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Abstract — How does the sugar concentration of the food source affect the recruitment of Scaptotrigona aff.
depilis? We offered sugar water of either constant, increasing, or decreasing concentrations.
Simultaneously, we recorded the number of recruits and the recruiters’ running speed, jostling contacts, and
vibrations inside the nest. Neither the number of recruits nor the behavioral parameters depended on the
actual sugar concentration but rather on the changes experienced over time. Concentration increases neither
led to increased numbers of recruits nor to increased recruitment activity. Concentration decreases resulted
in significantly decreased numbers of recruits. However, most parameters of intranidal activity changed
significantly only when the concentration was reduced from 40% to 20% w/w and recruitment to the food
source nearly ceased. These findings support the idea of a feedback mechanism reducing the colony’s effort

to exploit food sources of decreasing profitability.

stingless bee / recruitment / foraging / food profitability / communication / Apidae / Meliponini

1. INTRODUCTION

One of the key questions in regard to the
recruitment behavior of social insects is which
parameters regulate the recruitment process
and thus the number of recruits actually appear-
ing at a food source. Among the many factors
(season, time of the day, temperature, humid-
ity, location and quality of the food source,
nutritional state of the colony, etc.) known to
affect recruitment in social bees food profita-
bility appears to have a particularly strong
impact, as one would expect (Lindauer, 1948;
Boch, 1956; von Frisch, 1965; Roubik, 1989;
Seeley, 1995). Honeybees gauge the energy
gains at the food source by means of the sugar
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uptake rate (mg/s) and the amount of sugar
(mg) carried by the forager (Farina and Nuifiez,
1991). They increase both the number of
recruits and their intranidal recruitment activity
with increasing energy gains and reduce both
with decreasing food profitability (e.g. von
Frisch, 1965; Seeley, 1995). Likewise a few
non-scent trail laying stingless bees were
shown to recruit more nestmates to highly con-
centrated sugar water than to a less concen-
trated one (Johnson, 1987; Bartarecau, 1996;
Biesmeijer and Ermers, 1999) and to increase
intranidal recruitment activity with increasing
food profitability and vice versa (Aguilar and
Bricefio, 2002; Nieh et al., 2003; Hrncir et al.,
2004b).

In contrast, recent work demonstrated that in
astingless bee, which lays a scent trail between
the food source and the nest, the recruitment to
food sources of different profitabilities was
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more similar to that of scent trail laying ants
than to that of honeybees or non-scent trail lay-
ing stingless bees (Schmidtet al., 2006). In both
these species of stingless bees and ants the
number of recruits not only depended on food
profitability, but also on the sequence of dis-
covery of the food sources (ants: Beckers et al.,
1990; Nicolis and Deneubourg, 1999; Sumpter
and Pratt, 2003). In scent trail laying ants food
profitability affected both the number of
recruits and the recruitment activity of the indi-
vidual forager (Breed et al., 1987; Pasteels
et al., 1987; Beckers et al., 1990, 1993; Fewell
et al., 1992; Mercier and Lenoir, 1999; Cassill,
2003; Sumpter and Beekman, 2003). Although
in scent trail laying stingless bees the number
of recruits was shown to be affected by food
profitability (Schmidt et al., 2006) there are no
studies yet clarifying the dependence of the
recruitment activity on food profitability.

In the present study we investigated whether
changes of the sucrose concentration entail
changes in the number of recruits and in the
intranidal recruitment behavior of Scapto-
trigona aff. depilis, a stingless bee which lays
a scent trail to guide recruits to a food source
(Lindauer and Kerr, 1958). Particularly, we
asked the following questions: (i) How does the
energy intake of Scaptotrigona aff. depilis
change when the sugar concentration is varied
within its biologically relevant range? (ii) How
is the number of recruited nestmates related to
the forager’s energy intake? (iii) Does intrani-
dal recruitment behavior depend on the
changes in sucrose concentration previously
experienced? (iv) Does the sugar concentration
influence the forager’s thorax vibrations inside
the nest?

2. MATERIALS AND METHODS

2.1. Study site and bees

All experiments were performed on the Ribeirdo
Preto campus of the University of Sdo Paulo between
January and April in 2003 and in 2004. The study
colony of Scaptotrigona aff. depilis Moure 1942 was
kept inside the laboratory in a wooden box with a
plastic tube inserted through the wall of the building
and serving the bees as entrance and exit. To be able
to record the behavior of the bees we placed a
wooden box (5 x 10 x 2 cm3) between the nest and

the entrance and exit tube which the bees quickly
accepted as part of their nest (Hrncir et al., 2000).
The foragers spent most of their intranidal time
inside the recording box and performed their normal
recruitment behavior in it.

The box was either covered by glass for video
recordings or by a transparent foil slide for laser-
vibrometry. The use of one colony only is justified
by the fact that our aim was to uncover basic mech-
anisms which we assume not to principally differ
between colonies in agreement with all previously
made experience.

2.2. Recording the food intake

In order to determine the food and energy intake
at different sugar water concentrations we examined
ten individual bees per concentration (ambient tem-
perature 27.1-32.1 °C). A known volume of sugar
water with a concentration of either 20%, 40%, or
60% wiw was placed onto a Plexiglas® disc using a
50 pL micro-capillary (Sigma, microcaps) immedi-
ately upon a bee’s arrival at the feeding site 50 m
away from the nest. The sugar water was unscented
and prepared from unrefined cane sugar (99.8%
sucrose, 0.1% glucose and fructose, 0.1% mineral
salts). Its concentration was measured with a field
refractometer (Kriiss Optronic HR 25/800). The
time spent by the bee taking up the sugar water was
measured with a stop watch to the nearest 0.1 s. The
remaining sugar water was removed with a 50 uL.
micro-capillary immediately after the bee had left
the feeder in order to reduce evaporative losses. The
imbibed crop load (uL) was determined as difference
between the amount of sugar water before and after
the bee’s food intake. The solution intake rate (uL/s),
the total amount of sugar per crop load (mg), and the
sugar intake rate (mg/s) were calculated from the
feeding time and the amount of sugar water imbibed.

A 20% w/w sugar water concentration corre-
sponds to a molarity of 0.63 M and a viscosity of
about 1.5 centistokes (cSt) at 30 °C solution temper-
ature. For 40% w/w and 60% w/w the values are
1.38 M /3.2 cSt and 2.26 M/ 24.3 cSt, respectively
(Weast et al., 1989; Chenlo et al., 2002). According
to observations on natural food sources Scapto-
trigona spp. collects nectar with sugar concentra-
tions between 10% and 69% w/w (Roubik et al.,
1995). The concentrations used in our experiments
were within this biologically relevant range.

2.3. Training procedure
and experiments

Between 11.00 h and 12.00 h we trained from
three to six foragers to a feeding site 50 m away from
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the nest, presenting 13% w/w (= 0.4 M) sugar solu-
tion in feeders as described by Jarau et al. (2000,
2003). The direction from the nest to the feeder was
changed daily in order to avoid the appearance of
reactivated foragers and inspector bees at a feeding
site already known to them (Biesmeijer and de Vries,
2001). Three of the trained foragers were individu-
ally color marked with Acrilex® plastic paint. All
other bees were captured at the feeding site and
caged until the end of the experiment. The three for-
agers visited the training feeder regularly but did not
recruit nestmates to it. The feeder was then put away
into an airtight plastic container and, subsequently,
the new sugar solution with its respective concentra-
tion was offered to the bees in a clean but otherwise
identical feeder. The experiment started when one of
the three trained foragers took up the new sugar solu-
tion. During the experiment the three bees were
allowed to feed ad libitum. All experiments started
between 12.00 h and 13.00 h and lasted for three
hours. Every newly arriving bee (defined as recruit)
was captured and its time of arrival recorded. The
danger of misinterpreting scouts finding food
sources without using recruitment communication
(Biesmeijer and de Vries, 2001) as recruits was neg-
ligible. According to previous studies hardly any bee
arrives at an artificial feeder when no nestmate is
feeding on it (Schmidt et al., 2003). Other nests of
Scaptotrigona aff. depilis occurring in the area of the
experiments were closed in the morning of experi-
mental days. Thus all newcomers were from the col-
ony under study only. Additionally, we marked
every captured bee with a colored dot before its
release. Bees marked with the color of our experi-
ments were never found at the nest entrance of any
other colony.

The influence of food profitability on the number
of recruits was tested by three series of experiments:
(a) control: constant sugar water concentration
(40%) over the entire time span of three hours; (b)
increasing concentration: hourly changes of the
sugar water concentration from 20% to 40% and to
60% w/w; and (c) decreasing concentration: hourly
changes from 60% to 40% and to 20% w/w. The
sugar concentrations were verified with a field
refractometer (Kriiss Optronic HR 25/800) immedi-
ately before and after each experiment. We used a
fresh alcohol-cleaned feeder whenever the sugar
water concentration was changed. The feeding dish
was changed hourly during the control series as well.
Each test series (a, b, ¢) consisted of six individual
experiments conducted in random order on different
days.

Throughout an experiment the behavior of the
recruiting bees was recorded in one of two ways: (1)
In three out of six experiments each with increasing
and decreasing sugar concentrations we videotaped
the behavior of the recruiters in a glass-covered

recording box inside the building. (2) In three out of
six experiments each with increasing and decreasing
concentrations we recorded the thoracic vibrations
of the recruiting bees inside the recording box with
a portable laser-vibrometer (Polytec, PDV 100).
Any distortion of the signal by the passage of the
laser-beam through the foil covering the box can be
excluded for frequencies lower than 4 kHz (Hrncir
and Schmidt, unpublished data). The laser-vibro-
meter was mounted on a four wheeled cart. A mirror
directed the laser beam onto the bee (Hrncir et al.,
2004a). The vibrometer output was stored on a PC
(sampling rate 22.05 kHz; 32-bit sound card; Sound-
forge 4.0, Sonic Foundry Inc.). In the recording box
the foragers unloaded food and showed recruitment
behavior as they usually do in the front part of their
nest close to its entrance (Hrncir et al., 2000, 2004b).

2.4. Data analysis

(1) In order to quantify the recruitment behavior
inside the nest (n =9 bees per test series) the digitized
video material was analyzed using the software
Videopoint 2.5 (LENOX Softworks). We counted
the number of jostling contacts of each recruiter with
her nestmates during the time spent running inside
the recording box. Jostling contacts (Hrncir et al.,
2000) were classified as contacts when the recruiter
bumped into a nestmate, thus displacing it or chang-
ing its running direction (Fig. 3a). From the number
of jostling contacts per observation time we calcu-
lated jostlings/second. The average running speed
(cm/s) of each recruiter over the time of six video
frames upon entering the recording box was taken as
another measure of intranidal activity. Running
events were used for analysis only if the bees did not
stop for trophallaxis during or shortly after the time
of the measurement. We did not average the bees’
running speed over a longer time span because the
time spent with trophallaxis inside the recording box
would have biased the result.

(2) The vibrations of the recruiting bees (n = 9
bees per test series) were analyzed using the software
SpectraPro 3.32 (Sound Technology Inc.). The
duration (s) of the pulses, pauses, and of the pulse
sequence (= pulse + subsequent pause), the duty
cycle (= pulse / pulse sequence), the main frequency
(Hz) contained in every pulse, and the velocity
amplitude (mm/s) of every pulse were measured.
The procedure followed Hrncir et al. (2004a, b).

2.5. Statistical analysis

Data were analyzed using SigmaStat 3.1 (SPSS
Inc.) software. In cases of a normal distribution (con-
firmed by the Kolmogorov-Smirnov-test; P > 0.05)
the data were presented as mean percentages (+ SD)
and parametrical tests applied (one way ANOVA).
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Figure 1. Food intake by S. aff. depilis. The amount
of sugar water imbibed was significantly highest
when 20% w/w sugar water was offered (empty
squares) and the imbibing time was significantly
longest when bees fed on 60% sugar water (black
squares). Both the total amount of sugar per crop
load (gray squares) and the sugar intake rate (dark
gray squares) significantly increased with sugar
concentration. Different letters mark significant dif-
ferences between the groups.

In cases of the non-normal distribution (Kolmogorov-
Smirnov-test; P < 0.05) median percentages were
given and non-parametric tests applied (one way
ANOV A on ranks) (Sokal and Rohlf, 1995). x2-tests
served to examine whether the percentage of recruits
per hour differed significantly from a random distri-
bution during every individual experiment (P <
0.05). In all graphs the values given represent
median values for different periods of the experi-
ment. Lower and upper error bars represent the 1st
and the 3rd quartile of the data. Different letters next
to the symbols mark significant differences (P <
0.05) between the values. The significance level in
all of our tests was defined as P < 0.05.

3. RESULTS

3.1. Sugar concentration and food
intake

The concentration of the sugar solution
affected all the measured and calculated param-
eters of the bees’ food intake (Fig. 1). The

volume of the sugar water imbibed by the bees
was significantly larger (11.65 + 1 uL) when its
concentration was 20% w/w than when it was
40% (10.0 £ 1 pL) or 60% (10.2 = 1.1 pL)
(ANOVA: F; 57 =7.15; Tukey’s comparison).
Due to the higher viscosity the time a bee
needed for the food intake was significantly
longer (25.8 £+ 1.95 s) for the 60% sugar water
than for the lower concentrations (19.1 + 1.7 s
at40%, 19.6 £ 2.8 s at 20%) (ANOVA: F; 7 =
28.9; Tukey’s comparison). As a consequence,
the solution intake rate significantly decreased
from the 40% to the 60% sugar solution from
a median of 0.52 pL/s to 0.39 puL/s (ANOVA
on ranks: H = 22.04; Dunn’s comparison). In
contrast sugar (and energy) uptake increased
with sugar concentration. The median amount
of sugar per crop load increased significantly
from 2.59 mg at 20% to 4.83 mg at 40% and to
7.72 mg at 60% (ANOV A onranks: H=26.03;
Dunn’s comparison). Accordingly, the median
sugar intake rate also increased significantly
with the sucrose concentration from 0.12 mg/s
to 0.25 mg/s and to 0.3 mg/s (ANOVA on
ranks: H = 25.8; Dunn’s comparison).

3.2. Sugar concentration and number
of recruited bees

The total number of recruits after three hours
(newcomers appearing at the feeder) differed
from day to day (min = 18, max = 126). It was
taken as n = 100% in each experiment to allow
comparison. The percentage of recruits per
hour was chosen as a measure of recruitment
effectiveness (Jarau et al., 2003).

Although the sugar water concentration did
not change during control experiments, the
number of recruits often did. In five out of six
experiments the percentages of recruits per
hour differed significantly from a random dis-
tribution (y2-tests). However, the mean per-
centages of recruits in three hours (Fig. 2) did
not differ significantly at a sugar water concen-
tration of 40% (ANOVA: F, 15=0.07; number
of bees n = 67 = 33/trial).

Interestingly, the same was true for the
number of newcomers when the sugar concen-
tration increased. Within three out of six exper-
iments the percentages of recruits varied
significantly ()2-tests). Only during one of
them a steady increase was recognizable. The
mean percentages of recruits (Fig. 2) did not
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Fig. 2. Recruitment of S. aff. depilis to food sources of either constant (control) or varying profitability
(increasing and decreasing concentrations). 100% = total number of recruits per experiment. Different letters
mark significant differences. Control series: The mean percentage of recruits remained the same when 40%
sugar water was offered for three hours (P = 0.93). When increasing the sugar concentration the percentage
of recruits did not change significantly either (P =0.21). However, after each reduction of the concentration
the foragers brought significantly less recruits to the feeding site. Thus the percentage of recruits significantly
decreased with reduction of food profitability (P < 0.001).

change significantly after any change to a
higher sugar water concentration (ANOVA:
Fy15=1.75; n =99 £ 18/trial). 27.8 + 8% of
the recruits arrived during the period when 20%
sugar water was offered, 37.1 = 10.6% during
the 40% concentration period, and 35.2 £ 8.5%
while the recruiters were feeding at 60% sugar
water.

In contrast, the number of recruits decreased
significantly in all six experiments when the
sugar water concentration was reduced hourly
(x~-tests). The mean percentage of recruits per
hour (Fig. 2) declined significantly from 66.5 +
11.9% (at 60%) to 26.6 + 7.3% (at 40%) and to
6.9 +7.8% (at 20%) (ANOVA: F , |5 =64.65;
Tukey comparison; n=55.5 + 31/trial). During
the period with 20% sugar water a strikingly
low number of recruits arrived at the feeder (0
to 7 bees only). Thus, the reduction of the sugar
concentration consistently led to significant
changes of the recruitment process in Scapto-
trigona aff. depilis.

3.3. Jostling activity and running speed
inside the nest

When a forager returns from a valuable food
source into the nest she runs around bumping
into her nestmates (jostling contacts, Fig. 3a)
and often stops for trophallaxis. In order to
quantify the intensity of recruitment activity we
measured the number of jostling contacts per
unit time and the running speed of the forager.
Both parameters did not change significantly

with increasing sugar concentration (Fig. 3b, c)
(jostling: ANOVA on ranks: H = 4.4; number
of beesn=9; running speed: ANOVA:F; »g) =
0.02; n = 9). The recruiters’ jostling activity
measured between 1.21 and 1.39 contacts/s
(medians) at a mean running speed of 4.80 to
4.84 cm/s. Reductions of the sugar concentra-
tion from 60% to 40% neither significantly
affected the jostling contacts per second nor the
running speed (at 60%: 1.69 + 0.6 contacts/s
and 5.13 + 1.1 cm/s; at 40%: 1.67 + 0.6 con-
tacts/s and 5.26 + 1.1 cm/s) (Fig. 3b, c). After
having changed from 40% to 20% sugar water,
however, both jostling contacts (1.1 + 0.5 con-
tacts/s) and running speed (4.27 + 1.2 cm/s)
decreased significantly (jostling: ANOVA:
F5 437=139.5; n=9; Tukey’s comparison; run-
ning speed: ANOVA: F2,438 =302; n=09;
Tukey’s comparison).

3.4. Vibrations

The vibrational signals produced by the for-
agers of S. aff. depilis were highly variable in
regard to all of the analyzed parameters. Never-
theless, some interesting effects could be found
when the sugar concentration was changed.
Many signals consisted of a single continuous
pulse with a duration of up to 18.8 s. However,
we never recorded such a signal when the bees
were offered 20% sugar water during the series
of decreasing sugar concentrations. During all
the other periods with increasing and with
decreasing concentrations the percentage of
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Fig. 3. (A) Typical jostling behavior of Scaptotrigona aff. depilis inside the nest. The recruiter is marked
with two dots on its thorax. The nestmate is not marked. The bees’ positions are shown relative to an ima-
ginary spot (crossed dotted lines). (B) Intranidal jostling and (C) running speed of the foragers during the

series of increasing (A

) and decreasing sugar concentrations (V). Note that decreases of the sugar concen-

trations (V) are to be read from right to left, because the 60% concentration was offered during the first
and the 20% concentration during the last hour of an experiment (see arrows). When experiencing increases
of the sucrose concentration the recruiters neither significantly changed their jostling activity (B) nor their
running speed (C). When reducing the concentration, only the change from 40% to 20% induced the bees
to significantly jostle fewer nestmates per second (B) and to significantly reduce their running speed (C).

signals containing only a single pulse varied
between 17% and 45%. When 20% sugar water
was offered first in a series of increasing con-
centrations 17% of the signals contained one
single pulse as well. Thus, the signals consist-
ing of one single pulse were only found in peri-
ods with many recruited nestmates but not
when the foragers had almost stopped to bring
recruits to the feeding site (Fig. 2).

Pulse duration, pause duration, pulse
sequence, and duty cycle (Figs. 4, 5) did not
change significantly with any increase of the
sugar water concentration (ANOVA on ranks:

Hpupse = 6.4; Hpu]se sequence — 0.72; Hpause =
4:?.2; Dunn’s comparison; Hyyy cycte = 19.7;
Dunn’s comparison). Nor did a reduction of the
sugar concentration from 60% to 40% affect

the temporal structure of the signals (ANOVA
on ranks: Hpyee = 08.5; Hpyuee = 04.8;
Hpulse sequence — 15.2; Hduty cycle = 101.4;
Dunn’s comparison). Again, only the decrease
from 40% to 20% sugar water resulted in a sig-
nificant change of the signals: the median pulse
duration decreased from 0.473 s to 0.226s,
while the median pause duration increased
from 0.021 s to 0.122 s (Figs. 4, 6). Accord-
ingly, the duty cycle was lowest after the
change to 20% sugar water. The pulse sequence
did not significantly decrease under these con-
ditions, but the values for the 20% sugar water
concentration were significantly lower than
those for the 60% concentration.

The main frequency component of the vibra-
tions (Fig. 4e) remained on a constant level
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Fig. 4. Vibrational signals of S. aff. depilis. When increasing ( A ) the sugar water concentration neither pulse
duration (A), pause duration (B), pulse sequence (= pulse duration + successive pause) (C), nor duty cycle
(= pulse/pulse sequence) (D) changed significantly. Only the decreasing (V) change from the 40% to the
20% sugar water concentration elicited significantly shortest pulses (A), longest pauses (B), and lowest duty
cycles (D) of the signals. (E) During the series of increasing concentrations the main frequency contained
in the pulses was highest when 60% sugar water was offered and during the series of decreasing concentra-
tions it was lowest when 20% was offered. (F) The velocity amplitude of the pulses (mm/s) was highest at
40% during the series of increasing concentrations. The amplitudes significantly decreased with each reduc-

tion of the sugar concentration.

during the first two hours of both test series. It
did not differ significantly when increasing the
sugar concentration from 20% (median of
313.4 Hz) to 40% sugar water (median of
319.9 Hz) (ANOVA on ranks: H = 123.8;
Dunn’s comparison). A significant increase
(median of 345.3 Hz) occurred after the change
to the 60% concentration (Dunn’s compari-
son). However, when the 60% sugar water was
offered first and the 40% sugar water second in
a series of decreasing concentrations the fre-
quencies of the vibrations were not different
from each other (median at 60% = 358.4 Hz, at

40% = 365.5 Hz) (ANOVA on ranks: H =
237.1; Dunn’s comparison). Only after chang-
ing from 40% to 20% sugar water the main fre-
quency component dropped significantly to a
median of 311 Hz (Dunn’s comparison).

The velocity amplitude (Fig. 4f) signifi-
cantly increased from 66.6 mm/s (median) at
20% to 142.1 mm/s (median) at 40% when
sugar water was offered in a series of increasing
concentrations but it decreased again after the
change from 40% to 60% sugar water
(105.1 mm/s) (ANOVA on ranks: H = 147.2;
Dunn’s comparison). This pattern does not
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Fig. 5. (A) Left: characteristic vibrational signals produced by the same forager when 20%, 40%, and 60%
w/w sugar water was offered in an increasing order within three hours. Right: the signals’ frequency power
spectra (FFT, 1024 pts) with main frequency (0 dB) and its harmonics. (B) Expanded sections of the thorax
vibrations when (1) 20%, (2) 40%, and (3) 60% w/w sugar water was offered, respectively.

resemble any of the corresponding changes of
the energy gain at the food source (Fig. 1). By
contrast, during the series of decreasing con-
centrations the median amplitudes of the sig-
nals decreased significantly from 84.4 mm/s at
60% to 56.3 mm/s at 40% and to 44.2 mm/s at
20%, which does parallel the decreases of the
energy intake (ANOVA on ranks: H = 135.5;
Dunn’s comparison).

4. DISCUSSION

Our findings imply that the recruitment
intensity of Scaptotrigona aff. depilis does not
directly reflect the food’s actual sugar concen-
tration or energy gain but instead depends on
the history of its changes. Neither were increas-
ingly richer food sources exploited more inten-

sively than food sources with constant food
profitability nor did the recruiters increase their
activity inside the nest. However, the number
of recruits significantly decreased after each
reduction of the sugar water concentration and
the intranidal activity significantly decreased
when the concentration was reduced from 40%
to 20% wiw.

4.1. Sugar concentration of the food
source affects energy gain

When Scaptotrigona aff. depilis was offered
three different sugar water concentrations
taken from the biologically relevant range
(Roubik et al., 1995), energy intake at the food
source changed significantly. The profitability
of nectar sources is determined by both sugar
concentration and sugar flow rate (Nufiez,
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Fig. 6. (A) Left: vibrational signals of the same forager when 60%, 40%, and 20% w/w sugar water was
offered in a decreasing order within three hours. Right: the signals’ frequency power spectra (FFT, 1024
pts) with main frequency (0 dB) and its harmonics. (B) Expanded sections of the vibrations when (1) 60%,

(2) 40%, and (3) 20% w/w sugar water was offered.

1966). Honeybees may use the sugar uptake
rate (mg/s) or the amount of sugar carried by
the forager (mg) as indicators of energy gain
(Farina and Nifiez, 1991). In the present study
with Scaptotrigona aff. depilis both parameters
and therefore profitability significantly increased
with sugar water concentration (20%, 40%,
60% w/w). Similarly, Roubik et al. (1995)
found that energy gains of foraging Scapto-
trigona barrocoloradensis, S. pectoralis,and S.
luteipennis increased with sugar concentration
of the food source.

4.2. Number of recruits at the food
source does not simply correlate
with sugar concentration

The number of recruited nestmates did not
simply correlate with the actual sucrose con-

centration of the food source in Scaptotrigona
aff. depilis. It did not change with increasing
concentrations whereas it significantly decreased
when the sucrose concentration decreased.
Obviously the bees gave more weight to a
decrease of the food profitability than to its
increase. The decreasing number of recruited
nestmates can not be ascribed to a depletion of
available recruits in the colony. We measured
the flight activity by counting the number of
bees leaving the nest per minute. 50 + 14 bees/
min left the colony on days of an experiment
which indicates a number of foragers substan-
tially larger than the number of recruits consid-
ered in our study. We therefore exclude the
possibility of a depletion of available recruits
after a mean of 38 bees had arrived at the feed-
ing site during the periods with 60% sugar
water.
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Both the recruiter and the nestmates save
time and energy by stopping the recruitment to
food sources of decreasing profitability.
Thereby the re-allocation of the colony’s for-
aging force to more valuable food sources may
be facilitated as well (Biesmeijer and Ermers,
1999).

4.3. Intranidal recruitment behavior
does not intensify with increasing
sugar concentration

The intensity of intranidal recruitment
behavior of Scaprotrigona aff. depilis did not
reflect the actual profitability of the food source
and foragers did not react to increases of sugar
water concentration. The only change found
was a reduction of their activity with the reduc-
tion of the sugar concentration from 40% to
20% w/w. Similarly, in some cases honeybees
reacted stronger to decreases than to increases
of food profitability (Raveret-Richter and
Waddington, 1993; Wainselboim et al., 2002;
Wainselboim and Farina, 2003) and even
stopped dancing when the sugar concentration
was reduced from 1.8 M to 0.6 M (~ 50% to
20% w/w) (de Marco and Farina, 2001).

The vast majority of the studies available,
however, emphasizes the capability of honey-
bees to adjust their recruitment activity to both
increasing and decreasing food profitability.
Their waggle dances, round dances, and sound
production inside the nest intensify when they
feed on highly profitable nectar sources and
decrease with a reduction of food profitability
(von Frisch, 1965; Waddington, 1982; Seeley
and Towne, 1992; Waddington and Kirchner,
1992; Seeley 1994, 1995; Seeley et al., 2000;
de Marco and Farina, 2001). As a consequence,
the recruitment of new foragers to highly val-
uable food sources always exceeds that to low
quality food sources (Boch, 1956; von Frisch,
1965; Seeley, 1986, 1995; Seeley et al., 1991;
Seeley and Towne, 1992; Ferndndez and
Farina, 2002). Thus, the adjustment of recruit-
ment intensity of individual honeybee foragers
results in a cascade of positive feedback on the
level of the entire colony.

According to the present study there is no
such positive feedback in Scaprotrigona aff.
depilis. Our data rather suggest that as long as
the exploitation of the food source seems
worthwhile the intranidal recruitment activity

remains the same. It obviously needed a rigor-
ous decrease of the food profitability to a very
low value (20% w/w) to change the behavior of
the recruiters in such a way, that nearly no new
nestmates were recruited anymore. It remains
unexplained why the number of recruits
decreased after changing the sugar water con-
centration from 60% to 40% while at the same
time the intranidal behavior of the foragers did
not change (Fig. 2). The reason may be a reduc-
tion in extranidal communication (scent trail
laying, marking the feeding site). Further
experiments will have to clarify this.

For an explanation of the recruitment pattern
found in the present study the scent trail is
likely to be important. The laying of a scent trail
is typical for the genus Scaptotrigona
(Lindauer and Kerr, 1958; Kerr et al., 1963;
Schmidt et al., 2003; Sanchez et al., 2004) and
sometimes referred to as indirect recruitment
behavior (Sumpter and Pratt, 2003). By com-
parison, in scent trail laying ants an increasing
number of foragers increasingly reinforces the
scent trail between the nest and the food source.
The resulting positive feedback on the number
of foragers has its main cause outside the nest:
The stronger the scent trail the faster the build-
up of the foraging force (Breed et al., 1987;
Pasteels et al., 1987; Beckers et al., 1990;
Mercier and Lenoir, 1999; Sumpter and
Beekman, 2003).

It has been demonstrated both for a scent
trail laying stingless bee, Trigona recursa
(Schmidt et al., 2006), and for scent trail laying
ants (Beckers et al., 1990, 1993; Sumpter and
Beekman, 2003) that the more profitable food
source was exploited by more nestmates than
the less profitable one whenever they were dis-
covered simultaneously and experimental
interference with the recruitment process was
avoided. In our experiments with Scapto-
trigona aff. depilis an accumulation of foragers
at the food source was prevented by removing
all newcomers. Scaptotrigona depilis, the spe-
cies most closely related to the one used by us,
brought more than one thousand individuals to
an artificial food source of constant quality
when interference with the recruitment process
was avoided (Jarau et al., 2003). We assume
that a faster build-up of the foraging force of S.
aff. depilis at richer food sources under unre-
strained conditions would indeed entail their
more intensive exploitation.
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4.4. Vibrational signals are less vigorous
after reducing the sugar
concentration to 20 %

Significant changes of the vibrational sig-
nals of Scaptotrigona mainly occurred after the
reduction of the sugar water concentration from
40% to 20% (shortest pulse duration, longest
pause duration, lowest duty cycle, lowest main
frequency, lowest velocity amplitude). So far,
sounds and vibrational signals have only been
recorded in the non-scent trail laying genus
Melipona and only recent investigations
focused on the correlation between sugar water
concentration and vibrational and airborne
sound signals, respectively (Melipona costari-
censis: Aguilar and Bricefio, 2002; M. semini-
gra: Hrncir et al., 2002, 2004b; M. mandacaia
and M. bicolor: Nieh et al., 2003). Although the
experimental designs of these studies differed,
pulse duration was found to be significantly
shorter and pause duration significantly longer
when the bees fed on sugar water of low instead
of high sugar concentrations (Aguilar and
Bricefo, 2002; Nieh et al., 2003) or energy
gains (Hrncir et al., 2002, 2004b). Similarly, in
Scaptotrigona aff. depilis the vibrational sig-
nals were less vigorous (shorter pulses, longer
pauses) after the decrease of the sugar concen-
tration to 20% than when the bees were feeding
on higher concentrations.

In Scaptotrigona aff. depilis the pulse dura-
tion varies enormously (coefficient of variation
between 122% and 189%; CV =1 SD x 100/
mean, Sokal and Rohlf, 1995). The same is
known of Melipona (see Hrncir et al., 2004b,
Tab. I). Thus, changes of the vibratory signals
might not be “understood” by the nestmates.
The recruiters’ behavior varied less in regard to
running speed (CV = 20-29%) and jostling
contacts (CV = 37-57%) than in regard to the
vibrational signals. We conclude that the agi-
tated run of a recruiter inside the nest with its
jostling contacts is responsible for the general
stimulation of nestmates, as are the vibrational
signals. Detailed information on the food prof-
itability does not seem to be transmitted by the
intranidal behavior. Only after the reduction
from 40% to 20% sugar concentration the for-
agers’ intranidal recruitment communication
changed in such a way that the recruitment of
newcomers ceased.

We also assume, that the vibratory signals
donotinform on the location of the food source.
In our experiments we never changed the dis-
tance between the nest and the food source as
it was previously done with various species of
Melipona (Esch, 1967; Nieh and Roubik, 1998;
Hrncir et al., 2000; Aguilar and Bricefio, 2002;
Nieh et al., 2003). However, variability is sim-
ilarly high in both cases. In case of Scapto-
trigona a scent trail leads the recruits to the food
source. Thus receiving information on the dis-
tance to the food source inside the nest does not
seem necessary.

The present work focused on the individual
forager, i.e. the sender of the recruitment mes-
sage. Future studies will concentrate on the
receivers of the message, i.e. the nestmates. It
is them who need to understand the meaning of
a message before they leave the nest in search
for the indicated food source.
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Résumé — Recrutement chez une abeille sans
aiguillon déposant une trace odorante (Scapto-
trigona aff. depilis) : modification avec la baisse
mais non avec la hausse du gain d’énergie. Chez
les abeilles sans aiguillon (Apidae, Meliponini),
comme chez d’autres insectes sociaux, la profitabi-
litt de la source de nourriture influence le
recrutement. Il avait été montré jusqu’a présent chez
des especes ne laissant pas de trace odorante que les
abeilles étaient recrutées en nombre d’autant plus
grand que la source de nourriture était avantageuse
(Biesmeijer et Ermers, 1999). Ce travail étudie pour
la premiere fois comment la concentration en sucre
de la nourriture influence le recrutement d’une
abeille sans aiguillon, qui conduit les recrues a la
source de nourriture le long d'un chemin olfactif. On
afait butiner trois abeilles a une source de nourriture
durant 3 h et le nombre de recrues par h a été compté.
En outre le comportement de Scaptotrigona aff.
depilis al’entrée de la colonie a été filmé et les vibra-
tions du thorax enregistrées avec un vibrometre
laser. Les concentrations en sucre utilisées (20 %,
40 %, 60 % en poids) étaient dans le domaine des



498 V.M. Schmidt et al.

valeurs biologiques. Le sirop a été consommé en
plus grande quantité (uL) quand sa concentration
était de 20 % et la prise de nourriture a été la plus
longue avec la concentration de 60 % (Fig. 1). Quand
on a offert une concentration en sucre constante, le
nombre de recrues a la source de nourriture est resté
Iui aussi constant (Fig. 2). Ce fut aussi le cas
lorsqu’on a offert une source de nourriture avec une
profitabilité augmentant d’heure en heure. Ce n’est
qu’en diminuant la profitabilité que le recrutement
horaire a chuté (Fig. 2). L’analyse du comportement
de recrutement a I'intérieur du nid a montré que ni
leur activité de bousculade ni leur vitesse de dépla-
cement dans le nid n’augmentaient lorsqu’on leur
offrait une profitabilité croissante (Fig. 3). Quand la
profitabilité a diminué les butineuses n’ont réduit
leur activité qu’a partir de la concentration de 20 %
(Fig. 3). La structure dans le temps des vibrations du
thorax ne s’est pas modifiée quand la profitabilité a
augmenté (Figs. 4, 5). Ce n’est que lorsque la con-
centration est tombée a 20 % que les impulsions sont
devenues significativement plus courtes et les pau-
ses significativement plus longues (Figs. 4, 6).

De ces résultats on conclut que le recrutement de
Scaptotrigona aff. depilis ne dépend pas directement
de la concentration en sucre de la nourriture, mais
des changements de la profitabilité. Les abeilles ne
modifient leur activité que lorsque la concentration
tombe a 20 % et le recrutement de membres de la
colonie est arrété. Nous supposons qu’il s’agit d’un
mécanisme qui conduit la colonie a cesser le recru-
tement pour des sources qui se déprécient afin de
laisser les butineuses se tourner vers des sources
meilleures.

abeille sans aiguillon / recrutement / butinage /
profitabilité de la nourriture / communication /
Apidae / Meliponini

Zusammenfassung — Rekrutierung bei einer
Duftpfad legenden stachellosen Biene (Scaptotri-
gona aff. depilis): Anderungen bei Abnahme,
aber nicht bei Zunahme des Energiegewinns. Bei
stachellosen Bienen, wie bei anderen sozialen Insek-
ten, beeinflusst die Profitabilitéit der Futterquelle die
Rekrutierung. Bisher wurde an nicht Duftpfad
legenden Arten gezeigt, dass mehr Bienen zu ertrag-
reicheren Futterquellen rekrutiert werden als zu
weniger ertragreichen (Biesmeijer und Ermers,
1999). In der vorliegenden Arbeit wurde erstmals
untersucht, wie die Zuckerkonzentration des Futters
die Rekrutierung einer stachellosen Biene beein-
flusst, welche Rekruten entlang eines Duftpfades zur
Futterquelle fiihrt. In den Experimenten sammelten
drei Bienen drei Stunden lang an einer Futterquelle
und die Anzahl der pro Stunde rekrutierten Bienen
wurde gemessen. Dazu wurde das Verhalten von
Scaptotrigona aff. depilis im Eingangsbereich der
Kolonie gefilmt und die Thoraxvibrationen mit
einem Laservibrometer registriert. Die verwendeten
Zuckerkonzentrationen (20 %, 40 %, 60 % w/w)

lagen im biologisch relevanten Bereich. Die Bienen
nahmen am meisten Zuckerwasser (uL) auf, wenn
dessen Konzentration nur 20 % betrug und ihre
Trinkdauer war am ldngsten, wenn sie 60 % Zucker-
wasser aufnahmen (Abb. 1). Die Profitabilitit der
Futterquelle (mg Zucker pro Honigmagenfiillung
bzw. mg Zuckeraufnahme pro Sekunde) nahm mit
der Konzentration signifikant zu (Abb. 1). Wenn
eine konstante Zuckerkonzentration geboten wurde,
blieb auch die Anzahl der Rekruten an der Futter-
quelle konstant (Abb. 2). Dies war ebenso der Fall,
wenn den Sammelbienen eine Futterquelle mit stiind-
lich ansteigender Profitabilitit geboten wurde. Nur
nach einer Abnahme der Profitabilitit sank der stiind-
liche Rekrutierungserfolg signifikant (Abb. 2). Die
Analyse des intranidalen Rekrutierungsverhaltens
zeigte, dass die Bienen weder ihre Rempelaktivitit
noch ihre Laufgeschwindigkeit im Nest erhohten,
wenn ihnen Futter mit ansteigender Profitabilitit
angeboten wurde (Abb. 3). Bei abnehmender Profi-
tabilitdt reduzierten die Sammelbienen ihre
Aktivitit nur, nachdem auf die 20 % Konzentration
gewechselt worden war (Abb. 3). Auch die zeitliche
Struktur der Thoraxvibrationen verinderte sich
nicht, wenn die Profitabilitit anstieg (Abb. 4, 5). Nur
wenn die Zuckerkonzentration auf 20 % sank, waren
die Pulse signifikant kiirzer und die Pausen signifi-
kant ldnger als bei den hoheren Konzentrationen
(Abb. 4, 6).

Die Ergebnisse lassen den Schluss zu, dass die
Rekrutierung von S. aff. depilis nicht direkt von der
Zuckerkonzentration des Futters abhiingt, sondern
von den Verdnderungen der Profitabilitit. Die Bie-
nen dnderten ihre Aktivitit nur, wenn die
Konzentration auf 20 % sank. Zur selben Zeit wurde
die Rekrutierung von Nestgenossinnen eingestellt.
‘Wir nehmen an, dass es sich hier um einen Mecha-
nismus handelt, der dazu fiihrt, dass die Kolonie ihre
Rekrutierung zu schlechter werdenden Futterquel-
len einstellt, damit die Sammlerinnen sich besseren
Futterquellen zuwenden konnen.

Stachellosen Biene / Rekrutierung / Sammelver-
halten / Ertragswert der Nahrung / Kommunika-
tion
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