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Summary

A. laboriosa lives in the Himalayas under harsh conditions. We compared the start of flight
activity of A4. laboriosa with that of the closely related 4. dorsata living in territories with
a higher temperature. We compared also the reaction of flight activity to temperature changes in
A. laboriosa with that of A. mellifera living in similar temperature conditions. The results show
that closely related 4. dorsata workers started foraging at a temperature of 18°C, and
A. laboriosa at a lower temperature of 10°C. However, the unrelated 4. laboriosa and
A. mellifera living in territories under similar ambient conditions started foraging at the same
temperature of 10°C. The increase in temperature to 12°C resulted in a 10-fold increase in the
number of foragers leaving the nests of both species, and their flight activity reaction to
temperature changes was similar. High correlation between the temperature and the number of
foragers was found in both species, at temperatures below 16°C. The environmental conditions
in which the bees were living for longer period influence their behavior more than the
phylogenic relationship.

Keywords: Apis dorsata, Apis laboriosa, Apis mellifera, flight activity, foraging,
temperature, Himalayas, Nepal.

INTRODUCTION

Apis laboriosa bees live in the Himalayas
under harsh conditions at altitudes of 1200
to 3600 m. Underwood (1990b) recorded
active colony life at temperature range
4.5°C - 23.4°C. In autumn, when the tem-
perature drops down, the colonies migrate
to the lower warm temperature zone, where
they survive the winter in combless clusters.

A. laboriosa occupies territory on the
northern border of the A. dorsata homeland.
A. dorsata lives mainly in the tropics. How-
ever, many A. dorsata swarms migrate in
autumn and winter to the southern
sub-tropical part of Nepal (Woyke et al.
2001a), where the winter temperature
ranges between 6°C and 27°C (Thapa and
Dangol 1991). That temperature range is

However, Woyke at al. (2001b) observed
that colonies which already resided in the
warm zone reared brood throughout the
winter at temperature 6°C - 24°C. Under-
wood (1990a) mentioned some flight ac-
tivities of workers from combless clusters,
however the foraging activity of workers
from normal colonies was not investigated.

very similar to that of the active life of
A. laboriosa colonies. The lower range of
temperatures recorded in 4. laboriosa terri-
tory does not occur in A. dorsata territory,
and the upper temperature range recorded in
A. dorsata territory does not occur in
A. laboriosa territory. However, a large
temperature range is the same for the active
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life of both species mentioned. Therefore,
we investigated whether the beginning of
foraging of two closely related honeybees,
living in territories with different extreme
temperatures is different. Some consider
even that both, A. dorsata and A. laboriosa
are only different subspecies (Ruttner
1988).

However, the temperature range re-
corded in A. laboriosa territory can be
found in temperate zones occupied by
A. mellifera. Therefore we compared the re-
action of flight activity to temperature
changes in those two phylogenicaly distant
honeybee species (Engel 1997) living in
similar temperature conditions.

MATERIAL AND METHODS

Investigations on A. dorsata worker bees
were conducted in the Institute of Agricul-
ture and Animal Science in Rampur,
Chitwan Nepal (latitude 27° 46’ North, lon-
gitude 84° 21’ East, altitude 200 m), from
18 October till 20 December 1999. The be-
ginning of foraging activity was observed
on 9 to 65 colonies located on a water tank
tower or on a dormitory building (Table 1).
The colonies were observed at weekly in-
tervals, starting at 8:00 h, in total 9 times.
The activity of some colonies was recorded
using a video camera. Field observations
were conducted in December, when the
morning temperature was low. Temperature
and time of the appearance of first
A. dorsata foragers on flowers of mustard
Brassica campestris were recorded periodi-
cally.

Whole day reaction of flight activity to
temperature changes was compared be-
tween 4. laboriosa and A. mellifera.

Investigations on 4. laboriosa were con-
ducted in Kyumi, Nepal, on the Annapurna
mountain slope at the Modi Khola river,
near Landrung in the Kasaki district (lat.
28° 22’ N. long. 83° 50’ E. alt. 1250 m).
This was probably the Landrung cliff site

observed by Underwood (1990b). Here,
16 normal nests of A. laboriosa were identi-
fied. We observed foraging activity of
workers from one colony. The observations
were conducted on the 15t and 2" Decem-
ber 1999. We observed the bees from the
other side of the river, at a distance of 28 m
from the nest. In both places, Rampur and
Kyumi, the foragers were observed through
binoculars (12 x 50, Zenith) fixed to a tri-
pod.

Comparative flight activity reaction to
temperature changes in A. m. mellifera was
investigated in the Apiculture Division, of
the Agricultural University in Warsaw, Po-
land (lat. 52° 20° N, long. 21° 00’ E, alt.
105 m). Only those results of observations
are presented here, which were collected on
days with similar temperature and weather
conditions as in Kyumi. This happened on
the 4 and 26 April 2001. In both places, a
count of the number of foragers leaving the
colony over a 5 minute period was con-
ducted every 30 min from 8:00 to 17:00 h in
Kyumi and from 7:00 to 20:00 h in War-
saw.

The air temperature was recorded in all
three places using a digital thermo hydrom-
eter (Model No ETHG-912, Oregon Scien-
tific), which was placed in the shade, 1 m
above the ground.

RESULTS

Beginning of flight activity of A. dorsata
Table 1 shows that during the first 3
weekly observations, the temperature at
8:00 h was above 20°C, and at these tem-
peratures the workers had already foraged.
On the 8 November the temperature at 8:00
h was 19°C, and the foragers were inactive.
However, half an hour later, the first work-
ers started foraging although the tempera-
ture did not change. On the 15 November
the temperature at 8:00 h was 18°C, and the
foragers were inactive. However, 10 min
later, at the same temperature, they started
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Table 1
Beginning of flight activity of Apis dorsata worker bees in Rampur, 1999
(Observations started at 8:00 h)
Date Temp. °C Beginning of flight No. ccilonies
at8:00 h Temp. °C Time
Water Tank Tower
18.10 25 already active 9
25.10 23 already active 11
1. 11 21 already active 23
8. 11 19 19 8:30 23
15. 11 18 18 8:10 27
22. 11 16 16 8:30 29
7.12 15 17 10:00 65
14.12 14 18 11:00 65
Dormitory Building
20.12 13 18 11:30 18

* The number of colonies changed, because new swarms were arriving

to fly. On the 2274 November, the tempera-
ture at 8:00 h was 16°C, and the foragers
were inactive. They started foraging half an
hour later at the same temperature. During
the next three weekly observations (7 - 20
Dec.) the temperature at 8:00 h had
dropped, however, the workers started for-
aging later at higher temperatures 17°C -
18°C (Table 1). Thus, during the six obser-
vations (8 Nov. - 20 Dec), the workers
started foraging at 16°C - 19°C, mean =
17.7°C + s.d. 1.03, s.e 0.42. The results
show that a lower temperature at 8:00 h re-
sults in a later beginning of foraging, never-
theless the flights start at lower
temperatures. But when the temperature
drops below 16°C, the workers require
more time to heat the outside layer of work-
ers of the nest curtain, and as a result, they
start foraging later at higher temperatures.
Worker bees in the field were not found
at temperatures lower than 17°C - 18°C.
This occurred in December between 10:00

h and 11:00 h when the mustard Brassica
campestris was flowering en masse on
many fields. At this time many A. cerana
and A. mellifera were already foraging.

Reaction of flight activity to temperature
changes in A. laboriosa worker bees

December 1 was a sunny day and Dec. 2
cloudy after 13.00 h. On 1 December, the
sun rose, in nearby Pokhara city, at 6:44 h
and set at 17:13 h. The day was 10:19 h
long.

Figs 1A and 1B show that single forag-
ers began to leave the colony in the morn-
ing at a temperature of 9°C. By 9:30 h the
temperature had risen to 10°C, and the
number of foragers leaving the colony in-
creased to 7 workers. A further rise of the
temperature by 2°C, up to 12°C resulted in
a 10-fold increase in the number of foragers
leaving the colony (78-84). At 11:00 h the
temperature increased by 4°C to 16°C,
which was related to a 2.2 times, increase in
the number of foragers leaving the nest on
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Fig. 1. Flight activity of 4. laboriosa and A. mellifera. A - A. laboriosa during sunny day,

B - A. laboriosa during a day with a cloudy afternoon, C - 4. mellifera during sunny day,

D - A. mellifera during a day with a cloudy afternoon.
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the sunny day of 1 December. The correla-
tion coefficient between the temperature, in
the range of 10 - 16°C and the number of
foragers leaving the nest during both days
was r = 0.90, n = §, P = 0.002, indicating a
statistically significant relationship between
those data. The R-squared statistic indicated
that the model explains 81.3% of the vari-
ability in the number of foragers. Thus, it
can be concluded that within temperature
range 10 - 16°C, temperature is the prevail-
ing factor determining flight activity of
A. laboriosa.

The sunny day 1 Dec. between 11:30
and 13:30 h, the temperature varied be-
tween 20°C and 23°C, and the number of
foragers between 200 and 210 (Fig. 1A).
The correlation coefficient between those
data was r = - 0.04, n =5, P = 0,95. Thus,
within that range of temperatures no statisti-
cally significant relationship was found be-
tween temperature and the number of
foragers. At those temperatures, factors like
nectar availability and others played proba-
bly the more important roles.

At 14:00 h, i.e. 3 h before sunset, the
number of foragers started to decrease until
the end of flight activity, although the tem-
perature at 14:00 and 14:30 h was quite
high. The correlation coefficient between
the temperature range 25°C and 16°C and
the number of foragers was now r = 0.99,
n=7,P<0.001, being highly significant.

The slope was 24, - 0.1 and 27 foragers
per 1°C, for the three daily periods respec-
tively. Thus, high reaction of flight activity
to temperature changes occurred during the
morning and afternoon hours.

Fig. 1A shows that fewer workers have
been flying afternoon, than forenoon at the
same temperatures. This could be due to the
direction of increasing or decreasing of the
light intensity of sun, temperature and nec-
tar availability.

The correlation coefficient between tem-
perature and flight activity during the whole
day was r=0.77, n = 16, P = 0,0004, being

weaker than in the morning and evening,
however, stronger than during the midday
hours. The morning and evening data domi-
nated the results.

Fig. 1B shows that clouds in the sky de-
creased both the temperature and the num-
ber of foraging workers. The number of
bees leaving the colony during the cloudy
part of the day was lower than during sunny
time, at the same or lower temperature.

Reaction of flight activity to temperature
changes in A. m. mellifera worker bees

In Poland, the 4 April was sunny,
whereas on the 26 April, clouds covered the
sky at 12:30 h. The clouds darkened gradu-
ally, and at 14:30 h it started to rain. The
sun rose in Warsaw on the 4 April at 6:05 h
and set at 19:08 h. The day was 13:03 h
long.

Figs 1C and 1D show that only single
foragers left the colony in the morning, at
temperatures lower than 10°C. When the
temperature rose to 10°C, 10 - 15 workers
left the colony during a 5 min period. Fur-
ther temperature rise by 2°C, up to 12°C, at
10:00 h resulted in a 10-fold increase (126)
of the number of foragers leaving the col-
ony. That number was doubled (253) at
11:30 h, when the temperature rose to 16°C
(Fig. 1C). Correlation coefficient between
temperature range 10°C - 16°C and the
number of foragers living the hive during
both days was r = 0.96, n = 11, P < 0.001.
The R-squared statistics explained 92.58%
of the variability in the number of foragers.
Thus within that range, the temperature was
the factor determining the number of forag-
ers. Between 12:00 and 16:00 h, on the 4
April, the temperature varied between 18°C
and 21°C, and the number of foragers be-
tween 250 and 276. The correlation coeffi-
cient between temperature and the number
of foragers was r = 0.35,n =9, P = 0.35.
Thus, no correlation was found for the mid-
day hours. At 16:00, i.e. 3 h before sunset,
the number of foragers started to decrease
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until the end of flight activity, although the
temperature at the beginning was still high.
The correlation coefficient between the
temperature range 20°C and 16°C, and the
number of foragers was now r=0.96,n=7,
P = 0.0004. The slope was 50, 4.8 and 54
foragers per 1°C, for the three daily periods
respectively. Thus, the reaction of flight ac-
tivity to temperature changes was the high-
est during the morning and afternoon
periods.

The correlation coefficient between the
temperature and flight activity during the
whole day was r = 0.62, n =21, P = 0.003,
being weaker than in the morning, and eve-
ning, however stronger than during midday
calculated separately.

Figure 1C shows that the decrease of
temperature at 12:30 h coupled with clouds
in the sky, significantly decreased the over-
all number of foragers leaving the colony.

DISCUSSION

Our results concerning the beginning of
flight activity of 4. dorsata agree with those
of Dyer and Seeley (1987) according to
which A. dorsata workers are not able to fly
at temperatures lower than 17°C.

According to Lundie (1925) the lowest
temperature at which the flights of
A. mellifera ligustica began was 10°C, but
the flight commenced normally between
12°C and 14°C in April. Thus, it can be
concluded, that in a similar temperature
range and weather condition, the starting
temperature for foraging and response of
flight activity to temperature changes are
similar among A. laboriosa, A. mellifera
mellifera and A. mellifera ligustica.

The lower number of foragers flying af-
ter noon than before noon, at the same tem-
perature, may be due in great part to the
direction of meteorological changes.
Woyke et al. (2000) found that during an
eclipse of the sun, a lower number of
A. mellifera workers left the hive before the

maximal eclipse when the light intensity de-
creased, than after the eclipse, when light
intensity increased. Thus, although strong
correlation between temperature and flight
activity was found, some other characters,
like the direction of light intensity changes
and others, influence also the flight activity.
However, both species 4. laboriosa and
A. mellifera reacted similarly.

Szabo (1980) found a significant corre-
lation (r = 0.78) between temperature
(range 14°C - 24°C) and flight activity of
A. mellifera. However, at higher tempera-
tures, no correlation between those two fac-
tors was found, (Domagata - Lipinska
1962 and Lee et al. 1987), and at the high-
est temperatures, above 30°C, flight activity
decreased with temperature increase (Gary
1967 and Woyke 1992). Those differences
are explained by our results, according to
which the correlation between air tempera-
ture and flight activity is strong at lower
temperatures, but is weaker or does not ex-
ist at higher temperatures.

CONCLUSION

The prevailing higher temperature at
which A. dorsata workers are foraging is
coupled with the beginning of flight activity
at higher temperature, than in A. laboriosa
and A. mellifera. This is of no significance
in the tropics. However, it is disadvanta-
geous on the outskirts of the territory, where
the temperatures are lower. Other bees like
A. cerana and A. mellifera are already for-
aging at those temperatures. This indicates
that territories in which the morning tem-
peratures are lower than 18°C, are the ex-
pansion ones in which 4. dorsata is not able
to take advantage of all food available.

When the early morning temperatures
are lower, A. dorsata workers start foraging
at higher temperatures. This suggests that
more heat is required to worm the outer
worker layer of nest curtain.
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A. laboriosa workers start foraging at
10°C, which is at temperature 6°C - 8°C
lower than the closely related A. dorsata
workers do. Thus, the Himalayan bee can
collect food in lower temperatures.

The start of foraging, in relation to ambi-
ent temperature, and the reaction of flight
activity to temperature and other meteoro-
logical changes during the day, were similar
in both species, A. laboriosa and
A. mellifera. High correlation between the
temperature and the number of foragers was
found in both species, for morning hours at
temperatures below 16°C. Although the
days were in Poland 2:44 h longer than in
Nepal, workers of both species began to de-
crease flight activity 3 h before sunset.

Hence, the start of foraging of two
closely related honeybees A. dorsata and
A. laboriosa living in territories characteris-
tic of different temperature range occurs
(within the same temperature range), at dif-
ferent temperatures. Whereas, both the start
of foraging and the response of flight activ-
ity to temperature changes is similar in two
phylogenicaly distant honeybee species,
A. laboriosa and A. mellifera living in terri-
tories of similar temperature range. This
shows that the environmental conditions in
which the bees were living for longer period
influence their behavior more than the
phylogenic relationship.
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REAKCJA AKTYWNOSCI LOTNEJ NA ZMIANY
TEMPERATURY U Apis dorsata, Apis laboriosa 1 Apis mellifera

Woyke J., Wilde J., Wilde M.

Streszczenie

Pszczota skalna 4. laboriosa zyje w Himalajach w surowych warunkach. Poréwnywalismy
poczatek aktywnosci lotnej A. laboriosa oraz pszczoly olbrzymiej A. dorsata zyjacej
w tropikalnych warunkach. Poréwnywali$my rowniez zmiany w aktywnosci lotnej w zaleznosci
od temperatury u A. laboriosa i A. mellifera zyjacych w podobnych warunkach temperatury.
Otrzymane wyniki wykazaty, ze A. dorsata rozpoczynata aktywno$¢ lotna w temperaturze
18°C, a blisko z nia spokrewniona A. laboriosa w nizszej temperaturze 10°C. Jednak
filogenetycznie daleko spokrewnione A. laboriosa 1 A. mellifera zyjace w zblizonych
warunkach klimatycznych rozpoczynaty loty w temperaturze 10°C. Wzrost temperatury do
12°C spowodowal 10 krotny wzrost liczby zbieraczek wylatujacych z gniazd u obydwu
gatunkow. Reakcja aktywnos$ci lotnej na dalsze zmiany temperatury byta podobna u obydwu
gatunkow pszczol. W temperaturze ponizej 16°C, stwierdzono wysoka korelacj¢ migdzy liczba
zbieraczek wylatujacych z gniazda, a temperatura otoczenia. Tak wigc warunki otoczenia,
w ktorych pszczoty zyly przez dhuzszy okres, wywarly wigkszy wptyw na ich zachowanie niz
spokrewnienie filogenetyczne.

Stowa kluczowe: Apis dorsata, Apis laboriosa, Apis mellifera, aktywno$¢ lotna,
temperatura, Himalaje, Nepal.





