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ABSTRACT 
The influence of the parasitic mite Varroa destructor on the behaviour of flight bees was studied in the years 2001 and 2002. We investigated individually tagged workers using a two camera video recording device fixed to the colony entrance to determine infestation as well as departure and returning time of workers of the same age. In both years, infested bees stayed outside the colony approximately twice as long as uninfested bees. When releasing individually tagged workers at the same distances from the hive, infested workers took three times longer to return than uninfested workers. In the test of nest orientation, a dummy entrance was twice as often approached by infested bees compared to uninfested bees. Monitoring forager bee infestation and loss of foragers over the season using a bee counter showed a significant correlation between colony infestation and foragers’ loss. The results showed that phoretic mites can influence the behaviour of infested bees. Prolonged flights could be explained by impaired orientation skills of infested bees. This might lead to higher loss of infested bees and contribute to a decrease in colony infestation as a mechanism of resistance against parasitism of Varroa destructor.  

Introduction

To control the serious honey bee pest Varroa destructor, a complete understanding of factors influencing the mite’s population growth is necessary. The main focus of studies has been mite reproduction, adding to population growth whereas death of mites has not been researched well. Attention has been paid only to mechanisms of bees such as grooming and hygienic behaviour, causing mite death inside the colony, but death outside the colony has been neglected and if at all only rough estimates were included into models estimating population dynamic of Varroa destructor (Fries et al., 1994, Martin 1998, Calis et al., 1999). By comparing the population growth expected from reproduction and measures of population increase, Fuchs and Kutschker (2000) estimated natural mortality of mites and concluded that only about 30% of the expected dead mites could be found on bottom board inserts in the colony. Only another 12 % of unknown 70% mite mortality could be explained by loss of infested forager bees due to bee population turnover (Fuchs and Kutschker, 2000). Thus, a large portion of dead mites are unaccounted which suggests that there are still unknown mechanisms by which mites are removed from colonies and might play a substantial role in the population dynamics of Varroa destructor. Considering that parasite changes behaviour of its host in the context of host-parasite adaptation and the importance of foragers in spreading mites it could be possible that Varroa destructor influences flight behavior of foragers. Sakofski (1990) showed that drifting is enhanced with increased colony infestation although it is not clear whether infested bees drift more than uninfested individuals. There is some further evidence that foragers’ behavior is changed by mite parasitism. Infestation is lower in workers returning from forage than in workers leaving the colony (Fuchs and Kutschker, 2000, Kralj and Fuchs, 2002). This finding implies that a part of unknown mite mortality could be explained by losing mites during foraging and/or an increased loss of infested foragers compared to uninfested foragers. In our study we focused on the question whether workers infested by Varroa destructor more often do not return than uninfested workers. We thus determined daily bees’ losses in infested colony during season. Additionally we focused on the question whether flight behavior of workers infested as adults is changed by mite parasitism. In particular we determined flight duration of workers and compared homing ability of infested and uninfested workers.  
Materials and methods

Recordings of individual workers that leave and return to the colony were made using a video camera (Panasonic VVV-KS152 E) placed above and under the flight tunnel of highly infested nucleus colony in 2001 and 2002. To identify workers we introduced one-day-old uninfested workers individually marked with colored plates into the nucleus colony. Recordings of marked workers were observed frame by frame to examine a ventral and a dorsal part of a bee body to identify presence of Varroa mite. Departure and arrival times were recorded for every marked worker leaving the colony and periods that bees stayed outside the colony were calculated. Infested and uninfested workers of the same age that flew closest at time were compared in flight duration. The number of returning and non-returning infested and uninfested workers was determined using whole day recordings. 

For individual release of bees we used three highly infested colonies with hundreds of individually marked workers from healthy colonies. We recorded the time that individual bees need to return to the colony after being released from different distances (5, 6,10, 15 and 50 m) from the hive. To recognize marked landing workers before entering the hive, the nest entrance was closed with the transparent plastic. The observation time per bee was limited to 15 min.

The nest orientation toward the nest entrance was tested in a highly infested modified nucleus colony in which we introduced hundreds of marked workers uninfested by Varroa destructor. The nucleus colony’s exit was located on a white wall, to which the colony was connected through a tunnel from behind. The entrance in the wall was marked with a blue square. During experiment we additionally attached a blue dummy entrance marking of the same size as that at the nest entrance in the left or right side from the nest entrance. In total 336 workers were released from the distance of 4 m. We recorded how often released workers approached the dummy entrance erroneously before finding the nest entrance. 

To monitor a number of out-flying and returning bees on a daily basis we used the electronic device Bee counter (Beescan, Fa. Lowland) installed at the hive entrance of highly infested colony from 10.8. to 20.10 2002. Data were automatically taken for periods of 5 minutes and summed every 24 h.  The daily loss was calculated from the difference of the number of out-flying and returning bees. We took samples of out-flying bees every three days to check mite infestation using a washing method described by Fuchs (1985).  Data were used only for days there were no disturbances in the colony such as inspecting colony, cleaning bee counter and sampling out-flying bees.

Results

Recordings of bees in the flight tunnel using a two-camera video system revealed that workers infested by Varroa destructor stayed about twice as long outside the colony than uninfested workers (Median (min): 2001:  3.32 and 1.40, P<0.001; 2002: 3.57 and 2.4, P<0.0005; respectively). Out of 547 out-flying marked workers 132 (23%) did not return during the whole day in 2001. The proportion of non-returning bees was higher in infested compared to uninfested group (P(0.042, Fischers’ test). In 2002, there were no differences between infested and uninfested non-returning workers, however, the colony lost 14,7% of mites on workers that left the colony.

When tagged workers were released individually from the same distance of the colony, the median flight duration was significantly higher in infested than in uninfested workers (92 s and 32 s, respectively, P(0,0005, Mann Whitney U test). 

The test of nest orientation in which we scored how often released workers approached toward the dummy entrance before entering the hive entrance showed that this was erroneously approached about twice as often by infested workers compared to uninfested workers (P<0.0005, Mann Whitney U test).  Direct flights towards the nest entrance were significantly more often observed in uninfested compared to infested workers (P<0.001, Chi² test).

Infestation of the colony in which we monitored the number of out-flying and returning workers, increased during three months period (r²=0.53, P< 0.001). The samples of out-flying workers were 10-20 times more infested at the beginning than at the end of sampling. Loss of bees increased over the same period of three months (r2=0.26, P(0. 004).

Discussion

Observation of video recordings clearly showed that workers lost mites during their trip or by non-returning to the colony. Whether mites’ loss on non-returning bees is due to death of workers or drifting to other colonies is not clear from this study. The study indicates that phoretic mites are not lost only due to natural foragers’ death as assumed by population models (Fries et al., 1994). In the year 2001 proportionally more infested workers did not return than uninfested workers. Additionally, we found that loss of foragers increased over time as colony infestation increased.  Both results support findings of Fuchs and Kutschker (2000) and Kralj and Fuchs (2002) showing that more infested workers leave than return to the colony. Bees could be disorientated and need more time to find home. Workers infested by Varroa destructor stayed outside the colony longer and when released from some distance took three times longer to return to the colony.  More uninfested workers flew home directly without searching for the nest entrance whereas infested workers attempted to entry the dummy entrance more often than uninfested workers.  

Results of the present study showed that flight behaviour of workers is changed by parasitism of Varroa destructor on adults.  Prolonged flights could be caused by impaired homing ability of diseased workers, which could additionally cause forager’s loss.  It is not clear if workers did not return to the colony drift to other colonies or simply get lost and die. In the perspective of the colony such changed behavior of parasitised workers could result in decreased colony infestation. Not to return to the colony could be a strategy of bees to eliminate the mite constituting a new resistance mechanism against diseases in honeybees.    
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