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' ABSTRACT

LY A
Laboratory rats were habituated to drinking sucrose in

one environment (the sucrose environment) and water in
a se;;nd {the water environmént). Subjects poisoned
dfter drinking sucrose in the water énvironment subse-
gquently exhibited a marked reduction in.susrose intake
in the water environment. The same subjects did’not
'er;bit depression of water consumption in the water
environment and showed only a slight, nonsignificant
reduction of sucrose intake in the sucrose environ-
~ment. These resulﬁs indicate thaf rats will form an
aversion to a compound stimulus consisting of both
gustatory and environmental components without formin?/

an aversion to either the gustatory or environmental

component in isolation. : . o
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INTRODUCTIOHN

-
Both wild and laboratory rats are'hesitant to in-

gest novel foods and consume only limited amounts of
dlstlnctlvely flavored substances the first time they
are experlcnced . With repeated expooure to a taste the
amount consumed is gradually increased unless ingestion
of that taste has undesirable consequénces. If experience
of a novel flavor is followed by malaiée, foods of that
. flavor will subsequently be avoided (Barnett, 1963: Chitty,
1954; Rzoska, 1953). A conditioned aversion to a flavox
can be established after only one or two pairings of
that flavor with toxicosis and such aversions may be
learned evey if the taste experience is separated from e
the aversivehdrug treatment by mbre than an hour (for -\/'
reviews, 'see Garcia & Ervin, 1968; Garcia, Hankins &
Rusiniak? 1974) .

Aversions are readily acquired only to novel tastes.
If there has been extensive preexposure to a flavor prior
to its pairing with illness, aversion is absent (Revusky
& Bedarf, 1967; Siegel, 1974).

Historically, gustatory stimuli have proven to
be the cues Wh;ch rats most easily associate with illness.

Garcia and Koelling (1966) compared the relative strengths

of aversions acquired to a taste and to a combined light-
1
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noise stimulus, both of which had been paired with toxicosis.
A taste and an audiovisual cue (a light flash and clicking
‘noise} were made contingent on licking at a drinking spout.
“ihen consumptioh'of bright-noisy-tasty water was followed
by illﬁess, rats showed strong aversions to the taste cue
_but exhibited no-aversion to the addiovisﬁal cue. This
ﬁggference in the relal%ve associability of the audiovisual
and taste cues with.toxicosis was not due to the relative’
salience of the t&o stimuli. If, instead of toxicosis,
footshock‘was made coﬁsequentdupon ingestion, .aversions

-
were formed solely to the audiovisual cué. The results of

this experiment led the auth;rs to suggest that rats have
-a geheticaliy based predisposilion to associate illness
with interoceptive cues and not to associate illness with
exteroceptive cues,

The impact of Garcia and Koelllng s (1966) findiﬂg
is ev;denced éy the fact that subsequent research in toxi-
cosis aversion learning. has bedk-fdtused on gustatory
cues, 'to such an extent that the general area of inwesti-
gapion has been termed’taste ave;é&on learning. Neverthe-
less, a numbg} of stﬁdies have demonstrated that rats can
acquire aversions to nongustatory stimuli when these have
been paired with toxicosis. For example; it has Been
shown that rats w1ll readily associate olfactory cues with
t%x1cosxs (bomjan 13873; Garcia & Ervin, 1968;‘Lorden,

Kenfield & Bra&n, 197Q) and can do so despite a temporal

"delay in the onset of illness, comparable to that tolerated
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in taste aversion onditioning (Rudy & Cheatle in press;
Taukuiis, 12f4); Rats also learn to av01d thermal or
tactile stimulation to the tongue paired with illness and '
do sa in spite of a 15-min delay iaéervening between stimu-
lation and toxicosis onset (Nachman, 1970; Nachman,
Rauschenberger & Ashe, 1977). Furthermore, rats will
learn to reject distinctive visual stimuli which have )
accompanied a novel tasting food Prior‘to toxicosis in- -
duction (Galef & Osborne, 1958- Morrison & Collyer 1974)
as welly as visual cues which have been presented in the
absence of edibles (Best, Best & HMickley, 1973; Garcia,-

r .
" Kimeldorf & Hunt, 1956).

In the natural env1ronment a potential toxin would

often be accompanied by visual, olfactory, tactile, and
_ other nongustatory cues as well as by a taste cue. As
mentloned above, it has been argued that in situations

L]
in which ;llness‘ls paired with a‘fqod having_both gusta-

tory and nongastatory attributes, rats will acquire an

aversion primarily to the taste’ (Garcia & Haﬁkins,,lS??;‘ -
Hankins, Rusiniak & Garcia, 1976). HoweVer;ifailure to |

- ﬁake use of the visual and olfactory attr%?d%es'o% taxic,

food objects would result in enefgy wastqd!%n-procpring

and tasting foods which have preaiousfyuéausa& Illness,

foods which are rejected once they are ta%ted (Galef &/_J// .

. Osborne, 1978}.. Second, because a varlety of " cues can be

u(gd to identify a toxic food object the' animal whlch can

lea;m to associate illness only with taste cues has an un-

- »>
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necessa%ily limited ébility td discriminate toxic foods
. from safe ones. Althdqgh most toxins common iq natpre havé
a bitter taste, not all bitter tasting substances are
toxic. An aversion directed at the taste cue alone would
be transferred to all foods of similar taste, causing the
rat to reject foods which are safe.J.Taking'advantage of
the nongustatory cues thch éistinguish nutritious edibles
from toxic ingesta would enhance the rats' capacity to
discriminate one from the other.

The present experiment was undertaken to determine’
whether aversions may bé acquired to food 6bjects, a food
‘object being jdefined by a combination of both .gustatory
ang noﬁgus cOry components. Aécording tq this.modél{
any novel eating-related cqé will label the:ingested sub-
stance as a novel food object and will allow it to be
: readily associated with illness (Galef & Osborne, 1978;
Rozin & Kalat, 1971; Testa &fTernes, 1977). In addition, A
an aversion is 1earn;§T“§;Z\tb the taste alone, but rather
to the combination of gustatory and nongustatsry cuesi
-specifying the food object., If this second view‘is cor-
;ect, then raté.should be able to readily learn an .
aversion to a food object which is a novel combination
of familiar cues. In particular, rats habituated to. both
a distinctive taste and to a set of nongustatory cues
should readily learn to avo@a the novel joint occurrence

of taste and nongustatory environmeng when this combination

is paired with illnesgs.

a
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The aim was; therefore, to show £hat*rats can readi-
ly learn to avoid the novel Eombination o%la'familiar baste
and a fémiliar_environment when their joint occurrence’ is
folloﬁedtby toxicosis. The procedure involved tHe use of
‘ two distinctive co?ta%ne;s% egch positioned in a.discrimi-
nablé'enviroﬁment, In £he'initial Habituation Phase of
" the ekpérimept all animals were habituated to drinking A
‘sucrose in one environment (the_sucrosé environment) and
to drinkiﬂg-water in a second en&ironment (thé water en-
vironment). During-the Conditioning Phase which followed,
'the'expegimental subjects were presented with sucrose in
the later environment gné’were then injected with a toxin.
T Control subjécts received an identicai injection following"
water ingestion in their home cdges.. F;nally, three tests
were administered to each Subject;ldesiéned to assess, the
- _degree of aversion to 1) sﬁcroée in the sucrose environ-
//q;..ment, 2) water in the water environmenf, and 3)‘Sucfose in
ﬁhe wgﬁer environmeﬁt. An aversion'to the intgraction oﬁ
the taste of sucrose with the water gnvironment would be -.
demonstratéd_if the expgrimental subjects drink signifi—

.

cantly less sucrose than control subjects'in the water -
environment while the two groups did not differ signifi-
(canfly in intake in the‘familia:‘combinations of sucrose

in the sucrose eqvironmént and water in the.water environ-
ment.  If an aversion to the combination of the taste of
sucfose'with the nongustatory cues provided by thé water

- environment can be acguired indgpehdently of any aversion
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to the taste, then the aversion must have been learned, not
to the taste, but to the food object which is a combination

of taste and nongustatory cues.

R TPV
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METHOD

Subjeéts and Maintenance

Twenty-four male_Long;Evangf;éts averaging 204g at

T IR . LY . )
the time of the initiation of the experiment, obtained

from Caﬁadian Breeding Farms, St. Constant, Quebec, sequﬂ_ -

as subjects. Each subject was housed individuwally in a

24x19x17 cm standard steel hanging cage with, Purina Lab-

&

" Chow available ad 1lib. Throughout the experiment water

in the home cage was provided in a liddea-glass‘jaf 6.5 cm

high and 5.5 cm in diameter, with a 3 cm round opening cut

-in the 1id, through which the subject drank. Four days

prior to the initiation of the experiment, each subject

. * - ).:.
was placed on a 1 hr/day drinking schedule. gﬁ

-AEEaratus

The apparatus consisted of two drinking compart-
ments. Cgmpartment.A was a small plywood box, 20x20x20 cm
with a‘clzgr Plexiglas ;eiling and a plywood floor covered
with Beta chips. A iOO—ml plastic drinking tube fitted
with a rubber stopper and steel spout was mounted on
Compartment A\so that the spout entered the box through
a hole driiled 4 cm from the floo?. - Compartment B was a ,
standard white plastic cagé, 36x31x16 cm, with a grid top.
It contained a 8x10x7 cm recténgular_glass di;h, placed
on the bare cage floor. -

Procdedure
—_— o

Each subject was randomly assigned to one of two

groups Vhich differed in the condition under which they

o
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received injections of toxin. During the Habituation Phase,
‘which lasted for 20 dafe, all subjects were habituated to
drinking 10% sucrose solution in one environment (a sub;
ject's "sucrose environment”) and to drinking water in a
second environment (a subject's "water envrronment").

On Day lkof the experiment subjects were allowed a
30 minute drinking '’ period in their sucrose environment
where 10% sucrose solution was available in the container.
They were then returned to their home cages for a half
hour atcess to water. On Day 2 they were exposed for 30
minutes to water in the water environment; followed again
‘by a half hour of water in their home cages. This two
day sequence was repeated 10 times during the Hanituation
.Phase. |

The Conditionrng Phase started on Day 21. On this
day experimental subjects experienced a 30 minute drinking
period 1nvolv1ng the novel comblnetlon of sucrose in the
water environment. Immedlately-thereafter, t. \§pb3ects
were taken to a separate room and iﬁ%ected intraperitoneally
with .15M LiCl (20ml/kg). Control subjects.@eived a
similar injection following a 30 minute period of access
to water in their hone cages. TFollowing the injection,
all subjects were returned to their home cages for the
usual half hour drinking period. On Days 23, 31 and 33
the conditioning rreatment was repeated. Experimental
subjects, therefore, received a total of four exposures

to sucrose in the water environment, each followed by a
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..to%ic injection.'isince contgol subjects were poisoneé‘after
drinking watef i’n their home céges theylnever ekpérienced
sﬁcrose iﬁ the water.environment prior to the final test.

Between conditioning days, on Days 25 to 30 and
again on bays 35 to 40, each subject was rehabituated
to drinking sucrose in its sucrose environment and water
‘in its water environment.

During the Test Phasé,‘a 30 minute test was adminis-
tered to each subject on three consecutive days. Total
fluid intake was recorded for each subject when drinking
1) sucrose in the sucrose environment, 2) water in the

water environment, and 3) sucrose in the water environment.
Each 30 minute test was followed by 30 minutes access to
water in the home cage. The order of presegtation of the
three tests was varied across subjects so that.each pos-

sible order was represented in each group.

~
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, RESULTS |
Figure 1l shows the mean fluid intakes of control
and experimental subjects during the Conditioning Phase
of the experiment. Fluid intakes presented in Figure 1

are expressed as percentages of the amount consumed by

each subject on its final day of habituation, which was

o=

Day 19 in the case of sucrose and Day 20 in the case of
water. On Days 21, 23, 31, and 33 experimental subjectg\
i\drank sucrose in thglwater environment and were subsequent-

ly poisoned. The graph shows a sharp decrease in con-

sumption ovér these four days. bn the same daysléontrol

:subjects were injected after'ﬁfinking water in their home
N

cages. Excessive spillage from the glass jars used as

water containers in the home cages prevented accurate

- N

recording of the intakes of control animals on these days.
Results from/£he final Test Phase of the experi-
ment are presented in Figu%e 2. PFluid intakes of the
expeiimental and control subjects”have again been expressed
as percentages of the intakes on the last days of the
Habituation Phase. As is éiear from inspection of the
figure, expérimental subjects show a subétanﬁial aversion
to the éoisoned combination of sucrose in £he water environ-
ment. A two-way analysis of variance on the amount consumed
on the fjinal th;ee tests revealed a significant ove;all dif-
ference between experimental and control subjects, F(1,22) =

53.65, p < .001. There was also a significant Treatment X

Test interaction, F(2,44) = 35.90, p <« .00l. A Scheffe
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Figure 1: Mean £fluid \ntakes of control and experimental
subjects during the Conditioning Phase. Fluid intakes
are expressed as pefgentages of the amount consumed by
each subject on its final day of habituation which was
Day 19 in the caSQ_df sucrose and Day 20 in the case of
water. (Abbreviations: E=Experimental Group; C=Control

Group)
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'Figure 2: Mean fluid intakes of d&ntrol and experimental
subjects during the Test Phase. Fluid 'intakes are ex-
pressed as percentages of the‘amoun? cqnsumed by each
subjéct on its final day of habftuation which was Day
19 in the casé of sucrose and Day 20 in the case of
“Wwater. (Brackets represent standard efrors of the
means. Abbreviations: E=Experimental Group; C=Control
Grodb; Ss=Sucnége in the Sucrose Environment; Ww=Water
in the Water Environment; ﬁs=5ucrose in the Water En-

4
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Test for Multiple Comparisons was undertaken to determine ',
the source of the main effect of Treatment. éomparisons
of the means of the experimental and controi groups in@i—‘
cate a significant difference in intake of sucrose in
the wate; environment (p < .001l) but a ig:gi nficant
differeq@p in intake of sucrose in the sucrosd environment

v

and in water intake in the water environment & > .05).
. .

/ o

\ -



‘that rejected sucrose in the wat&r.environment had been

16 { * _ | ¥
DISCUSSION
« Thg suppression of consumption exhibited by ex-
perimental subjects when drinkiﬁg sucéose in the water
environment cannot be accounted for either by an aversion
to sucrose albne, an aversion to the water environment.

alone, or by the additive effects of the two. If animals

avoiding only the taste of sucrose{ then intake of
sucrose in the sucrose environment wog}d have decreased
to the same extent as intake of sucrose in the water

environment (see, Figure 2). If the aversion was

.dlrected toward the water environment then subjects

would have rejected water in the water environment.

To the contrary, test results indicated that experimental
and control subjects drank approximetely‘eaual amounts

of water in the.water environment. The exPerimental

animals acquired an aversion to the combination of

.sucrose taste in the water environment. .

The presentation' of sucrose in the water environ-

ment can be viewed as a compound CS made up of two compo- .
nents, the sucrose taste and the nongustatory cues provided
by the water environment. Wagner and Rescorla (1972) as-

-

sumed a compound stimulus to be made up of three parts,

.the two stimuli, A and B, and a third configqural cue, AB,

produced by the joint occurrence of A and B. Conditiening

to a configural cue was found to be a slow process requiring
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a very large number of trials. (Rescorla, 1972; Saavedra,
1975; Whitlow & Wagner, .1972). In~the present ekperiment

an aversionnqes rapidly acquired toathe cbmbinatioq of

two components, the sucrose taste and the water environ-
‘ment. Experimental'sebjects testediafter four training
trials drank an average of only 3 ml during the 30 minute
test. There are many procedural differences between the
present experiment and traditional configural cue condition-
ing experimente-which might account for the reletive speed
with which aversions are formed to the interaction of taste
and ingestive environment. One factor which may be impor-
tant in the case of a compound made up of taste and con-
tainer is that both components are attributes of a single
object. Traditional experiments dealing with conditioniné
to configural cues have used discrete stimuli emanating
from disparate points in'space. It is possible that-tﬂe

" joint occurrence of two stimuli is a more galient cue when
these/stimuli have alsimilar spatial location.

’ It-has been found;repeatedly in the past that rats
can associate an illness" perlence with a. novel taste
after only one ‘taste-illness pairing. The speed- w;th which
this kind of association is formed means that it is a type
of learning which is likely to be a gignificant factor in
.the determlnatlon of food habits in the natural habitat.
The results of the present experiment show that rats can
readily associate illness with the 1nteract10n

of taste and other eating-related cues The
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readiness with’ which these TRimals learned an aversion to

a food object independent of any a sion to its.taste,

makes it llkely that this ability makes significant con-

tribution to t‘e-animalsf su:viyal in the wild by.enhancing
the capacity discriminate toxic from.eafe npgesta.

There temains a Question as to which of\the many
stimuli arising from the complex of container_an compart-
ment are impo nt for\en aversion to be tormed to\the \\\\
intetaction of.taste anE:Envlronment; One stimulus
is likely to play a patt in the present study is tactil
stimulation of the tongue. Such stimulation occurs'when‘*,
dthe tongue makes contact w1th the solution and contalner
durlng the llcklng movement (Nachman et al l977). Affer-
ents coming from the mechanical receptors_ln the tongue,
like tnosé from the taste receptors, i;? projected orto
the solitaty nucleus, although they most probab Connect

-

-3
to a different region (Blomqulst & Ante 965) . Rats

w1li readily ass gue stimulation with

iate tactile-
illness (Naghman et al., 1977) and it may well be the mbst

&

salient cue provided by a fluid container. N
b \finally, the proposal;that rats acquire.food aver-
sions prlnarlly to taste cues has as a corollary that food
aversions are 1ndependent of context (Hanklns, Rusiniak &
Garcia, 1976). If the avoidance response is directed only
‘at the taste of food then that taste will be rejected to
the same degree independent of changes in the outward apf
'pearance of the food of in the envlfonment in'which‘it-is‘

r



located. Although there has been- som¢ cv1dence of taste

'aver51on transfer (Garc;a Kovner & Gr en, 1970 Glllette,

Belllnghqm & Martin, 1979), these expefiments have in-

volved procedures in which the subjegts have had experience’

with the nongustatory contextual @s prior to training
and these cues' are therefore very nonsalient relative .tg

the novel taste. In the present experiment the anlnals

-
-

in the experlmental group demonstrated a very strong aver-
sion to the sucrose tdSye in the water ‘environment but

drank significantly more sucrose in the sucrose environ-

ment, thus'demonstrating;an undeniable efggct of context.

Q0



- 20

REFERENCES

Barnett, S$.A. The raf: A study in behavior. Chicago:

Aldine Press, 1963,
Best, P.J., Best, M.R., & lickley, G.A. Conditioned aver-
sion to distinct environmental stimuli re-

sulting from gastrointestinal distress. =

Journal of Comparaé&ve and Physiological

&> Psychology, 1973, 85, 250-257.

Blomguist, A.J. & Antem, A. Localization of the terminals

of the tongue afferents in the nucleus of

‘the solitary tract. Journal of Comparative

' _ Heurology, 1965, 124, 127-130.
Chitty, D. (Ed.). Control of rats and mice (Vols. 1 & 2).

Oxford: Clarendon Press, 1954.
Domjan, M. Role of ingestion in odor-toxicosis learning in

(’f’/\ the rat. Journal of .Comparative and Physio-.

logical Psychology, 1973, 84; 507-521.

Galef, B.G., Jr. & Osborne, B. Novel taste facilitation of
the association of visual cues and toxicosis

in rats, Journal of €omparative and Physio-

6Q§ logical Psychology, 1978, 92, 907-916.

. 7
Garcha, J. & Ervin, F.R. Gustatory-visceral and telerecep-

tor-cutaneous conditioning: Adaptation in

internal and external mileus. TCommunications

* o
in Behavioral Biology, 1968, 1, 389-415.




21

Garcia, J. & Hankins, W.G. On the origin ood aversion
paradigms. In L.M, Barker, !M.R. Best &

M. Domjan (Eds:). Learning mechanisms in

food selection. Waco, Tex. : Baylor Unifer-

sity Press,. 1977.
Garcié, J., Hankins, W.G. & Rusiniak, K.W. Behavioral regu;
.
lation of the milieu inkefne in man and rat.
Science, 1974, 185, 824-831. -
Garcia, J., Kimeldorf, D.J. & Hunt, E.L. Conditioned
responses to manipulative procedures result-

ing from exposure to gamma radiation.

Radiation Research, 1956, S5, 79-87.

3

Garcia, J. & Koelling, R.A. Relation of cue to conséquence

in avoidance learning. Psychonomic § ience,

1966, 4, 123-124.

-Garcia, J., Kovner, R. & Green, K.F. Cue properties vs
. q

palatability of flavors in avoidance learning.

Psychonomic Science, 1970, 20, 313-314.

Gillette, K., Bellingham, W.P. & Martin, G.M. Transfer of
a taste aversion from food to water under
various states of deprivation. Animal

Learning and Behaviour, 1979, 7; 441-446.

Hankins, W.G., Rusiniak, K.W. & Garcia, J. Dissociation of

odor and taste in shock-avoidanc% learning.
-l

Behavioral Biology, 1976, 18, 345-358.

Lorden,'J.F., Kenfield, M. & Braun, J.J. Response suppres-
o

sion to odors pgired with toxicosis. Learn-



22

ing and Motivation, 1970, 1, 391-400.

Morrison, G.R. & Collyer, R. Taste-mediated conditioned
aversion to an exteroceptive‘stimulus_follow—

ing LiCl poisoning. Journal of Comparative

and Physiological Psychology, 1974, 86, 51-
55.
Y

aversions due
A

e

Nachman, M. Learned taste and temperature
to lithium chloride sickness after temporal

delays. Journal of Comparative and Physio-

logical Psychology, 1970, 73, 22-30.

Nachman, M., Rauschenberger, J. & Ashe} J.H. Studies of
learned aversions using non~gustatory
stimuli. .In L.1. Barker, M.R. Best & M.

Domjan (Eds.}, Learning mechanisms in

food selection. Waco, Tex.: Baylor Univen-
sity Press, 1977.
Rescorla, R.A. Configural conditioning in discrete-trial

bar- pressing. Journal of Comparative and

Physiological Psychology,-1972, 79, 307-
317.

Revusky, S. & Bedarf, E.W. Association’of illneQE/with
the prior ingestion of novel foods. Science,
1967, 155, 219-220.

Rozin, P. & Kalat, J.W. Specific hungers and poisbn avoid-
ance as adaptive specializations of learning.

Psychological Review, 1971, 78, 459-486.°




23

Rudy, J.W. & Cheatle, M.D. Ontogeny of associative learning:

Acquisition of odor-aversién by ng¢onatal rats.

In N.E. Spear & B.A. Campbell (Eds.). Onto-

geny of learning and memory. Hilllsdale, N.J.:

Erlbaum, in press.
. .

Rzoska, J. Bait shyness, a study in rat behaviour. British

Journal of Animal Behaviour, %953, 1, 128-
¢ 135.

Saavedra, %.A. Pavlovian compound conditioning in the rab-

r

bit. Learning and Motivation, 1975, 6

314-326.

A

Siegel, S. Flavor preexposure and learned safety. Journal

# of Comparative and Physiological Psychology,

1974, 87, 1073-1082.
Taukulis, H.K. Odor aversions produced over long CS-US de-

lays¢ Behavioral Biology, 1974, 10, 505-

510.
Testa, T.J. & Ternes, J.W. Specificity of conditioning
mechanisms in the modification of food
preferences. In L.M. Barker, M.R. Best &

M.  Domjan (Eds.). Learning mechanisms in

food selection. Waco, Tex.: Baylor Univer-
sity Press, 1977.
Wagner, A.R. & Rescorla, R.A.. Inhibition in Pavlovian
N ‘ conditioning: Applic;tion'éf a theory.- In

R.A. Boakes & M,S. Halliday (Eds.), Inhibi-

tion and learning. New York: Academic

f'/‘ﬁ-\\//



24
Press, 1972,
Whitlow, J.W., Jr. & Wagner, AZR' Negative patterning in
| classical conditioning: Summation of
response tendéncies to iscolable and con-

figural components. . Psychonomic Science,

1972, 27, 299-301.



