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The US-preexposure effect in honeybees

CHARLES I. ABRAMSON and M. E. BITI'ERMAN
University of Hawaii, Honolulu, Hawaii

Signaled avoidance was studied in individual honeybees that visited the laboratory regularly
to take sucrose solution from a target set on the sill of an open window. During feeding, sub­
strate vibration or airstream was used to signal a brief shock that could be avoided by breaking
off contact with the food for a few seconds. Aversive conditioning of the context was measured
in terms of return time (the time between successive visits). In Experiment 1, experience with
unsignaled shock was found to lengthen return time-which experience with signaled shock did
not-and to impair performance in subsequent avoidance training with signaled shock (the US­
preexposure effect). In Experiment 2, experience with unsignaled shock given after signaled
avoidance training lengthened return time but had no effect on response to the signal in a subse­
quent extinction test. These results closely resemble the results obtained in analogous experi­
ments with vertebrates.

While developing a technique for the study of signaled
avoidance in honeybees, described recently by Abram­
son (1986), we made some informal observations which
suggested that excitatory conditioning is retarded by prior
experience either with the conditioned stimulus (CS) alone
or with the unconditioned stimulus (US) alone. Both
phenomena are well known in vertebrates-the first as la­
tent inhibition (Lubow, 1973), the second as the US­
preexposure effect (Randich & LoLordo, 1979)-and have
important implications for vertebrate learning theory. In
subsequent formal experiments with honeybees (Abram­
son & Bitterman, 1986), we were able to demonstrate not
only that a stimulus is in fact slower to acquire excitatory
properties after unreinforced preexposure, but that it ac­
tively suppresses response to a conditioned excitor
presented with it. The summation results were different
from those usually 'reported for vertebrates (e.g., Reiss
& Wagner, 1972; Rescorla, 1971), which have been taken
to mean that retarded acquisition is due to reduced salience
or associability of the CS rather than to inhibition or to
response competition, although results much like ours
have been obtained at least in one experiment with rats
(Kremer, 1972). The discrepancies-between our results
and the modal vertebrate results, and between Kremer's
results and the modal vertebrate results-remain to be in­
vestigated. An interesting aspect of the problem is that
work with nonmammalian vertebrates has not clearly es­
tablished latent inhibition as a general phenomenonof ver­
tebrate learning (Shishimi, 1985). If the mechanisms of
latent inhibition in honeybees and mammals have evolved
independently, they may well be somewhat different.
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We turn now (in this continuing survey of learning in
honeybees from the perspective of work with vertebrates)
to the US-preexposure effect. Whatever its complexities
(Balsam, 1985), there is convincing evidence that the US­
preexposure effect in vertebrates is due in large measure
to contextual conditioning (e.g., Ayres, Bombace, Shurt­
leff, & Vigorito, 1985; Balsam & Schwartz, 1981; Grau
& Rescorla, 1984; Hinson, 1982; Randich & Ross, 1984),
and we were led by that evidence to look for contextual
conditioning as we attempted a formal demonstration of
the effect in honeybees. In our conditioning procedure,
a stimulus is paired with a brief shock while the subject,
a free-flying forager, is feeding from a well of sucrose
solution in the center of a distinctive target. The animal
can avoid the shock simply by withdrawing its proboscis
from the food, but what almost always happens is that
the animal flies off the target for a few seconds, after
which it settles down and resumes feeding to repletion.
Since the animal comes to the target of its own accord,
shuttling back and forth between the hive and the labora­
tory, the return time (the time between leaving the target
at the end of one visit and landing again on the next) seems
to afford a good measure of the attractiveness of the tar­
get, which may be enhanced by association with food and
reduced by association with shock. Abramson (1986)
found that return time increases substantially in the course
of training with signal and shock explicitly unpaired, but
hardly at all in the course of paired training, suggesting
stronger aversive conditioning of the context in the un­
paired case (either because contextual stimuli are over­
shadowed by the signal in the paired case, or because a
good many shocks are avoided, or both).

EXPERIMENT 1

In the first stage of this experiment, we used four
groups: one unstimulated, the second trained with shock
alone, the third trained with signaled shock, and the fourth
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Figure 1. Mean In (natural log) return times (in seconds) for the
first 10 visits of Experiment 1.

on each visit (again at 10 or 35 sec after the start of feeding, in
balanced order) was preceded by a 5-sec signal (vibration for half
the subjects and airstream for the rest) and therefore could be
avoided. For each signal animal, there was a yoke animal that was
given an unsignaled shock at whatever point in the training the sig­
nal animal failed to avoid. The second stage of training consisted
of 10 visits for all groups, which were treated exactly alike. On
each visit, 5 or 30 sec after the start of feeding, there was a sig­
naled avoidance trial with 5 sec of vibration for half the subjects
in each group and 5 sec of airstream for the rest. For the signal
animals, the conditioned stimulus used in the second stage was differ­
ent from that used in the first stage (airstream in the second stage
if vibration had been used in the first stage, and vice versa).

Results
Plotted in Figure 1 are the mean In (natural log) return

times (in seconds) of the four groups on the first 10 visits
in the first stage of the experiment. (The return time for
the first visit is the time between the last pretraining visit
and the first visit in the first stage of training-the first
visit on which shock was scheduled for all groups except
the control group.) As the curves show, the return times
declined progressively to a low level in the control and
signal groups, declined progressively to an intermediate
lcvel in the yoke group, and declined only temporarily
in the US group, soon regressing to a higher level. These
results suggest that unsignaled shock produces aversive
conditioning of the context that competes with appetitive
conditioning and is reflected in reluctance to return to the
context; that the strength of aversive conditioning varies
with the density of unsignaled shock (because the signal
animals could avoid, the yoke animals received only about
four shocks on the average in the first 10 visits); and that
signaling shock reduces aversive conditioning of the
context.

Analysis of variance provides statistical support for
these conclusions: In the overall analysis, F(3,44) for
groups = 5.75, p = .0021, and F(3,44) for the interac­
tion of groups x five-visit blocks = 3.28, p = .0292.
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trained like the second with unsignaled shock but yoked
with the third to control for shock frequency. In the sec­
ond stage of the experiment, all groups were trained with
signaled shock, the third group with a signal different from
that previously encountered. The purpose of the first two
groups was to look for formal evidence of the US­
preexposure effect and for some indication that it might
be related to contextual conditioning. The purpose of the
third group was to test the hypothesis that signaling the
shock would reduce contextual conditioning and there­
fore reduce the US-preexposure effect, as it often has been
found to do in vertebrate experiments (Baker, Mercier,
Gable, & Baker, 1981; Grau & Rescorla, 1984; Randich,
1981). The fourth group controlled for the possibility that
signaling might be effective simply because of reduced
frequency of shock.

Method
Subjects. The subjects were 48 honeybees (Apis mellifera) from

our own hives situated in the immediate vicinity of the laboratory .
Apparatus. Presented on the shelf of an open laboratory win­

dow was a target made of a petri dish (5.5 cm in diameter) with
a copper plate (5 cm in diameter) mounted on its cover. In the center
of the target was an insulated food well (I ern in diameter and .5 em
deep) filled with 50% sucrose solution. When a honeybee was stand­
ing on the copper plate (which was necessary in order to feed) and
its proboscis was in contact with the sucrose solution, a pulse of
shock (25 V ac, 35 msec duration) could be delivered (the copper
plate being connected to one side of the supply and the sucrose so­
lution to the other). Two conditioned stimuli-substrate vibration
and airstream-were used. To generate the former, the target was
mounted on a vibrator (Goodman Industries, Wembley, England)
set to produce a frequency of 50 Hz and a peak-to-peak amplitude
of .15 mm. To generate the latter, a second petri dish of the same
size was mounted above the target at the height of2.5 cm. Drilled
in its bottom were a series of 46 small holes through which com­
pressed air (7.5 psi) could be directed upon the animal below. A
solenoid valve was used to turn the airstream on and off. The two
stimuli condition rapidly and are readily discrirrnnable (Abramson,
1986; Abramson & Bitterman, 1986).

Procedure. The work was done with marked individuals, ex­
perimentally naive, which were trained in a single session. They
were selected at random from a group of foragers at a feeding sta­
tion providing 10%-15 % sucrose solution. A single animal was
picked up in a small matchbox, carried to the target, and set down
at the food well. While the animal was feeding, it was marked with
a spot of colored lacquer, and after it finished feeding it was free
to leave for the hive. Typically, the bee returned to the target within
a few minutes, but if not, it was recaptured at the feeding station
(where it usually could be found) and placed again on the target.
The pretraining ended with the subject's first return to the labora­
tory of its own accord, after which it could be counted on to shut­
tle regularly back and forth between the hive and the laboratory.
As the experiment progressed, animals were assigned in quasi­
random fashion to four groups of 12 subjects each: control, US,
signal, and yoke.

The first stage of the experiment consisted of 10 visits for the
animals of the control group and the US group. The animals of the
control group were undisturbed, but the animals of the US group
received an unsignaled shock 10 or 35 sec (in balanced quasi-random
order) after the start of feeding on each visit. The animals of the
signal group and of the yoke group had 20 visits instead of 10 visits
in the first stage of the experiment, in order to ensure a substantial
frequency of shock. For the signal animals, the shock scheduled
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Figure 2. Mean In return times (in seconds) of the US and con­
trol groups in the second stage of Experiment 1.

Figure 3. Proportion of animals in the US and control groups
responding to the signal on each visit in the second stage of Ex­
periment 1.
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son & Bitterman, 1986), whereas the curve for the US
group shows retardation-the US-preexposure effect
familiar from the study of vertebrates. Analysis of vari­
ance based on the number of avoidances by each animal
in each block of five visits yields a significant groups ef­
fect [F(l,22) = 7 .17,p = .0138]. An interesting feature
of the performance of the US group, which we saw also
in our pilot data, is the high proportion of animals
responding to the signal on its first presentation: 9 of the
12 US animals responded, but only 1 of the control
animals, a difference which Fisher's exact test shows to
be highly significant (p = .0013). Response to the signal
seems, then, to have been sensitized by the experience
with unsignaled shock, although conditioning was
retarded. Since an avoidance contingency was in opera­
tion, response to the signal on the first trial prevented pair­
ing with shock, but that probably is not sufficient to ac­
count for the retardation. Signal and shock were paired
for 9 of the 12 US animals on the second conditioning
visit, and for 11 of them on the third, yet only 1 responded
to the signal on the fourth visit.

In Figure 4, the performance of the signal and yoke
groups in the second stage of the experiment is plotted
in terms of the proportion of animals responding to the
signal on each visit. Although previous work had shown
vibration and airstream to be readily discriminable when
differentially reinforced (Abramson, 1986; Abramson &
Bitterman, 1986), the signal animals generalized readily
and continued in the course of the subsequent reinforced
training to respond to the new stimulus at the same level
as to the old. (It should be noted that the mean asymp­
totic level of performance produced by our conditioning
procedure typically is only about 70%, not because some
animals fail to condition, but because successful avoidance
continues to weaken the tendency to respond to the sig­
nal; although the contingency is instrumental, the condi-
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Comparison of the US and control groups shows a sig­
nificant groups effect [F(l,22) = 11.48, p = .0026].
Comparison of the US and yoke groups shows no signifi­
cant groups effect [F(I,22) = 1.44, p = .2427], but a
significant groups X blocks interaction [F(I,22) = 5.97,
p = .0230]. Comparison of the signal and yoke groups
shows a significant groups effect [F(l,22) = 4.52, p =
.0451], but comparison of signal and control groups does
not (F < 1).

In the next 10 visits, during which the treatment of the
signal and yoke groups was the same as in the first 10,
their mean In return times remained much the same as
shown in the right-hand portion of Figure 1, but the vari­
ability in the times for the yoke group was such that the
groups effect was not significant [F(l ,22) = 1.38, p =
.2529]. The frequency of unsignaled shock, which con­
tinued to be low (3.6 shocks on the average in the second
10 visits), apparently was not sufficient to sustain a mea­
surable aversive influence.

The return times for the US and control groups in the
second stage of the experiment, when both were trained
with signaled shock, are plotted in Figure 2. As the curve
of the US group shows, its return times declined progres­
sively. In the case of the control group, shock on the first
visit seemed to delay the next visit, but the return times
thereafter remained at about the level established in the
prior training. Analysis of variance does not yield a sig­
nificant groups effect [F(I,22) = 2.81, P = .1081], but
does yield a significant (five-visit) blocks effect [F(l ,22)
= 11.35, p = .0028]. The complexity of the pattern of
differential change is reflected in a significant interaction
of groups X blocks X visits [F(4,88) = 4.22, p = .0036].

In Figure 3, the performance of the US and control
groups in the second stage of the experiment is plotted
in terms of the proportion of animals responding to the
CS on each visit. The curve for the control group shows
the rapid conditioning that we have seen before (Abram-
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Figure 4. Proportion of animals in the signal and yoke groups
responding to the signal on each visit in the second stage of Ex­
periment 1.

tioning process may be purely classical.) Although we
were looking only for better performance in the signal
group than in the yoke group, which of course we found
[F(I,22) = 23.56, p = .0001], the performance of the
signal group proved to be better even than that of the con­
trol group; analysis shows an insignificant groups effect
[F(l,22) = 1.64, P = .2140], but a significant interac­
tion of groups x five-visit blocks [F(l,22) = 6.05, p =
.0223]. The results highlight a shortcoming of the design,
which is that better performance after training with sig­
naled than with unsignaled shock may be due simply to
stimulus generalization, although this possibility may
perhaps be discounted if there is a low initial level of
response in both groups.

the context, and the expectation, therefore, is that post­
conditioning exposure of the US will reduce response to
the signal. The results of a variety of recent vertebrate
experiments tend on the whole to support the associative
view. The US-preexposure effect is evidenced in testing
contexts that vary widely in associative strength (Ayres
et al., 1985; Randich & Ross, 1984), and postcondition­
ing presentations of the US do not in fact reduce response
to a previously conditioned signal (Bouton & King, 1986;
Grau & Rescorla, 1984) .

Method
Subjects. The subjects were 24 honeybees from our own hives

situated in the vicinity of the laboratory .
Apparatus and Procedure. The apparatus was the same as that

used in the previous experiment, and the pretraining procedure also
was the same. On each of the 5 visits in the first stage of the ex­
periment, there was a single conditioning trial, 5 or 30 sec after
the beginning of feeding in balanced quasi-random order. On each
trial, a brief avoidable shock was scheduled 5 sec after the onset
of the signal, which was vibration for 6 of the 12 animals in each
of two groups and airstream for the rest. In the second stage of
the experiment, there were 10 visits, on each of which the animals
of the US group were given an unsignaled shock 10 or 35 sec after
the beginning of feeding in quasi-random order; the animals of the
control group were unstimulated. In the third stage of the experi­
ment, there were 5 visits, on each of which, for both groups, there
was an unreinforced presentation of the previously conditioned sig­
nal. In the fourth stage of the experiment, there were 5 visits, on
each of which, for both groups, there was a conditioning trial with
the signal not yet encountered (airstream for the animals previously
trained with vibration, and vice versa).

Results
In the first stage of the experiment, both groups condi­

tioned rapidly and at the same rate. In the third stage of
the experiment, they extinguished rapidly and at the same
rate, showing no effect of postconditioning experience
with the unsignaled US. The acquisition and extinction
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Figure 5. Proportion of animals in the US and control groups

responding to the signal on each visit in the first stage Oeft panel)
and the third stage (right panel) of Experiment 2.

EXPERIMENT 2

In this experiment, patterned again after work with ver­
tebrates, two groups of bees were conditioned and then
one of them was exposed repeatedly to unsignaled shock
in the same context. The purpose was to study the in­
fluence of contextual conditioning on response to a previ­
ously conditioned stimulus. According to the blocking in­
terpretation, the US-preexposure effect is an associative
one, to be explained, for example, on the basis of the as­
sumption that the signal must compete with contextual
stimuli for associative strength (Rescorla & Wagner,
1972). In this view, postconditioning presentations of the
US-conditioning of contextual stimuli after the signal has
been conditioned-should not reduce subsequent response
to the signal, and may even facilitate it (summation).
Another view (Gibbon & Balsam, 1981) is that US­
preexposure interferes with performance rather than with
learning; the probability of response to the signal is as­
sumed to vary inversely with the associative strength of



found in honeybees. Although resemblances of this sort
in the performance of animals as distantly related as rats
and honeybees may well tum out to be no more than su­
perficial (Bitterman, 1975), our data suggest that the dy­
namics of the US-preexposure effect are at least in some
measure the same. Contextual conditioning is implicated,
and its role seems to be an associative one; the conditioned
context does not simply reduce response to the signal, but
retards conditioning of the signal. Furthermore, signal­
ing the US reduces conditioning of the context. How far
the similarity goes is an interesting question. The retarda­
tion itself must be explained in terms of the mechanisms
of compound conditioning, which are not yet very well
understood even in vertebrates and which seem at the mo­
ment almost as complicated in honeybees (Couvillon &
Bitterman, 1982; Couvillon, Klosterhalfen, & Bitterman,
1983).
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Figure 6. Mean In return times (in seconds) in the second stage

of Experiment 2. REFERENCES

curves are plotted in Figure 5 in terms of the proportion
of animals in each group that responded to the signal on
each visit. There was, nevertheless, clear evidence of con­
textual conditioning in the US group during the second
stage ofthe experiment. During the first stage, the mean
In return times of the two groups declined to the same
low level (somewhat lower than we usually find, it should
be noted), but the times diverged during the second stage,
increasing progressively in the course of unsignaled ex­
perience with the US and not in the series of control visits.
The divergence is plotted in Figure 6. Analysis of vari­
ance yields a significant groups effect [F(I,22) = 13.52,
p = .0013], and a significant interaction of groups X five­
visit blocks [F(1,22) = 19.07,p = .0002]. These results
support an associative interpretation of the US­
preexposure effect. In the fourth stage of the experiment,
acquisition was rapid in both groups-a bit more rapid
in the control group, but not significantly so. Because the
return times of the US group had declined to the control
level by the end of the third stage, indicating that aver­
sion to the context had extinguished, there was no reason
to expect different performance in the fourth stage. Like
results were obtained in an experiment with rats by Ran­
dich (1981), who found that the US-preexposure effect
was reduced by unreinforced exposure to the context be­
tween preexposure to the US and subsequent conditioning.

DISCUSSION

As we noted at the outset, some indication of what was
known from the vertebrate literature as the US­
preexposure effect appeared in our initial explorations of
signaled avoidance conditioning in honeybees. There was
some indication of it, too, in earlier work on appetitive
conditioning (Bitterman, Menzel, Fietz, & Schafer, 1983).
Only on the basis of the present experiments, however,
can the US-preexposure effect be added unequivocally to
the rapidly growing list of vertebrate learning phenomena
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