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Summary — Foragers of Trigona species were trained to artificial feeders associated with either
yellow or blue colors, and the bees learned to associate the visual cues with a food reward. While
feeding, foragers marked the plastic dishes with odors, which were later recognized by their nest-
mates. Odors left by foragers from different colonies of a single species elicited a positive response,
while odors left by foragers of a different species elicited no noticeable response.

Trigona / learning / conditioning / visual cue / olfactory cue

INTRODUCTION

The simultaneous use of color and odor
cues at feeders by Apis mellifera foragers
has been widely studied (von Frisch,
1967). Although one might expect the so-
cial Meliponini to have similar capabilities,
information on their use of odor and color
cues in foraging is scant. The use of odor
trails in nestmate recruitment has been
demonstrated for many species of Trigo-
na, but has not been found in Melipona
{von Frisch, 1967). Conditioning to color
at artificial feeders was demonstrated in
Melipona (Pessotti, 1981; Pessotti and
Carli Gomes, 1981), and conditioning to
colors at the entrance of a Trigona nest
was shown by Lutz (1933). We evaluated
the use of color and odor cues by foragers
at feeders for several species of Trigona.

* Correspondence and reprints.

MATERIALS AND METHODS

Two colonies of T angustula (previously known
as T jaty) and 1 colony of T mexicana at La
Selva Biological Station in Sarapiqui, Heredia,
Costa Rica, were trained to artificial feeders.
Drops of unscented 40% sucrose solution at
the tip of a 25-pl capillary tube were presented
at the entrance to the colony, and workers were
allowed to feed for several min. Once at least 5
workers were trained to feed from the capillary
tube, a plastic Petri dish containing a small
amount of syrup was held at an angle touching
the nest entrance such that workers could crawl
over the feeder. After several workers had fed
from the Petri dish, it was moved a short dis-
tance away from the entrance of the nest, so
that workers had to fly to the dish in order to
feed. The dish was slowly moved further away,
in steps of approximately 25 cm every 5 min,
untif it was placed on a table approximately 2 m
distant from the nest entrance.
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Once bees were regularly visiting the feeder
tables, squares of either yeliow or blue cons-
truction paper were placed beneath the transpa-
rent sugar-containing dishes. The yellow and
blue were similar in brightness, as measured by
a camera light meter. Each colony was as-
signed 1 color, which was consistently offered
with the sugar syrup. One T angustula colony
was frained to yellow, the other to blue. The T
mexicana colony was trained to blue. Prelimina-
ry trials indicated that foragers left odors on the
dishes while feeding, so some subsequent trials
incorporated odor cues as well. Once foraging
had taken place for at least 3 h, discrimination
tests which evaluated the bees' responses to
various combinations of color and odor cues
were carried out.

In all trials the bees were presented with a
pair of dishes placed approximately 20 cm apart
on the feeder tables. For the color trials, the
paired dishes presented different combinations
of trained and untrained colors. For the ftrials
which incorporated odor cues, clean (unused)
and odor-marked (from previous visits) dishes
were used in various combinations with the
colors. During all trials, the sugar solution was
replaced by water. A dish containing sugar
syrup was placed on the table for at least 10
min between each trial so as not to lose poten-
tial foragers.

To test whether bees responded to the odor
marks of non-nestmate conspecifics, dishes
marked by foragers from 1 colony of T angustu-
la were used in trials with the other colony. To
evaluate the bees' response to odors from a dif-
ferent species, a dish heavily marked by T pec-
kolti (a third species whose foragers found 1 of
our feeders) was used in a trial with experien-
ced T angustula foragers.

To evaluate the responses of untrained
bees, all experienced T mexicana foragers were
netted at the feeder. To assess the bees' color
preferences, arriving new recruits were presen-
ted with a choice of both colors, without odor. In
order to test the importance of odor cues in the
absence of trained color, the untrained T mexi-
cana foragers were given a choice between a
clean dish and a dish marked with their own
odor.

For all trials, the likelihood of obtaining the
observed visitation rate was calculated for a

theoretical distribution of equal probability for al-
ternate events. A binomial distribution was used
when total number of visits ranged from 4 to 25,
and a normal distribution when visits were > 25.

RESULTS

Color trials (table I)

T angustula foragers trained to yellow,
when offered a choice of 2 odorless yellow
dishes, visited them in equal numbers. Fo-
ragers trained to a given color preferential-
ly visited the training colored dish when of-
fered a choice of both colors with odorless
dishes. Foragers from the T angustula co-
lony trained to yellow visited the yellow
dishes significantly more than they did the
blue dishes, and, conversely, foragers
from the colony trained to blue significantly
favored that color. Position of the test
dishes on the table did not appear to affect
the outcome of these trials.

Table I. Color trials: number of landings by trai-
ned Trigona angustula foragers during 5 min
periods. The color to which the foragers were
trained is indicated. The colors associated with
the dishes are indicated as T (training color) or
U (untrained color). Left and Right indicate posi-
tion on the feeder table.

Training color Dish Probability
Left  Right
Yellow 26T 20T 0.230
Yellow 65T 10U < 0.001
Yellow 4U 777 < 0.001
Blue 15T ou < 0.001
Blue ou 8T 0.046




Observations on the use of visual and olfactory cues by Trigona spp foragers 543

Color and odor trials (1able II)

When trained T angustula foragers were
offered a choice between their training
color in association with odor markings left
by nestmate foragers, and the same color
without any odor, they landed more fre-
quently on the dish with the odor. When fo-
ragers were offered a choice between their
training color without odor, and their non-
trained color with odor markings, they lan-
ded more frequently on the dish with the
odor, even though it was presented with
the non-training color.

Table ll. Color and odor trials: number of lan-
dings by trained Trigona angustula foragers du-
ring 5 min periods. Test dishes offered various
combinations of color and odor. The options are
indicated as: training color (T), untrained color
(U), markings by nestmates (Odor), clean dish
(No odor).

by foragers of another species (T peckolti),
all visits were to the dish with the nestmate
odor.

Table Iil. Nestmate and non-nestmate odor tri-
als: number of landings by trained Trigona an-
gustula foragers during 5 min periods. Test
dishes offered trained color with different odor
choices.

Odor choice Probability
No odor Nestmate odor
2 20 < 0.001
No odor Other T angustula colony
20 76 < 0.001
Nestmate odor  Other species (T peckolti)
4 0 0.062

Training color Dish Probability
Odor No odor
Blue 20T 27 < 0.001
Yellow 53T NIT < 0.001
Yellow 39T 2U < 0.00t
Yellow 48U 6T < 0.001
Yellow 67U 3T < 0.001

Nestmate and non-nestmate
odor-trials (table iii)

When foragers from the T angustula colo-
ny trained to yellow were offered a choice
between 2 yellow dishes, 1 without odor
and the other marked with odor from the
other T angustula colony, their responses
were similar to those in which the odor
came from their own colony. When the
bees were offered a choice between a dish
marked by nestmates and a dish marked

Untrained responses (table 1V)

An untrained cohort of T mexicana visited
odorless yellow and blue colored dishes in
equal numbers, but went exclusively to the
dish previously visited by conspecific fora-
gers when presented with 2 blue dishes.

Table IV. Untrained responses: number of lan-
dings by a recruited but untrained cohort of Tri-
gona mexicana foragers during 5 min periods.
The combinations of cues on the dishes are indi-
cated.

Color and odor choice Probability
No odor: Blue Yellow
13 14 0.427 .
Blue color: Odor No odor
13 0 < 0.001
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CONCLUSIONS

Our results demonstrate that both color
and odor cues are important in Trigona fo-
ragers' decisions to visit feeders. The bees
can clearly learn to associate color with a
food reward, in the absence of odor cues,
and conversely, can respond to odor cues
in the absence of, or in contradiction to,
color cues. In nature, floral odors may pro-
vide the foragers with another cue, opera-
ting at short or long distances.

That a group of untrained foragers did
not discriminate between yellow and blue
feeders suggests that these bees did not
have a strong learned or innate preference
for either color. That these same bees
showed a clear preference for the odor-
marked feeder, in the absence of color
cues, indicates that the foragers' marking
of nectar sources provides a cue for later
visitors.

The fact that the bees responded to
odor markings left by conspecific, non-
nestmate foragers, suggests that the vola-
tile compounds or blend of compounds
which comprise forager marks may be
species-specific. Species-specific recogni-
tion of volatiles was shown by Weaver et
al (1975), who found that 3 Trigona spe-
cies varied in their defensive responses to
different concentrations of the most com-
mon components of Trigona madibular
glands.

While Trigona spp foragers are impor-
tant floral visitors, both as legitimate poli-
nators and as nectar and pollen thieves,
surprisingly little is known about the cues
that the bees use in locating flowers. This
study has shown that Trigona foragers
make use of color cues as well as odor
markings left by earlier foragers. Further
research is needed to clarify a number of
other questions, including the role played
by floral odors, the possible existence of

innate color preferences, and the species-
or colony-specificity of odor marks.
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Résumé — Observations sur |'utilisa-
tion de signaux visuels et olfactifs par
les butineuses de Trigona spp. Des buti-
neuses de 3 espéces de Trigona ont été
conditionnées a des sources artificielles de
nourriture en association avec des cartes
de couleur jaune ou bleue et les abeilles
ont appris a associer les signaux visuels a
une récompense constituée par de ia nour-
riture. En outre, les butineuses ont effectué
des marquages odorants sur les plats visi-
tés. Les tests de choix comportaient 2
paires de nourrisseurs; des combinaisons
des signaux testés étaient associées a
chaque nourrisseur.

Chez 2 colonies de T angustula condi-
tionnées l'une au bleu, I'autre au jaune, les
butineuses ont préféré de fagon significa-
tive la couleur de conditionnement parmi
les 2 couleurs proposées. Lorsqu'on a of-
fert aux 2 colonies des choix combinant les
2 couleurs avec des plats nouveaux et des
plats marqués olfactivement (visités aupa-
ravant par des congénéres), les signaux
couleur et odeur ont semblé se renforcer
lorsqu'ils étaient présentés ensemble.
Quand la couleur et l'odeur étaient contra-
dictoires, ia présence de l'odeur détermi-
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nait les atterrissages, méme si la couleur
offerte n'était pas la couleur de condition-
nement.

Les butineuses d'une colonie de T an-
gustula ont préféré les plats visités par les
butineuses d'une autre colonie de la méme
espéce a des plats neufs et préféré les
plats visités par des congénéres de leur
colonie a ceux visités par T peckolti. Les
ouvriéres d'un groupe non conditionné de
T mexicana n'ont montré aucune préfé-
rence pour les plats jaunes par rapport aux
bleus mais ne se sont posées que sur les
plats déja visités par des congénéres du
nid.

Trigona | apprentissage / conditionne-
ment / stimulus visuel / stimulus olfactif

Zusammenfassung — Beobachtungen
dber die Benutzung von Seh- und Ge-
ruchsreizen durch Sammelbienen von
Trigona spp. Sammelbienen von drei Tri-
gonen-Arten wurden auf kiinstliche Futter-
stellen trainiert, die jeweils mit blauen oder
gelben Karten markiert waren. Die Bienen
lernten die Sehreize zusammen mit einer
Futterbelohnung. AuBerdem markierten
die Sammelbienen die besuchten GefaBe
offensichtlich mit Duftmarken. Es wurden
Wahlversuche mit Paaren von Futterstel-
len durchgefiirhrt, bei denen mit jedem
FuttergefaB Kombinationen von Testreizen
verbunden wurden.

Bei zwei Volkern von T angustula, von
denen das eine auf Blau und das andere
auf Gelb dressiert war, bevorzugten die
Sammierinnen in Wahlversuchen zwischen
den beiden Farben signifikant ihre eigene
Dressurfarbe. Wurde den beiden Voélkern
von T angustula Kombinationen von Dres-
sur- und Nichtdressurfarben mit neuen und
geruchsmarkierten GeféBen (die vorher
von Nestgefahrten besucht worden waren)

angeboten, so schienen sich Farbe und
Geruch gegenseitig zu verstérken, falls sie
gleichsinnig dargeboten wurden. Standen
aber Farbe und Geruch zueinander im Ge-
gensatz, so bestimmte der Geruch die
Landung, auch wenn die dargebotene
Farbe nicht die Dressurfarbe war.

Sammilerinnen eines Volkes von T an-
gustula bevorzugten GefidBe, die vorher
von Beinen eines anderen Volkes dersel-
ben Art besucht worden waren gegeniiber
unbenutzten GefaBen; sie bevorzugten
von ihren eigenen Nestgeféhrten besuchte
GefaBe gegeniiber GefaBen, die von T
peckolti angeflogen worden waren. Eine
undressierte Gruppe von T mexicana
zeigte keine Vorliebe fiir gelbe gegeniiber
blauen Futterstellen, sondern sie landeten
ausschlieBlich an GefaBen, die von ihren
Nestgeféhrten besucht worden waren.

Trigona / Lernen / Konditionierung /
Sehreize / Geruchsreize
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