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Summary — Three experiments were conducted on queen and worker honey bees (Apis mellifera
L) to assess effects of treatment with fluvalinate impregnated (Apistan®) strips. A 5-d treatment of
worker bees (weighing 1.4 kg per group) in screen packages with a fluvalinate strip (2.5% a i, 2.5 x
13 cm) did not increase mortality. Overwintered laying queens (n = 30), and newly mated queens
(n = 60) were treated in Benton mailing cages for 5 d with fluvalinate (Apistan Queen Tabs, 1% a i,
2.5 x 1.3 cm). All queen mortality occurred on d 4 and 5 of the treatment period, which is beyond the
recommended 3-d-treatment. Neither group of treated queens exhibited a significant increase in
mortality. However, attendant worker bees in the second trial exhibited a significant increase in mor-
tality during treatment. No differences were observed in colony acceptance of queens, brood viabili-

ty, or supersedure rates at 2 and 6 months post-exposure.
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INTRODUCTION

Honey bees infested with the parasitic
mite Varroa jacobsoni (Oudemans) pose
regulatory problems which may cause re-
strictions on the movement of bees. Many
North American beekeepers rely on buy-
ing package bees and queens to maintain
their operations. Canada and Mexico
have banned importation of bees from the
United States because of Varroa. In order
to allow bees to move from infested areas

* Correspondence and reprints

to uninfested areas and to slow the
spread of parasitic mites, treatments to rid
the bees of mites before or during ship-
ment have been sought.

The relative low toxicity to honey bees
of fluvalinate has been demonstrated by
several researchers (Stoner et al, 1984;
Taylor et al, 1987; Borneck 1988; Hender-
son, 1988; Waller et al, 1988). Colony
treatments to control V jacobsoni with flu-
valinate have also been favorable (Bor-
neck and Merle, 1987, 1989; Koeniger
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and Chmielewski, 1988; Lubinevski et al,
1988; Ruijter and Van Den Eijnde, 1989).
Queen mailing cages present a unique
treatment problem of exposing a limited
number of bees and a queen to a toxic
substance in a confined environment. Her-
bert et al (1988a) tested amitraz, fluvali-
nate and cymiazole and found the 1% a i
fluvalinate strip (Apistan®)* to be effective
against V jacobsoni and also of low toxicity
to worker bees during a 3-d treatment
period in small cages. Toxicity to work-
ers of 2.5-10% fiuvalinate, however, was
deemed objectionable in the confined envi-
ronment of the test cages (Herbert et al,
1988a). Treatment of worker bees with
2.5% fluvalinate in mailing packages has
also shown promise (Herbert et al, 1988b;
Witherell and Herbert, 1988).

USDA-APHIS briefly set up a US qua-
rantine on movement of bees with Varroa;
after fluvalinate treatment, however, bees
could move from Varroa-infested to non-
infested areas. Although the efficacy of flu-
valinate against V jacobsoni has been
demonstrated, the effects on treated
queens and workers in the absence of
Varroa needs further testing.

The current studies were undertaken to
examine the following: (1), worker mortality
after treatment in a screen wire mailing
package (1.4 kg per worker group) with a
fluvalinate impregnated strip (2.5% a i);
and (2), effect of treatment with a 1% flu-
valinate strip on queen mortality, brood vi-
ability, and colony acceptance and super-
sedure rates of treated queens.

MATERIALS AND METHODS

All experiments were carried out on bees of pre-
dominately Iltalian stock near Weslaco, TX,

USA. Bees were free of Varroa sp based on al-
cohol washes of 500 bees per colony. All fluvali-
nate strips were manufactured by Zoecon Cor-
poration.

Worker mortality

To test worker longevity after exposure to fluvali-
nate, two 1.4 kg worker packages were shaken
from each of 5 strong colonies in February
1988. One package from each pair was fitted
with a 2.5 x 13 cm strip of 2.5% (a i} fluvalinate
suspended under the queen cage. The compan-
ion cage contained no strip (untreated). All pack-
ages were supplied with 50% sucrose solution
(vol:vol) and a caged queen. Packages were
held for 5 d at 25 + 2 °C (mean * sd). Mortality
counts were taken from the cage floor after 5 d.
From each package, 3 subsamples of 67 + 13
bees were placed in wooden cages (7.5 x 13 x
4 cm) (Kulincevic and Rothenbuhler 1973). Cag-
es were held in an incubator at 30 £ 1 °C and
supplied with 50% sucrose solution and water.
Daily mortality counts were recorded for 24 d.
Mortality rates were compared by a paired ttest.

Overwintered laying queens

Thirty overwintered laying queens were re-
moved from active colonies in February 1988. A
queen and 7 attendant worker bees were placed
in a Benton mailing cage (3 x 8 x 2 cm). Each
cage contained queen candy and either an Api-
stan Queen Tab® (1% a i fluvalinate strip, 2.5 x
1.3 cm) stapled under the screen or no strip (un-
treated). Cages were held at 25 + 2 °C for 5 d
and mortality was recorded daily. The 5-d treat-
ment period was selected because queens be-
ing treated in transit may be exposed for longer
than the 3-d label recommendation.

To examine acceptance rates of treated
queens, two 3-frame nuclei were split from each
of 15 strong colonies in February 1988. Nuclei
were left queenless for 1 d before queens were
introduced in mailing cages. One treated and 1
untreated queen was introduced into each pair

* Fluvalinate (Apistan®) Zoecon, Inc, Dallas, Texas, USA : Mention of a proprietary product does not
constitute a recommendation by the USDA, nor does it imply registration under FIFRA as amended.
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of nuclei. Queen cages were inverted on the top
bars and inspected 2 d later for queen release.
Nuclei were examined on the twelfth day for
queen acceptance and egg production. Addition-
ally, 100 cells containing eggs were marked to
assess brood viability (Harbo and Szabo, 1984).
Sixteen d later the 100 cells were examined and
those reaching the late pupal stage were record-
ed as viable.

Newly mated queens

A second trial of queen acceptance was con-
ducted in May 1988 with 60 newly mated
queens from a commercial queen breeder. Eval-
uation methods followed the above experiment
with the following exceptions: 1) both treated
and untreated queens were shipped by mail for
2 d and then held at 25 + 2 °C for the last 3 d of
the treatment period; 2), thirty double brood
chamber hives were split equally (bees and
brood), resulting in 60 paired colonies; 3}, colo-
nies were relocated to 2 new apiaries and left
queenless for 1 d before introduction of the test
queens; 4), after acceptance of queens, colo-
nies were examined at 2 and 6-month intervals
to assess queen failures. Differences in queen

and worker losses were analyzed using Fisher's
exact test (Steel and Torrie, 1980).

RESULTS

Worker mortality

The number of dead bees per cage after 5
d was not significantly different between
treated (68 + 21), and untreated (81 £ 12)
groups (t = 1.94, 4 df, P > 0.05). Mortality
over the 24-d period differed between the
treated (51 + 15), and untreated (63 + 12)
groups (t=2.45, 4 df, P <0.05).

Overwintered laying queens

During the 5-d treatment 8 workers and 3
queens died in the 15 cages of the treated
groups versus 2 workers and 1 queen in
the 15 untreated cages (tabie I). Only one

Table |. Effects on overwintered laying queens and newly mated queens exposed to a 1% fluvalinate
impregnated strip, Apistan Queen Tabs®, in Benton mailing cages for 5 d. Following treatment,

queens were introduced into colonies and monitored.

Mortality Queens Queen failures Total
after 5d not accepted (# failures/n) queen losses
2mo 6 mo
Overwintered laying queens
Untreated 1 0 - - 1
(n=15)
Treated 3 1 - - 4
(n=15)
Newly mated queens

Untreated 1 . 3 2/26 1/24 7
(n=30) :
Treated 2 3 0/24 3/24 81
(n=30)

1 One treated queen killed during colony manipuiations.
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worker died in the first 3 d of treatment.
The remaining worker mortality and all
queen mortality occurred on d 4 and 5. To-
tal queen losses were not significantly
higher in the treated group. Brood viability
did not differ between treated (89 + 6%)
and untreated (84 + 9%) groups.

Newly mated queens

During the 5-d treatment, 37 workers and
2 queens died in the 30 treated cages ver-
sus 6 workers and 1 queen in the 30 un-
treated cages (table I). Again mortality oc-
curred predominantly on d 4 and 5. In 4
cages all 7 workers died, and 2 of these
cages also lost their queens. Worker mor-
tality was significantly greater in the treat-
ed cages (P < 0.05). Total queen losses
were not significantly different. Brood
viability was 88 £ 0.1% and 89 + 0.1% for
the treated and untreated queens, respec-
tively.

DISCUSSION

There were no deleterious effects of 2.5%
fluvalinate on worker mortality after the 5-d
treatment period. There are no known rea-
sons for the treated cages to show lower
mortality. Similarly, Herbert et al (1988a)
found lower overall mortality in cages
treated with two 2.5% fluvalinate strips
than cages containing one strip.

The only observable effect of fluvalinate
was during the actual treatment period
which was 2 d longer than the 3-d label
specification. All queen mortality, and
> 95% of the worker mortality occurred
during the last 2 d of treatment. Queens
that survived the treatment period showed
no differences in colony acceptance rates
or brood viability. Also, queen failures at 2

and 6 months were not different with the
newly mated queens tested.

In the second trial, worker mortality dif-
fered. Four of the 30 cages accounted for
75% of worker mortality and 100% of the
gueen mortality in the treated group. Septi-
cemia or undetected pathogens could be
confounding factors; however, no visible
evidence of disease was noted, and no
clumping of mortality was observed in the
untreated group.

Mortality of attendant workers and
queens in both trials occurred predomi-
nantly on d 4 and 5 of the treatment. Thus
the recommended 3-d treatment period
should not be exceeded to reduce adverse
effects on queens. Following the 5-d treat-
ment, no detrimental effects were ob-
served in queen acceptance by the colony,
brood viability, or longevity of the newly
mated queens through a 6-month period.
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Résumé — Traitement des reines et des
ouvriéres d'abeilles ( Apis mellifera L)
au fluvalinate : conséquences sur la
mortalité, I'acceptation des reines et la
supersédure. L'action du fluvalinate sur la
reines et les ouvriéres d'abeilles a été éva-
luée en l'absence du parasite Varroa ja-
cobsoni. Des ouvriéres, regroupées en pa-
quets de 1,4 kg et placées dans des boites
d'expédition grillagées ont été exposées a



Fluvalinate treatment of queen and worker honey bees 5

un ruban (2,5 x 13 cm) imprégné de fluvali-
nate (2,5% de substance active) pendant
5j. Cing paquets ont été traités, 5 autres
ont servi de témoins. A la fin du traitement
3 échantillons de 67 £ 13 abeilles ont été
prélevés dans chacun des 10 paquets.
Ces abeilles ont été mises dans des ca-
gettes (7,5 x 13 x 4 cm) avec de l'eau et du
sirop a disposition. Leur mortalité, a la tem-
pérature de 30 = 1 °C, a été observée pen-
dant 24 j : il n'y a pas eu d'augmentation.

Pour tester I'action des rubans impré-
gnés de fluvalinate a 1% (Apistan Queen
Tabs®) sur les reines, 2 tests ont été faits.
Trente reines pondeuses agées de moins
de 4 mois ont été retirées de leurs colonies
et placées chacune dans une cage d'expé-
dition en bois (3 x 8 x 2 cm) avec 7 ou-
vrieres accompagnatrices. Dans 15 cages,
un ruban d'Apistan a été introduit sous le
grillage, les 15 autres n'ont pas été trai-
tées. La mortalité a été relevée quotidien-
nement pendant les 5 j qu'a duré le traite-
ment. Au bout de 5 j, les reines, toujours
dans leur cage, ont été placées dans des
nucléi orphelins; 'acceptation de la reine et
sa ponte ont été observées 12 j plus tard.
Le second test a porté sur 60 reines re-
cemment accouplées et agées de moins
de 2 mois. Eiles ont été traitées comme ci-
dessus mais en outre, on les a examinées
2 mois et 6 mois aprés le traitement pour
déterminer le taux de supersédure. La
mortalité des reines traitées est survenue
les 4¢ et 5¢ j du traitement mais n'était pas
significativement différente de celle des
reines non traitées. Dans le second test,
les ouvriéres accompagnatrices ont pré-
senté une mortalité significativement ac-
crue par rapport aux ouvrieres non trai-
tées. Cette mortalité accrue due au
traitement peut étre évitée en précisant
dans la notice de limiter le traitement a 3 |.
Aucune différence n'a été notée concer-
nant l'acceptation des reines traitées, la

viabilité du couvain ou le taux du supersé-
dure a 2 et 6 mois aprés le traitement.

Apis mellifera / acaricide / fluvalinate /
effet non intentionnel / mortalité

Zusammenfassung — Fluvalinat-
Behandlung von Koniginnen und
Arbeitsbienen: Effekte auf die
nachfolgende Mortalitdt, Annahme der
Kéniginnen und Umweislung. Die
Auswirkungen von Fluvalinat auf
Kéniginnen und Arbeitsbienen wurden in
Abwesenheit von Varroa jacobsoni gepruft.
Arbeitsbienen wurden in Gitter-
Versandkisten (1,4 kg Bienen pro Paket)
fur fanf Tage einem Fluvalinat-
impragnierten Streifen (2,5% bei einer

StreifengréBe von 2,5 x 13 cm)
ausgesetzt. Funf Pakete wurden
behandelt, funf andere blieben

unbehandelt. Nach den finf Tagen
Behandlungszeit wurden aus jedem der 10
Versandkisten drei Proben zu je 67 + 13
Bienen in Laborkafigen (7,5 x 13 x 4 cm)
untergebracht und mit Zuckerlosung und
Wasser versorgt. Bei einer Temperatur
von 30 = 1 °C wurde die Mortalitat dieser
Bienen 24 Tage lang beobachtet.

Um die Effekte von mit 1% Fluvalinat
impragnierten Streifen (Apistan Queen
Tabs®) zu prifen, wurden zwei Tests
durchgefiihrt. 30 legende Jungkéniginnen
(weniger als vier Monate alt) wurden ihren
Volkern entnommen und mit sieben
Begleitbienen in Holz-Versandkafige (3 x 8
x 2 cm) gebracht. In 15 Kafigen wurde
unter das Gitter ein Apistanstreifen gelegt,
15 Kéfige blieben unbehandelt. Wahrend
der funf Tage dauernden Behandlung
wurde taglich die Mortalitat bestimmt.
Nach AbschluB der Behandiung wurden
die Koniginnen aus den Kéfigen
weisellosen Kernvélkern zugesetzt und 12
Tage spater auf Annahme und Eiablage
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gepriift. Der zweite Test bestand aus 60
frisch begatteten Koniginnen (Alter
weniger als 2 Monate), die wie oben
beschrieben behandelt wurden, aber mit
zusétzlicher Uberpriifung zwei und sechs
Monate spater zur Feststellung der
Umweislungsrate.

Ergebnisse. Eine finf Tage wéhrende
Behandlung von Kunstschwérmen (1,4 kg)
in Versandkédsten mit Fluvalinat-
impragnierten Streifen (2,5%) steigerte die
Sterblichkeitsrate der Arbeiterinnen
wéahrend einer Periode von 24 Tagen
nicht. Die Mortalitdt der behandelten
Kéniginnen beschrénkte sich auf die Tage
vier und finf der Behandiungszeit, sie war
aber nicht signifikant von der Sterblichkeit
unbehandelter Kéniginnen verschieden.
Die Begleitbienen im zweiten Versuch
zeigten eine signifikant erhdhte
Sterblichkeitsrate gegeniber
unbehandelten Bienen. Eine erhéhte
Sterblichkeitsrate infolge der Behandlung
kénnte dadurch vermieden werden, daB in
den Begleitvorschriften die Behandlung
auf drei Tage begrenzt wird. Hinsichtlich
der Annahme der behandelten Koéniginnen
in den Vblkern, der Lebensfahigkeit der
Brut oder der Umweislungsrate wurden bei
der Untersuchung zwei und sechs Monate
nach der Behandlung keine Unterschiede
festgestellt.

Apis mellifera / Akarizide / Fluvalinat /
Mortalitat
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