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Varroa destructor is a major bee parasitic mite causing huge
losses to Apis mellifera colonies worldwide. Apart from various
chemical based strategies, hygienic behaviour is an important
ecological Varroa management strategy. This trait plays an
important role in imparting the colony resistance against the
V. destructor. Here, we assessed the colony level hygienic
behaviour of 100 colonies using pin-killed brood method and
from these 100 colonies, ten colonies (7 hygienic and 3 non-
hygienic) were validated against V. destructor infestation for two
seasons, autumn and spring. The worker larval brood near capping
stage was inoculated with Varroa mite. In total, 21 inoculations
were made in every test colony and replicated thrice. The
observations were recorded at every 2 h interval till complete
removal of mite. During the autumn season, in the 7 hygienic
colonies, the mean of Varroa mite inoculated brood cells emptied
after 2, 4 and 6 h was 1.36+0.11, 3.17+0.10 and 5.66+0.68%, and
while in the non-hygienic colonies, it was 0+0.00, 0.52+0.10 and
2.11+0.53%, respectively. After 24 h a mean of 93.43+2.43% of
brood cells were emptied in the hygienic colonies, while in the
non-hygienic colonies, it was only 61.90+4.59%. During the
spring season, in the hygienic colonies, mean mite inoculated
brood cells emptied after 2, 4 and 6 h were 3.62+1.24, 6.57+0.73
and 7.25+0.47%, respectively while in the non-hygienic colonies
the mean was 0+0.00%, 1.57+0.00 and 2.11+0.53%. After 24 h, it
was 96.83+1.86% and 77.25+0.53% in the hygienic and non-
hygienic colonies, respectively. In the autumn season, the
hygienic colonies on an average took 28 h, whereas non-hygienic
colonies took 50.67 h to achieve 100% uncapping and cleaning of
cells. On the contrary, the hygienic colonies on an average took
25.71 h, whereas non-hygienic colonies took 47.36 h to achieve
the same in the spring season. Hence, the hygienic behaviour can
contribute to the colony’s resistance towards V. destructor mite
inoculation in capped brood cells and result in reduced use of
chemicals into the honey bee colonies.
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cells, Mite resistance

The Asian hive bee, Apis cerana Fab. is the natural
host of Varroa mite. Damage to Asian honey bee
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colonies is rarely experienced since a stable host-
parasite relationship has been developed over a long
evolutionary period®. Such a relationship is lacking in
the European or Western honey bee. The infestation of
Apis mellifera by Varroa destructor has been reported
to originate nearly half a century ago® when the A.
mellifera colonies were brought into contact with A.
cerana. V. destructor is an obligate ectoparasite and
feeds on the haemolymph of adult bees and the
brood®. For reproduction, it chooses only the capped
worker and drone brood of A. mellifera, and only the
drone brood of A. cerana®. If timely and proper mites
control measures are not taken®, the mortality of A.
mellifera colonies due to V. destructor can reach up to
100% within 2-5 years. Besides, high mite
populations were also observed to be associated with
increased incidences of viral infections, lower weight
at hatching, and shortened life span of the adult bees®
as well as deformed wing and shortened abdomen.

Hygienic behaviour in A. mellifera is a mechanism of
resistance to American foulbrood’, chalk brood® and V.
destructor®. The hygienic honey bee workers have the
ability to detect diseased brood, uncap the wax covering
over the brood cells and remove infected larvae or
pupae. Afterwards, it has been demonstrated that
hygienic bees detect and remove pupae infested with the
parasitic Varroa mites. It has the potential to limit the
population growth of Varroa in three ways: Firstly, the
immature mites are killed when the pupa is removed,
which decreases the average number of offspring per
reproducing mite, second, the phoretic period of adult
female mites is extended that survive the removal of the
pupae, and consequently the mortality of the adult mites
increases if they are damaged by the adult bees through
grooming when they escape through the opened cell®.
The honey bees enemies and diseases negatively affect
colony growth and productivity, resulting in economic
losses™. Therefore, keeping colonies having higher
degree of hygienic behaviour is recommended as a
natural method of minimizing the incidence of pests and
diseases. In the present study, we assessed the hygienic
behaviour as defense against V. destructor infestation in
capped brood cells, so that colonies expressing
resistance to the mite population can be selected for
honey bees breeding experiments.
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Materials and Methods
Mapping of hygienic colonies

The studies were conducted at the Apis mellifera
Apiary at Entomological Research Farm, Department
of Entomology, Punjab Agricultural University,
Ludhiana. The hygienic behaviour of 100 colonies
was assessed by pin-killed brood method and the
experiment was replicated thrice to account for the
variability in sub-families (patrilines) with respect to
their hygienic behaviour. The percentage of brood
removal in each colony was recorded after 24 h and
the colony that removed a mean of 80% or more of
the dead brood, was considered hygienic and <80%
was considered as non-hygienic’>. Based on the
hygienic response of the evaluated 100 colonies
expressed within the first 24 h of the brood pricking,
10 colonies (7 the most hygienic and 3 the most non-
hygienic) were validated against V. destructor
infestation for two seasons; autumn, 2016 and spring,
2017.

Assessing hygienic colonies for Varroa infestation

V. destructor adult mites were collected from
infested worker brood and drone brood using Varroa
fork and from adult bees using ‘sugar roll method’.
The mites were used in inoculating worker larval
brood near capping. In total, 21 inoculations (three
groups of seven brood cells each) were made in every
test colony, thrice in succession. The observations
were recorded at every 2 h interval till the complete
removal of mite infested brood. The time period
between inoculation and uncapping and brood
removal was also recorded.

Statistical analysis

The data were analyzed using ANOVA for finding
the significance of difference among the colonies for
removal of inoculated V. destructor mite from the
brood cells and were separated by least significant
difference (LSD) at p=0.05 level®*. The data on mean
percentage of mite inoculated brood cells emptied at
various intervals were transformed using arc sine
\/percentage transformation.

Results and Discussion
Emptying of Varroa destructor inoculated brood cells
Autumn season, 2016

In the seven hygienic colonies, the mean of
Varroa mite inoculated brood cells emptied after 2, 4
and 6 h was 1.36+£0.11, 3.17+0.10 and 5.66+0.68%,
respectively, while, in the non-hygienic colonies it

was 0+0.00, 0.52+0.10 and 2.11+0.53%. After 20 h of
inoculation, in four of the hygienic colonies the
percentage of inoculated brood cells emptied ranged
between 85.71+2.75-88.90£1.59% and in the non-
hygienic colonies it was in the range of 42.86+0.00-
58.71+1.59%. After 24 h, in the selected hygienic
colonies, a mean of 93.43+2.43% of brood cells
removal was recorded, while in the non-hygienic
colonies, it was only 61.90+4.59%. After 30 h of
inoculation, six hygienic colonies have achieved
100£0.00% emptiness of inoculated brood cells and in
non-hygienic colonies it was in the range of
71.83+0.00 - 85.71+0.00%. After 44 h all the hygienic
colonies have reached 100+0.00%% removal of
inoculated brood cells and in non-hygienic colonies a
mean of 94.7+1.84%% was observed (Table 1).

Spring season, 2017

During spring season, in the seven hygienic
colonies, the mean of Varroa mite inoculated brood
cells emptied after 2, 4 and 6 h was 3.62+1.24,
6.57+0.73 and 7.25+0.47%, respectively while in the
non-hygienic colonies the mean was 0+0.00%,
1.5740.00 and 2.11+0.53%. In the hygienic colonies,
the percentage of inoculated brood cells emptied
ranged between 82.52+1.59 - 95.24+2.75% after 20
h of inoculation and in the non- hygienic colonies at
this hour, the brood cells emptied were in the range
of 71.43+0.00 76.19+2.75%. After 24 h of
inoculated brood cells, in the selected hygienic
colonies, a mean of 96.83+1.86% of brood cells were
emptied, while in the non-hygienic colonies, it was
77.25+£0.52%. After 30 h of inoculation, six hygienic
colonies have achieved 100+0.00% emptiness of
inoculated brood cells and in non-hygienic colonies
it was in the range of 80.95+1.59 - 85.71+0.00%.
After 44 h all the hygienic colonies have reached
100+0.00% removal of inoculated brood cells and in
non-hygienic colonies it was a mean of
95.24+1.24%. The non-hygienic colonies recorded
100+0.00% removal of inoculated brood cells after
52 h of inoculation (Table 1).

In the hygienic colonies the overall mean of
Varroa mite inoculated brood cells emptied after
20 24 and 30 h (end of day one) was 85.49 £ 2.73,
95.13 £ 1.71 and 99.55 * 0.23% and in non-hygienic
colonies it was 61.65 + 11.94, 69.58 + 7.70 and
81.75 £ 1.33%. On day two, 44 and 46 h after
inoculation, the brood cells emptied in hygienic
colonies was 99.89 £+ 0.12 and 100 + 0.00% and
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Tablel — Mean percentage of Varroa destructor inoculated brood cells emptied at various time intervals during autumn 2016 and spring 2017

CoL Autumn 2016 Spring 2017
NO. 6h 20h  24h 28h 44h 48h  Overall 6h 20h  24h 28h 44h 48h  Overall Pooled
Mean Mean  mean
1H 952 77.77 8889 100.00 100.00 100.00 7936 635 8571 100.00 100.00 100.00 100.00 82.01  80.69
+0.00 4318 159 +0.00 +0.00 +0.00 (70.07) £159 +0.00 +0.00 +0.00 +0.00 +0.00 (73.67) £1.33
(7.96) (61.95) (70.59) (89.96) (89.96) (89.96) (14.39) (67.76) (89.96) (89.96) (89.96) (89.96) (71.87)
2H 476 8571 100.00 100.00 100.00 100.00 8175 6.35 87.30 100.00 100.00 100.00 100.00 8227 82.01
+0.00 $275 1000 +0.00 +0.00 +0.00 (73.40) +159 +159 +0.00 +0.00 +0.00 +0.00 (73.90) £0.27
(12.60) (67.95) (89.96) (89.96) (89.96) (89.96) (14.39) (69.17) (89.96) (89.96) (89.96) (89.96) (73.65)
3H 6.35 87.30 93.65 100.00 100.00 100.00 81.22 952 90.48 100.00 100.00 100.00 100.00 8333  82.27
+159 £159 4159 +0.00 +0.00 +0.00 (71.50) £0.00 +0.00 +0.00 +0.00 +0.00 0.00 (74.97) +1.06
(14.39) (69.17) (75.58) (89.96) (89.96) (89.96) (17.96) (72.00) (89.96) (89.96) (89.96) (89.96) (73.24)
4H 476 7619 8571 100.00 100.00 100.00 77.78 6.35 8254 88.89 100.00 100.00 100.00 79.63 78.70
+0.00 £0.00 000 +0.00 +#0.00 +0.00 (6850) =+159 +£159 159 +0.00 +0.00 +0.00 (70.03) £0.93
(12.60) (60.77) (67.76) (89.96) (89.96) (89.96) (14.39) (65.32) (70.59) (89.96) (89.96) (89.96) (73.24)
5H 476 7619 8571 9524 100.00 100.00 76.98 6.35 8412 9048 100.00 100.00 100.00 80.16  78.57
+0.00 £0.00 000 +0.00 +0.00 0.00 (66.40) =+159 £0.00 +159 £0.00 +0.00 0.00 (70.47) £0.09
(12.60) (60.77) (67.76) (77.37) (89.96) (89.96) (14.39) (66.54) (72.00) (89.96) (89.96) (89.96) (68.44)
6H 476 8889 100.00 100.00 100.00 100.00 8227 7.93 92.07 100.00 100.00 100.00 100.00 8333 82.80
+0.00 +159 +0.00 +0.00 +0.00 +0.00 (73.84) +159 +159 +0.00 +0.00 +0.00 +0.00 (74.97) +£0.53
(12.60) (70.59) (89.96) (89.96) (89.96) (89.96) (16.18) (73.79) (89.96) (89.96) (89.96) (89.96) (74.40)
7H 476 8730 100.00 100.00 100.00 100.00 8201 793 9524 9841 9841 9841 100.00 83.07 8253
+0.00 £159 000 +0.00 +0.00 0.00 (73.60) =+159 +£2.75 159 £159 £159 +0.00 (73.87) £0.53
(12.60) (69.17) (89.96) (89.96) (89.96) (89.96) (16.18) (79.78) (85.76) (85.76) (85.76) (89.96) (73.74)
INH 317 4286 5397 6826 9207 9524 5926 317 7302 7619 8254 9207 10000 7116 65.21
+159 4000 4159 +159 +159 +0.00 (50.56) +1.59 +159 +0.00 +159 +159 +0.00 (59.49) 4597
(8.40) (40.88) (47.26) (55.70) (73.79) (77.37) (8.40) (58.70) (60.77) (65.32) (73.79) (89.96) (55.03)
2NH 159 4762 6190 8412 100.00 100.00 6587 159 7143 7778 7778 100.00 100.00 7143  68.65
+159 £0.00 000 +159 +0.00 +0.00 (57.69) £159 +0.00 +159 +159 +0.00 +0.00 (60.92) +2.79
(4.20) (43.62) (51.86) (66.54) (89.96) (89.96) (4.20) (57.67) (61.88) (61.88) (89.96) (89.96) (59.31)
3NH 159 5873 6984 8571 9524 100.00 6852 159 7619 7778 8571 9524 100.00 7275 70.63
+159 £159 159 £0.00 +0.00 #0.00 (57.66) =+159 +£2.75 159 £0.00 +0.00 +0.00 (60.33) £2.12
(4.20) (50.01) (56.68) (67.76) (77.37) (89.96) (4.20) (60.84) (61.88) (67.76) (77.37) (89.96) (59.00)
Mean 460 7286 8397 9333 9873  99.52 571 8381 9095 9444 9857 100.00
(11.21) (59.49) (70.74) (80.72) (87.09) (88.70) (12.47) (67.16) (77.27) (82.05) (86.67) (89.96)
Pooledmean 5.16 78.33 87.46 93.89 98.65 99.76 - - - - - -
(Autumn & (11.84) (63.32) (74.01) (81.38) (86.88) (89.33)
Spring)
Seasons  75.50 78.91 - - - -
(Autumn &  (66.3) (69.26)
Spring)

[Data values represent mean of 3 replicationsS.E. . H, Hygienic NH, Non-hygienic H, Hours. Figures in parentheses are the means of
arc sine Vpercentage transformation]

LSD (p=0.05) for Autumn Spring  Pooled (Autumn & Spring)

Colony (1.37) (1.97) (1.20)
Time (1.06) (1.52) (0.93)
Colony x Time (3.35) (4.82) (2.93)
Season - - (0.54)
Colony x Season - - (1.69)
Time X Season - - (1.31)
Colony x Time x Season - - (4.15)

95.77 = 0.00 and 97.09 + 1.32% in non-hygienic
colonies (Fig. 1).
Time interval to attain 100% uncapping and cleaning of
inoculated brood cells

In the autumn season the hygienic colonies on an
average took 28 h whereas non-hygienic colonies took

50.67 h to achieve 100% uncapping and cleaning of
cells. On the other hand, the hygienic colonies on an
average took 25.71 h whereas non-hygienic colonies
took 47.36 h to achieve the same in spring season.
Fig. 1 depicts that the hygienic colonies overall took
28 h for100% removal of mite from the capped brood
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Fig. 1 — Overall mean per cent brood cells emptied in hygienic
and non-hygienic colonies after various time intervals of Varroa
inoculation

cells and the non-hygienic colonies took 48 h for
100% uncapping and cleaning of cells.

It was observed that during spring season, the
process of uncapping and cleaning of Varroa
inoculated brood cells was rapid than that recorded in
autumn season. This may be due to the season,
wherein in spring season there is brood build up
activity and more number of brood cells are required
for egg laying and storage and the population of the
colonies is strong as compared to autumn season.

Results of the present study are in conformation
with the earlier studies. In European or western honey
bees, some colonies of A. mellifera carnica Pollmann
detected, uncapped, and removed mite-infested
pupae’. Colonies of A. m. ligustica Spinola
specifically bred for hygienic behaviour removed
significantly more infested pupae than non hygienic
colonies™. Carniolan bees in Germany removed 26-
30% of Varroa-infested worker brood™. Africanized
colonies removed a significantly greater proportion of
brood infested with the parasitic mite Varroa
jacobsoni Oudemans®. There was a significant
negative correlation between hygienic behavior and
the numbers of Varroa in the colonies'™"’. Hygienic
bees removed the majority of mite infested brood at
least 60 h after the cell is sealed, which is after the
mite has initiated oviposition®. Removing the pupa at
that time ensures destruction of any mite progeny.
Removal of brood cells invaded by mites interrupts
the reproductive cycle of V. destructor and prolongs
its phoretic phase or kills the parasite®®. During good
nectar flow bees remove dead brood faster, thereby
preparing cells for nectar collection™. Since hygienic
behaviour is mainly exhibited by workers that are
younger than three weeks?>? and different balance of

young and old bees in the colony may affect
expression of the trait at the colony level. This may,
explain the lower cleaning rate which was observed
during autumn as compared to the spring season®. A
perusal of literature reveals that the increased
hygienic response of Russian Honey Bee (RHB) to
brood infested with V. destructor as well as removal
of phoretic mites are probably major contributors in
their resistance against mite parasitism?*. Studies on
African bees also supported that hygienic behaviour
to be one of the driving forces in defence against pests
and diseases®®*®. Our study too have shown that the
hygienic colonies were quick in removing the brood
cells inoculated with the Varroa mite and exhibited
defensive mechanism against the mite as compared to
the non-hygienic colonies. Another study confirmed
that A. mellifera scutellata bees are able to remove
introduced mites and the brood cells were recapped in
about 26% of the artificially infested brood cells®.
Hygienic behaviour specifically targeting Varroa
infested capped brood cells (VSH-Varroa sensitive
hygiene) has been confirmed as a major trait in
reducing mite population growth in European and
African bee populations®. Selection for hygienic
behaviour is being used by beekeepers to help reduce
their mite treatment regime, and the Varroa sensitive
Hygiene line that targets the removal of mite infested
brood is undergoing further selection in Hawaii to
make it suitable for Varroa mite management®. Also,
the colonies headed by new queens reported low level
of Varroa infestation as compared to bees headed by
old queens and colonies led by new queens removed
84.67% of artificially introduced mites®. The colonies
expressing high hygienic behaviour was negatively
correlated with phoretic mite counts and mite
infestation levels in brood™.

Conclusion

Validation of hygienic behaviour in Apis mellifera
against Varroa destructor revealed that the bee
colonies mapped as hygienic removed significantly
more Varroa infested brood. The hygienic colonies
cleaned the colony from mite infestation within 28 h
completely while the non-hygienic colonies took 48 h
to clean. It shows that A. mellifera colonies with
better hygienic behviour were effective in the mite
management. Thus, the breeding bees carrying high
hygienic behaviour trait would be an eco-friendly and
economical strategy avoiding the usual application of
chemical acaricides for mite management.



660

INDIAN J EXP BIOL, SEPTEMBER 2020

Acknowledgement
We acknowledge the funding support through FIST
scheme [Project no. SR/FST/LSI/636/2015(c)] from

the

Department of Science & Technology (DST),

Government of India, New Delhi.

Conflict of Interests
Authors declare no conflict of interests.

References

1

10

11

12

13

14

15

16

Rath W & Drescher W, Response of Apis cerana Fabr
towards brood infested with Varroa jacobsoni Oud and
infestation rate of colonies in Thailand. Apidologie, 21
(1990) 311.

Matheson A, Varroa discovered in New Zealand. Bee World,
81 (2000) 43.

Ramsey SD, Ochoa R, Bauchan G, Gulbronson C, Mowery JD,
Cohon A, Lim D & vanEngelsdorp D, Varroa destructor
feeds primarily on honey bee fat body tissue and not
hemolymph. Proc Natl Acad Sci USA, 116 (2018) 1792.
Rosenkranz P, Aumeier P & Ziegelmann B, Biology and
control of Varroa destructor. J Invert Pathol, 103 (2010) 96.
De Jong D, Mites: Varroa and other parasites of brood. In:
Honey Bee Pests, Predators and Diseases. (Eds. Morse RA
& Flottum K; A.l. Root Co., Medina, OH, USA), 1997, 279.
De Jong D, De Jong PH & Goncalves LS, Weight loss and
other damage to developing worker honeybees from infestation
with Varroa jacobsoni. J Apic Res, 21 (1982) 165.

Spivak M & Reuter GS, Performance of hygienic colonies
in a commercial apiary. Am Bee J, 137 (1997) 137 228.
Gilliam M, Taber S & Richardson GV, Hygienic behavior of
honey bees in relation to chalkbrood disease. Apidologie, 14
(1983) 29.

Boecking O and Drescher W, The removal response of Apis
mellifera L. colonies to brood in wax and plastic cells after
artificial and natural infestation with Varroa jacobsoni Oud.
and to freeze-killed brood. Expl Appl Acarol, 16 (1992) 321.
Spivak M, Honey bee hygienic behavior and defense against
Varroa jacobsoni. Apidologie, 27 (1996) 245.

Rinderer TE, Measuring the heritability of characters of
honeybees. J Apic Res, 16 (1997) 95.

Newton DC & Ostasiewski NJA, A simplified bioassay for
behavioral resistance to American Foulbrood in honey bees
(Apis mellifera L). Am Bee J, 126 (1986) 278.

Gomez KA & Gomez AA, Statistical Procedure for
Agricultural Research, (John-Wiley and Sons Inc.,
New York), 1984, 680.

Thakur RK, Bienefeld K & Keller R, Varroa defense behavior
in Apis mellifera carnica. Am Bee J, 137 (1997) 143.

Guerra JCV, Gongalves LS & de Jong D, Africanized honey
bees (Apis mellifera) are more efficient at removing worker
brood artificially infested with the parasitic mite Varroa
jacobsoni  Oudemans than are Italian bees or
Italian/Africanized hybrids. Genet Mol Biol, 23 (2000) 89.
Muli E, Patch H, Frazier M, Frazier J & Torto B, Evaluation
of the distribution and impacts of parasites, pathogens, and

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

pesticides on honey bee (Apis mellifera) populations in East
Africa. PLoS One, 9 (2014) e94459.

Toufailia HMA, Amiri E, Scandian L, Kryger P, Francis L
& Ratnieks W, Towards integrated control of varroa: effect
of variation in hygienic behaviour among honey bee
colonies on mite population increase and deformed wing
virus incidence. J Apic Res, 53 (2014) 555.

Zakar E, Javor A & Kusza S, Genetic bases of tolerance to
Varroa destructor in honey bees (Apis mellifera L.). Ins
Sociaux, 61 (2014) 207.

Spivak M & Reuter GS, Performance of hygienic honey bee
colonies in a commercial apiary. Apidologie, 29 (1998) 291.
Arathi HS, Burns | & Spivak M, Ethology of hygienic
behaviour in the honey bee Apis mellifera L. (Hymenoptera:
Apidae): behavioral repertoire of hygienic bees. Ethology,
106 (2000) 365.

Panasiuk B, Skowronek W, Bienkowska M, Gerula D &
Wegrzynovicz P, Age of worker bees performing hygienic
behavior in a honeybee colony. J Apic Sci, 54 (2010) 109.
Uzunov A, Costa C, Panasiuk B & Meixner M, Swarming,
defensive and hygienic behaviour in honey bee colonies of
different genetic origin in a pan-European experiment.
J Apic Res, 53 (2014) 248.

Whitfield CW, Behura SK, Berlocher SH, Clark EG,
Johnston JS, Sheppard WS, Smith DR, Suarez AV, Weaver D
& Tsutsui ND, Thrice out of Africa: ancient and recent
expansions of the honey bee, Apis mellifera. Science, 314
(2006) 642.

Kirrane MJ, de Guzman LI, Whelan PM, Amanda MF &
Rinderer TE, Evaluations of the removal of Varroa
destructor in Russian honey bee colonies that display
different levels of Varroa sensitive hygienic activities.
J Insect Behav, 31 (2018) 283.

Nganso BT, Fombong AT, Yusuf AA, Pirk CWW, Stuhl C &
Torto B, Hygienic and grooming behaviors in African and
European honeybees-New damage categories in Varroa
destructor. PLoS One, 12 (2017) e0179329.

Kurze C, Routtu J &Moritz RFA, Parasite resistance and
tolerance in honeybees at the individual and social level.
Zoology, 119 (2016) 290.

Cheruiyot SK, Lattorff HMG, Kahuthia GR, Jenard PM &
Muli E, Varroa-specific hygienic behavior of Apis mellifera
scutellata in Kenya. Apidologie, 49 (2018) 439.

Panziera D, van Langevelde F & Blacquiere T, Varroa
sensitive hygiene contributes to naturally selected Varroa
resistance in honey bees. J Apic Res, 56 (2017) 635.

Stephen J, Martin SJ, George PH, Laura EB, Natasha R,
Maria EC & Michael HA, Varroa destructor reproduction
and cell re-capping in mite-resistant Apis mellifera
populations. Apidologie, 51 (2020) 369.

Saboor A, Muhammad AA, Munir A & Imran B, Effect of
queen age on hygienic and grooming behavior of Apis
mellifera Ligustica against Varroa destructor (Anderson and
Trueman) Asian J Agric Biol, 5 (2017) 113.

Gebremedhn H, Amssalu B, Smet LD & de Graaf DC,
Factors restraining the population growth of Varroa
destructor in Ethiopian honey bees (Apis mellifera
simensis). PLoS One, 14 (2019) e0223236.



