DIFFERENT STATES OF BEE COLONY IN WINTER AND SPENT POWER
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Abstract

The warmth power of wintering bees (Apis mellifera) is calculated accordingly to the amount of consumed honey. Additionally is measured the temperature in hive (cluster) and outside. Measurements are carried out in Riga district from 25th October 2000 till 31st March 2001 using Norwegian type of hive with about 20 000 bees. 
Depending on temperature changes in bee cluster three stages are determined: broodless (1.11-1.01); brood rearing in cluster (2.01-7.03) and intensive brood rearing (8.03-31.03). Relationship between outside temperature and spent power was calculated. In broodless stage outside temperature changes from +6oC to –3oC caused increase of spent power from 1.6 to 3.4 W. Lowest value of spent power was registered at +5.9 oC from 1st till 10th November, when power of one bee is estimated ~0.08 mW. During brood rearing in cluster change of ambient temperature from +0.5oC to –5.5oC caused power increase from 4,1 to 6,5W. During intensive brood rearing in March the heat production increased rapidly. Within a narrow temperature range from -0.8 oC till -1.5 oC spent power increased from 5.7 to 10.2 W. Registered power is lower than mentioned elsewhere in literature.
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INTRODUCTION

Relationship between spent warmth of bee colony and outside air temperature allows to calculate honey consumption under different climatical circumstances. Accordingly to the experience the earlier experiments are not sufficient and are suitable only under given circumstances. Often due to the insufficient description of the experiment valuable data can not be practically used. There are reasons to think, that bees warmth power is influenced not just by ambient temperature. Additional impact can have the subspecies of bees, size of colony, presence of brood in the cluster, diseases, presence of bee queen, thermotechnical characteristic of the hive, positioning of hive and possibly other factors.

To measure the warmth power of bee colony it would be necessary to determine the speed of honey consumption. That is impossible to measure it directly. Practically the weighing is used weighing periodically hive with bees and honey assuming, that the weight difference corresponds to the metabolically spent honey, but the metabolism products – carbon dioxide and water damp have left the hive. Gareev (Gareev, 1969) has used this methodic to determine the honey consumption. The spent warmth power of colony N [W] can be calculated by equation N=0,132·m, where m – honey consumption [g.d-1], but average warmth power of single bee n1=N.n-1, where n – amount of bees in colony.

Results of E. Southwick (Southwick, 1982) and E. Jeskov (Jeskov, 1990) are very different.

Goal of this paper is to determine the spent warmth power of bees under Latvian circumstances and compare the results with the ones of mentioned authors.

 

METHODICS

To reduce the dependence of hive weight on the fluctuations of ambient air one hive body of Norwegian type made of foam plastic (47x47x27 cm, thickness of the wall 4,5 cm) was used. Nest was covered by polyethylene foil +5 mm playwood + 4 cm pillow. The floor is wooden frame with metallic sieve. 2 cm above it is placed 4 mm wooden fibre plate, which is ~ 2 cm smaller than window of floor thus allowing free air exchange through sides and elimination of possible condense. 

To assume the thermal resistance of the walls of hive, in centre inside each wall were placed thermal sensors type DS 1800. To assume the position of bee cluster 5 sensors were placed in the centre of the vertically and one more sensor outside the hive. Computer registered temperature measurements after each 15 minutes.

For hive weighing the electronical scale type DB-1S (max 60 kg) with sensitivity 10 g was used. In our case, when the hive was under changing temperature we could not make continuous measurement as the influence of temperature on the measurements reached g.oC-1 and additionally were changing in time. To eliminate this problem the hive was lifted above the scale by winch before each weighing. The scale was reset. After that the hive was placed on the scales and the weight was fixed. Weight measurements were done once a day. This procedure significantly raised the complexity of task and possibly increased the honey consumption as the colony was disturbed at the moment of weighing. Additionally the ambient air humidity was registered near by the self-recording hygrometer type M 21 A.

Measurements are done from 25-th October 2000, till 31-st March 2001 in Latvia, Riga, Zemgales district. At the beginning of experiment there were ~20 000 European dark bees (Apis mellifera mellifera) F1 generation on 10 frames.

During investigation we used bee colony with queen of European dark bees crossing with unknown drones. That is stated by morphological measurements as well. They are as follows: cubital index 1.6, discoidal displacement 29% negative. This colony was chosen as it is popular in producing apiaries, where insemination of bees can not be controlled. 

RESULTS

Honey consumption of a bee colony in the winter 2000/01 shown in table 1.

Table 1 Bee colony consumption of honey during wintering period

 

Month
Honey


kg
g.d-1

November
0.6 
20

December
0.8 
26

January
1.4 
45

February
1.3 
46

March
1.6 
52

Total:
5.6 


 

Analysing temperature changes between the frames in height of 15 cm from top, (Figure 1) we can determine some periods, which are possibly related to behaviour of bee colony: from 5-th October until 20-th October brodless stage; from 1-st January till 14-th January brood rearing in the cluster; from 8-th March till 15-th March intensive brood rearing.
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Figure1. Changes of the average cluster (tk), minimal (min) and maximal (max) day and night temperatures in time. “1” – end of brood rearing in autumn, “2” – start brood rearing in cluster, “3” – start of intensive brood rearing.

There are the daily average temperatures and spent warmth power (Ni) for each month separately and the results of all the period described by linear equations N=a.ta+b, where a and b - coefficients, ta - average outside air temperature.

Repeating the a.m. procedure with period of 10 days different results were detected. They are shown in table 2.

Table 2 Values of coefficients a and b (R2 - the coefficient of determination).

Stage of bee colony 
Period
a
b
R2

Without stage description (Jeskov, 1990)
1.10.?- ?
-0.46
5.71
0.74

Without stage description (Gareev, 1969)
1.11.66-28.02.67
-0.15
2.52
0.16

Without stage description (Gareev, 1969)
25.10.00-31.04.01
-0.42
4.77
0.36

Broodless stage
1.11.00-1.01.01
-0.15
3.06
0.69

Brood in the cluster
2.01.01-7.03.01
-0.32
4.80
0.90

Intensive brood rearing
8.03.01-31.03.01
-5.17
2.39
0.89

R2 – calculating using MS Excel software (Chart/Add Trendline).

In broodless stage the capacity increased from 1,6 W at outside temperature +6oC up to 3,4 W at temperature -3 oC. The lowest warmth power was observed at temperature +5.9 oC, in period from 1-st till 10-th November when the average power of one bee can be estimated ~0,08 mW.

During brood rearing in cluster in our case in temperature interval from +0.5 up to -5.5 oC, the power increased from 4.1 to 6.5 W.

During intensive brood rearing in March the warmth power rapidly increased. Within a narrow temperature interval from -0.8 to -1.5 oC, power increased from 5.7 to 10.2 W.

Results of everyday weighing indicate that the lead out of vapour from the hive takes place uneven thus to measure the honey consumption of one day by weighing is problematic. In fact we measure the speed of leading out of metabolic products from the hive, which depends on meteorological circumstances (temperature, humidity, wind) as well as on the placement and construction of hive. In seven days we observed increase of hive weight taking place after rapid increase of air temperature. We assume that in these cases incoming outside air is with higher humidity than the one in hive. 

Correlative analysis during all the experiment indicates, that the changes of weight are influenced the most by relative humidity of ambient air (coefficient of correlation ( r = -0.59) followed by absolute air humidity ( r = -0.44), and the lowest correlation has the average day and night temperature of ambient air ( r = -0.25).

DICUSSION

Results fixed during wintering have low coefficient of determination (+ 0.36) which indicate increased dispersion of results. Analysing kinetics of temperature change in bee cluster three characteristic periods of bee colony wintering is determined. Describing each period separately caused increase of determination coefficient (0.7-0.9) indirectly indicating good results of use of this method (Figure 2). Insufficient temperature for brood rearing can be result of brood rearing between other frames or displacement of the cluster centre from hive centre.
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Figure 2. Change of the spent warmth power depending on average 10 days cycle outdoor temperatures in broodless stage: 1 from (Jeskov, 1990); 2 from (Gareev, 1969); 3 - in broodless stage; 4 - brood in cluster and 5 - intensive brood rearing.

 

Relatively small power difference (0.8-1.2 W) within temperature range from +6 till -5 oC between our data and data of (Jeskov, 1990) can be result of using in our case thermally insulated hive and smaller bee colony (~ 70%). 

Analysing results of (Gareev, 1969) the character of capacity changes in both experiments is the same (the same value of coefficient a when the colony is in broodless stage. Taking into account, that experiments of Gareev are done at lower temperatures (-4 till-12 oC) it is possible, that brood rearing in the cluster did not take place at all or was not significant.

  

CONCLUSIONS

· Under Latvian circumstances bee colony (~20000 bees) in winter 2000/01 from 1-st November till 31-st march wintered in foam plastic (Norvegian) hive spent 5.6 kg honey; 

· Following behaviour periods are determined by kinetics of temperature changes in bee cluster: broodless ( 1.11-1.01); brood rearing in cluster (2.01-7.03); intensive brood rearing (8.03-31.03); 

· Decrease of ambient temperature from +6 to -6 oC the warmth power of bees increase depending on the stage of colony. That is the smallest in broodless stage (2-4 W); rearing brood in cluster (4.1-6.5 W, respectively at +1 and -5.5 oC), but during intensive brood rearing within narrow temperature interval from -0.8 to -1.5 oC (6-10 W); 

· The lowest warmth power was observed at 5.9 oC, from 1-st till 10-th November, when the average power of one bee can be estimated ~0,08 mW. 

· Dependence of bee warmth power on the ambient air temperature in this experiment is equal or smaller compared to earlier published results. 
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