VARROA TOLERANCE IN AFRICANISED HONEY BEES EXPLAINED

Stephen Martin1, email: s.j.martin@sheffield.ac.uk 
Luis Medina2 

1Lab of Apiculture and Social Insects, Dept. of Animal and Plant Sciences, University of Sheffield, Sheffield, S10 2TN, UK.
2Depto. de Apicultura, Facultad de Medicina Veterinaria y Zootecnia, Universidad Autonoma de Yucatan, Apartado Postal 4-116, C.P. 97100 Merida, Yucatan, Mexico.

Abstract

The mite Varroa destructor currently poses the largest world-wide threat to the western honey bee, Apis mellifera. The main aim of bee scientists is to provide a long term solution to the problem by breeding mite tolerant races of honey bees. However, our understanding of the mechanisms underlying natural mite tolerance are still very limited. Only one race of A. mellifera, the Africanised bees has a proven tolerance to V. destructor. Africanised bees have spread throughout tropical and sub-tropical regions of the Americas and mite infested colonies survive without the use of acarcides. Studies in Brazil and Mexico into the underlying tolerance mechanisms have been complicated by the presence of different mite haplotypes. However, a long term study into the tolerance mechanism carried out in Mexico has been able to rule out many of the popular ideas such as, post-capping period, grooming and hygienic behaviour ect and investigate new ideas. By combining detailed reproductive data with a realistic mite-bee population models the authors have been able to demonstrate the mechanism which allows mite populations stabilise at around 1000-3000 mites in Africanised honeybee colonies while increasing continuously in European bees kept under the same conditions. Further field data was collected to substantiate the models predictions which were found to be sound. For the first time we can explain the mite tolerance mechanism in any race of A. mellifera honey bees.
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1. Introduction

The Africanised honeybee (AHB) was derived from Apis mellifera scutellata, introduced into Brazil from South Africa in 1956, hybridizing with European A. mellifera subspecies already present in Brazil (Moritz, 1994). As it spread rapidly throughout the Americas they became notorious due their aggressive nature and are since known as killer bees. Despite many attempts to control the spread of AHB they are now widely established throughout the tropical and sub-tropical regions of the Americas and are managed successfully by the majority of beekeepers in countries like Brazil and Mexico. As AHB spread they encountered the destructive parasite mite Varroa destructor, that has killed millions of A. mellifera colonies. However, while all European races of A. mellifera (EHB), including those imported into Brazil and Mexico, require mite populations to be controlled by the beekeepers via various chemicals, AHB colonies needed no such measures to be taken. It is now clear that the AHB is the only type of honeybee known to exhibit a clear tolerance towards the parasitic honeybee mite Varroa destructor (Medina, 1998; Vandame et al., 2000). However, neither A. m. scutellata (Martin and Kryger, 2002) nor any European A. mellifera subspecies (Webster and Delaplane, 2001) shows any tolerance towards Varroa, with all infested colonies eventually dying. Therefore, the Varroa tolerance exhibited by AHB is unique among A. mellifera honeybees and is not found in the honeybee races from which it is derived. Although some studies have shown a degree of mite tolerance in some races of A. mellifera bees, they inevitably need some form of intervention by the beekeeper to control the mite population. On the contrary, in the AHB the mite populations stabilize at a level which allows both the bees and mites to survive indefinitely. 

Unfortunately, the initial contact between Varroa and the AHB in Brazil, was not well recorded. Apparently after a brief period of high mite levels, the infestation levels dropped down to < 3% in adult bees and remained there for many years (De Jong and Goncalves, 1998). During this period the mite population demonstrated very high infertility levels (reviewed by Martin et al., 1997) which resulted in low reproductive success and accounted for the mite tolerance shown by AHB. However, more recent studies (Correa-Marques et al., 2003) have revealed that the mite fertility levels in Brazil have increased to levels found in EHB in Europe and AHB in Mexico. This increase in fertility appears to be associated with a change in V. destructor haplotypes from the less virulent Japan haplotype to the more virulent Korean haplotype (Correa-Marques et al., 2003). However, despite these changes in haplotypes, AHB’s remained tolerant indicating that the underlying cause lay in the differences in the honeybee race and not differences in mite virulence. 

In AHB colonies, mite populations increase to around 1000-3000 and stabilise at this level indefinitely (Medina and Martin, 1999; Vandame et al., 1999), whereas in non-AHB colonies mite populations continue to grow until the survival threshold is reached and the colony dies. This is despite continuous brood rearing in AHB’s which provides the mites with an excellent opportunity for rapid population increase. The reason why mite populations are density dependent in AHB and not in EHB has long remained a mystery, although many theories including shorter postcapping times, increased grooming and hygienic behaviour (Vandame et al., 1999), climate (Moretto et al., 1991), nutrition (Moretto et al., 1997) and increased rates of mite offspring mortality (Medina and Martin, 1999; Medina et al., 2002) have been suggested. Unfortunately all these, and many other studies were unable to explain why mite populations stabilised at around 1000-3000 in the AHB.

In order to study AHB mite tolerance we used the detailed comparative reproductive studies carried out in Mexico (Medina and Martin, 1999; Medina et al., 2002; Medina, 2003) to adapt an existing mite-honeybee simulation model (Martin, 2001) to investigate in detail, the growth patterns of mite populations in both AHB and EHB type colonies. In light of the new information we then revisited existing field data in order to validate the models predictions.

2. Methods

Detailed mite reproduction data in both AHB colonies in Mexico (Medina and Martin, 1999; Medina et al., 2002; Medina, 2003) and Brazil (Corrêa-Marques, et al., 2003), were compared with data from mites reproducing in EHB colonies in the UK and South Africa (reviewed in Martin and Kryger, 2002). All data was collected using a well established and standardised method so comparisons across the studies were valid. 

An extensive literature review revealed that many basic life history traits (e.g. brood development time, colony size, etc) of AHB’s and EHB’s are similar so we were able to use common parameters for both colony types so only the mite parameters were changed in the model. We already know that if AHB and EHB colonies are kept side by side, mite populations only increase continuously in the EHB and not in the AHB, so climate, food availability etc have little or no impact, justifying the use of a single honeybee colony. In the model (for details see Martin, 2001) the growth of the honeybee population is governed mainly by the egg-laying rate of the queen and survivorship of adult workers, which were fixed at 900 eggs per day and an average worker life span of 21 days, respectively. The production of drone brood was set at 13 eggs per day except when investigating the effect of drone brood and then it was varied between 3 to 24 eggs per day.

The mite population growth is governed by the phoretic mortality and their reproductive success in worker and drone brood. The daily rate of phoretic mortality was held constant at 0.006 (Martin, 2001). Reproductive success in AHB and EHB drone brood was held at 1.6 viable (mated) female offspring in singly infested cells with a 15% increase in offspring mortality with every extra invading mite (Martin, 1995; Medina, 2003). In worker brood the average number of viable female offspring produced per breeding cycle was 0.7 in AHB (Medina and Martin, 1999; Corrêa-Marques, et al., 2003) and 0.9 in EHB (Martin and Kryger, 2002) in singly infested cells, with a 10% increase in offspring mortality with every extra invading mite (Martin, 1995).

Normally the mites impact on the growth of honeybee colonies when key viruses such as deformed wing virus are present, however, since mite populations in AHB stabilise at a level below the survival threshold (Sumpter and Martin, 2003) the presence of mite vectored viruses will have little impact on colony development so their influence has been excluded. 

3. Results and Discussion

Using a daily egg-laying rate of 900 of which 13 become drones and the rest workers, coupled with an average adult worker survivorship of 21 days, the model generates a constant sized colony of c. 20,000 adult honeybees, c.9000 worker sealed brood and c. 170 drone sealed brood, which is similar to the size of AHB and EHB colonies studied in Mexico (Medina et al., 2002; Vandame et al., 1999). This model colony differed from previous model colonies in that the presence of both worker and drone brood occurred throughout the year as can occur in tropical climates.

When the model was generating a constant sized colony a single mite was introduced and allowed to develop according to the growth and mortality parameters previously collected. We found that by changing only the parameter which governs the number of viable (mated) female offspring produced per foundress per reproductive cycle in worker brood from 0.7 female offspring in AHB to 0.9 female offspring in EHB the model generates two completely different growth patterns for the mite population (Figure. 1a). During the first year in both the EHB and AHB colony’s the mite populations increased continuously showing a 2000+ fold increase, a pattern which has been predicted by other mites models e.g. the 2248 fold increase by Kraus and Page (1995). However, while in the EHB colony the mite population continued to increase, in the AHB colony the mite population stabilized out at around 3000 mites. Understanding why such a small change in this one mite parameter has such a dramatic affect on the population growth was the key to understanding the mechanism of mite tolerance in the AHB. 

In Varroa’s natural host A. cerana, drone brood plays a critical role in causing a density dependent growth pattern in mite populations (Martin, 1997; Rath, 1999). Density dependent occurs in A. cerana because, as the number of mites which invade a drone cell increases, there is a corresponding increase in the death of the developing drone brood and along with it the entombed mites, since the workers do not uncap and remove the dead pupae. Therefore, the maximum number of mites in an A. cerana colony is controlled by the number of drone brood present and the upper theoretical value of 756 mites (Martin, 1997) is very close to the largest observed value of 798 mites (Rath, 1991). So we investigated the role that drone brood was playing in AHB mite tolerance. 

When the amount of drone brood was increased in the model AHB colony the mite populations stabilize at increasingly higher levels (Fig. 1b). Therefore, like in A. cerana, the presence of drone brood in the AHB appears to be fundamental to causing density dependent growth patterns in AHB. However, when we removed all drone brood from the AHB model colony the mite population increased continuously, similar to, but at a lower rate than that seen in EHB model colony. Similar changes to the amount of drone brood in the EHB colony had no noticeable effect on the subsequent pattern of mite growth. 

We therefore compared the daily changes in the numbers of mites entering and exiting drone and worker brood as the mite population increased in AHB (Fig. 1c) and EHB (Fig. 1d) colonies. Initially when mite populations were low, it is the mites reproducing in the drone brood of both AHB and EHB colonies which contribute mostly to mite growth. This is because, firstly Varroa has a greater reproductive success in drone brood than worker brood (e.g. 1.6 vs. 0.9 viable female offspring in EHB). Secondly, mites show a 10+ fold preference for invading drone rather than worker brood cells (reviewed in Fries et al., 1994). However, as the mite population increases and number of drone brood remains constant, the drone brood soon become overcrowded, as each cell is invaded by many mites. Within the cell, competition for limited food and space resources occurs (Donzé and Guerin, 1997). Therefore, as the number of mites in the cell increases there is a corresponding decrease in average reproductive output (Fuchs and Langenbach, 1989; Martin, 1995). This eventually results in negative growth of the mite population invading the drone brood, i.e. the number of live mites invading drone brood is more than the number exiting, and occurs in both the AHB and EHB colonies (Fig.1. c, d). However, the critical difference is that only in the EHB colony are the mites reproducing in the worker cells able to over-compensate for the loss of mites in the drone cells, resulting in an increasing mite population (Fig. 1c). Whereas, in the AHB colony the lower reproductive fitness of mites in worker cells, means they can only compensate for the loss of mites from drone cells at a particular mite population, which leads to stabilization (Fig. 1d). The level of stabilization will be governed by the number of drone cells (Fig. 1b) and explains the dramatic change in mite population growth patterns between small amounts of drone brood and no drone brood, as some drone brood must be present to act as a mite trap. Therefore, one of the fundamental factors driving mite tolerance in both A. cerana and A. mellifera is the reproductive success of Varroa in the worker brood. Under the current model conditions the average number of viable female offspring produced per invading foundress per reproductive cycle in the worker brood must be below 0.8 to lead to a stable mite population, and both AHB in Mexico (0.73, Medina and Martin, 1999) and Brazil (0.64 Correa-Marques et al., 2003), as well as A. cerana (0.0, Rath, 1991), satisfy this prediction. 

In real colonies the actual amount of drone brood fluctuates throughout the year and between colonies this results in an ever-fluctuating mite population as the colonies holding capacity changes. However, as the system is density dependent, if additional mites are introduced into an AHB colony, e.g. via drifting from a nearby colony, or by beekeepers moving brood, the mite population will fall until it again reaches the holding capacity for that colony. The model predicts that mite populations should rise during periods when drone brood is absent and fall during periods when drone brood is present. Although this prediction might have been up to now counter-intuitive, this pattern of mite population growth has already been found (Medina et al., 2002) but until now could not be explained. Furthermore, the predicted saturation of drone brood i.e. that a high proportion of the drone brood is invaded by many mites, has been seen during field observations (Medina, 2003). 

It now appears that the mite tolerance mechanism in both A. cerana and AHB is similar and is a combination of poor reproductive success in worker brood cells and density dependent reproduction in the drone brood. Therefore, one of the main challenges for the breeders of mite tolerant honeybees is in some way to lower the reproductive success of the mite, especially in worker brood. Although the mechanism behind the increased offspring mortality in AHB colonies has not yet been investigated, circumstantial evidence points to cell size playing a key role. It is already know that the free space within a cell can affect mite offspring mortality (Martin and Kryger, 2002) but more detailed studies are required.

Figure 1. Predicted growth curves for mite populations in Africanised (AHB) and European (EHB) colonies. In figure ‘a’ only the reproductive ability of mites in worker brood was 0.9 in EHB and 0.7 in AHB. In figure ‘b’ the effect of varying amounts of drone brood on the mite population are given. Figures ‘c’ and ‘d’ show the daily change in the mite population over time (solid line) in a EHB ‘c’ of AHB ‘d’ colony, with the contribution from the worker (dotted line) and drone brood (dashed line) given separately. The size of the daily change in mite population is related to the amount of drone brood present in the colony with larger changes occurring in colonies with a higher proportion of drone brood. 
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