Hygienic behaviour of Apis dorsata differs from that of Apis mellifera
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Abstract
Hygienic Apis mellifera bees detect, uncap and remove diseased brood very rapidly. Another hygienic behaviour was found in Apis dorsata. The investigation was conducted in Bangalore, India in March 2002. Two experiments were conducted: 1. 350 sealed A. dorsata pupae were pin-killed. 2. three small comb pieces with sealed A. dorsata pupae were frozen for 24 hours at -20oC. They contained 120 to 350 sealed pupae. Next they were inserted into 3 A. dorsata nests. The results showed, that the next day after introduction, 27 - 65% of pierced pupae remained in the inserts. Frozen pupae were removed from all damaged cells along the edges of the inserts. There remained 100 to 310 sealed cells. After 4 days, 90 - 95% of pupae were left in the cells. Cappings on those cells remained intact. The cells were not opened after all workers emerged from the brood area around. Thus A. dorsata does not open cells with dead brood. This mechanism prevents spreading of brood diseases and parasitic mites and may be more efficiently than opening and removing dead brood. 
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INTRODUCTION

Hygienic honey bees detect, uncap and remove brood, which is diseased or infested with mites (reviewed by Spivak and Gilliam 1998). The hygienic behaviour was first found among A. mellifera bees (Woodrow 1941, Rothenbuhler 1964). It was next detected also in A. cerana (Peng et al.1987). However A. cerana tend not to remove infested drone brood (Koeniger et al.1983, Rath and Dresher 1990). Boecking (1999) showed that A. cerana workers plug the pore in the cappings of drone cell with dead brood. He suggests that the hard cap structure of A. cerana drone cells prevents hygienic behaviour of the nurse bees. When sealed drone brood was pin-killed the workers opened the brood, not from the capping, but from the side of adjacent empty cells.

Concerning A. dorsata, Woyke (1984, 1985, 1996) suggested that the workers did not open sealed cells with brood killed by Tropilaelaps clareae. Koeniger at al. (1993, 2002) found a number of capped cells in combs left by colonies, which absconded. They suggest absconding may represent a mechanism of mite elimination.

Hygienic abilities of honey bees are tested on brood killed either by a pin inserted into the capped cell or frozen in low temperature (overview by Spivak and Gilliam 1998). 

The purpose of the investigation was to prove the hygienic behaviour of A. dorsata. 

MATERIAL AND METHODS

The investigations were conducted in March 2002 on three A. dorsata colonies in Bangalore, India. Two colonies were present in the campus of Bangalore University and one in the Mysore Education Society College of Bangalore University. Both assays; the pin-killed, and freeze-killed, were used. Sealed A. dorsata pupae were killed by inserting a pin through the capping. Two pins of different diameters - 0.75 mm and 0.30 mm were used. 

For the freeze assay, pieces of sealed brood were cut out from three A. dorsata nests. Two pieces had a shape of even-armed triangle of 7 and 10 cm side, and the third was an obtuse triangle of 6 x 9 x 12 cm. Pupae on the edges were cut and damaged. There were about 120, 290, and 350 pupae in those three comb pieces. The brood was killed in a freezer in - 20oC for 24 h. Next it was returned to their nests. Brood killed by either method was checked daily, during 5 days in colonies No 1 and 2 and 4 days in colony No 3. The number of pupae left in comb pieces and the appearance of cappings on brood cells was recorded.

RESULTS

Of 156 pupae pinned with thicker pin (0.75 mm) only 26.5% were found the next day (Table 1). Of 193 pinned with thin pin (0.30 mm), 63.0% were present the next day. Without statistical calculations, it is visible that considerably more pupae were removed from cells pinned with thick than with thin pin. During 5 next days the number of removed brood did not change. Cappings on those cells were not damaged or even were not scratched till the end of observations.
Table 1. Hygienic behaviour of A. dorsata workers toward pierced or frozen brood

___________________________________

                                Pin- killed

Repetition       Killed               Left next day 

                         No          
No
            %

-----------------------------------------------------

                               Thick pin 0.75 mm

1

106

39

37.0

2

  50

 8

16.0

                                                       Mean   26.5

                               Thin pin 0.30 mm

1

68

40

59.0

2

45

32

71.0

3 

50

36

72.0

4

30

15

50.0

                                                       Mean   63.0

                       Freeze-killed pupae

______________________________________

Col. No         Left next day      Left after 4 days

                      No                  No                    %

--------------------------------------------------------

1

100

  90

90.0

2

265

250

94.3

3

310

294

94.8
   Mean   93.0

The next day after insertion of freeze-killed brood, pupae were found to be removed from all damaged cells along the edges of the inserts. There remained 100 to 310 pupae (Table 1). After 4 days, 95% of pupae were found in two colonies, and few percentages less in the third one (No 1). Mostly, pupae on the edges disappeared. In colony No 1, the pupae disappeared from one edge, and none from both others. Only per 1 pupa disappeared from the centre of the brood piece in colony No 2 and 3, and 7 in colony 1. The number of left pupae did not change the next (5th) day in colonies No 1 and 2. Cappings on all cells remained intact till the end of observations. The cells were not opened after all workers emerged from brood area around the insert in colony No 1.

DISCUSSION  

A. mellifera bees are considered as hygienic when they remove over 95% of killed brood  within 48 h (Spivak and Gilliam 1998). Our results indicate that A. dorsata removed part of brood killed by the pin assay method within 24 h. More brood was removed when the cell cappings were pined with larger pin. The thicker pin damaged the cappings more than the thin one. It probably exposed also more haemolymph from the pierced brood. The haemolymph may increase the rate of removal, similarly like it occurs in A. mellifera (Spivak and Downey 1998, and Gramacho et al. 1999). However, the following days, A. dorsata did not remove the rest of pin-killed brood. We did not see the holes left in the cappings. Probably the small holes were resealed. This suggests that dead brood in cells with undamaged cappings is not removed. 

In the freeze-killed brood, only that was removed till the next day, which was present in damaged cells. During the next days pupae disappeared from one edge of the insert in colony No 1. This may suggest, that the cells or cappings could be damaged during insertion of the brood piece into the nest. Cappings on other cells with dead brood in all 3 nests were even not scratched during next 4 days, and when all other brood emerged around the inserts. 

Examination of A. dorsata brood cells invaded by T. clareae in Puna, India in 1974 (by J. W.) revealed that pupae were not killed when they were invaded by few mites. Those workers emerged from the cells releasing also the mites. However, heavily invaded brood (up to 14 mites per a cell) was killed. 

The present study showed that A. dorsata did not open undamaged cappings on cells containing dead brood. Woyke et al. (2000, 2001a, 2002) showed that A. dorsata did not open cells or even did not scratch cappings on introduced sealed brood of two other Apis species; A. mellifera or A. cerana. However, both species opened introduced sealed brood of A. dorsata within few hours. A. dorsata did not open cells with brood killed by T. clareae within brood area (Woyke 1984, 1985 1996). The cells remained unopened when all brood already emerged, and the bee emigrated (Koeniger at al. 1993, 2002). No T. clareae nymphs were reported in debris of A. dorsata colonies (Rath and. Delfinado-Baker 1991, Koeniger et al. 2002). This indicates, that sealed cells with dead brood containing different development stages of T. clareae were not opened. Hence, A. dorsata does not open cells with undamaged cappings containing dead or strange brood. This is a very efficient method of hygienic behaviour. If the workers opened cells with infested brood, the bees could become contaminated with bacteria, and the mites could escape and enter other cells. Such phenomenon was observed in A. mellifera (Boecking and Dresher 1993). The process of migrating of A. dorsata colonies and leaving sealed brood cells with T. clareae behind, does not eliminate those mites. If the colonies did not migrate, the cells would be not opened, and the mites would be not released. 

However, migration eliminates large number of mites. Before migration, the queen ceases egg lying, no open brood is present in the nests, the amount of sealed brood diminishes, and finally no brood et all, or only very little remains (Woyke et al. 2001b). Mites emerging from cells together with worker bees do not find unsealed brood. Since they are not able to survive on adult bees for more than few days (Woyke 1984, Aggarwal 1988, Koeniger and Muzaffar 1988), they must die. Therefore the number of dead mites falling from A. dorsata nests is very high shortly before migration (Rath and Delfinado-Baker 1991, Koeniger et al. 2002). After the swarm settles on a new place, some T. clareae can be present on the workers. Woyke (1994) showed that T. clareae do not feed on A. mellifera eggs and larvae up to 4 days old. The mites do not survive on young A. dorsata larvae either (Aggarwal 1988) Thus, the question arises where from come the mites on a new settlement place at the beginning of the immigration season? The new swarms are arriving not within a period of several days, but during several weeks or even months (Woyke at al. 2001a). Thus, mites of new swarms can pass to established colonies with brood, due to bee drifting or robbing (Paar et al. 2002). On the other side, when new brood appears in the new colonies, mites can pass from established colonies rearing already brood. 

Thus, three mechanism of eliminating the mites from A. dorsata colonies exist: 1. A. dorsata actively grooms and hunts for Tropilaelaps clareae outside sealed brood cells damaging large proportion of them (Koeniger and Muzafar 1988, Rath and Delfinado-Baker 1991, Koeniger et al. 2002 ) 2. A second mechanism, presented here indicates that A. dorsata do not open cells with dead brood. If the bee migrates, and leaves the sealed brood behind, this does not eliminate the mites. Those mites would not come out of the cells, because those cells would be not opened. 3. Migration eliminates great part of mites due to lack of open brood before leaving the combs and shortly after starting construction of new combs.
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