Resistance mechanism of European honeybee, Apis mellifera against brood mite, Tropilaelaps clareae.
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Abstract

The resistance of Apis cerana to brood mite, Tropilaelaps clareae causes severe damage to Apis mellifera beekeeping world wide. We report the behavioural resistance of A. mellifera to T. clareae for first time.  The parasitism by the mite induced A. mellifera workers to perform a series and cleaning behaviour that effectively removed the mites from the adult bees. The mites were subsequently killed and removed from the beehives with in a few minutes. The behaviour of the bees consisting of self-cleaning, neat mate cleaning and group cleaning. The worker bees also rapidly and effectively removed the mites from the infected brood.
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Introduction

The parasitic mites are of great economic importance as they cause parasitism and diseases in honeybees. Tropilaelaps clareae Delfinedo-Baker and Varroa destructor Anderson and Truman are the most economically important pests of honeybees causing serious damage to beekeeping industry all over the world, where both the mites collectively attack the colonies of A. mellifera (Delfinedo – Baker et al. 1989). T. clareae is distributed on honeybees in Asia from Iran in the northern  west to Papua New Guinea in the south east (Mathenson, 1993). The colonizing T. clareae female places from one to four eggs on mature bee larvae shortly before capping. The drone and worker brood is preferred by the mites and may be parasitized almost 100% (Burgett et al., 1983). Infestation of T. clareae is accompanied by irregular brood pattern and death of many bee larvae of which many malformed bees occur with distorted abdomens (Atwal and Goyal, 1971). Tropilaelaps  was first reported to parasitize Asiatic honeybees and after introduction of A. mellifera to Asiatic region it severely  parasitizing its new host. (Nagaraja and Reddy, 1999). Several scientists (Atwal and Goyal, 1971; Burgett et al 1983, Nagaraja, 2000) warned T. calreae as more dangerous than Varroa in A. mellifera colonies. The delayed and unsuccessful establishment of A. mellifera in some parts of Asia was primarily due to severe infestation of T. clareae (Woyke, 1984; Nagaraja, 1998). Though fluvalinate (Lubineski et al. 1988) sulphur (Atwal and Goyal, 1971) formic acid (Garg et al 1984) and Chlcrobenzilate (Woyke, 1987, Ellis, 2000) controls Tropilaelaps mites, investigation on the resistance mechanism is important for breeding programme. The present study is a first step towards findings a non-chemical  method for the Tropilaelaps mite and  once the mechanism is identified, the charactertics may be later used in developing a mite resistant line of honeybees. 

Materials and methods

The experiments were conducted on the role of bees cleaning behavior as mite resistance mechanism at Bangalore in the winter 2002. Three observation colonies of A. mellifera were established in standard glass-walled observation hives, and placed in an observation room with exits to outdoor for foraging. The test colonies were equalized in respect of brood, honey, pollen and adult bee population with queens of age of about 6-8 months. The temperature of the observation room ranged from 23 to 28oC, and the humidity ranged from 68 to 76% during the experiment. (Gary and Lorenzen, 1980). All three colonies were used for adult bee and brood observations throughout the experiments and all the test colonies were free from pests and diseases. Adult female mites were collected from severely infested A. mellifera colonies and were used in the experiment.   To observe the grooming behavior of the worker bees, 25 female mites were introduced on to the thoraces or abdomens of 25 marked worker bees, at one mite per bee, in each colony. Immediately after mite introduction, the behavioral responses of the recipient bees and their nestmates were observed.

Studies were also conducted to observe the mechanism of T. cleareae removed from the brood cells in the observation hives. Twenty five adult female mites were introduced on to the third instar worker larvae, at 1 mite/larva,  kept in combs with glass observation hive. Small  pieces of filter paper about the size of the mite were cut and introduced as the control. The experiment was repeated for five consecutive days. The data was analysed by analysis of variations  with the randomized complete block design. The comparisons of means were determined by least significant difference (Dixson, 1985).

Results

After mite introduction, A. mellifera workers  alerted and immediately began to perform a typical self-cleaning behaviour, using their legs to brush head, thorax, and abdomen, as well as slowly twisting abdomen. It was observed that 20.53% of the introduced mites were removed from the bees body by this self-cleaning behavior within 0.5 – 1 minute and 6.31% were removed within 1 to 5 min by the self-cleaning behavior (Fig. 1).

In response to the bees self-cleaning behavior, the mite also moved quickly on the bees body and  was quick enough to hide in the thoracic  and  abdominal intersegmental fold. In this situation, the bee performed a typical grooming behaviour by vigorously vibrating its body. Upon perceiving the grooming activity, two to ten worker bees adjacent to the dancing bee would approach the latter. The grooming bee responded to the approaching nestmates by standing calmly, stretching legs and wings, and raising up its thorax and abdomen to expose its ventral side for examination. The nestmates examined the parasitized bee by using their antennae touching all parts of the body. Once the mite was found, the nestmate used its mandibles to pick up the mite from the body and held it tightly between the mandibles. Assisting with its forelegs, the bee dropping it on the floor of the hive. This nestmate cleaning behavior appeared to be the major component of the bees cleaning behavior and  accounted for 38.61% of the mites removed in 1 to 5 min.

When the nestmate cleaning behavior took more than 5 min, the cleaning activity seemed to draw attention from a few more bees in the vicinity. Members of this group of bees (more than ten bees), however, showed the same examining behavior pattern as that of the nestmate cleaning behavior and, such a cleaning activity is referred to here as a group cleaning behavior. This group cleaning behavior accounted for totally 14.2% of the mites removed from the bees bodies, ranging from 5 to more than 20 min. 

Totally, 92.95% of the introduced mites were removed from the colonies, in which 26.84, 51.91 and 14.2% of the introduced mites were removed by A. mellifera by  self, nestmate, and group-cleaning behavior respectively. 

Twenty mites that were dropped in the observation hives were collected and examined under the microscope. Of these mites, 48.7% died on the first day, 31.30% had injuries, and 20% had no noticeable injury and were alive on the first day. The surviving mites were placed on developing bee pupae in culture tubes for observation for 2 more days. It was observed that 5.23% of them survived the following day, and none survived on the second day.

After mite introduction, the A. mellifera were able to immediately detect and remove the mites in the brood cells upon their nursing visitations and subsequently carried the mites out of the hives with their mandibles (Fig. 2). Close to 52% of the introduced mites were removed within 0.5 to 5 minute, and 43% removed between 5-90 min. However, 5% of the introduced mites were not successfully removed from the brood cells by the worker bees. It also took the bees significantly more time (p < 0.001) to detect and remove the control papers from the brood cells.   It also took significantly more time (p < 0.001) for the worker bees to detect and to remove the control paper placed in the brood cells (Fig. 2). However, 30% of the control paper was not removed from the brood cells at the end of the experiment.

Discussion

The observations clearly indicate that European bee, A.mellifera  has evolved a behavioral adaptation to the parasitism of T.clareae. The worker bees are  sensitive to the parasitism of the mites, which allowed them to respond immediately. It is very likely caused by the salivary components injected by the mouthparts of the mites during feeding. Such condition almost immediately triggers a series of behavioral cleaning responses among the parasitized and other worker bees in the same colony that leads to the removal of the mites from the hosts bodies, and finally to the killing and removal of the mites from the hive.

The present experiment has also shown that the A. mellifera workers are equally effective in the removal of mites from their brood within a few minutes after mite introduction. The 92.95% success rate of cleaning behavior of the worker bees towards adult bees, and 82% rate of mite cleaning from the brood strongly suggested that the A. mellifera bees cleaning behavior plays a major role in the resistance mechanism by which the mite parasitism is maintained at a low level.

The observations also indicated that the A. mellifera have an adaptation to detect and recognize the presence of mites on the adults and on the brood. The detection of mites may be achieved through an olfactory mechanism, such as the sensory organs of the bees antennae, or through a visual mechanism. These are contrary to the findings of Sakagami (1960) and Atwal and Dhaliwal (1969) who reported the mandibles of A.mellifera appeared  not to be able to bite as strongly as those of Asian worker bees. Consequently the A. mellifera showed a much higher frequency in making attempts to remove the mites and had greater success in cleaning the parasitic mites from their colonies.

Nevertheless, the European bees do demonstrate such ability at higher frequency hence, it ay still open the possibility of selecting European bees which have higher capability of cleaning behavior, and later be used in breeding a Tropilealaps resistant line of A. mellifera.
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