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ABSTRACT

Varroa destructor is a well-known ectoparasite of the honey bee Apis mellifera. Amitraz and fluvalinate
are highly effective miticides used against V. destructor infestation in colonies of honey bee A.
mellifera. Though honey bees more resistant to miticides, there are side effects of these chemicals on
the reproduction, olfaction, and honey production of honey bees. We showed a negative impact of
miticides amitraz and fluvalinate on honey production and reproduction of honey bee colonies. Also,
we assumed the reduction of olfaction of honey bees by fluvalinate due to changes of expression of
olfactory related neuropeptide genes short neuropeptide F sNPF, tachykinin TK, short neuropeptide F
receptor sNPFR. The external treatment of honey bee colonies by miticides amitraz and fluvalinate
along with a positive effect of pest control harms reproductivity, honey productivity, and, probably,
can reduce learning and memory, gustation and olfaction of honey bees. When used for a short time
and with care, miticides can be less harmful to honey bees. Breeding varroa-resistant honey bees
allow to reduce the use of miticides and produce organic honey. Therefore, the further development
of beekeeping should be in the direction of selection for disease and Varroa resistance and adaptation
to the environment.

Keywords: Amitraz, Fluvalinate, Honey Production, Reproduction, A. mellifera, V. destructor, Short
Neuropeptide F sNPF, Tachykinin TK, Short neuropeptide F receptor sNPFR, RT-PCR, Gene
expression.

oz

Varroa, bal arisi Apis mellifera'nin iyi bilinen bir ektoparazitidir. Amitraz ve fluvalinat, bal ansi A.
mellifera kolonilerinde V. destructor istilasina karsi kullanilan oldukga yiiksek etkili akarisitlerdir. Bal
arilari, akarisitlere kargi daha direngli olsalar da, bu kimyasallarin bal arilarinin iireme, koku alma ve
bal iiretimi lizerinde yan etkileri vardir. Bu ¢galigma ile Akarisitler olan amitraz ve fluvalinatin bal tiretimi
ve bal arisi kolonilerinin Giremesi lizerinde olumsuz bir etkisi oldugu belirlenmistir. Ayrica, bal arilarinin
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Fluvalinat’a bagl olarak koku alma duyusunun azalmasi durumunu ilgili néropeptid genlerinin kisa
noropeptid F sNPF, tasikinin TK, kisa néropeptid F reseptorii sNPFR ifadesindeki degisiklik oldugunu
varsaydik. Bal arisi kolonilerinin akarisitler olan amitraz ve fluvalinate ile kontrol edilmesi, hasere
kontroliiniin olumlu etkisiyle birlikte liremeye, bal verimliligine zarar verir ve muhtemelen bal arilarinin
ogrenmesini ve hafizasini, lezzetini ve kokusunu muhtemelen azaltabilir. Kisa bir siire ve 6zenle
kullanildiginda, akarisit kullanimi bal arilarina daha az zarar verebilir. Varroaya direngli bal arilarinin
yetistiriimesi, akarisit kullanimini azaltmaya ve organik bal Giretmeye izin verir. Bu nedenle, aricihgin
daha da gelistirilmesi i¢in secim; hastaliklara, Varroa’ya direngli ve gevreye uyum yoniinde olmalidir.

Anahtar Kelimeler: Amitraz, fluvalinat, bal liretimi, Gireme, A. mellifera, V. destructor, kisa néropeptid
F sNPF, takikinin TK, kisa noropeptid F reseptorii sSNPFR, RT-PCR, gen ifadesi.

GENISLETILMIS OZET

Calismanin amaci: Bu makalede, amitraz ve
fluvalinat gibi akarisitlerin bal arisi kolonileri
Uzerindeki etkisi yumurtlama, bal dretimi ve koku
alma &zelliklerinin gézlemlenerek tahmin edilecektir.

Gereg ve Yontemler: Bu calismada 46 bal arisi A.
mellifera kolonisi (Rusya'dan 40 koloni ve Kore'den
alti koloni) deney grubu olarak kullaniimistir. Kontrol
grubu olarak yirmi alti bal arisi A. mellifera kolonisi
(Rusya'dan yirmi koloni ve Kore'den alti koloni)
kullanildi. isgi arilar 2019 vyilinda kovanlarin
girisinden toplanmistir.

Rusya'dan 20 bal arisi A. mellifera kolonisi ve
Kore'den 6 koloniye haricen ortalama 2 pg/ari
fluvalinat dozu uygulanmistir. Rusya'dan gelen diger
20 bal arisi A. mellifera kolonisine harici olarak
ortalama 20 pg/ari amitraz dozu uygulanmistir.
Kontrol deneylerinde, Rusya'dan 20 bal arisi A.
mellifera kolonisi ve Kore'den 6 kolonide her hargi bir
uygulama yapilmamistir. Rusya’daki A. mellifera
kolonilerinde haricen amitraz ve fluvalinate
uygulamalarinin ortalama yumurtlama ve bal tretimi
Uzerindeki etkisi degerlendirilmistir. Kore bal arisi A.
mellifera kolonileri, fluvalinat uygulamasinin koku
alma ile ilgili néropeptit genleri kisa néropeptit F
sNPF, tasikinin TK, kisa noéropeptit F reseptori
sNPFR  ekspresyonu Uzerine olan  etkisi
degerlendirilmigtir. Ortalama yumurtlama ve bal
Uretiminin degerlendiriimesi, Biyokimya ve Genetik
Enstitlisl, Ufa Federal Arastirma Merkezi, Rusya
Bilimler Akademisi'nde (Rusya) gergeklestiriimistir.

RT-PCR, Incheon Ulusal Universitesinde (Kore)
gerceklestirildi. Her bal arisi kolonisinden on bes isci
aridan izole edilmis antenler alindi. Qiagen RNeasy
Mini Kit dreticinin (Qiagen, Almanya) talimatlarina
gore kullanilarak antenlerden toplam RNA'lar izole
edilmistir. cDNA, toplam 500 ng RNA'dan oligo-dT
ve Superscript Il enzimi (Invitrogen, Yeni Zelanda)
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ile sentezlenmis ve RT-PCR, Brilliant Il Ultra-hizli
SYBR Green gPCR Master Mix (Agilent
Technologies, ABD) kullanilarak AriaMx Real-Time
PCR Systemi lzerinde gergeklestiriimistir. RT-PCR
primerleri, (ribosomal protein 49 gene, TK, sNPF ve
SNPFR) Macrogen firmasi tarafindan
sentezlenmigtir. RT-PCR: 95°C-1 dakika, 95°C-5
sn'lik 40 dongl, 55-60°C-10 sn, 72°C-10 sn
kosullarinda gergeklestirilmistir. Her bir RT-PCR, Ug
tekrar halinde gergeklestirildi. Genlerin ekspresyon

seviyesi delta-delta Ct yontemi kullanilarak
degerlendirilmistir.
Bal arisi  kolonisinde, anaarinin  ortalama

yumurtlama orani, EP = E/D olarak bulunur; burada
E- kolonideki ana ari tarafindan yumurtlanan toplam
yumurta sayisl, EP-kraligelerin ortalama
yumurtlama,  D-yumurtlama  glnlerin  sayisi
gostermektedir. Kolonilerdeki ortalama Uretkenlik
HP = H/M olarak tahmin edildi, burada H-kolonide
toplam bal Uretimi, HP-ortalama bal Uretimini, M-
balin Uretildigi ay sayisini gosterir. Varyans
(ANOVA) analizi, standart sapma SS, standart hata
SE, given araligi Cl, Student t-testi ve olasilik P
analizi JMP 13 (SAS, ABD) paket programi
kullanilarak hesaplanmistir.

Sonug: Deneysel bal arisi A. mellifera kolonileri,
kontrol grubu ile Kkarsilastirmasinda dliumcul
olmayan dozlarda akarisit amitraz ve fluvalinat ile
muamele edildi. Kontrol grubunda yumurtlama
ortalama 1650 adet, bal verimi ortalama 31.1 kg elde
edilirken, Fluvalinat uygulamasi yapilan bal arilari
grubunda yumurtlama kontrole gére %9,7 oraninda
azalmistir  (t-testi=2,55, p<0,05). Amitraz ile
muamele edilen bal arisi grubunda yumurtlama,
kontrole gbre %7,9 oraninda azalmistir (t-testi =
2,20, p £ 0,05) (Sekil 1, Tablo 1).

Fluvalinat ile muamele edilen bal arisi grubunda bal
retimi kontrole goére %21,9 oraninda azalmistir (t-
testi = 2,89, p < 0,05). Amitraz ile muamele edilen



bal arisi grubunda, bal verimi kontrole gére %12.1
oraninda azalmistir (t-testi = 2.80, p < 0.05) (Sekil 1,
Tablo 2).

Amitraz ve fluvalinat uygulamasi yapilan bal arisi
kolonilerindeki varyans ANOVA analizi, p
degerlerine ve 0.05 anlamlilik seviyesine gore, bal
arisi kolonilerinde fluvalinat ve amitrazin yumurtlama
ve bal Uretimi (zerindeki etkilesim etkisinin
istatistiksel olarak anlamh oldugunu goéstermistir
(Tablo 3). Ayrica, bal arisi kolonilerinde fluvalinat ve
amitrazin yumurtlama ve bal Uretimi Uzerindeki
etkileri arasindaki farklar istatistiksel olarak 6nemli
degildir, bu da her iki akarisitin bal arisi kolonileri
Uzerinde neredeyse benzer olumsuz etkilere sahip
oldugu anlamina gelmektedir.

Fluvalinata maruz kalan bal arilarinda sNPF
ekspresyonu 6nemli dlglide artmistir (t-testi = 4.41,
p = 0.01). Fluvalinata maruz kalan bal arilarinda TK
ekspresyonu 6nemli dlglide degismedi (t-testi = 0.80,
p = 0.46). Fluvalinata maruz kalan bal arilarinda
sNPFR ekspresyonu énemli 6l¢iide azalmistir (t-test
= 3.49, p = 0.01). Muhtemelen, sNPF'nin spesifik
membran reseptori sNPFR ile etkilesim yoluyla
hedef hiicrelere etki etmesinden dolayi artan sNPF
ekspresyonu. Bu nedenle, fluvalinat muamelesinden

sonra sNPFR ekspresyonundaki degisiklikler
onemlidir (Sekil 2).
Tdm olasiliklar degerlendirildiginde, mitisitlerin

dezavantajlardan daha fazla avantaja sahip oldugu
varsayllabilir. Ektoparazitik akarlarin bal arilar
Uzerindeki olumsuz etkisi, sayilarinin artmasi
nedeniyle her gegen gun artarken, mitisitlerin bal
arillari Gzerindeki olumsuz etkisi detoksifikasyon
surecleri nedeniyle azalma egilimindedir. Bu
nedenle aricilikta mitisitlerin kullaniimasi ekonomik
olarak faydahdir. Bal arilarina kiyasla, ektoparazitik
akarlar, daha kuaguk boyutlari ve daha az etkili
detoksifikasyon sistemleri nedeniyle bu mitisitlere
karsi daha hassastir. Bu nedenle bal arilari,
ektoparazitik akarlara gore mitisitlerden daha az
muzdariptir. Bununla birlikte, mitisitler arilar icin
glvenli degildir. Amitraz ve fluvalinat gibi akar
oldirlcilerin bal arilarina, A. mellifera benzer,
olumsuz etkileri dnceki gcaligmalarda da gdzlenmistir.

Amitraz ve fluvalinat gibi akarisitlerin bal arilar
Uzerindeki olumsuz etkisi deneysel olarak bu
calismada gosterilmistir. Bunun yani sira, Varroa
akarlarinin amitraz ve fluvalinat akarisitlerine karsi
artan direng s6z konusudur. Bununla birlikte, strekli
secimle Varroa akarlarina direncli bal arisi
populasyonlart elde etmenin muimkin oldugu

gosterilmigtir.  Varroaya direngli  bal arilarinin
yetigtiriimesi, akarisit kullanimini azaltmaya ve
organik bal Uretilmesine izin verir. Bu nedenle,
ariciligin daha da gelistiriimesi, hastalik ve Varroa
direnci se¢imi ve ¢gevreye uyum ydnunde olmalidir.

INTRODUCTION

The honey bee, Apis mellifera, is an essential
pollinator that provides ecological services and
economic values in agriculture (Klein et al. 2007,
Southwick and Southwick 1992). Varroosis caused
by Varroa destructor mite leads to losses of honey
bee colonies and reduces their adaptation (Zhang
2000, Anderson and Trueman 2000).

To prevent damages from ectoparasitic mites,
beekeepers commonly use the miticides amitraz and
fluvalinate. Fluvalinate is a synthetic pyrethroid that
act as a neurotoxin inducing sustained membrane
depolarization. Fluvalinate is highly effective against
mites and ticks (Wallace 2002, Gupta and Crissman
2013, Gosselin-Badaroudine and Chahine 2017).
Amitraz is a synthetic amidine, a derivative of an
oxoacid belonging to the group of triazopentadiene.
It acts as a neurotoxin with a target of octopamine
receptor. Fluvalinate and amitraz are highly effective
against mites and are commonly used to control
ectoparasitic mites in honey bee colonies (Gregorc
et al. 2012, Gracia et al. 2017). In comparison with
ectoparasitic mites, honey bees are more resistant
to these miticides due to their bigger size and more
effective system of detoxification, but despite this,
there are various side effects of amitraz and
fluvalinate on mortality, productivity, reproduction,
and olfaction (Berry et al. 2013, Frost et al. 2013,
llyasov et al. 2014, Rangel and Tarpy 2015, Dai et
al. 2017, Lim et al. 2020). Olfaction is a basic
regulation mechanism for honey bees, which
important in different aspects of their social life
organization (Nassel, 2002; Taghert and Veenstra,
2003; Hauser et al., 2006; Johnson, 2006; Marciniak
et al., 2011) and nectar foraging behavior (Menzel
1999, Hewes and Taghert 2001, Johnson 2006,
Hummon et al. 2006, Giurfa 2007, Altstein and
Nassel 2010, Xu et al. 2016, Schoofs et al. 2017).

The neuropeptides short neuropeptide F sNPF,
tachykinin TK, and short neuropeptide F receptor
sNPFR are peptidergic regulators in the olfactory
systems of insects (Jung et al. 2013, Jiang et al.
2017). Thus, the reduction of olfaction in honey bees
caused by miticide fluvalinate must be accompanied
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by changes in gene expression of olfactory-related
neuropeptide genes and their receptors.

In this paper, the effect of miticides amitraz and
fluvalinate on honey bee colonies will be estimated
by observation the ovipositioning, honey production,
and olfaction.

MATERIALS AND METHODS
Honey bee sampling and experimental groups

Forty-six colonies of honey bee A. mellifera (forty
colonies from the Republic of Bashkortostan, Russia
Federation (54,46N 56,01E), and six colonies from
Incheon, the Republic of Korea (37,22N 126,38E))
were used as an experimental group. Twenty-six
colonies of honey bee A. mellifera (twenty colonies
from the Republic of Bashkortostan, Russia
Federation, and six colonies from Incheon, the
Republic of Korea) were used as a control group.
Worker bees were collected from the entrance of
hives in 2019.

Twenty colonies of honey bee A. mellifera from
Russia and six colonies from Korea were externally
treated with an average dose of 2 pg/bee fluvalinate.
Another twenty colonies of honey bee A. mellifera
from Russia were externally treated with an average
dose of 20 pg/bee amitraz. In control, twenty
colonies of honey bee A. mellifera from Russia and
six colonies from Korea remain untreated. Russian
colonies of A. mellifera were evaluated for the effect
of amitraz and fluvalinate external treatment on
average oviposition and honey production. Korean
colonies of A. mellifera were evaluated for the effect
of fluvalinate external treatment on expression of
olfactory related neuropeptide genes short
neuropeptide F sNPF, tachykinin TK, short
neuropeptide F receptor sNPFR. Evaluation of
average oviposition and honey production was
performed in Institute of Biochemistry and Genetics,
Ufa Federal Research Centre, Russian Academy of
Sciences (Russia). The experiment with honey bees
was carried out for three months (June, July, August)
in 2019.

Real-Time Polymerase Chain Reaction (RT-PCR)

RT-PCR was performed at Incheon National
University (Korea). From each honey bee colony
were isolated antennae from fifteen worker bees.
Total RNAs were extracted from the antenna using
a Qiagen RNeasy Mini Kit according to the
instructions of the manufacturer (Qiagen, Germany).
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The cDNA was synthesized with oligo-dT and
Superscript 1l enzyme (Invitrogen, New Zealand)
from 500 ng of total RNA. The RT-PCR was
performed on the AriaMx Real-Time PCR System
using Brilliant Il Ultra-fast SYBR Green gPCR
Master Mix (Agilent Technologies, USA).

The RT-PCR primers were synthesized in company
Macrogen Inc. (Seoul, Korea): the ribosomal protein
49 gene (AF441189) RP49 primers RP49-F: 5'-
GGGACAATATTTGATGCCCAAT-3' and RP49-R
5-CTTGACATTATGTACCAAAACTTTTCT-3,
product size is 100 bp (housekeeping gene); the
neuropeptide gene tachykinin (XM_026441578) TK
primers TK-F 5-GGCGGGGATTTACGGATCAA-3’
and TK-R 5-CCCTCGAAATTCCCATCGTG-3,
product size is 166 bp; the neuropeptide gene short
neuropeptide F (XM_003250107) sNPF primers
sNPF-F 5-ATAGATTACTCAGATGAAATACCAG-3’
and sNPF-R 5-
GCACTCATTGGTTTTGATAGAATAG-3’, product
size is 218 bp; the short neuropeptide F receptor
gene (XM_006561685) sNPFR primers sNPFR-F 5'-
GCATTTTGTTACATCTGCGTC-3 and sNPFR-R
5-TCGTTCGCTTCTTCCTCTC-3’, product size is
112 bp (Mao et al. 2011, Lim et al. 2020). The RT-
PCR was performed in the following conditions:
95°C-1 min, 40 cycles of 95°C-5 s, 55-60°C-10 s,
72°C-10 s. Each RT-PCR was performed in three
replicates. The expression level of genes was
evaluated using the delta-delta Ct method (Livak and
Schmittgen, 2001).

Statistical analysis

The average oviposition of queen in each honey bee
colony was estimated as EP = E/D, where H- total
number of laid eggs by queens in the colony, OP-
average oviposition of queens, D-number of
oviposition days.

The average productivity in each honey bee colony
was estimated as HP = H / M, where H-total
produced honey in the colony, HP-average honey
production of honey bee colonies, M-number of
months when honey was produced.

The analysis of variance ANOVA, standard deviation
SD, standard error SE, confidence interval Cl,
Student's t-test, and probability P (P < 0.05 means
statistical significance at 95% reliability) was
estimated using JMP 13 (SAS, USA).



RESULTS

The experimental honey bee A. mellifera colonies
were treated by sublethal doses of miticides amitraz
and fluvalinate in comparing control. In the control
group, oviposition was an average of 1650 pcs,
honey productivity was average 31.1 kg. In the group

of honey bees, treated with fluvalinate, oviposition
was decreased relative to the control by 9.7% (t-test
= 2.55, p < 0.05). In the group of honey bees, treated
with amitraz, oviposition was decreased relative to
the control by 7.9% (t-test = 2.20, p < 0.05) (Figure
1, Table 1).

Table 1. Average oviposition OP of queen bees in honey bee colonies treated with amitraz and fluvalinate

Group OP * SE, pcs. Cl, pcs. SD t-test

Fluvalinate 1490 + 11.5 1410 - 1510 51.3 2.55
Amitraz 1520 + 24 .1 1380 - 1590 53.7 2.20
Control 1650 + 20.6 1440 - 1700 65.3

OP-average oviposition of queen bees, SE-standard error, Cl-confidence interval, CD-standard deviation, t-test — Student’s

t-test. Each group N = 20.

In the group of honey bees, treated with fluvalinate,
honey production was decreased relative to the
control on 21.9% (t-test = 2.89, p < 0.05). In the
group of honey bees, treated with amitraz, honey

productivity was decreased relative to the control
on 12.1% (t-test = 2.80, p < 0.05) (Figure 1, Table
2).

Table 2. Average honey production HP in honey bee colonies treated with amitraz and fluvalinate

Group HP + SE, kg Cl, kg SD t-test

Fluvalinate 246121 20.3-26.4 3.1 2.89
Amitraz 27.7+1.2 25.2-31.6 4.1 2.80
Control 31.1+£21 26.6 - 34.7 1.7

HP-average honey production of honey bee colonies, SE-standard error, Cl-confidence interval, CD-standard deviation, t-

test — Student’s t-test. Each group N = 20.

Fluvalinate Amitraze Control

1750 45
1700 = * a0
W 650 = —135 5
S 1600 [ = T 308
3 1550 = 1253
2 1500 == {20 &
> >
O 1450 H15 @
|| O
1400 109

1350 15

1300 0

Figure 1. Average oviposition and honey production in honey bee colonies treated with amitraz and fluvalinate. *
Statistically significant differences, p < 0.05. Each group N = 20.

The analysis of variance ANOVA in honey bee

colonies treated with amitraz and fluvalinate based
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on the p-values and a significance level of 0.05
showed that the interaction effect of fluvalinate and
amitraz on oviposition and honey production in
honey bee colonies are statistically significant (Table
3). Moreover, the differences between the effects of

fluvalinate and amitraz on oviposition and honey
production in honey bee colonies are not statistically
significant, which means that both miticides have
almost similar negative effects on honey bee
colonies.

Table 3. Analysis of variance ANOVA the effect of the miticides amitraz and fluvalinate on useful traits of honey bee

colonies
Useful traits Comparison DF SS SE F-value P-value
Honey FIuva_Iinate / Control 2 11.208 0.221 3.655 0.049*
productivity Amlt_raz / Contl_'ol 2 43.745 0.199 14.265 0.001*
Fluvalinate / Amitraz 2 6.476 0.232 2112 0.164
Fluvalinate / Control 2 119544.450 0.233 30.735 0.001*
Oviposition Amitraz / Control 2 2446.021 0.228 0.629 0.044*
Fluvalinate / Amitraz 2 6043.601 0.005 1.554 0.230

DF - degrees of freedom, SS - a sum of squares, SE-standard error, F-value - Fisher's exact test value, P-value — a
value of probability, * - statistically significant differences.

Effects of fluvalinate on the expression of
olfactory-related neuropeptide genes sNPF, TK,
sNPFR.

0.80, p = 0.46). The expression of sNPFR was
significantly decreased in fluvalinate exposed honey
bees (t-test = 3.49, p = 0.01). Probably, the
increased expression of SNPF due to that sSNPF acts
on target cells, through interaction with specific
membrane receptor sSNPFR. Therefore, the changes
of sSNPFR expression after fluvalinate treatment are
important (Figure 2).

The expression of SNPF was significantly increased
in fluvalinate exposed honey bees (t-test =4.41, p =
0.01). The expression of TK was not significantly
changed in fluvalinate exposed honey bees (t-test =

2.0
*
c | %o
O 1.5 O ®
g * e
D 1.01 — eeeeee o
!5- [©)
X
L 0.5
Control 3 PFR

0.0

Figure 2. The patterns of sNPF, TK, and SNPFR neuropeptide genes expression. Relative expression levels of sSNPF,
TK, and sNPFR in antenna from control (light grey) and fluvalinate treated (dark grey) honey bees. Data points represent
values from biological replicates. * Statistically significant differences, p < 0.05. Each group N = 6.

DISCUSSION

Evaluating all the options, it can be assumed that

miticides have more advantages than
disadvantages. The negative impact of ectoparasitic
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mites on honey bees is increasing every day due to
the increase in their numbers, while the negative
impact of the miticides on honey bees tends to
decrease due to detoxification processes. Therefore,
the use of miticides in beekeeping is economically
beneficial. In comparison with honey bees,
ectoparasitic mites are more sensitive to these
miticides due to their smaller size and less effective
system of detoxification. Therefore, honey bees
suffer less from miticides than ectoparasitic mites.
However, miticides are not safe for bees. The
analogous, negative effects of miticides amitraz and
fluvalinate on honey bees A. mellifera were
observed in previous studies (llyasov et al. 2014, Lim
et al. 2020).

After external treatment, the honey bee colonies with
miticides amitraz and fluvalinate their economically
useful treats such as honey production, olfaction,
and oviposition can be reduced. The expression of
TK was not statistically significantly changed by
fluvalinate treatment of honey bees, whereas the
expression of sSNPF was significantly increased and
the expression of sNPFR was significantly
decreased by fluvalinate treatment of honey bees.
Fluvalinate did not affect the TK signaling pathway,
but can significantly affect the sNPF signaling
pathway, which can decrease learning and memory,
gustation and olfaction of honey bees. Olfaction is a
basic regulation tool for honey bees' social life
organization (Nassel 2002, Taghert and Veenstra
2003, Hauser et al. 2006, Johnson 2006, Marciniak
et al. 2011), foraging behavior, and honey
production (Menzel 1999, Hewes and Taghert 2001,
Johnson 2006, Hummon et al. 2006, Giurfa 2007,
Altstein and Nassel 2010, Xu et al. 2016, Schoofs et
al. 2017).

When used for a short time and with care, miticides
can be less harmful to honey bees. We assumed,
the short time treatment of honey bee colonies
against V. destructor with miticides amitraz and
fluvalinate can help honey bees to control pests in
the colony and will have more benefits if the
treatment will provide by schedule before honey
harvesting in spring and after honey harvesting in
autumn.

There is the global problem of the growing resistance
of V. destructor mites to miticides amitraz and
fluvalinate, which leads to increasing their dosages,
which leads to increased toxicity to honey bees and
contamination of beekeeping products (Rinkevich
2020). Fortunately, nine resistant to mite V.

destructor populations of honey bee A. mellifera is
obtained by constant selection: 1. Ireland North
County Dublin honey bee population, 2. The
population of A. m. scutellata in Brazil and South
Africa, 3. Toulouse honey bee population, 4. Island
of Fernando de Noronha honey bee population, 5.
Primorsky, Russia honey bee population, 6. Gotland,
Sweden honey bee population, 7. Avignon, France
honey bee population, 8. Honey bee population of
Arnot Forest, Ithaca, NY, USA, 9. Marmara island
honey bee population in Turkey (Mondragon et al.
2005; Allsopp 2006; Locke and Fries 2011; Cakmak,
Fuchs, 2013; Locke, 2016; Conlon et al., 2018;
McMullan, 2018; van Alphen and Fernhout 2020).
Thus, the constant selection of honey bee colonies
for hygienic behavior and resistance to mite V.
destructor is more preferable to using increasing
amounts of miticides. Moreover, it is assumed,
environmental factors may play a big role in reducing
the population of Varroa mites, not only the genetics
of honey bees (Cakmak, Fuchs, 2013).

CONCLUSION

The negative effect of miticides amitraz and
fluvalinate on honey bees have been shown here
experimentally. Besides, there is increasing
resistance of Varroa mites to the miticides amitraz
and fluvalinate. However, it has been shown that it is
possible to obtain populations of honey bees
resistant to Varroa mites by constant selection.
Breeding varroa-resistant honey bees allow to
reduce the use of miticides and produce organic
honey. Thus, the further development of beekeeping
should be in the direction of selection for disease and
Varroa resistance and adaptation to the
environment.
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