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Reward and learning in honeybees: Analysis of
an overshadowing effect

P. A. COUVILLON, ESTRELLITA 1. MATEO, and M. E. BITTERMAN
University ofHawaii, Honolulu, Hawaii

Previous experiments have shown that honeybees trained with colored targets baited with 5-ver
sus 20-,ul drops of sucrose solution fail to develop a preference for the 20-,u1 color when the location
of the drop on each target is marked by a white dot (dot-color overshadowing) but that discrimina
tion is not impaired by dots when the targets differ in odor rather than in color. In Experiments 1-3,
dot-color overshadowing failed to appear with differences in concentration rather than amount of
sucrose (50% vs. 20% or OOA!), but it did appear in Experiments 4 and 5 with a difference in probabil
ity of reward (consistent vs. partial). Experiment 6 showed no dot-odor overshadowing with a dif
ference in probability of reward. The results are not generally predictable from the Rescorla-Wagner
principle of shared associative strength, but point instead (in conjunction with those of earlier ex
periments) to competition for visual attention.

Foraging honeybees trained with successively pre
sented targets oftwo different colors, one color always sig
naling a 5-,ul and the other a 20-,ul drop of 50% sucrose
solution, quickly develop a preference for the 20-,ulcolor
that is most simply explained in terms of a stronger as
sociation with sucrose (Buchanan & Bitterman, 1988).
Because 20-,ul drops are detected somewhat more read
ily than 5-,uldrops (Walker, Lee, & Bitterman, 1990), the
stronger association might be due, not to the difference
in amount of sucrose, but to closer contiguity between
the perception of the 20-.ul color and the initial taste of
sucrose, an interpretation supported by the fact that no
preference develops when delay is equated by marking
the location of the drop of sucrose at the center of each
target with a salient white dot (Lee & Bitterman, 1990).
There is other evidence, however, to suggest that the pref
erence found in work with undotted targets is indeed at
tributable to the difference in amount of sucrose, and that
no preference develops when dotted targets are used be
cause the colors are overshadowedby the dots, which them
selves can be shown to acquire associative strength; for
example, foragers that have been trained with a single
dotted target containing a 5-,ul drop of sucrose solution
prefer a dotted to an undotted target in an unrewarded
choice test (Lee & Bitterman, 1990).

The overshadowing interpretation is supported by the
fact that when odors are substituted for colors in experi
ments of the same design, a preference for the 20-,ulodor
quickly develops whether or not dotted targets are used
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to equate delay (Couvillon, Lee, & Bitterman, 1991; Lee
& Bitterman, 1990); the reasonable implication of these
results is that dots overshadow colors but not odors. The
overshadowing interpretation is supported also by the
fact that the 20-,ul preference appears even in work with
colors when delay is equated, not by adding dots to the
conventional flat targets, but by using targets of an in
verted conical structure in which the animal is guided by
the declining substrate to the location of reward at the
base (Couvillon & Bitterman, 1993).

Overshadowing commonly is thought to require a depar
ture from the parsimonious independence assumption
the assumption that the components ofa compound stim
ulus gain or lose strength independently with reward or
nonreward. To account for overshadowing, it has been
proposed, for example, that the components of a com
pound compete with each other for associative strength
(Rescorla & Wagner, 1972) or for the attention assumed
to be necessary for learning (Sutherland & Mackintosh,
1971). Nevertheless, not all instances of overshadowing
necessarily contradict the independence assumption. The
prototypical Pavlovian effect can be explained in terms of
generalization decrement. The fact that honeybees trained
with a jasmine-scented orange target respond less when
tested with an unscented orange target than do control
subjects trained with the unscented orange target (Cou
villon & Bitterman, 1980) may be a reflection only ofthe
greater dissimilarity of training and testing conditions
for the experimental subjects than for the controls. Over
shadowing in instrumental training sometimes can be at
tributed to different experience with the critical stimuli
(Wagner, 1969). In choice experiments with honeybees
(Couvillon & Bitterman, 1989), subjects trained in a con
founded color-odor problem (e.g., green-geraniol posi
tive vs. blue-peppermint negative) learned less about the
colors than did control subjects trained with color rele
vant and odor irrelevant, and less about the odors than
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did control subjects trained with odor relevant and color
irrelevant (reciprocal overshadowing). As anticipated,
however, the confounded problem was easier than the
other two, which meant that the subjects trained in the
confounded problem had relatively little unrewarded ex
perience with the negative color and odor. The results
were readily understandable, therefore, in terms ofa sim
ple theory incorporating the independence assumption
with which it has been possible to account-quantita
tively and with considerable precision-for the perfor
mance of honeybees in a wide range of color-odor dis
crimination problems (Couvillon & Bitterman, 1991).

The overshadowing of colors by dots in training with
colored targets containing different amounts of sucrose
seems, however, to offer a more difficult challenge to the
independence assumption. Although the number of ex
posures to each color under each condition was the same,
there was a clear preference for the 20-.ul color when the
targets were undotted both in training and in the subse
quent test, but no preference when the targets were dotted
in training even if they were dotted in the test (an out
come that rules out an explanation in terms of generali
zation decrement). Our purpose in the present experi
ments was to inquire further into the conditions under
which dot-color overshadowing occurs.

EXPERIMENT 1

In recent experiments analogous to those on amount of
sucrose, color and odor preferences based on concentra
tion of sucrose (50% vs. 20%) were demonstrated with
undotted targets (Loo & Bitterman, 1992). Undotted tar
gets were used, because, with drops of equal volume,
there could be no confounding ofconcentration and delay.
In the present experiment, with the same concentrations,
the effects of training with dotted and undotted targets
differing in color were compared. If the color-amount re
sults were due simply to the overshadowing of the colors
by the dots, analogous results could be expected with a
difference in concentration substituted for the difference
in amount.

Method
Subjects. The subjects were 32 honeybees (Apis mellifera), all

experimentally naive, from our own hives situated near the labora
tory. They were assigned in balanced order to four groups of 8 sub
jects each.

Procedure. The training situation was the same as that used in
the color-amount experiments that showed the dot-color overshad
owing effect (Lee & Bitterman, 1990). It consisted of two imme
diately adjacent windows, each 58 em wide and 58 cm high, sepa
rated by a thin (2-cm) wooden partition around which the subject
was required to fly from one window to the other. In the pretrain
ing, experience with both windows was given. A single forager was
selected at random from a group of foragers at a feeding station
providing 10%-12% sucrose solution, carried to the laboratory,
and set down at a 100-.u1drop of 50% sucrose solution on a pre
training target that was centered on the sill ofone of the two win
dows, the left for half the subjects and the right for the rest. The
subject was marked with a spot of colored lacquer as it fed to re
pletion, after which it was permitted to leave for the hive. Typi-

cally, the subject would return to the laboratory after a few min
utes, continuing to fly back and forth between the hive and the win
dow as long as sucrose was available there. If the marked subject
did not return after its first placement, it was carried again from the
feeding station, where it usually could be found, to the pretraining
target. When the subject did return to the first window, it was
picked up after a few seconds and placed at a large drop of sucrose
on another pretraining target that was centered on the sill of the al
ternative window, from which the subject left for the hive when re
plete. On subsequent visits, a pretraining target was presented
twice at the second window and once again at the first. The pre
training ended after the subject had returned twice to each window
of its own accord.

The targets were flat circles, 7.5 em in diameter, ofthe same col
ored plastics used in previous color-amount experiments. In all,
there were six sets of training targets. Those of one set were of or
ange plastic, and those of the second were of blue plastic. The tar
gets ofthe third and fourth sets were like those of the first and sec
ond, except that at the center of each was a white dot, 4 mm in
diameter. The targets of the fifth and sixth sets-dotted for sub
jects subsequently to be trained with dotted targets and undotted
for subjects subsequently to be trained with undotted targets-were
used only in the pretraining; each ofthem was half orange and half
blue. The targets used were washed and exchanged for others in
their sets after each visit to randomize extraneous stimuli.

Arriving from the hive on each training visit, a subject found ei
ther an orange or a blue target centered on the sill ofone ofthe win
dows, the left window on half the visits and the right window on
the rest, in quasi-random order. At the center of the target---on the
white dot, if there was one-was a 5-.u1 drop of sucrose solution.
When the subject landed on the target and made contact with the
reward, a second target---orange or blue, in quasi-random order
was centered on the sill of the adjoining window, to which the sub
ject would fly after taking the sucrose on the first target. Then the
first target was removed, another new target was centered on the
sill ofthe arrival window, and so forth, until the subject was replete
and returned of its own accord to the hive. The training targets
were dotted for two overshadowing groups, D-30 and D-60, and
undotted for two control groups, ND-30 and ND-60. For half the
subjects in each group, the concentration of sucrose was 50% on
blue targets and 20% on orange targets, while the opposite was true
of the remaining subjects in each group.

The procedure was such, ofcourse, that the number oftrials with
each target could not be fixed exactly by the experimenter, since
that depended on the behavior of the subjects-that is, on where in
the series oftrials given on each visit each subject broke offand re
turned to the hive. (The total intake of sucrose, averaging about
50 ,Ill,varies to some extent from subject to subject and from visit
to visit.) Nevertheless, a running record kept for each subject made
it possible to come reasonably close to the planned frequencies of
30 trials with each color for groups D-30 and ND-30, and 60 trials
with each color for groups D-60 and ND-60. The actual mean
numbers of 50% trials, and 20% trials, and training visits for the
subjects scheduled to receive 30 trials with each color were 32.4,
32.0, and 6.6, respectively; and for the subjects scheduled to re
ceive 60 trials with each color, 61.0, 61.1, and 10.7. The D and ND
values were in each case essentially identical.

After its last training visit, each subject returned from the hive
to find a pair of fresh targets, one orange and the other blue, both
undotted, set 10 em apart in a lateral arrangement on the sill ofone
ofthe windows, the left window for halfthe subjects in each group
and the right window for the rest. For half the subjects in each
group, the target of the 50% color was to the left of the other, and
for the remaining subjects to the right, each target now containing
a 5-.u1 drop of tap water (unacceptable, and distinguishable from
the sucrose solution only by taste). Upon encountering water on
one of the targets, the subject would leave it, then return to it or go
to the other, leave again, return again (sometimes only briefly, with
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Figure 1. Perfonnance of Groups D-30 and ND-30 (left) and of Groups D-6O and
ND-60 (right) in unrewarded choice tests with the colors paired in training with
20% or 50% sucrose solution (Experiment 1). D, trained with dotted targets; NO,
trained with undotted targets.

no attempt to drink), and so forth, the interval between successive
responses increasing as the test continued. All actual contacts with
each target, however brief, during a 10-min period were recorded
by the experimenter, who pressed one of two hand-held switches
that activated counters programmed to print stored frequencies at
30-sec intervals.

Results
In the left-hand portion of Figure 1, the performance

of Groups D-30 and ND-30 in the unrewarded choice
test is plotted in terms of the mean cumulative number of
responses to the 50% and 20% colors in successive 30
sec intervals. In the right-hand section of Figure I, the
test performance ofgroups D-60 and ND-60 is plotted in
the same way. The curves suggest a preference for the
50% color that increases with the number oftraining trials
but is unaffected by training condition (dots vs. no dots).
Analysis of variance yields a significant stimulus (50%
vs. 20%) effect [F(l,28) = 45.96, p < .0001] and a sig
nificant interaction of stimulus X amount of training
[F(l,28) = 5.98,p = .0211], but neither a significant in
teraction of stimulus X training condition (F < 1) nor a
significant three-way interaction of stimulus X amount
of training X training condition (F < 1). In sum, no evi
dence of dot-color overshadowing appeared with a dif
ference in concentration of sucrose instead of a differ
ence in amount.

Method
Subjects. The subjects were 24 honeybees, all experimentally

naive, from our own hives situated near the laboratory. They were
assigned in balanced order to two groups of 12 subjects each.

Procedure. The double-window situation was used, with re
cruitment and pretraining exactly the same as in Experiment I. The
training also was very much the same, except that the discrimina
tion was simultaneous rather than successive. Arriving from the
hive on each training visit, the subject found, not a single target,
but a pair of targets (one orange and one blue) set 10 em apart on
the sill of one of the windows. One of the two targets (5+), which
was orange for half the subjects in each group and blue for the rest,
contained a 10-pl drop of 50% sucrose solution, while the other
(5-) contained a 10-pl drop of tap water. The lateral arrangement
of the targets varied over trials in quasi-random sequence. The ini
tial choice made by the subject was recorded, with immediate cor
rection of error permitted. As soon as the subject made contact
with the sucrose on the 5+ target, a second pair of targets was
placed on the sill of the adjoining window, to which the subject
would fly after finishing the sucrose on the target in the first win
dow. Then a third trial was given in the arrival window, and so
forth, until-typically after five trials-the subject was replete
and left of its own accord for the hive. The training ofeach subject
was continued for eight visits, both targets always dotted for
Group 0 and always undotted for Group NO. The mean number of
trials was 41.6 for Group 0 and 44.0 for Group NO. On the visit
following the last training visit for each subject, there was an un
rewarded IO-minchoice test like that in Experiment I, with orange
and blue targets undotted for both groups, each target containing a
IO-pl drop of water.

EXPERIMENT 2

In this experiment, we looked further for evidence of
dot-color overshadowing with a simultaneous discrimi
nation procedure that made it possible to examine the
course of acquisition directly. On each trial, targets of
two different colors were presented, one containing a
drop of 50% sucrose solution and the alternative a drop
of unacceptable tap water-here, that is, one of the col
ors was entirely unrewarded. Some subjects were trained
with dotted targets and others with undotted targets, after
which all subjects were tested with undotted targets.

Results
In Figure 2, the performance ofthe two groups is plot

ted in terms of the proportion of correct choice on each
of the first 40 training trials. A somewhat unusual fea
ture of the results is that the performance of both groups
was somewhat poorer than chance at the outset, which is
difficult to understand, because colors and other training
variables were strictly balanced and because the animals
showed neither a color nor a position preference. In any
case, acquisition was very much the same in the two
groups. Analysis ofvariance yields a significant effect of
trials in blocks of four [F(9,198) = 23.56, p < .0001],
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EXPERIMENT 3

Figure 2. Performance of Groups D (dotted targets) and NO (un
dotted targets) in choice training with colors (Experiment 2).

in all the prior experiments that showed dot-color over
shadowing). Another feature ofthe present experiment is
that the number of training trials was varied on the
chance ofan overshadowing effect that would wash out in
the course ofprolonged training (Bellingham & Gillette,
1981).

Method
Subjects. The subjects were 32 honeybees, all experimentally

naive, from our own hives situated near the laboratory. They were
assigned in balanced order to four groups of 8 subjects each.

Procedure. Each subject was recruited as in the preceding ex
periments, but now to the sill of a single window, where it was
placed at a large drop of 50% sucrose solution on a split orange
blue target, marked, and permitted to feed to repletion. The first re
turn was to another such target, and the second was to a distinctive
gray petri dish, 5.5 em in diameter, with feeding to repletion on
each. The training targets were the same dotted and undotted or
ange and blue plastic circles (7.5 ern in diameter) used in the pre
ceding experiments, each color positive for half the subjects in
each group. When the subject returned from the hive on each train
ing visit, it found a target of the negative color (8 -) containing a
IO-,ul drop of water that remained for 30.sec on each of the first
two visits, 60 sec on each of the next two visits, and 120 sec on
each succeeding visit. All contacts with the target during that pe
riod were recorded, after which it was replaced with a target of the
positive color (8 +) containing a IO-,ul drop of 50% sucrose solu
tion. When the subject finished the sucrose and flew up, the posi
tive target was replaced with the gray petri dish containing a large
drop of 50% sucrose solution from which the subject fed to reple
tion and returned to the hive. That is, on each trial there was a pe
riod of exposure to an S- target that was followed by a small re
ward on an S+ target and then by feeding to repletion on a target
that was markedly different from both. Group 6D had 6 training
visits (trials) with dotted targets; Group 12D, 12 training visits with
dotted targets; Group 6ND, 6 training visits with undotted targets;
and Group 12ND, 12 training visits with undotted targets. On the
visit following the last training visit for each subject, there was a
10-min choice test with undotted orange and blue targets contain
ing IO-,ul drops of water.

Results
The measure of performance in training was the rate

of responding on each visit, which declined over visits
from a high of8.5 responses per minute to 3.6 on the 6th
visit and (for the 12-visit groups) to 2.2 on the 12th visit.
The decline was significant both for the 6-visit groups
[F(5,70) = 6.97, P < .0001] and for the 12-visit groups
[F(11,154) = 10.48, p < .0001]. It is impossible, of
course, to say to what extent the decline reflected learn
ing about the negative color and to what extent learning
not to persist after an encounter with water. There was a
small but statistically significant tendency for Group 12D
to respond more than Group 12ND[F(1,14) = 4.78,p =
.0463], but the 6-visit groups did not differ significantly
from each other (F < I), nor was there a significant
group X visit interaction with either amount of training
(F< I).

In the left-hand portion of Figure 4, the performance
of the 6-visit groups in the unrewarded choice test is
plotted in terms of the mean cumulative number of re
sponses to the undotted positive and negative colors in
successive 3D-sec intervals. In the right-hand portion of
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but neither a significant group effect (F < 1), nor a sig
nificant group X trial-block interaction (F < 1).

In Figure 3, the performance in the unrewarded choice
test with undotted targets is plotted in terms of the mean
cumulative number ofresponses to the positive and neg
ative colors in successive 3D-sec intervals, and here, too,
the results for the two groups were very much the same.
Analysis ofvariance yields a significant stimulus (S+ vs.
S-) effect [F(1,22) = 110.01, P < .0001], but neither a
significant group effect (F < 1) nor a significant group
X stimulus interaction (F < 1). Again the results give no
indication of dot-color overshadowing.

Here, as in Experiment 2, we looked for dot-color
overshadowing in discriminative training with sucrose
versus water, but under conditions that might be more
likely to produce the effect: In the hope ofminimizing the
perceived difference between them, the colors were pre
sented, not simultaneously, but successively (as they were

Figure 3. Performance of Groups D (trained with dotted targets)
and NO (trained with undotted targets) in unrewarded choice tests
with the S+ and S- training colors (Experiment 2).
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Figure 4. Performance of Groups 6D and 6ND (left) and of Groups 12D and
12NO(right) in unrewarded choicetests with the S+ and S- training colors (Ex
periment 3). D, trained with dotted targets; NO, trained with undotted targets.

Figure 4, the test performance of the 12-visit groups is
plotted in the same way. Analysis of variance yields a
significant stimulus (S+ vs. S-) effect [F(1 ,28) = 131.66,
P < .000 I], but no significant treatment effect (F < I) and
no significant interaction either of stimulus X training
condition (dots vs. no dots) [F(l,28) = 2.33,p >.05], or
of stimulus X amount of training (F < I), or of stimulus
X training condition X amount of training (F < I). Again
in this experiment, there is no reliable indication ofover
shadowing.

EXPERIMENT 4

Having failed in what were in effect three experiments
on sucrose concentration (50% vs. 20% in the first and
50% versus 0% in the second and third) to find the dot
color overshadowing discovered in prior experiments on
amount of reward (5 f1l vs. 20 f1l ofa 50% solution), we
turned here to probability of reward, a third reward pa
rameter of demonstrated importance in the learning of
honeybees (Fischer, Couvillon, & Bitterman, 1993; Ishida,
Couvillon, & Bitterman, 1992). The targets of two dif
ferent colors-dotted for one group of animals and un
dotted for a second group-were presented successively
in the two-window situation, with response to one color
always rewarded and to the other rewarded only on half
the training trials, after which there was a choice test
with undotted targets. Negative results would suggest
that the overshadowing effect is unique to differential
conditioning based on amount of reward and under
standable perhaps in terms of the way in which differ
ences in amount ofreward are detected, which is now far
from clear (Batson, Hoban, & Bitterman, 1992).

Method
Subjects. The subjects were 32 honeybees, all experimentally

naive, from our own hives situated near the laboratory. They were
assigned in balanced order to two groups of 16 subjects each.

Procedure. The subjects were recruited to the double-window
situation and pretrained with split orange-blue targets exactly as in
Experiment I. The training also was very much the same, except
that here the attempt was to establish a color preference based on

probability of reward rather than on concentration of sucrose. Tar
gets of one color (the consistently rewarded color, which was or
ange for half the subjects and blue for the rest) always contained a
lO-ill drop of 50% sucrose solution. Targets of the other color (the
partially rewarded color) contained a 10-ill drop of 50% sucrose
solution on half the trials and a lO-ill drop of water on the rest.
When a subject tasted a drop ofwater, it would fly up from the tar
get, which would be removed and then replaced when the animal
went to the adjacent window. Trials with the two colors were
scheduled in quasi-random sequence, as were rewarded and non
rewarded trials with the partially rewarded color. The plan was to
have 24 trials with the consistently rewarded color, and 12 re
warded and 12 nonrewarded trials with the partially rewarded
color. The actual (mean) numbers for Group D (trained with dot
ted targets) were 25.4, 12.6, and 12.9, respectively, in 8.3 training
visits; the corresponding means for Group ND (trained with un
dotted targets) were 23.6, 12.2, and 12.4 in 8.2 training visits. On
the visit following the last training visit for each subject, there was
a 10-min choice test with undotted orange and blue targets, each
containing a lO-ill drop of water.

Results
In Figure 5, the performance of the two groups in the

unrewarded choice test is plotted in terms of the mean
cumulative number of responses to the consistently and
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Figure 5. Performance of Groups D (trained with dotted targets)
and ND (trained with undotted targets) in unrewarded choice tests
with colors consistently (C) and partially (P) rewarded in training
(Experiment 4).
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partially rewarded colors in successive 30-sec intervals.
The curves show a smaller preference for the consis
tently rewarded color in Group D than in Group ND.
Analysis of variance yields a significant stimulus (con
sistent vs. partial) effect [F(1,30) = 44.92,p < .0001],
without a significant group effect [F(1,30) = 2.99, p >
.05], but a significant group X stimulus interaction
[F(I,30) = 6.58, p = .0155]. That the dots did not en
tirely prevent discrimination of the colors as they did in
the amount experiments (Lee & Bitterman, 1990) is
shown by a separate analysis of the test performance of
Group D, which yields a significant stimulus effect
[F(1,15) = 55.22,p < .0001]. There was overshadowing,
but it was not complete.

EXPERIMENT 5

Our purpose in this experiment was to try to confirm
under a substantially different set of conditions the find
ing of Experiment 4 that dots may impair the discrimi
nation of colors rewarded with different probabilities.
The procedure employed here was like that of Experi
ment 3, in which only a single trial with each color was
given on each visit. Another change from the conditions
ofExperiment 4 designed to estimate the generality ofits
results was that an equated-reinforcements rather than an
equated-trials design was employed-the same number
ofrewarded responses to each color and fewer trials with
the consistently rewarded color, rather than the same
number of trials with each color and fewer rewarded re
sponses to the partially rewarded color. (It may be well
to note that number oftrials and number of rewards can
not both be equated in a comparison of partial and con
sistent reward.)

Method
Subjects. The subjects were 32 honeybees, all experimentally

naive, from our own hives situated near the laboratory. They were
assigned in balanced order to two groups of 16 subjects each.

Procedure. Each subject was recruited to a single window and
pretrained exactly as in Experiment 3. The 16 training visits were
of four different kinds, and four of each were scheduled in quasi
random sequence. On visits ofone kind, a target ofthe consistently
rewarded color (orange for half the subjects in each group, and
blue for the rest) was presented with a 10-,u1 drop of 50% sucrose
solution. The target then was replaced with a gray petri dish con
taining a large drop of 50% sucrose solution from which the sub
ject fed to repletion. Visits of a second kind were like those of the
first kind, except that the target was of the partially rewarded color.
On visits of the third and fourth kinds, the subject found a target
of the partially rewarded color containing a 10-,u1 drop of water
that remained for 60 sec on the first such visit, 90 sec on the next,
and 120 sec on the rest, during which time all contacts with the tar
get were recorded. Then the target was replaced with a target con
taining a 1O-,u1 drop of sucrose that was of the consistently re
warded color on visits of the third kind and of the partially
rewarded color on visits of the fourth kind, each trial ending with
feeding to repletion on a gray dish. In sum, with the consistently
rewarded color designated as C and the partially rewarded color as
P,the training comprised four C+ visits, four P+ visits, four P
to C+ visits, and four P- to P+ visits (in balanced order). The
only difference in the treatment of the two groups of subjects was

Vl 40
w "o-c
Vl O-OO-P
Z A-A ND-C ........-0 30a.. 11-11 NO-P ~
Vl ./w

/a:
20w

~~

~ /
10 ~ ,A-6-4:

::::> t. ~-6.11i
~
::::> ,A-6.11i

:.a
U 0

0 5 10 15 20

30-5 INTERVALS
Figure 6. Performance of Groups D (trained with dotted targets)

and NO (trained with undotted targets) in unrewarded choice tests
with colors consistently (C) and partially (P) rewarded in training
(Experiment 5).

that the orange and blue targets were dotted for Group D and un
dotted for Group ND. On the visit following the 16th training visit,
there was an unrewarded 10-min choice test with undotted orange
and blue targets as in the preceding experiments.

Results
There was a significant decline in the rate ofrespond

ing to the partially rewarded color (from about 7 to about
4 per minute) over the eight visits that began with unre
warded presentation of that color [F(7,21O) = 9.45, p <
.0001], but with neither a group effect (F < 1) nor a
group X stimulus interaction (F < 1). In the choice test,
evidence ofdot-color overshadowing appeared again, as
is shown by Figure 6, in which the performance of the
two groups is plotted in terms of the mean cumulative
number ofresponses to the consistently and partially re
warded colors in successive 30-sec intervals. Analysis of
variance yields a significant stimulus (consistent vs. par
tial) effect [F(1,30) = 14.33,p < .0001], without a sig
nificant group effect [F( 1,30) = 2.32, p > .05], but a sig
nificant group X stimulus interaction [F(1,30) = 6.49,
p = .0162]. A separate analysis of the test performance
of Group D does not yield a significant stimulus effect
(F < 1); statistically, the overshadowing was complete.

EXPERIMENT 6

Overshadowing by dots has been found in discrimina
tion experiments with colored targets but not with
scented targets containing different amounts of reward
(Lee & Bitterman, 1990). In Experiments 4 and 5, dot
color overshadowing was found with variation in proba
bility ofreward, and in the present experiment, patterned
exactly after Experiment 5, a like effect was sought with
odor. Negative results would support the hypothesis that
colors and odors are differently affected by the dots.

Method
Subjects. The subjects were 32 honeybees, all experimentally

naive, from our own hives situated near the laboratory. They were
assigned to two groups of 16 subjects each.
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Figure 7. Performance of Groups D (trained with dotted targets)
and ND (trained with undotted targets) in unrewarded choice tests
with odors consistently (C) and partially (P) rewarded in training
(Experiment 6).

Procedure. This experiment differed from Experiment 5 only in
that scented gray targets were substituted for the colored ones.
Here the targets were covered plastic petri dishes, 5.5 em in diam
eter. Drilled in the cover of each dish, 6 mm from its outer cir
cumference, was a circle of 16 equally spaced holes, 3 mm in di
ameter. The dishes contained pieces ofcotton batting that could be
impregnated as required with the scent of peppermint or with
geraniol or (for purposes of pretraining only) with both. In all,
there were six sets of such targets-scented in the three different
ways and with or without a white dot, 4 mm in diameter, centered
on the cover. To randomize extraneous stimuli, each target used on
any visit was drawn from a large set of identical targets to which it
was returned after the washing of its cover at the end of the visit.
Distinctive dishes ofa seventh set, unscented, were used to present
the large drops of sucrose solution from which there was the feed
ing to repletion with which each visit ended.

Results
There was a significant decline in rate of responding

to the partially rewarded odor (from about 6 to about 4
per minute) over the eight visits that began with unre
warded presentation of that odor [F(7,210) = 9.44,p ~

< .0001], with neither a group effect (F < 1) nor a group
X stimulus interaction (F < 1). In Figure 7, the perfor
mance of the two groups in the choice test is plotted in
terms ofthe mean cumulative number.ofresponses to the
consistently and partially rewarded odors in successive
30-sec intervals. Analysis ofvariance yields a significant
stimulus (consistent vs. partial) effect [F(1 ,30) = 74.20,
P < .0001], a significant change in responding over 2.5
min blocks [F(3,90) = 65.04, P < .0001], and a signifi
cant stimulus X block interaction [F(3,90) = 37.66, P <
.0001], but neither a significant group effect (F < 1) nor
a significant group X stimulus interaction (F < 1).

DISCUSSION

In experiments with targets containing different
amounts of reward (5 vs. 20 J11 of sucrose solution), Lee
and Bitterman (1990) found overshadowing of colors,
but not of odors, by dots that marked the location of re-
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ward, and parallel results-dot-color but not dot-odor
overshadowing-were obtained here for different prob
abilities of reward (consistent vs. partial). It might be
suspected that the odors employed were more salient or
discriminable than the colors, but there is no support for
that interpretation. In both the amount and the probabil
ity experiments, discrimination of the colors by animals
trained with undotted targets was better if anything than
discrimination of the odors; compare, for example, the
ND-C and ND-P curves for color in Figure 6 and for
odor in Figure 7.

Another interpretation worth considering is that inde
pendence is more likely in intermodal compounds (com
pounds whose components are of different modalities,
such as color and odor) than in intramodal compounds
(compounds whose components are of the same modal
ity, such as dot and color). Much the same proposal has
been made by Kehoe, Home, Home, and Macrae (1994)
on the basis of discrepant results for tone-noise versus
tone-light and noise-light compounds obtained in classi
cal conditioning experiments with rabbits. On the assump
tion that the position ofa target is given visually-either
by reference to the surround, or by location in the visual
field as determined by bodily orientation (Huber et aI.,
1994; Wehner, 1981)-it is possible to point to other ex
periments with honeybees whose results for intramodal
compounds (specifically, color-position compounds)
are at odds with the independence assumption, while those
for intermodal (color-odor) compounds are not.

Couvillon, Klosterhalfen, and Bitterman (1983) found
reciprocal overshadowing ofcolor and position in an ear
lier experiment of the same design as the color-odor
overshadowing experiment by Couvillon and Bitterman
(1989) that has already been described. Foragers trained
in a confounded color-position problem (e.g., green
right positive vs. blue-left negative) learned less about
color than did control subjects trained with color rele
vant and position irrelevant, and less about position than
did control subjects trained with position relevant and
color irrelevant. Unlike the color-odor results, the color
position results cannot be accounted for in terms of dif
ferential experience with the negative stimuli, because
the confounded problem proved to be no easier than ei
ther the color-relevant problem or the position-relevant
problem. Summation in intramodal compounds failed to
appear in the experiments of Kehoe et al. (1994) with
rabbits, and still more recently also in autoshaping ex
periments with pigeons by Rescorla and Coldwell (1995).

In a still earlier experiment, Klosterhalfen, Fischer,
and Bitterman (1978) found dimensional transfer-a
vertebrate phenomenon long taken as evidence of selec
tive attention (Sutherland & Mackintosh, 1971)-in
color-position problems although not in color-odor
problems: Foragers trained first in a color-odor problem
with color or odor relevant, and then in a second such
problem with new colors and odors, performed no better
in the second problem when the relevant dimension was
the same as in the first problem than when it was differ-
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ent; but after training in a color-position problem with
color or position relevant, performance in a second prob
lem with new colors and positions was better when the
relevant dimension was the same as in the first problem
than when it was different. Here again an explanation of
the color-position results in terms ofcompetition for vi
sual attention is suggested.

Yet another interpretation worth considering is that
the discrepant results for color-odor as compared with
color-position compounds are due, not to the inter
modality of color-odor compounds, but to some special
way in which position is processed. It may be important,
for example, that color and odor are integral properties
of a target while position is not; a distinctive manner of
choice in position-relevant problems was, in fact, re
ported in both papers on color-position training. The
question could be decided by a dimensional transfer ex
periment with odor and position, which should give pos
itive results if position qua position is critical, but not if
intramodality is critical. Support for the interpretation in
terms of intramodality is provided by recent work on
blocking. Color-odor experiments with free-flying for
agers have failed to turn up evidence of blocking (Funa
yama, Couvillon, & Bitterman, 1995), but blocking has
been found in experiments on proboscis-extension con
ditioning in harnessed foragers exposed to binary odor
mixtures that were treated as odor-odor compounds
(Smith & Cobey, 1994).

For the moment, however, the concept of competition
for visual attention does make it possible to understand
why there should be dot-color overshadowing but not
dot-odor overshadowing, and perhaps also why there
should be dot-color overshadowing with different
amounts and probabilities of sucrose but not with differ
ent concentrations. In the training with two amounts of
reward, selective attention to the salient dots would have
been maintained and even strengthened because of their
close and consistent relation to the initial taste of 50%
sucrose; the many versions of traditional attention theory
have in common the assumption that the strength of at
tention to some feature of a stimulus is correlated with
the probability ofreward for response to it (Sutherland &
Mackintosh, 1971). Although the dots did not predict
amount of sucrose, it is easy to think that concentration
is a more immediate and salient property of reward than
amount, which most likely is discriminated only as in
gestion continues. In training with two concentrations,
attention to the dots would have given way to attention to
the colors, because the taste of sucrose was predicted by
the colors and not by the dots. In training with two prob
abilities, the dots were at least partial predictors of su
crose-paired with it twice as often as with water in one
case (Experiment 5) and three times as often in the other
(Experiment 4)-and that experience, together with their
greater salience, may have been sufficient to give them
an advantage over the colors. From this viewpoint, the
overshadowing effect would be expected to diminish
with further reduction of the dot-sucrose correlation; it

might be instructive, for example, to train animals with
one color rewarded on 75% of trials and the other on
25% of trials.

The principle of shared associative strength (Rescorla
& Wagner, 1972) provides no immediate explanation ei
ther of dimensional transfer or of the discrepant results
obtained in analogous experiments with different modal
ities. Nevertheless, it may be instructive to ask how well
dot-color overshadowing alone can be accounted for in
terms of that principle, an attractive feature of which is
that it is expressed in equational form. It will not do, of
course, simply to try to simulate the experiments with
some arbitrarily chosen values of the several parameters
(cf. Pearce & Redhead, 1993, on the effect ofa common
irrelevant stimulus on positive and negative patterning in
pigeons), because different sets ofparameter values may
well give results that are qualitatively quite different.
What is required is factorial variation of parameter val
ues over a wide range, which was done here for three
problems.

In simulations oftraining with two amounts of reward
(20 and 5 .ul), there were 100 trials each with AXzoand
BXs for an overshadowing group and with Azoand Bs
for a control group (the colors represented by A and B,
the dots by X). The associative strength supported by the
larger reward, Azo, was taken as 1; As was varied from .1
to .9 in steps of .1; ac. the common salience of the col
ors was varied from .1 to 1 in steps of.1; ax, the salience
of X was varied from .1 to 1 in steps of .1; UB (the in
cremental B)was varied from .02 to .3 in steps of .02, and
so also (independently) was DB (the decremental B). Of
the 202,500 simulations, 43% showed at least some over
shadowing as reflected by an asymptotic difference in
the associative strengths ofA and B (VA - VB) larger for
the control group than for the overshadowing group. The
largest effect was .53. In the sets of parameter values
yielding more than very small overshadowing effects,
UBranges from. 1 - .3, but they all have in common that
DB is very small (always .02), ax is large relative to ac,
and As is very small (.1 or .2)-perhaps unrealistically
small, given the substantial reinforcing properties of
5-.u1 drops of 50% sucrose solution that have been
demonstrated repeatedly (see, e.g., Couvillon et aI., 1991;
Lee & Bitterman, 1990). It should be noted that the sim
ulation procedure is exactly the same for two different
concentrations as for two different amounts, and the re
sults for amount apply directly to concentration.

As might be anticipated, results similar to those for
two amounts (or concentrations) were obtained in simu
lations of training with A rewarded (10 .ul) and B entirely
unrewarded (as in Experiments 2 and 3}-100 trials each
with AX 10 and BX - for an overshadowing group and
with A10 and B - for a control group. The simulation pro
cedure was in general the same as before, except that the
asymptotic strength ofB was fixed at zero, with AIO var
ied from .1-1 in steps of.1. Of 225,000 simulations, 44%
showed at least some overshadowing. The largest effect
was .59. In the sets ofparameter values that yielded more



than very small effects, AIO was relatively large (.5-1),
and the other values were much the same as in the two
amount case-DB very small (always .02), and ax large
relative to ac' The theory suggests that training with A
rewarded and B entirely unrewarded is a special case of
training with two different amounts or concentrations.

Different results were obtained in simulations oftrain
ing with two probabilities of reward-I 00 trials each
with AX 10' BX IO' and BX- for an overshadowing group
and with AIO, B IO, and B- for a control group. Of
225,000 simulations, 34% yielded overshadowing ef
fects, the magnitude of only 52 of them exceeding .03,
with .042 the largest. The 52 sets of parameter values
differ from those yielding substantial overshadowing ef
fects with B paired consistently with small reward or no
reward in that both VB and DB are large (about .3), and
that both ax and ac are large (about I).

It seems, then, that the principle of shared associative
strength does not help to understand the dot-color re
sults. Although the principle suggests overshadowing
when A and B provide either different amounts or dif
ferent concentrations of sucrose, the results show over
shadowing with a difference in amount but not with a
difference in concentration. The principle also suggests
that there should be little or no overshadowing when A
is consistently rewarded and B only partially rewarded,
but the results shown substantial overshadowing. There
is, ofcourse, some evidence recently reviewed by Miller,
Barnet, and Grahame (in press) that overshadowing and
blocking in vertebrates are performance effects rather
than acquisition effects. If that should prove true of dot
color overshadowing in future work with honeybees, it
still might be reasonable to look for an explanation in
terms of traditional attention theory, which postulates
that the stimuli attended to and the associative properties
of those stimuli are determined by separate processes.
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