Colonial Thermoregulation in a hive of Apis mellifera in Ithaca, New York.
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In order for a honey bee hive to survive, it needs to employ some method of cooling the hive when it gets too hot.  This study tested the relationship between two methods of cooling a hive, dispersal (out of the hive) and fanning.  There is an intrinsic conflict between these two approaches; a fanning honey bee cannot disperse.  Therefore, one must be preferred over the other.  To test this, a heat stress was added to the brood half of an observation hive for 20 minutes, than removed.  There was a significant increase in the amount of bees fanning while there was no noticeable difference in the number of bees leaving the hive.  We can conclude that the cooling benefits from fanning outweigh the amount of heat added.  Dispersal out of the hive proved to not be a useful way of cooling the hive.  Although dispersal around the hive was not measured, it may function as an effective cooling mechanism.

Introduction:


Thermoregulation is important in all living organisms.  In the honey bee, Apis mellifera, high temperatures (above 400C) around the brood can cause deformities in the young (Johnson 2001).  Therefore, it is critical for the hive to have some way to regulate the temperature.  There are many different means animals can employ to cool themselves. Pigs wallow in mud, humans sweat, and snakes seek refuge in shade.  Honey bees, however, are not able to use these methods, so how do they make sure their hive temperature does not go above a dangerous level?


One method of cooling the hive is fanning, or wing beating.  Bees have been observed rapidly beating their wings over the brood, the honey, and at the entrance to the hive (Southwick 1986).  This gets the air circulating and helps keep the hive cool through convection.  Another way to keep the hive cool is through dispersal.  The bees tending to the brood add a considerable amount of heat (Simpson 1961).  In addition, fully-grown larvae have the same metabolic rate of a resting adult bee, so the brood itself is hot (Simpson 1961).  Therefore, if the bees are able to go elsewhere, they are not adding to the heat of the brood.  However, there is inherent conflict between these two methods of cooling, the bees cannot disperse and fan at the same time.  Therefore, one way of cooling must be preferred over the other.


This experiment is designed to test which method of cooling, dispersal or fanning, is more widely used by the honey bee.  I hypothesize that there will be more bees fanning the brood than dispersing; the cooling benefits of fanning are greater than the extra heat added.

Methods:


In a team of three, we observed an observation hive for a total of 60 minutes.  Data collection started at 7:15 PM and ended at 8:15 PM.  The first 20 minutes were devoted to the control period; during this time, no heat stress was added.  Data on fanning were collected every 5 minutes with an average of 30 seconds to count the bees.  Fanning was defined as rapid wing movements not in conjunction with flight or any extraneous movement.  The brood half of the hive was split in half (left versus right), and one section included the entrance to the hive (the right half).  One person was responsible for watching a section and reporting data.  Every 5 minutes we would count the number of bees fanning in each area. One person watching the tunnel to the hive collected dispersal data.  Dispersal out of the hive was counted as the number of bees that left the hive through the tunnel entrance in relation to the number that entered.  After 20 minutes a 100 W incandescent lamp was turned on and pointed at the center of the brood, about 25 centimeters away from the glass.  We continued to collect data in the same way described; additional observations (such as general bee movement and fanning locations) were recorded as well.  For the final 20 minutes, the light was turned off and moved away from the glass.  Data collection continued until 8:15 PM.  The temperature of the hive was recorded using thermocouples placed in the center of the brood, the honey half of the hive, and in the room.  Although we were mostly interested in the brood half of the hive, recording the honey temperature and the ambient room temperature gives us a clearer picture as to the conditions of the entire hive.  Temperature was also recorded every 5 minutes, after the bees were counted.
Results:

The number of bees practicing fanning in the lower half of the hive changed with the changing temperature.  The average number of bees during the control light off period (the first 15 min.) was 5, with a high of 8 and a low of 3 bees.  With the light on, the number of bees fanning rose rapidly, from 5 bees to 24 bees in 10 minutes.  When the light was turned off again, the amount of bees fanning decreased; eventually reaching 6 bees at the last time data was recorded.  The number of bees leaving the hive did not show a relationship to the temperature inside the hive.  There was an average of .69 bees leaving overall with a high of 2 bees and a low of 0 (see Figure 1).  Measurements were taken at five-minute intervals for both fanning and dispersal. 

The temperature inside the hive, as well as the ambient temperature was recorded.  The lower hive (containing the brood) started out at 32.10C and rose to 37.60C after 20 minutes of exposure to light (with 20 minutes of no light previously).  The temperature in the upper part of the hive (the honey section) started out at 29.50C and only rose to 30.90C after 20 minutes of light exposure.  There was a slight rise in ambient temperature, from 26.00C to 270C over 55 minutes (Figure 2).

A number of bees were seen fanning hard at the opening after the first 5 minutes of light exposure.  Also, there were a greater number of bees fanning where the light was concentrated on the center.  Although we did not measure dispersal to the top of the hive, about a 2 fold difference was noted between the two (with the honey half containing more bees) 15 minutes after light exposure.  Along with this was a greater concentration of bees in the corners of the lower half of the hive.  The number of bees in the tunnel to the outside also increased (from about 3 at the start of the experiment to about 41 at the end).  After the light was turned off (at t = 40 min.) the bees gradually filled in the middle of the brood.

Discussion:


The results of this experiment show a clear increase in fanning with no significant increase in dispersal out of the hive.  This increase in fanning in response to a heat stress is consistent with other experiments (Heinrich 1985), suggesting it plays a major role in thermoregulation of the hive.  Although the number of bees leaving the hive was not noteworthy, there were a large number of bees dispersing to other areas in the hive.  The lack of dispersal out of the hive could be due to the fact that the experiment was done in the evening when it was dark.  More experiments of this type done at different times of the day would be needed to fully exclude hive-departure as a thermoregulatory approach


Although our quantitative data for dispersal showed no trends, our additional observations showed a strong movement towards honey bee dispersal to various parts of the hive.  This seems likely because additional honey bees in the brood area (ones that are not fanning) would only add more metabolic heat.  Since the brood is arguably the most important part of the hive, it would make sense that the bees would want to keep that section the coolest.  Thus, moving the majority of the colony to other parts of the hive would ensure the brood stays below its critical temperature.  


There could be trade-offs between dispersal (either out of the hive, or to different areas) and fanning.  Bees who fan the hive are creating an air current to whisk the. hot air away, but on the other hand, they are increasing their heat production and therefore the overall heat of the hive.  However, if all of the bees dispersed, and none stayed to fan, the hive would quickly reach its critical temperature because the larvae also produce metabolic heat.  Therefore, there must be some optimal ratio between the amount of bees that stay and fan versus the number of bees that disperse elsewhere.  Future experiments should be done to find this proportion.


Also worth mentioning is the number of bees fanning at the entrance and along the tunnel to the hive.  Bees that are fanning in this area could be getting the air to move into the hive, as apposed to directly fanning the larvae.  For example, in a hot room, having a fan in an open widow is good, but different than a fan pointed at your face.  It seems as if both aspects of fanning are important, although it would be interesting to see if they are equally weighted. 
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Changing the temperature inside a honey bee hive through the use of a light bulb shows that the number of bees fanning increases with increasing temperature.  However, there seems to be no correlation between bees leaving the hive and hive temperature.  

Figure 2.
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The temperature inside the hive increased when a light bulb was pointed at the lower hive (the brood half).  The bees used the upper hive as honey storage. 
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