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Abstract

Honey bees (Apis mellifera carnica,Apidae, Hymenoptera) visited a pond in order to collect water. During their stays at the
pond the body surface temperature of water foragers was measured using contactless thermography. Irrespective of the ambient
temperature (TA) which ranged from 13.6 to 27.2°C, the water carriers reached thoracic temperatures of 36–38.8°C (mean values
of the measuring periods). The maximum thoracic value of an individual bee was 44.5°C. At higher TA (20.9–27.2°C) head and
abdomen were only about 3°C and 2°C on the average higher than the surroundings, respectively. In the lower range of TA (13.6–
16.6°C), however, the bees warmed their heads up to 29.2°C (13°C above TA) and the abdomen up to 23.3°C (7.1°C above TA;
mean values of the measuring periods).

The head and abdomen were even provided independently of one another with heat from the thorax. At a higher TA only little
heat came from the heated thorax into the abdomen, at a cooler TA (13.6–16.6°C) more heat reached the abdomen. In all probability,
at a higher TA only a small amount of haemolymph was pumped from the thorax into the abdomen; the most warm blood probably
circulated in the head-thorax area. The average duration of stays at the pond decreased linearly from 110 to 42 s with rising TA.
Head and thorax showed great fluctuations of temperature. For example, the head was heated by 4.6°C within 25 s, the thorax by
6.1°C within 30 s.

Foragers drinking sucrose solution are known to increase their thoracic temperature with rising concentration of the sucrose
solution. The water foragers had thoracic temperatures similar to that of bees feeding on 0.5 molar sucrose solution. It is hypothesized
that the foraging motivation of both groups was similar and therefore they regulated their thoraces at the same temperature level.
 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In honey bee colonies special foragers exist for col-
lecting water. They drink at watering-places, from dew
or water drops and carry the water stored within their
crops into the hive. There the water is required by larvae,
queen and hive mates. To prevent the danger of the col-
ony’s overheating, the bees regurgitate water droplets
and cover the combs by the use of their proboscis with
a thin water film which cools the hive when evaporating
(Lindauer, 1954; Visscher et al., 1996). The present
study deals with the individual thermal behaviour of
water collectors foraging at natural sources of water
which has been unknown up to now. Therefore, it is only
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possible to compare these results with the thermal behav-
iour of foragers on sucrose solutions or flowers.

Former studies (Schmaranzer 1983, 1984, 1991; Stab-
entheiner and Schmaranzer, 1987; Schmaranzer and Sta-
bentheiner, 1988) documented the change of body tem-
peratures of foragers, drinking sucrose solutions in the
field. Body temperature was measured by means of
infrared thermography. The bees(Apis mellifera
carnica) drinking a 1 molar sucrose solution were the
warmest ones, reaching mean maximum thoracic surface
temperatures of 41.7–44°C. Bees which imbibed a 0.5
M solution were cooler by about 1.5°C. The coolest ones
were foragers drinking a 0.25 M solution, their thoracic
surface temperature (TThs) reaching mean maximum
values of 37.2–39.2°C (ambient temperature: TA=19–
27°C). Waddington (1990) carried out similar measure-
ments using the invasive thermocouple technique. He
investigated foragers(Apis mellifera)during the imbi-
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bition of 60–10% sucrose solutions in a temperature con-
trolled room (TA=17.3–19.5°C) where the average tho-
racic temperature also decreased from 36.6 to 33.5°C
according to the decrease in concentration of the sucrose
solution. Tele-thermographic data by Stabentheiner and
Hagmüller (1991) and Stabentheiner et al. (1995) on
dancing bees gave similar results. During round and
waggle dances the coolest dancing bees were those that
had previously fed on the least concentrated sucrose sol-
ution (0.5 M). In the Asian honey beesApis ceranaand
Apis dorsata, similar observations of thermoregulation
were made by Dyer and Seeley (1987) and Underwood
(1991) with thermocouples.

Schmaranzer and Stabentheiner (1988) proposed the
hypothesis that, primarily, it was not the concentration
of the sucrose solution per se that influenced thermoreg-
ulation, but the desirability of the food. If bees exclus-
ively judged a solution’s sugar content, the water for-
agers which “only” drank water would have to be even
cooler than bees foraging a sucrose solution. However,
in the present paper I will prove this not to be the case.

Thermoregulation physiologists have mainly con-
sidered the thorax to be the most interesting part of many
insects’ bodies because it is often the warmest one. It
is packed with flight muscles which produce heat when
activated (Esch, 1960; Esch and Goller, 1991). For the
present observation on undisturbed bees the tempera-
tures of head, thorax and abdomen were measured simul-
taneously in the habitat by contactless infrared (IR) ther-
mography. If it is known how the heat produced in the
thorax is distributed over the whole body, a better esti-
mation of thermodynamic processes within the body can
be made. Thus Kovac and Schmaranzer (1996) disco-
vered that the body temperature of honey bees which
collected from the blossoms of different plants through-
out the year was warmer on average at a cooler TA

(below 20°C) in head, thorax and abdomen during the
spring than in the warmer summer season. Presumably,
the seasons and the TA influenced in that effect the tem-
peratures of the foragers among other changing para-
meters. This study of water carriers shows that under
more constant conditions during the same season
(summer) and using the same source of food (water), the
lower TA is responsible for the higher temperatures of
the honey bees. How this influences the blood circulation
will be discussed.

2. Materials and methods

2.1. Animals and biotope

The experiments were carried out at two different
sites. At the campus of the University of Graz bees from
two colonies visited a pond 60 m away from the hives

(periods of measurement 1–6; Table 1). At the Styrian
School for Bee-Keepers, a drinking-place was fre-
quented by bees from 30 colonies located within a radius
of 80 m (periods of measurement 7, 8; Table 1).The
water foragers (Apis mellifera carnica, Apidae,
Hymenoptera) landed there spontaneously, sat on grass
stalks or on stones and imbibed water.

2.2. Infrared-equipment

During the visits at the water, the foragers were ther-
mographed in real time without touching the bees. An
IR-camera (AGA 782 SW) converted the infrared radi-
ation emitted by the bees at wavelengths of 3.5 to 6µm
into electrical impulses that were made visible on a black
and white and a colour monitor. By our own calibrations
(see Stabentheiner and Schmaranzer, 1987) temperatures
could be assigned to shades of grey and colour steps on
the IR-pictures. Thus the accuracy of absolute measure-
ments on the cuticle’s surface was±0.45°C, relative it
was±0.25°C. The bees were thermographed in the shade
and in still air, whereas the flight route in most cases
lay in the sun. The IR-equipment was placed on a table
beside the pond. An extension cable provided a sufficient
radius of action for the manually operated IR-camera.
Since the animals were filmed from above, all following
temperatures refer to the central dorsal surface of head,
thorax and abdomen. Measuring periods 4 and 6 pro-
vided data for the thorax only (Table 1 and Fig. 2). The
thermographic film sequences were recorded on video-
tape and evaluated afterwards using our own PC-
software. Ambient air temperature (TA) and water tem-
perature were measured near the bees by NiCr/Ni ther-
mocouples (diameter of the wires 0.07 mm) and by
Technoterm 9400 thermocouple thermometers; relative

Table 1
Weather conditions during the eight measuring periods, date and time
of the observationsa

PM TA, °C, Date Time TThs, % Partly
means °C, rel.a.h. clouded:

means x; no
clouds:0

1 14.6 21.7.1989 7:00–7:40 37.9 58–75 0
2 16.2 21.7.1989 7:40–8:30 38.8 60–75 0
3 21.3 17.7.1989 17:40–18:20 36.7 55–60 x
4 22.0 17.7.1989 17:05–17:40 36.3 60 x
5 24.3 15.7.1991 14:20–16:30 38.4 45–55 x
6 25.1 20.7.1989 17:00–17:50 36.0 65–75 0
7 25.7 22.7.1991 15:25–15:50 36.7 68–76 x
8 26.8 22.7.1991 14:50–15:25 36.9 62–68 x

a Period of measurement (PM); ambient temperature (TA), thoracic
surface temperature (TThs); % rel.a.h.=% relative atmospheric
humidity; within the experimental area it was sunny during the investi-
gations without any wind at the pond.
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atmospheric humidity was determined with a hair
hygrometer.

3. Results

3.1. Temperature gradients on the bee’s body

The thorax reached its maximum surface temperature
dorsally; ventrally it was up to 1.5°C cooler during inten-
sive phases of heating. The heated abdomen was warm-
est near the thorax and up to 2°C cooler caudally. Thus
the values measured in the central dorsal area indicate
mean values. The warm head showed a high temperature
gradient: It was warmest near the thorax whereas the
mouthparts were significantly cooler. Therefore, the
presented head temperatures are only valid for the dorsal
part of the head capsule and for the area of the com-
pound eyes. Near the body the antennae and legs were
cooler than the head and the thorax, and probably
reached TA at points further away from the body.

3.2. Temperature curves of head, thorax and abdomen

Water foragers were thermographed during 149 visits
at the two water places. Fig. 1 shows the representative
temperature curves of six bees in three different ranges
of TA. As expected, the thorax was the warmest part
of the body and showed the most distinct variations in
temperature. It reached surface temperatures up to
44.5°C (Fig. 1c; bee No.6). Fig. 1a shows the tempera-
ture curves of bee No.2. Heated up by flight, it landed
with a TThs of 33.4°C and while drinking it had two
intensive phases of heating and took off after walking
with a temperature of 42.9°C. During takeoff its TThs

was by 28.3°C (!) higher than TA (TA=14.6°C). On land-
ing, the temperature of the head surface (THs) was 26°C.
Afterwards heat from the hot thorax was transferred to
the head after a short delay and the head reached 30.5°C
during takeoff. The temperature of the abdominal surface
(TAbds) showed only slight variations around 22.3°C,
which was 7.7°C above TA.

In 76% of all visits the abdomen was the coolest part
of the body throughout the whole stay showing only
slight fluctuations in temperature. The temperature of the
head lay between those of the thorax and abdomen and
showed more fluctuations as did the abdomen. In 24%
of the visits, however, during part of the stays the head
had the same or even cooler temperature than the abdo-
men (e.g. bee No.5; Fig. 1c). Towards the end of the
stay, the bees frequently walked a few steps; often they
turned their bodies 1–3 times by up to 20° to the left
and to the right (bees No. 1, 3, 5; Fig. 1). While doing
so they often heated up their thorax and took off after-
wards. An increase of THs was also observed (Fig. 1c).
During the preparation for flight the bees cleaned their

Fig. 1. Temperature curves of six honey bees (No.1–6) during their
stays at the pond in three different ranges of TA. Arrows pointing down
symbolize landing; arrows pointing up symbolize takeoff; drinking (d);
preening (p); turning from side to side (t); walking (w); abdomen
(Abd); head (H); thorax (Th); ambient temperature (TA); vertical lines
separate the different activities; (1a) water temperature near bee No.1:
18°C, near bee No.2: 17.5°C, measuring period 1; (1b) water tempera-
ture: 20.8°C, measuring period 3; (1c) water: 25.4°C, measuring per-
iod 8.

mouth parts in 26% of all visits. At takeoff the following
situation occured: The thorax reached its maximum tem-
perature in 88% of the takeoffs, the head reached its
maximum in 53% and the abdomen in 45% of all take-
offs.
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When the thorax was heated up, in several cases,
especially during the last third of a stay’s duration, heat
was transferred largely to the head (Fig. 1; bees No.1–
6). Phases of heating within the thorax, however, did not
result in an increase of temperature within the abdomen
by more than 1°C. Although bee No.1 (Fig. 1a), for
instance, heated its thorax from 32.2°C at landing up to
37.8°C during takeoff, TAbds stayed at about 23.6°C. Bee
No.5 (Fig. 1c), which heated up its thorax by 7.7°C dur-
ing the last 42 s of its stay, even let its abdomen cool
down by 1°C. The honey bees therefore, seems to
actively prevent a more intensive convection of heat
from the thorax into the abdomen.

Moreover, even at the same TA, temperature differ-
ences between head, thorax and abdomen were different
throughout the entire stay. Thus bee No.3 and 4 (Fig.
1b) had the same TAbds; TThs and THs were different. The
water forager No.2 (Fig. 1a) had higher TThs and THs but
lower TAbds than No.1. By contrast bee No.6 (Fig. 1c)
regulated the temperatures of head, thorax and abdomen
at a higher level than bee No.5 (Fig. 1c). This demon-
strates the possibility that head and abdomen are inde-
pendently supplied with more or less heat from the tho-
rax.

In some cases head and thorax were heated up very
quickly, for example in bee No.2 (Fig. 1a): Within 25
s the head was heated up by 4.6°C, the corresponding
theoretical value being 11°C/min. In bee No.5 TThs

increased by 6.1°C within 30 s (12.2°C/min) between
the 30th and 60th second of the stay (Fig. 1c). This for-
ager cooled down its thorax quickly at the beginning of
the stay, the temperature decreased within 25 s by 7.3°C
(TThs; 17.5°C/min). Considering only the phase of the
most distinct cooling within the first 15 s, the bee cooled
down by 6°C (24°C/min).

3.3. Mean temperatures of head, thorax and abdomen

Values were taken at intervals of 5 s from the individ-
ual temperature curves of the stays (comp. Fig. 1) for
head, thorax and abdomen seperately and with these
temperatures mean values for the eight measuring per-
iods were calculated (Table 1; Fig. 2). Independent of
TA (13.6–27.2°C) mean TThs was 36–38.8°C. Mean THs

lay between 24.8 and 30.3°C, mean TAbds between 22.8
and 30°C.

At high TA (20.9–27.2°C) THs and TAbds lay only about
3 and 2°C above TA on the average (Fig. 2). At low TA
(13.6–16.6°C), however, the situation was different. In
this case the head was heated on the average up to
14.4°C and the abdomen up to 8.2°C above TA. Mean
TThs of 37.9 and 38.8°C were also unexpectedly high,
that is 23.3 and 22.6°C above TA (Fig. 2). It was not
possible to find out with these experiments if the body
temperature was influenced by the temperature of the
imbibed water (Fig. 2).

Fig. 2. Surface temperatures of head (THs), thorax (TThs) and abdo-
men (TAbds) of water foragers during their stays at the water at various
ambient temperatures. White circles: means of TThs; black squares:
means of THs; white squares: means of TAbds; black circles: means
of water temperature 1 cm near the drinking honey bee; period of
measurement (PM); body surface temperature (TBs); horizontal lines
indicate range; vertical lines indicate SD;N (number of visits)=12, 12,
30, 14, 21, 30, 19, 11 (from PM 1–8); temperature data per mean
value,n (THs)=n (TThs)=n (TAbds)=272 (PM 1), 256 (PM 2), 438 (PM
3), 235 (PM 5), 175 (PM 7), 99 (PM 8);n (TThs)=201 (PM 4), 364
(PM 6).

Means of maximum as well as minimum TThs of the
bees’ individual visits at the pond were determined for
the 8 measuring periods (Fig. 3a). In this case an inde-
pendence from TA was also observed. The two highest
mean values of maximum TThs of 41.2 and 40.7°C were
recorded at the low TA of 14.6 and 16.2°C!

The thorax was 1.4–4.8°C warmer during takeoff than
at landing (Fig. 3b). At takeoff the flight muscles pro-
duced more heat than at landing; the takeoff tempera-
tures nearly reached the level of the maximum TThs (cf.
Fig. 3a). At landing and takeoff TThs was nearly the same
at low and at high TA.
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Fig. 3. (a) Maximum and minimum thoracic surface temperatures
(TThs) of water foragers during their visits at the water. White circles:
mean maximum TThs; black circles: mean minimum TThs; period of
measurement (PM); vertical lines indicate SD;n (maximum TThs per
visit)=n (minimum TThs per visit)=12, 12, 30, 14, 21, 30, 19, 11, (PM
1–8). (b) Thoracic surface temperatures of water foragers at landing
at the water and during takeoff. Black triangles: mean TThs at landing;
white triangles: mean TThs during takeoff; horizontal lines indicate
range; vertical lines indicate SD;n (landing)=n (takeoff)=12, 12, 30,
14, 21, 30, 19, 11 (PM 1–8).

3.4. Duration of stay

The duration of stay was in a distinct negative linear
correlation with TA (r=20.6832,P,0.0001; Fig. 4). The
foragers stayed at the pond at mean TA of 14.6°C for an
average of 110 s, at TA of 26.8°C they only stayed for
42 s. In all measuring periods there were great individual
differences in the duration of stay (Fig. 1).

3.5. Flight temperatures

Two flying water foragers accidentally crossed the
focussed zone of the IR-camera during measuring period
3. The surface temperature of their thoraces was 39.5

Fig. 4. Duration of stay of water foragers at the pond in relation to
ambient temperature. Black circles: mean duration of stay; horizontal
lines indicate range; vertical lines indicate SD; period of measure-
ment (PM).

and 39.7°C (TA=21.6°C), that means it was only 0.6 and
0.8°C above the mean maximum TThs of the measuring
period 3 (see Fig. 3a).

4. Discussion

4.1. Temperature curves of head, thorax and abdomen

Two phenomena demonstrated in water carriers the
great scope of thermoregulatoric possibilities:

1. At the water, the heating up and cooling down phases
of the thorax in many cases also caused heating up
and cooling down in the head; this could, however,
sometimes not occur, or even the opposite effect
could occur. The abdomen then only fluctuated slight-
ly.

2. Even at the same TA, the temperature differences
between head, thorax and abdomen were different
throughout the stay (Fig. 1). This means that a free-
acting bee actively controls the heat flow from the
thorax into the head and from the thorax into the
abdomen and on a certain scale independently from
one another, presumably by means of blood circu-
lation. Heinrich (1980) also described a similar effect
in fixed honey bees: “These data demonstrate that the
activity of the aorta can be independent of the activity
of the heart. This suggests further that the blood circu-
lation between abdomen and thorax may be in part
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independent of the circulation between thorax and
head.”

4.2. Thoracic temperature at landing and takeoff

TThs was 1.4–4.8°C on average warmer during takeoff
than at landing (Fig. 3b). As has already been mentioned,
the thorax was at its warmest at takeoff in 88% of all
stays (Fig. 1), in the remaining 12% of takeoffs it was
very similar to the maximum TThs. It is probable that
taking off with a full crop was more difficult, required
more energy and was therefore to be connected with an
increased production of heat than landing with less
weight.

4.3. Duration of stay

The duration of stay at the pond (110–42 s on average)
was negatively correlated to TA (14.6–26.8°C; Fig. 4).
Very similar behaviour patterns had foragers of sugared
water (Heran, 1956; Schmaranzer and Stabentheiner,
1988). Whereby the water carriers up to now had
reached the most exact correlation. Presumably both
types of foragers stayed at the “feeding place” longer at
cooler TA because they were warming the likewise col-
der liquids while drinking for transportation in their
crops. Thus, even with a crop filled with liquid, the
abdomen always had a temperature of at least 21°C
(TAbds; known in water carriers).

4.4. Comparison to foragers feeding on sucrose
solution

In the upper range of TA (20.9–27.2°C; Fig. 2) water
collectors at the water-place can be compared very well
to foragers of sucrose solution during their stays at the
feeding bowl in the field. There is information about
both groups concerning TThs: On average the foragers
feeding on 0.5 molar sucrose solution reached a
maximum TThs of 39.3–40.8°C and a minimum TThs of
36.3–38.9°C. The mean landing temperatures were 38.5–
39.7°C and mean takeoff-temperatures 39.3–40.7°C
(Schmaranzer and Stabentheiner, 1988). On average the
water foragers reached a maximum TThs of 38.1–40.7°C
and a minimum TThs of 34.5–37°C. The mean landing
temperatures were 34.8–38.3°C and mean takeoff-tem-
peratures 38–40.3°C (Fig. 3). Thus, the thoraces of water
foragers had nearly the same temperature level as those
of honey bees foraging 0.5 M sucrose solution. Lasting
about 50 s, the duration of stay was similar for both
groups (Schmaranzer and Stabentheiner, 1988; Fig. 4).
Bees imbibing 0.25 M sucrose solution had lower TThs

(see introduction). Their mean minimum values of TThs

decreased to 30.2°C. Bees drinking 1 M sucrose solution
were the warmest ones, having mean maximum TThs of

41.7–44°C (Schmaranzer, 1991). The sugar content of a
0.5 M solution and the water of the drinking areas, the
two qualities of the food, possibly stimulated the for-
agers in a similar way i.e. by heating up their thoraces
to the same level.

4.5. Cool surroundings—hot bees

In the lower range of TA (13.6–16.6°C) the water car-
riers had surprisingly high temperatures (Fig. 1a, Fig. 2,
Fig. 3). TThs was up to 38.8°C on average, THs up to
29.2°C and TAbds up to 23.3°C (Fig. 2). The bees stayed
at the pond for a long time, that is an average up to 110
s (Fig. 4). The active maintaining of a great temperature
difference between body and surroundings over such a
long time meant increased energy expenditure. Labora-
tory experiments by Michel and Heldmaier (1993) also
showed that individual bees regulated their TThs

(measured by tele-thermography) constantly between 38
and 42°C inspite of lowering TA from 32 to 11°C. And
the lower TA was, the more oxygen the bees consumed.
This fact proved an increased energy metabolism in line
with an increasing temperature difference between bee
and the environment.

In the lower range of TA (lower than 16.6°C) there
were high THs, mean values up to 14.3°C above TA, and
TAbds up to 8.2°C above TA. In the upper range of TA,
however, THs lay on average only 3.4–3.9°C and TAbds

only 2.3–3.1°C above TA (Fig. 2). In a similar way
wasps(Vespula sp.)seem to supply head and abdomen
with more heat at lower TA (Kovac and Stabentheiner
1993, 1999). The high temperatures for head and abdo-
men in the lower range of TA can probably be explained
in the following way: Heat was largely transferred con-
vectively from the very hot thorax largely to the head
and the abdomen by a quicker circulation of haemo-
lymph. This may also be the reason for the fact that head
and abdomen were always warmer near the thorax dur-
ing heating periods of the thorax. In this context it is
also conceivable that active water foragers need tem-
peratures in their heads and abdomens above 21°C for
their metabolism and for their neuronal capacities or for
the imbibition of 17°C cold water and that they therefore
increase the heating within their thoraces at low TA in
order to provide the necessary heat energy for the other
parts of the body. Honey bees which gathered from dif-
ferent plants (Schmaranzer and Kovac, 1993; Kovac and
Schmaranzer 1994, 1996) were markedly warmer on
average at low TA in spring (below 20°C) than in the
warmer summer season. It couldn’t be clarified as to
whether the body temperature of the bees was more
strongly influenced by the season or the TA. There was
too strong a variation in and an overlapping of several
parameters such as TA, season (coupled with many
meteorological factors), species of plants and different
yields in these first eco-physiological screening. In this
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work about water carriers the season (summer) and the
“yield” (water) remained constant and it could be seen
that lower TA alone influenced the honey bees to heat
more strongly their thoraces and in order to warm up the
head and abdomen over TA.

4.6. “Thoracic shunt”

Which physiological processes and anatomic con-
ditions allow the honey bees at a higher TA (above 20°C)
to barely warm up the abdomen, something they very
well do below 20°C (Fig. 2)? At a higher TA, possibly
only a small amount of warm haemolymph was pumped
from the heated thorax through the petiole into the cold
abdomen. In addition, the blood was cooled by the cooler
abdominal blood, flowing back through the 8–10 vessel
convolutions of the petiole (Heinrich, 1979a). However,
there might exist an additional pathway of blood circu-
lation. Krenn and Pass (1994/95) found an ostium in the
thorax of theApis mellifera; previously, only the ones
in the abdomen had been known. A considerable part of
the warmed blood seemed to circulate primarily in the
head-thorax area. With this “thoracic shunt” perhaps hot
blood already in the thorax made its way into the dorsal
thoracic vessel via an ostium (Krenn and Pass, 1994/95)
and was then pumped into the head. These interesting
findings now support my hypothesis that the bees are
able to change blood circulation. At a cooler TA (below
20°C) the flow of warm blood into the abdomen was
probably intensified and then it flowed through the
abdominal ostia into the dorsal vessel and returned to
the thorax and head.

4.7. Comparison to bees foraging on flowers

A further insight into the thermal behaviour of honey
bees during foraging natural food is given by Heinrich
(1979b) and Kovac and Schmaranzer (1996). Heinrich
(1979b) captured foragers on flowers ofEucalyptus sp.
(Apis mellifera mellifera), Bidens pilosaand Petrea
volubilis (A. m. adansonii), inserted micro-thermo-
couples and got information about thermoregulation in
their habitat. The average core temperature of the thor-
aces was 30.5–37.5°C in the shade (TA=11–27°C), they
were cooler than the water foragers, which reached a
TThs of 36–38.8°C on average (see Fig. 2), and this
meant thoracic core temperatures (compare Schmaranzer
and Stabentheiner, 1988) of 37–40.5°C for the water car-
riers. Kovac and Schmaranzer (1996) thermographed
foragers(A. m. carnica)collecting nectar or pollen from
13 different species of plants. These bees also had cooler
TThs than the water carriers (Fig. 2). At lower TA (below
20°C) they had a mean TThs of 35.7°C, at higher TA one
of 29.3°C. Perhaps they were less motivated by the mod-
est flow of nectar and the strenuous effort of gathering

pollen than by gathering the readily available water and
were therefore colder.

The wide range of the observed body temperatures of
foragers drinking water (Figs. 1–3) or sucrose solution
(Esch, 1960; Schmaranzer and Stabentheiner, 1988;
Waddington, 1990; Schmaranzer, 1991) or collecting
food from flowers (Heinrich, 1979b; Schmaranzer and
Kovac, 1993; Kovac and Schmaranzer, 1996) is limited
by physical, climatological and physiological parameters
among other factors (for a survey of corresponding
literature see Heinrich, 1993). Moreover, the experi-
ments with foragers feeding on sucrose solution
(Schmaranzer and Stabentheiner, 1988) and water for-
agers indicate that even motivation could change the
body temperatures. Thus, it seems that bees, which are
highly motivated to forage attractive sweeter sucrose sol-
ution or urgently needed water, increase their body tem-
peratures.
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