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Abstract 

Grooming behaviour is one of the important mechanisms of honeybee defence against parasitic 
mites. In addition to genetical characteristics, environmental conditions affect the behavioural traits of 
honeybee colonies. The main objective of this study was to examine the effect of temperature and 
humidity on the ability of honeybee workers to remove varroa mites from their body. One hundred 
worker bees from resistant and susceptible colonies were placed in cages and infested with 40 varroa 
mites per cage. Cages from each group of workers were randomly assigned to a combination of 
temperature and humidity treatments. Individual cages were held in incubators at 10, 25 and 34C under 
low (20%), medium (50%) and high (80%) humidity. The entire experiment was replicated three times 
(18 cages per replicate). The proportion of mites falling into the base of the cages (grooming), or 
migrating within the closed system and the number of dead bees were monitored on day 2, 4 and 6 of 
experiment. At the end of experiment the proportion of mites on the live bees, dead bees and in the 
equipment was also determined. The results showed significant differences in the ability of the two 
groups to groom mites off their bodies and that the relative effectiveness of the grooming in the two 
groups of bees was dependent upon the combination of temperature and humidity to which they were 
exposed. Total mite mortality of the two groups of bees was also different; however, it was not influenced 
by temperature. Total mite mortality may include grooming, or the natural mite fall that cannot relocate 
their host. In the programs that are attempting to breed bees with increased grooming behaviour and 
enhanced resistance to Varroa destructor (Anderson & Trueman), the environmental conditions should be 
considered under which experiments are carried out. 
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Introduction 

Varroa mite, Varroa destructor (Anderson & Trueman, 2000) is the most important pest 

of apiculture faces in the world that infests the colonies of several species of honey bee 

(Buchler et al., 1992). Chemical acaricides are typically used to protect honey bee colonies 

against V. destructor, but their long term use can cause several problems like the development 

of acaricides resistance mites (Lodesani et al., 1995; Elzen et al., 1999; Milani, 1999), the 

build up of chemical residues in the colonies (Faucon & Flamiini, 1990; Lodesani et al., 1992; 

Wallner, 1999), increases input costs for the producers and the possibility of outbreaks of 

secondary pests. 

Because of serious problems associated with chemical treatments in the long term, it is 

necessary to develop alternative methods to control the varroa mite. Integrated control of V. 

destructor using the host resistance in conjunction with chemical and other control methods 

will provide a more sustainable method to manage this parasite. 

Existence of resistant lines or breeding programs for the selection of colonies against 

varroa mite is the basic practice of integrated control. Grooming is one of the defence 

mechanisms against varroa mite and worker bees groom themselves with their legs and 

mandibles to get rid of a mite. Grooming has been evaluated with indirect methods in 

honeybee colonies (Morse et al., 1991; Ruttner & Hunel, 1992; Boecking et al., 1993; 

Rosenkrans et al., 1997; Bienefeld et al., 1999), and through laboratory assay (Hoffman, 

1993; Fries et al., 1996; Szabo et al., 1996; Aumeier, 2001; Spivac & Reuter, 2001).  

It seems likely that a number of individual traits may be required to provide collectively 

Apis mellifera L. colonies with some levels of tolerance to varroa (Rinderer et al., 2001). 

Grooming as a defence against V. destructor has been actively investigated since the 

behaviour was noted in Apis cerana Fabr. by Peng et al. (1987). Direct assays have been 

developed to evaluate self (autogrooming) and group (allogrooming) behaviour (Peng et al., 

1987; Hoffman, 1993; Aumeier, 2001), while other indirect assessments typically evaluate the 

proportion of damaged (mites that are chewed by the bees mandibles) to undamaged mites 

falling from the bees or quantify the number of mites with specific types of damage 

(Hoffman, 1993, 1995; Szabo et al., 1996; Zaitoun et al., 2001). These assays show that A. 
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mellifera can successfully groom varroa but the estimates of the contribution of this behaviour 

to successful defence against the parasite by the colony are highly variable (Buchler et al., 

1992; Arechavaleta-Velasco & Guzman-Novoa, 2001; Lodesani et al., 2002; Moretto, 2002; 

Vandame et al., 2002; Mondragon et al., 2005). 

Species and race differences have been documented and the results of some studies 

indicated that A. cerana had low infestation of varroa mite and grooming behaviour in some 

honeybee races were significantly higher than north American races. The effective grooming 

behaviour of A. cerana and also the number of killed and injured mites in their colonies 

provide a further explanation for the resistance of these colonies (Peng et al., 1987; Buchler et 

al., 1992). Africanized honeybees had higher grooming behaviour than European honeybees 

(Vandame et al., 2002). Apis mellifera meda Skorikow worker bees in Iran showed that their 

extensive grooming and allogrooming behaviour were similar to A. cerana (Pourelmi, 1989) 

and Apis mellifera capensis Esch. had effective grooming activity, higher than A. mellifera 

carnica Pollmann (Moritz & Mautz, 1990). 

The ability of honeybee colonies to remove the parasitic mite is affected by genotype of 

honeybees and most likely the environmental conditions. Quantifying the costs and benefits 

of a host�s response to a parasite is difficult, in part, because it is often not possible to separate 

environmental effects from those resulting from genetic traits for specific defence mechanisms. 

Although, social species of insects such as Apis spp. regulate the environment within their 

hive, external environmental factors still seem to play a major role in affecting the 

relationship between honey bee parasites and their host. However, these interactions are 

poorly understood. 

The objectives of this study were to examine the differences of grooming behaviour 

between the two honeybee lines and the effect of environmental conditions such as 

temperature and humidity on the ability of honeybee workers to groom varroa mite from their 

body. 

 

Materials and methods 

The experiments were conducted at the University of Manitoba in the Winnipeg (49 54 

N, 97 14 W), Manitoba, Canada, from May to October 2004. Some preliminary experiments 

were performed to optimize the bioassay conditions and to select the high and low grooming 

colonies. The selection was based on the results of bioassays conducted in 2003 and also the 
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results of our pretests in 2004. Colonies were obtained from stock produced by Manitoba 

producers that was a part of the three years breeding project at the University of Manitoba. 

Worker bees were collected from the brood frames of high and low grooming colonies, 

anesthetized with CO2 and introduced into bioassay cages (9 cages per group and totally 18 

cages). Approximately one hundred worker bees (13.3 grams of bees) of mixed age were 

established in each cage. Cages had outer dimensions of 20.5 × 8.0 × 11.2 cm. The bees were 

confined on a piece of plastic comb within a 15.8 × 5.0 × 8.0 cm space inside the cage, the 

back and top of the cage were solid wood, the front and removable floor was made from a 

wire screen (3 squares per cm). There was a drawer beneath the floor that could be opened for 

counting the fallen mites without allowing live bees to escape. It was shallow enough to allow 

live mites that fell into the drawer to pass back and forth through the screen. The distance 

between the floor of the drawer and the screened bottom of the cage was 1.5 cm. Two 50 ml 

centrifuge feeder tubes were placed into 3.5 cm. diameter holes on the top of the cage. 

Feeders had 2 cm diameter holes cut into the lid that were covered with a fine mesh cloth (28 

squares per cm) to allow the bees to feed. One feeder tube contained distilled water and the 

other contained 67% sucrose in distilled water. Sugar syrup and water were fed at libitum. 

The caged bees were maintained in an incubator at 30°C for 24 hours before inoculating the 

cages with mites. 

Mites for bioassay were collected from highly infested colonies by a modification of the 

CO2 method of Ariana et al. (2002). Mites infested bees were exposed to a constant flow of 

CO2 at 5 L/min during 5 minutes exposure. 

Bees were placed on the hardware 8 mesh insert and agitated on orbital shaker table at 

400 RPM for 5 minutes. The mites were picked up with the tip of a soft paint brush and 

placed on the wet paper towel. Mites quickly recovered and were introduced into bioassay 

cages. Forty mites were introduced into each bioassay cage. 

Nine cages from each group (18 cages in total) were randomly assigned to a treatment 

combination everyone consisted of three levels of temperature (10, 25 or 34°C) and 

maintained with air consisted of three levels of ambient humidity as follow: low (20%), 

medium (50%) and high (80%). The cages were confined in a sealed 45 × 55 cm Mylar bag 

according to Underwood & Currie (2003) (Reckitt and Colman Inc., Toronto, Canada) and 

provided with a constant flow of humid air through inlet and outlet tubes mounted on the top 

of the bag. Humidity of the inflow air in each bag was regulated by passing air over different 

mixtures of potassium hydroxide and water that were mixed to provide solutions for 
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regulating the inflow air at 20, 50 and 80% humidity (Solomon, 1951). The range of 

temperature and humidity within each Mylar bag were monitored at the base and top of the 

cage within each bag using Hobo C-8 (Onset Computer Corp, Bourne, U.S.A.) data loggers. 

Air flow was maintained at a constant rate of 0.708 L/min with a Dwyer RMN-3-SSV (Dwyer 

Instruments Inc., Michigan City, U.S.A.) air metering valve to exhaust the excess CO2 and 

moisture produced by bee metabolism. Cages were randomly distributed within incubators 

and that were maintained at 10, 25 or 34°C during the experiment.  

The entire experiment was replicated on 12 July, 26 July and 1 August 2004. On days 2, 

4 and 6, the bags were opened briefly to record the number of dead bees fallen onto the floor 

of the cage, the number of mites  in the drawer of the cage (grooming) and the number of 

mites migrating within the closed system. All the counted mites were also scored as live or 

dead. After taking the final sample on day 6, the bees were removed from the cages and the 

mean abundance of mites on live bees and dead bees (mites per 100 bees) (Bush et al., 1997) 

was assessed by the alcohol shake method (Gatien & Currie, 2003). The total number of dead 

mites remained in the equipment was also quantified.  

The effects of grooming level, humidity and temperature treatments on the change in 

within-cage temperature, within-cage humidity, daily mite fall, proportion of migrating mites 

and daily bee mortality over the time were analyzed using repeated measures ANOVA with a 

heterogeneous autoregressive covariance structure (PROC MIXED, (SAS Institute Inc., 

1999)). Grooming level of workers, temperature, humidity and the date of trial were the main 

effective factors in the model and observations over the time were treated as repeated 

measures. Mean abundance of varroa on adult workers at the end of the experiment was 

analyzed by the same method excluding the time as a factor in the model. All data were 

arcsine transformed prior to analyses to improve the equality of variance (Snedecor & 

Cochran, 1980). The differences between means were compared by Bonferoni corrected 

contrasts whenever any significant interactions were observed between treatment factors 

(PROC MIXED, (SAS Institute Inc., 1999)). 

 

Results 

The results showed that daily mite fall was greater in the high grooming group of bees 

than in the low grooming group of bees, nevertheless, the degree of difference between 

groups was dependant upon temperature (temperature × grooming level, F = 3.7; df = 2, 20; P < 

0.04) (fig. 1) and humidity (humidity × grooming level × time, F = 4.5; df = 4, 36; P < 0.005) 
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(fig. 2). The highest differences in mite fall between the two groups were observed at 25°C 

(fig. 1). Significant differences in mite fall were also found between the high and low 

grooming groups at 34°C but not at 10°C (fig. 1). 
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Figure 1. The effect of temperature on the mean (± S.E.) daily rate of mite fall (percentage of 

total mite population per day) onto the bottom of cages containing the high or low grooming 

bees that were held in an incubator at 10, 25 or 34°C. Within temperatures or grooming level 

of bees, means followed by the same letter are not significantly different (P < 0.05), (N = 9 

cages per treatment combination). 

 

Humidity affected the amount of mite fall in two groups too; however, it only happened 

in low humidity conditions and during the first two days of experiment (fig. 2). Under low 

humidity, mite fall in cages with the high grooming group of bees was more than low 

grooming group (P < 0.05). The mean rate of daily mite fall decreased with time in both groups 

of bees (F = 55; df = 2, 36; P < 0.0001) (fig. 2). However, there was no significant level × time 

interaction in low grooming group and low humidity grooming (F = 1.32; df = 2, 36; P > 

0.28). Cumulative mite fall on day 6 was 34.9 ± 2.0 percent in the low grooming group and 

47.5 ± 2.0 percent in the high grooming group. Cumulative mite fall ranged from 21.7 ± 6.1 

percent in the low grooming group under high humidity at 10°C to a high of 72.9 ± 6.5 

percent in the high grooming group under low humidity at 25°C. 

The proportion of mites that migrated outside of the cage did not differ between the high 

and low grooming groups of bees (F = 0.2; df = 1, 20; P > 0.66). However there was a 
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significant temperature × time interaction that affected the proportion of migrating mites (F = 

45.7; df = 4, 36; P < 0.0001). The proportion of mite migration increased with temperature in 

the first two days of the experiment (fig. 3). But there were no significant differences in the 

rate of mite migration in days 4 and 6 (fig. 3). 
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Figure 2. The effect of humidity on the daily rate of mite fall (percentage of total mite 

population per day ± S.E.) on the bottom of cages held under low (A) medium (B) or high (C) 

humidity. Within days, means followed by the same letter are not significantly different (P < 

0.05), (N = 9 cages per treatment combination). 

 

The proportion of varroa remained on live bees  (mean abundance) at the end of the 

experiment showed that bees in cages containing the high grooming group had fewer mites 

than bees in cages with the low grooming group (F = 7.53; df = 1, 24; P < 0.001) (fig. 4). 

Mean abundance of V. destructor on workers were decreased with increasing temperature 

(F = 16.6; df = 2, 24; P < 0.0001) but the difference between grooming level treatments was 

consistent across all temperatures as indicated by the lack of significant grooming level × 

temperature interaction (F = 1.19; df = 2, 24; P > 0.32). The mean abundance of varroa on 

workers was similar under the three levels of humidity (F = 0.08; df = 2, 24; P < 0.92). There 

were no significant two or three-way interactions among grooming level, temperature and 

humidity (P > 0.05). 

The mean abundance of V. destructor on dead bees at the end of the experiment 

decreased with increasing temperature (F = 4.08; df = 2, 24; P < 0.02); however, it was not 

affected by grooming level (F = 0.02; df = 1, 24; P > 0.88) or humidity (F = 1.06; df = 1, 24; 
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P > 0.36). The mean abundance of V. destructor on dead bees was 28.6 ± 3.8, 19.3 ± 3.8 and 

13.5 ± 3.8 for the 10, 25 and 34°C treatments, respectively. The varroa infestation of dead 

bees was higher at 10°C than at 34°C (P < 0.05). There were no significant two or three-way 

interactions among grooming level, temperature and humidity (P > 0.05). 
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Figure 3. Mean (± S.E.) daily rate of varroa mite migration (percentage of total mite 

population per day found outside the cage) at temperatures of 10, 25 and 34°C on days 2, 4 

and 6 of the experiment. Within days or temperatures within days, means followed by the 

same letter are not significantly different (P < 0.05), (N = 27 cages per treatment combination). 

 

As expected, overall worker mortality rates were higher at lower temperatures than at 

higher temperatures (F = 32.6; df = 2, 30; P < 0.0001) (fig. 5). Nevertheless, there were 

differences in worker mortality rates between the high and low-grooming treatment levels. 

The daily morality rate of worker bees in the high-grooming group was greater than the rate in 

the low-grooming treatment group. This was just at 10°C and only during the first two days of 

the experiment (P < 0.05). 

 

Discussion 

This research pointed out the impact of temperature and humidity on grooming 

behaviour of honeybee colonies against varroa mite in high and low grooming groups. 

Worker mortality rate of high grooming group was greater than low grooming group only in 
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low temperature in the first two days but totally, bee survival was not improved by grooming 
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Figure 4. Mean abundance (± S.E.) of varroa at the end of the experiment in the high and low 

grooming groups at temperatures of 10, 25 and 34°C. Within main effect treatments of 

grooming level of bee and temperature, means followed by the same letter are not 

significantly different (P < 0.05), (N = 9 cages per treatment combination). 
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Figure 5. Mean daily rate of worker mortality of the high and low grooming groups of bees 

that were inoculated with varroa and held under temperatures of 10, 25 or 34°C for periods of 

6 days. Means within grooming levels, temperatures or times within temperatures that are followed 

by the same letter are not significantly different (P < 0.05), (N = 9 cages per treatment 

combination). 
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in this study. 

The results showed that in high grooming group the ability of bees for removing the 

mites from their body in different conditions was higher than low grooming group (figs 1-2). 

The significant differences of fallen mites in the different groups and in various temperatures 

or humidity were in agreement with the results of the experiments reported by several authors 

(Moritz & Mautz, 1990; Szabo et al., 1996; Arechavaleta-Velasco & Guzman-Novoa, 2001; 

Aumeier, 2001). 

The part of difference could be traced back to genotypic effects and the other part of the 

difference could be related to external influences of environmental conditions (Boecking & 

Spivak, 1999). We selected humidity and temperature treatment levels that were similar to 

those in a broodless honeybee cluster (VilKa, 1996; Stabentheiner et al., 2003). Results of this 

experiments suggested that differences of fallen mites in experimental conditions could be 

explained mainly by the worker ability to remove the mites infesting adult bees, presumably 

by grooming behaviour, since this was the only measuring character that showed significant 

differences between groups. Cumulative mite fall ranged from 22 % in low grooming groups 

of bee held at 10°C and high humidity, to 73% in high grooming groups held at 25°C and low 

humidity. Results also showed that mite grooming in the low grooming group was increased 

regularly in the higher temperatures but in the high grooming group the fallen mites were 

increased but not regularly with increasing the temperature (fig. 1). Present results on the 

effect of temperature on grooming behaviour confirmed previous observations of more mites 

fall in the hot weather (Engels & Rosenkrans, 1992; Webster et al., 2000). Similarly, the 

proportion of remaining mites on the live bees in low temperature was more than high 

temperature. Actually there were less remained mites on live bees in high temperature (34°C) 

and more left mites on live bees in low temperature (10°C) (fig. 4).  

Overall success in reducing the mite loads in both grooming level treatments increased 

with increasing the temperature. Relative success of high and low grooming groups did not 

follow the same pattern. The greatest differences in mite removal between high grooming and 

low grooming groups occurred at 25°C that was within the range of temperatures that would 

be expected in a broodless cluster of bees during winter (Stabentheiner et al., 2003). It is not 

known if worker bees groom V. destructor more effectively at 25°C or if the mites "less 

inclined" relocate their hosts as Patzold & Ritter (1989) has shown that V. destructor prefers 

temperatures between 26-31°C to 35°C when placed in a temperature gradient. Therefore, 

groomed mites that leave their host when the ambient temperature is 25 may not attempt to 
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relocate their hosts as quickly as mites at higher temperatures. The levels of impact on the 

grooming populations of mite are likely to change with season and are predicted to be higher 

in broodless period (Wilkinson et al., 2001; Wilkinson & Smith, 2002; Mondragon et al., 

2005). Models predict that a 50% increase in the efficiency of grooming of phoretic mite in 

broodless bees during winter would reduce mite population growth by 25% (Wilkinson et al., 

2001; Wilkinson & Smith, 2002). 

As expected, low humidity enhanced the effectiveness of grooming. Differences in 

grooming success between high and low grooming groups of bees at low humidity were only 

apparent during the first two days of the experiment .Mites are very susceptible to desiccation 

(Bruce et al., 1997; Yoder et al., 1999). So it is likely that the low humidity prevents the 

fallen mites to relocate a host before they die because of water loss. Since proportionately 

more mites fell from the high grooming group this would enhance the success of grooming in 

the low humidity treatment. 

It is noticeable that one part of difference in remained mites on live bees is related to the 

grooming and the other part is based on the migration of mites onto the equipments bags or 

cages. The proportion of migrating mites on the bags and equipments was more in high 

temperature rather than in low temperature (fig. 3). The mite migration on the bags or cages 

was not different in two honeybee groups. However, there was significant temperature × time 

interaction on the migration. Actually, migration had increased with temperature in the first 

two days (fig. 3). 

The remained mites on the live bees were affected by temperature but humidity had not 

significant effect on the remained mites on the live bees. The mean abundance of the left mite 

on the bees decreased with increasing temperature (fig. 4). The mean abundance of the left 

mites on the live bees in the high grooming group was fewer than low grooming group (fig. 4). 

Szabo et al. (1996) reported significant differences of left mites in the different lines. The 

results of their tests showed the average of the left mites on the live bees in three different 

lines were 30, 43 and 62% after 8 days respectively. The level of varroa left at the end of 

experiment on the dead bees was not affected by the grooming level and decreased with 

increasing temperature. 

De Guzman et al. (1993) reported that mites can survive on the dead bees for up to three 

days. This would explain why not all of the mites had fallen after 6 days in our test. It seems 

more mites can return to the live bees in high temperatures. 
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In this study, bee worker mortality was affected by temperature and grooming level. 

Daily mortality rate at low temperature (10°C) was greater than high temperatures (25 and 34 

°C). Engels & Rosenkrans (1992) reported the temperature tolerance of bees. They believed 

bees and broods could be injured at 40-50°C and higher temperature. Currie & Gatin (2006) 

believed in the long term studies exposing the colonies to the mean abundance of 40 mites per 

100 bees (similar to the present work) would normally result in substantial mortality in 

broodless period during the winter. Our bioassay showed that worker mortality of the two 

groups also differed and was greater in high grooming group but only in the day 2 at 10°C. So 

we can conclude the six days bioassay were not functional enough to clarify the effect of 

lower mite infestation on worker longevity in the high grooming group completely. Though, 

there were significant interactions among the grooming level of bees, temperature and time. 

High mortality could result if: (i) a high cost biochemical or physiological trait (Rigby et 

al., 2002), associated with the maintenance of the grooming mechanisms resulted in reduced 

cold tolerance in the high grooming worker bees; (ii) worker lifespan were shortened as a 

result of the increased activity level associated with active grooming as would be predicted by 

(Neukirch, 1982); or (iii) there was increased risk of death associated with misallocation to 

defence (Jokela et al., 2000) grooming at the expense of cluster formation. Because grooming 

behaviour seems to have relatively high costs and moderate efficacy, tolerance also might be 

expected to be favoured under low parasite infestation levels (Jokela et al., 2000; Vandame et 

al., 2002). This tolerance was not measured in this study. 

The study showed that environment had a significant impact on the relative 

effectiveness of defence against V. destructor in high and low grooming groups of worker 

bees. Under low humidity conditions, the relative effectiveness of mite removal in high 

grooming group of bees was greater at 25°C than at higher or lower temperatures and this was 

slightly higher than at higher levels. Efficiency of mite removal in the high grooming 

treatment increased in comparison with the low grooming treatment group by 41%, 46% and 

43% in the 10, 25 and 34°C treatments, respectively. However, bee mortality rates in the high 

grooming group were greater than in the low-grooming group under low temperatures 

indicating there may be a relatively high biological cost associated with the grooming 

behaviour at low temperature there. 

It seems the additional studies are necessary to confirm the actual contribution and 

importance of grooming behaviour in different environments with various populations of 

honeybee. 
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