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Introduction

Fifty years ago, there were few known pests and diseases of the European honey bee, Apis mellifera. Today, with bees and bee products being shipped internationally on a large scale, many pathogens that were previously geographically confined are now widespread in both developed and developing countries (Figure 0.1). Some of these pests and diseases are new to A. mellifera and, consequently, these bees do not display resistance to them. For example, the Varroa mite, which has spread from the Asian honey bee (A. cerana) to A. mellifera, is causing massive colony losses globally (see Chapter 3).




Figure 0.1: Some of the many pathogens that infect bees today.



From Figure 0.1, we see that beekeepers are faced with a bewildering array of pathogens to diagnose and manage. Figure 0.2 shows that it is not only pathogens that cause colony ill health but a range of environmental issues. As a consequence, beekeepers today need up-to-date, concise, accurate information on the factors that affect colony health. Previously, much of this information has been locked away in difficult-to-read academic books and journals. This book synthesizes, updates and clarifies the knowledge currently available on bee pests and diseases. It provides, in an interesting and readable form, the information needed by beekeepers to keep their colonies healthy and strong.




Figure 0.2: Factors affecting honey bee health.



Key to the effective management of pathogens is the use of well-proven integrated pest management (IPM) techniques. This book emphasizes sound IPM techniques in every chapter. A firm understanding of integrated pest management, and its use by every beekeeper, will lead to healthy colonies and a healthier future for our bees.

Summary of chapters

The book covers the following topics.

Chapter 1: Integrated pest management (IPM)

Many current beekeeping practices, particularly those related to managing Varroa, are harmful to bees, and their continued use is unsustainable. To a greater or lesser extent, most beekeepers practise some form of IPM; this chapter expands on the range of IPM techniques that beekeepers can use to manage the health of their colonies.

Chapter 2: How pathogens infect bees

Most beekeepers understand that their colonies may become infected or infested with pathogens. Often, these same beekeepers do not know how colonies become infected or how pathogens are transmitted. This chapter summarizes how different pathogens can infect a colony and cause illness.

Chapter 3: Varroa

Varroa destructor is today’s principal threat facing the European honey bee, Apis mellifera. A significant amount of research has gone into understanding the role of the mite in colony health, as well as its role in the transmission of viruses such as deformed wing virus (DWV), and black queen cell virus (BQCV). Also, much has been learned about managing Varroa by beekeepers on the ‘front line’ of controlling the pathogen in their colonies and by researchers. This chapter provides a detailed explanation of the biology and nature of Varroa destructor, along with detailed explanations of how to manage an infestation.

Chapter 4: Other parasites

Varroa is not the only mite to infest colonies. Tropilaelaps and tracheal mites also parasitize honey bee colonies. If Tropilaelaps were to enter North America, Europe, Australia, New Zealand or any other region with a warm climate outside of its natural home in parts of Asia, the consequences for local beekeeping would be much more severe than has been the case with Varroa. Although little is heard about tracheal mites today, historically they have negatively affected colony health. No discussion about the role of mites on bees would be complete without mentioning them.

Chapter 5: Brood diseases

The most visible signs of colony ill-health are associated with brood diseases. The chapter discusses two serious bacterial diseases, American foulbrood (AFB) and European foulbrood (EFB), and two fungal diseases, chalkbrood and stonebrood. Chalkbrood is a common but manageable illness of colonies, while American foulbrood, although not that common, is considered the next most serious health concern for bees, after Varroa.

Even though insects do not have adaptive immunity (i.e. T and B cells), which in general is restricted to vertebrates, there appears to be some form of trans-generational immune priming (TGIP) protecting the offspring when the queen is exposed to pathogens and passing limited immunity to her offspring. This would allow some form of vaccination although the mechanism is very different than in higher organisms with a full immune system. The recent announcement of a vaccine trial for AFB is an exciting step in the management of this and other serious pathogens, including viruses. Beekeepers will watch with interest as the trial progresses.

Chapter 6: Adult diseases

The primary pathogens of adult bees are Nosema apis and Nosema ceranae. These two pathogens are single-celled parasites of the honey bee midgut that can weaken individual bees and entire colonies. N. ceranae is a relative newcomer to A. mellifera and, according to some researchers, causes significant economic loss to beekeepers.

Chapter 7: Viruses

There are now over twenty known viruses of the honey bee. Some, like sacbrood virus (SBV) black queen cell virus (BQCV), and deformed wing virus (DWV), are well known among researchers and beekeepers. Others are less well known, and their effect on bees and colonies is more challenging to quantify. This chapter summarizes what is known about viruses and how they infect bees; it also details some of the more common viral infections.

Chapter 8: Pests

Both greater and lesser wax moths are frequent visitors to the hive. Although they do not directly harm bees, they spin silk mats between frames, trapping bees and making movement through the hive difficult, if not impossible. In some countries, such as India, they cause significant economic damage. Another pest is the small hive beetle (SHB), a native of southern Africa; the mite is causing severe economic damage wherever it goes. Another similar species, the large hive beetle (LHB), although not yet found outside its native home in southern Africa, may cause significant economic loss should it spread more widely.

Braula, a wingless fly, which lives attached to a bee’s head, is a common pest. Braula does not damage or parasitize any stage of the honey bee life cycle and thus does not cause economic loss.

Chapter 9: Other problems

Pathogens are not the only problem faced by honey bees. Other causes of loss, stress or ill health include chilled brood, dampness, drone-laying queens, and multiple eggs per cell. These concerns are detailed in this chapter, together with a discussion on Colony Collapse Disorder (CCD).

Chapter 10: Other types of bees and hornets

Although most beekeepers keep the European honey bee, Apis mellifera, there are several other species of honey bees found globally, mainly in South East Asia. These include the Asian honey bee, Apis cerana, a valuable provider of honey and pollination; the giant honey bees Apis dorsata and Apis laboriosa; and the smaller species. In southern Africa, we find some very aggressive bees, such as Apis mellifera scutellata, as well as the relatively docile Cape bee, Apis mellifera carpensis, which can cause economic loss for different reasons. In the Americas, Africanized bees are a severe public health concern due to their extreme aggressivity.

Chapter 11: Epidemiology

Although many scientists and beekeepers focus on the colony or individual bees when studying health, honey bee epidemiologists look at disease transmission across large geographical areas and consider broader environmental issues, such as climate change, to understand colony health. The understanding of the epidemiology also leads to formulating policies that affect all beekeepers in their respective regions.

Appendix A: Diagnostic table

An easy-to-read chart summarizes the primary bee diseases, their identification and management.

Appendix B: Varroa control options by seasonal phase

A summary of standard Varroa management techniques in table form.

Appendix C: Integrated pest management table

A table of IPM management practices.

Every effort has been made to ensure this book is correct and up to date. However, if any errors are detected or you have suggestions for improvement, please send them to: BeeDiseases@gmail.com

Robert Owen

Melbourne, Australia




CHAPTER
1

Integrated pest management (IPM)



Introduction

Studies of the health of honey bees have demonstrated that many of the problems experienced globally result from poor management practices used by beekeepers. A more enlightened approach to keeping bees would result in healthier colonies and a more sustainable future for the industry. The following chapters on the treatment of pests and diseases list ways each infection or infestation can be managed but not necessarily eliminated. Many of these treatments, particularly for pests like small hive beetle and Varroa, involve introducing toxic chemicals into the hive. Many beekeepers and scientists believe implementing this solution has caused more harm to bees than the initial infestation. As a result, a sizeable number of beekeepers are now turning away from the large-scale introduction of chemicals and using instead a set of management practices loosely called integrated pest management, IPM. Although most beekeepers, to a greater or lesser extent, use IPM techniques to manage pests and diseases, in most cases, enhancing these techniques will improve the health and honey-producing capacity of the colony.




Figure 1.1: Checking brood frame for disease.



IPM is not the same as organic farming practices. Unlike organic farming, IPM includes synthetic chemicals for pest management if necessary. IPM, however, aims to minimize the use of chemicals in the hive (Figure 1.2), and there are excellent reasons for this:


• Chemicals often harm bees, the environment and other animals and plants, and they may persist for years in wax or soil.

• Chemical residues may affect the purity of the products sold, possibly rendering them unhealthy or undesirable in the marketplace.

• Chemicals are expensive, and beekeepers can spend much of their income on these substances.

• Chemical resistance by pests or other infectious diseases develops more slowly when bees are exposed to fewer pesticides or antibiotics. Slowing the development of resistance extends the useful lifespan of existing chemical controls.






Figure 1.2: The IPM pyramid for Varroa mite control.



Consumers are increasingly demanding chemical-free foods. Many consumers are prepared to pay a premium for healthy food; thus, the consumer, the honey bee and the beekeeper all reap the benefit. While IPM is not an organic practice where no chemicals are used, it can nevertheless give the consumer additional confidence that any chemical contamination is at levels below accepted safety thresholds.

Development of integrated pest management practices

Beekeepers in North America, Europe and elsewhere are finding that the inappropriate use of miticides to manage Varroa is now causing more problems than the initial infestation. A miticide is an insecticide used to control mites such as Varroa, Tropilaelaps, or tracheal mites (Acarapis woodi). An insecticide is a general term for a chemical used to control all insects, but its use in beekeeping is usually restricted to managing Varroa and small hive beetle.

An IPM plan needs to consider all methods that have proven to be successful.

Pests and diseases requiring attention

The eight most important pests and diseases of the honey bee globally are:

Mites

• Varroa: Varroa destructor and Varroa jacobsoni

• Tropilaelaps: Tropilaelaps clareae and Tropilaelaps mercedesae

• Tracheal mite, Acarapis woodi

Insects other than mites

• Small hive beetle: Aethina tumida

Fungi

• Nosema: Nosema apis and Nosema ceranae

• Chalkbrood: Ascosphaera apis

Bacteria

• American foulbrood: Paenibacillus larvae

• European foulbrood: Melissococcus plutonius

It is essential to control all of these disorders, and the best way to achieve this is by using an appropriate IPM plan. By keeping the primary diseases listed above under control using IPM, the colony can be left to naturally suppress other lesser diseases, such as the different viruses that infect bees.

Integrated pest management practices

IPM was developed to respond to the overuse of chemicals across all areas of agriculture and animal husbandry. IPM has proven to be a successful pest and disease management technique. The four basic practices of IPM explained below are well understood, and they should become part of the beekeeper’s everyday work practice:

Awareness

Each beekeeper, through reading, online searching, talking with other beekeepers, joining clubs or attending courses, needs to be aware of the pests and diseases that their hives may harbour together with their signs. This awareness should extend even to those hives owned by other beekeepers in the area and to a general understanding of the health of local feral colonies.

Monitoring

Beekeepers need to monitor their hives for the presence of pests and diseases and to evaluate the severity of any infection or infestation.

Treatment thresholds

Each beekeeper must know the acceptable levels for an infestation in their hives before treatment starts. Once you have evaluated the level or severity of infection or infestation, you need to determine if the level is above the threshold to start applying one or more of the possible treatments. It is best to frequently monitor for pests and diseases so that you are not surprised by a high level of illness in an infrequently inspected colony. A record can be kept following inspections that details the pests found, the possible level of infection or infestation, and any action to be taken.

Solutions

The next step is to select the most appropriate treatments or solutions and to decide the optimum level of that solution carefully. The possible range of treatments will usually include applying chemicals to the hive. However, the selected solution may not involve the use of chemicals but, instead, focus on other non-chemical solutions such as:


• requeening

• supplementary feeding

• quarantining

• reducing stress

• SHB traps

• vented bottom boards

• reducing condensation within the hive

• or other proven management techniques.



An essential part of IPM is to continuously monitor the hive for the presence of pests or diseases. Once you have implemented what you regard as the optimum solution, you need to keep tracking the hive to determine if your selected treatment is working or not. If it is working and the level of infection or infestation is reducing, you can consider the best time to wind down treatment. If the selected treatment does not result in a reduction of the disease or the infestation appears to be worsening, you need to reconsider the treatment chosen and decide what else can be done. Thus, IPM requires constant monitoring and re-evaluation of selected treatments to determine if they are working and what changes need to be made to control the pest or disease.




Figure 1.3: Healthy capped brood.



IPM actions

There is a range of IPM treatments for the major pests and diseases that affect the honey bee. The three broad classifications of management actions are:

Biological control

Biological organisms can be utilized for the control of pests. There are naturally occurring predators, parasites and bacteria that prey on insect pests. Another form of biological control is breeding bee strains resistant to specific diseases; for example, varroa sensitive hygiene (VSH) bees resistant to Varroa destructor.

Cultural control

Cultural control occurs when the hive’s environment is manipulated to reduce pests and diseases. This may involve weed control, placement of hives, waste removal, traps and general hygiene.

Chemical control

An IPM plan that is well thought through and executed not only aims to slow the development of resistance to a chemical treatment but also considers that some recommended treatments will not be effective. Some chemicals are more appropriate for treating an infection or infestation than others. It is essential that only approved chemicals are used and that their use follows the manufacturer’s recommendations. When it is believed that a chemical is needed to back up biological and cultural control, it should be carefully selected and used. The risk here is that if a particular pathogen has become resistant to its recommended chemical treatment, a minority of beekeepers will use unapproved chemicals, often obtained overseas, to treat their hives. Some of these treatments are unapproved because they are toxic to bees and harmful to the broader environment. This scenario will not mean the end of the IPM plan but rather that other essential parts of the program will come to the fore.


CHAPTER
2

How pathogens infect bees



Transmission of pathogens

Honey bees are infected and infested with various pathogens, including fungi, bacteria, viruses, beetles and mites. Bees have lived for millions of years and, over time, have developed a range of strategies to counter infections and infestations. Individual bees, however, possess a lower level of individual resistance to diseases compared to most other insects. They manage with lower personal resistance because, as a colony, they have developed effective strategies to minimize pathogens within the colony.

One of these strategies is the use of propolis, which is antibacterial and acts as a disinfectant. Although many beekeepers go to great lengths to remove propolis from the hive, studies have shown that colonies in hives with more propolis are less likely to suffer from diseases. Another strategy bees employ is to move dead bees away from the colony or for sick bees to leave the colony to die, minimizing the risk to the colony. These strategies are effective, although this chapter will only discuss how pathogens spread to individual bees.

However, other behaviours, such as robbing, increase the likelihood of disease spread.

Beekeeping practices

A problem that has emerged during the last 100 years is that beekeepers have scaled their interventions massively, thus directly and indirectly impacting the colony’s life. These large-scale interventions include practices such as migratory beekeeping in which colonies from different apiaries are moved near to each other, exposure to insecticides and fungicides during mass pollination events, and the inappropriate use of miticides to manage Varroa. Also, unsustainable agricultural practices, such as the excessive use of insecticides, herbicides and monocultures, have harmed bees. A serious effect of agrochemicals on bees is the disruption of ‘good’ gut bacteria that are critical to the bee’s immune system and food digestion (Figure 2.1).
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