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Latent inhibition in honeybees

CHARLES I. ABRAMSON and M. E. BITTERMAN
University of Hawaii, Honolulu, Hawaii

Aversive conditioning was studied in individual honeybees flying back and forth between the
hive and the sill of an open laboratory window, where they took sucrose solution from a target
so constructed that shock could be delivered while the proboscis was in contact with the solution.
During feeding, a conditioned stimulus-substrate vibration or airstream-was paired with brief
shock avoidable by interruption of feeding. In Experiment 1, unreinforced preexposure ofthe con­
ditioned stimulus was found to retard acquisition (latent inhibition). In Experiment 2, which was
designed to inquire into the stimulus specificity ofthe effect, differential conditioning was found
to be impaired by unreinforced preexposure of the positive stimulus and facilitated by unrein­
forced preexposure ofthe negative stimulus. In Experiment 3, a summation experiment designed
to test various alternative explanations of the effect, a preexposed stimulus was found to sup­
press response to an excitatory conditioned stimulus when the two stimuli were presented together.
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Explorations of learning in honeybees under conditions
analogous to those used for the study of learning in ver­
tebrates show a wide range of similarities that we find
surprising in view of the remoteness of common ances­
try and the vast differences in neural organization (Abram­
son, 1986; Bitterman, Menzel, Fietz, & Schafer, 1983;
Couvillon & Bitterman, 1980, 1982, 1984; Couvillon,
Klosterhalfen, & Bitterman, 1983; Menzel & Bitterman,
1983; Sigurdson, 1981a, 1981b). While the underlying
mechanisms may in some cases be homologous, it is
perhaps to be suspected that others have evolved indepen­
dently in the face of similar adaptive pressures (Bitter­
man, 1975). Convergence is indicated by the discovery
in honeybees of successive negative incentive contrast
(Couvillon & Bitterman, 1984), a phenomenon well
known in rats which has failed repeatedly to appear in
descendants of certain older vertebrate lines (see Flaherty,
1982; for work subsequent to that reviewed by Flaherty,
see Schmajuk, Segura, & Ruidiaz, 1981, and Couvillon
& Bitterman, 1985). Another such phenomenon may be
latent inhibition (retardation of excitatory conditioning by
unreinforced preexposure of the conditioned stimulus),
which has been found in a variety of mammals (Lubow,
1973) but has not yet been clearly demonstrated in non­
mammalian vertebrates (Shishirni, 1985). In the experi­
ments reported here, we show latent inhibition in honey­
bees and begin to examine its functional relation to latent
inhibition in mammals.

EXPERIMENT 1

We came upon latent inhibition in the course of work
on aversive conditioning in individual honeybees visting
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the laboratory regularly for food (Abramson, 1986). Dur­
ing the feeding, which could be counted on to last at least
1 min, a conditioned stimulus (CS) was paired with
a brief pulse of shock (the unconditioned stimulus, or US).
The shock could be avoided simply by withdrawal of the
proboscis from the food, although the typical response
to the CS (after conditioning), as to the US (when it was
not avoided), was flying up from the target for a few sec­
onds. When preliminary observations suggested that un­
reinforced preexposure to the CS retarded conditioning,
we attempted a formal demonstration of the phenomenon.

Method
Subjects. The subjectswere 32 experimentally naivehoneybees

(Apis mellifera) from our own hives situatedin the immediate vi­
cinity of thelaboratory. Theywereselected at random from a group
of foragers at a feeding station providing 10%-15% sucrosesolu­
tion. A singleanimalwas picked up in a smallmatchbox and car­
ried to a target containing 50% sucrose set on the sill of an open
laboratory window. While the animal was feeding, it was marked
with a spotof colored lacquer, and after it finished feeding it was
free to leavefor the hive. Typically, the bee returned to the target
withina 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 pretrainingended with the subject's first return to the
laboratory of its own accord, after which it could be counted on
to shuttle regularly between the hive and the laboratory.

Apparatus. The target used in this experiment was made of a
petridish,5.5 ernindiameter, witha conductive copper plate (5 em
in diameter) mounted on its cover. In the center of the target was
an insulated feeding hole (1 ern in diameter and .5 cm deep) that
wasfilledwith50% sucrosesolution. Whenthe animal wasstand­
ing on the copper plate and its proboscis was in contact with the
solution, a pulse of shock (25 V ac, 35 msec in duration) could
be delivered (the plate being connected to one side of the supply
and the cup to the other). To generate the CS, which wassubstrate
vibration, the target was mounted on a vibrator (Goodman Indus­
tries, Wembly, England) set to produce a frequency of 50 HZ and
a peak-to-peak amplitude of .15 mm.

Procedure. Thesubjectswereassignedin quasi-random fashion
to twogroupsof 16each, Group A-/A+ andGroup O/A+. In the
firststage of theexperiment, which consisted of 10visits, theanimals
of Group A-/A+ had 10 5-sec exposures to the vibratory stimu-
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Ius (A). The stimulus was presented once on each visit, either 5
or 30 sec after the beginning of feeding (in balanced order). The
animals of Group OfA+ were unstimulated (0). In the second stage
of the experiment, which also consisted of 10 visits, paired presen­
tations of vibration and shock (CS-US interval = 5 sec) were sched­
uled in the same way for both groups, one per visit, after either
5 or 30 sec of feeding. In both stages of the experiment, interrup­
tion of feeding in response to the CS (flying up from the target)
was recorded.

Results
In Figure 1, the results of the experiment are plotted

in terms of the proportion of animals responding to the
CS on each visit. The performance of Group A-IA+ in
the first stage of the experiment shows some tendency to
respond to the CS in advance of the first reinforcement­
11 ofthe 16 animals made a total of 17 responses-as well
as some tendency for the response to habituate in the
course of repeated stimulation. In the second stage of the
experiment, the A-IA+ animals performed more poorly
than the O/A+ animals, which conditioned rapidly. Anal­
ysis of variance based on the number of avoidance
responses by each subject in each block of five visits
shows significant effects of groups [F(l,30) = 35.66,
P < .0001] and of blocks [F(l,30) = 39.06,p < .0001],
as well as a significant groups X blocks interaction
[F(l,30) = 4.30, P = .0467]. It should be noted that the
performance of Group 01A+ in the second block of visits
does not reflect the failure of some animals to condition­
everyone of them did. A better explanation of the vari­
ability is to be found in the use of an avoidance contin­
gency; as the frequency of responding to the CS increased,
the frequency of shock declined.

EXPERIMENT 2

stimulus, but here a different design was employed, on
the assumption that it would prove to be more powerful:
Three groups of honeybees were trained to discriminate
between two stimuli-substrate vibration and airstream­
after unreinforced preexposure to the positive stimulus,
the negative stimulus, or neither.

Method
Subjects. The subjects were 48 honeybees from our own hives;

they were recruited and pretrained in the manner previously
described.

Apparatus. The apparatus used in Experiment 1 was modified
to provide another CS. For a diagram, see Abramson (1986).
Mounted above the target at a height of2.5 em was a second petri
dish of the same size. Drilled in the bottom of the second dish were
46 small holes through which a stream of compressed air (7.5 psi)
could be directed upon the animal below. A solenoid-operated valve
was used to turn the stream on and off.

Procedure. The subjects were assigned in quasi-random fashion
to three groups of 16 each, Group A-fA+B-, Group B-fA+B-,
and Group OfA+ B-. A and B represent the two stimuli, whose roles
were balanced fully; for half the animals in each group, A was vibra­
tion and B was airstream, whereas the opposite was true for the
remaining animals in each group. In the first stage of the experi­
ment, which consisted of 10 visits, the animals of Group A-/A+B­
had 20 5-sec exposures to A, two on each visit, one beginning af­
ter 5 sec and the other after 30 sec of feeding. The animals of
Group B-/A+ B- were exposed in the same way to B; the animals
of Group 0/A+ B- were exposed to neither of the stimuli. In the
second stage of the experiment, which consisted of 20 visits, the
animals of all three groups were differentially conditioned. On half
the visits. in balanced order, A was presented after 5 sec of feed­
ing and B after 30 sec; the sequence of stimuli was reversed on
the remaining visits. The duration of each stimulus was 5 sec, with
a pulse of shock (35 msec, 25 V ac) scheduled at the termination
of A but not B. Again, the shock was avoidable, affecting the animal
only if its proboscis was in contact with the sucrose solution, and
interruption of feeding in response to each of the stimuli was
recorded.

Figure 1. The proportion of animals in each group responding to
the CS on each visit in Experiment 1.

Our purpose in this experiment was to examine the
stimulus specificity of latent inhibition in honeybees.
Work on latent inhibition in sheep, goats, rats, and rab­
bits has, of course, shown considerable specificity
(Carlton & Vogel, 1967; Lubow & Moore, 1959; Reiss
& Wagner, 1972; Siegel, 1969). The conventional design
of such experiments is to condition a stimulus after un­
reinforced preexposure of either the same or another

Results
In the first stage of the present experiment, as in the

first stage of the previous one, there was some small
amount of responding to the preexposed stimuli. Five of
the 16 animals exposed to vibration made a total of 11
responses, and the results for the 16 animals exposed to
airstream were exactly the same; 5 of the animals in
Group A-/A+B- made a total of 14 responses, and the
same number of animals in Group B-1A+B- made a to­
tal of 8 responses. The performance of each of the three
groups in the second stage of the experiment is plotted
in Figure 2 in terms of the proportion of animals respond­
ing to each of the two stimuli on each visit. The evidence
of stimulus specificity is clear: At the outset of the se­
cond stage, there was little tendency to respond to the
preexposed stimulus, which retarded differential condi­
tioning in Group A-IA+B- relative to the performance
of the unstimulated Group 01A+B-, and facilitated it in
Group B-1A+B-. Analysis of variance based on the
number of avoidance responses by each subject to each
stimulus in each block of five visits shows a significant
effect of positive versus negative stimuli [F(l,36) =
406.43, p < .0001] and a significant interaction of stimuli
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Figure 2. The proportion of animals in each group responding to
each of the two stimuli on each visit in the second stage of Ex­
periment 2.

established during preexposure (Lubow & Moore, 1959),
despite an experiment by Kremer (1972) in which a preex­
posed stimulus was found to reduce response to a condi­
tioned excitor when presented with it. The results of other
summation tests and of attempts with differential rein­
forcement to establish preexposed stimuli as conditioned
inhibitors (Baker & Mackintosh, 1977; Halgren, 1974;
Reiss & Wagner, 1972; Rescorla, 1971; Solomon, Bren­
nan, & Moore, 1974) have suggested instead a loss of
salience or associability, although there is little agreement
as to how that happens (Lubow, Weiner, & Schnur, 1981;
Mackintosh, 1983; Pearce & Hall, 1980; Whitlow &
Wagner, 1984). In the present experiment, the summa­
tion strategy was used again in an effort to determine why
unreinforced preexposure retards avoidance conditioning
in honeybees. The simplest of the several hypotheses con­
sidered was that the stimulus tends originally to evoke the
avoidance response in some degree, and that this tendency,
which supports conditioning in the naive animal, is
diminished by preexposure (habituation). A second
hypothesis was that preexposure reduces attention to the
stimulus and therefore interferes with conditioning
(salience decrement). A third hypothesis was that the
preexposed stimulus acquires inhibitory or other proper­
ties which tend actively to oppose avoidance condition­
ing (suppression) .

The design of the experiment called for three groups
of animals. The first group (A-/B+/AB-) was pre­
exposed to stimulus A, conditioned to stimulus B, and then
given unreinforced tests with A and B presented simul­
taneously. The second group (A- IB+ IB-) was treated
in the same way as the first, except that the tests were
with B alone. A third group (O/B+ 1AB- ) was treated in
the same way as the first, except that there was no pre­
exposure to A. The habituation hypothesis suggested that
there would be less response to AB in Group A- IB+ 1AB­
than in Group O/B+ 1AB- , but not less than in
Group A- IB+ IB-. The salience-decrement hypothesis
prepared us for the possibility that there would be more
response to AB in Group A-/B+/AB- than in
Group O/B+ 1AB-, on the assumption that the less salient
A would produce a smaller generalization decrement; to
the extent that generalization decrement is important, there
should be less response in Group O/B+ 1AB- than in
Group A- IB+ IB-, since the effects of preexposure were
found in Experiment 2 to be stimulus specific. The sup­
pression hypothesis suggested that there would be less
response in Group A- IB+ 1AB- than in either of the
other groups.

x blocks [F(3,108) :::: 54.07, P < .0001]. It also shows
a significant interaction of groups X stimuli [F(2,36) ::::
16.90, p < .0001] and of groups x stimuli x blocks
[F(6,108):::: 8.63,p < .0001]. Response to A+ was sig­
nificantly greater in Group 01A+ B- than in
Group A-/A+B- [F(l,30) for groups :::: 27.75,
p < .0001; F(3,90) for the interaction of groups x blocks
:::: 4.34, p :::: .0001], and response to B- was significantly
greater in Group O/A+B- than in Group B-/A+B­
[F(l ,30) for groups « 44.03, p < .0001; F(3,90) for the
interaction of groups X blocks w 12.19, p < .0001].
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Having demonstrated latent inhibition in Experiment 1,
and having replicated the effect and demonstrated its
stimulus specificity in Experiment 2, we began in a third
experiment to try to understand what produces it. There
is a general consensus in the vertebrate literature that la­
tent inhibition cannot be understood in terms of inhibi­
tion (Pavlov, 1927) or in terms of competing responses

Method
Subjects. The subjects were 36 honeybees from our own hives,

recruited and pretrained as in the previous experiments.
Apparatus. The apparatus was the same as in Experiment 2.
Procedure. Again the stimuli were vibration and airstream, each

5 sec in duration, and again their roles in the experiment were fully
balanced. Half the animals in Group A-/B+/AB- and half the
animals in Group A- /B+ /B- were preexposed to vibration in the
first stage of the experiment and conditioned to airstream in the
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Figure 3. The proportion of animals in each group responding on
each visit in the second and third stages of Experiment 3.

At the outset of these experiments, there was some rea­
son to doubt that latent inhibition would be found in honey­
bees, because a previous experiment on proboscis­
extension conditioning with sucrose as the US had failed
to show a retarding effect of preexposure (Bitterman
et al., 1983). Further effort should be made to find la­
tent inhibition in proboscis-extension conditioning on the
assumption that the present results actually do reflect some
general honeybee process rather than a process specific
to the procedure employed.

While the results of Experiment 3 support the suppres­
sion hypothesis, the mechanism of suppression remains
to be determined. The possibility suggested by traditional
Pavlovian theory is that the preexposed stimulus acquires
inhibitory properties-that what we see in the third stage
of Experiment 3 is the summation of excitation and inhi­
bition previously inferred from responses to compounds
of stimuli positively and negatively correlated with food
(Couvillon & Bitterman, 1980). This explanation con­
tradicts the prevailing assumption in the contemporary
vertebrate literature that the source of inhibition is not non­
reinforcement per se but negative correlation with rein­
forcement, an assumption supported by the work on
proboscis-extension conditioning in honeybees (Bitterman
et al., 1983).

An alternative explanation of the present results was
suggested by R. F. Westbrook (personal communication,
May 1985) and, later, by several other colleagues: Be­
cause preexposure occurred in our experiments while the
animals were feeding, the preexposed stimulus may have
acquired appetitive properties that interfered with its sub­
sequent aversive conditioning or that attenuated expres­
sion of the aversive properties of a stimulus presented with
it (Konorski & Szwejkowska, 1952). In the widely cited
work of Rescorla (1971) that gave different results for
rats, preexposure and subsequent aversive conditioning
also took place in an appetitive context, but our circum-

.0050; F(1,22) for the groups X blocks interaction =
5.86, p = .0242] and also from Group O/B+/AB­
[F(l,22) for groups = 24.18, p = .0001; F(1,22) for the
groups X blocks interaction = 8.00, p = .0098], but
Groups A-/B+/B- and O/B+/AB- do not differ sig­
nificantly from each other [F(1,22) for groups = 1.98,
p = .1724; F < 1 for the groups X blocks interaction].

From the fact that Group A-/B+/AB- responded less
in the test than Group A- /B+ /B-, we conclude that the
preexposed stimulus continued to be effective, and that its
effect was to suppress responding. An interpretation of the
difference in terms of generalization decrement is ruled out
by the fact that Group A- /B+ /AB- also responded less
than did Group O/B+/AB-, whose performance did not
differ significantly from that of Group A- /B+ /B- .
Clearly, the suppressing effect of A on response to B evi­
dent in the performance of Group A- /B+ /AB- was
produced by unreinforced preexposure.

DISCUSSION
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Results
Again, in the first stage of the experiment there was

some small amount of responding to the preexposed
stimuli. Of the 12 subjects exposed to vibration in the first
stage, 6 made a total of 7 responses; of the 12 subjects
exposed to airstream, 6 made a total of 9 responses; of
the animals in Group A- /B+ /AB-, 7 made a total of
10 responses; of the animals in Group A-/B+/B-, 5
made a total of 6 responses. In the second stage of the
experiment, all three groups conditioned rapidly and at
the same rate, as shown in Figure 3, where their perfor­
mance is plotted in terms of the proportion of animals
responding to B on each visit. Analysis of variance based
on the number of avoidance responses by each subject on
the five visits yields an insignificant effect of groups
[F(2,33) = 1.51, p = .2348]. The performance of the
three groups in the third stage of the experiment also is
plotted in Figure 3, and here there was a clear difference
in level of responding-less responding in
Group A- /B+ /AB- than in either of the others-which
analysis of variance shows to be significant [F(2,33) for
groups = 10.56, p = .0003; F(2,33) for the interaction
of groups X five-visit blocks = 3.91, p = .0299].
Group A - /B+ /AB- differs significantly from
Group A-/B+/B- [F(1,22) for groups = 9.73, p =

second; the rest were preexposed to airstream and conditioned to
vibration; half the animals in Group O/B+/AB- were conditioned
to vibration and the rest to airstream. There were 10 visits in the
first stage of the experiment, on each of which, for
Groups A-/B+/AB- and A-/B+/B-, stimulus A was exposed
after either 5 or 30 sec of feeding (the earlier exposure on 5 visits
and the later exposure on the rest, in balanced order). For
Group O/B+ /AB-, there were no preexposures in the first stage.
In the second stage of the experiment, which consisted of 5 visits,
there was a conditioning trial with B on each visit for all three
groups; a pulse of avoidable shock (35 msec, 25 V ac) was sched­
uled at the termination of B. Two of the five trials were given early
in the feeding period (after 5 sec) and three later on (after 30 sec).
In the third stage of the experiment, which consisted of 10 visits,
Groups A-/B+/AB- and O/B+/AB- were tested with the com­
pound (unreinforced), and Group A-/B+/B- was tested with B
alone (unreinforced). There was one test on each visit, which came
after either 5 sec or 30 sec of feeding, in balanced order. Interrup­
tions of feeding in response to the stimuli were recorded throughout.
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stances may have been more favorable for the appetitive
conditioning at least of contextual stimuli, because the
food was available constantly, rather than on an interval
schedule. There is, in fact, some indicationof slower aver­
sive conditioning in our unpreexposed animals than in
those trained by Abramson (1986), which had fewer prior
visits and correspondingly less opportunity for contextual
conditioning (Couvillon & Bitterman, 1980). Although
the preexposed stimulus is not itself a good predictor of
food, the appetitive properties ascribed to it may derive
from association with contextual stimuli (see Couvillon
& Bitterman, 1982, for evidence of within-compound as­
sociation in honeybees). It should be noted, however, that
experiments with vertebrates have not consistently shown
a retarding effect of appetitive conditioning on subsequent
aversive conditioning (Dickinson & Pearce, 1977), but,
on occasion, have shown quite the opposite effect (e.g.,
Scavio & Gormezano, 1980). A somewhat different in­
terpretation of the present results, worth considering, is
that the original tendency of the preexposed stimulus to
evoke the flight response contemplated in the habituation
hypothesis is not simply habituated but is countercondi­
tioned in the feeding context-that is, persistence in feed­
ing is learned. Whereas the traditional Pavlovian interpre­
tation suggests that we should be able to find latent
inhibition in proboscis-extension conditioning (which is
purely appetitive), the alternative interpretations (which
rely on appetitive-aversive competition) help to explain
why we might not.

Before anything can be said about the relation between
the mechanisms of latent inhibition in honeybees and ver­
tebrates, more work will have to be done, not only with
honeybees, but also with vertebrates. A first order of bus­
iness might be to try to understand why similar techniques
should yield such different results as those of Rescorla
(1971) and Kremer (1972). Kremer's results, which point
to inhibition or response-competition, rather than to loss
of salience or associability, might simply be dismissed
as anomalous in view of the agreement of a variety of
independent investigators with Rescorla, but the contradic­
tory results are not, for the most part, persuasive; although
they do not go in Kremer's direction, neither do they go
very clearly in the other direction. It is conceivable that
there are opposed processes at work in these
experiments-according to Hall, Kaye, and Pearce (1985),
for example, a preexposed stimulus may lose associabil­
ity as it acquires inhibitory properties-and that new ex­
perimental designs will be required to distingish them
properly.
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