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herewiew containsthe availableliterature

in the light of Varroa mite epidemic and
its management in the world considering the
aspectslike; impact of management technique
on the honeybee colony members, their biol ogy,
mode of action, disease level, efficacy of dose
applied, release of activein gradient in per unit
of time, useof individual or integrated method,
their compatability and efficacy, resistance to
insecticides etc.The physical environment as,
temperature, season, location where beeswere
reared, hygiene of thehive, spacefor application
and threshold level s etc. affecting the methods
for their suitability.

Varroa mite, a serious pest of honeybees
attacks as an ectoparasite present in different
parts of theworldinlocalized virulent species
or strains except Australian continent has
created athreat to honeybeeindustry. In India,
the mite epidemic had been a matter of little
concerntill 2005. Duetoitsoutbreak in recent
years’ up to 20 per cent dwindling of colonies
has been reported in various parts of the country
(Kumar and Surender, 2005). Beekeeping
scientistsaround the world have evaluated and
reported different management or control
techniques but these become unfeasiblein other
continents or locations. Though, the chemical
control measures proved better but persistence
of residuesin bee products, unsuitability to hived
bees have been reported as the major
drawback. The botanicals, biotechnical/
behavioral methods, integrated management
technigues have been devised in the different
countries. The objective of the paper
considering the seriousness of the pest is to
compilethe varroamiterel ated knowl edge and
reportsinasummarized way to devisethe most
practical management technique (may be an
integration) for particular location.

Morphology and distribution:

Oudemans, 1904 described Varroa
jacobsoni, based on 4 female mites found on
Apisindica (=cerana) from Semarang, Java.
Delfinado-Baker and Aggarwal, 1974 recorded

collecting samples for Varroa jacobsoni in
Apis cerana colonies from Nepal. Delaplane,
2001 reported V. jacobsoni, a crytic species
(as a complex of atleast two species) as V.
destructor with different genotypesbut Korean
genotype, amost virulent genotype. Delfinado-
Baker and Houck, 1989 recorded significant
variationsin thirteen morphological characters
among mites of Apis cerana and A. mellifera
in Varroa jacobsoni collected from 17
countries and named them as geographical
strains. The genus Varroa was defined in detail
with the description of nymphal stages and
males as it comprises of two species as,
jacobsoni and underwoodi with Apis cerana
as the original honeybee host (Delfinado-
Baker, 1984). Matheson (1995) listed thestrains
from 49 countries of Varroa jacobsoni outside
Asia by review of literature. The most
pandemic strain was identified as Varroa
destructor in Europefor thefirst timewith its
resistanceto synthetically prepared substances
(Hovorkaand Hascik, 2004).

Biology:

Delfinado-Baker and Aggarwal, 1974
described unique smaller size having long
femaelateral margina setaeradiating outwards
and feeding on bee brood as the major
distinguishing characters of Varroa
underwoodi. Naim and Bisht, 1987 reported
that miteslive on worker and drone beesunder
the abdominal sclerites and occasionally under
thorax to feed on haemolymph, larvae and
pupae. Femaelaysupto 12 eggsinworker while
upto 21 eggsindronecell. Malesdevelopin 6-
7 days and females in 8-9 days. Miteslivein
temperate region upto 2 months and a colony
may have 3000 to 11000 mites. Ifantidis, 1983
recorded ontogenetic aspects of varroamitein
Apis mellifera honeybees; female mite lay
atleast 7 eggsindronecell and 6inwoker cell,
egglaying startsafter invading cell after 6 hours
whichwerelaid after an interval of 30 minutes.
It lasts in 7.5 day in female and 5.5 days in
male. Boot et al., 1995 reported that on 2™
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spent maximum of 23 -days on bees. 8-12% mitesdid not
reproduce offspring 4-4.4% with 1.2-1.3% viable
daughters and 8-10% male. Zaid and Ghonlemy during
1992 reported that Folbex treatment caused queen
mortality. Trouiler et al., 1992 developed the
semiochemical basis for the different esters secreted by
the drone as well as the worker larvae which were more
in drone cells hence preferred drone brood. Boecking et
al., 1993 reported the more grooming behaviour for
resistance against Varroa mite in Africanised, European
and Apis cerana than A. mellifera honeybees and felt a
need for selection and breeding programmes. Chen et
al., 1995 reported higher dose of formic acid led to less
egglaying and reductionin feed uptake. Gatien and Currie,
1995 have studied the mite population dynamics, colony
survival, management and chemical control. Soko, 1996
has reported the adverse effects on oviposition and
mortality of worker and queen bees by the use of Fluvarol
250 mg per strip against varroacontrol. Nedic et al., 2002
recommended cupric gluconate salt 11.4 ml/kg in sugar
syrupin Yugoslviaresulting median inhibition of parasite
devel opment without apparent impact on bees. Bassiouny
et al., 2004 reported above 0.26 mites/bee and 0.12 mites
/bee approximately as economic injury and economic
threshold levels for Varroa destructor.

Chemical management:
Apistan, fluvalinate, flumethrin, bromopropylate,
phenothiazine, chlorbenzylate, etc.:

Naim and Bisht, 1987 reported chemical control of
Varroa as difficult because it is always associated with
hosts, being obligatory parasites, hence mite specific
measures should be opted. Phenothiazine and
chlorrbenzylate may be used and stressed that €limination
of this pest is not possible. Kumar et al., 1994 reported
amitraz and fluvalinate had no detrimental effectson brood
and longeivity of adult bees of Apis mellifera. Loglio,
1994 in a meeting of the apiculture scientists to discuss
the issues pertaining to resistence occurred to Varroa
against Apistan formulations and stressed on a need to
find out the alternate control measure while Accorti and
Luti during 1994 have shown their worries due to V.
jacobsoni resistant strainsand reinfestation and distortion
of results in Apistan and suggested the protocols.
Delaplane, 1995 reported antibi otic terramycin improves
body weight of beeswith Apistan 2 strips asvarroacide.
Chen et al., 1994 reported treatments of Gubitol
(coumaphos) dust 0.3 and 1.0 g at an interval of 6-7 days
resulted into 76.6 and 82.4 % in 2 days, respectively were
effectivefor the mite control. Erdmann, 1993 found Folbex
VA Neu (bromopropylate) or Perizin (coumaphos) as
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ineffective in Berlinwith no correlation between the
parasite load and reduced honey yield, climate and upto
the mite popul ation of 2100/colony. M oosbeckhofer, 1994
recommended one treatment per year either of Apistan
or Bayvaral for the control of varoosisin Austria. Greef
et al., 1994 reported Apistan use for varroacontrol during
autamn and in spring with residues from 25- 95% in just
4 yearsand quantity of residuesin honey upto 0.004 ppm.
Barbattini et al., 1994 reported formic acid applied 4 times
a an interval of 7 days resulted in mean effectiveness
from 29.6% and 62.3% (40 ml of 65% acid) applied
through absorbent cardboard and in sponge cloth,
respectively with residue on 11" day 150-500 ppm but
harmless. Lodesani et al., 1995, reported the average
effectiveness of Apistan 2 strips for 22 days as 44.5%.
Frilli et al., 1992 compared the efficacy of coumaphos,
fluvalinate, flumethrin against varroain Italy and mean
effectivenesswas 97.9, 92.1, 99.7, respectively. Hameed
and Singh, 1990 evaluated seven fumigants on Apis
cerana colonies infested with Varroa jacobsoni viz.
PCB, methyl salycilate were not feasiblein mite control
but caused bees to abscond. Dichlorvosled to 50% mite
mortality and folbex upto 250% mite mortality. According
toAnsary and Zoggby, 1992 simple application technique
of Apistan (fluvalinate) was the most effective. Ivanov,
1993 reported synthetic pyrethroids as control measure.
Sanford, 1995 recommended that fluvalinate should be
used asApistan instead of other formulationslikeKiarstan
and Mavrik. Use of other formulations resulted in
resistance. Dufol et al., 1995 recommended half dose of
fluvalinate (Apistan) and Bayvarol (Flumethrin) for 28
days in colonies having sealed brood with 100% mite
mortality. Coumaphosand its 3 derivativesfed to colonies
in different concentrations of sugar syrup were the most
effective and safe killing upto 100% mites than
enolophosphate upto 94% which also increased bee
mortality (Jedruszuk et al.,1994). Fleche et al., 1996
reported Apistan, the commonly used varrocide but
migratory beekeepers have a so adopted Kiarstan onlarge
scale.

Acids:

Radetzki, 1994 reported limited use of oxalicacidin
Germany. However, its application on honeybees @.3%
twice gave 93-99% control and residues were insoluble
in beeswax. Frilli et al., 1992 reported efficacy of
powdered | actic and formic acids against Varroa as41.4
and 47.1%, respectively. Zaid and Ghoniemy during 1992
evaluated therole of somechemical compoundslactic acid
and oxalic acid alongwith Bayvarol and Apitol for
controlling Varroa jacobsoni. Greatti and associates
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during 1993 reported that 40 ml of 65% of formic acid
was the most effective against Varroa with a control of
62% by cardboard or a sponge cloth soaked 4 timesin a
week in Apis meelifera honeybees. Wilson and Collins
(1993) reported formic acid (65%) as good measure but
it becomes ineffective during temperate climate. Kraus
and Berg, 1994 applied lactic acid 15.5% @ 8 ml /comb
side with dosage gun and found mite mortality of 94.2 to
99.8% without side effects as compared to coumaphos.
Rademacher and his associates during 1995 used formic
acid 60% @ 85g of through Becker type applicator and
mortality during July and September was 85 and 96%,
respectively without mortality of queensand bees. Imdorf
et al., 1995 developed the Kramer method for the
application of formic acid, lactic acid, oxalic acid in
Switzerland. Mutindlli et al.,1994 documented 65% formic
acid applied at week interval caused 89.6- 94.3% during
the second half of August and if after 3 days upto 3 months
could control mites upto 96.6%.without side effects on
honeybees. Chen et al., 1995 reported formic acid @ 6
ml / day of.on the top bars of the frames for honeybees
in Taiwan. Rademacher et al., 1995 applied averagedaily
17.5 g of 60% formic acid in Germany and recoded
maximum mite mortality of 99.8% with no effects on
gueens. Gatien and Currie, 1995 reported that formic acid
becomes ineffective a higher infestation levels. They
categorized the chemicals according to their efficacy in
order of Apistan, Perizinfollowed by formic acid. Shoreit
and Omar,1995 reported | actic and oxalic acid both 0.1%
insugar syrup @ 250 ml/colony at 5 day intervals which
successfully controlled thevarroamite population in Egypt.
Underwood and Currie, 2003 applied formic acid in
different concentrations and intervals and reported that
dosesof 0.08 and 0.16 mg/litrewereeffectiveto kill mites
at al temperature conditions above 5 ° C. Uderwood and
Currie, 2004 suggested that in winter monthsthe colonies
should betreated with formic acid in small compartments
which was feasible and effective also and reduced the
Nosema apis spores and Varroa destructor. Satta et al.,
2005 reported gradual release of formic acid as autumnal
treatment in gel packets and impregnated paperwick as
most suitable against Varroa destructor. Squaras et al .,
2001 reported formic acid in gel matrix under autumnal
conditionswith 92% mite control without side effectson
gueen, brood or adult honeybees.

Smoke:

Chorbinski and Tomaezeweka, 1994 reported the
side effects of Warrosekt, a smoke of malathion a.i. on
enzymes activity and itsdoubl e dose led to bee mortality
upto 32% under field and | aboratory conditionsin Poland.
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Hameed and Singh, 1990 reported 40% mite mortality
with sulphur but tobacco smoke caused del eterious
effects on bees.

Srips, tags, aerosols and tablets:

Clark, 1994 suggested A pistan strips application as
the simplest method. Imdorf et al.,1995, placing one
vermiculite tablet (5*9* 1 cm) on the upper part of bood
combs for 3-4 weakstwice at optimum temperature with
efficacy upto 95% and no residues were detected Wilson
and Collins, 1994 reported new acaricide, Y T-1601 and
YT-1103 treated in USA for 28 days, killed 91.3 and
99.9% of mites, respectively without any side effect on
bees. Plastic slow release device (Tag) was used in 1-4
tags/ colony. Jelinski et al., 1994 have recommended
plastic strips contai ning 50-250 mg of fluvalinate, 100 mg
of malathion, 200 mg of amitrazin different combinations
or alone and the higher dosesin combination resulted into
95.4-100% mitemortality in Poland. Garraand Scoza 1993
treated infested colonieswith 1, 2 or 3 Apistan stripsfor
8weeksbut did not find any significant differencein mite
mortality. They emphasized that the number of strips
varied in different localities. Wilson and Collins (1993)
recomended for infested col onieswith 2 strips of Apistan
for 45 days, Miticur for 4-5 monthsand formic acid 65%
thricein aweek. Byeung and Kang, 1995 reported rel ative
efficacy of Bayvarol stripsduring autamn and springwas
92.7 and 93.7%, respectively. Hoopingarner, 1995 reported
heavy winter loss due to late autamn. Apistan strips
application hence should be used during early autamn.
Imdorf et al.,1995 recommended Apilife VAR in
Switzerland. Vesely et al., 1995 reported 97.3% mite
mortality with Acrinathrin (asynthetic pyrethroid) as 2
stripsof 1.5mg a.i. in 50000 coloniesin Czech Republic.
Currie, 1995 reported the use of Queentabs (fluvalinate
impregnated plastic strips) for 7 days against the varroa
with acontrol up to 99% but it also affected workersand
may be applied for 3 days only. Richer et al., 1995 and
Floris et al., 1995 reported in severally mite infested
honeybee coloni es, Apistan and Apistan stripsfor oneweek
for control the mites. Lensky et al., 1996 reported
fluvalinate inserts in brood nests for 6 weeks during
March- April, as effective mite control measure. Haupt
et al., 1996 reported Bayvarol strips containing 3.6 mg
protect bee coloniesfrom late summer coll apses and may
be used once in ayear against these mites while Perizin
@ 0.064% with 50% control. According to L uganskii and
Kiochko, 1994 the aerosol fumigation with Varrozen T J
tablets having two active ingredients was effective and
safe. Ali et al., 2003 recommended aternative delivery
method after evaluating three concentrations of
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tebufenpyrid (17.5, 15 and 12.5%) in strip formulation
for varroamite control.

Adulteration in bee products, impact on bees and
resistence of chemicals to mite:

Wallner, 1995 reported that the commonly used
acaricideslike fluvalinate and flumethrin against varroa
can easily accumulate in beeswax as well as in honey
and suggested their restricted use in Germany. Marien,
1995 reported that since 1988, the Apistan had been in
usein Italy but resistance was apparent in spring 1994
and has al so reported up to 100 mitesin monthly treated
colonies. Vandame et al., 1995 reviewed the descriptive
phenomenon of resistance to acaricides against Varroa
jacobsoni and especially the failure of fluvalinate
treatmentsin Italy. Vesely et al., 1995 detected residues
upto 0.1 mg/ kg of Acrinathrin (asynthetic pyrethroid)
applied as2 stripsof 1.5mg a.i Stehr et al.,1996 reported
residuesof Folvex VA Neu upto 0.3 mg/ kg in bee products.
Richer et al., 1995 reported that a colony can tolerate
upto 5g of Apistan without any side effect. Soko, 1996
has reported Fluvarol 250 mg per strip used for varroa
which control resulted into mortality of worker and queen
bees and the adverse effects on oviposition.

Botanicals:

Calderone and Spiwak, 1994 reported the efficacy
of plant products in a block of 25*25*5mm on florist
material likethymol blend (18g each of thymol, eucalyptoal,
menthol and camphor) Linalool 18g asfour piecesof these
florist blocks. Thymol blend (96.7), linalool (27.5) and
4.4% for control in USA. Pameri, 1995 studied the
efficacy of Tussilago farfara as 2 and 4 g/hive thrice at
weak interval and Apistan used and recoded 22.92-25.22
% mite control inItaly. Imdorf et al., 1995 reported 100%
Varroa mites control in caged honeybees in |aboratory
with thymol 5-15ug/I, menthol 20-60ug/l, camphor 50-
150pg/1, and eucalyptol without bee mortality except
eucalyptol in Switzerland. Lodesani et al., 1995 reported
Apilife (thymol 76%, eucalyptol 16.4%, menthol and
camphor each 3.8%) as very effective. Imdorf et al.,
1995 recommended Apilife VAR (thymol 76%, eucalyptol
16.4%, menthol and camphor each 3.8%) in Switzerland
against varroamite. Frilli et al., 1992 reported the efficacy
of thymol upto 95%. Colinet al., 1994 devel oped amethod
for characterizating the biological activity of essential oils
like Thyme, Salviaand Chenopodium against Varroaand
found acutely toxic in aerosol formto varroawhich gave
control upto 95.4% and prevented pupal parasitizationin
honeybee. Zaid and Ghonlemy, 1993 evaluated the
powders from the flowers of warmwood (Artemisia
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cinae) and the seeds of cumin against Varroa mite during
winters, reduced infestation level upto 9-12% and were
safeto bees. Imdorf et al., 1994 eval uated plant products,
Apilife-Var available as (5* 9* 1 cm) piece impregnated
with 20 g mixture of 76% thymol, 16.4% of eucalyptol,
3.8% each of menthol, camphor with 95% mite mortality
in only single chambered colonies. Quedzuweit during
1994 reported insignificant effect of marjoram treated wax
combs provided to the colonies against varroamite. Kraus
and Page, 1995 provided the vegetabl e oils to honeybees
by different methods and found that oils in patties can
increasethe brood with varroacontrol up to 38.41%. Liu
and Ward, 1995 documented Margosam O @ 3ml
effective for control of Acarapis woodi but for Varroa
control, results were inconclusive due to its high
reinfestation rates. Greatti et al., 1996 evaluated the
product contai ning sul phur 33%, garlic 44% and pepper
aong with ethanol treated twice against the varroa mite
and it resulted into the dwindling of the colonies. Gregore
and Jelenc 1996 reported that the platesimpregnated with
ApilifeVAR (74%thymoal, 16% eucdyptol, 3.3% camphor,
3.7% menthol) inserted into the hives after honey
harvesting controlled 2/3 of mites as compared with
Apistan (96%). Lensky et al., 1996 reported thymol 10%
to control mitesup to 70% whilethymol 30% was harmful
to the bees. Mutinglli et al., 1996 documented Apilife
VAR containing thymol, menthol, eucal yptol and camphor
along with other three organic acids viz. formic, oxalic,
lactic acids, applied in various dosesand formul ationsand
their relative efficacy wasworked out against varroamite
with very low mite mortality. Fries, 1997 reported the
advantages of organic products like; efficiency, labour,
cost and disadvantages of chemicals as residues and
resistance and stressed the use of organic substances.
Baggio et al., 2004 evaluated three thymol based products
namely Apilife VAR, Apigaurd and Thymovar and Apilife
VAR in Italy and found the highest varroamite control of
94.7% without any relavant side effect on bees while
Thymovar showed partial results. Floris et al. (2004)
found that Apilife VAR gave 74% and Apigaurd with
90.4% mite control and observed the negative effects of
thymol due to its fat solubility. Shappard et al., 2003
reported sucrose octanoate esters derived fromthe natural
plant leaves against Varroa destructor as a benign
compound safe and effective. Dimetry et al.,2005 used
five formulations of plant extracts containing neem,
vapcomic chloroform extract, citrullus seeds and powder
and with alcohol and found control up to 94%. Burns et
al., 2005 compared the effectiveness of Exomite and
thymol combinations and reported low popul ation of mites
initially but latter were ineffective due to gradual build
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up. Ariana et al., 2002 evaluated the plant essences of
thymol, savory, rosemary, marjoram, dillsun and lavender
@ 2 and 1 g. (w/w) and reported thyme, savory and
spearmint having acaricidal properties.

Biotechnical:

Erdmann, 1993 suggested drone brood removal.
Imdorf et al., 1995 recommended the removal of drone
brood and formation of nuclei. Brodsgaard et al., 1994
used biotechnical methods like, drone brood removal,
trapping combs, heat treatment of brood (4h to 44 ° C)
with lactic and formic acid. Heat treatment with drone
brood removal was sufficient but considering difficulty
of these methods hence autamn treatment with lactic acid
or formic acid was recommended. Lavagnino and
Marletto, 1995 reported drone brood removal from the
colonies was effective and should be used during few
months of year. Clark, 1995 reported the use of sticky
papers along with the Apistan strips and formic acid for
the control of Varroa as well as the Acarapis woodi
mites. Gatien and Currie, 1995 suggested the artificial
swarming, nucleus fusion which can control mites up to
50%. Fleche et al ., 1996 reported comb replacement and
requeening the brood diseasesviz. EFB, AFB, fungal have
reduced from 40% to 28%. Nguyen et al., 1996 adopted
the manipulation methods viz. trapping varroa in drone
brood cells, maintai ning broodlessness, destroying brood
after last honey harvest, caging queens. These methods
hel ped in managing these mitesin Vietnam. Spivak, 1996
reported hygiene asvery important for varroamanagement
and suggested that infested larvae must be taken out
immediately. Calis et al., 1996 adopted the drone brood
trapping and creating broodl essnesswhich could resultin
93% varroa mite control. Thomas, 1997 has opined the
resistance developed by varroa mite and stressed to
manage it by alternate methods of drone brood killing,
nulei making, devel oping resistant queensand using formic
acid with winter treatment of oxalic acid resulting in 96-
99% varroamite control. Sammeataro et al., 2004.followed
theintegrated Varroa control strategiesasthe use of mite
tolerant queen stock, screen inserts T-02 strips and has
observed that the location of the apiaries has the effects
on the colony development.Puskadiya et al., 2003
reported nuclei method during the post spring season as
effective to manage Varroa destructor but as an unique
tactis can not be recommended.

Biological:

Tsagou et al., 2004 reported that the bacterial strains
of Bacillus sp. and three unidentified species of family
Micrococaceae could control themiteupto 57% withlethal
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endotoxins and exotoxins to mite. Benoit et al., 2004
reported the fungal spores present on the body of female
mite and bees are ailmost the same but do not have any
implication in biological control of Varroa mite but
Aspergillus flavus may have the application in Varroa
control. Peng et al., 2002 cosidering resistance to
fluvalinate, dternative management with fungus, Hirsutella
thompsonii which haslethal timeto kill 50% mites as 52-
97 hours but its efficacy need to be studied largely in bee
hives. Kangaet al., 2002 reported Hirsutella thompsonii
Fisher and Metarrhizium anisopliae Metachinkoff as
biocontrol agents of varroa mite with LT 90 as 4.16 and
5.85days, respectively @ 1.1* 10 3 conidiamm(-2) having
significant virulence against varroa mite and also
recommended their use aspromising avenuesinintegrated
management of Varroa destructo. Kanga et al., 2003
compared the efficacy of fungus, Metarrhizium
anisopliae with tau- fluvalinate and reported that the
fungus took 3-4 days after conidia were applied in dust
and strip form and were found as effective as Apistan.
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