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ABSTRACT
TASTE AVERSION LEARNING IN PEROMYSCUS
By

Robert John Robbins

Taste aversion learning was reviewed, with emphasis on single
trial learning, learning with long conditioned stimulus to uncon-
ditioned stimulus intervals, and the specific relationship between
gustatory cues (as the CS) and induced illness (as the US). An
"adaptive'" explanation of the phenomenon was discussed, and taste
aversion learning was related to toxin avoidance, to the presence of
plant secondary compounds, to predation on model/mimic systems, to
selection of specific nutrients, and to optimal foraging. Since
the existing literature rela;es poorly to these potential functions
(because of limitations imposed by the almost exclusive study of the
domestic rat), an in-depth investigation of taste aversion learning
in a nondomesticated species was proposed.

Mice of the native, rodent genus Peromyscus were used as sub-
jects for such an investigation. All experiments were carried out
using flavored fluids (usually 20% sucrose solution) as the taste
cues and intraperitoneally injected lithium chloride solution as the
illness-inducing agent. The acceptability/aversiveness of the test

flavor was determined by using the quantity of fluid drunk as the



Robert John Robbins

measured variable. The results indicated: (1) that taste aversion
learning does occur in Peromyscus, (2) that a systematic variation
in the dosage of toxin produces a systematic variation in the degree
of aversion, (3) that aversions may be produced toward solutions
flavored with sucrose, HC1l, NaCl, or quinine, (4) that the aversion
is directed specifically toward the flavor associated with illness,
(5) that prior, nontoxic experience with a flavor later associated
with illness decreases the degree of the aversion but increases the
duration of the aversion, (6) that it another, safe fluid is simul-
taneously available, the aversion to a flavor associated with illness
persists indefinitely, (7) that differences in age (weanling vs.
adult) or degree of domestication (Fl-from-wild-caught vs. 30-year-
lab-reared animals) appear to exert no differential effects upon
taste aversion learning, and (8) that subspecies differences

(Peromyscus maniculatus bairdi vs. P. m. blandus) lead to pronounced

differences in aversion acquisition.

In conclusion, the findings made with Peromyscus were compared
with those obtained with other animals, and the apparent similarities
and differences were analyzed. Finally, an integrated model of the
decision making and learning processes involved in dietary selection

was developed.
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INTRODUCTION

Taste aversion learning, characterized briefly as the learned
rejection of a food that has been associated with illness, is a
robust, powerful phenomenon heretofore studied almost exclusively in
terms of learning theory. Although nominally within the form of
classical Pavlovian conditioning, taste aversion learning possesses a
number of exceptional characteristics which render it both a chal-
lenge to and an exceptionally useful study paradigm for classical
learning theory: (1) strong single trial learning is readily obtained,
(2) the conditioned stimulus to unconditioned stimulus (CS/US) interval
may be as long as 24 hours, and (3) a necessary relationship between
cue and consequence has been demonstrated--that is, if an animal is
presented a variety of cues across many sensory modalities, then made
ill, it will almost invariably learn to avoid only the taste cues
presented (see Literature Review, following, for specific citations).
Furthermore, the phenomenon is general (many different illness-
inducing agents, even rotation, have been successfully employed) and
phylogenetically widespread (having been demonstrated in cats, codfish,
cougars, coyotes, frogs, garter snakes, gerbils, guinea pigs, hamsters,
humans, mice, monkeys, quail, rats, red-tailed hawks, and wolves).

These attributes that make the phenomenon particularly rele-

vant to learning theory also make it relevant to other areas. Existing



studies indicate that a single pairing of toxicosis with a distinct
flavor can lead to an animal's total rejection of that flavor on sub-
sequent encounters. A phenomenon this powerful simply cannot be
ignored if a complete ecological theory of foraging strategy is to

be developed. Furthermore, the paradigm can be used to provide valu-
able experimental tests of optimization models for predators encounter-
ing a model/mimic system. And, if the phenomenon proves as profound
and as general as the extant literature suggests it is, it may lead to
new pest control techniques which act by altering the pest species'
food preferences, rather than by extermination. This method would
possess the singular advantage of eliminating the economic damage pro-
duced by the pest without removing that species from the ecosystem.
Thus, learning theory, models of foraging strategy, and pest control
methodology can all be united profitably with the numerous studies of
taste aversion learning.

However, the bulk of the existing literature is not directly
relevant to foraging strategy models or to pest control considera-
tions because: (1) most of the work has been done on domestic species,
particularly the white rat; and (2) the comparative work has, for
the most part, tested no more than the simple occurrence of the phe-
nomenon under optimal conditions. Furthermore, analysis of the com-
parative studies has been hampered by the fact that many such studies
have used large or exotic species (requiring experiments of small
sample size) with wide phyletic distances separating the speciecs

tested, thus rendering response comparisons virtually meaningless.



Consequently, if an ecologically oriented, functional study
of the phenomenon is to be accomplished, extensive studies on a new
species will have to be carried out. The animals studied should be
of such a nature that large sample size studies may be economically
performed, and the animals should provide a meaningful set of genetic
and ecological differences tractable to careful and controlled analy-
sis. Mice of the genus Peromyscus are well suited for this study.
They are (1) abundant, (2) easy and inexpensive to obtain and rear,
and (3) widespread across North America, occurring as hundreds of
species and subspecies in a variety of habitats (Hooper, 1968). There
is the drawback that no literature exists on taste aversion learning
in Peromyscus, but as this is true for virtually any species it is
hardly a fatal drawback.

Although the absence of basic research does preclude the
immediate asking of questions directly relating taste aversion learning
to foraging strategy, it does not preclude the asking of questions
which examine the phenomenon in Peromyscus while simultaneously
assessing its potential as a contributing factor to foraging strategy.
With these considerations in mind, this dissertation will examine
taste aversion learning in Peromyscus. Specifically, it will ask:

1. Does taste aversion learning occur in Peromyscus?

2. Does taste aversion learning in Peromyscus show a dose/
response effect, or is it an all or nothing phenomenon?

3. Is taste aversion learning in Peromyscus affected by the
quality of the flavor cue?

4. 1Is taste aversion learning in Peromyscus specific to the
flavor paired with illness, or is it a generalized neophobia?



5. 1Is taste aversion learning in Peromyscus affected by prior,
nontoxic experience with the poisoned flavor? Does the
amount of prior experience produce differential effects?

6. Is taste aversion learning in Peromyscus a long lasting
phenomenon, or is it transitory? That is, for how long will
a single flavor/toxicosis pairing alter an animal's feeding
preferences?

7. 1Is it possible to relate differences in taste aversion learning
in Peromyscus to independent biological variables? Specific-
ally, is it possible to detect differences associated with
age, subspecies, or domestication?

The relationship of these questions to taste aversion learning's
potential contribution to foraging strategy are reasonably apparent.
For the phenomenon to be generally applicable to foraging strategy it
should possess the following characteristics: (1) it should occur
readily in the population; (2) it should not be limited by the quality
of the flavors involved--if aversions can be formed only against
certain specific flavors, the generality of the phenomenon is much
reduced; (3) it should be directed with reasonable specificity toward
the flavor paired with illness--if an aversion were only a generalized
reluctance to eat, it could at best produce only brief and transitory
modifications of an animal's foraging strategy; (4) it should not
require absolute novelty of the flavor for either aversion acquisition
or maintenance--if it did, the generalized applications of the phe-
nomenon would be obviously limited; and (5) it must be long lasting--
the greater the duration of an aversion, the greater the potential
contribution to overall foraging strategy. Finally, if functional
analysis is to proceed, it must be possible to link differences in

the phenomenon with other important biological differences in the popu-

lation. Once this is done, the functional analysis may begin apace.



LITERATURE REVIEW

Introduction

This section will not review the literature dealing with taste
aversion learning in Peromyscus, since that literature is nonexistent.
Neither will it attempt to exhaustively review the general literature
dealing with taste aversion learning, as that has already been done by
numerous authors (Garcia and Ervin, 1968; Garcia, McGowan, and Green,
1972a; Garcia, McGowan, and Green, 1972b; Rozin, 1975; Rozin and Kalat,
1971; Rozin and Kalat, 1972; Shettleworth, 1972; for a recent textbook
treatment, see the discussion of the '"Garcia Effect'" in Bolles,

1975); nor will it attempt to provide an overall bibliographic treat-
ment of the taste aversion literature, as the very recent publication
of an indexed bibliography performs that function admirably (Riley and
Baril, 1976). Rather, this section will briefly discuss the dis-
covery of the taste aversion learning phenomenon and will treat in
detail the evidence delineating the particularly intriguing attributes
of taste aversion learning--powerful single trial learning, long

CS/US intervals, and the specificity of cue to consequence. Then,

the need for an adaptive explanation of these attributes will be con-
sidered and an attempt will be made to integrate the findings éf taste
aversion studies with the literature dealing with the general problems

of feeding and optimal foraging strategy. Finally, a critique will be



made of the extant attempts to perform this integration, and suggestions

for future work will be offered.

The Basic Phenomenon of Taste Aversion Learning

History

Although it has long been common knowledge among exterminators
that rats which have survived one poisoning attempt will subsequently
avoid the poisoned bait (for example, see Forbush, 1914), the scien-
tific investigation of this phenomenon did not begin until relatively
recently. During and following World War II, Richter, working in the
United States, and Rzoska, working in Great Britain, set out to study
this phenomenon as part of the war-time concern with rat control
(inspired by no small fear of rat-based disease warfare). Their
published works (Richter, 1953; Rzoska, 1953) show similar findings:
(1) Rats will avoid a poisoned food after a single sub-lethal experi-
ence with it; (2) The aversion is not generalized to other foods, but
restricted to the poisoned flavor; and (3) The type of flavor and the
type of poison both affect the strength of the aversion.

Despite the detail with which these authors investigated the
phenomenon, very little additional work was generated directly by
their findings. Meanwhile, in the early 1950s John Garcia was investi-
gating the effects of ionizing radiation upon food and water consump-
tion. Noting that the suppression of consumption occasioned by the
radiation was increasing with each exposure, he suspected that learning
might be involved, and in 1955 he published a report (Garcia,

Kimeldorf, and Koelling, 1955) that concluded, '""Rats tend to avoid a



taste stimulus that has been associated with radiation exposure.'
Garcia and his co-workers continued to study this phenomenon during
the late 1950s and early 1960s (Garcia and Kimeldorf, 1957; 1958;
1960; Garcia, Kimeldorf, and Hunt, 1956, 1961; Garcia, Kimeldorf,
Hunt, and Davies, 1956). Although this work was generating very
little additional research, Nachman (1962, 1963a, 1963b), while
investigating the generalization of sodium preference to lithium
preference by adrenalectomized rats, independently discovered that
learned taste aversions could be produced using the gastro-intestinal
distress induced by LiCl ingestion as the unconditioned stimulus.
Thus, by the mid 1960s, research in four independent labora-
tories had begun to elucidate the phenomenon of taste aversion learning
under controlled conditions, yet very little attention was being paid
to this work. Then, in 1966, Garcia and his coworkers published two
papers which claimed that taste aversion learning possessed properties
that challenged the assumptions of classical learning theory. The
first (Garcia and Koelling, 1966) asserted that, ''given reinforcers
are not equally effective for all classes of discriminable stimuli.
The cues, which the animal selects from the welter of stimuli in the
learning situation, appear to be related to the consequences of the
subsequent reinforcer." The second (Garcia, Ervin, and Koelling,
1966) found that illness produced by apomorphine injections was effec-
tive in conditioning a taste aversion, even if the onset of illness
followed the termination of drinking by as much as 75 minutes. The
shocking nature of these conclusions is evidenced by the fact that

both papers were rejected by prestigious journals and were eventually



accepted only by lesser known publications. Also, Seligman and Hager
(1972) report that, 'One investigator, who had worked for years on
delay of reinforcement, remarked publicly, 'Those findings are no more
likely than birdshit in a cuckoo clock.'"

The controversial nature of these results prompted many
researchers to perform replicates. With a decade of additional work
now accomplished, the original conclusions still stand: taste aversion
learning is characterized by single trial learning, by long CS/US
intervals, and by a specificity of cue to consequence. The following
sections will discuss in detail these findings, their challenges, and

their replicates.

Single Trial Learning

From the first controlled studies of Richter (1953) and Rzoska
(1953, it has been readily apparent that rats can acquire taste
aversions after a single toxic experience. Similarly, single trial
taste aversion acquisition has been reported in many other species
ranging from codfish (MacKay, 1974) to coyotes (Gustavson, Garcia,
Hankins, and Rusiniak, 1974) and from guinea pigs (Braveman, 1974,
1975) to quail (Wilcoxon, Dragoin, and Kral, 1971). Thus, the fact
of single trial taste aversion learning has never been in question.
However, the significance of it has been alternately asserted and
challenged.

Seligman (1970, 1972) has made a great deal out of the
observation that animals can make some associations with fewer trials
than required for other associations. In fact, he has offered a new

concept to learning theory, that of '"preparedness,' and has defined



it as follows: '"The relative preparedness of an organism for learning
about a situation is defined by the amount of input (e.g., numbers of
trials, pairings, bits of information, etc.) which must occur before
that output (responses, acts, repertoire, etc.), which is construed

as evidence of acquisition, reliably occurs." Further, Seligman would
divide the continuum of preparedness into three more or less distinct
regions: the prepared region (with innate responses at the most pre-
pared position, followed immediately by single trial learning), the
unprepared region (dealing with the learning of arbitrary associations),
and the contraprepared region (dealing with associations that cannot

be made). He also notes that ethologists have been primarily interested
in events of the prepared region, while psychologists have concerned
themselves with the unprepared region. This point is nicely sub-
stantiated by contrasting Meehl's (1950) assertion that '"a reinforcer
can be used to increase the probability of any learnable response,"
with Tinbergen's (1951) observation that '""The student of innate
behavior . . . is repeatedly confronted with the fact that an animal
may learn some things much more readily than others.'

Seligman's hypothesis relies upon the assumptions that differ-
ences in preparedness derive solely from differences in associability
and concomitantly that these differences have been adaptively shaped
by natural selection (which in turn implies that all prepared associ-
ations are adaptive). Shettleworth (1972) has taken strong exception
to these assumptions:

Seligman . . . has attempted a broader synthesis of the experi-
mental demonstrations of constraints on learning by suggesting

that differential ease of learning different things represents
different degrees of associative 'preparedness.'" However, the
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""preparedness dimension' is merely an operational classification
of learning tasks. It substitutes one oversimplification (that
animals are more or less ''prepared'" to learn things and that
"prepared' behaviors are acquired and extinguished differently
from '"unprepared' or "contraprepared' ones) for another (that the
laws of learning are the same for all arbitrarily selected ele-
ments). This obscures the fact that apparent differences in
learning difficulty may be brought about by a number of different
mechanisms, not all of which are specifically associative."
And, she might have added, not all of which are necessarily adaptive.
Despite her objection to Seligman's assumption of a purely associ-
ative and adaptive origin for differential ease of learning,
Shettleworth in no way objects to an adaptive analysis of the problem.
Indeed, she suggests that, '"A complementary approach to constraints
on learning is to ask whether what and how animals learn is related
in a nonarbitrary way to what would be adaptive in natural conditions."
Thus, although it may be unwise to assert that single trial taste

aversion learning is adaptive, the failure to recognize that it might

be, and to analyze it accordingly, would be equally imprudent.

Long CS/US Intervals

In the original report of radiation-based taste aversions,
Garcia, Kimeldorf, and Koelling (1955) found that rats that had had
saccharin solution consumption paired with a 6-hour exposure to radi-
ation (5.0 r/hr) acquired a distinct and long lasting aversion to the
flavor of saccharin. Although the simultaneous presentation of con-
ditioned stimulus (saccharin) and unconditioned stimulus (radiation)
followed the standard temporal arrangement for classical conditioning,
the duration of the presentation was greatly in excess of the few
seconds normally employea In a subsequent paper (Garcia and

Kimeldorf, 1957), designed specifically to test for differences among
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animals subjected to trace conditioning, simultaneous conditioning,
and backward conditioning, it was again noted that results for
radiation-based taste aversion learning followed ''the paradigm of
conditioning despite the fact that . . . the duration of the stimuli
is measured in hours, rather than in seconds." Since classical con-
ditioning theory required that the interval between onset of CS and
onset of US be no more than a few seconds, the authors were forced to
postulate that either learning was occurring despite a long delay or
that radiation was producing some immediate, but unknown effect upon
the animals. They concluded, "The implication of the present series
of studies is that [radiation produces] a prompt effect on the rat,
presumably through stimulation of the nervous system."

However, as evidence continued to be accumulated that long
exposures to ionizing radiation could produce learned taste aversions
(review by Garcia, Kimeldorf, and Hunt, 1961), McLaurin began to sus-
pect that the unorthodox temporal parameters used in such studies
indicated that the phenomenon was not truly learning. He tested this
(McLaurin, 1964) by offering rats saccharin, then exposing them to
radiation following a delay of 3, 60, 120, or 180 minutes. All groups,
regardless of the length of delay between saccharin consumption and
onset of radiation, showed equal and profound aversions, and this
absence of an expected delay of punishment gradient forced him to
conclude that radiation-based taste aversion learning could not be
classified within the framework of the classical conditioning paradigm.

Meanwhile, Garcia and his coworkers had been considering the

difficulties inherent in the use of radiation to produce taste
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aversions, particularly the problem of determining precisely when the
relevant effect of the radiation was occurring. To circumvent this,
they performed a taste aversion experiment using intraperitoneal
injections of apomorphine hydrochloride as the illness-inducing agent.
Apomorphine produces an obvious illness within minutes of injection.
Four groups of rats were subjected to the following treatments:

(1) saccharin consumption, followed by shock, (2) saccharin consumption,
followed by saline injection, (3) water consumption, followed by
apomorphine injection, and (4) saccharin consumption, followed by
apomorphine injection. Only the sacc/apo group showed any subsequent
aversion to saccharin. The failure of the water/apo group to show

an aversion ruled out pseudoconditioning (sensitization) as the cause
of the aversion. Next, the authors subjected five groups of rats to
sacc/apo pairings with CS/US delays of 30, 45, 75, 120, and 180
minutes. Aversions were formed with delays up to 75 minutes and the
degree of aversion was proportional to the length of delay--that is,

a delay of punishment gradient was observed. The authors concluded
that true learning was occurring, even with a CS/US interval of

75 minutes.

Garcia et al.'s demonstration of a delay of punishment gradient
appeared to contradict McLaurin's failure to detect such a gradient.
However, Smith and Roll (1967) replicated McLaurin's work using a
larger dose of radiation (100 vs. 61.4 roentgens) and CS/US delays of
0.0, 0.5, 1.0, 2.0, 3.0, 6.0, 12.0, and 24.0 hours. With this para-
digm a delay of punishment gradient was found, but it was not readily

apparent except in delays greater than the 3.0 hour maximum employed



13

by McLaurin. Other replicates have been performed which demonstrate
that McLaurin's failure to find a gradient was an artifact produced
by the use of insufficiently long delays. Revusky and Garcia (1970)
have provided an excellent review, '"Learned associations over long
delays,'" which treats in detail the evidence for and against this
phenomenon. In this review they argue convincingly that taste
aversion learning truly represents learning over a long CS/US interval.

Despite the great and growing body of evidence that taste
aversion learning over a long delay does occur, some authors remain
skeptical, even truculently so. The most prominent of these, M. E.
Bitterman (1975), has argued strongly (and ad hominem) that all
apparent indications of learning over long delays are the result of
improperly controlled experimentation (''Problems of control abound
in these aversion experiments, perhaps because they are not always
uppermost in the minds of the investigators.'"), and he suggested that
the actual explanation is, ''smell and taste receptors are stimulated
again at the time of illness by food returned to the mouth from the
stomach."

This possibility of restimulation has not been ignored by stu-
dents of taste aversion learning, and a large number of experiments
have been performed which test and appear to rule out aftertaste or
restimulation: (1) Many workers have produced aversions with delayed
illness paradigms using dilute HCl1 as the taste stimulus (Ader, 1973a,
1973b; Braveman, 1974; Dragoin, 1971; Etscorn, 1973; Etscorn and
Stevens, 1973; Garcia, Green, and McGowan, 1969; Wilcoxon, Dragoin,

and Kral, 1971). Since the concentration of the HC1l used as a taste
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stimulus was much less than that found in the stomach, and since an
appreciable delay occurred between drinking and illness (24 hours in
the Etscorn and Stevens study), it is unlikely that any illness-
induced vomiting could produce a distinguishable aftertaste. (2) Kalat
and Rozin (1970) found that if rats were given one novel flavor, then
another novel flavor, then made ill, the aversion would always be
directed to the same flavor, regardless of the order of presentation.
This argues against aftertaste, since the most recently consumed
flavor should have the strongest aftertaste. (3) Kalat (1974) found
that, '"When rats are poisoned after drinking two concentrations of
the same solute, rats reared on water acquire aversions mainly to the
more concentrated solution, but rats reared on a still more concen-
trated solution acquire aversions mainly to the less concentrated
solution, which for them is more novel." This clearly should rule
out regurgitated aftertaste, as the balancing of all groups for order
of presentation insured a stomach load of equally concentrated
saccharin in all groups. (4) Most persuasively, Roll and Smith (1972)
found a strong aversion in rats which were allowed to drink saccharin,
placed into a deep surgical anesthesia, irradiated with 100 roentgens
while anesthetized, and maintained under the anesthesia for 8.5 to
10.0 hours following the irradiation. Control animals, treated
similarly except sham irradiated, showed little or no aversions. This
procedure seems to rule out illness-induced restimulation of taste
receptors.

Despite these findings and others cited by Garcia, Hankins,

and Rusiniak (1976) in a rebuttal to his earlier article, Bitterman
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remains unconvinced--as is evident in his counter-rebuttal (Bitterman,
1976). Although I am personally unimpressed with Bitterman's counter
arguments, particularly as a result of his tendency to attack only
the weakest arguments in favor of long-delay learning (e.g., he dis-
missed the significance of the two-concentrations-of-solute experiment
by citing the admitted procedural difficulties in an experiment by
Rozin, 1969, while ignoring the same results in the untainted experi-
ment of Kalat, 1974, cited above), the reader is urged to investigate
this heated controversy by reading the arguments of Bitterman and
Garcia et al., in the original.

Considering the still controversial nature of the claims for
taste aversion learning with a long CS/US interval, it is probably
best not to assert that the case for this phenomenon has been con-
clusively made. However, it is possible to assert that pseudocon-
ditioning (see arguments above and in Revusky and Garcia, 1970) and
mediation by secondary reinforcers (this simply cannot explain single
trial acquisition) cannot account for the data. Thus, only the argument
in favor of aftertaste or illness-induced restimulation of taste
receptors still commands support. And, as is evident from the arguments
above, in Revusky and Garcia (1970), and in Garcia, Hankins, and
Rusiniak (1976), this theory is, if not refuted, under severe chal-
lenge. But, whatever the outcome of the debate on learning mechanism,
it is impossible to deny that taste aversion learning does occur when
the ingestion of the flavor is separated from the onset of illness by

a substantial time interval.
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The Specificity of Cue to Consequence

As early as 1957, Garcia, Kimeldorf, and Hunt had observed
that, "A single [radiation] dose of 30 r at 5 r/hour is sufficient to
demonstrate conditioning in the saccharin preference test which
utilizes a stimulus-response sequence closely associated with the
gastro-intestinal functions, namely taste and consumption. [But,]
there is a considerable loss in sensitivity when situational stimuli
are substituted for the taste cue . . . ." However, it was not until
1966 that a direct assertion was made claiming a necessary relation-
ship between cue and consequence: '""[G]iven reinforcers are not
equally effective for all classes of discriminable stimuli. The cues
which the animal selects from the welter of stimuli in the learning
situation, appear to be related to the consequences of the subsequent
reinforcer" (Garcia and Koelling, 1966).

This claim has sparked a lively debate and has led to
numerous experiments designed to test the relative efficacy, in a
poison-based aversion learning paradigm, of cues presented in various
sensory modalities. Because the concept of specificity of cue to
consequence is controversial and important, and because so much work
has been done regarding it, a review of the major work will now be

presented, organized by cue category.

Visual. Much of the work on the association of visual cues
with toxicosis derives almost directly from the 1966 paper of Garcia
and Koelling, "Relation of cue to consequence in avoidance learning."
In that experiment, rats were presented with a compound stimulus:

flavored water was offered in a drinking spout which was modified so
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that each time the rat's tongue contacted the spout a clicking relay
fired, providing power to a 5 watt bulb. Thus, with each lick the rat
experienced -a gustatory, a visual, and an auditory cue. One group of
rats was given shock as the unconditioned stimulus following each
trial with the '"bright-noisy-tasty" water, another group was irradi-
ated (i.e., was made ill) following each trial. After a number of
acquisition trials, each group was subdivided with one subgroup tested
on the audio-visual component of the compound stimulus and the other

on the taste component. Figure 1 gives the results. The carefully

AVERSIVE ST IMULUS
shock illness

||||||!!l!!||||||||||!I|!!!!!||||
||||!!l|!!l!!||||l|||||!l!!!|||||||

Fig. 1.--Results of Garcia and Koelling, 1966.

CUE TESTED

taste

balanced design of their experiment lends credence to the authors'
conclusion that a necessary relationship exists between cue and con-
sequence in avoidance learning. Furthermore, in a similar experiment
Garcia, McGowan, Ervin, and Koelling (1968) used solid food pellets

that differed in size and in flavor and attempted to condition an



18

aversion using shock and x-ray-induced illness as the consequences.
Figure 2 gives their results. Again, a well balanced design provides

evidence for a necessary cue/consequence relationship.

AVERS IVE ST IMULUS
shock illness

||||||HHHHH||||||||||HHH|HHHHH||||I
||||!ll!!!!!|||||||||!l!!!||||||

Fig. 2.--Results of Garcia, McGowan, Ervin, and Koelling, 1968.

size

CUE TESTED

flavor

However, Domjan and Wilson (1972) suggested that ''the effect
may result from differences in the way in which rats ordinarily
receive gustatory and audiovisual stimulation. Novel gustatory cues
are normally experienced only in conjunction with ingestion, whereas
the reception of audiovisual stimulation often does not depend on a
specific response by the organism.' In order to test this theory,
"both taste and nongustatory CS's were presented in the absence of
approach and ingestive behaviors to minimize involvement of ingestion
in the associative process.'" This was accomplished by sounding a
buzzer and simultaneously rinsing the oral cavity of a non-fluid-
deprived rat with a saccharin solution via an implanted cannula.

This was followed by either shock or LiCl-induced illness. The
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