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Summary — Low doses of fluvalinate were tested for control of Varroa jacobsoni in honey bee
(Apis mellifera) colonies in Yugoslavia. When presented to colonies as a smoke strip fumigant, low
dosages (0.0025 g per colony on 3 occasions) provided excellent control of V jacobsoni. In compari-
son with amitraz as a fumigant or in an aerosol or fluvalinate in an aerosol, the application of fluvali-
nate as a fumigant killed a greater percentage of mites. Mite mortality occurred mainly in the first 90
min after treatment but continued throughout the first 24 h after treatment at significant levels.

Apis mellifera ! varroatosis / chemical control / fluvalinate / amitraz

INTRODUCTION

The honey bee (Apis mellifera L) parasite
Varroa jacobsoni Oudemans was first dis-
covered in Yugoslavia in the middle
1970's when it caused large losses of
honey-bee colonies in the eastern parts of
the country (Lolin, 1977). By the begin-
ning of the 1980's all Yugoslavian bee-
keeping was troubled by the mite.

Various means for controlling V jacob-
soni infestations - have been used in Yugo-

* Correspondence and reprints

slavia during the past decade. Recently,
the most common method has beén fumi-
gation of colonies with amitraz (Varamit®)
(KulinGevié, 1985). Fumigation is accom-
plished by using smoldering paper strips
containing a measured dose of amitraz
and NaNOj3. The NaNOj causes the ignit-
ed paper to smolder and produce smoke
which carries the toxicant throughout the
hive. This treatment is effective with lower
doses of toxicant applied in combination
with increased temperatures and de-
creased humidities inside closed hives

Mention of a proprietary compound or trademark name does not constitute an endorsement. This arti-
cle reports research results and does not contain recommendations.
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(Kulingevi¢ and Tomazin, 1986). However,
most beekeepers in Yugoslavia use paper
strips with 0.02 g of amitraz per hive sev-
eral times a year. The hives have open en-
trances and the temperature and humidity
are not altered.

Lately the synthetic pyrethroid fluvali-
nate has received considerable experi-
mental attention (Koeniger and Chmielew-
ski, 1986; Borneck and Merle, 1987;
Vesely, 1987; Lubinevski et al, 1988). In
the USA, fluvalinate in a plastic strip for-
mulation (Apistan®) is registered for use in
bee colonies. Such a formulation was
found to be effective in studies in Germany
(Koeniger and Chmielewski, 1986) and in
France (Borneck and Merle, 1987). A simi-
jar method was tested in Israel (Lubinevski
et al, 1987), except instead of impregnated
plastic, they used plywood soaked in Mav-
rik®, a formulation of fluvalinate registered
in the United States for use on crops but
not on bees.

These methods, especially the plywood
method, use rather large amounts of ac-
tive material that for best effect are
present in hives for = 3 wk. This is both
costly and increases the possibility of con-
taminating hive products. Recently, in the
United States, honey in bee hives was
found to contain high residues of fluvali-
nate (H Shimanuki, personal communica-
tion). Also, these methods require the
opening of colonies twice; first to insert
and then later to remove the application
devices. Consequently, we studied the ef-
fectiveness of low doses of fluvalinate ap-
plied in the form of paper smoke strips.

MATERIALS AND METHODS

For all experiments, we used honey-bee colo-
nies of Apis mellifera carnica in standard Lang-
stroth hives.

Experiment 1: doses of fluvalinate

Based on the dosages tested by Vesely ef al
(1987), 3 doses of active material (0.0025 g,
0.0035 g, and 0.0075 g) were compared. Using
30 colonies in an 18-d experiment, each dosage
was applied using paper smoke strips placed on
the bottom boards of 10 hives 3 times at 5-d in-
tervals. The single chamber hives were main-
tained with opened entrances and were
equipped with bottoms having screened remova-
ble inserts to permit the counting of dead mites.
The hives contained colonies with 1.5-2 kg of
bees. This experiment was carried out in the au-
tumn when colonies were broodless.

Dead mites were counted on d 1 and 5 after
each treatment application (d 2 and 6, 8 and 12,
14 and 18 of the experiment). Data were submit-
ted to multivariate profile analysis of variance
(Bock, 1963; Neil, 1975) to determine differen-
ces between treatments, the effect of periodic
applications of treatments and interactions be-
tween time effects and treatment dosages. The
bees in one colony from the group receiving 3
applications of 0.0075 g of fluvalinate were killed
and washed with ether to determine the number
of live mites after treatment.

Experiment 2: time required for mites
to be killed by fluvalinate

The second experiment measured the time re-
quired for mites to drop to screened bottom
board inserts after application of fluvalinate as a
fumigant. For this experiment, a single dose of
0.0035 g of fluvalinate was applied to each of 10
colonies in hives with 2 Langstroth hive bodies.
The colonies had 4-6 kg of bees, queens, and
brood. Colonies were treated in August 1987, af-
ter the nectar flow had stopped and honey had
been removed.

Dead mites were counted from screened bot-
tom board inserts at 30, 60 and 90 min and 1
and 4 d after treatment. Multivariate profile anal-
ysis followed by univariate F-tests were used to
determine the time when a plateau was reached
in the number of mites killed (Bock, 1963; Neil,
1975).
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Experiment 3: amitraz as a fumigant or
aerosol and fluvalinate as a fumigant or
aerosol

The third experiment compared the mortality of
mites following 4 different combinations of appli-
cation procedure and toxicant material. Amitraz
was applied to colonies both as a smoke strip
(Varamit®) containing 0.02 g of active material
and as an aerosol containin 0.006 g of active
material. Fluvalinate was applied as a smoke
strip containing 0.0025 g of active material, and
as an aerosol containing 0.0012 g of active ma-
terial. Lower doses of active material were cho-
sen for aerosols based on reports (Vesely, per-
sonal communication; Colin (1986) unpublished
report, Varroa Workshop, Feldafing/Steinberg,
Germany) that aerosol procedures required less
toxicant.

Smoke strips were burned on top of the
uppermost frames in hives with the entrances
open and the covers in place. Aerosols were
prepared as water dilutions of active material
which were applied by an air-compression de-
vice "VAT-1", made in Czechoslovakia. During
aerosol applications the hives were closed for
7-10 min.

Each combination of application procedure
and materials was applied on a single occasion
on d 1 of the experiment, Nov 13, 1987. After-
wards, on Dec 29-30 1987, and on Feb 27,
1988, all colonies were fumigated with smoke
strips containing 0.0025 g of fluvalinate. Dead
mites were counted from screened bottom
board inserts 1 and 7 d after each application of
toxicant, ie d 2 and 8, 10 16, and 18 and 24 of
the experiment.

Each of the combinations of materials and
procedures was tested on 15 colonies. These
colonies were typical field colonies housed in 2
Langstroth hive bodies. Colonies were large,
with 4-6 kg of bees and contained queens but
no brood. One colony from the group which was
first treated with fluvalinate fumigation was killed
and washed in ether to determine the total num-
ber of mites remaining after the 3 treatments.

Data were analyzed by a multivariate profile
analysis of variance. The hypothesis concerning
differences in the portion of the total dead mites
killed by the initial applications of toxicant was
tested by comparing the successive differences
in numbers of dead mites. These profiles of

changes through time were examined for paral-
lel or non-parallel events. This multivariate test
was followed by univariate Wilks' lambda tests
to determine where non-parallel differences oc-
curred.

RESULTS AND DISCUSSION

Fluvalinate, delivered to colonies in a
smoke strip formulation, killed similar num-
bers of mites regardless of dose (table I;
P < 0.99). More than 93% of the total mor-
tality occurred after the first application.
The second and third applications killed
only a few additional mites (3-5% and 0.7-
1.5%, respectively).

The colony that was killed and exam-
ined in detail after treatment contained 2
mites. Thus, the lowest dose studied
(0.0025 g) was effective in killing Varroa.
Even lower doses might be demonstrated
to be effective.

Experiment 2 (tracking mortality through
time) demonstrated 3 characteristics of
mite mortality following fluvalinate fumiga-
tion (fig 1). The majority of mites are killed
within 90 min (P < 0.0001); a significant in-
crease in numbers of dead mites occurred
between 90 min and 24 h (P < 0.0005) and
no significant increase in mite mortality oc-
curred after 1 d (P < 0.052), indicating that
mite mortality quickly reached a plateau.

The rapid action of the fumigant proce-
dure using fluvalinate is clear from this ex-
periment. Also, we did not observe any
side-effects from fluvalinate treatment on
bees or queens.

In the comparison of combinations of
application procedures and materials, 2 im-
portant results were observed (fig 2). First,
regardless of toxicant, the aerosol applica-
tion procedure resulted in a smaller propor-
tion of mites being killed when mortality
was compared fo subsequent mite mortali-
ty (P.< 0.0001). Second, of the 4 combina-
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Table 1. The cumulative numbers of dead mites (X + SE) and the cumulative percentages of total
dead mites per dosage and colony (in parentheses) following the application of 3 doses of fluvalinate
as a fumigant from smoke strips given 3 times at 5-d intervals to 10 colonies each.

Day of Treatment Treatment dosage
Exp application
0.0025 0.0035 0.0075
1 1st treatment
2 54.2+13.2 53.1+10.6 51.3+10.3
(91.55) (91.1) (90.0)
6 55.9+13.5 54.8 +£10.9 54.6+10.9
(94.4) (94.0) (95.7)
7 2nd treatment
8 8.2+13.3 57.6+10.8 56.5+12.0
(98.3) (98.8) (99.3)
12 58.3+13.3 57.9+10.8 56.6+15.4
(98.5) (99.3) (99.3)
13 3rd treatment
14 59.0+13.4 58.2+10.8 57.0x12.2
(99.7) (99.8) (100)
18 59.2+13.4 58.3+10.8 57.0x12.2
(100) (100) (100)
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Fig 1. Total cumulative number (X  SE) of mites killed through time after a singlé exposure to 0.0035

g fluvalinate to each of 10 colonies.

tions of toxicants and procedures, the ap-
plication of the fluvalinate fumigation pro-
cedure was followed by proportionally few-
er dead mites resuilting from subsequent

treatments. Thus, the statistical analysis
identified the fluvalinate fumigation group
as different because of its flat profile (P <
0.0001). The colony that was killed and ex-
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Fig 2. The cumulative percentage of dead V jacobsoni mites in colonies first given amitraz, or fluvali-
nate, as a fumigant or an aerosol. In all cases the 2nd and 3rd treatments were with fluvalinate as a
fumigant to determine the total mites in each of 15 colonies and hence assay the comparative effi-
ciency of the 4 treatments first given to the colonies. Days indicate the cumulative days of the experi-
ment. Bars indicate the average percentage of mite mortality; error bars are SE.

amined for mites remaining after treatment
contained none.

In general, the aerosol application meth-
od gave poorer results. It may be that the
smaller doses of toxicants used with this
procedure are the source of the lesser effi-
ciency. However, others have reported
contrary experiences in comparisons of
aerosols and fumigants (Evrat and Yakob-
son (1986), unpublished report, Sympo-
sium on Health Protection in Honey Bees,
Zagreb, Yugoslavia).

The development of commercial fluvali-
nate fumigation procedures would provide
an additional useful tool for controlling V ja-
cobsoni. The impregnated plastic strips
and soaked plywood techniques (loc cit)
provide the advantage of having a pro-
longed presence in the hive. This permits
effective treatment of colonies, even when

brood is present. Mites that parasitize new-
ly emerging bees will be killed as long as
the treatment remains in the colony. How-
ever, the prolonged exposure to toxicant
increases the danger of the contamination
of hive products, especially those contain-
ing wax. This is particularly true when
hives are used that do not have separate
compartments for honey production (honey
supers) that can be removed during treat-
ment. Bees in chest hives, drawer hives
and similar equipment store honey and
raise brood in all the hives combs, and
thus these combs are a likely source of
contaminated hive products. Fluvalinate fu-
migation would be a useful method of V ja-
cobsoni control in such hives. Also, some
beekeepers might choose fumigation be-
cause of the convenience of the applica-
tion procedures and the better control of
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dosage and timing of application. Unpre-
dicted nectar flows occurring during appli-
cation periods or mistakes of leaving treat-
ments on colonies during nectar flows
would not occur. However, fluvalinate fu-
migation is not expected to provide effec-
tive control of mites when brood is present
in colonies. Nonetheless, adequate control
might be obtained from autumn and winter
applications of colonies when they are
broodless. This would avoid the use of mit-
icides until after the spring and summer
honey harvests are completed.

The development of fluvalinate as a fu-
migant probably would not entirely replace
amitraz preparations. Amitraz fumigation
remains as an effective procedure. The
control level it provided in experiment 2 is
sufficient to maintain adequate colony
health for commercial purposes. Also, the
fumigation method with amitraz in Yugo-
slavia has not produced noticeable ad-
verse effects on colonies, aithough it is re-
puted that other procedures with amitraz
may lead to increased rates of queen su-
persedure (Lubinevski et al, 1988).

Because mite generations occur so rap-
idly, the general expectation is that fairly
quickly, V jacobsoni will develop resis-

_tance to any miticide. The alternate use of
fluvalinate and amitraz may help to retard
the development of resistance to toxicants
in mite populations.
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Résumé — Traitement de la varroatose
dans les colonies d'abeilles en Yougo-

slavie par fumigation de faibles doses
de fluvalinate et d'amitraz. Les 3 expé-
riences suivantes portent sur l'efficacité du
fluvalinate en laniéres fumigénes contre la
varroatose (Varroa jacobsoni). Dans la 1™
expérience, nous avons comparé le nom-
bre d'acariens tués par 3 répétitions de 3
dosages de matiére active : 0,0025 g,
0,0035 g et 0,0075 g/colonie. Tous les do-
sages ont tué au minimum 94% des aca-
riens dans les 5 j suivant la premiére appli-
cation. Aucune différence n'a éte
constatée entre les divers dosages.

Dans une seconde expérience, Nous
avons étudié le temps nécessaire a un trai-
tement pour tuer les parasites. La majorité
d'entre eux sont morts en 90 min (P <
0,0001). Néanmoins, un nombre supplé-
mentaire important d'acariens sont morts
dans les 24 h (P < 0,005). Aprés 24 h, la
mortalité a stagné et seule une mortalité
supplémentaire insignifiante a eu lieu ( P <
0,052).

Dans la 3¢ expérience, nous avons
comparé le fluvalinate en fumigation a
0,002 5 g/colonie et en aérosol & 0,001 2
glcolonie avec I'amitraz en fumigation a
0,02 g/colonie et en aérosol & 0,006 g/
colonie. Seul le fluvalinate en fumigation a
réussi a tuer plus de 93% des acariens
avec une seule application.

Une fois la mise au point faite, le fluvali-
nate en fumigation devrait constituer un
outil supplémentaire utile dans la lutte
contre V jacobsoni. Il offre la possibilite
d'un dosage précis et du choix du moment
pour l'application de l'acaricide. Une conta-
mination accidentelle des produits du ru-
cher, comme par exemple le nectar récol-
té, serait vraisemblablement réduite par un
dosage précis, le choix du moment le plus
opportun pour traiter, ainsi qu'une présen-
ce plus courte du produit dans la colonie.

Apis mellifera / varroatose / lutte chimi-
que / fluvalinate / amitraze
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Zusammenfassung — Kontrolle von
Varroa jacobsoni bei Bienenvdlkern in
Jugoslawien durch Rauchern von klei-
nen Dosen Fluvalinat und Amitraz.
Nachfolgend werden drei Experimente
Uber Aspekte der Wirkung von Fluvalinat in
Form von Raucherstreifen bei der Kontrol-
le von Varroa jacobsoni beschrieben. Bei
einem Experiment haben wir die Anzahi
getoteter Milben nach drei Dosierungen
von aktivem Material (0.0025 g, 0.0035 g
und 0.0075 g/Volk) in drei Wiederholungen
verglichen. Alle Dosierungen téteten min-
destens 94% der Milben innerhalb von funf
Tagen nach der ersten Anwendung. Zwi-
schen den Dosierungen bestand kein Un-
terschied.

In einem weiteren Experiment unter-
suchten wir die Zeit, welche zur Abtdtung
der Milben nach der Behandlung erforder-
lich ist. Der groBte Teil wurde innerhalb
von 90 Minuten abgetétet (P < 0.0001).
Eine erheblche zusatzliche Zahl ging
jedoch innerhalb von 24 Stunden zugrunde
(P< 0.0005). Nach 24 Stunden bildete die
Mortalitat ein Plateau und nachher ging
nur noch eine geringe Anzahl Milben ein
(P < 0.052).

In einem dritten Experiment verglichen
wir Fluvalinat als Rauchermittel (0.0025 g/
Volk) und als Aerosol (0.0012 g/Volk)
sowie Amitraz als Rauchermittel (0.02 g/
Volk) und als Aerosol (0.0006 g/volk). Die
Fluvalinat-Raucherung Ubertraf alle ande-
ren Anwendungen durch Abtdtung von
Uber 93% der Milben nach einer einzigen
Behandlung.

Nach weiterer Ausarbeitung sollte sich
die Fiuvalinat-Raucherung als zuséatzliches
natzliches Mittel zur Kontrolle von V jacob-
soni erweisen. Sie bietet die Mdglichkeit
der exakten Dosierung und der Wahl des
Zeitpunktes der Anwendung des Heilmit-
tels. Die Maoglichkeit einer unbeabsichtig-
ten Kontaminierung der Bienenprodukte,
wie zB des hereinkommenden Nektars,
kann vermutlich durch eine prazisere Do-

sierung, Wahl des geeignetesten Behand-
lungszeitpunktes sowie einer geringeren
Verweildauer des Mittels im Volk verringert
werden.

Apis mellifera / Varroatose / chemische
Kontrolle / Fluvalinat / Amitraz
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