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Abstract — This study reports on controlled experiments of the recruitment behavior and location
communication in three species of stingless bee Trigona corvina, Plebeia tica and Trigona (Tetragonisca)
angustula. We trained bees to a sugar water feeder at 50 m and placed identical control feeders either at
different distances or in different directions with respect to the nest. Both the distance and direction of the
food source were communicated very accurately in 7. corvina. In P. tica and T. angustula the direction of
the food source was communicated. In the distance experiments with P. tica, newcomers arrived mostly at
the food source nearest to the nest. Only when the control feeder had a different odor than the experimental
feeder did most recruits find the experimental feeder. We found that experienced foragers of 7. corvina and
P. tica guide recruits to the food source by means of pilot flights. We discuss the potential mechanisms that
these species may use for location communication and the implications of these differences for resource

partitioning.

communication / recruitment / pilot flights / stingless bees / Trigona / Plebeia

1. INTRODUCTION

An important aspect of animal life in social
communities is communication between mem-
bers of the group. Communication facilitates
the allocation of tasks within the group and
underlies a wide range of highly flexible and
adaptive collective behavior, including coop-
erative hunting, coordinated defense, and
group foraging. Social insects are famous for
their collective behavior in relation to nest
building, migration, defense, and especially
foraging. Many social insects collect their
food from plants whose flowers provide pollen
and nectar for a short period that ranges from
a few hours to several days. Generally, multi-
ple plant species are in flower simultaneously,
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each with different flowering and reward fea-
tures, which leads to a mosaic of foraging
opportunities that are rather ephemeral in
nature (Roubik et al., 1995). Moreover, differ-
ent species of flower visitors compete for these
rewards. This is probably the main reason why
many species of social insects have evolved
special behaviors to facilitate the search for
new food sources and the rapid exploitation of
the most profitable food sources.

The most famous example of such behavior
is the waggle dance of the honeybee (von
Frisch, 1967). This ritualized dance indicates
the location and distance of the profitable food
source from which the dancer just returned.
Many bees that follow the dance, e.g. recruits,
are able to find that particular food source in
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the field, without getting any additional infor-
mation outside the nest. Several ants, on the
other hand, rely largely or completely on infor-
mation available in the field, e.g. pheromone
trails from the nest to the food source or personal
guidance, e.g. tandem running (Holldobler and
Wilson, 1990). Both systems are efficient in
leading recruits to the food source.

Food source communication in another
group of social insects, stingless bees, consists
of a wide range of behaviors that seem to be
species-specific and range from largely within-
nest communication to largely field-based
communication (Lindauer and Kerr, 1958,
1960; Esch et al., 1965; Nieh and Roubik,
1998). An experienced stingless bee forager
may communicate the position of the food
source inside the nest by means of sound (Esch
et al., 1965; Nieh and Roubik, 1998) or in the
field by means of scent trails between nest and
food source (Lindauer and Kerr, 1958, 1960),
scent-marks near the food source (Kerr, 1994),
pilot flights from nest to food source (Esch
et al., 1965) or a combination of these (Nieh
et al., 2003). In addition, the odor of the food
source, clinging to the scout bee, provides
information on the type of food plant that is
exploited.

Controlled studies on the mechanisms and
efficiency of location communication in sting-
less bees were started by Lindauer and Kerr
(1958, 1960) and Lindauer (1956) and have
recently been taken up by several authors
(Nieh and Roubik, 1995; Hrncir et al., 2000;
Jarau et al., 2000; Aguilar and Sommeijer,
2001; Aguilar and Bricefio, 2002; Breed et al.,
2002). Species differ markedly in the commu-
nication mechanisms that they use, and thus
the comparative approach provides important
insights into the behavioural ecology of
meliponine foraging communication. This is the
main reason why we embarked on a study in
which we compare the recruitment efficiency
and behavior of several species of stingless
bee that are tested under similar conditions.

In this paper we report on three species of
stingless bees from Costa Rica: Trigona cor-
vina, Plebeia tica (Wille, 1969) and Trigona
(Tetragonisca) angustula. The following ques-
tions are addressed for each species: 1. Do for-
agers recruit nest mates to a food source? 2. Is
the distance of the food source communi-
cated? 3. Is the direction of the food source

communicated? and question 4, about a possi-
ble mechanism of communication: Do scouts
guide recruits to the food source by means of
pilot flights?

We selected these three species because
they represent bees that use different recruit-
ment mechanisms (Johnson, 1983). T. corvina
and T. (T.) angustula are close relatives, but 7.
corvina, a medium-sized bee with a large col-
ony size (>10000 workers), is an aggressive
group forager and may recruit many bees
(Johnson and Hubbell, 1974; Johnson, 1983),
whereas T. (T.) angustula, a small bee with
much smaller colonies (generally < 5000 work-
ers), is regarded a solitary forager (Johnson,
1983) and a poor recruiter (Lindauer and Kerr,
1958). The third species, P. tica, is also a small
bee with small colonies (probably mostly
< 1000 workers). It might be capable of
attracting recruits to a feeder (other Plebeia
have been found to do so, e.g. P. droryana
(Lindauer and Kerr, 1958)), although Johnson
(1983) considers Plebeia foragers to be soli-
tary. Each of these species probably uses
mainly field-based mechanisms in recruitment
that might include a pheromone trail (probably
T. corvina), deposition of a scent beacon near
the food source, the odor of the food source,
and pilot flights. Scouts of several species of
stingless bees guide recruits by partial or com-
plete piloting from the nest to the food source
(Lindauer and Kerr, 1958, 1960; Esch et al.,
1965; Esch, 1967; Kerr, 1969; Hubbell and
Johnson, 1978). Lindauer and Kerr (1958)
indicated that pilot flights might be used in
combination with scent-marks to guide recruits
to a food source (e.g. in 7. (Geotrigona) mom-
buca). Pilot flights have not been reported for
the three species studied by us.

2. MATERIALS AND METHODS

2.1. Study site and bee colonies

The experiments with 7. angustula were carried out
in Horquetas de Sarapiqui (10° 20’ N, 83° 59’ E),
and those with P. tica and T. corvina at CINAT, Uni-
versidad Nacional, Heredia, (10° 01’ N, 84° 07" E)
both in Costa Rica. For each species one colony was
used. The P. tica colony consisted of about 250 bees
and the T. angustula colony of about 1000 bees; both
were installed in a wooden observation box. The 7.
corvina colony was left in their natural exposed nest,
with a roughly estimated worker population of at
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least 4000 adult bees (because bees were not inhab-
iting an observation hive, adult population could
not be estimated very accurately). Previous studies
have confirmed that results from different colonies
of the same species are very similar (Johnson, 1983;
Biesmeijeretal., 1998; Nieh etal., 2000). Therefore,
as in previous studies (e.g. Lindauer and Kerr, 1958;
Nieh and Roubik, 1995; Aguilar and Bricefio, 2002)
we used only a single healthy colony for each of the
species in our experiments.

2.2. Sugar water feeders and training
of bees

The artificial food source consisted of a remov-
able yellow paper plate on a wooden base placed on
a 65 cm high iron stake. Plastic drinking cups were
glued to the plate and filled with a 2.0 M peppermint
scented (5 uL/100 mL) sugar water solution. This
solution is more concentrated than most naturally
collected nectar to encourage visitation by the bees.
We refilled the drinking cups before each observa-
tion, after having removed the residue of the old
solution. The feeder was placed in front of the nest
entrance and moved (with bees on it) to the final
position at 50 m from the nest as soon as one or two
bees repeatedly collected sugar water at the feeder.
We chose this short distance for testing because
these bees are much smaller than honeybees and
Melipona stingless bees and also because they have
much smaller flight range (Nieuwstadt and Ruano,
1996). Training methods were slightly different for
T. angustula because foragers could not be trained
directly to 50 m. Therefore, we moved the feeder
(with bees on it) in small steps to its final position.
At each step foragers that kept searching at the old
position were brought to the new position by picking
them up with a syringe filled with sugar solution.

The trained bees were marked individually with
dots of paint on the thorax (water based color that is
water resistant when dried up and persists for several
days). All unmarked foragers (recruits) arriving at the
feeders were captured with a suction tube, put in the
refrigerator for a few minutes to slow them down,
and then marked green to identify them as recruits
and to be able to recognize them on the following
days. They were released at the end of the day.

2.3. Experimental setup

To study the recruitment effect of individual
bees, we allowed only one to three foragers to return
from the feeder to the nest in all trials with T corvina
and P. tica. With T. angustula this method did not
work; therefore, we used more bees (2-8) per trial.
All experiments were performed in the morning of
clear days and lasted 30-60 minutes.

To eliminate site bias, we positioned the experi-
mental feeder, i.e. the training feeder, and control

feeder in different compass directions in all repeti-
tions. To avoid any effect of scent marks left by the
bees, the paper of the control feeder was replaced
with a clean one every time a bee landed on it or hov-
ered over it. When an “old recruit” (identifiable by
its green paint mark) landed on one of the feeders,
it was caught and not counted as recruit. In all exper-
iments, we compared the number of recruits that
arrived at the experimental feeder and an identical
control feeder. The only difference between the
feeders (besides their location) was that trained bees
visited the experimental feeder, but not the control
feeder. All bees were captured upon arrival at each
of the feeders, except for the trained bees. Average
wind strengths and direction were obtained from the
National Meteorological Institute, Aranjuez station,
Costa Rica (09° 56’ N, 84° 05° O).

2.4. Distance experiment

In this experiment we tested whether experienced
foragers communicate the distance of a food source
to nest mates. To this end, we positioned the control
feeder at 5 m or 40 m from the nest in the same compass
direction as the experimental feeder that was always
positioned at 50 m. If distance is communicated,
recruits should arrive more often at the experimental
feeder than at the control feeder. We performed an
additional experiment with P. tica in which the con-
trol feeder was positioned at 40 m from the nest and
filled with a 2.0 M sugar solution with a different
odor (5 uL/100 mL citrus scent) from that of the
experimental feeder.

2.5. Direction experiment

In this experiment we tested whether experienced
foragers communicate the direction of a food source
to nest mates. To this end, we positioned the control
feeder at the same distance (50 m) from the nest as
the experimental feeder, but in the opposite direction
(180° angle). In a later experiment, the control feeder
was located at the same distance (50 m) from the nest
as the experimental feeder, but at an angle of
90 degrees with respect to the experimental feeder.
If direction is communicated, recruits should arrive
more often at the experimental feeder than at the con-
trol feeder. If direction is not communicated, equal
numbers of recruits should arrive at both feeders.

2.6. Calculation of recruitment intensity
and efficiency

To compare recruitment among the species, we
calculated the recruitment intensity and efficiency for
each species in the distance and direction experi-
ments. Recruitment intensity is the total number of
recruits that arrives summed over both feeders for
each visit of a trained bee to the feeder. Recruitment
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efficiency is the percentage of all recruits that arrived
at the experimental feeder.

2.7. Pilot flights

If trained foragers guide recruits to the feeder by
means of “pilot flights”; they should arrive at about
the same time at the food source (Nieh and Roubik,
1998). To test this, we recorded the arrival times of
recruits and trained foragers at the experimental
feederin all experiments (7. corvina and P. tica only,
because T. angustula recruited too few nest mates).
Additionally, another series of observations was per-
formed following the same procedure as in the 180°
direction experiment, only without monitoring the
control feeder. Overall, piloting was recorded in 11
trials with 7. corvina and 36 trials with P. tica.

For analyses of these data we subtracted the
arrival time of the trained bee from the arrival time
of the recruit (Nieh and Roubik, 1998). Nieh and
Roubik (1998) found for M. panamicathat 8 + 4 sec-
onds was the smallest difference in the arrival times
of recruits with foragers trained to a feeder 100 m
from the nest. Based on this finding, we determined
a conservative interval between 4 seconds before
and 4 seconds after the trained forager’s arrival
within which recruits were considered to have
arrived simultaneously with the trained bee.

2.8. Statistics

We used nonparametric statistical tests through-
out because of small sample sizes, non-normal data
distributions and unequal variances. We pooled data
of multiple trials to calculate a one-tailed binomial
test for distance and direction observations (Sokal
and Rohlf, 1981; see Nieh and Roubik, 1995).
Recruitment measures were compared by means of
a Kruskal Wallis test with a multiple comparisons
test where appropriate (if more than 2 groups were
compared; Siegel and Castellan, 1988) or a Mann-
Whitney U-test (if 2 groups were compared). To ana-
lyze the distribution of arrival times of recruits in the
pilot flight tests, we used the G-test (Sokal and
Rohlf, 1981). All averages are presented as the mean
+ 1SD. We rejected the null hypothesis when signif-
icance tests indicate a one-tailed probability smaller
than the critical a-level of 0.05.

3. RESULTS

3.1. Do foragers recruit nest mates
to a food source?

Trained bees of T. corvina (colony size more
than 4000 bees) recruited on average 3.12 +2.52

L b a
f— =
P. tica

number of recruits / scout flight

T. corvina T. angustula

Figure 1. Recruitment intensity, i.e. the number of
recruits arriving at both feeders per visit of a trained
bee, for three species of stingless bees. Data are
pooled from 11 (7. corvina), 33 (P. tica), and 13
(Trigona (Tetragonisca) angustula) trials. The
mean = 1 SD is given. The value above each column
represents the results of the multiple comparisons
test performed after the Kruskal Wallis test showed
that not all groups were similar (x2=26.14,
P <0.0001).

recruits on each visit to the feeder. The recruit-
ment intensity of 7. corvina was significantly
higher than for P. tica (0.11 +0.17; colony
size 250 bees) and was significantly lower in
T. angustula (0.07 = 0.04; colony size 1000
bees) (Kruskal Wallis test: KW =26.14,
P < 0.0001 and multiple comparisons test, see
Fig. 1). Recruits of T. corvina arrived in groups
of up to 34 bees (Fig. 2b), whereas recruits of
P. tica mostly arrived alone (Fig. 2a). T. angus-
tula recruited only incidentally and mostly one
forager at a time.

Trained bees of T. corvina made 6.0 + 4.2
(n = 14) visits (which took 15 + 16 min) and
those of P. tica 9.3 £ 9.0 (n = 16) visits (which
took 24 + 18 min) before the first recruits arrived,
which is statistically not different (Mann
Whitney test; number of flights: Z =-0.19,
P =0.85; time: Z=-1.37, P=0.17).

3.2. Is the distance of the food source
communicated?

In 7. corvina, almost all recruits arrived at
the experimental feeder at 50 m when the con-
trol feeder was placed at 5 m from the nest
(110 of 114 recruits in 2 trials, binomial test
with H equal probability: P < 0.001; Fig. 3)
and all recruits arrived at the experimental
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Figure 2. Patterns of recruitment by trained indi-
vidual bees to a feeder at 50 m from the nest.
Depicted are the first 40 flights of a trained forager
to the feeder and for each flight the number of
recruits that arrived with the trained bee. Each hor-
izontal line represents the record of a single trained
bee. Black squares with a white cross indicate the
last flight that was observed for each bee. A. Plebeia
tica; a black triangle indicates that a single recruit
arrived, a black circle indicates that two recruits
arrived. Bee 1 was followed for 74 flights but no
recruits arrived after flight 40. B. Trigona corvina;
the numbers above the black triangles indicate the
number of recruits that arrived simultaneously with
the trained bee on that visit to the feeder. Bee 3 was
observed for 43 flights but no recruits arrived after
flight 40.

feeder in experiments with the control feeder
at 40 m from the nest in the same direction (73
recruits in 2 trials, binomial test: P < 0.001;
Fig. 3). This shows that the trained bee com-
municates the distance of the food source to
the recruits and that distance communication
is very efficient. The efficiency was not differ-
ent with the control feeder at 5 or 40 m (Mann
Whitney test: Z =-1.00, P =0.67). In P. tica,
recruits arrived more often at the control
feeder at 5 m from the nest than at the experi-
mental feeder (16 of 19 recruits at the control
feeder in 4 trials, binomial test: P = 0.002;
Fig. 3). However, with the control feeder at 40 m
from the nest, similar numbers of recruits

QT. corvina B P. tica

ab b‘[

.., 100 1 T
)
=
5
o 80
2
=
5
— 601
=
5
£
Z 40 a
2
&
o
2 50
0

Distance 5m Distance 40m Distance 40m new odor

Position of control feeder

Figure 3. Recruitment efficiencys, i.e. percentage of
recruits arriving at the experimental feeder, in dis-
tance experiments. The experimental feeder was
always positioned at 50 m from the nest and the con-
trol feeder was positioned in the same compass
direction from the nest, but at either 5 m or 40 m
from the nest. In additional experiments with P. tica,
the control feeder was positioned at 40 m from the
nest (and in same compass direction as the experi-
mental feeder), but was scented differently (right-
most column). Given is the mean efficiency per trial
+1SD. We performed 2, 4, 2, 5, and 8 trials respec-
tively for data in columns from left to right. The let-
ters above the P. fica columns indicate the results of
the multiple comparisons test performed after the
Kruskal Wallis test showed that not all groups were
similar (32 =10.04, P =0.007). Efficiency of T.
corvina was similar in both experiments (Mann
Whitney test: Z =-1.00, P = 0.67).

arrived at both feeders (9 of 19 recruits at the
experimental feeder in 5 trials, binomial test:
P=0.5; Fig. 3). When we used a control
feeder at 40 m from the nest with the same
sugar solution but a different odor, signifi-
cantly more recruits arrived at the experimen-
tal feeder (14 of 15 recruits in 8 trials, binomial
test P <0.001; Fig. 3). A comparison of the
three treatments reveals that with the control
feeder at 5 m, significantly fewer recruits
reach the experimental feeder than with a con-
trol feeder of different odor at 40 m (Kruskal
Wallis test: xz =10.04, P =0.007 with multi-
ple comparison test, Fig. 3). Evidently, P. tica
recruits do have information on the odor of the
food, but not on the distance of the food
source. Moreover, they seem to start searching
near the nest and so find the nearby food
source much more easily than the experimen-
tal feeder located further away. This leads to
less accurate recruitment and thus lower effi-
ciency compared to 7. corvina. In the distance
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experiments with 7. angustula, too few recruits
arrived at the feeders to allow for a statistical
analysis.

3.3. Is the direction of the food source
communicated?

In all three species significantly more
recruits arrived at the experimental feeder than
at the control feeder placed in the opposite
direction (binomial test on pooled data:
P < 0.001 for Tc (5 trials) and P < 0.004 for Pt
(8 trials), P =0.006 for Ta (7 trials); Fig. 4).
No recruits arrived at the control feeder in any
of the trials with 7. corvina (157 recruits in
total), whereas 3 of 18 P. tica recruits, and 2 of
14 T. angustula recruits arrived at the control
feeder (Tab. I).

When we positioned the control feeder at a
90° angle with the experimental feeder, signif-
icantly more recruits arrived at the experimental
feeder than at the control feeder in 7. corvina
and P. tica (binomial test on pooled data: both
P <0.001, 2 and 8 trials respectively; Fig. 4).

L. Aguilar et al.

O T. corvina P. tica B T. angustula

100 A
80 A

60 -

40 -

20 A

recruitment efficiency

Direction 180°

Direction 90°
Position of control feeder

Figure 4. Recruitment efficiency in direction
experiments. Both feeders were always positioned
at 50 m from the nest, but in different compass direc-
tions such that the angle between the feeders was
either 180° or 90°. The mean efficiency per trial +
1SDis given; 5,9, 7, 2, and 8 trials were performed
respectively for each column from left to right. Effi-
ciency is statistically similar for all groups (see text
for details).

Experimental trials of this kind with T. angus-
tula were unsuccessful.

Table I. Results of experiments testing the communication of distance and direction. The wind direction is
given in words. The position of the experimental (Exp.) and control (Ctrl) feeders are given in meters. The
average temperature and wind velocity is also given.

Plebeia tica

Trigona corvina

Position Direction Wind  Average Average Total Position  Direction Wind  Average Average Total
Trial _ Date Exp. Cul Exp.Trial times direction Km/H __tee recruits _Trial _ Date  FExp.  Cul _ Exp.  Trial times __direction Km/H _ tee recruits
Distance Distance
126899 50 5 N 11:30 1200 nome 32 265 5 117300 50 5 W 11:55 1220 E 137 194 83
230899 50 5 W 10:00  11:00 E 15 245 4 2 17300 50 5 E 13:53 1440 NE 175 192 6l
30189/99 50 5 N 1020 1120 SE 112 28 6 3014300 S0 40 W 10:55 1110 NE 151 202 40
4200099 50 5 N 915  10:15  none 29 239 4 417300 S0 40 E 1238 1350 NE 155 193 33
52658099 50 40 N 920 1120 none 3.6 240 11 Direction 180 degrees
6 30899 50 40 w 855 10:00 E 90 224 4 124100 50 50 E 10:50 1128 NE 176 232 54
7 149/99 50 40 N 927 1028 none 29 246 1 2145300 50 50 W 10:35 1055 NE 166 216 42
8 18999 50 40 N 915 10:15  SE 119 218 1 327700 50 50 NE  10:20 11:00 NE 144 228 34
9 200099 50 40 N 1019 1120 NW 86 238 2 4 24700 50 50 NE 1236 1335 NE 137 230 12
Distance-different odor 528700 50 S0 NW 952 1031 NE 126 240 15
124100 50 40 s 915 9:46 NE 158 218 2 Direction 90 degrees
2 25100 50 40 s 1330 1400 NE 198 210 1 1 31100 50 50 SE 13:40 1512 N 191 224 33
3028100 50 40 s 1128 1200 NE 169 196 1 2 42000 50 50 NE 933 1102 NE 151 209 29
429100 50 40 s 10:15 11:00 N 184 198 4
511200 50 40 N 9:41 1036 N 187 192 1
6 112000 50 40 N 1505 1535 N o202 212 1
715200 50 40 N 1020 1057 N 209 200 2
8 15200 50 40 N 1410 1447 N 230 214 3
Direction 180 degrees
1199 50 50 w1025 1125 E 86 240 1 T. angustula
2 2012/9 50 50 E 10:50 1120 NE 176 214 2 Position  Direction Wind  Average Average Total
3201099 50 50 s 10:16 1103 NW 79 233 1 Trial  Date  Exp. Ctl  Exp. Trialtimes  direction Km/H  ftc+  recruits
4 211099 50 50 s 838 915 SE 83 27 1 Distance
5 29/1099 50 50 s 10:45 1145 NW 79 22 1 1 1698 50 20 NW 815 845 none 32 279 2
6 299/99 50 50 N 1005 11:05 N 83 230 4 2 U698 S0 20  NW 934 1004 NE 47 290 5
7300099 50 50 N 1020 10:30 NO 86 214 1 3 1698 S0 20 NW 1146 12:16  NE 72 292 2
8 71299 50 50 N 1227 1300 ND ND ND I 430598 S0 30 NW 930 10:00 SE 76 281 5
9 29/11/99 50 50 s 953 10:55 ND ND  ND 6 5 3/6/98 50 30  NW 1158 1228 NE 97 3Ll
Direction 90 degrees 6 3/698 50 30 NW 1344 1414 NE 104 318 1
131899 50 50 w 9:40  10:40 E 72 236 2 7 3/6/98 50 30 NW 1122 1152 NE 86 312 1
22999 50 50 w 923 1023 E 1o 217 1 Direction 180 Degrees
3171219 50 50 E 9:45 1046  NE 155 222 1 1 10/898 50 50  ES 1020 1050 N 79 297 4
4201209 50 50 s 10:15 1045 E 108 216 1 2 10898 50 50  ES 1100 11:30 NE 76 295 4
521199 50 50 s 10:30 1100  NE 108 220 1 310898 50 50 ES 1140 1210 NE 100 283 2
6 81199 50 50 s 943 10:46  NW 72 217 2 4 14898 S0 50 NW 1020 10:50  NE 162 280 1
7 131299 50 50 N 1036 1106 ND ND ND 34 5 14/8/98 S0 50 NW 1105 1135 NE 180 289 1
8 3012099 50 50 N 1020 1050 NE 173 174 2 6 24/898 50 50 NW 1225 1255 NE 112 305 1
725898 50 S0 NW 830 900 SE 62 271 1
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Figure 5. Comparison of arrival times of recruits and trained bees in trials with 7. corvina (white columns)
and P. tica (dark columns). Data are pooled from 11 and 36 trials respectively. Each column represents an
eight-second-time interval, except the most extreme column on each side that represents all data more
extreme than the value indicated. A time difference of O s (interval from —4 to 4 s) represents the recruits
that arrived at the same time as the trained bee. Negative values indicate that recruits arrived before the trained
bee; positive values indicate that recruits arrived after the trained bee. Total numbers of recruits depicted

are 489 for T. corvina and 114 for P. tica.

The recruitment efficiency was similar in
180° and 90° experiments for 7. corvina and
P. tica (Fig. 4), and also for all three species in
the 180° experiments (Kruskal-Wallis test:
x2 = 1.07, P = 0.59) and both species in the 90°
experiments (Mann Whitney test: Z =-1.17,
P =0.52; Fig. 4).

3.4. Are recruits guided by means
of pilot flights?

We recorded the exact arrival times of the
trained bees and the recruits in the distance
and direction experiments with P. tica and T.
corvina, and additional trials with P. tica (In
total: T. corvina: 11 trials, P. tica: 36 trials).
The vast majority of the recruits arrived at the
same time, i.e. between 4 seconds before and 4
seconds after the arrival of the trained bee
(Fig. 5; P. tica: 78.1% of 114 recruits; T. cor-
vina: 87.5 % of 489 recruits). Significantly
more recruits than expected arrive with the
pilot bee (G-test for homogeneity, Hj = equal
numbers before, with, and after pilot bee: T.
corvina, G=501.9, P <0.001; P. tica, G =98.3,
P <0.001). Arrival patterns are similar in both
species (G-test for independence, 3 categories
before, with, after arrival of pilot bee:
G=192,P>0.1).

With T. corvina, recruits arrived in groups
(see also Fig. 2a). The group of recruits gener-

ally came flying in right behind the trained
bee. The recruits hovered over the feeder table
and did not land till the trained bee had landed.
A few minutes before landing, the trained bee
started making short flights from the feeder
into the direction of the cloud of recruits that
could be seen at some distance from the feeder
table. During this period the trained bee also
landed on the soil and vegetation between the
recruits and the feeder. She rubbed her mandibles
and dragged her abdomen over these substrates,
and in doing so she probably left scent-marks
(Lindauer and Kerr, 1958). Some recruits from
the cloud then landed on these spots and
started to perform a similar “scent marking”
behavior.

We recorded two groups of recruits (30 and
13 bees) that did not follow a trained bee the
entire distance to the food source. It is not
known what factor, e.g. strong wind or scout
bee got lost, caused these groups to arrive on
their own.

The trials with T. angustula rendered a total
of 30 recruits, of which 11 arrived at the control
feeder. This suggests that recruits are not guided
to the food source by means of pilot flights.
However, we did not record the exact arrival
times of the remaining 19 recruits in relation to
the arrivals of the small group of trained bees
that we used. Therefore, the absence of partial
piloting cannot be confirmed.
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4. DISCUSSION

4.1. Recruitment intensity

All three species recruited newcomers to
the feeders. However, recruitment intensity of
T. corvina was on average 30 times higher
than that of P. tfica and about 45 times higher
than that of 7. angustula (Fig. 1). The 50 m dis-
tance from the nest at which we positioned the
experimental feeder is well within the flight
range of all three species (Nieuwstadt and
Ruano, 1996) and the food source we offered
was of very high quality. Therefore, we may
assume that our observations accurately repre-
sent species-specific differences in recruit-
ment intensity. Relatively low recruitment
intensity has been reported for several other
species (7. iridipennis; Lindauer, 1956, Tab. III):
0.08 recruits per trained bee flight with feeder
at 1 m distance; T. carbonaria (Nieh et al.,
2000): 0.27 newcomers per trained bee flight
with feeder at 150 m; M. panamica (Nieh and
Roubik, 1995): 5 recruits in about 500-1500
trained bee flights with feeder at 100 m). Our
data confirm the finding of Lindauer and Kerr
(1958) that T. angustula is a very poor
recruiter. Moreover, P. tica does only slightly
better, which corresponds to P. droryana stud-
ied by Lindauer and Kerr (1958). Johnson
(1983) identifies both T. angustula and a Ple-
beia species (P. frontalis) as solitary foragers,
i.e. poor recruiters. Our data show that P. tica
is a better recruiter than 7. angustula, although
only single recruits arrived with considerable
intervals at the feeder (Fig. 2a). T. corvina,
however, is characterized as an ‘extirpator’
(Johnson, 1983), i.e. a group forager with mas-
sive recruitment to a specific place that chases
its rivals off the food source. Our study shows,
in a controlled experiment, that a single for-
ager of T. corvina is capable of recruiting
numerous recruits to a food source (Fig. 2b).

4.2. Direction and distance communication

The three species we studied differed mark-
edly in their indication of direction and distance
of the food source. T. corvina communicated
distance and direction very precisely. The vast
majority of the recruits found the experimental
feeder even with the control feeder much closer
to the nest (Fig. 3). This behavior is similar to
that of T. ruficrus and Scaprotrigona postica
(Lindauer and Kerr, 1958; Figs. 6, 7).

Plebia tica, on the other hand, directs most
newcomers in the right direction (Fig. 4), but
not to the exact distance of a food source (Fig. 3).
In fact, more than 80% of the recruits found
the control feeder placed very close to the nest.
Food odor clearly plays a key role in searching
by recruits, because a control feeder with scent
different from the training scent is found much
less than one with the training scent (Fig. 3).
Plebeia tica behaves different from its conge-
ner P. droryana, which does not communicate
direction (Lindauer and Kerr, 1958; Fig. 5).
On the other hand, T. carbonaria (Nieh et al.,
2000) behaves very similar and newcomers
arrive at the right direction, but mostly on the
closest of the feeders. Our data suggest that in
P. tica the similarity in food odor between the
training and control feeders is responsible for
the discovery of nearby food sources that are
not visited by trained bees.

The poor recruitment of 7. angustula con-
strained the distance experiments. We found,
however, clear evidence for direction commu-
nication (Fig. 4). This is in contrast to the sug-
gestion of Lindauer and Kerr (1958) that this
species only uses a general alarming of recruits
without any communication of the location of
the food source. At the time of our study, a nat-
ural pollen source, Cyperus rotondus, was
available near the 7. angustula nest. This may
have led to a general alarming about the pres-
ence of a food source, and thus may have lim-
ited the recruitment to our feeders.

4.3. What are the mechanisms for the
indication of distance and direction?

Our experiments show that the majority of
the recruits in 7. corvina and P. tica arrive at
the feeder at the same time as the trained for-
ager (Fig. 5). This suggests that scout bees
guide newcomers by means of pilot flights the
entire distance from the nest to the feeder.
General alarming by means of sound and ran-
dom zig-zag running (Lindauer and Kerr,
1958) and learning of the food odor inside the
nest, complemented with piloting between
nest and food source may be the mechanism
that P. tica uses in food source location com-
munication. It may work as follows: recruits
follow the experienced forager outside the
nest, but start searching for the food source as
soon as they perceive the food odor they
learned from the experienced forager inside
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the nest. In this way, they will find the same
kind of food that the experienced forager
found, but most likely the flower patch nearest
to the nest in the same direction as the patch of
the experienced bee. Our finding that a control
feeder 10 m closer to the nest than the experi-
mental feeder was found by similar numbers
of recruits may indicate that near the control
feeder some recruits started searching for that
feeder, whereas others continued to follow the
pilot to its food source.

Piloting can explain the arrival of one or
two recruits together with the experienced for-
ager, as in P. tica, but can it explain the arrival
of large groups of recruits in 7. corvina?
Another species that uses piloting to guide
groups of recruits to a food source, Scaptotrig-
ona postica, additionally deposits a scent trail
from the nest to the food source (Lindauer and
Kerr, 1958). Although we eliminated scent-
marks (including foot print) at the feeder as an
orientation cue by regularly replacing the visited
feeder with a clean one, the behavior of the
experienced bees away from the feeder suggests
that a scent trail may be used by T. corvina. Like
the S. postica trail-layer, T. corvina recruiters
made several short visits to the feeder and each
time flew in the direction of the nest just
before a group of recruits arrived at the feeder.
Moreover, her behavior on the soil and vegeta-
tion near the feeder was similar to the scent-
marking behavior described by Lindauer and
Kerr (1958). Newcomers normally landed at
the feeder only when an experienced bee was
present although most of the time scent-marks
were probably present on the soil and vegeta-
tion. The few groups of recruits that arrived
without a pilot bee (easily identifiable by its
thoracic paint mark) spread out in the neigh-
borhood of the feeder and took a long time
before they landed on the feeder. This con-
firms that local enhancement plays a role in
landing decisions of newcomers (Slaa et al.,
2003). Whether T. corvina uses a scent trail to
bring recruits to a food source is currently
under study.

4.4. Why are these species different
in recruitment and location
communication?

The wide range of recruitment communication
strategies found in stingless bees makes them
an excellent group to study the effect of coop-

erative foraging strategies on resource parti-
tioning in closely-related species. The simpler
mechanisms, e.g. general alerting and piloting,
have been regarded as more primitive than the
more complex mechanisms that involve location
communication (Lindauer, 1956; Lindauer
and Kerr, 1958, 1960; Nieh et al., 2000). How-
ever, up to several dozen species that use dif-
ferent communication mechanisms tend to share
most tropical habitats. This suggests that dif-
ferent strategies might be better seen as com-
plementary and as adaptations to the exploitation
of different food sources (Johnson, 1983; Slaa
et al., 1997; Slaa, 2003). One factor that may
influence the communication mechanism is
colony size (Lindauer and Kerr, 1958). Spe-
cies with large colonies, e.g. T. corvina, might
benefit more from directing their foragers to
the best food sources than species with smaller
colonies because if all foragers from a large
colony start searching randomly for food
around the nest they will compete especially
with their nest mates. Moreover, even if loca-
tion communication is costly (in time spent
recruiting or pheromone production) and not
very efficient (e.g. Melipona panamica (Nieh
and Roubik, 1995) and honey bees (Seeley,
1983)), sending out large numbers of recruits
almost guarantees that at least some will find
the excellent food source. Species with small
colonies, e.g. P. tica and T. angustula, do not
have enough foragers to guide recruits to the
best food sources in their large flight range or
to defend a food source against stronger rivals
(Johnson, 1983; Slaa, 2003). If defending
excellent food sources is beneficial (Johnson and
Hubbell, 1974; Johnson, 1983), large colonies
with more accurate location communication
mechanisms would increase their harvest com-
pared to similar species with less accurate
communication. It is likely that the most accu-
rate mechanism is laying a scent trail in com-
bination with piloting (Lindauer and Kerr,
1958), which is probably used by T. corvina.
This leads to a rapid increase of bees at the
exact location (Figs. 3 and 4) and monopoliza-
tion of the food source (Johnson, 1983; Slaa,
2003). The disadvantage of this strategy is evi-
dent, as equally profitable food sources available
closer to the nest, and thus at lower exploita-
tion costs, are bypassed completely (Fig. 3).
The “less advanced”, less accurate mechanisms,
render better results under such conditions,
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because similar food sources nearer to the nest
are found easily and exploited at lower cost
than the far away food source communicated
by the scout bee.

It is not completely clear to what extend dif-
ferences in individual foraging behavior, e.g.
local enhancement (Slaa et al., 2003), and in
collective foraging, e.g. location communica-
tion (Lindauer and Kerr, 1958; Nieh and
Roubik, 1995; this study) and aggressiveness
(Johnson and Hubbell, 1974; Slaa, 2003), lead
to general differences in resource use. Johnson
(1983) identified four solitaries and four group
foraging strategies of stingless bees and has
some indication that these differences in strat-
egies allow them to share resources by exploit-
ing them at different times or different spatial
densities. Further study may reveal whether the
differences in recruitment intensities and loca-
tion communication that we reported here for
T. corvina, P. tica and T. angustula consist-
ently lead to differential resource use.
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Résumé — Recrutement et communication de la
localisation de la source de nourriture chez trois
especes d’abeilles sans aiguillon (Hymenoptera,
Apidae, Meliponinae). Les mécanismes de com-
munication au sein des abeilles sans aiguillon est treés
variable, aussi I’approche comparative est elle inté-
ressante pour étudier I’écologie comportementale de
lacommunication du butinage chez les Meliponinae.
Nous avons analysé le comportement de recrutement
etles systémes de communication chez trois espéces
d’abeilles sans aiguillon (Trigona corvina, Plebeia
tica and Trigona (Tetragonisca) angustula) en rela-
tion avec la localisation de la source de nourriture.
Nous avons dressé des abeilles a visiter un nourris-
seur de sirop de sucre situé a 50 m et nous avons placé
des nourrisseurs témoins identiques a des distances
ou dans des directions variées par rapport au nid.

Nous avons montré que la distance comme la direc-
tion de la source de nourriture étaient communiquées
tres précisément chez T. corvina. Chez P. tica et
T. angustula, seule la direction est communiquée.
L’intensité du recrutement était élevé chez 7. cor-
vina ((3,12 £2,5 recrues par vol d’éclaireuse) et bien
plus faible chez P. tica (0,11 £0,17) etchez T. angus-
tula (0,07 = 0,04) (Fig. 1). Dans les expériences sur
la distance avec P. tica, les nouvelles venues sont
principalement arrivées sur le nourrisseur le plus
proche du nid. Ce n’est que lorsque le nourrisseur
témoin avait une odeur différente du nourrisseur test
que la plupart des recrues ont trouvé celui-ci.
T. angustula a recruté trop peu de recrues dans les
expériences sur la distance pour tirer quelle que con-
clusion que ce soit. Chez les trois especes les recrues
sont arrivées en nombre significativement plus
grand sur le nourrisseur test que sur le nourrisseur
témoin placé dans la position opposée (test binomial
sur les données groupées: P <0,001 pour Tc
(5 essais) et P < 0,004 pour Pt (8 essais), P = 0,006
pour Ta (7 essais) ; Fig. 4). Lorsque nous avons placé
le nourrisseur témoin a 90° par rapport au nourris-
seur test, les recrues sont arrivées en nombre signi-
ficativement plus grand sur le nourrisseur test que
sur le nourrisseur témoin chez T. corvina et P. tica
(test binomial sur les données groupées : P < 0,001,
2 et 8 essais respectivement ; Fig. 4).

Nous avons enregistré les heures exactes d’arrivée
des abeilles dressées et des recrues dans les expériences
de distance et de direction avec P . tica et T. corvina
et dans des essais complémentaires avec P. tica (au
total 11 essais avec Tc et 36 essais avec Pr). La
grande majorité des recrues arrivait en méme temps,
i.e. entre 4 s avant et 4 s apres 1’arrivée de I’abeille
dressée (Fig. 5 ; Pt: 78,1 % de 114 recrues ; Tc :
87,5 % de 489 recrues). Ce résultat suggere que les
abeilles éclaireuses pilotent les nouvelles venues sur
toute la distance du nid au nourrisseur.

La gamme étendue des stratégies de communication
du recrutement que I’ on trouve chez les abeilles sans
aiguillon fait de ce groupe un excellent modele pour
étudier I'influence des stratégies coopératives de
butinage sur le partage des ressources chez des espe-
ces étroitement apparentées. Les mécanismes les
plus simples, tels que 1’alerte et le pilotage, ont été
considérés comme plus primitifs que les mécanis-
mes plus complexes qui impliquent la communica-
tion de la localisation (Lindauer, 1956 ; Lindauer et
Kerr, 1958, 1960 ; Nieh et al., 2000). Pourtant sous
les tropiques, plusieurs douzaines d’especes utilisent
des mécanismes de communication variés et se par-
tagent la plupart des habitats. Cela suggere qu’il vaut
mieux considérer les différentes stratégies comme
étant complémentaires et comme des adaptations a
I’exploitation de différentes sources de nourriture
(Johnson, 1983 ; Slaa et al., 1997 ; Slaa, 2003).

abeille sans aiguillon / communication /
recrutement / vol pilote / Trigona / Plebeia
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Zusammenfassung — Rekrutierung und Kommu-
nikation der Position von Futterquellen bei drei
Arten von Stachellosen Bienen. In dieser Arbeit
untersuchten wir das Rekrutierungsverhalten und
die Kommunikationssysteme bei drei Arten von Sta-
chellosen Bienen (Trigona corvina, Plebeia tica und
Trigona (Tetragonisca) angustula) in Bezug auf die
Lokalisierung der Futterquelle.

Wir trainierten Bienen auf eine 50 m entfernte Fut-
terquelle mit Zuckerwasser und stellten identische
Futterquellen in unterschiedlichen Entfernungen
oder unterschiedlichen Richtungen vom Nest auf.
Wir konnten zeigen, dass T. corvina sowohl die Ent-
fernung als auch die Richtung der Futterquelle sehr
genau anzeigt, bei P. tica und T. angustula hingegen
wurde nur die Richtung der Futterquelle mitgeteilt.
Die Rekturierungsintensitit war bei 7. corvina hoch
(3,12 £ 2,5 rekrutierte Bienen pro Suchbiene) und
war wesentlich niedriger bei P. fica (0,11 +£0,17) und
auch bei T. angustula (0,07 £ 0,04) (Abb. 1). In den
Entfernungsexperimenten mit P. fica kamen die
meisten rekrutierten Bienen zu der am néchsten zum
Nest hin plazierten Futterquelle. Nur wenn die Kon-
trollfutterquellen einen anderen Duft hatten als die
korrekte Futterquelle, kamen die meisten Rekruten
zum korrekten Futterplatz. In den Experimenten mit
T. angustula war die Zahl der rekrutierten Bienen in
den Entfernugnsexperimenten zu niedrig, um zu
konkreten Schlussfolgerungen zu kommen. Bei
allen drei Arten kamen signifikant immer mehr
rekrutierte Bienen an der korrekten Futterquelle an
als an der in der entgegengesetzten Richtung plazier-
ten Kontrollfutterquelle (Binomialtest fiir gepoolte
Daten: P < 0,001 fiir 7c (5 Experimente), P < 0,004
fir Pt (8 Experimente) und P =0,006 fiir Ta
(7 Experimente); Abb. 4). Wenn die Kontrollfutter-
quelle in einem 90° Winkel zur korrekten Futter-
quelle plaziert war, kamen bei 7. corvina und bei P.
tica signifikant mehr rekrutierte Bienen zur korrek-
ten Futterquelle als zum Kontrollplatz (Binomialtest
fiir gepoolte Daten: in beiden Fillen P < 0,001 bei
2, bzw. 8 Experimenten; Abb. 4).

Sowohl bei den Entfernungs als auch den Richtungs-
experimenten mit P. fica und T. corvina, sowie bei
einigen zusitzlichen Experimenten mit P. tica (ins-
gesamt 11 Experimente fiir 7c und 36 Experimente
fiir Pt), registrierten wir die genauen Ankunftszeiten
der trainierten und der rekrutierten Bienen. Die
grosse Mehrzahl der rekrutierten Bienen kam zum
gleichen Zeitpunkt an, d.h. 4 Sekunden vor, bzw.
nach der trainierten Sammlerin (Abb. 5; 78,1 % der
114 rekrutierten Bienen bei Pt und 87,5 % der 489
rekrutierten Bienen bei T¢). Dies weist darauf hin,
dass die Suchbienen die rekrutierten Bienen mittels
Pilotfliigen iiber die gesamte Distanz zwischen Nest
und Futterplatz fiihren.

Die breite Skala der Kommunikationsstrategien fiir
die Rekrutierung von Sammlerinnen bei Stachello-
sen Bienen macht diese zu einer hervorragenden
Gruppe fiir Untersuchungen zum Effekt kooperativer
Sammelstrategien im Hinblick auf die Ressourcen-
aufteilung bei nahverwandten Arten. Die einfache-

ren Mechanismen, z.B. allgemeine Aufregung und
Pilotfliige, werden als urspriinglicher angesehen als
die komplexeren Mechanismen, die die Kommuni-
kation der Position von Futterquellen beinhalten
(Lindauer, 1956; Lindauer und Kerr, 1958, 1960;
Nieh et al., 2000). In den Tropen benutzen jedoch
mehrere Dutzend Arten unterschiedliche Strategien
und teilen sich die meisten Habitate. Dies weist
darauf hin, dass die unterschiedlichen Strategien
besser als komplementir angesehen werden sollten
und als Adaptationen an die Ausbeutung unterschied-
licher Futterquellen (Johnson, 1983; Slaa et al.,
1997; Slaa, 2003).

Stachellose Biene / Kommunikation /
Rekrutierung / Pilotflug / Trigona / Plebeia
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