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ABSTRACT. Worldwide, the ectoparasitic mite varroa (Varroa destructor Anderson & Trueman) is potentially the main threat-
ening parasite for Apis mellifera L. To find an alternative therapy for varroa and to limit the chemical residues in bee products,
27 bee colonies with their brood, were treated at 42°C for 12 to 480 minutes. All experimental colonies had 5-8 frames of brood

and 10 frames of population (approximately 10.000 bees each colony). During the treatment the final temperature inside the hive
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varied from 42.3°C to 46.5°C. The effectiveness of hyperthermia to control the varroa population, depends on the duration of the
therapy. When the time treatment was extended from 12 to 480 minutes, the falling mites ranged from 29.8% to 79.8%. A small
number (4.7%) of dead mites was found in sealed brood after a 60-minute treatment, which gradually increased along with the
treatment duration reaching 100% after 480 minutes. The use of the device irritated the bees but did not cause losses of honey-
bees, or excessive aggravation. Dead larvae inside sealed brood were observed when hyperthermia was applied for more than
120 minutes and increased along with the duration of heating. To our knowledge, in the presence of brood and adult bees, the
hyperthermia method is used for the first time as alternative solution to limit the excessive use of chemical substances under field

conditions. This method is proved to be most suitable for beekeepers with small amount of colonies.

Keywords: Hyperthermia, Alternative varroa treatment, Varroosis, Varroa destructor, Apis mellifera L.

NEPIAHYH To dxapt Bappda (Varroa destructor Anderson & Trueman) givol moykoopimg 1 oNUOVTIKOTEPT TOPAGITIKT
achéveln Tov peMoo®v Tov gidovg Apis mellifera L. TIpokeipévov va pehetnOei evaldakTtikOg TpOTOG KOATATOAEUTONG
vy ™ Pappodo 0AAG KOl VO TEPLOPLGTOVV TO, VTOAEILHOTO TOV QUTOTPOCTUTEVTIKMY OVGLMOV GTO, TPOIOVIN TNG UEAGGAG,
ypnoonomnke n péBodog g vrepbeppiag. H pébodog npaypoatorombnke o 27 peliocio mapovsio yovov 6g ovTd 0TOTE
ypnotporombnke n Beppoxpacio tov 42°C yuo 12 éwg 480 Aemtd mpokeévou vo pelebei. Olo ta pericola oto omoio
gpapuootke N néBodog amotehovvrav amd 10 knpndpeg mAnbovoud (katd mpoosyyion 10.000 pélicoeg o kdbe pelioot) Kot
Yovo Olwv tov otadiov og éktaon 5 pe 8 knpndpes. Katd ) dudpkelo tov Sokiuadv 1 telKn Oeppokpacioo 6T0 E6MTEPIKO TNG
KOYEAN G kopavOnke amd 42,3°C éog 46,5°C. H oamotehespatikdmta g pebddov otov éheyyo g Bappoa, oyxetiletor pe m
SLapKELDL TNG EPAPLOYNG. XTO YPOVIKO EVPOG ePapLoYNS amd 12 €mg 480 Aemtd, T0 TOGOGTO TTAOONG AKAPE®V Bappdo. KupavOnKe
and 29,8% émg 79,8% avrtictorya. ‘Eva puikpd mocootd vekpdv axdpemv (4,7%) evionicTnke 6TOV GOPAYIGUEVO YOVO UETE amd
gpapuoyn 60 Aent@v, T0606TO MOV GTOdKE AVENONKE Le TV AHENGT TOV YXPOVOL EPUPUOYNG Kot EpTace Emg kot 100% petd
ta 480 Aentd. H ypron g cuokeung epapoyng g vrepfeppiog TpokdAese avnovyio 6T0 HEAIOGL Y®PIg OUMG VO ELPAVIGTODV
anmAELEG HEMOOOV 1 ekTeTopéVn embetikotra. Eeappoyn g pebddov yuo ypovikd didotnuo peyorvtepo and 120 Aemtd,
TPOKALEGE VEKPMGT) LEPOVS TOV GOPOAYICUEVOD YOVOV, EVD TO POIVOUEVO EVTAONKE GE EKTAOT GE GYEGT LE TO XPOVO EQOPLOYNG.
H pébodoc g vepbepuiog, g epappoyn amevbeiog oe perioot mopovsio Yovou kot mANOLGHOV, glval 1 TPMOTN OPA TOL
UEAETATOL MG TPOTOG KOTOTOAEUNONG TOV OKAPEWDG PappoOa TapEYOVTS ETGL [io, EVOAAOKTIKTY ADGT GTOVG HEAIGGOKOMUOVG Yol T
¥PNOLOTOINGN NG AmEVOEING GTO LEMGGOKOUEID KOl AMOPEHYOVTUS TN YPNOT YNUIKOV okevacuatmv. Q¢ pébodog Ba pmopovce
VO EQUPUOCTEL G€ TEPLOPIGUEVT] KAIHOKO KOl YU GVTO TPOGPEPETUL KVPIMS Y10 TOVG HEAGGOKOUOVG EKEIVOVG TTOV EYOVV LIKPO
apBud HEMGGIOV 1 AGKOUV BlOAOYIKT LEAMGGOKOUIAL.

Aéeig kletdra: YnepOeppio, Evailaxtikn pébodog katamoréunong Bappda, Bappodtwon, Varroa destructor, Apis mellifera L.

INTRODUCTION

arroosis has been an important cause of the

decline of the bee industry around the world.
The chemical detection and chemotherapy against
mites have engendered inappropriate chemical resi-
dues in bee products. This has induced the search
for non-chemical methods. The bee larvae are gen-
erally more tolerant to high temperatures than var-
roa mites. Considering this, raising the temperature
inside the hive to a specific threshold would limit

the varroa population while bees remain unharmed
(Engels, 1994). Above the threshold temperature,
the vital protein synthesis process is inhibited in the
varroa mite but not in the bee larvae. Hyperthermia
in a bee hive is the status of an elevated colony
temperature due to failed thermoregulation. With
hyperthermia only heat is used against the mite - no
chemicals are involved. Additionally, to preserve the
warm environment inside the colony the bees inten-
sify abdominal pumping and wing beat activity which
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causes the varroa mites to drop off (Fakhimzadeh,
2001). A large number of research findings have
shown the efficacy of hyperthermia (Ruttner, 1977;
Karpov, 1978; Khrust, 1978; Ritter, 1980; Solov-eva,
1983; Hoppe, 1987; Rosenkranz, 1987; Ahmad, 1988;
Engels, 1992; Harbo, 1994;), but due to the lack of a
suitable device or heating system it has not yet been
recognized as an efficient method.

The optimum temperature for varroa development
is 32°C or less (Engels, 1988) and high temperature
inhibition occurs above 38°C; eventually varroa
mites die at above 40°C (Rosenkranz, 1988). On the
contrary, bee larvae can tolerate temperatures of 42
- 43°C (Engels, 1998) and adult bees can resist any
temperature less than 48°C (Hoppe, 1986).

Even so, there are still concerns on honeybee damage
from high temperature treatment; Engels (1998)
stated that when the temperature in the brood nest
is raised over 36°C the bees are under stress and
this causes great bee losses. Precise control of the
temperature and duration could result in effective
varroa suppression without harming the honeybees.
(Komissar, 1985; Hoppe, 1986; Rosenkranz, 1987).
For treating bee brood with heat, different types of
thermostatically controlled boxes were invented,
such as Borgstadter — thermo - box, Apitherm box,
Varroa Controller and others. In addition, Arndt
(1991) patented a device that circulates heated air at
a temperature of 49°C to control Varroa (US Patent
NO. 5,069,651). Glueck-Gunther (1988) also patented
a device that involves blasting hot air into the hive to
remove mites from bees (De Patent No. 3643872 Al).
A similar device that draws air from outside, heats it
and then forces it into the hive through the bottom
opening is patented in Greece by Athanassakis (2006)
with the name Thermovar (GR Patent No. 1005196).
In this study we tested Thermovar under field
conditions. We applied hyperthermia in bee colonies
without removing the brood or the population. To
our knowledge this method was used for the first
time. We tested the thermal treatment of 42°C at 9
different time regimes ranging from 12 to 480 min
and recorded the efficiency of the method to remove
mites from the bees, to kill them inside sealed brood
and the side effects on bee brood and adult bees.

MATERIALS AND METHODS

Bee colony

We used bee colonies of Apis mellifera macedonica
situated in the University farm of Aristotle University
of Thessaloniki, Greece, during April-May of 2008.
The environmental temperature fluctuated between
9.8°C and 17.5°C, with an average of 14.4°C in April
and between 12.8°C and 25.6°C, average 19.2°C in
May.

The bees were sheltered in one-storey hives, with
Langstroth standard size combs where they had 10
frames population and 5-8 frames of brood. Bechives
had removable screened bottom board with a drawer
that allowed the observation and count of the mites
dropping off the bees after each treatment. In each
beehive two digital thermometers were placed in the
central frames of brood to record the temperature
from the beginning of the treatment to its completion.

Heating device

Thermovar is a device of adjustable temperature and
time and consists of three parts: the heat chamber,
the hot air shaft and the mite-collecting drawer. The
heat chamber is placed on top of the bechive, after
previous removal of the hive’s lid and placement
of a bee-safe screen (figure 1). Through the hot
air shaft, the chamber is connected to the mite-
collecting drawer, which is placed below the screen
of the bottom board. This whole system-beehive, heat
chamber, hot air shaft and mite-collecting drawer-
is a closed air-circuit, except of the minimum and
controlled amount of air coming in through the entry
hole on the drawer and out through the exit hole on
the shaft. When the device is turned on, the air inside
the system begins to heat gradually and with the help
of the circulator is recycled through the heat chamber
— shaft — drawer — spaces between the combs of the
beehive and heat chamber again. The function of this
whole system is controlled by electronic instruments,
thus, when the desired air temperature is reached, it
remains stable for the time set.

The device temperature was adjusted to 42°C and the
thermal treatment was applied on 27 complete bee
colonies for a time range of 12 to 480 minutes. The
duration we used in particular was 12, 20, 30, 40, 60,
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120, 240, 360 and 480 minutes as shown in tables
1,2,3 according to the manufacturer observations and
as objective of the experiment. The time count began
when the temperature of the hive reached 42°C. For
every temperature and time three different colonies
were used.

Counting of varroa mites and dead bees

After each treatment the varroa in the bottom drawer
was counted as well as its mortality inside the brood
cells. The count of mites that had dropped off the
bees, continued for 6 days after each treatment.
On the seventh day the bees were treated with an
effective acaricide and the dead varroa was counted
once more. The efficacy of the hyperthermia was
estimated as a percentage of the number of dropped
mites in 6 days, on the total number of varroa in the
beehive.

To find whether varroa mites that fell in the bottom
drawer after the treatment were dead, irreversibly
hurt or alive they were placed in a petri dish inside
an incubator, set on 35°C along with bee larvae’ and
they were checked for the next two days.

In order to estimate the mortality of the mites inside
the cells, 300 brood cells from three different combs

Hot air shafte————

Mite-collecting drawer

Figure 1.

of each colony were uncapped and the state of the
mites in the cells was recorded (dead or alive).

The effect of hyperthermia on the bees was checked
by counting dead bees in front of the hive and also
by marking 100 brood cells from each colony and
following their development. Moreover the bees’
behavior (aggressiveness), queen replacement and
the overall development of the bee colonies treated
with hyperthermia were recorded.

RESULTS

Treated temperatures with hyperthermia
Temperature fluctuation in treated colonies and
the time of treatment are summarized in Table 1.
The temperature of the device was adjusted to the
42°C. The normal hive temperature which ranged
between 32.2 and 36.6°C was recorded as the initial
temperature. During treatment the temperature
varied from 42.3 to 46.5°C. In most cases the
device successfully produced the heat to reach the
expected 42 to 44°C inside the hives. In 12 out of 27
cases, the final temperature exceeded the 44°C that
larvae tolerated, by 0.2°C to 2.5°C. The maximum
temperature in most cases was more than 50°C. This

Heat chamber
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Table 1. Changes of temperatures in 27 bee colonies treated with hyperthermia at 420C

Colony . Temperature inside the bee Time needed to
Time of Freztment hive (°C) reach the
(min) Initial  Final Maximum  temperature of 42°C
1. 12 332 434 50.3 16
2. 12 364 456 52.2 20
3. 12 362 433 51.8 21
4, 20 357 426 478 18
S. 20 36.5 423 50.4 22
6. 20 36.6 436 478 23
7. 30 333 439 50.4 20
8. 30 343 45.0 523 30
9. 30 336 431 50.9 19
10. 40 333 431 50.4 24
11. 40 322 445 50.0 32
12. 40 33.1 46.5 523 27
13. 60 352 443 523 15
14. 60 344 426 51.7 16
15. 60 343 435 51.6 20
16. 120 328 456 523 23
17. 120 33.1 442 50.9 21
18. 120 35.1 439 53.4 16
19. 240 323 425 50.8 18
20. 240 34.5 449 50.3 21
21. 240 322 450 50.4 30
22. 360 33.6 445 523 27
23. 360 346 432 52.8 26
24, 360 332 439 50.2 21
25. 480 343 43.6 498 18
26. 480 349 452 52.8 20
27. 480 342 448 51.3 23

*The time measured from the time that temperature inside the hive reach 42°C

high temperature did not last long, since the bees
managed to reduce it by actively evaporating water,
exchanging liquid food and oxidizing carbohydrates
from the honey-crop (Komissar, 1985). The time
needed for the final temperature to be stabilized
ranged between 15 and 32 minutes, depending on the
population of the colony and the number of combs.

Mortality of dropped varroa mites onto the
bottom board

Table 2 indicates the number of varroa that were
dead or living 24 h after they had dropped off the
bees. During shorter treatments (less than 40 min)
most of the fallen mites survived. The mortality of

the mites was similar for 60 to 360 minute treatments
(average 26.9%) and increased to 45.5% at 480 min.
Along with the increasing time of the application,
the number of varroa mites falling onto the drawer
of the bottom board, increased respectively (Fig. 2).
The mortality of the dropped mites and the duration
of the treatment were linearly related (R>=0.86). The
efficacy of the hyperthermia treatment was estimated
as a percentage of the number of fallen mites in 6
days, on the total number of varroa in the beehive.
Thermal treatment is relevant to the duration of
the application since the enforcement for 12 to 480
minutes caused 35.9% to 79.8% dropped mites
respectively.
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Mortality of varroa mites in brood cells

Varroa mortality in brood cells is presented in Table
3. The total number of mites that were found in
900 cells from every experimental group (300 cells/
hive) and their mortality after the thermal treatment
in different times were observed. A percentage of
12.9% of varroa mites were found dead inside brood
cells after 120 minutes treatment. This percentage
reached 57.8% after 240 minutes treatment, 92.6%
after 360 min and 100% after 480 minutes.

By the end of the treatment and approximately for
the next half an hour, an irritation was observed
among the bees, though they did not have a tendency
to sting, while part of the population flew out of the
hive. No losses of adult bees were observed even
after 480 minutes of treatment. Up to 120 minutes
of treatment the brood was not affected negatively,
whereas after 240 minutes, a percentage from 6% to
50% of the larvae seized to develop and died.

The development of the treated bee colonies was
normal and no delay was observed in the following
months compared to other colonies of the same
apiary which were not subjected to hyperthermia.

DISCUSSION
We applied hyperthermia in bee colonies with the

80

Mortality of varroa (%e)

i
o]
1

presence of brood and the adult bees, with hot air
at the temperature of 42°C. Despite the presence
of bees, the temperatures inside the hive kept
fairly stable between 42.3°C and 46.5°C. These
temperatures are increasingly lethal to varroa
mites depending on the duration of the treatment.
More than 50% of the mites dropped off adult
bees after 60 minute-treatment and about 76%
after 480 minute-treatment (Fig.2). Kommissar
(1985) applied hyperthermia successfully using an
incubator (thermocamera) at 47°C for 12-15 min
on caged bees and removed more than 95% of the
mites. Harbo (2000) kept honeybees for 48 hours
in temperatures of 25, 35, 38, and 40°C and found
that the lowest temperature at which mites could be
removed was 40°C. Hoppe (1986) also tested 48°C
for 20 minutes in artificial swarms and removed
23% of the mites. In this research the temperature,
the time of treatment, the presence of frames with
honey and brood, the humidity of the hive and other
factors may affect the results. Air flow should also
be considered, since the apparatus we used forced
hot air continuously into the hive through the bottom
opening. This could explain the different results we
have from Harbo (2000) who unsuccessfully treated
caged bees with comb at 40°C for 48 hours.

Previous researchers applied hyperthermia on sealed
bee brood for a longer time than the one that was

y=0,089%+ 38,13
R2= 0,863

Lo

120 160 200

240 280 320 360 400 440 480

Timne of treatments (inin)

Figure 2.
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Table 2. Mortality of varroa mites that dropped into the bottom board of the hives after treated with hyperthermia

(total of each group)

Time of treatment

Varroa found m bottom board

Dead varroa after 24 hours

(min)
12 150 0
20 114 0
30 132 6 (4.6%)
40 168 12 (7.2%)
60 102 27 (26.5%)
120 75 24(32.0%)
240 219 57 (26.0%)
360 195 45 (23.1%)
480 132 60 (45.5%)

Table 3. Mortality of varroa mites in brood cells after treatment with hot air at 42°C

Time of treatment

Number of Varroa in 900

Number of dead Varroa in brood

(min) brood cells* cells

12 84 0

20 96 0

30 24 0

40 195 0

60 129 6 (4.7%)
120 93 12 (12.9%)
240 135 78 (57.8%)
360 201 186 (92.6%)
480 159 159 (100%)

* 300 brood cells were opened from each of the three colonies that had been used in the experiment.

used in swarms of adult bees (Rosenkranz, 1987,
Engels, 1998). In this study we found few dead
mites after 60 to 120 minutes of treatment and all
mites were dead after 480 minutes of treatment.
Rosenkranz (1987) also noted that after 45°C
treatment for 240 minutes, 80-100% of the mites
were killed. The question in concern is why the
fallen mites from the adult bees were not killed by
480 minute treatment and 54.5% of them survived.
According to Kommissar (1985) mites may stay
alive at 41°C by sucking the bees’ haemolymph.
Another explanation could be the effort of bees to
lower the temperature of their hive by evaporating
water during treatment, which may save some mites.

The ability of the survivor mites to re-enter brood
cells and reproduce after hyperthermia treatment
was not examined and neither was the effect of
hyperthermia on their longevity. According to

LeConte, et al., (1990) mites in brood cells failed to
reproduce or were killed when they were exposed to
42°C for 360 minutes.

The fact that the majority of the fallen mites do not
die but they have the chance to re-infest the bees may
carry the risk of the development of heat resistant
varroa. According to Chacon-Almeida, et al., (2000)
special proteins, the heat shock proteins, are rapidly
synthesized when organisms are exposed to elevated
temperatures. This must be considered carefully in
practice so that the treated hives should be provided
with screened bottom board or covered with a thin
layer of vaseline or any other non-toxic adhesive
substance.

CONCLUDING REMARKS
The treatment of bees with Thermovar can be lethal
to varroa mites when applied at 42°C, depending
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on the duration of the treatment. It can effectively
remove great proportion (more than 90%) of the
phoretic mites after 360 to 480 minutes. During
treatment, bees should be confined in their hives so
treating during nighttime could be the best choice.

Hyperthermia is another means to control varroa and
although it had been proposed 43 years ago (Kiroazy,
1973), it lacks an established and acknowledged

method of application. Application of hyperthermia
can be an alternative to the use of acaricide chemicals
that leave residues or volatile compounds that may
disorganize bee communication. It is a rather
promising method for beekeepers with a small
number of colonies, regardless of the type of
beekeeping they choose to practice, conventional or
organic.
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