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Abstract — To find out what foragers of the stingless bidesipona scutellarisndM. quadrifasci-
ataactually do while recruiting nestmates to a food source we videotaped their behavior in the nest
and simultaneously recorded the sounds and vibrations produced by them when returning from a
rich food source. Neither temporal nor spectral characteristics of the sounds and vibrations correlated
significantly with distance or direction to the food. Foragers motivated recruits to search for food at
random by a “ jostling run”. The number of jostles by a forager correlates with the number of collecting
bees. There was no correlation between the movements of a returning forager and either distance or
direction to the feeder. “Zigzag flights”, guiding flights and scent marking of foragers were excluded
as a way to communicate the location of the food source. Aside from the indication of the mere
existence of a food source the mechanisms by which foragers communicate its location are still
obscure.
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1. INTRODUCTION borne sound) foM. panamica They dis-
) i _tinguished sound pulses produced during
To broadcast information about a richthe unloading of food from sound pulses
food source or a new nesting chatlon isproduced thereafter (“dance sounds”).
common behawo_r in hlghly_soc_lal insects. lwhereas the duration of the first type of
has been extensively studied in honeybeepy|ses correlated negatively with the height
(Apis melliferg since the pioneering work of of the food source above the ground, the
Karl von Frisch [4] on the round- and theqyration of the “dance sounds” correlated
waggle-dance and their role in communi-positively with its distance from the hive.
cating distance and direction of a foodror the communication of direction Nieh
source to recruits. and Roubik [15] propose a hitherto unknown
In stingless bees (Apidae; Meliponinae)mechanism employed outside the hive.
there is great variation of recruitment- ancWhen analyzing the “dance” of the foragers
communication mechanisms as originallyof M. panamican the hive in some detail,
shown by the pioneering work of LindauerNieh [13] found that those collecting at a
and Kerr [10] and later reviewed by Kerrpoor food source turn at lower velocities
[6] and by Nieh and Roubik [14]. In somethan those collecting at rich food sources.

species, foragers returning from a fc_)oc In our present study we examined pos-
source produce weak sounds thereby indsjhle mechanisms of communication in
cating the existence of a rich food sourcqy scutellarisandM. quadrifasciataThese
(Trigona silvestriy Other species use scenigpacies do not use scent trails to guide new-
trails (Trigona spinipepto guide their nest- comers to a food source [10]. However, they
mates to a food sourchlelipona scutel- e gble to recruit nestmates and to indicate
laris, M. quadrifasciataandM. panamica  the direction of a food source whereas dis-
were reported not to use such scent traikance communication is rather inaccurate in
[10, 14], although foragers M. panamica poth species [5]. Here we ask the following
do deposit a scent beacon near a food sourqyestions: (1) what are foragers doing in the
to help recruited bees with short distanc,est when recruiting nestmates? (2) Is any
(6 to 12 m) orientation [12]. In addition, narameter of the sounds and vibrations pro-
M. panamicas able to recruit nestmates toqyced by successful foragers within the hive
a food source not only indicating its dis-correlated with either the distance or the
tance and direction but even its height abovirection to a food source? (3) Do recruited
the ground [14]. bees follow a foraging guide directly to a
Upon returning to their colony, success-food source? (4) Is there an indication for
ful foragers ofM. scutellaris M. quadri- the use of scent marks [7, 8, 12]? (5) Which
fasciata M. merillae[2], andM. panamica behavior do recruits show before leaving
[14] produce sound pulses, thought to bthe hive for the food source?
important for their recruitment success. Sucl
sounds were first recorded and analyzed b
Esch and coworkers [2, 3]. The duration o0 2. MATERIALS AND METHODS
the individual sound pulses was found tc
correlate with the distance of a food sourct  2.1. Study site and colonies
in M. merillaeand M. quadrifasciata
Regarding the communication of direction The experiments were carried out from
Esch [2] observed a “zigzag flight” of the September 1996 to February 1997 on the
forager for the first part of the way from theRibeirdo Preto Campus of the Universidade
hive to the food source, with recruited beede Sdo Paulo, Brazil. We used one colony of
directly following. Nieh and Roubik [15] Melipona scutellarisand one colony of
found similar correlations (regarding air- M. quadrifasciataThe colonies were kept in
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wooden boxes inside the laboratory withreturning from the food sources at different

plastic entrance tubes (15 mm in diameterdpcations, we trained the foragers to a new

inserted through the wall of the building (for site after 45 minutes, changing either dis-

further details see companion paper [5]). tance or direction. We repeated the recording

procedure for another 45 minutes, trained

) the foragers to a third site and recorded for

2.2. Food and marking of bees another 45 minutes. We then removed the

. feeder and again recorded for five minutes to

Sugar water scented withiBessence of see if the foragers change their behavior

rosewood Aniba rosaeodordgml solution  ynder these conditions.

was used at concentrations of 0.75 nbl

and 1.5 mol~for training the bees and for

the experiments, respectively. The bees we

marked individually with a unique combi-

To correlate the behavior of the foragers
d their signals to different distances of
the food source we first trained foragers of

nation of two out of five different colors M. scutellaristo a distance of 30 m (direc-

. - jon NW), then to a distance of 70 m and
[4]. For further details see companion pape?inally to)a distance of 140 m. Foragers of

(1. M. quadrifasciatavere first trained to a dis-
tance of 10 m (direction NW), then to dis-
2.3. Training of bees and experiments tances of 30 m, 45 m, 70 m, and 140 m,
respectively. To do the same with different
We trained three marked bees betweeﬁirections we trained the bees to a food
9 a.m. and 11 a.m. to a specific feeding ste80urce at a constant distance of 30 m in the
tion offering 0.75 mol~1 scented sugar directions south-east, south and south-west
water as described in Jarau et al. [5]. After §M. scutellarig or north-west, west and
two hours break with the feeding stationSouth-eastNl. quadrifasciaty, respectively.
removed, the experiment proper began at 1
p.m. when the same feeder with 0.75 bl
sugar water was reinstalled at the training
site of the morning. After injecting 5 ml of

the same sugar water into the hive's entrance A Wooden recording box between the
tube we waited until all three foragersneSt box and the entrance/exit-tube (Fig. 1)

showed up at the feeder. Normally this too as readily accepted by the bees as part of

only a few minutes. We then started tor.1e|r hive. Its glass cover allowed us to
gjdeotape the foragers and their nestmates

2.4. Recording box

videotape the behavior of the bees and t Canon, Canovision EX1, Hi8) from above.

record the signals produced by forager irborne sound signals were recorded with

inside the hive (seBecording Bok After microphone (Sony ECM-959DT) inserted
five minutes the feeding dish was replace to the recording box from the side and

i . 1
\?\)//eatr?lihrmzl:%?dwgk};imdz Suf%ﬁl/r Wn?itri;.t rotected from the bees by a piece of
en recorce periods of five € osquito net. An accelerometer (Briel and

with five minutes break in between for a;
. . “Kjeer, Type 4374) glued to the center of the
total of 45 minutes. At the feeder the arrlvalC rdboard bottom of the recording box at

times of the foragers and the numbers angl, jerside was used to monitor substrate

arnvzl (tj'”l‘\les of all newcorr?ers WETE yiprations. The vibration signals were ampli-
recorded. Newcomers were then capturegle ysing a charge amplifier (Briiel and

and kept alive in a jar until the end of theKjaer, Type 2635), and recorded together
respective experiment. with the airborne sound using both a DAT

To investigate the behavior inside therecorder (Sony TCD-D10) and the video
hive and the signals produced by foragersamera.
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Figure 1. Recording box To be able to record airborne sound and substrate vibrations a wooden box
(17 x 15 x 7 cm) was placed between the hive and the entrance/exit tube (inset in circle), with a
microphone inserted through one side and an accelerometer glued to its cardboard bottom. Both sig-
nal types were recorded using a DAT-recorder. The bees were videotaped from above and the
mechanical signals additionally recorded on the audio track of the video tape recorder.
A, accelerometeIC, cardboardE, exit/entrance(s, sheets of glas$i, hive; M, microphone;

N, mosquito netR, registration boxyV, laboratory wall.

To get an estimate of the distortion of thdocation vibratory noise containing fre-
signal along with its transmission from quencies between 10 Hz and 2000 Hz was
the vibrating bee through the cardboard tantroduced into the bottom of the recording
the accelerometer we examined the trandgox. An accelerometer (Briel and Kjeer,
mission properties of the cardboard bottonType 4375) attached to the base of the vibra-
of the recording box. For this purpose weor’s pestle measured the actual vibratory
used a noise generator to drive a vibratonput whereas the vibrations transmitted by
(Ling V 106, Royston — U.K.). The tip of the cardboard were measured using a Laser-
the vibrator's pestle was glued perpendicboppler-Vibrometer (LDV; Polytec OFV
ular to the cardboard at different places (sim300 sensor head, Waldbronn—-Germany)
ulating different locations of vibrating bees)which pointed to the center of the cardboard
with a drop of bees wax (Fig. 2). At eachwhere another accelerometer was attached
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and used for recording the bee’s signals duf=or each couple of vibratory input/substrate
ing the actual experiment. The noisy inputvibration output a transmission graph was
signal and the LDV signal were digitized calculated (Fig. 2) applying the programs
and stored on a PC. Fast-Fourier-TransforPIA/DAGO and DIAdem (Gesellschaft fur

mation (FFT) provided frequency spectra.Strukturanalyse mbH, Aachen—Germany).

- a
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=] -]
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> 10 100 1000 %-zo
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Figure 2. Mechanical properties of the recording box. Upper drawingto test the vibration trans-
mission of the cardboard bottom we applied a noise signal at seven different points (black dots)
using an electromagnetic vibrator and measured the vibrations transmitted to the center (cross) with a
laser doppler vibrometer. Panels 1 and 2 refer to measurements at points 1 and 2, resgctigely: (

nal input, b) transmitted vibration, ana) transmission calculated from these two measurements.
The signal is transmitted without major distortion only when applied close to the cardboard’s center.
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2.5. Signal analysis and interactions between foragers and
prospective recruits or hive bees, respec-
The recorded airborne sounds and suldively. The angles of the rotations occurring
strate vibrations were digitized with an Ana-during the runs of the foragers and after hav-
log-Digital-Converter (CED 1401, Cam- ing unloaded food were analyzed using the
bridge Electronic Design Ltd.) and storedsoftware Kreisgraphik 4 (oxalis Soft-
on a PC. The program Spike2 (Cambridgavaresysteme fur Wirtschaft und Wis-
Electronic Design Ltd.) was used to obtairsenschaft GmbH, 1998).
frequency spectra. The following signal
parameters were analyzed: (i) the duration of
the signal, (ii) the number and (jii) duration 3- RESULTS
of the individual pulses, (iv) the duration of
the intervals between the pulses and (v) the
frequency content of the signals or of its

constituent pulses. We compared the dattahe flight behavior of the bees directly at

for different feeding sites using Krustal-,[h hi i din it q
Wallis 1-Way Anova (significance level [1€ NIVE €Ntranceé and in I1s near surround-
gs we never saw any kind of following

p < 0.05). The statistics are based on th havi d ibed ot tellarisand

average of all values obtained for a specifi¢c awodr z_:\fs ejs(:tgbe L dscu € ar('ﬁ?

parameter for each respective direction ang ;, duacritasciataby Lindauer and nerr
0] nor could we see the “zigzag flight” of

distance. The correlation between the abo forager auide followed by a nestmate as

mentioned parameters and distance or direg- g d? M drifasci ¥ dM

tion to the food source was quantified by.”escrl © % - quadrifasciatandiv. nl]e:‘I

regression analysis. illae by Esch [2]. Foragers consistently flew
in a more or less straight line to the experi-
mental feeder. Recruits ®. scutellaris

2.6. Behavior outside the hive never reached the feeder together with a for-

ager. Recruits dfl. quadrifasciataarrived

We observed the bees when they left thét the feeder together with fc_;ragers in only
nest and when they arrived at the feeding® (5%) of the 330 observations.
stations. The close surroundings of the lab- For both species about 6000 approaches
oratory building allowed us to watch theof foragers at an artificial food source were
flight of the bees from the nest exit up to avatched. In only rare cases (15brscutel-
distance of 50 m. Because of the low densitjaris; 37 for M. quadrifasciaty we could
of the vegetation of the study area (mainlyobserve bees interrupting their direct return
grassland with some trees and shrubs) thepack to the hive by a short rest on a bush or
observations were easy to do. any other structure near the feeder. We do
not know whether these bees were deposit-
ing scent marks.

3.1. Behavior outside the hive

In more than 50 observation periods of

2.7. Behavior inside the hive

When analyzing the video tapes we dis- 3.2. Behavior inside the hive
tinguished foragers (marked bees trained to
an experimental feeder before the start of 3.2.1. Foragers
an experiment), prospective recruits (marked
bees later captured at the feeder during the Before offering highly concentrated sugar
experiment) and hive bees. We looked fowater (1.5 mol~1) outside the hive we
the following parameters: locomotory videotaped the recording box for 5 minutes
behavior of the foragers, behavior ofwith the foragers still collecting at a feeder
prospective recruits before leaving the hivewith 0.75 moll~1 sugar water. Within these
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5 minutes the foragers did not show anyference in our findings between the two
kind of specific behavior nor did they pro- species (STUDENT-test,p > 0.05).

duce any kind of sounds when entering the
hive. The same behavior can be found afterge
the removal of the feeder at the end of a
experiment.

In semi contact jostlinfprager and hive

e did not collide. The hive bee gave way
rZmore or less at right angle to the running
direction of the forager) to the running for-
gager which did not obviously reduce its

Jostling.As soon as a forager found an . . L
fed at an artificial food source with more SPéed and altered its running direction only

concentrated sugar water (1.5 mid) it in 40% of the cases. Due to the limited res-

exhibited agitated zigzag running upor]olution of our videos we can not say if there
returning to the hive often colliding with &S any antennal contact between forager

nestmates both before and after the unload’-nOI hive bee.

ing of food. Two different kinds of this  In full contact jostlingthe forager col-
“jostling run” can be distinguished primar- lided with a nestmate (the forager bumped
ily based on the direction of movement ofwith its head into the nestmate) and dis-
the hive bee relative to the direction of theplaced it. The hive bee moved more or less
movement of the forager (Fig. 3). We tookin the running direction of the forager. As a
36 random samples of jostling runs for eacltonsequence of the collision the running
bee species. There was no significant difspeed of the forager was reduced by 60%.

B

Figure 3. Two types of the “jostling run”. Center panel: running path of a successful forager (black

dot marks its head, the line its long axis) in the recording box after having collected at a food source

30 m away in the southeast of the hive. The position of the bees is shown at intervals & 8edvis.
contact jostlingB full contact jostling aneC unloading of foodWhite bar marks the entrance of the
hive,white dotssymbolize hive beesijnitial position of a hive bee before jostlirfgaosition of the

same hive bee when taking up the food. The pictures to the left and right were taken from a video. They

show details of the two types of jostling. The forager is markedwitlwhite dotson its thorax. The

hive bee is not marked. The position of the bees is shown at 0.04 s intervals relative to an imaginary

spot ¢€rossed dotted lineks
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20 - higher “agitation” at the beginning of each
experiment (about 10 jostles per entry). After
about 30 minutes the jostling level of the
foragers was about 3 jostles per entry. The

\ number of jostles per entry decreased expo-

10 nentially ¢ = 0.47) with the duration of the

~ experiment (Fig. 4).

%E\ Running pathin both bee species under
oT % é\% study the movement patterns of the foragers
ETLT in the hive varied considerably. A bee col-
lecting at a feeder might unload food directly
| at the hive entrance without even entering
‘ ‘ ! ! ! but run through our recording box with
0 20 40 60 8 100 120 exaggerated turnings the next time (Fig. 5).
time (min) ForM. quadrifasciatave analyzed the paths
Figure 4. Exponential decrease 0.47) of the taken by foragers within the hivél & 6,
number of jostlegmean + 1 SD) of a success- N = 64) in some detail. Clockwise and coun-
ful forager with the duration of an experiment.terclockwise turning occurred equally often.
Time 0 marks the injection of 1.5 ot sugar  No correlation could be found between the
water into the hive. mean number nor the mean angle of turn-
ings with the distance and the direction of

Furthermore the running direction of thethe food sourcep(> 0.05, Tab. I).
forager changed in 75% of the cases.

jostles of a successful forager

r=0.47

3.2.2. Rotations
To understand the functional meaning of
the jostling we observed 120 randomly cho-  After unloading their food foragers some-
sen entries of 10 different foragers oftimes rotated on the spot clockwise or coun-
M. quadrifasciatanto the hive. We found a terclockwise (in 34% of the observations in

M. scutellaris M. quadrifasciata

Figure 5. Threerunning tracesn theregistration boxof foragers upon their return to the hive.
Direction given by arrowsA M. scutellaris(collecting at a food source 30 m southwest of the hive)
andB M. quadrifasciatgcollecting at a feeder 140 m west of the hive)[] sites of contacts with
hive beess , m @ sites of food transmission.
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Table I. Number and size of turns in the running pattern of a successful fordgeqagdrifasci-
ataupon returning to the hive in relation to the distance and the direction of a food source from the
hive. The values given for the turning angle are the angle (and the radius) of the mean difference vec-
tor (difference between original and final position of the bee) + 1SD and the mean + 1SD for the nhum-
ber of turns. Food source distancB8Bm(N=2,n=6),30 m(N=3,n=5),45m(N=2,n=7),

70 m(N=4,n=7) andl40 m(N = 3,n = 8); food source directionsorth-west (N = 2,n = 10),west

(N =4,n=15) andsouth-east(N = 2,n = 6). The amount of turning and the number of turns do not
significantly correlate with either distance or direction of the food sopreé(05).

parameters distance to food source direction to food source
of turning 10m 30m 45m 70m 140 m NW S SE
angle 62°+23° 45°+56° 56°+37° 68°+43° 54°+45°  48°+33° 59°+43° 62°+41°

(0.634) (0.322) (0.416) (0.737) (0.542) (0.623) (0.528) (0.421)
number  3.8%42 62+21 5742 59:31 51+38 5261 61£22 49%51

M. scutellarisand in 28% irM. quadrifas- hive exits preceding the flight to the exper-
ciata). Clockwise and counterclockwise imental feeder.

rotation occurred equally often. We also cal- - prospective recruits do not have any kind
culated the rotation angldl& 7,n =91 for  f contact with foragers until about one hour
M. scutellaris N = 6,n = 58 forM. quadri-  pefore they leave the hive for the food
and the direction of the food source. Buihe food about 20 minutes before leaving
again no significant correlations emergechng after that they show maximum “interest”

(p>0.05, Tab. ). in the forager (Fig. 6). We compared the
] number of contacts of prospective recruits
3.2.3. Recruited bees and of randomly chosen hive bees at the

.. head region and at the thoracic and abdom-
Because we had marked the majority of 3| region of foragers. In both species
the bees in the recording box the day beforgrospective recruits (24 ofl. scutellaris
each experiment we were able to recognizgnd 43 oM. quadrifasciatjipreferably first
them individually on our video tapes. Thuscgntact the thorax and abdomen of a for-
we could observe the behavior of individu-ager whereas hive bees first contact the head
ally marked recruits before they left the hiveregion (Fig. 7). The difference between the

and were collected at the experimentatontacting behavior of recruits and hive bees
feeder. In the following we will refer to these js highly significant p < 0.01, chi-square-

bees aprospective recruits. test).

The following behavioral parameters  To see if recruits might be directly guided
were analyzed in 21 different prospectiveto a food source by a forager we observed
recruits ofM. quadrifasciatadirect contact the hive leaving behavior of prospective
with foragers, defined as an active moverecruits. In only 7 (8%) out of 58 observed
ment of the recruit towards the forager leadeases foragers left the recording box together
ing to body contact; food contact, when awith a prospective recruit. Some of the
prospective recruit takes a food samplerospective recruits never left the hive before
directly from a forager or from a hive beeflying to the experimental feeder. The mean
that in turn had taken it from a forager beenumber of hive exits of prospective recruits
leaving the recording boshrough the before leaving to the food source is 0.7
entrance as a measure for the number ¢t 0.2).
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Table II. On the spot rotations by a forager after having unloaded food in relation to the distance and the direction of a foahsthedeve. The
values given are the angle (and the radius) of the mean difference vector (difference between original and final pasitien)af #5D. (A) For

M. scutellariswe analyzed turns for food distance86im(N =2,n=4),70 m(N =3,n =29) and 420 m(N = 2,n =5) and for food directionsouth-

east(N = 3,n = 27),south (N = 3, n = 10) andsouth-west(N = 3, n = 16). (B) ForM. quadrifasciatave analyzed turns for food distancesl6fm
(N=2,n=4),30m(N=3,n=10),45 m(N=2,n=5),70 m(N = 4,n = 5) and140 m(N = 3,n = 6) and for food directionsorth-west (N = 2,n = 9),
west(N =4, n = 13) andsouth-east(N = 2, n = 6). The amount of turning does not significantly correlate with either distance or direction of the food
source > 0.05).

A — Melipona scutellaris

rotation distance to food source direction to food source
angle <
30m 70m 140 m SE S SW I
3
Melipona scutellaris 312°+57° 332°+39° 351° +33° 326° +50° 357° £49° 341° £ 45° =3
(0.501) (0.775) (0.839) (0.622) (0.634) (0.691) @
<R

B — Melipona quadrifasciata

rotation distance to food source direction to food source
angle

10m 30m 45 m 70m 140 m NW S SE
Melipona quadrifasciata 321° + 65° 352° +45° 334° +35° 342° +37° 319° +56° 356° +32° 345° +45° 352°+36°

(0.302) (0.235) (0.146) (0.354) (0.279) (0.425) (0.217) (0.316)
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Figure 6. A direct contacts (body contacts with a forager) Brfdod contacts (mean + 1 SD) of
prospective recruits dfl. quadrifasciatebefore leaving the hive for a food source. Time 0 indicates
the time when a recruit is captured at the food source.
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Figure 7. First contacts of hive bees and prospective recruits with a successful férager24

randomly chosen hive beesMf scutellaris B, B’ 24 prospective recruits M. scutellarisC, C’ 43

randomly chosen hive beesMf quadrifasciataD, D’ 43 prospective recruits M. quadrifasciata

Theblack dotsaround the bees (the foragers) represent the heads of the contactirgheaesregion
of forager,TA thoracic-abdominal region of forager.
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3.3. Airborne sound eration we analyzed only forager signals

and substrate vibration produced at those locations in the record-

ing box (i.e. near its center) where the dis-

When a successful forager returned tdorting effect of the cardboard bottom was
the hive it produced sounds which werdound to be minimal (Fig. 2).

audible even to the human ear. These sounds

X The five signal parameters we analyzed
were composed of single sound pulses.

were (i) the signal duration, (i) the number
of single pulses, (iii) the duration of these
single pulses, (iv) the duration of the inter-
yals between the single pulses and (v) the

ain frequencies contained in the signal
Figs. 9 and 10). We tested the relationship

etween these parameters and both the dis-
ance and the direction of the food source
rom the hive.

3.3.1. Melipona scutellaris

Foragers started producing sounds whil
entering the hive. This entry sound often wa;
one long continuous single pulse. When stal
ing to unload food the forager sound change
to short, intermitted pulses that continuej
after the unloading phase. In 39% of th
observations the sounds differed from this For neither Species a Signiﬁcant correla-

scheme with either short pulsed entry soundgon was found between any of the above
or long pulses during the unloading of foodmentioned signal parameters (i-v) and the
) ] distance or the direction of the food source.

3.3.2. M. quadrifasciata We find a statistically significant difference

. . (p < 0.05, Krustal-Wallis 1-Way Anova)
_ There was no continuous entry sound likgyenyeen the values for the duration of single
in M. scutellaris The foragers immediately jses and intervals at different distances
started with short intermitted pulses. In only;nq petween the main frequency compo-

24% of the observed cases sound produciants at different distances and directions
tion already started before unloading food,, '\ scutellarisand M. quadrifasciata

and in 84% it continued afterwards (Fig. 8)y\vever, because there is no systematic

We only analyzed those signals that couldelation any importance of these differences
be attributed to an individually identified for the communication of distance or direc-
forager (i.e. when only one forager was irtion is doubtful. Mean values, standard devi-
the recording box). Taking the transmissiorations and correlation coefficients of the var-
properties of the cardboard bottom (se@us parameter values are shown in Table IlI
introduction — recording box) into consid-for M. scutellarisandM. quadrifasciata

o2{ M. scutellaris

Figure 8. Substrate vibrations
produced by foragers of.

2 ds scutellarisandM. quadrifas-
ciata. Foragers oM. scutel-
laris start producing sounds

. . while entering the hive. A
os] M quadrifasciata

long, continuosus entry sound

o .15+
E (e) is followed by intermitted
0.0 .
pulses. Foragers 8. quadri-
5+ fasciataimmediately start
—_— with intermitted pulses.
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NKIA
Figure 9. Substrate vibra- E

tion produced by a forager
of M. scutellaris(collect-
ing at a food source 30 m
southwest of the hive)
within the registration box.
Top: the entire signal; bot-
tom: expanded part of
upper signal showing sin-
gle pulses.
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Figure 10. Aairborne
sound §) and simultane-
ously recorded substrate
vibration (V) produced
by a forager oM. qua-
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east of the hiveB fre-
quency spectra of the sig-
nals in A. C highest
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The large variation found in the signal strucconfirms this finding foM. quadrifasciata
ture of bees collecting at the same foocnd extends it tM. scutellaris According
source is reflected by large standard devigo Jarau et al. [5] non-directional recruit-
tions in both species and demonstrated iment goes through a maximum during the
Figure 11, taking a forager bf. scutellaris  first 30 minutes irM. scutellarisand M.
as a representative example. quadrifasciata In the present study we
The frequency spectrum of the signaldound maximum jostling activity in the same
shows up to three peaks. The main signeﬂe”Od of time. Indeed, the mean number of
frequency inVl. scutellarisis between 350 jostles in 5 minute periods correlates W|fch
and 520 Hz, iM. quadrifasciatat ranges the number of bees alarmed at the same time
from 480 up to 600 Hz. The two other peakgcollectmg bees at ;he fee_d_er and the co_ntrol
in the spectrum are higher harmonics of thé&€der, exponentially rising regression,
main frequency. Other frequencies in thd = 0.81; Fig. 12) suggesting that jostling is
spectrum are caused by other bees, which mechanism to indicate the existence of a
for example hum to cool the hive or warmfich food source and to motivate forager
up their flight muscles. Most of these fre-Pees to search for food at random.
quencies are below 350 Hz. We describe ke Nieh [13] we did not find any cor-
them as background noise. relation between the foragers’ movements
The main frequencies contained in thewithin the hive and the distance or the direc-
vibrations vary considerably even for thetion of the food source. We therefore con-
same location of the food and the same foisider it misleading to call this behavior
ager. They neither correlate with the distanc&ecruitment dance” [13] thereby suggesting
nor with the direction of the food source.an unproven relationship to the dance lan-

Airborne sound and substrate vibrationd429€ of the honeybees.
of a signal do not differ in any of the signal
parameters (an example figr. quadrifas- 4.2. Neither zigzag nor guiding flights
ciatais shown in Tab. V). We found more
low frequencies (< 350 Hz) in airborne -
sound than in substrate vibration. These fre- ](?gpkr/lary S;g;ﬁ ;gg;ﬁggﬁrtﬁiﬁﬁ aiSCh
guencies are background noise generatiné = X

> < / . : ut similar to those reported by Nieh and
by bees inside the hive (hive cooling). Also,Roubik [15] forM. panamicawe failed to

the harmonics of a signal's main frequency bserve zigzag flights of foragers in front

gaig:gti ci/ti)g;gldirl]n ?ggg;nﬁsoﬁggctigzngéf the nest entrance and in its near sur-
X q oundings inVl. scutellarisandM. quadri-

g;ttehr; ?gfgrlé?rt,edbgi it;]iucssrgg%a\rl?bPeaitg%r?asciata Judging from our experiments the
9 ‘nossibility of “personal” guidance of recruits

depending on the position of the signalingﬂ : .
g y foragers is very low indeed as foragers
bee (see example in Fig. 10B). and prospective recruits left the hive together
in only 8% of the observations. Also,

4. DISCUSSION prospective recruits left the hive never more
than once (0.7 + 0.2) before they flew out for
4.1. Recruitment by jostling a food source. Repeated guiding flights as

proposed by Esch [2] fo. quadrifasciata
On entering the hive foragershf qua- andM. merillaeare therefore to be excluded
drifasciatashow a behavior rather loosely as the mechanism to indicate direction in
described by Lindauer and Kerr [10] asour experiments. Esch found 20 to 30 guid-
“agitated running” and “jostling”. The ing flights towards a food source until a
“jostling run” we describe in the present studyrecruit actually reached it. We have no



Table lll. Properties of a vibration signal produced by a successful forager within the hive and their relationship to the distandiesatioritto a food
source. All values are means (+ 1SD). The parameters analyzed are (1) the signal duration, (2) the number of singléheutkesti(®) of these sin-
gle pulses, (4) the duration of the intervals between single pulses and (5) the main frequency component of the sighbls¢Ajéfariswe analyzed
signals for food distanc&® m(N = 2,n = 3,sp=39),70 m(N = 1,n = 3, sp= 125) andl40 m(N = 1,n = 2, sp= 79) and for the directiorsuth-
east(N=3,n=4,sp=117),south(N = 3,n =7, sp= 88) andsouth-west(N = 2,n = 7, sp= 209). (B) FoM. quadrifasciatave analyzed signals for
food distance40 m(N =2,n =5,sp=230),30 m(N =6,n=15,sp=537),45m(N=2,n=4,sp=118)70 m(N =4,n =7,sp=241) andl40 m

(N =3,n =6, sp=237) and for the directionorth-west (N = 2, n = 14, sp= 456),west(N = 5, n = 12, sp= 438) andsouth-east(N =2,n =7,
sp=279).N, number of foragersi, number of sound trailsp, number of single pulses.correlation coefficient for relation of single parameters with the
distance/direction to the food source.

A —Melipona scutellaris

distance to food source

direction to food source

signal &
parameters 30m 70m 140 m r SE S SW r 8
signal duration (s) 147 22) 125(+ 1.3) 17.2 (x2.8) 0.15 12.3(x2.2) 10.9 (x1.9) 12.3(x1.5) 0.10 :3;
number of pulses 35.17 (+ 12.2) 27.22 (+ 17.01) 31.01(+9.47) 0.14 39.03 (+18.3) 34.19(+12.01) 31.07 (+10.09) 0.20 =
duration of =3
single pulses (s) 0.2(+ 0.16) 0.16 (£ 0.15) 0.2 (x0.18) -0.02 0,20(x0.18) 0.22(x0.18) 0.21(x0.18) -0.02 %
duration of intervals (s) ~ 0.11(+ 0.11) 0.13(+ 0.09) 0.09 (+0.06) -0.14 0.09 (+0.06) 0.08 (+0.06) 0.11 (+0.11) 0.04 g.
main frequency (Hz) 432 (£ 501 (+ 22) 493 (+54) 0.13 453 (£ 49; 397 (£ 50) 395 (+35) -0.03 =
2
B —Melipona quadrifasciata distance to food source direction to food source @
signal ?
parameters 10m 30m 45m 70m 140m r NW w SE r i
D
signal duration (s) 12.52 15.17 14.79 11.72 12.82 -0.17 13.06 14.41 12.08 -0.05 .8
(£1.40) (£3.81) (£7.92) (x1.51) (£3.23) (£4.11) (x6.6) (£2.12) =
number of pulses 34,33 29.53 33.0 34.71 39.83 0.24 33.50 34.25 39.71 0.20
(£25.03) (£14.03) (+5.66) (+8.42) (+16.20) (£10.06) (x12.94) (£11.32)
duration of 0.16 0.29 . 0.22 0.18 -0.04 0.24 0.21 0.19 -0.05
single pulses (s) (£0.31) (£0.54) (£0.82) (£0.23) (£0.26) (x0.5) (x0.27) (£0.22)
duration of intervals (s) 0.15 0.16 0.1 0.11 0.11 -0.08 0.12 0.16 0.11 0.00
(£0.23) (£0.26) (£0.17) (x0.14) (x0.18) (£0.18) (£0.29) (£0.16)
main frequency (Hz) 553 566 546 562 496 -0.30 551 520 593 0.23
(£33) (£53) (£ 60) (£34) (£55) (£41) (£61) (£32)

L0T
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0.12
S oo
-0.12-
I A 1s I
0.2
N:n
[
-0.2
0.15-
~ Figure 11.Variability of
A, O the mechanical signals (top
airborne sound, bottom
substrate vibrationA and

B signals produced by the
same forager dfl. scutel-
laris, collecting at a food
source 30 m southwest of
the hivel andll beginning
and end of the signal,
respectively.

Table IV. Difference in the properties of airborne sound and simultaneously recorded substrate
vibrations produced by a foragerMf quadrifasciatéeeding 30 meters southeast of the hive. The
values given are the mean (+ 1 SPis the probability of a significant difference (STUDENHest,

p = 1 when there is no difference) of the values for identical parameters between airborne sound
and substrate vibratioignal duration(12.86 s) anchumber of pulse§6) are identical for air-

borne sound and substrate vibration.

pulse duration (s) interval duration (s) main frequency (Hz) first harmonic (Hz)

airborne sound 0.172 (£ 0.154) 0.116 (£ 0.128) 563 (+ 22) 1118 (+ 40)
substrate vibration  0.162 (+0.131) 0.113 (£ 0.126) 566 (+ 24) 1098 (+ 49)
p 0.75 0.92 0.63 0.30

explanation for the discrepancy with our37 forM. quadrifasciataout of about 6000
findings. approaches of foragers for each species,
comprising 0.25% and 0.62%, respectively)
was much too low to be of any obvious sig-
nificance for the guidance of the bees to the

Although we cannot exclude that foragerd00d source. In contradiction to our find-
that interrupted their way home on a bush oings Kerr [7] found foragers dfl. scutel-
any other structure near the feeder didaris, M. quadrifasciataandM. bicolor to
deposit a scent mark, the frequency of thipossess a communication system consist-
behavior (15 observations fiot. scutellaris  ing of a small trail of one, two or three scent

4.3. The unimportance of scent marking
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4.4. Contacting behavior
e of prospective recruits

\

Q Individual marking of the majority of the
oY% bees in the recording box on the day pre-
ceding the experiment enabled us to ana-
lyze for the first time the behavior of the
o/ bees within the hive (i.e. the recording box)
/0 before they left for the food source.

O/ So Theprospective recruitdo not have con-

tact with the food from the food source or

r=0.81  with the foragers collecting there until one
0 : . - - - hour before being captured at the feeder.

0 2 4 6 8 10 We propose that the recruits first try to get

number of jostles information about the quality of teodby

. ) _ taking up samples (maximum food contact
Figure 12.Increase of the alarming success witho minutes before being captured). They
the amount of jostling. Ordinate: total number hen try to get information about the location

of collecting bees captured at the feeder and co ;
trol feeder in the recruitment experiments byOf thefood sourcepy contacting the forager

Jarau et al. [5]. Abscissa: mean number of jostle§Maximum direct contact 10 minutes before
at the time interval when also the recruits werdeing captured).

captured. Note the exponential increase of the ; ; ;

regruitment success wFi)th the number of jostlei/I Prosgectlve; recruits &. scutellarisand

(r=0.81). . quadrifasciatgpreferably contact a suc-
cessful forager at the thoracic-abdominal
region. Michelsen et al. [11] described this
region as that part of the acoustic near field

marks. Kerr and Rocha [8] made similarof waggle dancing honeybeespis mellif-

observations foM. ruviventrisandM. com-  era) where air particle movements are most

pressipesHowever, the meaning of suchintense. Nieh [13] showed that nestmates

scent marks in communication was nofof M. panamicgreferably contact the tho-

examined in either paper, nor did they menracic abdominal region of a forager when a

tion if other foragers were attracted by theséood source offers food with sugar in high

marks. Furthermore, iM. scutellaris  concentration.

M. quadrifasciateandM. bicolorall marks

occurred within 7.5 m of the food source 4 5 Airborne sound

(majority within 4 m) when the feeder was 54 substrate vibration

placed at a distance of 20 m from the hive

[7] and inM. ruviventrisandM. compres-  |n phothM. scutellarisandM. quadrifas-
sipesall marks occurred within 8 m (on cjatathe properties of the sound and vibra-
average 4 m) of the feeder, even if its distional signals produced by foragers return-
tance from the hive was 100 m [8]. At suching from a rich food source vary to a large
close distances scent marks may be used Rxtent. This leads us to seriously doubt
newcomers to orient towards a food sourcguhether there is any information about the
atits final position, but they do not provide|ocation of a food source contained in these
a scent trail followed by recruits from the signals. We compared our findings with
nest to the food. Nieh [12] recently foundresults from the literature for similar dis-
that foragers oM. panamicacan deposit a tances. Nieh and Roubik [15] suggest Mat
scent beacon that influences the orientatiopanamicauses the duration of the pulses
of other bees near the food source (6—12 mproduced during the unloading of food to

[} w
=} o
o]

N

—
(=]
L

number of collecting bees
AN




110 M. Hrncir et al.

communicate the height of a food sourceleviation) in their data is too high (Fig. 13)
and the duration of pulses produced afteto reasonably explain the accuracy found in
the unloading of food (“dance sounds”) tothe three dimensional communication of this
communicate food distance. The “longesgpecies [14].

dance pulse” rises from 0.23 s at a food Esch [2] was the first to tape sound sig-
source distance of 0 m up to 1.86 s at a 36@als of foragers d¥l. quadrifasciatareturn-

m. However, the variation (i.e. the standardng from a food source at distances between

A Esch (1967) B Nieh & Roubik (1998)
M. quadrifasciata M. panamica
1,2 , 1,4 ,
1,0 | 1,2 4
2 o4 Z 10
= »O 1 =
2 £ 08 |
£ 06 4 £
3 < 0,6 -
2 04 2
'é ’ 5 044
02 - 5 021 ©
0,0 . . : 0,0 , . . ,
0 50 100 150 0 50 100 150
distance from the hive (m) distance from the hive (m)
C M scutellaris D M. quadrifasciata
0,5 - 15 -
0,4 |
—~ - 1,0
@ <
g 0,3 4 .E
5 e
£ 02 ¢ g 054
g0 £ : % %
2 2
2 0,1 - =
H 2 00
0,0 -
-0,5 -
0 50 100 150 0 s0 100 150
distance from the hive (m) distance from the hive (m)

Figure 13. Correlating sound/vibration duration with distance to food source; comparison of the
results obtained byA) Esch [2] forM. quadrifasciatgeach value is the average of 960—-2045 single
pulses), byB) Nieh & Roubik [15] forM. panamica4—26 single pulses) and by the present study

for (C) M. scutellaris(39—-125 single pulses) anB)(M. quadrifasciata(118-537 single pulses).
Ordinate: duration of the single pulses (mean + 1 SD) of a mechanical signal. Abscissa: distance of
the food source from the hive.
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0 mand 700 m. Judging from the sonogranscutellarisfrom his private meliponary in Uber-
he presents in his study these are obvious’%ndla — MG. We are also grateful to Sidney

the same single pulsed signals we found i ateus for his help in handling the bees. This
work was partly supported by a grant from the

M. quadrifasciataand also irM. scutellaris _ BMFWK of Austria to MH and SJ and by money
In the experiments of Esch [2] pulse durationy, e available to FGB by the Convenio between

increased with food distance in particularhe University of Sao Paulo and the University of
at relatively small distances (steepest slop®ienna.

of curve). Thus it was 0.12 s when the food
was directly at the hive entrance and 0.81 s | i
when it was 120 m away. These findingsRésume — Comportement de recrutement

were the reason for us to concentrate oufn€Z les abeilles sans aiguilloMelipona
experiments on smaller distances. Despit&cutellariset Melipona quadrifasciata

the large variability in the data of Esch [2]!l- Mécanismes éventuels de communi-
similar to that in our findings, the increase ofcation. Afin d’élucider ce que font réelle-
pulse duration with distance is statisticallyment les abeilles sans aiguilltelipona
significant. At distances larger than 120 mScutellaris et Melipona quadrifascita
(measurements up to 700 m), however, variHymenoptera, Apidae) lorsqu'elles recru-
ation further increased and it is hard to imagtent des congéneres du nid a une source de

ine how the bees can successfully deal witROUITiture, nous avons dresse trois abeilles
this [2]. In our study the mean duration of@ Venir visiter un nourrisseur situé a diverses

single pulses never exceeded 0.36 s ifistances de la ruche et dans diverses direc-
M. quadrifasciata The reason for the dis- tions. Les butineuses qui rentraient déchar-

crepancy between our data and those of Es@gaient leur nourriture a l'intérieur d'une
[2] is unclear. boite d’enregistrement installée entre I'entrée

Sound sianals of foragers produced b du nid et le nid lui-méme (Fig. 1). La, nous
9 gers p Yavons enregistré en vidéo le comportement

Qlugbhsttrr;tlés\filt?r Zti[cﬂ]:rfir?ollzzetﬁiﬁjmlégﬁd[lzs es butineuses et leurs interactions avec les
: beilles de la ruche et avec les recrues et

showed that these vibrations alarm hive beegnregistré simultanément les sons et les

of M. scutellarisand induce their flight to a vibrations qu'elles produisaient de retour

food source. Although they only describe |, : i R i
the signals produced by foragers verball)?rg?lngl#ﬁie)ur avec un sirop tres concen

as rhythmically intermitted sounds, these’, P
signals are likely the same signals we founetitir {:malyse def‘ sons et d\es V|brat|on§ a rgon’
in our study. Honeybeeg\pis melliferg € que tous les parametres mesures (. uree
use their subgenual organ (a chordotonagu signal, nombre et durée des impulsions,

. 4 : urée des intervalles entre les impulsions et
organ in the t!bla_of ee}ch leg) to detgct V'braﬁéquence orincipale dun signal 'pFigs 9 ot
tions [1]. This vibration receptor is most y i

L D 0) variaient largement (Fig. 11). Contrai-
sensitive for vibrations around 350-500 Hz1 .
[9] with response thresholds between O_Iement aux resultats de Esch [2] poir

and 0.3 mmy/s. There are no studies on vibrgli2drifasciateetM. merillaeet de Nieh et

tion sensitive organs Kelipona.However, oubik [11] pourM. panamica nous

the frequencies we found may be within thd) 2/ONS trouve aucune corrélation entre les
durées des impulsions et la distance a une

range of the bees’ sensitivity. The accelera—ource de nourriture (Fig. 13). Ni la répar-
tion values measured by us were in the range. r1g. - Nrarep
ition dans le temps ni les caractéristiques

of up to about 0.2 mn spectrales des signaux ne sont corrélées
significativement avec la distance ou la
ACKNOWLEDGEMENTS direction du nourrisseur (Tab. III).
We would like to thank Warwick E. Kerr, Outre l'indication par le son et les vibra-
who kindly provided the colony dflelipona tions de I'existence d’'une source de
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nourriture bien approvisionnée, les buti-communiquent la distance et la direction
neuses stimulent les recrues a rechercher destent toujours obscurs.
la nourriture au hasard a I'aide d’'une «

course-bousculade » (Fig. 3). Le nombre dgelipona/ abeille sans aiguillon / nour-
bousculades est corrélé au nombre d'abeillg$re / recrutement / communication

qui s’envolent (Fig. 12). sonore et vibration

Lorsqu’elles courent a travers la ruche, les

butineuses tournent et changent de direc-

tion fréiquemment. Pourtant il n'y a pas de .

« danse » indiquant la localisation de |aZusammenfassung — Rekrutierungsver-
source de nourriture et aucune corrélatiofalten bei stachellosen BienerMelipona

n’a été trouvée entre ces mouvements et s@ieutellarisund Melipona quadrifasciata.

la distance, soit la direction de la sourcdl. MOgliche Mechanismen der Kommu-
(Fig. 5; Tabs. | et II). nikation. Zur Analyse de_s; Rekrutierungs-
On peut exclure les vols en Zig_zag et |e§erhalte_ns von Sam_mlerlnnen der_staChel'
vols d’accompagnement des mécanisme§sen Bienenartellelipona scutellarisind

qui indiquent la localisation d’une sourceM. quadrifasciatavurden drei Sammelbie-
de nourriture. Les butineuses et les recrud¥en zu Futterstellen in unterschiedlichen
ne quittaient la ruche ensemble que dans 8 &ntfernungen und Richtungen vom Stock
des observations. Les futures recrues ne quiiressiert. Heimgekehrte Sammelbienen
taient jamais la ruche plus d’une fois (0,70aben ihr Futter in einer Registrierbox
+0,2) avant de s’envoler pour une sourcéAbb. 1), die zwischen dem Ausflugsloch
de nourriture, ol elles étaient capturées. Dend dem Nest installiert war, an Stockbienen
méme la fréquence du marquage olfactifib. Hier konnten das Verhalten der Sam-
était bien trop faible dans nos expériencegielbienen sowie ihre Interaktionen mit den
pour étre utilisé comme moyen de commuStockbienen auf Video aufgezeichnet und
nication de la localisation de la source d@leichzeitig der von ihnen nach der Rick-
nourriture. kehr von einer Futterstelle mit hoch-
Les futures recrues nentrent en contact avegonzentriertem Zuckerwasser (1.5 A10)

les butineuses ou avec la nourriture unI’OdUZiel’te Luftschall und die Vibrationen
celles-ci rapportent qu’environ une heurgedgistriert werden.

avant leur propre envol. Nos résultats sugbie Analyse von Luftschall und Vibratio-
gérent que les recrues obtiennent d’aborden ergab, daalle vermessenen Parame-
une information sur la qualité de la nourri-ter (Signaldauer, Anzahl und Dauer der Ein-
ture (nombre maximum de contacts alizelpulse, Dauer der Intervalle zwischen den
mentaires 20 minutes avant leur captureRPulsen, sowie die starkste Frequenzkompo-
puis une information sur la localisation de lanente eines Signals, Abb. 9 und 10) stark
source (nombre maximum de contactsariieren (Abb. 11). Im Gegensatz zu den
directs avec les butineuses environ 1&rgebnissen von Esch [2] Bdi quadrifa-
minutes avant leur capture, Fig. 6). sciatasowieM. merillaeund von Nieh und
Lorsque les futures recrues Me scutella- Roubik [15] beiM. panamicgonnte in der

ris etM. quadrifasciataétablissent le contact vorliegenden Arbeit fiiM. scutellarisund
avec une butineuse qui rapporte de la nouM. quadrifasciatakeine signifikante Kor-
riture, c’est de préférence dans la régiomelation zwischen der Dauer der Einzelpulse
thorax—abdomen (Fig. 7). und der Entfernung einer Futterquelle gefun-
Nous avons donc montré comment I'exis-den werden (Abb. 13). Weder das zeitliche
tence d'une source de nourriture bien apprdvluster noch die Eigenschaften des Fre-
visionnée était indiquée ; par contre legjuenzspektrums eines Signals korrelierten
mécanismes par lesquels les butineusesgnifikant mit der Entfernung oder der
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Richtung der Futterquelle (Tab. III).

113

stachellose Bienen / Rekrutierung /

Sammelbienen motivieren Rekruten imMechanismen der Kommunikation /
Stock mit Hilfe eines “Rempel-Laufes” Luftschall und vibratorische Signale /
(Abb. 3) zu einer ungerichteten Suche nacMelipona

der Futterquelle. Die Anzahl der Rempler
korreliert mit der Anzahl der ausfliegenden
Bienen (Abb. 12).

Laufen Sammelbienen durch den Stock, s
drehen sie sich und wechseln haufig ihr
Laufrichtung. Von einem “Tanz” zu spre-
chen, ist jedoch unangebracht, da zwischeia]
diesen Bewegungen und der Entfernung bzw.
Richtung einer Futterquelle kein Zusam—[3]
menhang besteht (Abb. 5, Tab. | und 1I).
“Zickzack-Fluge” und “Geleitflige” von
Sammelbienen kénnen als Mechanismus
zur Anzeige des Ortes einer Futterquellél
ausgeschlossen werden: Sammelbienen u?&
Rekruten verliBen den Stock in nur 8 %
der Beobachtungen gemeinsam und pro-
spektive Rekruten verlgen den Stock
durchschnittlich weniger als einmal (0,7
0,2), bevor sie eine Futterquelle anfloger{el
und dort abgefangen wurden. 7]
Prospektive Rekruten kommen mit den
Sammelbienen und dem von diesen mitge-
brachten Futter erst etwa eine Stunde vdgl
ihrem eigenen Ausflug in Kontakt. Unsere
Befunde sprechen dafur, dass Rekrute
zunachst Information Uber die Futterqua-
litat sammeln (maximale Zahl der Kontakte
mit dem Futter ca. 20 Minuten vor deml[10]
Abgefangenwerden), bevor sie dann versu-
chen, Information tGber die Lage der Futter 11]
guelle selbst zu erhalten (maximale Zah}
direkter Kontakte zu den Sammelbienen ca.
10 Minuten vor dem Abgefangenwerden,
Abb. 6). (12]
Prospektive Rekruten vav. scutellaris
undM. quadrifasciatekontaktieren bevor-
zugt die Thorax-Abdomen-Region einer[13]
erfolgreichen Sammelbiene (Abb. 7).
Wahrend durch diese Arbeit die Mechanis—[14]
men, mit deren Hilfe Sammelbienen die
blope Existenz einer Futterquelle anzeigen,
etwas klarer geworden sind, bleiben die
Mechanismen der Kommunikation von Ent-[15]
fernung und Richtung einer Futterquelle
weiterhin unverstanden.

]
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