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Effects of different chilling procedures on honey bees (Apis mellifera)
for anesthesia
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Abstract: Immobilization is required for the examination and manipulation of honey bees (Apis mellifera), and many techniques
have been developed to render honey bees immobile until this date. Among them, two methods, which are carbon dioxide (CO2) and
low-temperature narcosis, have been commonly used to induce anesthesia on the bees. Although CO2-induced anesthesia changes the
behavior and physiology of honey bees, the anesthesia induced by cold is considered commonly as non-damaging for the bees. There
are a very limited number of studies on the effects of different chilling protocols in honey bees. Therefore, the purpose of this study
was to investigate the effect of different chilling procedures on the survival rate and depth of anesthesia in honey bees. A total of 4
groups were formed, one of which was the control group. Three temperatures (+4°C, -20°C and -80°C) were applied to three different
experimental groups. Furthermore, four different exposure times were implemented on each experimental group (n=20 worker bees in
each trial). The depth of anesthesia was assessed and scored based on the movements and anesthesia recovery time in honeybees. There
was a statistically significant relationship between duration and survival/death rate in the applications at +4°C, -20°C and -80°C
(P<0.001). The method that was applied for 5 minutes at -20°C was the most ideal chilling method (P<0.03) and showed the lowest
mortality in addition to the high depth of anesthesia. This study may assist in selecting the safest and deepest anesthesia method required
in any study on honey bees.
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Anestezi i¢in farkh sogutma prosediirlerinin bal arilar1 (Apis mellifera) iizerine etkileri

Ozet: Bal arilarinin (Apis mellifera) incelenmesi ve manipiilasyonu i¢in hareketsiz kilinmasina ihtiyag vardir. Bu zamana kadar
bal arilarini hareketsiz kilmak igin birgok teknik gelistirilmistir. Bunlar arasinda karbondioksit (COz2) ve diisiik sicaklik ile anestezi en
¢ok kullanilan teknikler olmustur. CO2 kaynakli anestezi bal arilarindaki davranisi ve fizyolojiyi degistirse de, soguk anestezi genel
olarak arilar igin zararsiz kabul edilir. Bal arilarindaki farkli sogutma protokollerinin etkileri iizerine yapilan galismalar oldukga
siirhdir. Bu ¢aligmanin amaci, farkli sogutma prosediirlerinin bal arilarindaki sagkalim ve anestezi derinligi tizerindeki etkisini
aragtirmaktir. Biri kontrol grubu olmak iizere toplam 4 grup olusturuldu. Ug farkli sicaklik (+4°C, -20°C ve -80°C) ii¢ farkl1 gruba
uyguland1 ve her deney grubuna dort farkli maruz kalma siiresi uygulandi (her denemede n = 20 isgi ar1). Anestezi derinligi, bal
artlarindaki hareketlere ve anestezi iyilesme siirelerine dayanan bir skorlamaya gore degerlendirildi. +4°C, -20°C ve -80°C'deki
uygulamalarda siire ve sagkalim/6liim oran1 arasinda istatistiksel olarak anlaml1 bir iliski bulundu (P <0,001). -20°C'de 5 dakika siireyle
uygulanan yontem, en diisiik 6liim ve yiiksek derinlikte anestezi ile en ideal sogutma yontemi (P<0,03) olarak bulundu. Bu ¢aligma,
bal arilari tizerinde bireysel olarak yapilacak bilimsel ¢aligmalarda gerekli olan en giivenli ve en derin anestezi yonteminin segimine
olanak saglayabilir.

Anahtar sozciikler: Anestezi, bal arisi, soguk anestezi.

Introduction bees, and on bee products (e.g. honey, pollen) has

Honey bees (Apis mellifera) have a crucial role in increased (3, 17, 20, 28). Researchers have developed
global biodiversity as pollinators. As the recognition for several techniques to facilitate bee manipulation in those
the importance of honey bees increases, the number of the studies due to their capacity to be aggressive at any time
studies on the breeding, diseases and treatment of honey (7, 19). Anesthesia of bees has been used as an approach
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to facilitate their examination and to minimize pain and
distress during potentially painful procedures. Although
there have been efforts to develop a possible technique
since then in order to immobilize the bees without killing
them, a safe technique has not been developed yet to meet
all needs in bee anesthesia (5, 18).

The use of applicable techniques that have low
mortality and toxicity is essential for the anesthesia of
bees. Carbon dioxide (CO2) has been commonly used in
the anesthetization of honey bees (5, 8, 21, 22). However,
it has been reported that CO, affects their behavior and
physiology, causes them to age faster, starts forage earlier
and shortens their life span in honey bees (4, 9, 13, 14, 18,
27). Moreover, other substances including diethyl ether
and nitrogen have been used for anesthesia (15). Their use
has been limited due to toxic effects of these substances
on honey bees, their cost, and lack of laboratory
equipment for gas anesthesia. For this reason, chilling,
which is another common technique, has been used for
many years as an alternative to these substances for
temporarily immobilizing honey bees and reducing the
handling stress (8, 12, 15).

Endothermic heat production and organized
structure of the cluster allow the bees to survive in cold
winter (25, 26). Hypothermia can be used to slow the
metabolic rate of bees, and thus facilitate their handling (2,
16). A chilling method is considered to be non-invasive
and non-damaging for neural structures, and its effect is
reversible. Some invertebrates do not tolerate chilling very
well, and may eventually die. Depth of anesthesia,
recovery time and mortality can be changed by
temperature, the length of time exposed to cold
temperature, the method used and the species of honey bee
in the anesthetization of honey bees applied by being
exposed to cold (12). There is little information available
on cold-anesthesia in honey bees. Therefore, it is
necessary to determine the most ideal and safe chilling
anesthesia method in honey bees. The purpose of this
study was to investigate the effect of different procedures
of chilling on the survival capacity and depth of
anesthesia, and to find the optimal exposure time and
temperature for cold-narcosis in honey bees.

Material and Methods

Honey bee collection and study design: Honey bee
workers (A. mellifera) were collected from a colony in
Ankara, Turkey. They were kept in an incubator
(Panasonic MLR-352H-PE) for three days (36°C, 50%
RH) and fed with 50% sucrose solution supplied ad
libitum with a gravity feeder before treatments. We have
investigated the effects of different chilling protocols on
the anesthesia depth and survival rate of honey bees by
using a design with four main groups according to the
applied temperature: (Control group) at +25 °C, (Group 1)
at +4°C, (Group 2) at -20°C, and (Group 3) at -80°C. A
cage with 20 worker bees was used in each trial, resulting
in 80 bees for control group. Each experimental group
(Group 1, 2 and 3) was divided into 4 subgroups. Except
for the control group, each trial in subgroups had a cage
with 20 worker bees, resulting in 960 bees in total for the
experimental groups (shown in Table 1). Each trial was
performed four times.

Analysis of mortality and anesthesia depth in honey
bees: Honey bees were caged (20 per cage) under the
control group and 3 different experimental groups. A
refrigerator (Argelik, 4252 EY) and two freezers
(Panasonic MPR-414F-PE; Panasonic MDF-U5386S)
were used in chilling processes. The bees were cooled in
their cages at temperatures that were selected by us (11).
Different temperatures and exposure times applied in the
groups are demonstrated in Table 1. After the application
of different chilling protocols to bee groups, the cages
were kept at room temperature in order to examine the
depth of anesthesia and mortality. Bees from each
treatment group were examined with regard to the depth
of anesthesia by three veterinarians. The depth of
anesthesia was assessed according to the scoring based on
bee movements (walking, creep, and antenna movement,
flapping, flying, immobility) and recovery time (shown in
Table 2). In the score used to determine the depth of
anesthesia, Levels 4 and 5 were recognized as operable for
honey bee manipulation. After examination, they were
housed in the same incubator and fed with the same sugar
solution that was provided ad libitum. The surviving bees
were counted for 2 hours after chilling treatments.

Table 1. Groups formed and different chilling protocols applied to the groups

Control Group Group 1 Group 2 Group 3
Temperatures +25°C +4°C -20°C -80°C
Method 1 - 5 min. 1 min. 30 sec.
Method 2 - 10 min. 3 min. 1 min.
Method 3 - 20 min. 5 min. 3 min.
Method 4 - 30 min. 10 min. 5 min.

20 worker bees were used in each trial.
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Table 2. Scoring of depth and duration of anesthesia
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Scores Anesthesia properties

0 All dead.
1
2
is difficult.
3
Application can be performed with difficulty.
4
Application is easy.
5

Anesthesia is not effective. The honey bees have movements, flapping and flying. No application.
Anesthesia is minimal. The honey bees walk and flap their wings. They become normal within about 30 seconds. Application

Anesthesia is superficial. The honey bees have antenna movements and creep and return to normal within about 1 minute.
Anesthesia is deep. The honey bees have only movements in the antennae and return to normal in about 3-4 minutes.

Anesthesia is deep. The honey bees are completely immobile and return to normal in about 4-5 minutes. Application is easy.

Table 3. Survival rates (%) of honey bees after different chilling methods.

Temperature  Duration Death Live Total Anesthetic P
n % n % n % level
5 min. 0 0.00% 80 100% 80 100% 2
% 10 min. 0 000% 80  100% 80 100% 3 Pearson’s
. Chi-square= 25.68
(Group 2) 20 min. 6 75% 74 925% 80  100% 4 P<0.001
30 min. 13 16.25% 67  83.75% 80 100% 5
1 min. 0 0% 80 100% 80 100% 2
. Pearson’s
20° 3 min. 2 2.5% 78 97.5% 80 100% 3
20°C : y y ° Chi-square= 201.96
(Group 3) 5 min. 3 375% 77 9625% 80  100% 5 P< 0001
10 min. 61 7625% 19  23.75% 80 100% 5
30 sec. 9  1125% 71  88.75% 80 100% 4
-80°C 1 min. 11  1375% 69  86.25% 80 100% 5 Pearson’s
. Chi-square= 248.99
(Group 4) 3 min. 80  100% 0 0% 80  100% 0 P<0.001
5 min. 80  100% 0 0% 80 100% 0

Values are expressed as percentage. For all chilling methods (+4°C, -20°C and -80°C), a statistically significant relation was determined

between the variables of duration and survival rate (P<0.05).

Statistical analysis: Normality assumption was
preliminarily checked with Shapiro-Wilks test for each
data set. Pearson’s Chi-Squared test was preferred to test
the relation between the variables of duration and survival
rate. One of the non-parametric alternatives of the
independent samples t-test, Mann-Whitney U test was
used to determine the difference between the applicable
(Level 4 and Level 5) durations for three different
application temperatures (+4°C, -20°C and -80°C).
Finally, One-way ANOVA was used for comparing Level
5 chilling protocols. Tukey’s and Duncan’s tests were
applied as post-hoc tests for pairwise comparisons. All
statistical analyses were performed with IBM-SPSS 22
package program.

Results
Chi-square test showed that there was a statistically
significant relationship between duration and survival /
death rate in applications at +4°C, -20°C and -80°C (P
<0.001) (Table 3). According to Tukey’s test results, the
method that was applied for 5 minutes at -20°C showed
lower mortality rate than methods that lasted 30 minutes

at +4°C (P=0.007), for 1 minute at -80°C (P= 0.030) and
for 10 minutes at -20°C (P<0.001). Although there was no
statistically significant difference between the application
that lasted 30 minutes at +4°C and 1 minute at -80°C (P=
0.846), 30 minutes at +4°C had lower mortality rate than
10 minutes at -20°C (P<0.001). The method applied for 1
minute at -80°C had a lower mortality rate than 10 minutes
at -20°C (P<0.001). Although the depth of anesthesia
reached operable levels (Level 4 and 5) at +4°C for 20
minutes and over, mortality rates increased with these
methods in Group 1. Low mortality rate and Level 3 depth
of anesthesia were observed in Method 3 application in
Group 1. Aggression and stinging behavior were not
observed despite the presence of movement in the bees,
and the easy application was only possible for 1 minute
since the bees were completely awakened from anesthesia
after 1 minute at room temperature with Method 3 on
Group 1. Anesthesia at Level 5 was observed at -20°C for
5and 10 minutes in Group 2. However, high mortality rate
was observed in Method 4 application in this group.
Furthermore, it was determined that Method 3 showed
optimal anesthesia in this group, especially as it provided
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low mortality and immobility in the bees for up to 5
minutes. All honey bees were dead at -80°C for 3 and 5
minutes. Although Methods 1 and 2 showed high level of
anesthesia, there was also high mortality rate in this group
(Table 3).

A comparison of methods with anesthetic Levels 4
and 5 (operable) is presented in Table 5. Although there
was no statistically significant difference between the
methods at Level 4 (+4°C/20 min, -80°C/30 sec.) (P=
0.200), the difference between the chilling methods at
Level 5 was statistically significant (P<0.001). According
to Duncan-Homogeneous subsets test: 5 minutes at -20°C
was in subset a (P= 1.000) with the lowest mortality (the

were in the subset of b (P=0.430) with moderate mortality
(the second best result); and 10 minutes at -20°C was in
the subset of ¢ (P=1.000), which had the highest mortality
rate (the worst result) among these 4 methods with Level
5. Five minutes at -20°C provided the lowest death rate,
and there was a statistically significant difference between
30 minutes at +4°C, 1 minute at -80°C and 10 minutes at
-20°C (P=0.007, P=0.030 and P<0.001, respectively) with
regard to death rate. There was no statistically significant
difference between methods at Level 4 (P=0.200). The
results of this study showed that the method applied for 20
minutes at +4°C may be used in any study for which
anesthesia Level 4 will be sufficient.

best result); 30 minutes at +4°C and 1 minute at -80°C

Table 4 .The comparison of death rate in honey bees for operable (Level 4 and 5) chilling methods.

Temperature Duration Death Live Death/Total Average Comparison”
1 16 0.05
2 18 0.10
inb
20 min. 1 17 0.10 0.075
+4°C 1 16 0.05 Mann-Whitney U= 15,00
(Group 2) 4 16 0.20 P=0.057
. 2 18 0.10
30 min. 3 17 015 0.1625
4 16 0.20
1 19 0.05
. 1 19 0.05
2 .037
5 min 0 20 0.00 0.0375
-20°C 1 19 0.05 Mann-Whitney U= 16,00
(Group 3) 16 4 0.80 P=0.029
. 16 4 0.80
1 . 762
0 min 15 5 0.75 0.7625
14 6 0.70
2 18 0.10
2 18 0.10
b
30 sec. 3 17 015 0.1125
-80°C 2 18 0.10 Mann-Whitney U= 10,50
(Group 4) 3 17 0.15 P=0.486
. 2 18 0.10
1 min. 4 16 0.20 0.1375
2 18 0.10

* Since normality assumptions are not satisfied for some of the groups, non-parametric tests are used.
(a) indicates the best duration, there is a statistically significant difference between methods.
(b) indicates easy-to-use duration, there is no statistically significant difference between methods.

Table 5. The comparison of death rate in honey bees for methods with anesthetic level 4 and 5.

Anesthetic Level Chilling Method (Temperature/Duration) Average Comparison”
4 +4°C/20 min. 0.075 Mann-Whitney
-80°C/30 sec. 0.1125 U=13.00 P=0.200
+4°C/30 min.? 0.1625
5 -20°C /5 min.? 0.0375 One Way ANOVA
-20°C /10 min.® 0.7625 F=231.56 P<0.001
-80°C /1 min.P 0.1375

*Since normality assumptions are not met in Level 4 groups, non-parametric tests are used.
(a), (b) and (c) indicates homogenous subsets of methods obtained via Duncan’s homogenous subsets.
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Discussion and Conclusion

Anesthesia is used commonly in apiculture for the
immobilization of honey bees. There is a very small
number of studies on the anesthesia of bees. The most
commonly used anesthesia method in honey bees is the
inhalation of CO. gas, which rapidly induces loss of
consciousness (7, 8). There are several studies about the
side effects of CO, treatment on honey bees. The effects
of anesthesia in the bees are proportional to the exposure
time to COzand its concentration (1, 7, 19, 29). Anesthesia
results in a lethal effect with increasing exposure to CO;
in honey bees (10). It was reported in several studies that
honey bees exposed to CO, had shortened life-span,
reduced pollen-collecting tendency, a decrease in food
foraging, and changes in their reproductive state (18, 22,
23, 27). There is evidence that anesthesia performed by
CO; bhefore instrumental insemination of queen bees
prevents them from performing mating flights in
insemination (30). Chilling anesthesia can be an
alternative anesthetic method to CO; anesthesia due to the
problems resulting from physical and behavioral changes
caused by CO;anesthesia on honey bees, failure to supply
CO; to laboratories, and the equipment required for CO;
anesthesia. Chilling has the advantage of easy application
in honey bees. Hypothermia has been used to slow the
metabolic rate in some species of animals, and to facilitate
manipulation and noninvasive techniques. However,
hypothermia is not recommended for surgical and other
invasive procedures. Some invertebrates (e.g. camel
spiders) may not be able to tolerate chilling very well and
may eventually die (6). There is no study on literature to
determine the optimal chilling method in honey bees
according to laboratory facilities and the desired depth of
anesthesia. Therefore, in this study, the ideal chilling
method has been determined by evaluating a high survival
rate and depth of anesthesia in different temperatures and
durations.

The cooling method showed a significant effect on
the exposure time required for immobilization. The
duration and dose of cold exposure can affect phenotypic
responses, including worker longevity, and learning and
foraging behavior in honey bees (8, 11). Furthermore, a
study has reported that cold exposure caused death and
older worker bees were more sensitive to cold than young
worker bees (24). Ebadi et al. (8) recommended a method
in which the bee was exposed to -20°C for 3 minutes to
immobilize mature individuals up to one minute of
immobilization. Moreover, it was reported in a review
paper that keeping some invertebrates in the refrigerator
for 30 minutes at 4°C was sufficient for anesthesia induced
by chilling (6). In this study, Method 2 (at -20°C for 3
min.), which had with the least mortality rate in Group 2,
was similar to the method reported by Edabi and
colleagues (8). However, the anesthesia generated by

Method 2 had Level 3 strength, and it may not provide
sufficient anesthesia depth to perform any application on
the bees. With this method, only a light anesthesia was
established from which the workers woke quickly, in less
than 1 minute. In this study, no statistically significant
difference was determined in the mortality rate between
20 and 30 minutes in Group 1 (P= 0.057), and between 30
seconds and 1 minute in Group 3 (P= 0.486). There was a
statistically significant difference between 5 and 10
minutes in Group 2 (P= 0.029) (Table 4). These results
suggest that 5-minute application time gives better results
than 10-minute application time in this group. It was
determined in our study that the chilling protocol with the
most ideal anesthesia was 5 minutes at -20°C in terms of
high survival rate (P<0.001) and depth of anesthesia
(Level 5) on the honey bees.

The anesthetic method used on honey bees should
prove to be safe (in terms of bee recovery) and facilitate
the handling and manipulation of the bees (5). There were
differences between immobilization times among the
methods in our study. These differences may be due to the
fact that applications were performed at different
temperatures and for different periods. The mortality rate
was directly proportional to the duration of chilling
applied to the groups. A negative correlation was found
between temperature and survival rates, while a positive
correlation was determined between duration and
mortality rate. For safe anesthesia, the minimum cold
exposure time should be preferred that is required for the
anesthetization of bees in any experiment. In conclusion,
fast and safe anesthesia was performed on honey bees by
keeping them in a freezer at a temperature of -20°C for 5
minutes in this study. This chilling method provided lower
mortality rate and high depth of anesthesia. Furthermore,
any of the methods at Level 4 and 5 may be preferred for
an easy and convenient application on honey bees in any
study.
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