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In 1944, in the USA Laidlaw was the first to use
CO

2
 to anesthetise a bee queen during instrumental

insemination. The use of CO
2
 was a high achievement,

as ether and chloroform, which had been used for the
purpose, caused extensive losses among bee queens (6).

At present, CO
2
 is used in apicultural research.

Anaesthetising bees makes it possible to freely mani-
pulate the insects (1, 10, 11) or put them to death in
a humanitarian way (1). Carbon dioxide is also used
in practical beekeeping, especially for queen rearing
tasks, which effected their mating behaviour (16).
Queens are anaesthetised during instrumental insemi-
nation and several days thereafter to stimulate egg
laying. On the other hand, worker bees are subjected
to anaesthesia prior to settling them down in nuclei
and in cages for queen transport and storage, as well
as before introducing the queen into the nucleus. Prior
to the introduction of the queen into the nucleus, the
bees are fully anaesthetised through a 1-1.5-minute
exposure to CO

2
 (6).

Carbon dioxide is a natural component of the nest
atmosphere. Bees already sense the atmospheric con-
centration of this gas at the level of 0.45% (7). Bees

control CO
2
 content in the nest by active ventilation.

High CO
2
 concentration is not without effect on the

insects. CO
2
 anaesthesia shortens their life-span (15,

17). According to Skowronek and Jaycox (15), the
life-span is shortened proportionally to the duration of
anaesthesia. Workers aged from 0 to 1 day subjected
to anaesthesia were quicker to start acting as foragers.
Within 5 days from the intervention, in turn, 10-day-
-old workers were observed to increase their flight
activity which subsequently abruptly decreased. 20-
-day-old bees immediately limited their flight activity
following CO

2
 treatment. Similar observations were

noted by Ribbands (13). From the beekeeping perspec-
tive, a shorter life-span of bees is disadvantageous, as
it results in a shorter working period (18).

It is difficult to assess the longevity of bees in a bee
colony. In order to standardise environmental con-
ditions and limit their influence on the experiment
result, researchers evaluate apian longevity in labora-
tory conditions (2, 8, 10-12).

The aim of the study was the effect of CO
2
 anaesthe-

sia on the longevity and food foraging of worker bees
in laboratory conditions.
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Summary
The aim of the study was the effect of CO

2
 anaesthesia on the longevity and volume of the food foraged by

honeybee workers in a laboratory test. The experiment was performed twice. Bees aged approximately two
days were settled in 30 cages in each repetition of the experiment. The bees in the experimental group were
anaesthetised two-minutes with CO2, directly after cages settling. Two days after first anaesthesia the bees
were re-anaesthetised. The control bees were not treated with carbon dioxide. The cages containing the bees
were kept in an air-conditioned chamber at 27°C. Every other day, dead bees were removed from the cages
and counted. The volume of the foraged food was recorded.

CO2 anaesthesia shortened the life-span of the bees. Mortality among them did not rise directly after the
treatment, its results being phased over time. In comparison with the control group, CO2 anaesthesia caused
a decrease in food foraging. The volume of the foraged food decreased along with the age of the insects both
in the control and in the experimental group.

If possible, it is necessary to avoid subjecting the same bees to multiple anaesthesia. The duration of single
exposures to CO2 should be limited to the minimum.
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Material and methods
In order to obtain bees of similar ages, a bee queen in

a strong colony was kept for two days, in two combs in
a frame cage with a queen excluder. After two days, the
queen was set free and the combs remained in the colony
(enclosed in a frame cage) for another 17 days. Afterwards,
the combs were transferred into an incubator (35°C, 80%
relative humidity) where they remained until the emergence
of the bees. At the age of approximately 2 days, the emerged
bees were settled in 30 Woyke cages. Each cage received
50 bees. The bees were counted manually. The bees in 15
of the cages were anaesthetised with CO

2
 directly after

settling. They were treated with CO
2
 until their abdominal

movements ceased, after which the gas supply was cut off.
The cages were left in the CO

2
-saturated atmosphere for

another two minutes. Two days following settlement, the
bees were re-anaesthetised with CO

2
. The bees in the

remaining 15 cages constituted the control group. They were
not treated with CO

2
.

The experiment was performed twice, the first time with
bees reared in May, during the springtime colony develop-
ment. The second repetition employed bees reared in June,
within the period of biological maturity of the colony.

The cages containing the bees were kept in an air-con-
ditioned chamber at 27°C. The feed was administered in
disposable syringes. Sugar syrup prepared from water and
sugar (1 kg sugar per 1 litre of water) was used as the feed.
Every other day, dead bees were removed from the cages
and counted. On this basis the average life-span of the bees
was calculated. The life-span was expressed as the number
of days elapsed from the start of the experiment until the
moment when a single cage still contained 75%, 50% and
25% live bees on average. The volume of the foraged food
[ml] was also recorded. Mean daily food foraging values
for a single bee [µl] throughout the experimental period, as
well as the cumulative food foraging volume per single bee
on one average day during each of the three experimental
stages were calculated. The life-span of the bees was divi-
ded into three periods. The first experimental repetition
comprised the following stages: 1st-6th day, 8th-12th day,
14th-18th day. As the bees had shorter life-spans in the se-
cond repetition, the periods were correspondingly shorter:
1st-4th day, 6th-8th day, 10th-12th day. The cumulative food
foraging should be construed as the mean volume of food
foraged by a single bee from the start of the experimental
period until the last day of the period. For example, on the
sixth day of the first repetition, this was the total volume of
food foraged by a worker bee from the first until the sixth
day of the stage, divided by 6 (number of days within the
stage).

The results were analysed statistically using the SAS suite
(14). The means and significant differences between the
means were calculated (Tukey�s test). The experimental
group was compared with the control within the experi-
mental repetitions.

Results and discussion
A pronounced negative effect of CO

2
 anaesthesia

on the longevity of the bees was observed (Tab. 1).
Both in the first and in the second experimental repe-

tition the untreated bees lived longer. However, the
difference was significant only in the first repetition.
The CO

2
-treated bees probably lived shorter due to

accelerated aging resulting from anesthesia (15, 17).
During the first few days following anaesthesia, the
mortality of the bees both in the experimental and
in the control group was similar. A higher number of
collapses was only observed later. The difference
in the life-span between the groups increased as the
experiment progressed. This suggests a phasing of the
negative consequences of CO

2
 anaesthesia. The fitness

of the anaesthetised bees may also have affected the
extent of the negative consequences. As a confirma-
tion of this may serve the fact that the disparity in the
life-span between the control group and the experi-
mental one was greater in the case of the first experi-
ment than in the second repetition. Theoretically, it may
be surmised that the brood rearing conditions in May
(first repetition) are worse than the June conditions
(second repetition), which may affect bee fitness and,
eventually, longevity. However, this line of reasoning
does not find confirmation in the unmistakeably shorter
life-span of the control bees in the second repetition
of the experiment, whereas the differences between
the experimental groups in the first and second repeti-
tion were insignificant.

The mean daily food foraging value calculated as
per a single bee for both the groups throughout the
experiment was lower in the second repetition than in
the first one (Tab. 2). This was the result of the shorter
life-span of the bees in the second experimental repe-
tition, entailing a smaller volume of foraged food. The

Tab. 1. Length of worker life expressed as the number of days
elapsed from the start of the experiment until the moment
when 75%, 50% and 25% of the bees were still alive in
a given group

noititepeR seebevil%
syadforebmuN

OC 2 lortnoC

tsriF

57 1 2.7 a 4.11 b

05 1 0.9 a 8.31 b

52 8.11 a 0.71 b

dnoceS

57 1 8.6 o 1 0.8 o

05 1 8.8 o 8.01 o

52 4.01 o 4.41 o

Explanations: a, b � difference significant in rows at P £ 0.01

Tab. 2. Mean daily food foraging values for the entire experi-
mental period calculated per single bee

noititepeR
]lµ[doofdegaroF

OC 2 lortnoC

tsriF 1.12 a 1.42 a

dnoceS 0.61 a 9.12 b

Explanations: as in Tab. 1.
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inter-group difference was lower and unimportant in
the first repetition, whereas it was significant in the
second experiment. Apart from reducing the life-span
of the bees, CO

2
 anaesthesia caused a decrease in food

foraging. As regards the cumulative food foraging per
single bee during one day, the tendencies in each of
the three experimental stages were similar to those for
the foraging capacity as per the entire experimental
period (Tab. 3). Both in the first and second experi-
mental repetition, less food was foraged by the bees
that had undergone CO

2
 anaesthesia. In the first repe-

tition, significant differences were identified for the
stage comprised between the 14th and 18th day of the
experiment, whereas in the second repetition the rele-
vant stage was comprised between the 1st and 4th day.
In both repetitions, food foraging decreased in the
successive experimental stages. Both in cage tests in
laboratory conditions and in field tests (under flying
cages). Paleolog and Olszewski (12) found food for-
aging to decline on the successive days of the lifetime
of the bees. This may have stemmed from an age-rela-
ted fall in the food demand of the bees.

Reduced food foraging following CO
2
 anaesthesia

may result from the deceleration effect of CO
2
 on apian

metabolism. The effect of the double anaesthesia per-
formed at an interval of two days was lasting. An-
aesthesia may also have caused irreversible damage to
the organism, manifested in the life-span shortening
and decreased food foraging. In natural conditions,
when the bee colony enters the wintering phase, the
activity of the bees declines, as a result of which
carbon dioxide concentration rises due to a cease in
active nest ventilation (5). The hypoxia of the winter
cluster causes a slow-down of the metabolic rate of
the bees (9). Since workers generate heat from the
honey they consume (5), the metabolism inhibition
enables bees to save energy and, thereby, food. This is
important considering the fact that the food stock is
limited in the wintering period. In spring, the activity
of bees rises again. However, bees remove CO

2
 excess

even in the wintering period (9), which is probably
aimed at maintaining carbon dioxide concentration
below the toxicity threshold. What might be of impor-

tance is also the fact that the changes in CO
2
 con-

centration in a bee colony take place gradually, bee
metabolism being thus gently modified. On the other
hand, in the case of anaesthesia by means of 100%
CO

2
, the gas concentration considerably exceeds the

upper natural limit for the winter cluster 5-6% (9),
the change being abrupt. As a result, the life-span of
the bees is shortened. Such conclusions are supported
by Czekoñska�s (3) research.

Ebadi et al. (4) found that an anaesthesia duration
of below 15 seconds reduces the risk of physiological
and behavioural changes in workers. Therefore, as far
as possible, it is necessary to avoid subjecting the same
bees to repeated anaesthesia. The duration of particular
exposures to CO

2
 should be reduced to the minimum.
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Explanations: as in Tab. 1.

Tab. 3. Cumulative food foraging per single bee, on a single
average day, in each of the three experimental stages

noititepeR egatS
]lµ[doofdegaroF

OC 2 lortnoC

tsriF

1 ts 6- ht yad 0.62 6.92

8 ht 21- ht yad 3.12 4.22

41 ht 81- ht yad a 9.51 a b 0.02 b

dnoceS

1 ts 4- ht yad a 2.71 a b 5.72 b

6 ht 8- ht yad 4.61 9.91

01 ht 21- ht yad 5.51 2.81


