Nozevit Dichotomous P ≤0.20 
Disease treatments: Fumagillin Dichotomous P ≤0.05 
Disease treatments: Formic acid Dichotomous P ≤0.20 


