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EFFECT OF FLUVALINATE ON ACTIVITY OF HONEY BEE
INDIVIDUALS
[58]

Ali', MAAM.
ABSTRACT

Twenty concentrations of 98% purity of technical-grade fluvalinate (Apistan®)
were assayed at 23°C under laboratory and field condition to examine its toxic effect
on honey bees (dpis mellifera L.). In field trial, dilution of 20 mg fluvalinate/ml
acetone was topically applied to evaluate its effect on queen acceptance, mating ra-
tio, superseding and colony vigor. In the experiment, virgin queens were divided
into three different groups of queens treated as follows:- (i) acetone only as
untreated check, (ii) 20mg/ml of 98% fluvalinate and (iii) queens received treatment
only after mating The data showed that concentrations between 1 -20 mg/ml flu-
valinate caused 10 - 100% mortality of workers, meanwhile, 0.05 — 50 mg/ml caused
mortality of drones ranging from 11.43-100%. Concentrations between 30 - 100 and
20 -80 mg/ml caused 30 -100 and 20 -100% mortality for queens 24 and 48 hours
after treatments, respectively. The LC50* were 3.768, 4.064 and 53.447 for worker,
drone and queen honey bees, respectively. In field trial the queen acceptance was 80,

70 and 75% and queen mating was 65, 60 and 75%. Queen superceding was 0, 40
and 6.67% for groups (i), (ii) and (iii), respectively. Brood areas were 2296.77,
2445.96 and 2447.17 cm® for groups (i), (ii) and (iii), respectively and numbers of
frames field with brood and those covered with bees were 2.38, 2.63 and 2.56 for the
former and 5.00, 5.42 and 5.38 for the later aspect for groups i, ii and iii, respec-
tively.
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INTRODUCTION workers and drones (Choi and Woo,

1974). Schneider (1986) found a corre-

The ectoparasitic, Varroa destructor
(Anderson and Trueman, 2000) has
become a formidable problem for bee-
keepers all over the world. Infestation
with Varroa caused areduction between
10-20% of pupal weight in honey bee

lation between the degree of infestation
of drone brood and reduction in their
weight at emergence, as well as in the
size of seminal vesicles and mucus
glands. Furthermore, the number of
spermatozoa decreased by 50% whena
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drone pupa was infested with more than 3
mites. Deficiencies in drones could re-

duce their sperm contribution at mating

especially if the queen mates with an
insufficient number of drones (Rinderzr
et al 1998). Infested newly honey bee
queens were not surviving introduction
into colonies or were being superseded
within the following two to three months.
Varroa mites affect queen establishment
by interfering with drone production,
survival or mating insufficient number of
drones may result in an early supersedure
of queens (Camargo and Goncalves,
1971; Webster, 1998 and Williams,

1998).
The effectiveness of fluvalinate
(Apistan™ Queen taps) for controlling

mites associated with honey bees is well
documented (Koeniger and Chmiedlew-
ski, 1988; Lubinevski ef al 1988; Pettis
et al 1988; and Ruijter and Van Den
Eijnde, 1989). The nontoxic effect of
fluvalinate on honey bees has also been
studied by (Stoner et al 1984; Taylor et
al 1987 and Waller et al 1988). How-
ever, there have been recent concerns by
beekeepers and queen breeders that this
miticide might affect the viability of
honey bee queens being shipped from
queen breeders to beekeepers. (Williams
et al 1994) examined the effect of 1%
fluvalinate  plastic strips (Apistan™
Queen taps) on honey bee workers and
queens and found that it had no signifi-
cant effect on supersedure, queen accep-
tance, survivability and brood production,
at 25°C. However, at 30°C and 35°C this
treatment  significantly affected worker
and queen mortality.

Honey bees treated with Apistan
Queen Taps exhibited greater suscepti-
bility to bifenthrin than untreated bees in
laboratory bioassays (Ellis ef al 1997). It

was advised that as a precaution bee-
keepers should avoid treating colonies
with Apistan strips at times of year when
bees are likely to forage on bifenthrin-
treated crops. However, drones that were
able to survive to mating age were
equally competitive, regardless of varroa
infestation or Apistan® treatment. (Allen
et al 1999). Furthermore less fit drones
from varroa-infested and Apistan-treated
colonies would be more likely to mate
with queens.

The aim of the present work is to
study the toxicity of different concentra-
tions of fluvalinate (the active ingredient
of Apistan®) to honey bee workers,
drones and queens. Such a compound is
recommended for varroa mite control in
honey bee colonies not only in Egypt but
also in many other countries.

MATERIAL AND METHODS

This study was conducted in the labo-
ratory of Insect Physiology, Faculty of
Agriculture, Ain Shams University and at
the apiary of Mr. Mohamed El-Shaer in
Fayoum Governorate (Private Sector),
between June to September, 2002.

Laboratory bioassays

Preparation of fluvalinate stock solu-
tion: Technical grade fluvalinate (98%
purity) was provided from Chem. Serv-
ice, Inc., PA, USA. A stock solution was
made by dissolving 0.4891g fluvalinte in
1.1983ml HPLC grade acetone. Twenty
concentrations prepared in 200 p volumes
of technical grade fluvalinate were made
in acetone and assayed. The concentra-
tions were, 300, 250, 200, 150, 100, 90,
80, 70, 60, 50, 40, 30, 25, 20, 10, 5, 1.0,
0.5, 0.1 and 0.05 mg/ml. Solutions were
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stored in deep freezer at ~5°C in darkness

until needed.

Treatment of honey bee: Honey bee

workers, drones and queens were col-

lected and the following procedures were
carried out:-

(i) Adult workers were placed in queen
cages, each contained ten workers and
three cages were used for each con-
centration.

(i) Adult drones were placed into newly
designed cages, measuring 10.5 x5
cm’® made from cardboard and sur-
rounded by an eight mesh screen se-
cured by duct tape. Approximately,
fifteen drones together with twenty
workers were included in each cage
and three replicates were used.

(iii) Queen rearing was carried out, ac-
cording to the procedure of Ali,
(1994) which was modified from
Dolittle technique. Three days after
emergence, queens were collected and
inserted individually into Benton
queen cages. One virgin queen with
10 adult workers was placed in each
cage, ten virgin queens (replicates)
were used for each concentration.

As an untreated check, an equivalent
number of insects were treated with
acetone only. All cages were provided
with queen candy as a source of food.
The cages were immediately transferred
to the laboratory and treatments con-
ducted under laboratory conditions of
23°C.

For application, the bees were anes-
thetized with CO; and a volume of 0.5ul
of the test solution was applied to the
insects abdomen by Hamilton micro-
syringe. Untreated bees that reccived
acetone only were also included, the ac-
companying workers with queens and
drones were not treated.

819

The following concentrations were ap-
plied for each caste:~
(I) Workers and drones: Twelve doses
were tested, 300, 200, 100, 50, 25,
20, 10, 5, 1, 0.50, 0.10, and 0.05
mg/mi.
(II) Queens: Nineteen doses were tested,
300, 250,200, 150, 100, 90, 80, 70,
60, 50, 40, 30, 20, 10,5, 1, 0.50,
0.10 and 0.05 mg/m] were tested.
The Hamilton microsyring used were
thoroughly cleaned three times in three
different vials in acetone before and after
each use. This process was repeated 10
times between dilutions. Following
treatment, the bees were held in dark
cardboard boxes at 23°C. Insect mortal-
ity was recorded 24 and 48 hours after
freatment.
Analysis of data: Data were analyzed
and LCss values with 95% confidence
limits were calculated by probit analysis
using POLO methods of LeOra Soft-
ware(1991). The LCs, confidence limits
and slope was determined using probit
analysis as reported by (Finney, 1970)
and (Abbot formula, 1925) was used to
correct mortality percentages.
Field evaluation of fluvalinate on queen
bees: This evaluation was conducted in
private sector apiary located at Fayoum,
sixty honey bee nuclei selected from
strong colonies were prepared. Each nu-
cleus was consisted of one frame of brood
and one frame of honey, the frames cov-
ered with adult bees. The nuclei were
transferred into two apiaries located at
about five kilometers distance between
them.
Queen rearing: Carniolan queen honey
bees were reared on June 20 and 23,
2002, as mentioned in the laboratory
study. The queen cells were cut out and
confined under the hemicircle queen
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cages on honey frame after 10 days, then
transferred into queenless colony until
emergence.-

Preparation of fluvalinate dilution: 20
mg/ml fluvalinate was selected as this
dilution did not cause queen mortality in
the laboratory assay. An amount of 0.5 pul
was topically applied to queen abdomen.
Preparation of honey bee nuclei: On
July 6 and 7, 2002 sixty nuclei of honey
bees were prepared from strong colonies.
Each nucleus received one frame of
brood and one frame of honey, both were
covered with adult honey bees.
Treatment of the queens: The experi-
mental virgin queens were marked with a
coulored paint dot on their thorax, and
then divided into three different groups,
each comprising 20 nuclei. Insects of
each group were received one of the fol-
lowing treatment: (i) acetone only which
served as control, (ii) a concentration of
20 mg/ml of 98%fluvalinate to virgin
queens and (iii) queens not receiving
treatments except after mating. Queens
of groups (i) and (ii) were anesthetized
with carbon dioxide for 30 seconds and
cither 0.5 pl of fluvalinate or acetone was
topically applied to its abdomen.

Queen introduction to the nuclei:
Treated and untreated virgin queens were
transferred to the apiaries and introduced
into their nuclei by placing them indi-
vidually under hemicircular cage between
the frames. The virgin queens were left
under these cages for three days, they
were then released into their colonies by
making a little hole against the cage.
Queen acceptance -and mating ratio:
Fifteen days after releasing the queens, all
experimental nuclei were examined to
obtain the acceptance and mating ratios.
A week later, the now mated queens from
the untreated group (iii) were pulled from

their colonies and marked by the same
colony number, transferred to the labo-
ratory and topically treated with the same
concentration of fluvalinate (0.5 ul). Bees
were then immediately transferred back
to their apiary and introduced into their
colonies. The following parameters were
studied: queenless colonies, mating ratio,
colonies that had superseded their queens,
queen right colonies but without eggs or
brood, drone layer queens, queen right
colonies with a good brood pattemn as
well as brood area in cm? and number of
frames filled with brood or covered with
adult bees.

Experimental design and analysis: The
experimental design was a completely
randomized design. Results were ana-
lyzed using SAS (SAS Institute, 1985).
The general linear modules procedure to
test for differences (alpha= 0.05) and
applied the least significant differences as
a mean separation test were used.

RESULTS
Honey bee mortality

As exhibited in Tables (1 and 2), the
concentrations of 98% fluvalinate causing
10 to 100% mortality to workers ranged
from one to 20 mg/ml. Meanwhile con-
centrations less than 1 mg/mi did not af-
fect honey bee workers. Concentrations
from 0.05 to 50 mg/ml caused mortality
ranging from 31.11 to 100% of drone
honey bees (Table, 1), meanwhile mor-
tality in untreated drones was 22.22%.
Fluvalinate concentrations up to 20
mg/ml did not cause mortality to queen
bees, meanwhile concentrations between
30 to 100 mg/ml caused 30 to 100%
mortality.

Probit regression toxicity estimated
for fluvalinate topically applied to honey
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Table 1. Mean percentages of mortality of honey bee workers, drones and queens after
treatment with different concentrations of 98%fluvalinate, incubated at 23° C.

Percent of mortality after Percent of mortality of
Conc. 24 hrs for Conc. queens** after ’
(mg/ml)  oers*  Drones* (mg/ml) 24 Irs 48 s
Untreated 0.00 2222+0.33  Untreated 0 0
check check
0.0 0.00 31.11£1.20 10.0 0o 0
0.10 0.00 40.00%0.58 20.0 0 20+0.13
0.50 0.00 44.44£0.33 30.0 30+0.15 30£0.16
1 1000£0.58 60.00+ 1.53 40.0 30+0.15 40£0.15
5 63.33+£0.33  65.12+1.85 50.0 50+0.17 50+0.17
10 78794120 68.89+0.33 60.0 50+0.17 70 £0.15
20 100£000  84.44%0.67 70.0 60+0.16 80+0.13
25 100£0.00  93.33%0.58 80.0 60+0.16 100 £0.00
50 100£0.00  100%0.00 9.0 80+0.13 100 +0.00
100 100£0.00  100+0.00 100 100£0.00  100+0.00

* 200 and 300 mg/ml caused 100% mortality for workers and drones 24 hrs after treatment.
** 0.05,0.1,0.5, 1.00, and 5.00 mg/ml did not cause queen mortality 24 or 48 hrs after treatment, while 150,
200, 250 and 300 mg/m! caused 100% mortality.

Table 2. Responses of honey bee individuals to topically applied fluvalinate (98%

purity)
Honey Bee Castes
Workers* Drones** Queens*

No. of 395 583 200

observation
df. 10 10 17

Slope+ S.E 2.638 £0.305 1.417+£0.384 4.173+0.702

Chi sq. 4209 15.921 6.513
LC,o(mg/ml) 1.231 (0.745 - 1.740) 0.506 (0.001 -2.338) 26.354 (16.887 - 33.691)
LCsp{mg/ml) 3.768( 2.857 -4.799) 4.064 (0.201 -8.974) 53.447 (44.411 - 62.619)
LCoo(mg/ml)  11.533(8.814-16.444)  32.620(19.370 - 80.175) 108.396 (88.388-153.794)

*LC values are given in mg per insect followed by the 95% confidence limits (C.L)
**LC values are given in mg per insect followed by the 90% confidence limits (C.L)
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Table 3. Number of accepted, mated, superseded, drone layer queens and colonies with
good brood pattem in colonies had queens treated with 20 mg/ml of

98%fluvalinate
Treatments
Aspects
Group I GroupII  Group I
No. of observation _ 20 20 20
No. of accepted queens 16 (80) 14 (70) 15(75)
No. of mated queens 13 (65) 12 (60) 15 (75)
No. of superseded queens 0(0) 0() 6 (40)
No. of drone layer queens 0 (0) 0(0) 1(6.67)
No. of colonies with good brood pattern 10 (76.92) 8 (66.67) 8 (53.33)

* Values between brackets represent percentages

Table 4. Number of brood area cm? frames of brood and frames covered with adult

bees in colonies had queens treated with 20 mg/ml of 98%fluvalinate

Brood area Frames Frames
Aspects n (sz) of of
brood bees
Group I 13 2296.77 £ 143.67 2.38+0.13 500+028
Group II 12 244596 £ 149.84 2.63+0.18 5.42+0.26
Group I 8 2447.17 £249.29 2.56+0.18 5.38+0.50
F. value 0.27 0.69 0.55
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bee individuals show that all estimates
were significant (t-ratio > 1.96) (Table 2).
The LC10 were 1.231, 0.506 and 26.354
mg/ml, while LC50 were 3.768, 4.064
and 53447 mg/ml and LC90 were
11.533, 32.62 and 108. 396 mg/mi for
workers, drones and queens, respectively
(Table 2). The queens were the most tol-
erant to fluvalinate (LCS50= 53.447),

while the workers wére the least tolerant -

(LC50= 3.768). At the LC10, LC50 and
LC90 the drones were 1.08 time more
tolerant than workers, while the queens
were 13.15 and 14.18 times more tolerant
than drones and workers, respectively.

Activities of honey bee colonies

Table, (3) indicates that percentage of
queen acceptance was 80% in the control
treated with acetone (group i), while this
was slightly reduced to 70 and 75%in
groups (ii) and (iii), respectively. Colo-
nies that had queens treated after copula-
tion (group iii) had the highest percent of
mating i.e. 75%, meanwhile it was 65 and
60 in groups( i) and (ii), respectively. The
data also indicate that percent of queen
superseding was zero in both group (i)
and (ii), meanwhile, it reached 40%in
group (iii). However, this latter group
(i.e. group iii) exhibited a higher percent
of queen superseding as compared with
groups (i) and (ii). Group (iii) also exhib-
ited 6.67% drone layer queens, while
none were observed in group (i) or group
(ii). The percentage of colonies witha
good brood pattern was high (76.92%) in
group (i) as compared with the two other
groups (ii) or (iii) (66.67 and 53.33%),
respectively.

However, as exhibited in (Table, 4)
for the queen surviving the treatments in
the three groups, (D), (ii), (iii), no signifi-

cant differences were noticed in brood
areas which were 2296.77, 2445.96 and
2447.17 cm?, respectively (F=0.27, df=
32, P=0.7622). Also, the number of
frames filled with brood and those cov-
ered with adult bees at end of the experi-_
ment were not significant affected, i.e.
2.38, 2.63 and 2.56 (F=0.69, df= 32, P=.
0.51) and 5, 5.42 and 5.38 (F=0.55, df=-
32, P=0.584), respectively.

DISCUSSION

In the present work, fluvalinate has a
toxic effect to the different honey bee
individuals, although Stoner ez al (1984)
and Taylor et al (1987) reported that flu-
valinate was non toxic to honey bees.
Toxicity of fluvalinate differed between
the castes the queens were the most tol-
erant to fluvalinate, while the workers
were the least tolerant. Alse the toxicity
of fluvalinate varied with the concentra-
tion, at LC10, LC50 and L.C90 the drones
were 1.08 times more tolerant than work-
ers, while the queens were 13.15 and
14.18 times more tolerant than drones and
workers, respectively. Virgin queens
topically treated with a dilution of
20mg/ml of fluvalinate then introduced
into their colonies did affect the queen-
acceptance or mating and superseding as
compared with untreated queens or
queens treated with the same dilution of
fluvalinate after mating. Although, (Wil-
liams et al 1994) had also found no effect .
on bee survivability, queen acceptance.
superseding or brood production when
treated with 1% fluvalinate at 25°C,
meanwhile treatment of queens at 30°C
and 35°C significantly affected mortality.
Also, (Webster, 1998) and Wiliams,
1998) reported that new queens were not
surviving introduction into colomies or

Arab Univ. J. Agric. Sci,, 11(2), 2003



824

were being superseded within the fol-
lowing two or three months of treatment
with fluvalinate. The data of the present
work aiso concluded that treated mated
queens with dilution of 20mg/ml of flu-
valinate affected positively queen super-
seding (40%) and drone layer (6.67%) as
compared with untreated or treated virgin
queens.
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