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Comparative testing of different methods for evaluation of Varroa destructor
infestation of honey bee colonies

Abstract - Different methods for evaluation of the degree of Varroa destructor
infestation of honey bee colonies were tested. The methods using in vivo evaluation
were the most sparing for the bees but less precise. The methods using evaluation
with the killing of the bees or brood were the most precise but less sparing for bees.

Riassunto - Test comparativi su diversi metodi per la valutazione dell’infestazione
di Varroa destructor in colonie d’api

Sono stati testati diversi metodi per valutare il grado di infestazione da Varroa
destructor in colonie di api. I metodi che utilizzano la valutazione in vivo, preser-
vano le api, ma si sono rivelati meno precisi. I metodi piu invasivi, che prevedono
I’uccisione di api adulte o covata, sono risultati i pitl precisi.
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INTRODUCTION

Among the parasites infesting A. mellifera the varroa mite, Varroa destructor An-
derson & Trueman, is considered the most serious one (Bailey and Ball, 1991). It have
become for two decades now the scourge of Italian and European beekeepers with losses
of numerous colonies of bees annually. Studies on the biology of the mite, testing of new
formulations for its control increases from year to year, along with the search of suitable
and precise methods of evaluation of varroa infestation.

There are several methods to determine the rate of varroa infestation in bee colonies.

The most widely used methods include the following.

Evaluation of natural mite mortality with the use of a hive bottom drawer covered
with adhesive substances retaining varroa mites falling from the body of bees. However,
according to Branco et al. (2006), this method can be considered reliable only if there
is an adequate amount of brood, and if the infestation is in the early stages. Close to the
above method is the analysis of the debris collected from the bottom of the hive for the
presence of the fallen varroa mites (Calatayud and Verdu, 1993). However, this method
is efficient only at low-level infestation (Fries et al., 1991).
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Evaluation of the mite infestation by sampling of adult bees taken from the hive and
exposed to treatment by different ways: washing with different liquids and detergents
(De Jong et al., 1982), rotating in a jar with little amount of ether (Shabanov ez al., 1980;
Ellis et al., 1988) to separate and count the mites. However, the latter procedure can
show overrated values in a survey with higher infestation levels and is unsafe because
of the high flammability of ether vapors (Fakhimzadeh, 2001).

Evaluation by sampling the preimaginal bee stages (larvae and pupae of workers
and drones) taken from newly capped brood combs and examined for the presence of
mites in cells (De Jong, 1979; Szabo, 1989). Brood examination, according to Herbert
et al. (1989), is a protracted laborious procedure and can be implemented only when
the brood is available.

Evaluation by using of toxic vapor chemicals placed in a hive to stimulate falling of
mites (Ellis et al., 1988). However, there are some evidences that chemicals can contami-
nate honey (Atienza et al. 1993) and other products of hive (Chauzat and Faucon, 2007).

Some authors have published analytical works on comparison of different methods
of evaluation of the mite infestation in a hive, but with different conclusions (Herbert et
al., 1989; Garza and Wilson, 1994; Branco et al., 2006; Barlow and Fell, 2009).

Therefore, the evaluation and development of different diagnostic methods of Var-
roa destructor to find the most precise, suitable and sparing ones is vital for successful
integrated pest management strategy of the mite control.

MATERIALS AND METHODS

Testing of different methods to value the degree of infestation was carried out on the
basis of calculating the number of female mites per 100 adult bees and the percentage
of cells with worker bee or drone brood affected by the mite.

The experiments were carried out in isolated apiary. The hives were placed so that
drifting of foragers was reduced. Availability of nectar sources was sufficient. Colonies
were not remarkably affected by diseases other than varroasis.

The colonies were inspected to note their conditions and the presence of the queen
at the beginning and at the end of the experiment.

The following four methods were tested in the same four experimental colonies
selected from colonies of the apiary. In every colony all four methods were tested to get
the reliable average value. Experimental colonies were selected of approximately equal
average strength of bees and brood.

Vivo evaluation

METHOD 1. Examination of adults. About 100 adult bees from the middle comb frame of
the hive were collected using the exhauster and placed in the diagnostic device (a box
150%150 mm made of transparent plastic with a hinged lid and side walls having the
interior height of 4 mm). In the closed box the bees were pressed by the lid and fixed
in a stationary position. Then bees were inspected and the counts the number of bees
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themselves, as well as mites on their body were made. The number of detected mites
was divided by the number of bees in the box and multiplied by 100 to get the number
of mites per 100 bees. After counts the bees were released back into their colony. This
procedure was replicated 4 times to get the reliable average value.

METHOD 2. Examination of the brood. The newly constructed comb with the bee or drone
brood before capping was taken and the square of 50 x 50 mm (containing approximately
100 worker bee or 80 drone cells) was viewed through a strong light source. Counts of
number of mites were made, and calculated per 100 cells. The procedure was replicated
4 times to get the reliable average value.

Evaluation with the killing of bees or brood

METHOD 3. Approximately 100 bees were taken from a mid comb of a colony and shaken off in
abright tray filled with hot (+70...90 ° C) 1% water solution of soda, vigorously stirred for 3-5
minutes. The mites fallen from the bees were counted to get the number of mites per 100 bees.
METHOD 4. To detect mites in a brood, 100 cells with a bee or drone brood from a mid
combs on the border of the upper and the middle third closer to the hive entrance were
uncapped. The cell and larva/pupa taken by tweezers were examined for the presence
of mites and the calculation of a percentage of cell infestation was made.

Both procedures were replicated 4 times to get the reliable average value.

RESULTS AND DISCUSSION

Vivo evaluation

METHOD 1. The testing of adult bees placed in the diagnostic device showed the follow-
ing results (table 1).

Table 1 - Average rate of varroa infestation (%) in experimental colonies, evaluated by method 1.

Number of Average number of | Average number of Average rate of
the colony bees per device mites infestation, %
per device
1. 96.5 3.0 3.1
2. 102.3 2.5 2.5
3. 106.5 3.5 33
4. 98.0 1.8 1.8
Average 100.8 2.7 2.7

As seen from the table 1, the average rate of varroa infestation in experimental
colonies evaluated by method 1 was 2.7 %.
Advantages of the method.:

The diagnosis is carried out on adult bees and therefore can be implemented at any
time of a season. The bees fixed in the device are able to move their legs, but cannot
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move. It contributed to careful counting of bees and mites, and more precise evaluation
of the degree of infestation. After counts the bees can be returned back into their colony.

Disadvantages of the method.:

Diagnosis of the varroasis is complicated by the fact that mites are afraid of daylight
and try to hide between the segments of bees. In addition, mites have a gray-yellow color,
which not always lets to notice them.

METHOD 2. Vivo diagnosis was carried out on the worker bee brood before capping. The
results of counting mites by viewing the 50 x 50 mm square of comb through the strong

sun light are presented in the table 2.

Table 2 - Average rate of varroa infestation (%) in experimental colonies, evaluated by method 2.

Number of Average number of | Average number of Average rate of
the colony immature bees per mites infestation, %
50 x 50 mm square of | per 50 x 50 mm
comb square of comb
1. 100.8 4.5 4.5
2. 82.0 3.8 4.6
3. 96.3 5.0 52
4. 85.8 2.3 2.7
Average 91.2 3.8 4.2

As seen from the table 2, the average rate of varroa infestation in experimental
colonies evaluated by method 2 was 4.2 %. It would seem that this method is more
precise than method 1, because it gives higher values of infestation of the same colonies.

However, the average ratio of infestation of worker bee brood and adult bees in
late summer/beginning of autumn is usually about 2:1. If we compare the average rate
of infestation of immature bees evaluated by method 2 (4.2%) with the average rate of
infestation of adult bees evaluated by method 1 (2.7%), the ratio of infestation of brood
and adult bees will only be 1.55: 1. This means that not all the mites in samples were
seen and fell into account.

Advantages of the method.:

The method does not demand special devices. The diagnosis is carried out on brood
before capping, thus keeping bees alive.

Disadvantages of the method:

The diagnosis is carried out on bee brood and therefore it cannot be implemented at
any time of a season. The method demands the acute eyesight of the viewer. The method
is not too accurate.

Thus, method 2 can be used for the evaluation of rate of varroa infestation of bee
colonies only to a limited extent.
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Evaluation with the killing of bees or brood

METHOD 3. The testing of adult bees placed in plastic trays filled with hot 1% water
solution of soda was conducted on the same specimens, which were used for testing by
method 1.

The results are presented in the table 3.

As it is seen in the table 3, the average rate of varroa infestation in experimental
colonies evaluated by method 3 was 3.5%.

The comparison of the average rate of infestation of bees evaluated by method 1
(2.7%) with the average rate of infestation of the same specimens of bees evaluated by
method 3 (3.5%) shows that method 3 is 1.3 times more precise than method 1. It is
obvious that not all the mites in the samples can be seen when bees are tested by method
1 and significant amount of mites escapes from counts when testing bees by this method.

Table 3 - Average rate of varroa infestation (%) in experimental colonies, evaluated by method 3.

Number of Average number of | Average number of Average rate of
the colony bees per tray mites per tray infestation, %
1. 96.5 33 3.1
2. 102.3 4.5 44
3. 106.5 3.8 3.6
4. 98.0 2.8 2.9
Average 100.8 3.6 3.5

Thus, method 3 is more precise than method 1, because it makes possible to distin-
guish higher values of Varroa infestation.

Advantages of the method.:

The diagnosis is carried out on adult bees and therefore can be implemented at any
time of a season. The method does not demand complicated devices and can be carried
out in field conditions with any suitable tray. The method does not require expensive
chemicals. The method is more accurate.

Disadvantages of the method:

The main disadvantage of the method is that it is a destructive one be-
cause of killing of captured bees during the evaluation process. The using of
plastic trays did not let to use boiling water which kills bees quickly and makes
mites to fall on bottom immediately. Therefore, it is better to use glass containers.

METHOD 4. The evaluation of bee brood infestation by the mite was carried out on the
worker bee brood. The results of the cell and taken brood examination for the presence
of mites are presented in the table 4.

As seen from the table 4, the average rate of varroa infestation in experimental
colonies evaluated by method 4 was 6.8%. This figure should be considered as a true
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rate of varroa infestation of the brood in experimental colonies, because these data were
obtained by the direct counting of mites on the brood. This method proved to be the
most precise of all other methods, because it gives the highest values of infestation of
the same colonies.

Table 4 - Average rate of varroa infestation (%) in experimental colonies, evaluated by method 4.

Number of Number of immature | Average number of Average rate of
the colony bees per sample mites infestation, %
per sample
1. 100.0 6.5 6.5
2. 100.0 5.8 5.8
3. 100.0 6.3 6.3
4. 100.0 8.5 8.5
Average 100.0 6.8 6.8

In addition, the average ratio of infestation of worker bee brood and adult bees in
late summer/beginning of autumn is usually about 2:1. If we compare the average rate
of infestation of immature bees evaluated by method 4 (6.8%) with the average rate of
infestation of adult bees evaluated by method 3 (3.5%), the ratio of infestation of brood
and adult bees will be 1.9 : 1, which is very close to the mentioned above theoretical
ratio - 2:1.

Advantages of the method.:

The method is the most precise because it makes possible the direct counting of mites
on bees. All mites are confined in cells, what contributes to more careful counting of
mites and therefore more precise evaluation of the rate of infestation. The method does
not require special devices and can be carried out in field conditions.

Disadvantages of the method:

The shortcomings of the method are the continuation of its merits. The main disad-
vantage of the method is that it is a destructive one because of killing of opened immature
bees during the evaluation process. The method is labor consuming. The diagnosis is
carried out on a bee brood and therefore it cannot be implemented at any time of a season.

The comparison of the significance of average rates of varroa infestation (%) in
experimental colonies, evaluated by different methods using t-criterion of Student
(table 5) showed that difference between the averages obtained by methods 1 and 2 was
significant at P<0.01; between methods 1 and 4 ; 3 and 4 were significant at P<0.05.
The differences between the averages obtained by methods 1 and 3; 2 and 3; 2 and 4
were non significant.
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Table 5 - The comparison of the significance of average rates of varroa infestation (%) in experi-
mental colonies, evaluated by different methods.

The comparison of the significance of differences between the averages obtained by different
methods using t-criterion of Student
Values of
1vs.2 1vs.3 1vs. 4 2vs.3 2vs. 4 3vs. 4 Student’s
t-criterion
27 | 42|27 | 35|27 | 68 |42 |35 42|68 |35 | 68 |at4degrees
of freedom
t=5285 t=193 t=4,72 t=1,70 t=227 t=3,18
difference non difference non non difference | tos=3,18
significant | signifi-cant |significant at| signifi- signifi- |significant at| ty; =534
at P<0.01 P<0.05 cant cant P<0.05

PRELIMINARY CONCLUSIONS

—

. All tested methods of the evaluation of a rate of varroa infestation of bee colonies
have their aadvantages and disadvantages. The methods using vivo evaluation are the
most sparing for bees but less precise. The methods using evaluation with the killing
of bees or brood are the most precise but less sparing for bees.

2. The methods 1 and 2 are not too precise, because not all the mites in the samples
can be noticed when testing bees by these methods, though method 2 is more precise
than method 1.

3. Method 3 is 1.3 times more precise than method 1, because it lets to distinguish higher
values of varroa infestation.

4. The most precise is method 4, because it gives the opportunity of direct counting
of mites on bees. However, the method is the most destructive because of killing of
opened immature bees during the evaluation.

5. The difference between the average rates of varroa infestation obtained by methods
1 and 2 was significant at P<0.01; 1 and 4 ; 3 and 4 were significant at P<0.05. The
differences between the averages obtained by methods 1 and 3; 2 and 3; 2 and 4 were
non significant.

6. Therefore it is necessary to continue the present research to develop the formula of

the most precise extrapolation of the data obtained by vivo diagnosis to real degree

of infestation.
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