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Compound conditioning in honeybees:
Blocking tests of the independence assumption

E. S. FUNAYAMA, P. A. COUVILLON, and M. E. BITTERMAN
University ofHawaii, Honolulu, Hawaii

Six experiments with color-odor compounds failed to produce convincing evidence of blocking in
honeybees even when the possibility of masking by within-compound association could be discounted.
The parsimonious assumption that the components of a compound stimulus gain and lose associative
strength independently with reinforcement and nonreinforcement of the compounds (which the ex
periments were designed to challenge) remains tenable for color-odor compounds, although perhaps
not for intramodal compounds.

The performance of honeybees in a wide range ofcolor
odor problems can be simulated quantitatively and with
considerable accuracy on the parsimonious independence
assumption-the assumption that the components ofa com
pound stimulus gain and lose associative strength indepen
dently with reinforcement and nonreinforcement of the
compound (Couvillon & Bitterman, 1991; Fischer, Couvil
lon, & Bitterman, 1993). In the vertebrate literature, the in
dependence assumption has long been rejected in favor of
the assumption that the components ofa compound compete
for associative strength (Rescorla & Wagner, 1972) or for
attention (Sutherland & Mackintosh, 1971), and the ques
tion now at issue is whether the independence assumption is
sufficiently constrained by the available data for honeybees,

That the functional properties of a compound stimulus
may be strongly influenced by afferent interaction has been
clear since the early work of Pavlov (1927) on compound
component discrimination and on what Lashley (1938)
later called "conditional discrimination" (discrimination be
tween compounds made up of identical components in dif~
ferent combinations). Honeybees show both phenomena
(Couvillon & Bitterman, 1988). In a direct analogue of
Lashley's famous experiment with rats, foraging honey
bees could be trained, for example, to choose a green rather
than a blue target when both targets were scented with ge
raniol but to choose blue rather than green when both were
scented with peppermint. It should be clear, however, that
evidence of interaction does not in itself contradict the in
dependence assumption. Whether the components ofa com
pound are altered in the process (Hull, 1943) or whether
they retain their separate identities and are only supple
mented by a new, compound-unique component (Res
corIa, 1972; Whitlow & Wagner, 1972), the compound still
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can be treated as a cluster of components that are inde
pendent with respect to the influence ofreinforcement and
nonreinforcement.

Overshadowing is another phenomenon discovered by
Pavlov (1927) that may seem to contradict the independence
assumption, pointing instead to competition for associa
tive strength or for attention. In many cases, however, sim
pler interpretations of the available data are at least as
plausible. Consider the fact that honeybees trained with a
jasmine-scented orange target respond less than do control
subjects trained with an unscented orange target when both
groups are tested with an unscented orange target (Cou
villon & Bitterman, 1980): the difference may reflect only
the greater dissimilarity of training and testing conditions
for the experimental subjects than for the controls. Or con
sider the fact that honeybees trained in a choice problem
with color and odor confounded (e.g., green- geraniol pos
itive versus blue-peppermint negative) learn less about
the colors than do control animals trained with color rele
vant and odor irrelevant, and learn less about the odors
than do control animals trained with odor relevant and
color irrelevant (Couvillon & Bitterman, 1989): both of
these differences follow from the fact that there is little
nonreinforced experience with the negative color and odor
of the confounded problem, which is mastered quickly (cf.
Wagner, 1969).

Competition for associative strength and for attention
have been invoked also to account for blocking, a com
panion phenomenon to overshadowing that promises a
somewhat more serious challenge to the independence as
sumption. The prototypical blocking experiment, de
signed to look for impaired conditioning of one compo
nent of a compound due to prior conditioning of another
(Kamin, 1968), is adapted here in several different ways to
fit the constraints imposed by work with free-flying honey
bees. The general strategy is to compare null predictions
based on the independence assumption with predictions of
the Rescorla-Wagner theory, which is favored as a reference
theory on grounds ofclarity and simplicity; predictions of
attention theory in the many relatively informal versions
that have been proposed often are less unequivocal.
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EXPERIMENT 1

In this experiment, we looked both for blocking ofodor
by color and for blocking ofcolor by odor. The subjects of
an odor group were trained in the first stage of the exper
iment to choose between unscented green and blue targets,
one color consistently reinforced and the other never. In
the second stage, there was reinforced experience with
targets ofthe two colors that were presented singly and suc
cessively, one scented with peppermint and the other with
geraniol. Finally, there was a nonreinforced choice test
with two gray targets, one scented with peppermint and
the other with geraniol. The subjects ofa color group were
trained in the first stage with the scented gray targets dif
ferentially reinforced; in the second stage, they were
trained as were those of the odor group; and finally they
were tested with the colors. In symbolic terms, choice
training with A+/B - was followed by successive training
with AX+ and BY+, after which there was a choice test with
X and Y. The prediction ofthe Rescorla-Wagner theory is
that conditioning ofX will be impaired by the presence of
A and that there will therefore be less response to X than
to Y in the test; just such a result was, in fact, obtained by
Rescorla (1981) in an autoshaping experiment with pi
geons. The independence assumption provides no basis
for predicting a difference in response to X and Y.

Method
Subjects. The subjects were 40 foraging honeybees, all experi

mentally naive, from our own hives situated near the laboratory. They
were assigned to odor and color groups of 12 subjects each and to
two supplementary groups of8 subjects each.

Procedure. The subjects of this and all other experiments were
trained individually. In the pretraining, a forager was selected at ran
dom from a group offoragers at a feeding station providing 100/0--12%
sucrose solution and set down at a drop of 50% sucrose solution on
a pretraining target that was centered on the deep sill ofa laboratory
window. The subject was marked with a spot of colored lacquer as
it fed to repletion, after which it left for the hive. Typically, the sub
ject would return to the laboratory after a few minutes, continuing
to fly back and forth between the hive and the window as long as su
crose was available there. If the marked subject did not return after
its first placement, it was taken again from the feeding station
(where it usually could be found) to the pretraining target and per
mitted again to feed to repletion. More than two placements were
rarely required. The pretraining ended after the subject had returned
twice to the window of its own accord.

The targets were covered plastic petri dishes, 5.5 em in diameter.
Drilled in the cover ofeach dish, 6 mm from its outer circumference,
was a circle of eight equally spaced holes, 5 mm in diameter. The
dishes contained pieces ofcotton batting that could be impregnated
as required with the scent of peppermint or geraniol. The covers of
some dishes were gray in color, others were green or blue (the stan
dard green and blue plastics used in our modeling experiments). The
covers of the dishes used in the pretraining were half green and half
blue (1800 of each color) and their batting was scented with both pep
permint and geraniol. Each target used on any visit was drawn from
a large set of identical targets, to which it was returned after being
washed at the end of the visit; the purpose of the procedure (used
routinely in this laboratory) was to randomize irrelevant stimuli.

In the first stage oftraining, there were eight visits. Arriving from
the hive on these visits, each subject in the odor group and one of the
supplementary groups found a pair of unscented targets, one green

and one blue, set 10 em apart on the window sill. One ofthe two tar
gets (S+)-green for half the subjects in each group and blue for the
rest---eontained a large (-100 f.iI) drop of 50% sucrose solution; the
other target (S -) contained a large drop of tap water (unacceptable
to the animal and distinguishable from the sucrose solution only by
taste). The lateral arrangement of the targets varied over visits in
quasi-random sequence, each color half the time on the left and half
the time on the right. The initial choice made by the subject on each
visit was recorded, with immediate correction oferror permitted, the
visit ending with feeding to repletion and return to the hive. For the
color group and the other supplementary group, the procedure was
the same except that the training was with peppermint- and geraniol
scented gray targets.

For the odor and color groups, there was a second stage of train
ing that was the same for both. It consisted ofeight reinforced visits
to two targets presented singly and sequentially in balanced quasi
random orders at the center of the window sill, four visits to each tar
get. One target was green and the other blue; one was scented with
peppermint and the other with geraniol. For half of the subjects in
the odor group, peppermint was the prospectively blocked odor (re
inforced in compound with the S+ color) and geraniol was the con
trol odor (reinforced in compound with the S- color); for the rest,
the opposite was true. (The balancing, both here and everywhere
else, was factorial; each of the four possible color-odor combina
tions was used equally often in each group.) For half of the subjects
in the color group, green was the prospectively blocked color (rein
forced in compound with the S+ odor) and blue was the control
color (reinforced in compound with the S- odor); for the rest, the
opposite was true. Each target now contained a drop of 50% sucrose
solution from which there was feeding to repletion.

After its last training visit in the second stage, each subject of the
odor group arrived from the hive to find a pair of gray targets, one
scented with peppermint and the other with geraniol, set 10em apart
in a lateral arrangement on the window sill. For half of the subjects
in the group, the peppermint target was to the left of the geraniol tar
get, and for the remaining subjects, it was to the right, each target
now containing a drop of water. All actual contacts with each target
during a lO-min period were recorded by the experimenter, who
pressed one of two hand-held switches that activated counters pro
grammed to print stored frequencies at 30-sec intervals. After the
second stage of its training, each subject of the color group was
tested in the same way with unscented green and blue targets.

For the subjects of the two supplementary groups, there was no
second stage of training. Training in the first stage was followed by
a nonreinforced 10-min choice test with unscented green and blue
targets for the supplementary group trained with the colored targets
and by a like test with peppermint- and geraniol-scented gray targets
for the supplementary group trained with the scented targets. The
purpose ofthe supplementary groups was to demonstrate acquisition
of the color and odor discriminations in the first stage of training by
the same method used to look for evidence of blocking in the odor
and color groups after their training in the second stage.

Results
InFigure 1, the performance of the supplementary groups

is plotted in terms of the mean cumulative number of re
sponses to the positive and negative colors and odors in
successive 30-sec intervals. The curves show a clear pref
erence for S+ ofabout the same magnitude in both groups,
which was, of course to be expected, because the colors
and odors were selected for equal salience and discrim
inability (Couvillon & Bitterman, 1987, 1991). Analysis
of variance (ANOYA) yielded a significant stimulus (S+
vs. S-) effect [F(1,14) = n.52,p < .0001] as well as a
significant change in responding over four 2.5-min blocks
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Figure 2. Performance of the odor and color groups of Exper
iment 1 in nonreinforced choice tests with the prospectively
blocked and control alternatives.
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EXPERIMENT 2

In this and the subsequent experiments to be reported
here, we looked only for the blocking of odor by color;
where parallel experiments were carried out (as they were
in several cases), the level ofresponding to color in the tests
continued to be relatively low and open, therefore, to the
suggestion that the tests might not be sufficiently sensi
tive. The prospective blocking experience in the first stage
of the present experiment involved unscented green and
blue targets that were presented singly and successively
with two different magnitudes ofreinforcement (50% and
20% sucrose solutions) selected to generate two different
levels of associative strength (Couvillon & Bitterman,
1984; Loo & Bitterman, 1992). In the second stage, the
successive training ofa single experimental group contin
ued as before, except that one color was compounded with
the odor ofpeppermint and the other with the odor ofgera
niol; the sucrose concentration in both cases was 50%. Fi
nally, there was a choice test with two gray targets, one
scented with peppermint and the other with geraniol. In
symbolic terms, training with A-50% and B-20% was fol
lowed by training with AX-50% and BY-50%, after which
there was a choice test with X and Y. The prediction of the
Rescorla- Wagner theory is that Y, the odor reinforced in
compound with the 20% color, will be preferred to X, the
odor reinforced in compound with the 50% color, while
the independence assumption provides no basis for pre
dicting a difference in response to the two odors.

Method
Subjects. The subjects were 20 foraging honeybees, all experi

mentally naive, from our own hives situated near the laboratory.
They were assigned to an experimental group of 12 subjects and a
supplementary group of 8 subjects.

Procedure. The subjects were recruited and pretrained in the same
manner as in the previous experiment. In the first stage of training
for all the animals, there were eight visits to an unscented green target
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Figure I. Performance of the supplementary groups of Exper
iment 1 in nonreinforced choice tests with odors and colors. One
group was trained and tested with the odors; the other was trained
and tested with the colors. S+, formerly reinforced odor or color;
S-, formerly nonreinforced odor or color.

[F(3,42) = 45.89,p < .000 I] and a significant stimulus X

block interaction [F(3,42) = 51.06,p < .000 I], but neither
a significant group X stimulus interaction (F < I) nor a
significant group X stimulus X block interaction (F < I).
It should be noted that this analysis and all subsequent analy
ses of like data were based on uncumulated frequencies of
response (the frequencies in successive 30-sec intervals).

In Figure 2, the performance of the color and odor
groups in the choice tests is plotted in terms of the mean
cumulative number of responses in successive 30-sec in
tervals-s-the responses of the color group to each of the
two colors in the lower portion and the responses of the
odor group to each of the two odors in the upper portion.
As the curves show, there was considerably more re
sponding in the odor group (absent the reinforced colors)
than there was in the color group (absent the reinforced
odors). The difference, which is reminiscent ofother such
differences observed in this laboratory as well as in the
early work of von Frisch (1914), can be explained most
simply in terms ofgeneralization decrement; for example,
a blue-peppermint target is more similar to a gray-pep
permint target than to an unscented blue target. In any
case, there was not much evidence ofdiscrimination in ei
ther group, with the larger of the differences (for the color
group) opposite in direction to that which might have in
dicated blocking. ANaYA yielded a significant group ef
fect [F(I,22) = 12.29, P = .0020] and a significant
change in responding over 2.5-min blocks [F(3,66) =
34.37,p < .0001] but not a significant stimulus (reinforced
in compound with S+ vs. S-) effect (F < I), significant
stimulus X block interaction (F < I), significant group X

stimulus interaction [F( I,22) = 2.63, p > .05], or signifi
cant group X stimulus X block interaction (F < I). The re
sults provide no basis for rejecting the independence
assumption.
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and eight visits to an unscented blue target in balanced quasi-random
orders. The target presented on any given visit contained a drop of
either 50% or 20% sucrose, from which there was feeding to reple
tion; green was the 50% color for half of the subjects and blue the
50% color for the rest. At the conclusion oftraining in the first stage,
the subjects ofthe supplementary group had a nonreinforced 10-min
choice test of the standard kind with unscented targets of the two col
ors (containing drops of water) that was intended simply to demon
strate anew the effectiveness of the discriminative training proce
dure. For the experimental group, there was a second stage oftraining
that was like the first except that odors were added to the colors. For
halfof the subjects, peppermint was compounded with the previous
50% color and geraniol with the previous 20% color; the opposite
was true for the rest, although the targets ofboth kinds now contained
a 50% sucrose solution. After the second stage of training, there was
a nonreinforced 10-min choice test with peppermint- and geraniol
scented gray targets containing drops of water.
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Figure 3. Performance of the supplementary gl'oup of Experi
ment 2 in a nonreinforced choice test with colors previously paired
with 50% versus 20% sucrose solution.

Results
The differential acceptability of the two sucrose con

centrations was evidenced, as in previous work (Couvillon
& Bitterman, 1984), by feeding patterns. Upon encoun
tering a 20% drop of sucrose, especially after a 50% visit
(that is, when it was adapted to the higher concentration),
the animal would break off contact with it repeatedly be
fore settling down to continuous feeding. Further evi
dence ofdiscrimination is provided by the performance of
the supplementary group when tested with the colors. A
clear preference for the 50% color is shown in Figure 3,
which is plotted in terms of the mean cumulative number
of responses to each color in successive 3D-sec intervals.
ANOVA yielded a significant stimulus (50% color vs.
20% color) effect [F(l,7) = 22.38,p = .0021] as well as
a significant change in responding over four 2.5-min blocks
[F(3,21) = 15.24,p < .0001] and a significant stimulus X
block interaction [F(2,21) = 8.44,p = .0007].

In Figure 4, the performance ofthe experimental group
in the choice test is plotted in terms ofthe mean cumula
tive number of responses to each odor-the prospectively
blocked odor and the control odor-in successive 3D-sec
intervals. ANOVAyielded a significant change in respond-

Figure 4. Performance of the experimental group of Experi
ment 2 in a nonreinforced choice test with the prospectively
blocked and control odors.

If the meager indication of blocking found in Experi
ment 2 was more than a statistical aberration, it should be
possible, with some reasonable changes in procedural pa
rameters, to find a more substantial effect. In Experi
ment 3, we trained and tested a group of subjects in the
same way as the experimental group of Experiment 2, ex
cept that the total number of training visits was reduced by
half. With fewer visits, we expected that there might be
somewhat more responding in the test, leaving more room
in which to see a blocking effect. The expectation was based
on the demonstration, in honeybees, ofa phenomenon that
looks like the vertebrate overlearning-extinction effect-s
the tendency for resistance to extinction first to increase
but then to decrease as the number of training trials in
creases-and that seems to have both a specific and a gen
eralized component (Couvillon & Bitterman, 1984; Shin
oda & Bitterman, 1987). The data suggested that as few as
four visits to each color would produce both a sharp dis
crimination between them and a substantial number of re
sponses in the nonreinforced test. The logic of the third
experiment was otherwise the same as that of the second.

EXPERIMENT 3

Method
Subjects. The subjects were 12 foraging honeybees. all experi

mentally naive. from our own hives situated near the laboratory.
Procedure. The subjects were recruited. trained and tested in the

same way as those of the experimental group of Experiment 2. ex
cept that there were only four (rather than eight) visits to each color

ing over four 2.5-min blocks [F(3,33) = 36.66,p < .000 I].
The small overall difference in response to the odor rein
forced in compound with the 50% color as compared with
the odor reinforced in compound with the 20% color was
not significant [F( I, I I) = 1.39, P > .05], but there was a
significant stimulus X block interaction [F(3,33) = 3.64,
p = .0225] that might perhaps be taken as evidence of
blocking.
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in the first stage and only four (rather than eight) visits to each color
odor compound in the second stage.

Results
In Figure 5, performance in the choice test with the

prospectively blocked and control odors is plotted in terms
of the mean cumulative number ofresponses to each odor
in successive 30-sec intervals. ANaYA yielded a significant
change in responding over four 2.5-min blocks [F(3,33) =
44.43,p < .000 I], but neither a significant stimulus effect
(F < 1), nor a significant stimulus X block interaction
[F(3,33) = 1.41,p> .05]-that is, no indication ofa block
ing effect. It should be noted, however, that the level of re
sponding in the test was no greater than in the previous ex
periment, the total number oftraining visits (16 in all) being
still great enough to generate a substantial overlearning
extinction effect.

EXPERIMENT 4

The critical comparisons in the previous two concen
tration experiments were within-group comparisons, but
here the comparison was between groups, which it was
hoped might put the effects ofthe two treatments in clearer
perspective. The between-groups design meant also that
the number of training visits in the second stage was fur
ther reduced. There still were four visits to each color in
the first stage of training, but in the second stage only four
visits to one compound for each group rather than four to
each oftwo compounds, bringing the total number ofvisits
still closer to the point at which responding has been found
to be maximized in overlearning-extinction experiments
(Couvillon & Bitterman, 1984). In symbolic terms, train
ing with A-50% and B-20% was followed by training with
AX-50% for a blocking group and with BX-50% for a
control group, after which both groups were tested with X.
The prediction of the Rescorla-Wagner theory is that the
first group will respond less to X in the test than will the
second group, while the independence assumption provides
no basis for predicting a difference between the groups.
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Figure 5. Performance in a nonreinforced choice test with the

prospectively blocked and control odors of Experiment 3.

Method
Subjects. The subjects were 24 foraging honeybees, all experi

mentally naive, from our own hives situated near the laboratory.
They were assigned to two groups of 12 subjects each, the blocking
group and the control group.

Procedure. The subjects were recruited and pretrained in the
same way as in previous concentration experiments, and with the
same color-concentration pairings in the first stage of training. As
in Experiment 3, there were four visits to an unscented green or blue
target containing 50% sucrose and four visits to an unscented target
of the alternative color containing 20% sucrose. In the second stage,
there were four visits to a peppermint-scented target containing 50%
sucrose that was labeled with the 50% color ofthe first stage for the
blocking group and with the 20% color ofthe first stage for the con
trol group. Then, for the subjects ofeach group, there was a 10-min
test with a single peppermint-scented gray target containing a drop
of water.

Results
In Figure 6, the performance of the two groups in the

extinction test is plotted in terms of the mean cumulative
number of responses in successive 30-sec intervals. The
curves give no indication whatever of blocking. ANaYA
yields a significant change in responding over four 2.5-min
blocks [F(3,66) = 38.71, P < .0001] but neither a signifi
cant group effect (F < I) nor a significant group X block
interaction (F < 1).

EXPERIMENT 5

In this experiment, a concurrent blocking design was
employed along with a control procedure that would be
expected on the basis of the Rescorla-Wagner theory to
markedly enhance conditioning of the target stimulus
(Rescorla, 1971; Wagner, 1971). The subjects ofa blocking
group had reinforced visits both to a color-odor compound
and to the same color unscented, as well as nonreinforced
visits to a second unscented color. For the subjects of a
control group, the procedure was the same, except that the
color of the compound was not reinforced when it was un
scented and the unscented second color was reinforced in
stead. Then both groups were tested with the odor. In sym
bolic terms, the blocking group was trained with AX+,
A+, and B-, while the control group was trained with
AX+, A-, and B+, after which both groups were tested
with X. (The role ofB in this design is, ofcourse, to equate
the number of reinforcements and the number ofnonrein
forcements for the two groups.) The prediction of the
Rescorla-Wagner theory is that A+ visits will reduce the
associative strength of X, which should approach zero,
while A-visits will increase the associative strength ofX,
which should approach its asymptotic value, with the re
sult that the blocking group will respond less to X in the
test. The independence assumption gives no reason to pre
dict that the two groups will respond differently to X.

Method
Subjects. The subjects were 32 foraging honeybees, all experi

mentally naive, from our own hives situated near the laboratory. They
were assigned to blocking, control, and two supplementary groups
of 8 subjects each.
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EXPERIMENT 6

(F < 1), or significant group X stimulus X block interac
tion (F < 1).

In Figure 8, the performance of the blocking and con
trol groups in the odor test is plotted in terms of the mean
cumulative number of responses in successive 30-sec in
tervals. The curves show substantial levels of responding
with no indication of a difference due to the treatments.
ANOVAyieids a significant change in responding over 2.5
min blocks [F(3,42 = 22.67,p < .0001] but not a signifi
cant group effect (F < 1) or a significant group X block
interaction (F < 1). The results give no reason to question
the independence assumption.

Figure 7. Performance ofthe supplementary groups of Exper
iment 5 (one trained as was the blocking group and the other as
was the control group) in a nonreinforced choice test with the col
ors. S+, formerly reinforced color; S-, formerly nonreinforced
color.

The possibility now to be considered is that blocking
may be masked in such experiments by within-compound
association, which is found in honeybees (Couvillon &
Bitterman, 1982) as well as in vertebrates (Rescorla & Cun
ningham, 1978). In Experiment I, for example, training
with AX+ and BY+ after A+/B- training may have en
hanced the attractiveness of X relative to Y because op
portunity was provided for within-compound association
of X with the more excitatory A and of Y with the less
excitatory B. Profiting from examples provided by verte
brate work on overshadowing and unblocking (Durlach
& Rescorla, 1980; Rescorla & Colwill, 1983), we set out
in this experiment to minimize the contribution ofwithin
compound association by the use of an interpolated ex
tinction procedure. The design was the same as in the first
two stages of Experiment 1 (A+/B- training in the first
stage and training with AX+ and BY+ in the second
stage), but the subsequent choice test with X and Y was
preceded by nonreinforced trials with A and B that were
designed to minimize their differential attractiveness.
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Procedure. The subjects were recruited and pretrained in the
same manner as in the previous experiments. The training was done
in 16 visits, 8 ofwhich (in balanced quasi-random orders) were to a
single colored target (green for halfof the animals in each group and
blue for the rest) that was scented with peppermint. The target was
centered on the window sill and contained a drop of50% sucrose so
lution from which there was feeding to repletion. On the remaining
8 visits, the subjects were trained to discriminate between unscented
targets ofthe two colors, with the color ofthe compound positive for
the blocking group and one of the supplementary groups (the sup
plementary blocking group) and the alternative color positive for the
control group and the other supplementary group (the supplemen
tary control group). To ensure substantial experience with the nega
tive color, a powerful discrimination procedure developed in earlier
work with honeybees (Couvillon & Bitterman, 1980) was employed.
Each ofthe 8 discrimination-training visits began with presentation
of a target of the negative color containing a drop of water. After a
set delay (I min on the first visit, 1.5 min on the second, and 2 min
on the rest), the first target was replaced with a target of the positive
color containing a drop of 50% sucrose solution, from which there
was feeding to repletion.

When each animal of the supplementary groups arrived from the
hive after the last training visit, it was given a nonreinforced l O-min
choice test with unscented green and blue targets containing drops of
water. The purpose ofthe test was to demonstrate the efficacy ofthe
discriminative training procedure. Each animal of the blocking and
control groups had a nonreinforced 10-min period of exposure to a
peppermint-scented gray target containing a drop of water.

Figure 6. Performance of the blocking and control groups of
Experiment 4 in nonreinforced tests with the odors.

Results
Evidence of the effectiveness of the color-discrimina

tion training is provided by Figure 7, in which the perfor
mance of the two supplementary groups in the choice test
is plotted in terms of the mean cumulative number of re
sponses to their positive and negative colors in successive
30-sec intervals. ANOVA yields a significant stimulus
(S+ vs. S-) effect[F(l,14) = 61.41,p < .0001], a signif
icant change over 2.5-min blocks [F(3,42) = 26.64, p <
.000 I], and a significant stimulus X block interaction
[F(3,42) = 23.18,p < .0001], but not a significant group
effect (F < I), significant group X stimulus interaction
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interaction (F < 1). Even with the possibility of a con
founding effect of within-compound association mini
mized, the results give no evidence of blocking.

If there actually is no blocking, it is necessary to ask
why a preference for the prospectively blocked alternative
was not found in Experiment 1.The design ofExperiment 1
was like the design ofexperiments that have shown within
compound association in honeybees (Couvillon & Bitter
man, 1982), except that the training with AX+ and BY+
followed the training with A+/B- in Experiment 1 rather
than preceding it as in the earlier experiments. That the order
oftraining experiences should be important is not difficult
to appreciate. For example, the representation ofB hypo
thetically evoked by Y in the test might well be expected
to be less excitatory after training with BY+ followedby B
training than it would be in the reverse order. The excita
tory value ofY itselfmight also be expected to be less, be
cause representations ofY are nonreinforced in B - train
ing that follows BY+ training. Amount of training seems
also to be an important variable. In one oftheir experiments
on within-compound association, Couvillon and Bitterman
(1982) found no difference in response to X and Y with
four presentations of each compound, but a dear prefer
ence for X when the number of training trials was dou
bled. It is clear, in any case, that there still is much to be
learned about within-compound association in honeybees.

Figure 9. Performance in the third stage of Experiment 6 on
nonreinforced choice trials with the two colors that had been dif
ferentially reinforced in the first stage. S+, formerly reinforced
color; S-, formerly nonreinforced color.

Our interest in these experiments lay in the possibility
of demonstrating that prior experience with one compo
nent of a color-odor compound might influence the con
ditioning ofthe other when the compound was subsequently
reinforced. The various experimental treatments were ex
pected, on the basis of the Rescorla-Wagner principle of
shared associative strength, to impair (block) the condi
tioning of the target component, and the control treatment
was in one case expected, on the basis of the same princi
ple, even to enhance it. Only one of the six experiments
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Method
Subjects. The subjects were 8 foraging honeybees, all experi

mentally naive, from our own hives situated near the laboratory.
Procedure. The training in the first two stages ofthis experiment

was the same as for the odor group of Experiment I, after which
there was a third stage of training that consisted ofeight visits. Each
visit began with a nonreinforced choice test with unscented blue and
green targets containing drops of water, the lateral arrangement of
the two colors balanced over subjects and visits. After I min, the two
colored targets were replaced with a single unscented gray target
containing a drop of 50% sucrose solution from which there was
feeding to repletion. This procedure was designed to extinguish the
preference for the positive color that had been established in the first
stage of the training without at the same time discouraging return to
the experimental situation. The measure of performance was the
number of responses to each of the colors (5+ and 5 -) on each visit,
registered as usual by counters programmed to print stored frequen
cies at 3D-sec intervals. In the final stage of the experiment, there
was a nonreinforced IO-minchoice test with the odors exactly as for
the odor group of the first experiment.

Figure 8. Performance of the blocking and control groups of
Experiment 5 in a non reinforced test with odor.

Results
Figure 9 is plotted in terms of the mean number of re

sponses to the colors in successive 30-sec intervals (two
intervals for each of eight visits) in the third stage of the
experiment, when both colors were nonreinforced. The sub
stantial initial preference for the formerly positive color
shows that the effects of differential reinforcement in the
first stage did, in fact, persist throughout the second stage,
and the decline in the preference with continued extinc
tion training in the third stage shows the effectiveness of
that training. ANaYA yielded a significant stimulus (S+
vs. S- ) effect [F( 1,7) = 33.29,p = .0007] as well as a sig
nificant change in responding over four 2-min blocks
[F(3,21) = 8.61,p = .0006] and a significant stimulus X

block interaction [F(3,21) = 7.26, P = .0016].
In Figure 10, performance in the terminal odor test is

plotted as usual in terms ofthe mean cumulative number of
responses in successive 30-sec intervals. ANaYA yielded
a significant change in responding over four 2.5-min blocks
[F(3,21) = 16.60, P < .0001] but neither a significant
stimulus effect (F < I) nor a significant group X stimulus
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Figure 10. Performance in a nonreinforced choice test with the

prospectively blocked and control odors of Experiment 6.

(the second) yielded a treatment effect, which took the
form ofa very small, although statistically significant, in
teraction, and the results ofsubsequent efforts to find ~ set
of experimental conditions under which the effect might
be reproduced and magnified were entirely unsuccessful.
Ifthere is, in fact, some departure from strict independence
in the conditioning of honeybees with color-odor com
pounds, it must be a rather modest one, as suggested to
begin with by the fact that the data ofa wide range offairly
complex color-odor experiments have been modeled suc
cessfully in disregard ofthat possibility (Couvillon & Bit
terman, 1991).

Although the results of experiments with color-odor
compounds give little reason for dissatisfactio~ with the
independence assumption, there are some earl~er results
for color-position compounds that are not easily recon
ciled with the assumption. In a color- position experiment
like the color-odor experiment by Couvillon and Bitter
man (1989) already described, Couvillon, Klosterh~lfe?,

and Bitterman (1983) found reciprocal overshadowmg m
a confounded problem (e.g., green-left positive and
blue-right negative) that was no easier than the color
relevant problem (with position irrelevant) or the pOSI
tion-relevant problem (with color irrelevant). Less was
learned about color in the confounded training than in the
color-relevant training and less about position in the con
founded training than in the position-relevant training, al
though experience with the relevant stimuli was in each
case the same. Why the confounded problem should have
been no easier than the other two--that is, why there was
no evidence of summation as there was with colors and
odors-and why the confounded groups should neverthe
less have performed more poorly in the color and position
tests are questions that remain to be investigated.

A still earlier experiment (Klosterhalfen, Fischer, & Bit
terman, 1978) showed positive dimensional transfer-an
other vertebrate phenomenon that the simple honeybee
model fails to predict-in color-position but not in color
odor problems. Foragers trained first in a choice problem

with color relevant or with position relevant and then in a
second such problem with new colors and positions per
formed better in the second problem if the relevant dimen
sion was the same in the two problems than if it was dif
ferent; but after training in a color-odor problem with
color or odor relevant, performance in a second problem.
with new colors and odors was the same whether the rel
evantdimension was the same or different. Ifblocking could
be demonstrated in color-position experiments analogous
to those reported here, our negative results for color-odor
compounds could not readily be discounted (as it might be
tempting to do) on the assumption of unspeci fied weak
nesses in technique or design.

Even now,however, it seems useful to consider why odor
and position may not function in the same way when dif
ferentially reinforced in compound with color. Recent
work with honeybees suggests that what has loosely been
referred to in these experiments (and traditionally also in
vertebrate choice experiments) as the "position" ofa tar
get may under some circumstances be given in relation to
the visual surround and under others to position in the an
imal's visual field as determined by the animal's orienta
tion (Huber, Couvillon, & Bitterman, 1994; Wehner, 1981).
In neither case is position an integral property ofa target,
as are its color or odor, and it is possible therefore that po
sition competes in a special waywith color and odor for con
trol ofperformance. A distinctive manner ofchoice in po
sition problems was, in fact, reported in both ofthe earlier
papers (Couvillon, et aI., 1983; Klosterhalfen, et aI., 1978).

Another possibility, suggested by the fact that color and
position are given visually, is that intramodal indepen
dence is less likely than intermodal independence. Much
the same proposal has been made by Kehoe, Home, Home,
and Macrae (1994) on the basis of results for tone-noise
compounds versus tone-light and noise-light compounds
obtained in conditioning experiments with rabbits. Whether
the discrepant honeybee results for color-position versus
color-odor compounds are better understood in terms of
the unimodality of color-position compounds or in terms
of their disjunctive character might be determined in ex
periments of the same kind with odor-position com
pounds. Support for the former interpretation is provided
by evidence of blocking obtained recently in experiments
on proboscis-extension conditioning in harnessed for
agers by Smith and Cobey (1994), who used binary odor
mixtures that were treated as odor-odor compounds.
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