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Two experiments examined whether the relation between a 
conditioned stimulus (CS) and an unconditioned stimulus 
(US) might be brought under the control of contextual stimuli 
in the invertebrate Apiysia californica. Subjects received ex- 
posure to 2 different contexts. In both experiments, a tactile 
CS was paired with a shock US in one of those contexts. In 
the other context, that tactile CS was either nonreinforced 
(Experiment 1) or explicitly unpaired with the shock US (Ex- 
periment 2). Responding to the CS during a subsequent test 
was greater in the context in which that CS had been paired 
with the US compared with the context in which it had been 
nonreinforced or unpaired. These findings are discussed in 
terms of theories of conditional discrimination learning. 

In a standard Pavlovian conditioning experiment, an organism 
is confronted with a pairing of 2 events, one of which, the 
conditioned stimulus, or CS, is used to signal the subsequent 
occurrence of the other event, the unconditioned stimulus, or 
US. Until recently, the fact that such pairings occurred in a 
particular environment or context was largely ignored. How- 
ever, in the last few years, considerable attention has been de- 
voted to the role that contextual stimuli play in studies of ver- 
tebrate learning. It is now well established that repeated 
presentations of either CSs or USs produce associations between 
those events and the context in which they are delivered (see 
Balsam and Tomie, 1985). Moreover, under some circum- 
stances, the associations between those events and the contexts 
in which they are presented have been shown to influence sub- 
sequent CS-US learning (Tomie, 1976,198 1; Baker et al., 198 1). 
Under other conditions, those associations have been observed 
to affect performance to a previously trained CS (Grau and 
Rescorla, 1984; Bouton and King, 1986). Modem theories of 
conditioning have acknowledged these findings in several dif- 
ferent ways (e.g., Rescorla and Wagner, 1972; Gibbon and Bal- 
sam, 198 1; Wagner, 198 1; Miller and Schachtman, 1985). In 
several cases, contextual conditioning has been used to account 
for several important features of vertebrate conditioning, such 
as sensitivity to the contingency between the CS and the US, as 
well as the detrimental effects of CS and US preexposure. 
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Contextual learning, however, is not only manifest in the form 
of an association between an event and the context in which 
that event is embedded. There are now several observations 
suggesting that contexts can also become associated with the 
relations obtaining between 2 other events. Typically, such dem- 
onstrations arrange for the outcome of a particular CS to be 
conditional upon the identity of the contextual stimuli. Thus, 
for example, some investigators have used situations in which 
the context signals that one of a pair of USs will follow a CS 
(Asratyan, 1965) or that one of a pair of CSs will be reinforced 
(Asratyan, 1961; Perkins, 1983; Rescorla et al., 1985). More 
recently, it has been shown that the context may provide in- 
formation about whether a single CS will be reinforced (Bouton 
and Swartzentruber, 1986). In fact, most of the analytical work 
in this area has made use of this very simple design, although 
it has usually been implemented with long-duration discrete 
stimuli designed to mimic environmental stimuli (Ross and 
Holland, 198 1; Holland, 1983; Ross, 1983; Rescorla, 1985, 
1986). The fact that responding to a conditioned stimulus is 
modulated by the identity of the contextual stimuli (whether 
natural or artificial) has been taken as evidence that contexts 
may exercise some sort of modulatory control over the asso- 
ciation between the CS and the US. 

The ability to learn about contextual stimuli does not appear 
to be a unique feature of vertebrate learning. We have recently 
demonstrated that the opisthobranch mollusc Aplysia cabfir- 
nica is able to form associations between a conventional US, 
an electric shock, and the context in which that US is presented. 
Furthermore, we have shown that this context-US association 
can be extinguished by nonreinforced exposure to the context. 
Finally, we have been able to obtain some suggestive evidence 
that the context-US association might retard new learning in 
which that US is signaled by some other stimulus (Colwill et 
al., 1988). 

The similarities between these results and those reported for 
vertebrates encouraged us to explore the possibility that contexts 
might also control CS-US relations in this invertebrate prepa- 
ration. Such a demonstration would have merit for 2 reasons. 
First, it would expand the range of learning abilities that have 
been documented for Aplysia californica. To date, most studies 
have focused on situations in which simple relations are ar- 
ranged between 2 events (Carew et al., 198 1, 1983; Walters et 
al., 1981; Hawkins et al., 1986) or between some behavior and 
its consequences (Hawkins et al., 1985; Cook and Carew, 1986). 
Evidence that responding to a CS could be controlled by the 
context in which that CS was presented would provide the first 
indication of conditional discrimination learning. Second, it 
would enhance the potential of this particular invertebrate 
species, whose nervous system is ideally suited for neurophysio- 
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logical analyses of learning and memory, as a model system for 
the physiological analysis of vertebrate learning. 

Two experiments explored whether Aplysia might learn to use 
a context to signal the relation between a CS and a US. Both 
experiments compared responding to a CS in 2 different con- 
texts. In Experiment 1, the CS had signaled a shock US in one 
of those contexts but had been presented without shock in the 
other context. In Experiment 2, the CS was again paired with 
shock in one context but it was explicitly unpaired with that 
shock in the other context. In both experiments, the CS elicited 
a stronger conditioned response in the context in which it had 
been paired with the US relative to the other comparison con- 
text. That outcome suggests that the relation between the CS 
and the US was under contextual control. 

Experiment 1 
The purpose of Experiment 1 was to examine whether Aplysia 
could use a contextual stimulus to anticipate whether a CS would 
be reinforced. To this end, subjects were exposed equally often 
to 2 different contexts. In one context, a tactile stimulus was 
applied to the siphon and immediately followed by presentation 
of an aversive shock US to the mantle shelf; in the other context, 
only this tactile CS was presented. There are now many dem- 
onstrations that this kind of mild tactile siphon stimulation can 
serve as a signal for the subsequent delivery of a strong electric 
shock to the tail (e.g., Carew et al., 1981). That learning is 
exhibited by prolonged withdrawal of the siphon following ap- 
plication of the CS compared with the duration of siphon with- 
drawa! produced by a CS that has not been paired with the US. 
Differences of this sort are typically interpreted as evidence that 
the enhanced siphon withdrawal is dependent on pairings of the 
CS and the US and reflects the development of an association 
between the CS and the US. For the present study, the same 
index ofconditioned responding was used to assess CS-US leam- 
ing. Unpublished work in our laboratory has revealed that a 
moderate electric shock applied to the mantle shelf can serve 
as an effective US in a simple Pavlovian conditioning procedure. 

To assess contextual control of the CS-US relation, the CS 
was tested in each context in the absence of any US presenta- 
tions. If the subjects had learned in which context the CS was 
to be reinforced, there should be a substantially longer siphon 
withdrawal response to the CS in the context in which the CS- 
US pairings had occurred compared with the one in which the 
CS had been nonreinforced. 

Materials and methods 
Subjects. Eight experimentally naive Aplysia californica obtained from 
Sea Life SUDD~V (Sand Citv. CA) served as subiects. Thev were housed 
in individual 6e;forated pans (20 x 20 x 10 cm) that floated freely in 
a 200 gallon capacity tank of filtered and aerated artificial seawater 
(Instant Ocean) kept between 15 and 16°C. The subjects weighed ap- 
proximately 125 gm at the start of the experiment and were maintained 
on a diet of laver (dried seaweed) for the duration of the study. They 
were fed daily in the late afternoon about an hour after the completion 
of experimental procedures. Uneaten food was removed the following 
morning before the animals were run. One week before the start of the 
experiment, the animals were anesthetized by immersion in cold salt- 
water (1-3”(Z), and their parapodia were excised in order to provide an 
unobstructed view of and access to the siphon and mantle shelf. 

Apparatus. Two discriminably different contexts were used. One con- 
text, Context A, consisted of a smooth, round, white plastic bowl con- 
taining a mixture of 200 ml of artificial seawater (Instant Ocean) and 1 
ml of Durkee brand lemon extract. The other context, Context B, was 
a dark gray, rectangular chamber measuring 18.5 x 13 x 9.5 cm filled 
with artificial seawater (Instant Ocean). Its surface consisted of a series 

of narrow ridges about 0.3 cm wide, spaced 0.3 cm apart. An aerator 
was mounted in the rear left-hand comer to provide a localized source 
of mild turbulence. 

A 14.5-cm-long wooden cocktail stick tapered to a fine point was 
applied manually to the inside surface of the siphon to produce a tactile 
CS. The tapered end was inserted into the funnel of the siphon and the 
tip was drawn gently but swiftly across the skin. The area of tissue 
stimulated consisted of an extremely narrow strip about 1 cm long. The 
US was an 80 mA, 60 Hz AC shock delivered through capillary elec- 
trodes that were applied manually to the surface of the mantle shelf. 

Procedure. Each subject was exposed for one 20 min daily session to 
each of the 2 contexts for 6 d. The 2 exposures on a given day were 
separated by an interval of at least 5 hr and the order of exposure to 
the 2 contexts was counterbalanced. In one of the contexts, subjects 
received in each session a single conditioning trial in which the CS 
preceded delivery of the US. Both the CS and US were administered 
by hand with an interstimulus interval of approximately 0.5 sec. The 
time at which the conditioning trial was administered was varied across 
sessions. In the other context, the subjects received a single presentation 
of the CS per session. The time at which that CS was presented was 
determined by the same schedule used for the trial times in the paired 
context. For half the subjects, the CS was reinforced in Context A and 
nonreinforced in Context B; for the remaining subjects, the opposite 
contingencies were arranged so that the CS was reinforced in Context 
B and nonreinforced in Context A. 

Twenty-four hours after completion of conditional discrimination 
training, the duration of siphon withdrawal elicited by the CS was mea- 
sured in both contexts by an experimenter blind to the conditioning 
histories of the animals. The tactile stimulus was applied to the siphon 
not less than 2 min after the subject had been placed in a context, thus 
sharply attenuating any disruptive effect on the siphon withdrawal reflex 
of recent handling. The time from CS onset to complete relaxation of 
the siphon was measured with a stopwatch. After 20 min, the subject 
was removed from the experimental context and returned to its home 
tank. All subjects were tested first in Context A and then, 5 hr later, in 
Context B. Thus, half the animals were tested first in the context in 
which the CS-US pairings had occurred; the remaining animals received 
their first test in the context in which only the CS had been delivered. 
In order to preserve the experimental blind, no shocks were delivered 
during the test sessions. This also allowed a measure of the reflex elicited 
by siphon stimulation that was not influenced by the unconditioned 
effects of the USs. 

Results and discussion 

Figure 1 shows the median duration of siphon withdrawal elic- 
ited by the CS during testing in the context in which the CS and 
US had been paired (open bar) and in the context in which the 
CS had been delivered without reinforcement (striped bar). It 
is clear that the CS elicited longer siphon withdrawal responses 
in the context in which it had been paired with the US than in 
the context in which it had been nonreinforced (Wilcoxon T (8) 
= 3, p < 0.05). That outcome is consistent with the view that 
the animals had learned in which context the CS would be 
reinforced. 

It should be noted, however, that one could also account for 
these data solely in terms of simple context-US associations. 
Because shocks were delivered in one context but not in the 
other, there may have differences between the contexts in the 
amount of background conditioning. Indeed, we have reported 
elsewhere that such differences by themselves are sufficient to 
produce the pattern of results obtained in this experiment (Col- 
will et al., 1988). Although evidence from studies with verte- 
brates suggests that signaling the US ought to be quite effective 
in preventing that US from conditioning the background, we 
have no independent evidence that signaling prevented such 
learning from happening here. Consequently, in the present study, 
the difference in the duration of siphon withdrawal elicited by 
the CS in the 2 contexts might simply reflect differences in the 
amount of background conditioning of those contexts. A further 
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the CS was tested in each context without any US presentations. 
If the subjects had learned in which context the CS was to be 
reinforced, siphon withdrawal should be of a longer duration in 
the context in which the CS-US pairings had occurred. However, 
if the subjects had not learned to use the contexts as conditional 
cues and if the differences obtained in Experiment 1 were simply 
the product of differential context-US associations, the duration 
of siphon withdrawal should be longer in the unpaired context. 

Materials and methods 
Subjects andapparatus. The subjects were 16 experimentally naive Aply- 
sia californica SuDDlied bv Sea Life SUDD~V (Sand Citv. CA). Thev were 
housed and maikined ;n a marine; identical to that described for 
Experiment 1. The apparatus was also the same as that used in Exper- 
iment 1. 

Procedure. Each subject was exposed for 20 min daily to each of the 
2 contexts for 8 d. On a given day, the 2 exposures were separated by 
an interval of about 5 hr with the order of exposure balanced across 
contexts. As in Experiment 1, subjects received a single conditioning 
trial in one of the contexts each day. In the other context, the same CS 
and US were each presented once per day but they were unpaired. The 
order of presentation of the CS and US was balanced, and the times at 
which they were delivered varied across days with 2 restrictions. First, 
there were an equal number of CS and US presentations scheduled to 
occur at the same time as the conditioning episode in the paired context; 
and, second, the interval between the 2 events was at least 5 min. For 
half the subjects, the CS and US were paired in Context A and unpaired 
in Context B; for the remaining subjects, the opposite contingencies 
were arranged. 

Twenty-four hours after the final day of conditional discrimination 
training, the CS was tested in each context. The details of the test 
procedure are identical to those described in Experiment 1. 

Figure 1. Experiment 1. Median duration of siphon withdrawal in 
response to the tactile CS in the context in which that CS had been 
reinforced (+) and in the context in which it had been nonreinforced 
t-j. 

implication of this argument is that the contexts themselves 
may have differentially affected the behavior of the animals. As 
a result the delivery of the CS during testing may not have been 
identical in the 2 contexts. The possibility that the results of 
this study may be interpreted in terms of differential background 
conditioning is made less plausible in the next experiment. Ex- 
periment 2 administered the shock US in both contexts while 
manipulating the CS-US contingency across contexts. In this 
way, we equated for context-US associations produced by the 
simple occurrence of the US. 

Experiment 2 
The purpose of this study was to demonstrate that contextual 
stimuli might acquire conditional control over a CS-US relation 
under circumstances that rendered an explanation based on con- 
text-US associations implausible. Subjects were exposed to 2 
different contexts. As in Experiment 1, pairings of a CS and a 
US were delivered in one of the contexts. However, in the other 
context, subjects were given presentations of both the CS and 
the US but the arrangement was such that the events were ex- 
plicitly unpaired. Thus, subjects received the same number of 
shock USs in each of the 2 contexts but in one those USs were 
preceded by the CS and in the other they were not. The con- 
sequence of this treatment was to provide the unpaired context 
with the opportunity to become associated with the shock US. 
In fact, it is quite likely that the context-US association might 
well have been stronger for that context than for the paired 
context. In the vertebrate literature, it has been widely docu- 
mented that signaled USs may be less effective reinforcers than 
unsignaled USs (see Rescorla and Holland, 1982). Thus, one 
might expect the CS to reduce or block the development of 
background conditioning in the paired context. Finally, to assess 
the presence of contextual control over the CS-US association, 

Results and discussion 
The test data showing the median duration of siphon withdrawal 
are displayed in Figure 2. The open bar on the left shows siphon 
withdrawal to the CS when that CS was presented in the context 
in which it had been paired with the US. The striped bar on the 
right shows siphon withdrawal to the same CS when tested in 
the context in which it had been explicitly unpaired with the 
US. The important point to note about these data is that siphon 
withdrawal was considerably longer in the paired context than 
in the unpaired context. That difference was found to be highly 
significant (Wilcoxon T (15) = 13, p < 0.01). 

These results replicate those of Experiment 1 under circum- 
stances in which the unpaired context-US association was at 
least as strong, if not stronger, than the paired context-US as- 
sociation. Thus, regardless of the amount of background con- 
ditioning in the comparison context, the CS elicited a stronger 
conditioned response in the paired context. That outcome means 
that the enhanced response to the CS in the paired context 
cannot be explained in terms of simple summation of that CS 
with the background. In summary, these results reinforce the 
view that the animals had indeed learned to use the context as 
a cue for whether the CS would be reinforced. 

General Discussion 
These experiments demonstrate that manifestation of an exci- 
tatory association between a CS and a US can be brought under 
the control of a contextual stimulus in the invertebrate ApZysia 
calijiirnicu. In one context, a tactile CS predicted the immediate 
presentation of an aversive shock US. In a different context, 
that same CS was presented without shock (Experiment 1) or 
explicitly unpaired with shock (Experiment 2). Knowledge of 
these different CS-US relations was exhibited in the form of 
enhanced responding to the CS in the paired context relative to 
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the other context. That outcome implies that the context actively 
modulated expression of the CS-US association. Such findings 
highlight the potential complexity of Pavlovian conditioning 
processes. Moreover, they demonstrate the inadequacy of ac- 
counts of associative learning that appeal exclusively to close 
temporal proximity of the CS and the US for learning to occur. 

To embrace the present results, the activity-dependent pre- 
synaptic facilitation model proposed by Kandel and his col- 
leagues (e.g., Hawkins and Kandel, 1984) for associative leam- 
ing in Aplysia would require substantial elaboration. That model 
assumes that the effective synaptic connectivity between the CS 
pathway and the motor neuron is strengthened by pairing the 
CS with a US. To permit contextual stimuli to modulate the 
expression of that learning, one could posit some connection 
between the context and the CS pathway. Such a connection 
might enable the CS to stimulate the motor neuron more effec- 
tively by increasing the efficacy of neurotransmitter release from 
the sensory neuron. Alternatively, one might argue that the 
context acts postsynaptically to reduce the threshold for firing 
of the motor neuron. 

Psychological accounts of conditional cue learning based on 
experiments with vertebrates have embodied the logic of some 
ofthese mechanisms. For example, some authors have suggested 
that the conditional cue modulates the CS-US association by 
shifting the threshold for activation of the US representation. 
Thus, one might imagine that the context in which the CS is 
reinforced lowers the threshold for activation of the US repre- 
sentation. Alternatively, the context in which the CS is either 
nonreinforced or unpaired with the US might raise that thresh- 
old. Either one of these mechanisms acting alone or in unison 
would yield the current pattern of results. The ability of con- 
ditional cues to transfer their effects to other CSs has been used 
to support both these options in related paradigms (Rescorla, 
1985). In contrast to this view ascribing a general property to 
conditional cue function, Holland (1983, 1985) has argued for 
a more specific role. In his conditioning preparation, Holland 
has found that the conditional cue acts only on the CS with 
which it has been trained. Therefore, he has preferred to account 
for such learning by shifting the locus of action of the conditional 
cue from the US representation to the association between the 
CS and the US. Thus, applied to the present case, one might 
argue that the context in which the CS is reinforced increases 
the ability of the CS to trigger the US representation. On the 
other hand, it is possible that the subject has learned to withhold 
its response to the CS in the context in which that CS is non- 
reinforced. Thus, the context could inhibit the association be- 
tween the CS and the US. It would be ofgreat interest to examine 
the impact of contexts trained as conditional cues on responding 
to other CSs in Aplysia. If transfer were obtained, it would 
indicate some general property of the conditional cue. More- 
over, such a demonstration would have the additional virtue of 
making it easier to rule out some of the less interesting alter- 
native accounts of conditional discrimination performance. 

Figure 2. Experiment 2. Median duration of siphon withdrawal in 
response to the tactile CS when applied in the context in which that CS 
had been paired (P) with shock US and in a context in which that CS 
and US had been unpaired (U). 

features of the context in which that CS is presented. According 
to this account, each combination of the CS with a different 
context yields a unique representation. In both cases, however, 
the conditional discrimination is reduced to a simple Pavlovian 
discrimination between 2 complex elements, one reinforced and 
one not. The solution of such discriminations presents no prob- 
lem to Aplysia (Carew et al., 1981, 1983; Walters et al., 1981). 

It turns out to be remarkably difficult, however, to distinguish 
empirically sophisticated versions of the unique cue hypothesis 
from modulatory accounts of conditional discrimination leam- 
ing. One of the exciting possibilities of neurobiological analyses 
of these kinds of learning processes is that they may yield evi- 
dence favorable to one or other account. For instance, according 
to the unique cue account, a different set of sensory neuronal 
inputs should be activated when the CS is applied in the paired 
context relative to the unpaired context. On the other hand, the 
modulatory accounts would expect the same sensory inputs to 
be triggered by the CS but with different consequences depend- 
ing on the identity of the context. The exciting prospect sug- 
gested by the present findings in Aplysia is that the complexity 
of conditional discrimination learning may one day be unrav- 
eled at a neurophysiological level. 
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