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Apis meliffera (honey bee) is one of the economically valuable species,
representatives of the Class Insecta. The biggest threat to the bee Apis mellifera remains
the ectoparasitic mite Varroa destructor, which causes many health problems, the
consequences of which can lead to the collapse of families. The influence of the parasite
on swimming may be due to the susceptibility of honeybees to infectious diseases due to
their relative proximity and high frequency of social interactions within their family.
However, other factors, including environmental conditions related to the parasite’s life
cycle, as well as the life expectancy and intensity of mite development, can increase its
negative impact. Scientists ' observations include increased acaricide resistance in the
Varroa population and lower treatment thresholds, suggesting that ticks or pathogens
they can transmit to bees are becoming increasingly virulent. Weak families with a high
prevalence of infestations contribute to the dispersal of ticks and the transmission of
diseases in stronger and healthier nests. Harmful effects of parasitization V. destructor
and the effects of acaricides on bee colonies have prompted beekeepers to look for
sustainable approaches to tick control. To achieve this goal, individual beekeepers sought
to breed V. destructor-resistant honeybees using different selection criteria.

The social behavior of insects has led beekeepers to address their intra-specific
and interspecific relationships, focusing on internal behavior to reduce the spread of
mites. on honeybees. The efforts of many scientists to find means and measures that will
help reduce the extent of infestations and control ticks at a safe level for bees were
discussed.

Current scientific directions for studying the social behavior of insects and the
use of individual signs of bee behavior in the fight against this parasite are outlined.
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Apis meliffera (60sxcona medoHocHa) € 0OHUM 3 20CNOOAPCHLKO YIHHUX BUOIB,
npedocmasHukie kaacy Insecta. Haiibinbuioro 3aepo30t0 0isi MeOOHOCHOI 60conu Apis
mellifera 3anuwaemocs ekmonapazumuynutl kuiw Varroa destructor, axuil 6uKkiukae
Oe3niy npobiem 3i 300p08’ M, HACTIOKU He BUPTULEHHS AKUX MOJICE NPU3BECTU 00 KOJIANCY
civen. Bniue naugy, AKUll UYUHUMb  NAPA3UM  MOdce Oymu  00YMOGIeHUll
CHPULTHAMIAUBICINIO MEOOHOCHUX OOMNCIT 00 THPEKYIIHUX 3AXB80PI0BAHL Yepe3 iX 8IOHOCHY
OU3LKICMb | BUCOKY YACMOMY COYIANbHUX 83AEMOOil 8 medxcax ix cim’i. OOHak iHwii
YUHHUKU, BKIIOYHO YMOBU OOBKINIA, NOGA3AHI 3 HCUMMESUM YUKIOM napasumd, d
MAKOAC MPUBATICING HCUMMS MA IHMEHCUBHICMb PO3BUMKY KILiUd, MO*CYMb 30L1bUUMU
tioeco HecamueHy Oito. Cnocmepedxicents HaAyKosyie 8KII0YaA0ms Ni0BUWEHHs CIIKOCMI
0o axapuyudis y nonynayii Vappoa ma 3HudicenHs nopoz2ie 06poOKU, Wo c8i0YUmMb NpPo
me, wo Kiiwi abo namoeenu, wo 60HU 30amHi nepedagamu OONCOIAM CIAOMb 8ce OLIbLU
sipyrenmuumu. Cnabxi cim’i 3 BUCOKOIO eKCMEHCUBHICMb  IHBA3Il  CRpUsiomb
PO3CIIOBAHHIO KAIWi6 | nepedasanHio Xxeopob y cuibHiwi i 300posiwi eHizoax. 32youi
Hacnioku napasumyeants V. destructor ma enaus axapuyudie na 60xconuni cim’i
CNOHYKAIU O0HCONAPI6 00 NOWLYKY CMIUKUX NIOX00i8 Ol KOHMPONIo HAO Kuiwem. /s
00csi2Hen s yiel memu okpemi 60x4conapi npazHyiu possecmu cmiukux oo V. destructor
MeOOHOCHUX DOHCIN, BUKOPUCTOBYIOYU PI3HI Kpumepii 6i000p).

CoyianvHa nosediHKa KOMAX CApAMY8ANA Y8a2y 00HCONAPI8 36ePHYMUC 00 iX
BHYMPIWHbOCheYUDIUHUX ma  MidCCneyuiuHux BIiOHOCUH, poOAAYU aAKYeHm Ha
BHYMPIWHIL NOBeOIHYI, W00 3MEeHWUMU NOUWUPEHHs KIiud. HA MeOOHOCHUX OOJiC.
Obeosopeno 3ycunis 6azamvox 64eHUxX wooo NOWYKYy 3aco0ie i 3axodie, sKi
CHPUAMUMYMb 3HUNCEHHIO eKCIMEHCUBHOCMI THBA3II Mma KOHMpPOo Kiiuja Ha be3neuHomy
0151 00HCIN PiGHI.

Okpecnieno akmyanvHi HAYKO8i HANPAMU OOCNIONCEHHs COYIaNbHOI NOBediHKU
KOMAx ma BUKOPUCMAHHA OKPeMUX O3HAK NOBEOIHKU O00xCil Yy 6Oopomwvbi 3 yum
napazumom.

Kurouosi cioBa: kiing Varroa, 6/1xonu, akapulua, MOBEAIHKOBI peakiii

The honey bee, Apis mellifera, plays an important role in modern agriculture. In
addition to honey production, insects provide critical ecosystem services, primarily
pollination, for a wide range of valuable crops. However, over the past half-century,
honeybees have experienced increased stress, which has led to a constant increase in the
mortality rate of bee colonies in the world. The factors behind this increased mortality
have not yet been fully elucidated. Changes in land use, cultivation and agricultural
methods; new pesticides and their larger applications; more intensive beekeeping; exotic
parasites and the spread and growth of honeybee pathogens have been suggested as the
main factors contributing to their mortality.
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The decline in insect numbers seen in previous years has prompted increased
awareness and efforts to maintain their survival and the vital role they play in stabilizing
the ecological balance of various ecosystems.

Numerous reviews have been published covering the biology of the Varroa mite,
social immunity A. mellifera, history of acaricide use and control, literature on the
effectiveness of various treatments available to control mites in honey bee families
(Cremer, S. et al., 2007; Mondet, F. et al., 2014; Traynor, K.S. et al., 2020).

Thus, this review focused on:

- study of the harmful effects of Varroa mites on European honeybees;

- justification of modern means, methods and methods of mite control and their
limitations;

- identifying opportunities for more sustainable methods of controlling
ectoparasites.

The aim of the study is to assess the biological significance of the Varroa mite in
the life of bees, to determine its role as the main factor of increased mortality of bee
colonies in the world, as well as to outline promising areas for further scientific research
aimed at effectively combating invasion and minimizing harmful effects on bee health.

Materials and methods. The methodological tools included both general
scientific methods-logical analysis and synthesis, classification and systematization,
generalization, and special ones — problem-chronological and source-scientific and
terminological analyses, as well as analysis of literature sources, which was carried out
in the form of a systematic review study by searching publications in the databases
Scopus, Web of Science, Google Scholar, etc. The review included works in English
published mainly in recent years in accordance with certain criteria. The systematization
of available scientific data was carried out in order to generalize modern knowledge about
existing measures for the treatment of varroasis, effective and safe medicines, which can
become the basis for the formation of research methodology in this direction in the
conditions of Ukraine, taking into account international experience.

Research results. Scientists and beekeepers are developing approaches to
controlling the spread of the mite V. destructor, because despite substantial evidence of
the need for tick control, no effective solution has been found (Dietemann et al., 2012
Wagoner et al., 2020).

Much attention has been paid to the evolutionary biology of V. destructor and the
interaction between the host and parasite. It is known that the tick feeds mainly on the fat
body, as well as on the hemolymph of honeybees (Ramsey et al., 2019) during the
transmission of viral, bacterial and fungal pathogens that affect and lead to the collapse
of many commercially managed apiaries, and the immune system A. mellifera is
constantly weakening due to pathogens. The evolutionary trend of V. destructor shows a
successful transition from its main host (A. cerana) to the current host (A. mellifera). It is
considered that A. cerana has developed host defense mechanisms against mites (Techer
etal., 2019).

The history of V. destructor can be traced back to 1904, when V. jacobsoni was
first described in honey bee families A. cerana on the island of Java, and later spread to
other parts of the world (Traynor et al., 2020). Until 2000, many scientists and beekeepers
believed that V. jacobsoni was a mite that contributed to the death of honey bee colonies.
In the same year, 2000, taxonomic work and the first microsatellites discovered
previously unknown Varroa species and found out that V. destructor is able to reproduce
on A. mellifera is also to blame for the deaths of the latter. Before Anderson and Truman
described the morphological features of tick V. Destructor (2000).
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Today, the mite's feeding habit is on the fat bodies and hemolymph of honey bees
and the reproductive period of V. destructor in bee colonies undoubtedly remains the main
threat to A. mellifera (Han, B. et al., 2024). The distribution of V. destructor is shown in
detail in Figure 1.
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Fig. 1. World distribution of V. Destructor. Based on CABI materials. Center
for Agriculture and Bioscience International. 2024. Available online: https: /www.
cabidigitallibrary.org/doi/10.1079/cabicompendium.107784 (accessed on 9 June
2024).

Evidence suggests that the host change of V. destructor took about (50-100) years
and became almost Global in mite distribution. In Australia, the first case of V. destructor
was reported in June 2022 in the port of Newcastle as part of the implementation of the
National Varroa Mite Management Program.

Rapid, widespread spread of the parasite was carried out through drift, possibly
moving to new colonies, when healthy bees used (known as stealing) a resource from
unhealthy ones, while strengthening weak families by adding brood from strong ones,
transporting from one apiary to another without careful mite testing (Cremer, S. et al.,
2007; Mondet, F. et al. 2014; Traynor, K.S. et al. 2020; Peck, D.T. et al., 2019).

The Behavioral Ecology and adaptability of V. destructor to its host in various
climatic conditions has been complex and difficult to understand. However, several
studies have described their physiology, ecology, reproduction, and host-parasite
interactions. Adult females are reddish-brown or dark brown, with an oval shape about
(1-1.77) mm long and (1.5-1.99) mm wide; meanwhile,adult males are yellowish, with a
spherical body shape (0.75-0.98) mm long and (0.70-0.88) mm wide (Nazzi, F et al.,
.2016). The tick's reproductive cycle begins with oviposition and ends by the adult stage.
Their life cycle includes two phases: reproductive, where adult fertile females, once they
are in the cells with the brood, produce young and feed on the fat body of bee larvae and
pupae, while damaging the tissues of individuals at the stage when they do not feed, while
before sealing the brood, The Tick pierces the cuticle, creating a place for feeding. The
reproductive success of V. destructor depends on their eating habits and the length of the
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formation period at different stages of bee development. Need the V. destructor in egg-
laying energy requires it to extract more nutrients from the host's body, which leads to
poorer conditions for adult bees (Li et al., 2019).

In this regard, the development of Natural Methods for controlling ticks through
behavioral traits (stable response patterns) of honeybees is a topic for researchers. This is
due to the fact that natural methods have shown a more stable and safe effect on insects
than the use of synthetic or organic chemicals. The results of the study indicate the
effectiveness of behavioral properties associated with the immunity of honeybees, and
the potential of the latter in the fight against V. destructor. One of these traits — hygienic
behavior — in insects originated as a social immune trait that can reduce exposure to V. in
addition, this behavior of honeybees is stimulated not only by colonies affected by V.
destructor (Aumeier et al., 2001), but also those affected by pathogens of other diseases
(virosis, mycosis, bacteriosis) (Schoning et al., 2012). The predominant threats that
contribute to family loss are brood diseases (Seitz, N. et al., 2015; Lee, K.V. et al., 2015).
Among all these factors, the parasitic mite V. destructor is the central threat (Traynor et
al., 2020). Recently, the behavior of honeybees in relation to affected V. destructor colony
and their ability to remove diseased individuals are of interest to beekeepers for selecting
resistant families. The results of a study of the behavior of honeybees in caring for them
and their protective behavior in previous years revealed mechanisms of resistance against
mites. However, the manifestation of insect behavioral traits can be influenced by many
biological and environmental factors. Therefore, the proportion of damaged mites in
bottom debris in nests can be used to determine the success of bees in caring for normal
field conditions. Studies have shown that seven ticks selected for grooming showed
significantly more damaged mites and lower damage rates after several generations of
selection. The reliability of honeybee grooming behavior in selecting resistant families
against V. destructor is poorly understood (Wagoner et al., 2020). Scientists have
suggested that combining their natural immune behavior can be used as an approach to
combat the effects of tick damage. Another new feature of bee colonies against V.
destructor is their ability to slow down the reproduction of mites, which depends on the
level of damage (Bubnic et al., 2024). As a result, slow growth of the tick population can
be considered the main characteristic of V. destructor-resistant colonies. The authors also
noted that keeping Queens in cages and the technique of traps using honeycombs
associated with oxalic acid treatment can be considered effective treatment strategies.
This approach proved to be more effective because the number of mites collected from
Bee colonies that survived infection V. destructor (VSB), was much lower than in the
control group (Mondet et al., 2020). The researchers also demonstrated that families
selected for behavioral traits against V. destructor had significantly more damaged ticks
and lower rates of invasion prevalence than those not selected for behavioral traits.
Despite the introduction of many approaches to controlling the spread of mites, no
effective measures to protect the health of honeybees have been fully implemented.

Many studies have focused on the biology of V. destructor and the history of
acaricides used to control ticks (Roth, et al., 2020; Deguine et al., 2021). However,
knowledge about the effects of combining the natural behavioral traits of bee colonies
that are immune to ticks and the use of acaricides is negligible.

The response of honeybees to V. destructor is oriented on their behavior related
to the immune system, which is considered hereditary. This ability can be altered by some
environmental factors depending on the environment. Although environmental
pollutants, poor beekeeping practices, climate change, and food stress can reduce bee
populations, V. destructor remains the leading cause of bee loss (Oddie et al., 2018;
Biichler et al. 2020).
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Since A. cerana has acquired resistance to V. destructor, and it is believed that
regardless of the degree of parasite damage to their current host, A. mellifera, individual
subpopulations are still stable. It is important to note that the immune responses of
honeybees associated with V. destructor are due to their social behavior, which is
considered anti-pathogenic and can suppress deadly pathogens caused by mites.

It is believed that the survival of honey bee colonies in V. destructor damage is
associated with natural tolerance, which can interfere with the mite's reproductive
development and reduce the infectious load (Mondet et al., 2020). However, it is unclear
exactly which tolerance factor reduces its number in untreated families. Hypotheses
related to the immune system are questionable. It is likely that scientists will have to study
each phenomenon separately.

Despite substantial knowledge of the biology of the Varroa mite (Locke 2016,
Noél et al., 2020) beekeepers are still experiencing difficulties in the process of applying
specific strategies to effectively manage it. It is noteworthy that various measures have
been proposed to control the parasite — from zootechnical to organic and chemical. Some
of the reported control measures include the following: physical removal of the mite (Noél
et al., 2012), the hygienic behavior of bees (Noél et al., 2020) and chemical treatments
(Roth et al., 2020; Deguine et al., 2021). The main organic methods of tick control are
described in the literature. Instead of directly destroying the parasite using chemical
methods, organic methods aim to limit the rapid reproduction of mites in the bee nest or
remove them mechanically.

One of the measures is a temporary cessation of brood cultivation. Biology of the
Varroa mite suggests that the female stays in a sealed cell with the pupa for 12 days and
5 days on a bee until she enters the next cell before sealing. The breeding cycle of the tick
in this way is 17 days. Therefore, the ratio of mites on bees and brood in the nest should
be approximately as follows: 30% on bees and 70% in the brood. In reality, the ratio is:
10% in bees and 90% in brood. This is because bees intensively destroy all mites that are
not in sealed cells. It can be assumed that during the active period, when there is no brood,
bees can more actively destroy the mite. However, mites cause more damage to bees when
they can't enter the brood. Therefore, the cessation of brood cultivation cannot be
prolonged. In order for all mites to leave the brood, the temporary cessation of its presence
should not exceed 21 days, when the last sealed brood will appear. A situation is created
when all the mites that were in the brood will pass to bees. At this time, you can apply a
combined approach and treat bees with medicines, when their use in the absence of brood
will be most effective. A common disadvantage of such methods is that the fruitless
period weakens the strength of the family so much that under certain conditions it can die
altogether (Ellis et al., 2019; Gornich M., 2024).

Another method that is proposed to be used to control varroasis involves the use
of wax with reduced cells. At the beginning of using this method, the results of using wax
with a reduced cell were encouraging. However, scientific studies have not shown the
effectiveness of this approach. However, data analysis shows that wax with a reduced cell
can still be an effective measure against Varroa. It is believed that on a wax with a reduced
cell, the development at the pupal stage of the bee can go faster. The Varroa mite, which
IS very sensitive to such changes, may not have time to finish development, as a result,
the reproduction of the parasite will be disrupted. Another hypothesis suggests that in
smaller cells, the pupa is placed more tightly, and this makes it difficult for the tick to
move in the cell and feed on it.

Another group of Varroa control methods involves mechanically removing mites
from the nest by using drone wax and then removing the drone brood. On its natural host,
the eastern bee A. cerana, the Varroa mite breeds exclusively on drone brood, since the
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development cycle of the eastern Bee is shorter and the mite does not have time to breed
offspring. In families A. mellifera the parasite reproduces on both drone and Bee brood,
but prefers drone, in which the pupa is larger and its development cycle is longer, which
helps to provide the mite with sufficient food for nutrition and time for reproduction. If a
drone wax is placed in the bee nest at the time of the appearance of the drone brood, and
after sealing it, the brood is removed along with mites, this can prevent an outbreak of an
increase in the population of the latter. The disadvantages of this method are obvious:
when removing it, it is not always possible to separate the drone brood from the bee brood;
bees spend too much food resources on raising drones on drone wax, the presence of
which during the swarm period is simply necessary to saturate the area for reliable mating
of Queens.

Another approach to mechanical tick removal involves the use of powdered sugar,
talcum powder, starch or flour. The mechanism of countering the tick during such an
operation is as follows. If the powder gets on the mite's feet, they disrupt the ability of the
suckers and hold on to the bee, it falls to the bottom of the hive, from where it is removed
by the bees. Another consequence is that bees sprinkled with powder are intensively
engaged in self-cleaning (grooming), removing powder and mites from themselves at the
same time. This approach can be effective, especially in combination with interrupting
brood cultivation and the presence of a sealed bottom in the hive. The obvious
disadvantages of the method are that 90% of the mite is in the brood, so in order for
topping to be effective, it must be constantly repeated every 5 days. Also, these powders
have a negative effect on eggs, open brood and unripe honey.

The next method is to use a sealed bottom, the essence of which is as follows:
ticks that live in the bee nest can lose contact with the bee and fall down the Hive, and
then switch back to the bees. If the bottom is bounded by a grid with a Cell (3 x 3) mm,
then bees cannot touch it. Shedding mites cannot re-pass to bees. The use of a grid can
help reduce the tick population in the nest, but this method cannot be used independently
in mite control. However, it is effective in the diagnosis of varroasis.

The next approach is hyperthermia, or the thermal method, which is based on the
fact that ticks are more sensitive to high temperatures than bees. Comfortable for the mite
is the temperature close to +33°C, and for bees — + 36°C. Therefore, the mite prefers the
periphery of the nest for its reproduction, where the temperature can be lower. Only after
the appearance of varroasis was the method of mite control used using thermal chambers
— the bees were shaken into a special cassette, then placed in a container where the
temperature (+46 — 48)°C was maintained for a certain time for 12-15 minutes. Mites in
such conditions died, and bees survived. The method was time-consuming and complex,
but quite effective. Over time, it turned out that prolonged use of the method can lead to
the appearance of heat-resistant mites, because the method ceases to be effective.

Another approach is the separation of colonies, which consists in creating a
sufficient number of new ones to replace those who died. There are ways to create new
families with a small extent of invasion. These are swarms and infertile nuclei (layers). If
you create a new family only from flying bees, then for at least two years such a family
can have a low extent of invasion, and be productive. But such a strategy can be quite
risky. However, when a part of the apiary dies from varroasis, only division can restore
the number of bee colonies. (Gornich M., 2024).

Environmentally friendly methods are actively used due to the resistance of V.
destructor to mild acaricides (thymol, formic and oxalic acids) and the deadly effects of
aggressive acaricides (amitraz, fluvalinate and flumethrin) on honeybees (Jack et al.,
2021) although mechanical methods (physical removal of ticks, etc.) are less harmful to
insects, they have many limitations, in particular: increased labor for beekeepers,
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sensitivity to fluctuations in ambient temperature, and minimal differences between lethal
concentrations for mites and honeybees (Noél et al., 2020).

Organic methods of controlling V. destructor based on behavioral traits associated
with the immune system have been actively used. The most important area of such work
is the breeding of lines and populations of bees that are resistant to varroasis.
Varroaresistance is the suppression of the reproduction of a mite by bees or the
coexistence of bees with a tick so that it does not cause noticeable damage to the latter.
The basis of such breeding is the genetics of bees. The goal of such breeding work should
be to keep the extent of the invasion constantly low and not increase.

Some of these measures have little proven effectiveness, and they can be harmful
to bees. Thus, Rosenkranz et al. (2010) reported that the use of aggressive chemicals
(acaricides) to reduce V. destructor populations is only temporarily effective precisely
because of the emergence of rapidly developing resistant tick individuals. Also Warner
et al. (2024) reported the use of thymol, oxalic and formic acids, beta-acids, formamidine,
and fluvalinate to control the spread of V. destructor was not resistant due to the
appearance of resistance in ticks to active substances and the risk to the health of
honeybees with an increase in their concentration. The use of chemicals to control the
spread of V. destructor has shown that the use of synthetic, organic and inorganic
chemicals in low doses may be safer for bees. However, their effectiveness is still
unknown due to the lack of experimental evidence (Warner et al., 2024). Another study
demonstrated that physical tick removal is limited to increasing labor for beekeepers. The
ineffectiveness of chemical control measures and the lack of desire to physically remove
mites did not leave an opportunity for pest control.

Attempts to create bees that can inhibit the development of the mite or co-exist
with it have partially yielded satisfactory results. In particular, mite-resistant bee lines
have been bred in the United States. These are the so-called bees with Varroa sensitive
hygienic behavior (VSH-bees), the essence of which is that bees sense the presence of a
tick in cells with sealed brood, open such cells and remove pupae infected with the mite
along with the parasite. In this case, the mite's reproductive cycle is interrupted and it
dies, even if it remains in the nest. If the cell was printed by mistake, the bees do not
remove the pupa, but re-seal it. This behavior of bees is known as re-printing the brood.

There are families where bees are intensively engaged in grooming (cleaning their
bodies from mites). At the same time, they bite (do not sting!) mites, separate their legs
or damage their shell. Such mites can no longer parasitize bees and are removed from the
nest. To assess how effective this behavior of bees is, you need a sealed or sticky bottom
of the hive to assess the scree of ticks for two days. Then the crumbling mites need to be
examined under a microscope and identify the number of crippled ones. If more than a
third (35%) of the crumbled ticks are damaged, then such a family can be considered
varroaresistant. The beekeeper has two options for breeding resistant to Varroa mites
bees: write out queens of certified lines or breed such insects yourself.

Breeding varroaresistant bees gives the beekeeper an additional advantage: in this
way, he gets rid of the threat of bee damage by a number of other pathogens of bacterial,
viral and fungal diseases. Breeding resistant to Varroa mites bees is not an easy task,
since the mating system of queens creates risks of losing the varroaresistance trait in
subsequent generations of queens. But in the process of breeding bees resistant to ticks,
there were also disadvantages. It turns out that parasite-resistant bees in one area, once
transported to another, may cease to be so. For example, queens bred in Hawaii, when
introduced to continental America, no longer showed signs of resistance. That is, the sign
of varroaresistness is most fully manifested in the local population of bees and ticks. It is
also difficult to breed such bees in one, separate apiary. The work can give a positive
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result when breeding is performed for all bee colonies of the local population
(Gornich M., 2024).

Mechanical and organic methods remain reliable, environmentally friendly and
sustainable. Undoubtedly, immune-related behavioral traits of honeybees can provide
resistance to mites. Therefore, to limit the spread of the parasite, beekeepers should
choose genetically resistant bee colonies created without human intervention. Beekeepers
have adopted cultural methods related to the social immunity of honey bees to combat the
effects of mite parasitism (Jack et al., 2021; Mondet et al., 2020). For example, some
owners of industrial apiaries choose Bee seeds that are resistant to V. destructor based on
their active hygiene behavior (ability to remove dead brood, identify and remove brood
affected by Varroa, grooming), (Traynor et al. 2020; Noél et al., 2020; Warner et al.,
2024). The population dynamics of V. destructor and honeybees show the importance of
a break from brood to adult bees. A large time lag in the development of adult bees can
disrupt population dynamics and contribute to family death. In this case, a shorter time
interval from brood to adult bees will prevent the development of V. destructor, and seven
s I'll stay strong and healthy. It is also important to note that the Varroa mite can die due
to seasonal changes (Messan, K., et al., 2020).

Although beekeepers and scientists have developed and tested V. destructor
control chemicals, they are still not reliable. Chemical controls based on thymol, oxalic
and formic acids, formamidine and fluvalinate are not stable. For example, several
researchers have reported high mortality in honeybees when using solid acaricides
(amitraz, fluvalinate, and flumethrin), even at the recommended doses (Kayode et al.,
2014). Although bee mortality is also affected by the outside temperature (below +9 °C),
significantly higher mortality of adult bees can be attributed to the methods of using the
drug. For example, when using the seepage method, a higher mortality rate of adult bees
was recorded than the evaporation method (Coffey et al., 2016). Since mites transmit
infectious pathogens, beekeepers believe that the use of chemicals may be the most
effective control measure. Mild acaricides (thymol, oxalic and formic acids) are known
to be less toxic to adult bees. After long-term evaluation of mild chemicals, they were
found to be ineffective due to the rapid development of tick resistance (Truong et al.,
2022). However, the rejection of formic, oxalic acids, amitraz, fluvalinate, and other
acaricides that control V. destructor, especially in summer, does not negate their use and
effectiveness (Wu et al., 2024)

Due to the risks associated with synthetic chemical treatments, beekeepers are
rapidly shifting their focus to organic chemicals with proven acaricidal efficacy
characteristics. Control of V. destructor is difficult due to its resistance to widely used
acaricides and the lack of recommended methods. However, research continues.
Integrating multiple pest control tools and techniques can produce better results than a
single strategy (Cremer et al., 2007, Evans et al., 2011).

Sociality in honeybees allowed them to gain properties of social immunity against
their enemies, including kminiem Varroa. The succession of V. destructor-related immune
traits prompted beekeepers to evaluate and maintain families with persistent behavioral
traits. One of these behavioral signs of honeybees is hygienic behavior.

Many animals exhibit hygienic behavior for a specific purpose. In honeybees, this
ability consists of keeping the nest clean, removing dead or diseased brood from the cells,
and removing unwanted particles from the body. The hygienic behavior of honeybees
was described in the 1930s, when researchers discovered that resistant colonies against
American foulbrood rot (AFB) removed diseased larvae (Spivak et al., 2009). After this
period, the study of the hygienic behavior of honeybees became much more active. The
researchers described hygienic behavior and provided evidence that AFB resistance is the
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ability to detect and remove diseased brood before the pathogen reaches the infectious
stage of diseased larvae. This reaction of bees is considered common and applicable to
all honey families. More recent studies have shown that adult bees from some colonies
removed ascospherosis-infected larvae from their cells within 24 hours, and this made
them resistant to the disease (Danka et al., 2013).

Hygiene responses in bee colonies can be complex and sometimes difficult to
understand or analyze. The two most important methods, freezing or pinning, are
commonly used in analyses to determine the hygienic behavior of honey bee colonies.
Similarly, hygienic behavior was used to evaluate honey bee families for resistance to V.
destructor. Thus, removal of mite-infested brood and removal of frozen larvae are
positively correlated (r = 0.74). However, Danka et al. (2013) reported a weak correlation.
Further research suggested that the variation may be related to individual hygiene
behavior in relation to a particular pathogen, rather than just general hygiene. This
behavioral specificity led to another form of hygienic behavior known as VSH, whose
evolution in honeybees contributed to the selection of resistant insects against
V. destructor.

Discussion. Discussions among scientists have led to questions such as “what
method or strategy can be an effective measure to control V. destructor?”. Summarizing
the above, we can distinguish four possible ways to deal with a mite Varroa:

* Practice safe seven-pit management (good beekeeping practice). In all apiaries,
management is a fundamental strategy for successful beekeeping. Management tools and
practices are complex because they depend on both individuals and the environment.
However, some special rules are implemented in most apiaries. Good management
practices at different times of the year are crucial for controlling honeybee ectoparasites.
For example, family productivity can be improved by using poor management techniques
that can delay V. destructor reproduction during spring and summer. It is important to
understand the biology of V. destructor and assess the level of damage each season of the
year to ensure the effectiveness of treatment and prevent possible negative effects of
chemical therapy on bees. Therefore, it is necessary to implement a strategic management
plan for V. destructor and distribute it to beekeepers and scientists. Resolving this
situation is not a personal matter for the beekeeper. Rather, it is a daily struggle to limit
the spread of the parasite to the entire beekeeping community. In addition to these
highlights, key management practices were highlighted to prevent high levels of
V. destructor damage in seven honeybees at the beginning of the honey harvest season
(Rudenko E. V. et al., 2022 Giacobino, A., et al., 2016). The main strategy is to ensure
that beekeepers check and report all possible pathologies in families in a timely manner,
and apply appropriate control measures to maintain an indicator of the extent of invasion
V. destructor is below 2%.

* One possible way to preserve the immune properties of honeybees is through
selective breeding. The complexity of the" mating " behavior of insects and the
difficulties that arise when choosing breeding sites have made it difficult for beekeepers
to preserve breeding lines for many generations. For this purpose, suitable breeding sites
are proposed to support the genetic resources of honeybees. Recently, Akongte et al.
(2024) demonstrated the ability to breed and maintain honey bee families at isolated
mating stations.

* To successfully control the parasite, it is necessary to combine several
approaches to increase the effectiveness of each of them. As for V. destructor, breeding
of resistant bee lines is developing rapidly, but chemical treatments should not be
forgotten. The ideal situation is to combine stable bee colonies with the recommended
mild chemical treatment (thymol and oxalic acid). This can weaken V. destructor and
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improve the effectiveness of families in slowing down tick reproduction. It is also
recommended to apply a mild chemical treatment at an early stage of the honey collection
season after selecting resistant strains before the mites multiply rapidly. Mild chemical
treatment is expected to interfere with V. destructor fertility and create conditions under
which resistant honeybee strains can completely neutralize the rest of the population.

Conclusions. Despite the variety of available alternatives for managing the
amount of V. destructor in bee colonies, a better solution has not yet been made. Based
on basic and Applied Research, control measures using mild chemicals (oxalic acid and
fluvalinate) were developed and proposed. Today, the combination of zootechnical,
mechanical, organic and chemical measures to control the extent of varroasis invasion
has confirmed the importance of adopting comprehensive approaches. Researchers
should take into account data on geographical location, ecology, damage rates, health
impacts of honeybees, and existing management strategies. As a result, organic methods
based on the genetic selection of honeybees with immune traits to V. destructor and high
heredity can be reliable.
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