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Abstract Foragers of the stingless bees genus Melipona may
produce intranidal sounds that are correlated with food
location and quality. In this study, we provide the first
detailed analysis of pulsed sounds produced by Melipona
panamica foragers while feeding on a carbohydrate food
source. We trained foragers to a 2.5-M sucrose feeder under
normal, ambient temperature (23-33°C) and lower temper-
ature (11-25°C) conditions. We recorded forager sounds
under both conditions and tested the effect of temperature of
the thorax, feeder plate, and air on sound temporal character-
istics. Forager energetic expenditure and the number of
pulses per visit were significantly higher in the cold condition
than in the normal condition. Foragers spent a longer time at
the feeder under the cold condition than during the normal
condition. Interpulse durations were significantly shorter in
the cold condition than in the normal condition and became
progressively and significantly shorter at the end of each
performance. Thus, pulse production increased before depar-
ture. Foragers increased their thoracic temperatures above
ambient at all experimental air temperatures. Under chilled
conditions, foragers had a significantly greater difference
between thorax temperature and ambient air temperature than
under normal conditions. Foragers must achieve a minimum
flight muscle temperature before take-off, and thus forager
sounds may be linked to muscle warm-up.
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Introduction

The ability to generate metabolic heat is widespread
among insects (Heinrich 1993) and has been studied
particularly in bumblebees and honeybees (Seeley and
Heinrich 1981; Heinrich 1985). For example, individual
honeybees can generate heat through shivering thermo-
genesis (Stabentheiner et al. 2003), a tetanic contraction of
antagonistic flight muscles against a skeletal stop (Esch and
Goller 1991; Esch et al. 1991). Honeybees can also contrib-
ute to nest thermoregulation by remaining motionless in the
cap of the brood and generating endothermic heat, or by
entering into empty cells adjacent to sealed cells to increase
their temperature (Kleinhenz et al. 2003). Stingless bees, a
monophyletic sister group of the honeybees (Michener
2000; Cameron and Mardulyn 2001), are also able to
regulate nest temperature (Kerr and Laidlaw 1956; Kerr et
al. 1967; Zucchi and Sakagami 1972; Darchen 1973;
Michener 1974; Roubik 1989) primarily to maintain the
brood area at a temperature optimal for larval development.
They can achieve this through nest architecture, modifying
their nest entrances or pores to keep intranidal temperature
relatively constant (Darchen 1973; Sakagami 1982; Engels et
al. 1995), or through active thermoregulation.

Little is known about thermoregulation in individual
meliponine bees. Pacheco and Kerr (1989) reported that
Melipona compressipes fasciculata workers had elevated
thorax temperatures (1.0-3.4°C) while working as com-
pared to resting, and Trigona (Plebeina) denoiti workers
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increased brood temperature when external temperature
dropped from 31 to 15.4°C (Fletcher and Crewe 1981).
These results raised interesting possibilities about stingless
bee foragers being able to regulate body temperature
according to net food profitability, as has been shown in
other Hymenoptera (e.g., Apis mellifera, Paravespula
vulgaris, Kovac and Stabentheiner 1999; Bujok et al.
2002).

Nieh and Sanchez (2005) recently tested this possibility
in the stingless bee, Melipona panamica. Using infrared
thermography, they showed that M. panamica foragers can
elevate their thoracic temperature in response to profitable
food sources (higher sucrose concentration, location closer
to the nest) on the feeder and inside the nest. Inside the
nest, the difference between thoracic temperature and
ambient air temperature (AT,) was weakly correlated with
a 0.4°C decrease with each 100 m increase in feeder-to-nest
distance and strongly correlated with a 0.1°C per 1 mol 1!
increase with increasing sucrose concentration (Nieh and
Sanchez 2005). In stingless bees, the ability to adjust body
temperature according to food quality could be linked to
flight because honeybee and bumblebee flight muscles
must reach a minimal temperature before take-off (Coelho
1991; Esch and Goller 1991; Heinrich 1993; Dudley 2000;
Harrison and Fewell 2002; Woods et al. 2005). In
bumblebees, the minimal temperature of the flight muscles
required to achieve flight is approximately 30°C (Heinrich
1979). Schulze-Motel and Lamprecht (1994) found that
metabolic heat generation was highly correlated with
sounds produced by bumblebee workers (Bombus lapida-
rius) inside flight cages.

Sound production also occurs during stingless bee
foraging (Nieh 2004). Melipona panamica foragers, as
well as foragers of other Melipona species, can produce
intranidal recruitment sounds that are correlated with the
distance and quality of food sources (Esch et al. 1965; Nieh
and Roubik 1998; Aguilar and Briceno 2002; Nieh et al.
2003b; Hrncir et al. 2004b), although there is debate about
the use of such information by recruits and the meaning of
these sounds (Hrncir et al. 2004a, 2006). Nieh (1998)
observed that departing M. panamica foragers sometimes
produced a buzzing sound before leaving the feeder. Based
upon our preliminary observations of M. panamica and
other Melipona species (M. bicolor, M. mandacaia, M.
marginata, and M. quadrifasciata) we suspected that
foragers might also produce sounds while feeding perched
upon the food source. In this study, we provide the first
detailed description of meliponine feeding sounds. We used
M. panamica because this is the best-studied meliponine
species in regard to foraging body temperatures (Nieh and
Sanchez 2005) and because this species does particularly
well at imbibing viscous sucrose solutions (Roubik and
Buchmann 1984), as induced by our experimental manipu-
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lations of feeder temperature. In M. panamica, perched
foraging sounds probably are not related to food source
communication because foragers may produce sounds when
they are alone on the food source and no other bees are in the
vicinity. Thus, we performed experiments with feeders at
different temperatures to determine if the feeder sounds
produced by M. panamica are correlated with body
temperature before flight.

Materials and methods
Study site and colonies

This study was performed on Barro Colorado Island at the
Smithsonian Tropical Research Institute (STRI), Republic of
Panama, from October 24 to November 11, 2005. We used
two colonies of M. panamica Cockerell 1918 (previously
known as Melipona eburnea and Melipona fasciata, David
Roubik, personal communication) for our experiments.
Colonies of M. panamica usually contain 500 to 800 adult
individuals (Roubik 1992; Nieh and Roubik 1995) and
occur from northern Colombia to southern Costa Rica
(David W. Roubik, personal communication). Melipona
panamica colonies (M1 and M2) were placed inside
observation colonies (description in Nieh and Roubik
1995); one (M) inside the bee laboratory (9°9.923'N,
79°50.193'W) and the other (M2) on a balcony outside the
bee laboratory. Colony M1 corresponds to colony D
(approximately 2,000 adult workers) and colony M2 to
colony G (approximately 800—1,000 adult workers) studied
by F. A. L. Contrera and J. C. Nieh (unpublished data).
Colony M1 was connected to the outside with a 1-cm inner
diameter, 10-cm long clear vinyl tube. Observations were
made between 0800 and 1600. We closed the entrances of
M. panamica colonies not under study during our experi-
ment to avoid feeder visitation by nonsubject colonies.

Feeders and training

The feeder consisted of a clear glass bottle (40 ml) filled
with an unscented 2.5 M sucrose solution (Ultra Pure, ICN
Biomedicals, cat# 821721). We used a 2.5-M sucrose
solution because Roubik and Buchmann (1984) reported
that sucrose concentrations of nectar collected by four
species of Melipona in central Panama during the dry
season (including M. panamica colonies) ranged from
0.6 M (19%) to 2.8 M (72%), and noted that M. panamica
colonies did particularly well in imbibing viscous, high
concentration sucrose solutions and because of competition
from natural food sources, relatively high sucrose concen-
trations are required to elicit consistent foraging in artificial
feeders, even during periods of relative food dearth (Nieh
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2004). The feeder with the solution was inverted over a 10-
cm diameter circular oxidized metal plate (modified from
von Frisch 1967; Nieh et al. 2003a). We used a metal plate
to facilitate heat transfer. This plate was placed on top of a
I-m high tripod, allowing us to move the feeder. In all
experiments, we trained bees by placing the feeder next to
the nest entrance and then moving it to progressively
greater distances once bees began to visit (von Frisch
1967). All newcomers visiting the feeder were individually
marked on the thorax with different combinations of colored
latex paints (Binney and Smith, code #54-0125), and
experienced foragers that were captured during the experi-
ments were marked by gluing colored, numbered plastic
tags (Bee Queen Marking Kit) to their thoraces. Thus,
experienced foragers could be distinguished from naive
foragers (newcomers who had never previously experienced
the feeder in any location in any time; Nieh 2004).

Experiment: effect of feeder temperature on thoracic
temperature and forager sound production

We trained six foragers from each colony to visit a feeder
located 25 m south of the colony. At the final feeder
position, we captured all foragers, except one, which served
as the focal bee for the experiment. We censused the
number of foragers during each experiment and used insect
aspirators to capture excess foragers and newcomers (Nieh
et al. 2003c). In total, 64 foragers (from both colonies)
visited our feeder.

For each forager visit during each experimental condi-
tion (see below), we measured the performance time (the
total amount of time that a bee spent on the feeder during
each visit), the thorax temperature (7ry), the ambient air
temperature at the feeder (7,), and the feeder plate
temperature (Tppare). We also calculated the difference
between the thorax temperature and the ambient air
temperature at the feeder (AT7,; Stone 1993) and the
difference between the thorax temperature and the feeder
plate temperature (A Tpp aTg).

To determine the forager’s thoracic temperature and the
feeder plate temperature, we used a Radio Shack IR
thermometer (catalog #22-325). For the ambient air
temperature we used a Kestrel™ 4000 weather meter,
importing data into a Dell PC laptop. To measure forager
thoracic temperature, we allowed the forager to land on the
feeder and feed for approximately 5 s. Then, we placed the
infrared thermometer (4 mm measurement aperture diam-
eter) 1 to 2 mm away from her thorax (approximately 4—
5 mm in diameter) to measure temperature. We only
measured 77y from painted-thorax foragers. The measure-
ment of painted surfaces to determine accurate substrate
temperatures is a standard thermographic practice (Wolfe
and Zissis 1985), and the thin layer of paint does not

interfere with meliponine temperature measurements (Nieh
and Sanchez 2005). The feeder plate temperature was
collected at a point at the side of the place the forager was
feeding with the device also held 1 to 2 mm away from the
surface (plate oxidization allowed accurate IR temperature
measurement, Wolfe and Zissis 1985).

Using a Canon XL-1 Digital Video camcorder and a
Radio Shack electret condenser microphone (catalog #33-
1052) connected to a Teflon tube (4.5 cm long, 1.7 mm
inner diameter), we video recorded the behavior of the
forager at the feeder and the sounds she produced during
her visit. To record forager sounds at the feeder, we placed
the microphone 1-2 mm from the junction of the wings and
thorax and recorded from the moment the forager landed on
the feeder until she departed. Melipona panamica workers
produce sounds by vibrating the wing muscles (sound and
high speed video analysis, Nieh and Schofield, in prepara-
tion). The video and sound data were imported into a
Macintosh iBook computer and analyzed with iMovie v
4.0.1 and Canary v1.2.4 software.

Condition 1: normal temperature. We allowed the
forager to visit the feeder 20 times, and in each visit we
collected the data described above. The feeder was always
placed in the shade to allow accurate ambient temperature
measurements. After the 20 visits of the focal bee, we
shifted to the second experimental condition.

Condition 2: cold temperature. After the end of
condition 1, we moved the feeder from the top of the
tripod, while the focal bee was still feeding, to the top of a
Styrofoam box (50%30x50 cm) filled with ice cubes.
Approximately 1 cm above (and not in contact with) the
ice, we placed a Kestrel™ 4000 weather meter temperature
sensor to record the air temperature close to the feeder. If
the focal bee avoided the feeder under the cold conditions,
we placed the feeder back on the top of the tripod and,
when the forager resumed feeding, we moved the feeder
back to the ice. Generally, foragers became acclimated to
the colder conditions after 5 min. We performed 20
observations per bee per condition, and captured the focal
bee with an aspirator after these observations. Then, we
released one of the previously captured foragers to
substitute for her.

For each colony, we collected thoracic and feeder
temperature, as described above, from six bees under
normal temperatures and under experimentally reduced
temperatures. We reversed the order of the conditions after
each trial, to avoid any effect of choice order on forager
behavior. Thus, in six trials (three per colony), we began
the experiment with the feeder under a normal temperature
and then changed to a reduced temperature, and in six trials
(three per colony) we began the experiment with the feeder
in a reduced temperature and then changed to a normal
temperature. At the end of each day of study, we released
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Table 1 Effect of experimental condition upon recruitment and feeder

sounds
Normal phase Cold phase
Recruits 48%* 4%
Pulse duration (s) 0.15+0.45%** 0.34+£0.30%**
(N=265) (N=428)
Pulses per visit 1.09+£3.10* 1.80+4.02*
Interpulse duration (s) 2.57+4.92%%** 0.8943.78%**
(N=200) (N=342)

Values are given in mean + SD. N=12 focal bees. Pooled data from
both colonies.

*P=0.02

**P=0.01

**%P<(0.0001

the marked foragers and the recruits after individually
marking them with paint. If a previously observed forager
visited the feeder, we captured her and waited for a new
forager to arrive at the feeder or released a previously
captured bee.

Statistical analyses

We used JMP IN v4.0.4 software for linear and multiple
regression, ANOVA, and Wilcoxon tests (test-statistic

(a)

pulse

i

reported as Z) as appropriate for the data (Zar 1999). We
pooled data from both colonies for all analyses because
we found no significant colony effects. Performances
lasted for different durations and thus we calculated
standardized percentage performance times by making
the total duration of each performance equal to 100%.
This allowed us to analyze the distribution of sound
pulses for performances of different durations. Averages
are presented as mean = 1 SD.

Results

Recruitment

Recruitment was significantly higher (Z=2.58, P=0.01)
under normal condition (N=48 recruits) than in the cold
condition (N=4 recruits, Table 1).

Pulses and interpulses

Foragers produced pulsed sounds at the feeder with a
fundamental frequency of 401.68+18.33 Hz (Fig. la,b).

These sounds are fairly loud and audible to human
observers without amplification. Foragers also produced

pulse
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Fig. 1 Sample oscillographs of feeder sounds produced by foragers during a normal (2=240) and b cold conditions (n=240). in Interpulse
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significantly longer sound pulses in the cold condition than
in the normal condition (N=693, Z=—13.66, P<0.0001,
Table 1, Fig. 2a). There was a significant difference in the
number of pulses per visit between conditions. Foragers
produced more pulses per visit in the cold condition
(normal: 1.09£3.10 pulses, cold: 1.80+4.02 pulses; Z=
—2.26, P=0.02, Table 1, Fig. 2b).

There was no significant relationship between the
number of pulses bees produced on the feeder and Tpy AT,
Ta, Ty, and between AT, and A Tpyp atg (P>0.18, Table 2).
There was a weak but significant effect of AT, on the
number of pulses in the normal condition (R*=0.02, F, 230=
4.93, P=0.03, Table 2).

The distribution of pulses by performance time was
different in both conditions. In the cold condition, the
majority of pulses were concentrated at the end of the
performance whereas in the normal condition the pulses

Fig. 2 Box plots showing the (a)
distribution percentiles (10th,
25th, 50th, 75th, and 90th) of

were more evenly distributed (Z=-5.42, P<0.0001). In the
normal condition, pulses were longer, though not signifi-
cantly, at the end of the performance (after approximately
80% of the total performance time, Fig. 3, R*=0.01, F263=
4.07, P=0.04). In the cold condition, pulse durations were
constant throughout the whole performance (/) 43,=0.10,
P=0.75, Fig. 3).

Interpulse duration was significantly longer (Z=9.67,
P<0.0001) in the normal condition than in the cold
condition (N=545, Table 1, Fig 4a). For both conditions,
normal (R*=0.42, F)103=148.05, P<0.0001) and cold
(R2=O.16, F330=64.69, P<0.0001), there was a similar
and significant pattern for the interpulse duration to be
shorter at the end of the performance (Fig. 4b). A sample of
pulses and interpulses for both conditions is shown in
Fig. la (normal condition) and Fig. 1b (cold condition).

a pulse duration and b number 0.257 ii
of pulses per visit produced on
the feeder during normal and
cold conditions (left-skewed 027
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percentiles compressed in plot). g
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Table 2 Ambient and forager thoracic temperatures under different
experimental conditions

Variable Condition (n=240) ANOVA P-value
Tx (°C) Normal F1230=1.82 0.18
Cold F1237=1.01 0.31
Tru (°C) Normal F1230=1.01 0.31
Cold F1237=0.17 0.68
Tprate (°C) Normal F1230=0.07 0.78
Cold F1237=1.55 0.21
AT, (°C) Normal F1230=4.93 0.03*
Cold F1237=1.10 0.29
ATppate (°C) Normal F1230=1.28 0.26
Cold F1237=091 0.34

*R*=0.02

Relationships between performance time and Try, TppaTE,
and T

Foragers spent significantly more time on the feeder in the
cold condition (88.46+46.67 s) than during the normal
condition (39.61+15.88 s, Z=—15.40, P<0.00001, Fig. 5a).
In addition, there was a significant positive correlation
between performance time and 7pparg during the cold
condition (R*<0.13, F1 737<35.80, P<0.0001), but not
during the normal condition (F 230=0.85, P=0.36; Fig. 5b).

Air temperature did not affect performance time in the
cold condition (F,37=0.06, P=0.81). However, in the
normal condition, performance time increased with de-

creasing T (R2=O.08, F1230=19.51, P<0.0001). In the
cold condition, performance time decreased with increasing
Tra (R*=0.09, F)53,=25.10, P<0.0001), but not in the
normal condition (£ »37=1.37, P=0.24).

Relations between Ty, Tppare, and Ty

Treatment significantly affected 7ty because foragers
maintained a greater thoracic temperature excess relative
to ambient temperature (AT,) at low ambient temperatures
than at higher ambient temperatures (A7, cold: 13.30°C+
2.39°C, AT, normal: 6.47°C+1.40°C, Z=—18.48; P<
0.0001). In the cold condition (multiple regression: R*=
0.11), Tppare accounted for approximately 48 times more
of the variance in Tty than T, did (Try: F235=29.14,
SSPLATE=50-21’ P<00001, TA: F1,235:0.60, SSA:1.04,
P=0.44; Fig. 6). Feeder plate temperature and 7, were
highly and significantly correlated in the normal condition
(R*=0.34, F1230=116.69, P<0.0001), but only very weak-
ly correlated in the cold condition (R2:O.02, Fyp37=4.54,
P=0.03).

Discussion

Nieh (1998) made a preliminary observation of buzzing
departure sounds produced by M. panamica foragers
feeding on a carbohydrate reward, and we have now shown
that these pulsed sounds (401.68+18.33 Hz fundamental

Fig. 3 Pulse duration (log 0 10 20 30 40 50 60 70 80 90 100

scale) vs scaled performance 105 : I : I I — I ' : 10

times per visit (%) during nor- B normal (y=-3.81 + 0.004x, R2=0.01, P=0.04)

mal and cold conditions. The cold (y= -2.63 + 0.0001x, R2=0.0002, P=0.75)

significant linear regression line

is shown

14 -1
© - o
8 g
§ 0.1 , o1 £
= =
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Fig. 4 a Box plots showing the (a)
distribution percentiles of inter-
pulse duration (different letters 6.5-
above each box plot denote ;
significant differences, Wil- 5.5.
coxon test) and b interpulse
duration (log scale) vs scaled -
performance times per visit (%) = 4.5+
during normal and cold condi- _9'_, i
tions (the significant linear re- & 3.5
gression lines are shown) = i
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frequency) can be produced throughout the entire time a
forager is on the feeder. This is the first detailed analysis of
the sounds produced by meliponine bees feeding on a
carbohydrate reward, although it was already known that
Melipona may vibrate flowers with poricidal anthers
without floral damage (Buchmann 1983; Guibu et al.
1988; Roubik 1989), producing audible sounds during this
process.

We tested the hypothesis that forager sound production
increases with decreasing temperature by offering a feeder
at normal (23-33°C) or chilled ambient temperature (11—
25°C). The pulse duration (Fig. 2a) and number of pulses

30 40 50 60 70 80 90 100

% of performance time

per visit (Table 1) were higher in the cold condition than in
the normal condition. Performance time (the total time that
a forager spent on the feeder in a single visit) was also
higher in the cold condition than in the normal condition
(Fig. 5a,b). Interpulse duration (the time interval between
two pulses) was lower in the cold condition than in the
normal condition (Fig. 4a). Thus, the amount of time (and
consequently energy) spent producing sound increased as
ambient feeder temperature decreased. Under both normal
and cold conditions, interpulse duration was significantly
shorter at the end of the performance (Fig. 4b). Thus,
foragers increased the rate of pulse production towards the

@ Springer



894

Behav Ecol Sociobiol (2007) 61:887-897

Fig. 5 Box plots showing the
distribution percentiles of total

performance time a under dif- 140~ ii
ferent conditions (different let-
ters above each box plot denote 1204
significant differences, Wil- R
coxon test) and b at different .
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end of each performance, as expected if sound pulses play a
role in thoracic warm-up before flight departure.

Performance time
When we compared the total performance time that foragers
spent at the feeder in both treatments (normal and cold), we

found that foragers spent significantly longer times at the feeder
in the cold condition than in the normal condition (Fig. 5a,b).

@ Springer

Feeder plate temperature may have affected sucrose solution
viscosity and thus influenced the total performance time of
bees at the feeder because sucrose solution viscosity is higher
at colder temperatures (viscosity of a 65% sucrose solution at
20°C is 147 mPa s ! and at 30°C is 77.3 mPa s ', Bubnik et
al. 1995). Foragers could experience these viscosities at
natural food sources because the lower ambient temperatures
in our study can occur at altitudes (up to 1400 m) within the
range of this species (Nieh and Roubik 1995).
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Fig. 6 Effect of a feeder plate (a)
temperature and b air tempera-
ture on forager thoracic temper- 0 S

10 15 20 25 30 35
i [

ature under the two 40
experimental conditions. The
isothermal lines for equivalent
Tty vs different measures of
ambient temperature are given
(significant linear regression
lines shown)
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Pulses and interpulses

Bee thoracic muscles need to reach a minimal temperature
before take-off (Dudley 2000). If sound production plays
a role in warming up thoracic temperature before flight, a
greater number of pulses (and thus shorter interpulses)
and longer pulses would be expected under colder
ambient conditions if the sound production is correlated
with heat generation, as in B. lapidarius (Schulze-Motel
and Lamprecht 1994).

TA (0C)

As expected, the average duration of pulses was
significantly shorter in the normal condition (0.15+
0.45 s) than in the cold condition (0.34+0.30 s, Table 1,
Fig. la,b). Moreover, the average duration of interpulses
(the time between two consecutive pulses) was signifi-
cantly shorter in the cold condition (0.8943.78 s) than in
the normal condition (2.57+4.92 s, Table 1, Fig 4a).
Thus, the total number of pulses per visit was significantly
higher in the cold condition than in the normal condition
(Fig. 2b).
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The distribution of pulses across time (Fig. 3) supports
the hypothesis that bees produce feeder sounds to warm up
before flight departure. In the cold condition, pulses were
concentrated in the end of the performance; approximately
50% of pulses occurred after 80-90% of the total
performance time, whereas they were more evenly distrib-
uted in the normal condition (Fig. 3). In both conditions,
but with a stronger pattern in the cold condition, the interval
between pulses was significantly shorter at the end of each
performance. Thus, pulses were more concentrated at the
end of each performance (Fig. 4b).

Under cold and normal conditions, there were no
significant correlations between the number of pulses and
TTH: TA, TPLATE; ATA, and ATPLATE (Table 2) This
suggests that the primary effect of lower temperature is to
increase feeder sound pulse duration. It is possible that
experimenting with a wider range of temperatures within
each condition or change the timing of temperature
measurement (we measured 77y from 5 to 10 s after the
forager began feeding) may allow the discernment of a
significant effect of Ty, Ta, Tprarte, ATa, of ATppate
upon the number of pulses.

Finally, foragers may not necessarily produce sounds
when they heat up their wing muscles (bumblebees
sometimes do not produce noticeable sounds during
thermoregulation, Heinrich 1972, 1975; Esch and Goller
1991), although sound production in M. panamica is
highly correlated with wing muscle contraction (high
speed video analysis, Niech and Schofield, unpublished
data). Continuous measurements of thoracic temperature
or measurements immediately before departure may be
revealing (as in Bombus, Schulze-Motel and Lamprecht
1994) and are planned for future studies using IR image
scanning.

Effect of feeder and air temperature on 7Tty

In our experiments, Tpp are and T significantly influenced
Ty, and their effect was different between the treatments
(Fig. 6a,b). In the normal condition, Tpparr and T
influenced 7Try. In the cold condition, only Tppatg
significantly influenced bee’s thoracic temperature. This
may be due to the high correlation between Tpp arg and T
in the normal condition (R*=0.34, P<0.0001) but not in the
cold condition (R*=0.02, P=0.03). Under normal condi-
tions, we would not expect any difference between the plate
temperature and the ambient temperature, and we did not
find any difference. Under cold conditions, Tty of foragers
was 29.93+1.38°C and under normal condition it was
32.89+1.41°C (P<0.0001). Also, foragers maintained a
higher thoracic temperature excess (ATry) relative to
ambient temperature and feeder temperature at low ambient
temperatures (A7, cold: 13.30°C+2.39°C, AT, normal:
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6.47°C£1.40°C, P<0.0001; Fig. 6a,b), as Nieh and
Sanchez (2005) predicted for M. panamica.

Thermoregulation is a significant phenomenon with
ecological implications (Corbet et al. 1993) in insects.
Internal heat generation allows solitary (Stone 1994) and
social bees (Heinrich 1993) to forage and pollinate under
colder ambient temperatures compared to animals without
the ability to actively thermoregulate. In M. panamica,
several factors influence sound production inside the nest,
such as food source distance, and height (Nieh and Roubik
1998). With regards to feeder sounds, this is the first study
that evaluates the influence of ambient temperature on
feeder sounds in stingless bees, and our results strongly
suggest that feeder sounds are not correlated with food
source location communication, but that are correlated with
body warm-up before flight. We are therefore currently
investigating the effects of other factors, such as sucrose
concentration, that may also influence sound pulse produc-
tion at the food source.
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