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Simple and conditional discrimination trainingmay produce various types of controlling relations. Responses
may be controlled primarily by the positive stimulus (select–control relation) or by the negative stimulus
(reject–control relation; the subject excludes the negative stimulus and chooses the positive). Bees learn to
respond in simple and conditional discriminations. However, no study has searched for reject–control
responding in Melipona bees. We trained Melipona quadrifasciata on a simple discrimination task (S+ vs. S-;
e.g., blue vs. yellow) and then probed for stimulus control with two types of probe trials, S+ versus a new stimu-
lus (Select–control probes) and S- versus a new stimulus (Reject–control probes). For GroupDifferent, a new-
stimulus color (e.g., white) was used in one type of probe and another color (e.g., black) was used in the other
type. For Group Same, a single new-stimulus color was used in both types of probes. On Select probes, the
bees always preferred S+ to the new stimulus. On Reject probes, results were mixed. Depending on the colors
used in training and probing, bees responded to both stimuli, and even preferred the S-. The data suggest no
control by the negative function of the S- and support the select-stimulus control hypothesis of responding.
Key words: simple discrimination, stimulus-control topography, stingless bees (Melipona quadrifasciata), bee

Complex behavior depends on a variety of abili-
ties (Horne & Lowe, 1996). Two of them are the
ability to select a positive stimulus amidst other
stimuli, and the ability to avoid a negative stimulus
amidst other stimuli; select- and reject–stimulus
control, respectively (Johnson & Sidman, 1993).
Select-stimulus control underlies the formation of
classes of stimuli that share a common function
and that become interchangeable in the control

of behavior (e.g., the stimulus relations implied in
symbolic behavior; Carrigan & Sidman, 1992;
Sidman & Tailby, 1982). Reject–stimulus control
underlies the acquisition of new, untrained
stimulus–response relations (e.g., learning a new
name–new object relation by excluding known
objects already related to known names; Dixon,
1977;McIlvane& Stoddard, 1981).

How widespread these two abilities are across
the animal kingdom remains unclear. Large-brain,
vertebrate mammals — humans, chimpanzees,
capuchin monkeys, bottlenosed dolphins, and sea
lions, for example— clearly show them (Beran &
Washburn, 2002; Goulart, Mendonça, Barros,
Galvão, & McIlvane, 2005; Herman, Richards, &
Wolz, 1984; Kastak & Schusterman, 2002). These
animals perform in simple discrimination tasks
consistent with mixed control by selection and
rejection. Mixed control in dogs remains contro-
versial, though (e.g., Aust, Range, Steurer, &
Huber, 2008; Kaminski, Call, & Fisher, 2004; Zaine,
Domeniconi,&Costa, 2014; Zaine,Domeniconi,&
de Rose, 2016). In birds and other small-brain ver-
tebrates the evidence for reject–stimulus control is
less compelling. Pigeons, for example, seem not
to learn reject–stimulus relations spontaneously
(Aust et al., 2008; Clement & Zentall, 2003, Experi-
ment 1), but can learn them with explicitly
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designed training conditions (Clement & Zentall,
2003, Experiment 2).
Research with invertebrates has shown that

bees (mostly Apis, Bombus, and Melipona) can
respond to colors, geometric patterns, scents
and human faces on simple and conditional dis-
criminations; they can reverse simple discrimina-
tions; and they can attend to a particular feature
of visual stimuli (for a review, see Moreno,
Rocca, & de Souza, 2014a). The discriminative
capabilities of old-world Apis mellifera are proba-
bly the most extensively described in the litera-
ture and include complex learning of ‘sameness’
and ‘difference’ concepts (Giurfa, Zhang, Jenett,
Menzel, & Srinivasan, 2001).
Our laboratory has investigated extensively

the discriminative capabilities of the new-world,
stingless bee Melipona quadrifasciata (e.g.,
Moreno, 2012; Moreno, de Souza, & Reinhard,
2012; Moreno, Rocca et al., 2014; Moreno,
Varella et al., 2014). However, we still do not
know whether these bees learn to discriminate
between a positive and a negative stimulus based
on selection or rejection, and therefore we do
not know which of these stimulus-controlling
relations underlies bees’ discrimination learn-
ing. The experiment reported below addresses
this issue and further contributes to our under-
standing of the fundamental processes of com-
plex behavior.
Initially, we trained the bees in a simple discrim-

ination task with two colored stimuli. Choice of
one was always reinforced (the S+ or positive stim-
ulus), and choice of the other was never
reinforced (the S- or negative stimulus). To deter-
mine what the bees had learned — to select the
positive stimulus, or to reject the negative stimulus
and then choose the remaining (positive) stimu-
lus, or both— we conducted two types of probes,
Select and Reject probes (Johnson & Sidman,
1993). On Select probes, the bees chose between
the positive or S+ stimulus and a new stimulus; on
Reject probes, the bees chose between the nega-
tive or S- stimulus and a new stimulus.
To predict the outcome of probe trials, con-

sider first two simple and extreme cases. If
select–stimulus is the only controlling relation
established, the bees would have mastered
the initial discrimination by learning to approach
S+, regardless of S-. Hence, on the Select probes,
they should prefer the positive stimulus, and, on
the Reject probes, they should be indifferent
between the negative and the new stimulus.

Conversely, if reject–stimulus is the only
established controlling relation, the bees would
have mastered the initial discrimination by learn-
ing to avoid S-, regardless of S+. Hence, on the
Reject probes, they should avoid the negative
stimulus and prefer the new stimulus, and, on the
Select probes, they should be indifferent between
the positive and the new stimulus. If both control-
ling relations are present in the initial discrimina-
tion, that is, if the bees learn both to approach S+
and to avoid S-, then on Select probes they
should prefer the positive stimulus to the new
stimulus and, on the Reject probes, they
should prefer the new stimulus to the negative
stimulus. The co-occurrence of both controlling
relations, hence, sustains multidetermined mas-
tering of the discrimination (Wilkinson &
McIlvane, 1997).

The foregoing hypotheses ignore additional
processes that may be engaged during the probe
trials, themost obvious being the tendency of bees
to move away from new stimuli — neophobia
(Asano, Kojima,Matsuzawa, Kubota, &Murofushi,
1982; Mitchell, Scott, & Williams, 1973; Rozin,
1976; Seferta, Guay, Marzinotto, & Lefebvre, 2001;
Zentall, Edwards, Moore, & Hogan, 1981). Undif-
ferentiated choice on either the Select or Reject
probes would seemingly rule out neophobia as an
alternative account of behavior, but other choice
patterns may be consistent with neophobia co-
occurring with select–stimulus or reject–timulus
processes. Unfortunately, important as it may be,
more specific predictions involving neophobia are
hard to advance without a model specifying how
strong neophobia is during the first probes, how
quickly it weakens as probes repeat, or how it com-
bines with reinforcement and extinction effects,
for example.

The Select and Reject probes may each use a
different new stimulus, or they may use the same
new stimulus. Both methods have advantages
and disadvantages. On the one hand, the use of
two new stimuli reduces the effects of probing
itself, in particular the effects of the Select probes
on Reject probes, and vice-versa. But different
stimuli introduce an additional source of vari-
ance, for the stimuli may elicit different degrees
of neophobia, for example. On the other hand,
the use of the same new stimulus may reduce the
effects of neophobia on choice (the new stimulus
occurs twice as often), but at the cost of generali-
zation of probing effects across different types of
probe trials.
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Because each probing method has advan-
tages and disadvantages, we used both. For
one group of bees, Select and Reject probes
used two different new stimuli, one black and
one white. For another group, the two probes
used a single new stimulus, either black or
white. The experimental findings will inform
us not only about the select–stimulus and
reject–stimulus control of Melipona bees’ dis-
criminative behavior but also about neophobia
and how it interacts with these abilities.

Method

Subjects, Housing and Syrup Collection
Twenty-one experimentally naïve stingless bees

(Melipona quadrifasciata1), members of a self-sus-
tainable, outdoors hive, participated in the study.
The bee colony collected pollen, nectar, resin
and water from the natural field and did not
require additional feeding or veterinarian care.
The hive was attached to the window of a 2 m x

2.8 m experimental room of the Psychology of
Learning Laboratory of the Universidade Federal
de São Carlos, Brazil. The window remained
closed but had a 23.2 cmhigh x 22 cm long open-
ing on its bottom frame that gave the bees access
to the experimental room. The room also had a
permanently-closed glass door to the natural field
that, along with the window, provided natural
lighting.
The animals were free to shuttle between the

room and the natural field according to a free-
flying operant paradigm (e.g., Pessotti, 1971,
1972) and, once they learned to collect sweet
syrup from the experimental boxes, they payed
several visits to the room until sunset, as long as it
was a sunny day with temperature between 20�-
30� C. The bees worked in the experiment
between summer and winter and, as is typical in a
tropical environment, temperature and flower
availability were relatively constant throughout
the year.
On every occasion a bee collected syrup, she

would suck the liquid with its proboscis for about
30 s until her crop was filled, fly back to the hive
to deposit the syrup and later pay another visit to
the experimental room. We could track that a
bee was collecting syrup by its characteristic suck-
ing topography. While a bee stood still collecting

syrup from an experimental box during the pre-
training (see below for the detailed description
of the procedure), she was distinctively marked
on the thorax with colored gouache paint (see
Pessotti, 1971; von Frisch, 1950). The paint mark
was made using a small paint brush with no need
to restrain or anesthetize the animal.

Apparatuses and Materials
The experimental apparatuses consisted of

two acrylic boxes (12.6 cm long, 3.5 cm wide,
7 cm high) placed about 10 cm apart on a table
in the experimental room and 1.5 m away from
the hive (see Fig. 1). Each box was half-filled with
a homemade 1:1 water–sugar syrup that served as
reinforcement for landing responses on the
apparatuses whenever suitable. A stainless-steel
lid with two dispensers, one on each end of the
lid, covered each box. Throughout the experi-
ment, only one of the dispensers of each box was
used and this dispenser would be covered with a
colored, ethylene-vinyl acetate (EVA)-foam
square that served as a stimulus; the square had a
circular opening on its center aligned with the
dispenser to guarantee access to the syrup. The
EVA square could be yellow, blue, black, white,
or gray.

Each dispenser consisted of five small holes
through which a bee could place its proboscis
and collect syrup from the box. The syrup was
only at reach of the proboscis, however, when
the experimenter raised a 0.5-ml spoon from
the syrup level to the dispenser after the bee
landed on the positive stimulus. The spoon of
each box was attached to the side arm of a T-
shaped rod that inserted into the box. By
rotating the rod around its vertical arm, the
experimenter could lower the spoon to collect
syrup from the box and then, by reversing the
rotation, lift the spoon up to the dispenser.

Procedure
The subjects were assigned to one of two

groups. For one group, nine bees (D1 to D9)
learned a simple discrimination and were then
probed with one new stimulus on the Select
probes and another new stimulus on the
Reject probes; we refer to them as Group Dif-
ferent. For the other group, 12 other bees
(S1 to S12) learned the simple discrimination
and were then probed with a single new stimu-
lus on both Select and Reject probes; we refer

1The Melipona quadrifasciata is commonly known in Bra-
zil as ‘mandaçaia’ bee.
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to them as Group Same. We usually collected
data alternating groups along successive days,
starting with Group Different. Additionally, we
ran each individual bee throughout the entire
experiment, generally on a single2 day, before
collecting data with another bee.
The experiment took at least nine sessions per

subject distributed across three experimental
phases. On the first phase, the pretraining, each
bee was trained in a single session on the prereq-
uisite abilities to perform the experimental task,
namely, flying in to the experimental room, land-
ing on the apparatuses and collecting syrup from
the dispensers. On the second phase, the simple
discrimination training, each bee learned to dis-
criminate between a blue and a yellow stimulus
for at least four sessions and until learning crite-
rion was met. The third phase, the stimulus-
control probing, assessed on four sessions
whether responding on the simple discrimina-
tion was based on select– and reject–stimulus
control relations. We next describe in detail each
phase.
Pretraining. To attract the bees to the experi-

mental room, we first placed a plastic bottle with
syrup close to the window. Usually, several bees

approached the bottle. Once the bees collected
syrup reliably, wemoved the bottle 10 cm towards
the apparatuses every 10 min. If no bee appro-
ached the bottle, we moved it back to its previous
location until at least one bee resumed collecting
syrup from it. When the bottle was 5 cm away
from the apparatuses, we replaced it by an empty
bottle placed over one of the two boxes and
dropped syrup over its dispenser. After a bee
stopped landing on the bottle and started collect-
ing the syrup from this dispenser, we removed
the bottle. This successive approximation tech-
nique naturally selected the subjects of the exper-
iment as most of the bees would eventually drop
out. If, in any event, a nonexperimental bee
entered the room in this and subsequent phases,
she would be quickly removed before interfering
with the experiment and soon stop visiting
the room.

Next, to collect the syrup the bee had to intro-
duce its proboscis into the holes of this dispenser.
Once a bee collected syrup consistently, we cov-
ered this dispenser and shaped drinking from
the dispenser of the other box. Finally, each dis-
penser was covered with a gray-EVA square with
its circular opening aligned with the dispenser’s
holes. After the bees learned to land on the EVA
texture reliably, we started the discrimination
training. There were no further drop-outs in the
bees shaped in the pretraining.

Simple-discrimination training. Before the
beginning of a training trial, the experimenter

Fig. 1. See-through schematics of the apparatuses. Two experimental boxes half-filled with syrup are placed side-by-
side and each present one of the training stimuli over the dispenser. The box to the right shows the spoon raising syrup
from the syrup level to the dispenser after a Y + B- bee lands on the positive yellow stimulus. The spoon of the left box
would not be raised up to the dispenser had this bee landed on the negative blue stimulus. The position of the blue and
yellow stimuli to the left and right boxes was balanced across trials.

2Forager stingless bees are older individuals from the
colony that live for about 15 days once they start exploring
the natural field. We could not keep track of our subjects’
age and, because of that, preferred to run all the experi-
mental phases on a single day with each bee to reduce the
chances of death during the experiment.
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placed simultaneously the blue EVA square on
top of one dispenser and the yellow square on
top of the other dispenser, with their left–right
positions randomized across trials, but with the
constraint that each color appeared an equal
number of times at each position. A choice
response was defined as landing on one of the
discriminative stimuli. Landing on the S+ gave ad
libitum access to syrup until the bee was replete
(≈20-30 s to fill the crop) and exited the room.
Landing on the S- did not give access to syrup,
but the bee was free to move subsequently to the
S+ and collect the syrup. Only the first-landing
choice was included in the data analysis.
After collecting syrup, the bee spontaneously

flew back to the hive and then revisited the
experimental room. On the trials the bee incor-
rectly landed on the S-, she sometimes subse-
quently landed on the S+, left to the hive and
returned for another trial; on other times, she
simply flew back to the hive and later returned
for the next trial. No time limits were imposed
on the duration of the visit to the experimental
room. The intertrial interval lasted from the
time the bee exited and reentered the room
and was, thus, controlled by the subject (dura-
tion range: 90-120 s). The experimenter chan-
ged the left–right position of the blue and
yellow squares during the intertrial interval.
Upon the bee’s return, a new trial started.
Each session lasted from 20 to 40 min and

comprised 20 trials. Of these, 16 were reinforced
provided the bee landed on the S+ stimulus, and
four were not reinforced, regardless of the bee’s
choice. The order of the reinforced and
unreinforced trials was pseudorandom, with the
constraints that there were two unreinforced tri-
als during the first half of the session, two during
the second half and no unreinforced trials in a
row. The purpose of the unreinforced trials was
to prepare the bees for the extinction trials of
the next phase. On these unreinforced trials, a
bee sometimes unsuccessfully tried to find syrup
on the other dispenser, then circled around the
room and finally returned to the hive.
Simple-discrimination training continued for

at least four sessions and until the subject landed
on the S+ on at least 90% of the trials (18 out
of 20) for two consecutive sessions.3 Generally,
a bee completed all training and probing
(described below) sessions in a single day.

However, because bees D3 andD8met the learn-
ing criterion only by the end of a day, their train-
ing resumed the next day with one extra training
session before the probe session.

Stimulus-control probing. A probe session
consisted of sixteen discrimination trials inter-
mixed with four probes, two of type Select and
two of type Reject. The order of trials and probes
was randomized within each session with the
restrictions that there were no more than two
probes on the first and on the second halves of
the session and no probes in a row. The discrimi-
nation trials included the S+ and the S- stimuli;
the Select probes included the S+ stimulus and a
new stimulus; and the Reject probes included the
S- stimulus and a new stimulus. Discrimination tri-
als were always reinforced when the choice was
correct; probes were never reinforced. Given
extinction on the probe trials, the bees would
sometimes try to find syrup in the other dis-
penser, then circle around the room, and finally
exit. At other times, the bees would overfly the
stimuli but not land at all and eventually return to
the hive. We registered this pattern as a “None”
response. No time constraints were imposed on
the duration of the visit. Probing continued for
four sessions yielding a total of eight probes of
each type.

The two groups of bees differed only in the
stimulus composition of the probes. Table 1
shows the details. Consider Group Different: Five
randomly selected bees had blue as the S+ and
yellow as the S-, a training assignment we denote
by B+Y-. On probes, the positive and negative
stimuli were paired with the white and black new
stimuli, respectively. The remaining four bees
had the opposite assignment, Y+B-, during train-
ing and the positive and negative stimuli paired
with black and white, respectively. Concerning
Group Same, the 12 bees were randomly divided
into four subgroups with three bees each. Each
subgroup resulted from crossing the two training
assignments (B+Y- or Y+B-) with the two new stim-
uli (black or white) used on probes.

Data Analysis
To analyze choices during training and probe

trials, we used permutation/randomization tests.
These tests make fewer assumptions than most
standard tests, are distribution free, can be used
with binary data and small sample sizes, and are
becoming increasingly common because their
logic is straightforward and the computational

3Due to an error, D2 had one training session more
than required.
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power they require is now within reach of virtu-
ally any researcher equipped with a personal
computer. We describe them briefly here, with
special focus on the tests used in the current
study; Edgington (1995) and Manly (2007) pro-
videmore extensive treatments.
Consider a design with two independent

groups, each exposed to a different level of the
independent variable. Permutation tests exploit
the key methodological feature that the subjects
were assigned randomly to the two groups.
Hence, when the null hypothesis is true and each
subject’s score has nothing to do with the inde-
pendent variable, groupmembership is arbitrary;
any subject from one group might as well have
been in the other group. In this case, the
observed difference between the two group
averages — our test statistic — reflects only the
chance assignment. To test the hypothesis, sup-
pose we could list all different ways of assigning
the subjects or, more precisely, their scores, to
the groups (permutation tests are conditional
tests; they assume the observed scores). For each
assignment, or permutation, we would then com-
pute the difference between the two group aver-
ages. The set of all such differences, one per
permutation, would define the permutation dis-
tribution of our test statistic. We could then use
this distribution to compute the proportion of
differences that were as extreme as or more
extreme than the observed difference. This pro-
portion would yield the p-value of the test. Small
p-values (typically, less than .05) are evidence
against the null hypothesis.
The test just described is a systematic permuta-

tion test because it enumerates all permutations
and then uses them to determine the exact p-value
(e.g., with groups of size 5 and 4, there are 9!/[5!
4!] = 126 permutations]. When the total number
of permutations is excessive (e.g., a million),

listing them becomes prohibitive. In this case, the
test relies on the generation of a relatively large
number (say, 10,000) of random permutations,
the computation of the test statistic for each of
them and the calculation of the p-value from the
resulting (randomization) distribution.

When the study uses a matched-pairs design
(e.g., the same subject is exposed to conditions A
and B in random order), a natural test statistic is
the average of the differences between the two
conditions. According to the null hypothesis, Con-
dition has no effect and therefore each individual
difference could with equal chances be positive or
negative (i.e., if subject S1 produces the scores
10 and 6 in conditions A and B, respectively, the
difference score under the null hypothesis could
have been +4 = 10-6 or -4 = 6-10 with equal
chances; only the sign would change). Hence, the
test permutes (either systematically or randomly)
the sign of each difference for each of the n sub-
jects (for a total of 2n permutations), computes
the average of the differences for each permuta-
tion, and then uses the permutation/randomiza-
tion distribution to determine the p-value of the
observed difference.

We can use permutation tests also to assess the
statistical significance of a correlation coefficient.
In this case, we compare the observed correlation
between theX and Y scores with the distribution of
the correlation coefficients obtained by permuting
one of the two sets of scores (say, the Y). The justifi-
cation for the permutation is that under the null
hypothesis of zero correlation, it should make no
difference which X score is paired with which Y
score. With n pairs of scores, there will be n!
permutations and therefore n! correlation coeffi-
cients in the permutation distribution. The proce-
dure remains the same whether we use Pearson’s
correlation with raw data, or Spearman’s correla-
tion with rank data.

Table 1

Stimulus used during Training and Probe trials

Training Trials Select Probe Trials Reject Probe Trials

Group Bees S+ S- S+ New S S- New S

Different D1,D2,D3,D4,D5 blue yellow blue white yellow black
D6,D7,D8,D9 yellow blue yellow black blue white

Same S1,S2,S11 blue yellow blue black yellow black
S6,S8,S12 blue yellow blue white yellow white
S3,S4,S9 yellow blue yellow black blue black
S5,S7,S10 yellow blue yellow white blue white

Note. S = Stimulus; S+ = stimulus reinforced during training; S- = stimulus not reinforced during training.
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In the present study, we used two-tailed system-
atic permutation tests for independent or mat-
ched samples and random permutation tests
based on 10,000 samples to assess Spearman’s cor-
relation. The tests were performed with Microsoft
Excel® running aVBAprogram that implemented
standard routines to list permutations or generate
them randomly (code in Edgington, 1995).

Results

Simple discrimination training was similar
between Groups Different and Same, with half
of the subjects in each group having blue as the
positive stimulus and yellow as the negative

stimulus (B+Y- bees), and the other half having
the opposite stimulus functions (Y+B- bees).
The groups differed, though, in the new stimu-
lus color presented in the stimulus-control pro-
bes. Bees in Group Different had two new
stimulus colors: a white stimulus presented
along the blue stimulus and a black stimulus
presented with the yellow stimulus. Bees in
Group Same had a single color, either white or
black, presented as new stimulus with both
blue and yellow training stimuli on the Select
and Reject probe trials. We next describe sepa-
rately the results of each group, with special
attention to performance on the stimulus-
control probing.
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Fig. 2. Group Different: Individual accumulated-response frequency to S+ and S- during training. Insert graphs: Indi-
vidual percentage of responses to S+ in regular discrimination trials during probing sessions.
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Group Different
The mean number of sessions needed to learn

the basic discrimination equaled 5.60 for the B+Y-
bees (range 4-9), and 4.25 for the Y+B- bees
(range 4-5); the difference was not statistically sig-
nificant (p = .36, systematic permutation test for
independent samples). Moreover, even though
the B+Y- bees emitted more responses to the S-
during training than the Y+B- bees, as shown in
the individual cumulative records in Figure 2, the
total number of choices of S- during the first four
training sessions— an indirectmeasure of the dif-
ficulty of the discrimination — did not signifi-
cantly differ between the two subgroups (for the
B+Y- bees, M = 10.20, range 4-19; for the Y+B-
bees,M = 3.50, range 0-11; p = .12, systematic per-
mutation test for independent samples). The
color assignment did not affect learning.
The basic discrimination was maintained dur-

ing the probe tests as revealed by the high per-
centage of responses to S+ in the insert graphs of
Figure 2: Bees from both subgroups continued to
choose S+ on the majority of the discrimination
trials (B+Y-: M = 98.13%, range 93.75%-100%; Y
+B-: M = 100%; p = .17, systematic permutation
test for independent samples).
Table 2 shows the results from the probe trials

for Group Different. On Select probes, the bees
always chose one of the two options. In contrast,
on Reject probes, some bees did not choose either
option on some of the trials: The average number
of “None” responses equaled 4 (out of 8) in the
B+Y- assignment, and 2 (out of 8) in the Y+B-
assignment, but the difference was not statistically
significant (p = .21, systematic permutation test for
independent samples). Because there was no
effect of color assignment, we combined the data
from the two subgroups to compare performance
on the Select and Reject probes. Whereas “None”

responses never occurred on the Select probes,
they occurred on 38.90% of the Reject probes, a
statistically significant difference (p = .01, system-
atic permutation test formatched samples).

When we restrict the analysis to probes with a
choice and then compare the distribution of
choices between the two alternatives, we find that
for bees in Group Different, on Select probes the
average number of choices of the positive stimu-
lus (7.89) was significantly greater than the aver-
age number of choices of the new stimulus (0.11;
p = .004, systematic permutation test for matched
samples), and, similarly, on Reject probes the
average number of choices of the negative stimu-
lus (4.00) was significantly greater than the aver-
age number of choices of the new stimulus (0.89;
p = .004, systematic permutation test for matched
samples). Moreover, the mean proportion of
choices of the positive stimulus on all Select pro-
bes (0.99) was significantly greater than themean
proportion of choices of the negative stimulus on
all Reject probes (0.78; p = .02, systematic permu-
tation test formatched samples; see Fig. 3).

To summarize, the bees from Group Different
(a) did not choose an option on approximately
40% of the Reject probes but always chose an
option on the Select probes; (b) when they chose
an option, they preferred the familiar (S+ and S-)
to the new stimulus, but (c) their preference for
the S+ stimulus over the new stimulus was stron-
ger than their preference for the S- stimulus over
the new stimulus.

Group Same
The B+Y- bees needed 5.50 sessions on average

(range 4-7) to learn the discrimination, and the
Y+B- bees needed 4.17 sessions (range 4-5), a
nonsignificant difference (p = .11, systematic per-
mutation test for independent samples). These

Table 2

Number of choices out of 8 probe trials from Group Different

Training with B+Y- Training with Y+B-

Select: B+ vs. w Reject: Y- vs. b Select: Y+ vs. b Reject: B- vs. w

Bee B+ w None Y- b None Bee Y+ b None B- w None

D1 7 1 0 8 0 0 D6 8 0 0 4 2 2
D2 8 0 0 2 1 5 D7 8 0 0 4 1 3
D3 8 0 0 2 1 5 D8 8 0 0 6 0 2
D4 8 0 0 2 1 5 D9 8 0 0 6 1 1
D5 8 0 0 2 1 5

Note. B = blue, Y = yellow, w = white, and b = black.
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numbers are similar to those from Group
Different.
In Group Same, the bees with blue as the S+

made significantly moremistakes during the first
four sessions than the bees with yellow as the S+
(M = 18.00, range: 9-34 vs. M = 7.67, range 3-20,
respectively; p = .04, systematic permutation test
for independent samples), as shown in the indi-
vidual cumulative records in Figure 4. GroupDif-
ferent showed the same trend but the difference
(M = 10.20 vs. M = 3.50) did not reach signifi-
cance. We conclude that learning to choose blue
over yellow may be slightly more difficult than
learning to choose yellow over blue.
As in Group Different, for Group Same prob-

ing did not disrupt the original discrimination
(see the insert graphs in Fig. 4) and the bees
from all groups continued to choose S+ on the
majority of the discrimination trials (B+Y-Black:
M = 99.48%; B+Y-White:M = 98.44%; Y+B-Black:
M = 98.96%; Y+B-White:M = 98.96%; p = .84, sys-
tematic permutation ANOVA for independent
samples).
Table 3 shows the results from the probe trials

for Group Same. On the Select probes, all bees
chose one of the two options, a result similar to
Group Different. On the Reject probes, the bees
did not choose on 5 of the 96 trials. The percent-
age of trials without a choice for Group Same
was well below that observed in Group Different

(approximately 5% vs. 40%). In addition, the num-
ber of “None” responses did not vary across the
four subgroups (p = .51, systematic permutation
ANOVA for independent samples), nor between
Select and Reject probes (p = .13, systematic per-
mutation test based on matched samples), a result
also unlike that observed with Group Different.
Finally, there was no rank correlation between the
number of responses to the S- during acquisition
and the number of “None” choices (Spearman’s
ρ = 0.08, p = .82; with a two-sided random permuta-
tion test). We conclude that when the Select and
Reject probes include the same new stimulus, the
bees chose one of the two options on almost all
probe trials.

Concerning the distribution of choices on
probe trials for Group Same, a preliminary
analysis revealed no reliable effect of the black
or white color of the new stimulus. Hence, we
combined the data from the two subgroups.
Figure 5 shows the results. On Select probes,
the bees preferred the positive stimulus
strongly, regardless of whether it was Blue or
Yellow; the overall preference for S+ equaled
0.93 (p ≈ 0.00), a result consistent with Group
Different.

On Reject probes, the choice pattern was
more complex. First, there was a clear effect of
the color of the S-, for the probability of choosing
Y- was significantly below the probability of
choosing B- (p = .01; systematic permutation test
for independent samples). Second, although
average preference for Y- was below 0.5 and that
for B- was above 0.5, taken separately neither
deviation from 0.5 reached significance (p = .31
and p = .06, respectively; systematic permutation
tests based on matched samples). And third, the
overall preference for S- (0.58) did not differ sig-
nificantly from chance (p = .48). Of these find-
ings, only the average preference for B- (0.80)
reproduced the overall preference for S- in
GroupDifferent (0.78).

Finally, the B+Y- bees preferred B+ to the new
stimulus more strongly than they preferred Y- to
the new stimulus (0.92 vs. 0.35; p = .03; systematic
permutation test for matched samples). Simi-
larly, the Y+B- bees preferred Y+ more than B-
(0.94 vs. 0.80), but the difference failed to reach
significance (p = .06; systematic permutation test
formatched samples).

To summarize, the bees from Group Same
(a) chose one of the two options on the majority
of the Reject probes and on all Select probes;
(b) they preferred S+ to the new stimulus;
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(c) they preferred S- more when it was Blue than
when it was Yellow; and (d) their preference for
the S+ stimulus over the new stimulus was stron-
ger than their preference for the S- stimulus over
the new stimulus.
The discrepancy between subgroups might

stem from a marginally significant, moderate-
negative rank correlation between the number

of responses to the S- during acquisition and
the number of S- responses during Reject
probes (Spearman’s ρ = -0.54, p = .07 with a
two-sided permutation test; see Fig. 6). The
data show two clusters: The Y+B- bees (filled
circles) that responded less to the S- during
acquisition tended to respond more to this
stimulus during probes, and the B+Y- bees
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(unfilled circles) that responded more to the
S- during acquisition tended to respond less to
the S- during probes.

Discussion

If acquiring the basic discrimination required
the same amount of training whether the S+ was
blue or yellow, it was harder to avoid yellow when
it was the S-. This finding is at odds with reports
that both purple/blueish and yellow flowers are
attractive to bees (Baker & Hurd, 1968; Harbone,
1977; Ramalho, Kleinert-Giovannini, &

Imperatriz-Fonseca, 1989). In fact,Melipona’s sensi-
tivity to color wavelength peaks at around 350, 425
and 550 nm, with the last two corresponding to
blue and yellow hues, respectively. It is unclear
why the bees behaved differently depending on
the color of the S-, but one reasonmay be the pre-
experimental history with slightly prevailing yellow
flowers around the hive. Evidence consistent with
this hypothesis was found in honey bees’ (Apis
mellifera) flower and patches biases tuned to color
if these food sources had once been of greater
feeding gain (Amaya-Márquez, Abramson, &
Wells, 2017; Amaya-Márquez, Hill, Abramson, &
Wells, 2014; Al Toufailia, Grüter, & Ratnieks,
2013). If the yellow flowers surrounding our hive
were the richest to our bees, similar carry-over
effects of a prior history onto the experimental
task would account for them having trouble to
avoid yellow as a negative stimulus.

On the Select probes, the bees strongly
favored the S+ over the new stimulus, a result
that supports the select–stimulus hypothesis.
Another result consistent with the hypothesis was
that, on one hand, in Group Same, the bees rev-
ealed partial preferences on the Reject probes,
choosing both S- and the new stimulus. On the
other hand, only the results from the Reject pro-
bes of the B+Y- bees in Group Same were consis-
tent with the reject–stimulus hypothesis because
only in this case did the bees prefer the new stim-
ulus to the S-, but the preference did not signifi-
cantly deviate from indifference. Additionally,
the Reject probe results of Group Different and
of the Y+B- bees in Group Same were not consis-
tent with the reject–hypothesis because the bees

Table 3

Number of choices out of 8 probe trials from Group Same

Training with B+Y-

Select: B+ vs. b Reject: Y- vs. b Select: B+ vs. w Reject: Y- vs. w

Bee B+ b None Y- b None Bee B+ w None Y- w None

S1 8 0 0 0 8 0 S6 6 2 0 2 4 0
S2 8 0 0 3 4 1 S8 8 0 0 1 7 0
S11 6 2 0 4 4 0 S12 8 0 0 5 2 1

Training with Y+B-

Select: Y+ vs. b Reject: B- vs. b Select: Y+ vs. w Reject: B- vs. w

Bee Y+ b None B- b None Bee Y+ w None B- w None

S3 8 0 0 7 1 0 S5 8 0 0 5 1 2
S4 6 2 0 4 4 0 S7 8 0 0 6 1 1
S9 7 1 0 6 2 0 S10 8 0 0 8 0 0

Note. B = blue, Y = yellow, w = white, and b = black.
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preferred the S- to the new stimulus. Moreover,
the almost exclusive preference for S+ on the
Select probes also is not consistent with the
hypothesis.
To summarize, the bulk of evidence is consis-

tent with the select–stimulus control hypothesis
and suggests no control by the negative function
of the S-. But if new-world stingless bees do not
seem to respond primarily by rejecting the S- stim-
ulus, the possibility remains that, like some other
animal species (e.g., pigeons), they may learn to
do so under training conditions programmed spe-
cifically to promote reject–stimulus control
(Clement & Zentall, 2003, Experiment 2).
Three other findings seem harder to interpret

exclusively in terms of select– or reject–stimulus
processes. First, why was the preference for the S+
over the new stimulus generally stronger than the
preference for the S- over the new stimulus? Sec-
ond, why was preference for the S- over the new
stimulus stronger inGroupDifferent than inGroup
Same? And third, why did the bees not choose one
option on approximately 40% of the Reject probes
in Group Different, but chose one of the options
onmost Reject probes inGroup Same?
The differences cannot be attributed to our

methodological strategy of not counterbalancing
the color of the new stimulus in GroupDifferent,
as the differences occurred for both B+Y- and Y
+B- subgroups. Additionally, other studies with
bees have shown that the colors we used control
responding properly in both simple and condi-
tional discrimination tasks.

One account of the differences suggests that
although the S- predicted the absence of syrup, it
was always present whenever the bee accessed the
syrup. Hence, the S- may have been associated with
the US, and this Pavlovian association may have
been responsible for the preference for the S- in
the Reject probes — but to a smaller degree than
preference for the S+ in the Select probes. The
hypothesis of a Pavlovian association between the
S- and the US would predict that the fewer
responses to the S- during training, the stronger the
respondent association and the more responses to
the S- in the Reject probes; conversely, the more
extinguished responses to the S-, the weaker the
association and, along with the absence of the evok-
ing positive stimulus, the more “None” responses.
This account explains why preference for the S- in
the Reject probes was stronger in Group Different
than in Group Same (compare Figs. 3 and 5), for
the former responded less to the S- during the sim-
ple discrimination training (cf. cumulative records
in Figs. 2 and 4). However, the account does not
explain why Group Different had markedly more
“None” responses thanGroup Same.

Another account of the differences contem-
plates neophobia (Asano et al., 1982; Mitchell
et al., 1973; Rozin, 1976; Seferta et al., 2001;
Zentall et al., 1981). On Reject probes of Group
Different, neophobia would not be counteracted
by the select–stimulus processes and, therefore,
in isolation or coupled with a reject–stimulus
process, it could have caused the relatively large
number of trials without a choice (Table 2). Fur-
thermore, neophobia may have been particu-
larly strong because each new stimulus was used
on only one of the probe types. In Group Same,
neophobia may have been substantially weaker
because the new stimulus was used twice as often.
As for the second result, the preference for S+
over the new stimulus was stronger than the pref-
erence for S- over the new stimulus, neophobia
on Select probes would be potentiated by the
select–stimulus process, leading not only to a
choice response but also to a strong preference
for S+ (Table 3).

Most studies dealing with select– and reject–
stimulus control — with human or animal sub-
jects and using simple or conditional discrimina-
tion tasks — have not entertained the hypothesis
that subjects may fail to choose either option
(e.g., Aust et al., 2008; Carrigan & Sidman, 1992;
Clement & Zentall, 2003; Dixon, 1977; Goulart
et al., 2005; Johnson & Sidman, 1993). However,
some recent studies with dogs revealed a
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“hesitation” response pattern expressed when the
dogs did not choose an option (Griebel & Oller,
2012; Langsdorff, 2018; Zaine et al., 2016). With
bees, an unpublished experiment in our labora-
tory found that Melipona rufiventris did not
respond on Reject probes when the required
response was flying through a hole in the colored
stimulus (Moreno, 2012, Experiment 4b), but did
respond when levers were used as manipulanda
and landing on a lever and pressing it down was
the required response (Experiment 4a). We
attributed the difference in the number of trials
without a response to the difference in the
response topographies. In as much as landing on
an EVA-square topographically resembles lever
pressing more than flying through a hole, we
would expect a choice response on most of our
Reject probes, a result not found in Group
Different.
However, if neophobia had prevailed, the

bees would not choose the new stimuli, and
preference for the trained stimuli would be
stronger on the initial probe trials and dimin-
ish with exposure. Neither occurred, for most
bees responded to the new stimulus in the
Reject probes, and preference for the S+ and
for the S- was evenly distributed across probe
sessions. It is unlikely that neophobia could
occur in one type of probe (Select), but not
occur or be weaker in the other type (Reject).
An account alternative is as follows:

Although the evidence suggests that select–
stimulus control is the prevailing stimulus–
response relation, it also suggests that the S+
acquires two functions, that of a response evok-
ing stimulus and that of a response differentiating
stimulus; only the latter is currently contem-
plated by the select– and reject–stimulus con-
trol literature. Take the case of the Select
probes. Given the S+ and the new stimulus,
the controlling stimulus is present and it both
(a) evokes responding with a high probability
[our data suggests that P(‘evoking R’|S+)
≈ 1.00], and (b) differentiates the evoked
response towards one of the available options
[P(‘R to the trained S’|S+) ≈ 1.00]. In the case
of the Reject probes: Given the S- and the
new stimulus, the controlling stimulus is not
present and hence (a) responses are evoked
with a lower probability [P(‘evoking R’|no S
+) < P(‘evoking R’|S+)] and (b) evoked
responses differentiate to a lower degree [P
(‘R to the trained S’|no S+) < P(‘R to the
trained S’|S+)].

Failure to respond on choice trials occurred in
other studies when the experimental situation
permitted this outcome. On one hand, Zaine
and collaborators (2016) and Langsdorff (2018),
for example, probed dogs in an open space that
the animals could explore freely, and Moreno’s
(2012, Experiment 4b) bees could fly away from
the apparatus. On the other hand, species that
always chose an option, including capuchin
monkeys (Goulart et al., 2005) and pigeons
(Clement & Zentall, 2003) were probed in con-
fined experimental chambers which they could
leave only after the session was over. To test our
two-step hypothesis of the control by the positive
stimulus, it remains to be investigated whether
other species would also not respond given the
possibility to exit the choice situation.
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