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Abstract

Honeybees (Apis mellifera, Apidae, Hymenoptera) are able to produce heat with their thoracic muscles. The ability of heat production is not developed when they emerge. We investigated at which age honeybees start to produce heat and at which age this ability is completely developed. 

We took bees from combs of two honeybee colonies, which were placed into an incubator for emerging and marked the newly hatched bees with different colours to know their age. We fed the bees with 10–30µl of 1.5 M sucrose solution to ensure that they had enough energy to produce heat. After feeding, the bees were separated in small wooden boxes, which were mounted on a laboratory shaker. Before starting the measurement of the body temperature the shaker was switched on to stimulate the bees to heat up their thorax. The body temperature was measured by the use of an infrared camera (AGA 782 SW, FLIR) at different ambient temperatures (32°C, 24°C, 16°C). The measurements were made with workers half an hour to five days old.

At 32°C ambient temperature three out of 16 of the 9h old bees (19%) showed heat production. At 24°C ambient temperature the first bee which showed the ability to raise the body temperature actively was 4h old (one out of 16 bees = 6%). At 16°C ambient temperature the first bee which started heat production was 24h old (1 out of 16 = 6%). The percentage of bees with the ability of heat production increased to 80-100% at the age of 3-5d. We conclude that endothermy is completely developed at the age of about 5d.
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Introduction

Honeybees are heterothermic insects. That means that they are able to produce heat actively, independent from the ambient temperature. They raise the thorax temperature while they are contracting the thoracic muscles without moving the wings. Bees had developed this ability to be able to fly,  to regulate the temperature in the hive, to be prepared to escape and to fight against enemies like hornets and wasps (Ono et al 1995; Heinrich 1993).  For the development of the brood it is necessary to keep the temperature of the brood comb at a level between 34°C–35°C, otherwise there will be disturbance in development of the brood (Himmer 1932). When the temperatur in the hive falls, bees start to produce heat actively to raise the temperature (Esch 1960; Himmer 1932; Bujok et al. 2002; Stabentheiner & kovac 2002; Stabentheiner et al. 2003). If the hive is in danger of overheating the bees start fanning and collect water to cool the hive (Hess 1926; lindauer 1954). Honeybees need the ability to produce heat to be able to fly. The minimum thoracic temperature must be ~28°C, otherwise they cannot take off or they are not prepared for escaping if necessary. (Esch 1960; Heinrich 1979; Schmaranzer & Stabentheiner 1988a,b). The ability to produce heat endogenously is not developed, when the bees emerge (Himmer 1932; Stabentheiner & Schmaranzer 1987). That means, that the body temperature equals the ambient temperature. We investigated at which age bees start to produce heat and at which age this ability is fully developed.

Material and Methods

We took capped brood combs out of two honeybee colonies and placed them in an incubator for hatching. After emerging, the bees were marked with different colours to know their age exactly. All bees were fed with 10-30µl of 1.5M sucrose solution with a pipettte to ensure that they had enough energy to raise the body temperature actively. The bees were separated in small wooden boxes which were mounted on a laboratory shaker. This arrangement was located in a climatic chamber to control ambient temperature. The ambient temperature in the small wooden boxes as measured by thermocouples was 32°C, 24°C, 16°C on average.

Inside the climatic chamber there was a neon light which was burning continuously. Before the measurements the laboratory shaker was switched on for 15 sec to stimulate the bees to heat up. During the measurements the light kept on burning but the shaker was switched of. The measurements were made with worker bees half an hour to five days old. Up to an age of 48h they were placed on a honey comb together with nurse bees between the measurements to guarantee a natural food supply. The older bees were returned into their colony and taken from there immediately before the temperature measurements. The thermographic temperature measurements of the body surface were conducted with an AGA 782 SW (FLIR) infrared camera (Stabentheiner & Schmaranzer 1987), at three different ambient temperatures.

Results

Fig.1 shows the relative frequency of bees with active heat production at the three different ambient temperatures. At 32°C ambient temperature three out of 16 of the 9h old bees (19%) showed active heat production (Tthorax-Tabdomen and Tthorax-Tcaput > 0.2°C). At 24°C ambient temperature the first bee which showed the ability to raise the thorax temperature was 4h old (6%). At the same ambient temperature 19% of the 6h old bees and 19% of the 9h old bees raised the thorax temperature actively (three out of 16 bees in both cases). However, at 16°C ambient temperature the first bee which showed active heat production was already 24h old. The frequency of bees which showed heat production increased with age at all three ambient temperatures. At 32°C and 24°C ambient temperature 100% of the 72h (3d) old bees showed heat production. At 16°C ambient more than 80% of the 72h old bees raised their thorax temperature. 100% of the 120h (5 days) old bees showed the ability of heat production at the 32°C ambient temperature. At 24°C ambient temperature more than 90% and at 16°C ambient temperature nearly 90% of the 5 days old bees raised their thorax temperature actively. 
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Fig.3: Difference of temperature between thorax and abdomen of bees which showed active heat
production (16 per age).




Fig.2 shows the difference between body temperature and air temperature at 32°C ambient temperature. While the difference was the same up to an age of 6h it started to increase for the thorax at the age of 9h and reached a maximum at the age of 5days. Also the caput temperature increased up to an age of 5 days. Just the abdominal temperature remained at a lower level near the ambient temperature. 
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Fig.2: Difference between body temperature and ambient temperature (T, = 32°C; 16 per age)




Fig.3 shows the difference between thorax temperature and abdomen temperature at the three ambient temperatures. This difference increased with the age. It was higher at 24°C than at 32°C ambient temperature. At 16°C ambient temperature however the increase started later and remained at a lower level till the age of 5 days.
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Fig.1: Frequency of honey bees which showed active heat production (n = 16 per age).
Active heat production means that the thorax temperature was at least 0.2°C higher than the

temperatures of caput and abdomen (T o< Tnorar™ Tabdomen)-




Discussion

Some bees are able to show active heat production very early in their life, but this ability is only weakly developed up to the age of 36h-48h. Only at the age of 3d to 5d are most bees able to increase their thorax temperature considerably. At this time bees start with their orientation flights (Vollbehr 1975). A similar development of endothermy was observed also in bees which had not been fed with sucrose before the measurements (Vollmann et al. 2003). Therefore we conclude that the low frequency and intensity of endothermy in very young bees (age <72h) was not the result of a lack of energy (sugar).
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