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Abstract

The goal of this study was to research the removal behaviour of Apis mellifera L. against infested worker brood cells with Varroa mite. Four experiments were made among June - September of 2001, in 6 hives. Of these, three were only infested with freeze killed mites (ACV) and the remaining three using ACV, naturally killed mites (AMN) and live mites (AIV) together. The infestation techniques were applied in 2 combs/hive, using groups of 10 worker brood cells. Different treatments were evaluated: artificially infested cells, cells opened and closed without introduce mites (Control I) and non-manipulated cells (Control II). The honeybees showed two different behaviours. In the first, they cleaned completely the cells, removing both brood and mites (behaviour I). In the second, bees uncapped and recapped the cells, removing only the mites (behaviour II). They cleaned larger number of infested cells (behaviour I) with frozen dead mites (p(0.01) when this technique was applied simultaneously with other two. On the other hand, differences were not verified (p>0.05) among the three techniques on behaviour I. However, differences existed (p(0.01) when we considered the behaviour II. Significant correlation did not exist (p>0.05) between the behaviours I and II in any infestation techniques. These results suggest that the honeybees can detect and clean the brood cells artificially infested with dead mites, independently of killing process. This hygienic behaviour can be influenced by the number of manipulated brood cells, or the use of live mites. Comparison of these techniques cannot be made when applied simultaneously in the same hive.
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Introduction

The ectoparasitic mite, Varroa destructor (Anderson and Trueman, 2000) is the most destructive pest of honeybees in the Europe and it is important to evaluate heritable defense mechanisms against the mite. Hygienic behaviour is genetically determined and involves the ability of some bees to detect, uncap and remove infested worker brood from the cells (Spivak, 1996). Previous studies (Boecking et al., 1993; Boecking and Drescher, 1994; Buchler, 1994; Boecking and Spivak, 1999; Flores et al., 2001) demonstrated that the honeybees Apis mellifera has capacity of detecting and cleaning infested worker brood cells, removing the parasites and worker brood (behaviour I) or then only removing the parasites, recapping and allowing the survival of brood (behaviour II). These behaviours are important for selection of tolerant bees against parasite. However, previous research on hygienic behaviour, have shown that there is high degree of variability in the expression of this behaviour (Spivak, 1996). The hygienic capacity of honeybee colonies is influenced not only for their own intrinsic factors as well as for environmental factors. For example, weakened colonies display a reduced hygienic response (Spivak and Gilliam, 1993). Also, it is necessary more investigation on impact of several types of disturbances (incidental factors) can cause to the internal state of the colony

In this sense, this study had the aim to compares the behaviour response of honeybee colonies of Apis mellifera L. when artificial infestation of worker brood cells with freeze killed mites was applied separately or in simultaneous with other techniques. 

Material and methods

The experiments were conducted in the apiary of Bragança Agrarian Superior School, Portugal, between June and September 2001. Colonies of Apis mellifera L., were maintained in Langstroth beehives. The methodologies utilized was and adaptation of that used by Flores et al. (2001), differing in some aspects: first, all mites were collected from inside sealed worker brood cells, from highly infested colonies located in an apiary over 25 km away. 
The killing process consisted of freezing the mites at -20º C for 48 hours. Three freeze killed mites per cell were introduced into 10 cells containing worker pupae (7 days after operculation). Another group of 10 cells was just opened and closed without introducing mites (Control I), and other 10 cells without manipulation (Control II). The wax cappings of capped brood cells were partially opened using a fine scalpel, inserting the mite or mites with a paint brush and then closed carefully (De Ruijter, 1987; Boecking and Ritter, 1993; Spivak, 1996; Janmaat and Winston, 2000).This technique was applied separately (designated by ACV) in each of three beehives for group. In the remaining three beehives (designated by CV) was applied this same technique simultaneously with three naturally dead mites (AMN) and one live mites (AIV). The infestation techniques were applied in 2 brood combs for beehive. The infested and control cells were marked with a transparent plastic sheet (following Infantidis, 1983; Spivak, 1996; Flores et al., 2001) and were inspected after a period of 24 hours (dead mites) and 10 days (live mites) after infestation to evaluate hygienic behaviour The honeybees showed two different behaviours. In the first, cleaned completely the cells, removing both brood and mites (behaviour I). In the second, bees uncapped and recapped the cells, removing only the mites (behaviour II).

The dates were analyzed by the non parametric analysis of variance, using the test of Kruskal-Wallis to compares the averages of the techniques in study. The correlation between the behaviours I and II was analyzed by Spearman's Rank-order Correlation. 

Results

The results of the experiment for the ability of the colonies to detect, uncap and remove infested pupae when the same infestation technique is applied in different circumstances are given in table I. In the total of four experiments the honeybees showed higher percentage of behaviour I (p(0.01) when freeze-killed mites were applied simultaneously with other infestation techniques. Application of the tree techniques simultaneously led to an improvement of more than 50 % on hygienic response. On the other hand, the honeybees cleaned 10.92±2.21% of opened and closed cells without introduced mites (Control I) when was applied only an infestation technique and 12.92±3.15% when the same technique was applied simultaneously with other techniques. The hygienic behaviour of the colonies among the different applied infestation techniques is shown in table II. The honeybees cleaned the same percentage (p>0.05) of infested cells (behaviour I)) when different techniques were applied together inside the same colony, independently of the death process and of the introduction of live mites. However, on behaviour II the percentage of hygienic response was lower (p(0.01) in IV technique. In both circumstances (infestation cells with freeze- killed mites applied isolated per beehive or in simultaneous with other infestation techniques), there was a high degree of variability in the response of the colonies. 

Table I: The mean percent of hygienic response of bees to freeze killed mites technique alone (ACV) or this same techniques applied simultaneously with others (CV).

Infestation techniques
n
Behaviour I
Behaviour II

ACV
24
13.75A±16.10
35.00A±28.13

CV
24
30.42B±19.67
30.42A±18.05

A,B (p<0.01) 

Table II: The mean percent of hygienic behaviour of colonies among the different applied infestation techniques

Infestation techniques
n
Behaviour I
Behaviour II

CV
24
30.42a±19.67
30.42A±18.05

MV
24
30.00a±18.18
30.00A±17.19

IV
24
39.17a±27.49
14.58B±15.03

A, B (p<0.01)

The correlation between the two types of behavior (I and II) when the same technique is applied separately (ACV) or in simultaneous with other two (CV) is shown in table III. Significant correlation did not exist between the behaviours I and II in the response of honeybees to the cells infested with 3 freeze-killed mites, when this technique is applied separately in each colony (r=0.173; p>0.05), or when the same technique was used simultaneously with other two (r=0.365; p>0.05). Also, significant correlations were not observed (p>0.05) on the different infestation techniques applied simultaneously (table IV). 

Table III: Correlation between the two types of behaviour (I and II) when the same technique is applied separately (ACV) or in simultaneous with other two (CV)

Infestation techniques
n
Behaviour I / Behaviour II

ACV
24
r=0.173ns

CV
24
r=0.365ns

Ns (p>0.05)

Table IV: Correlation between the two types of behaviour (I and II) when the different technique is applied simultaneously.

Infestation techniques
n
Behaviour I / Behaviour II

CV
24
r=0.365ns

MN
24
r=-0.041ns

IV
24
r=-0.153ns

Ns (p>0.05)

Discussion

The behaviours I and II verified in this study were described previously in honeybees Apis mellifera by several authors (Boecking and Drescher, 1994; Boecking and Ritter, 1994; Boecking and Spivak, 1999; Flores et al., 2001). The presence of dead mites was detected by honey bees because because in both groups of beehives (when this technique is applied separately or in simultaneous with other), they removed an average of 13.75% and 30.42% of infested pupae with three frozen mites by day 1, respectively. Similar observations were also reported in Apis mellifera by Boecking and Drescher, (1994), which showed that hygienic colonies did not detected and removed an appreciable amount of pupae inoculated with frozen mites, mites preserved in alcohol, or dead mites collect from hive debris. Otherwise, Rosenkranz et al (1993) reported that on Apis cerana mites introduced from foreign colonies were removed more rapidly by the bees than mites collected from their own colony, but this was not the case with Apis mellifera. Contrarily, in our experiments mites were collected from foreign colonies and after introduction were removed by day 1.

The hygienic bees removed an average of 10.92 vs 12.92 %, of pupae from control cells of the same applied infestation techniques in different circumstances, respectively. 

 The same trend was evident in previous studies and seems that the fact of open and close the wax capping over de cell may have disrupted the pupae, providing a stimulus for the hygienic bees. It is also possible that some pupae in controls cells may have been removed by the hygienic bees if they were infested naturally (Boecking and Drescher, 1991; reviewed in Spivak, 1996).

On the other hand, our results showed that the bees can clean a larger number of infested cells when the three techniques were applied simultaneously. We wish to emphasize that this fact can produce a more evident response by colony. It is possible; therefore, that the manipulation of a greater number of cells could explain this results. Also, Janmaat and Winston (2000) demonstrated that the hygienic ability of Apis mellifera colonies varies in function of their own general conditions. It seems that in this type of studies the artificial infestation techniques used on brood rearing should be applied individually per colony to not limit the action of the other ones.

Therefore, when infestation techniques was applied simultaneously, differences were not verified (p>0.05) on behaviour I; this results indicate that artificially infested cells with dead mites can be a useful screening procedure for selecting colonies for their ability to remove infested pupae with mites and seems to be necessary further explanation for these data.

Flores et al. (2001) also did not find correlation (p>0.05) between behaviours I and II when the same artificially infestation technique was applied per colony isolated or simultaneously with other two, which might indicate that both behaviours should be independent.

In conclusion, hygienic behaviour of honeybees seems to be regulated by many factors. These results suggest, also that the honeybees can detect and clean the brood cells artificially infested with dead mites. This hygienic behaviour can be influenced by the number of manipulated brood cells, or by using of live mites. Comparison of these techniques cannot be made when applied simultaneously in the same hive.
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