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Abatract

{he mdain concern of Lthe present resssrch was to study
tha occmbined effects of UCS strenzgth and C3 - TS delay on
pocison-besed sversions using 1ntuobsted saline =3 the 7JUS.
One hundred snd sixty mﬁl& glbino rats were used in a I X 5§
(Concentration x Delay) factorial design sxperimsnt. Saline
concentrations were 0.9%, 2.7%, 8.1F and 12.15%F (w/v), while
08 - DGS deleys were 0D.E, 1.5, 4,5, 13.5 and 24,.0 ke, Uach
animal wes intubated with one saline cencentration at one
delay following presentation of 0.54 (w/v) sodium‘sncchnr!n.
All S8 wars 2l nr, water-deprived throughout the sxperiment
except during the three raccvery days feollowing intubation,

The resulta showed that all three sxperimentsl saline
cencentrations were effective (compered to fzptonic =aline
coatrel groups) in producing aversions 2f the three shortest
3 - UCE delays on the first post-treining preference test
days These svarsions were of varying strengths and they
extinguished st different ratesa., For example, aversions
with the 12.15% aplution were the =trongest, thoze with
tha 5,1F solution the next strongest and those with the
2,79 solution the weakest. Extinction, messured in terms

of the &mount comsumed on Tive puccessive teast days,



ii

followed a similar pattern with the 12.15% groupos
extinguishing slowest and the 2.7 groups fastest.
sradients of aversions related to the CS - UCS interval
were not quite so orderly in that the 0.5, 1.5 and 4.5

hr. groups all showed approximately the same level of
aversion on the first tgst day. Moreover, no delay longer
than 4.5 hr. led to a significant aversion at any of the

saline concentrations used.
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Introduction

Paradigm used in poison-based avoidance learning
The paradigm which i1s used to demonstrate poison-

based avoidance learning is a very simple one. Ingestion
of a harmless food (CS) is followed, after some period of
time, by sickness (UCS)% Upon complete recovery from the
sickness, Ss are allowed to consume the same food substance
and, when comparisons are made with appropriate controls,
it is typically found that they now avolid the food which
preceded the induced sickness.

The use of induced sickness as a UCS in learning
studies developed during the 1950's from observations
which showed that radiation sickness could be produced in
animals and used as an unconditioned stimulus (Garcia,
Kimeldorf, Hunt &% Davies, 1956; Garcia, Kimeldorf & Koelling,
1955; Leary, 1955). Even earlier than this sickness caused
by lack of an essential substance, such as thiamine or
another vitamin, had been observed to lead to a change in
an animal's choice of diet (e.g., Harris, Clay, Hargreaves
& Ward, 1933; Richter, 1936; Richter, Holt & Barelare, 1937;
Young & Chaplin, 1945). The cause for this dislike of a
deficient diet was thought at first to be instinct, and more
emphasis was placed on the increased preference for any
novel diet given the animals at this time than on the

dislike for the deficient one. More recent work, however,




jas shown that the change in prefersnce is based on more
general lesrning oppineiples (e@.g., Bodgers % Roein, 15663
Rozin, 19673 1948; 1969as Rozin % Reodgers, 19673 fahorik

t Matar, 1969) insofar as the change f{= produced by slow

poi soning from the deficlent diet. Hence 1t has baen
suggested that preferance changes csussd by deficlsnt diets
gnd those caused by the more rapid sickness induced by
radiation may be two forms of noiscon-bhasad avoidance learning
(8+2+, Bozin, 1968; Rozin % Kalat, 1971).

The two main differences between poison-baseg &Bvoldance
Tearning and treditional forms of learning appsar to de the
number of trainting trisls and the time between 23 and TO°
that will produce a lsarned response. Fewer tralining trials,
aoftan only cne, are typlcally successful in producing poison-
based averaiona, LThis in itselfl 1s not unusual since cne
trisl lesrning can eand does occcour in pagsive avoidancs
situsttons (e.z., Eassman % Alpern, 12948l ). In avoidance
condltioning, however, one trfal learning ies the excsption
rather than the rule. Morsover, in paison-based avoidance
learning, one trial aversions are learned oven 02 - LS
intervals of seversl hours. These two ditffarencea, in tha
pagt, havs bean the main resaons for much of the akepticisam
Wwith which many have wiewed polson-based aveidance lesrning.

In fact, most theories of leernins assume that the main



pre-requisites for learning are the occurrence of many
reinforced training trials and close temporal contiguity
of the stimuli to be associated. As a result, the first
reaction of some was to attribute the unusual findings
of poison-based avoldance learning to such artifacts as
habituation and sensitization, or to mediation by after-
tastes or secondary reinforcers.

Habituation would explain the results of poison-basea
avoidance learning by positing that the animal did not form
an aversion to the substance but simply became tired of
consuming it because of repeated presentations. However,
many poison-based avoidance learning studies have included
groups of subjects which received the same exposure to the
test substance, but underwent no induced sickness (e.g.
Farley, McLaurin, Scarborough & Rawlings, 1964; Garcia, Ervin
% Koelling, 1966; Garcia, Kimeldorf & Hunt, 1961; Kral, 1970;
McLaurin, 1964; McLaurin % Scarborough, 1963; Revusky, 1968;
Smith % Birkle, 1966; Smith % Roll, 1967). In these
experiments repeated exposure to the test substance alone
was not enough for an aversion to it to occur. In fact,
there is evidence in some of these studies that preference for
the test substance actually increased if the substance was

not followed by aversive stimuli.



densitization is not the explanstion of the results
af poison-based avoidance learning studies eithar, That ia
toc say, it could be argusd that pressntation of the punishing
ar aversive stimulus withput oprior ocourrsnce of bthe rssponse
conlé be enough teo 1ead to reduced consumption of the test
substance. There are msmy studiles, though, which show thst
2f tha beat food is not consumed pricr to the induced sicknsss
ne aversicn to the test faod is formed (e,e., Fareciaz, Zrvin
® Eoelliing, 1965; Garcia, Kimeldorf = Hiunt, 1561; Ravusky,
19683 Bmith & Birkle, 196%; Smith, Taylor, Morris f Hendricls,
196E). The conly possible exception to this finding occurs
4f the 03 1= presentad after the UCS, but while the subject
1= st1il suffering the effectas of ths induced sickness (s.z.,

Melaurin, 196ll). Hsre animsls thet undsrwent such a trestment

gdid Yorm an aversion. MecLaurin argued that this was evidence
that pecison-besed aversions were nob & normal form of learninzg,
gnd that, in fact, sensitization could sxplaln the Findings.
This, howevar, was not the case because sub jects had

gxperionced the shortest (S - UUS delay possibls. Tust L& %o
say, the prefersnce %Seste started immediately after radiation
piposuarse 8o that subjscts consumed the teszt solution (C5) when
they wWere stlll suffering the effects of the radiation sieckness,
woloh 2g lnown to last for acme hours after exposure (Revusky

¥ Garcia, 1970). The =sickness wae, thsrefors, contiguous




t ;

qﬁfh tha 0SS, &dence, aven in this Instance, there is no
wvidence tg support the use of seneitization as an
sxplanstion of polson-based avoldance leasrning.

f The cther two posaibjlitfes which have been sugzested
g8 glternativas to poison-based avoidance learning are that
the pesponse i1s mediated by aftertastes or by secondary
rainforcers. It 1z known from more traditional lesrning
pituations that 17 learning is te occur with long delays
Petwasn response and reinforcement aome cue must be present
to halp the enimal mediate She temporal gap. For‘&xample.
bobth Shillinz (1951 ) and Harker (1956) found that lsver
pregaing could be maintained with delays of rainforcement
ﬁuf to Tive and ten seconds, respactively. This abillty was,
however, correlated with the rat maintaining its corientation
F fﬁﬂilrd the lever during the delay interval which,; in sons
fﬁiy} bridged the time betwesn the response and reinforcement
_ﬁé?-ﬁhﬂ animal, The most cbvious way that flsvor aversions
could be madizted s by aftertastes. That is to =ay, the

!*&Q#ﬁr of the test substance ia still experiencad by the
»rat at the tims the sickneas 1s induced, hence sliminating

the effective CS - 1CS interval. The 1ikelthood of this
'ffybnipg'hﬁcnmss very remobte when one considers some of the

delays invelved. In the experiments by Nachman (1970a), Fevuaky
(1568) and Smith and Roll {1967), for exampls, the 08 — UAZ



¥ ‘ :» of =ome of the groups tested were at least =ix
‘M':r:“; 3 &rha:r.- an interval of this length,the substance,
L":"] ﬁ. suercse, hes bsesen dipgested by the stomech Bnd the

nly ﬁ;w of it woulc be the s3light rise in blopd augar

v ':'='jiiﬁch- it would be impossible for the rate to taste.
'!'I_:.,.t;, .gﬁnt alone should We snough te render tha aftertasts
sis unsatisfactory. It was alsc argusd that an

,~.---.~ ' mould be provided by the induced sickness leading
e’;ﬁh‘ﬂ animal vomitinzg the U2, again causing close btemporal
i* ¥ mlty of ¢S and TWCS, Howaver, ragurgitatianfaf the C5
T 8 tonable explanation either since, as Garcia znd
v mtligﬁﬂ} obaserve, rats oan not vomit. Sven if rabts could
gurg &gt}ba, the CS has already been digested with =ome of
- DUE delays at which aversions have been found.,
- ; aversions have been found in studies where the only
' sent was A small emount of & hydrochloric acid sclution
"*' "ﬁﬁtﬂﬂd not have produced a noticeable change Im the hydro-
':.- &eid level of the stomach snd henca conld not heve

i by aftertastes (see Revusky % Garsia, 1970).

+ Nachman (1970a) has chtained svsrsions using

" re of watsr as the 02, thos precluding the possibil-
ﬂf aftertastes occcurring &t 811, The coneclusicn from
end others, can only bes that poison-bazed
2 can not be axplained with medietion by mftertastes
cplanation.



ﬁﬁ'ﬁtﬁﬁr possible source of medizbtion ie by eecondary
yment. That iz to say, the immediate physioclogical
up!’ sating become s=econdary punishers by being paired
pimary punishment. In this way, secondary punishers
”iﬁﬁ the time delay between OS5 (eating) &nd primary
£t (sickness). *In order for this to ocecur, howsver,
{.m-,- punlshment and the 05 would have to he paired
: ‘than ons training trisl, since the inzestion of the
nct sarva as a secondary punizher to madimte learning
r long delays unlesse £t has previously bean pejred with
“"'_‘: 6gs., Hence, such sn explanation is pegated by the
ing pumber of studies that heve obtsined aversions in
' ining trial over long delays (e.g., Nachman, 19704;
. 1958; Smith & Roll, 1967).
he evidence citad against the occurrence of habitustion,
zation, meciation by sftertastes and mediaticn hy
;. Puni zhere by no means eXxh&usts the number of
8 that have been done in the &res of polson-bassd
ce lesrning. For this peason Table 7 (Appendix) has
luded to give the readsr an indicztion of the
.!wr expeviments that hsve produced flevor aversions
R7 ﬁw toxins. Many of these studies also include
trol groups necessary to rule out Lhe presence of
= in polson-bassd ayoidence learning.



:h;@;ng_niaarlj astablished that poison-bassd aversiona

¢ Iimmﬂ phenomenon, ressarchers have shirted their

f #n moré racent yearz=. The main concarn of recent

. bacome the comparison of the slmilarities and
batween the poison-based evoidance peradigm and
Qfﬁﬂ&t&qnnl forme of lesarning such as claesslcal and
mental l=2srning. As 8lready noted the msin differences

the learning of poison=bassd nversions and the lesrn-

ansas appsar to be the occurreance of ons tria‘ and leong

!

Ieerning within the framework of the peison-based

ance leerning pesradigm. However, it is bscoming clear

jAny other phencmena that ape found in more traditional
digms also ocour in & similar way in the poison-based
-*fijﬁkélh~ﬁiﬁﬂat*on. For sxample, Revusky and Garcia (1570)
awed the literatiire and coneluded that, when floor
J '”J; affects ara not allowsd bto cbaaurs the data, the
121 :Bﬁﬂ$iﬁnﬂhigs ara found betwsan Intensity of UCSts,

h of aversion formed, and number of trials necessary
dtine an avarsicn. Moreover, typical dalay of reinforce-
adisnts are found when the G5 — UG3 interval s sxtended
» miy (e.z., Smith & Rell, 1967). Finally, Revusky
| has reviswed evidence which shows that phenomena
e oyarshadowing, blocking, letent inhibiticn and
r¥ preconditioning ocecur In the poison-based avoidance



learning paradigm as well as in classical and instrumental
learning paradigms. These learning phenomena, like the

ones above, seem to behave in the same way in the various
paradigms when the parameters are ad justed appropriately.

For instance, overshadowing can be shown to occur as

follows. Rats who had b?en given saccharin and were made sick
one hour later were given various concentrations of vinegar
to drink during the CS - UCS interval. The stronger the
vinegar concentration the weaker the aversion that was formed
to saccharin. The vinegar taste had overshadowed the taste
of the saccharin and interfered with the formation of the
aversion (Revusky, 1971).

As well as establishing that poison-based aversions are
in fact learned aversions, and demonstrating the similarities
between poison-based avoidance learning and other forms of
learning, researchers in the area of poison-based avoidance
learning have tried to explain the reason why one trial and
long delay learning are possible and are often the rule rather
than the exception in poison-based aversion learning. The
Principles postulated to explain these phenomena include
stimulus relevance (Capretta, 1961), belongingness (Garcia
& Koelling, 1966), preparedness (Seligman, 1970), and the
failure of concurrent interference (Revusky, 1971). In
general, each of the explanations uses some aspect of the

relationship of the CS (taste) and the UCS (sickness) to
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p and of their rslationship to the animal s ability
e -- 1\'& them. This contrasts with older ideas bhat

\se of eondltisnad stimul! totally unfamilisr to the
t would ls2d ta & less contaminated learning situstien
at, in theory, 811 =timuli hsave the same likelihpod
g asgoeciated with each other. The newer argumants

'aqpt:ar in one way or another around the idsa thet

%‘Lﬁu& that animals have besn rsquired to m-*a in the
m eghould alsc bhe noted that these explanstions are
ntiraly 6iffevent from each other. For examole, what

pta (1961) has called stimulus relevanes is very sinmilar
ﬁnrfuia end Koelling (196%) have called belongingness
; Seligman (1970) hzs called prepa=esdness. The
”1 don will, ancng other things, deal in detail with

e ﬂa of stimmlus relevance end the particular

1 paradipm used in its development.

51 _*'j"‘ Bslevance 8s an explanatory principle in peiscn-

The prinecipls of stimulus rslavance, a= statad by
ﬁﬂ&i}, was the firat sttempt to =2ccount for the
BRErent ease with which associations between flavor and
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induced sickness were made, It stated that "certain
gesociations ars Tormed mors easily ir the evente to bhe
associated are capable of being psrceived as belonging
together (Capretta, 1961, p. 241)," It was mdopted to
apcount for the resultes of & study in which eBickness caused
sy the intubation of =allne was en effective stimulus in
the conditioned meodification eof foed oreferences With
chickene whereas shock to the fest of rats was not effective
in producing food preference modifieation. In the study,
chinka had experienced colored food asapciatsd Wi‘h =tomach
lpadings of milic, salt watsr or plain water prior to being
Y58 one of two occlored mashes. The sssoeciation of the aslt
load with & particular color of mash l=d te & reduced
prefaranca for food of that colour whereas the milk snd water
loade 8id not lead to changed preference values for the foond.
The rets, on the other hand, were part of 8 pilot atudy
carried out by Capretta (1961 ) and were given mlectriesl
Toot=-ehoclk whenever they consumed one of two sugar - sacchsrin
splutions. There were no merked changes in ths prats' prafar-
snee Tor the solutions. When, however, rats ware intubated
with noxicus =2line before consumption of tha preferrad
tolution there wis 8 significant reduction in the prefsrernce
value of the soluticn.

4 subsegquent study by Braveman and Caprette (1965) provided

further supnort for ths relevance prinmcipla. Hars rats were
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used in an experiment in which salt water intubation or shock
to the feet was paired with a distinctive taste. The
procedure with each UCS consisted of three phases - pretrain-
ing preference tests, training trials and post-training
preference tests. In the shock experiment, subjects were
shocked for consumption of their preferred solution while
consumption of their nonpreferred solution was not punished.
In the sickness experiment, experimental subjects elther
received a salt water stomach load followed by access to

the preferred solution on one day and a plain water stomach
load followed by access to the nonpreferred solution on

the next day, or vice versa., This two day cycle was repeated
five times. In both experiments preference tests for the

two solutions were carried out both before and after training.
For the subjects in the sickness eXxperiment and those in

one subgroup of the shock experiment, pre- and post-training
preference tests consisted of a two bottle test with the two
solutions presented in the same place (i.e., a foods-together
technique). Another subgroup of the shock experiment
received pretraining preference tests which were identical

to those just described, but post-tests consisted of
Presenting the two bottles at the same time but in different
places, as they had been in training (i.e., a foods-apart
technique).

The results of the Braveman and Capretta (1965) study
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showed that salt water intubation was effective in
producing food preference modifications under a foods-
together testing technique. Shocked animals, tested under
the same conditions which they had been trained under
(foods-apart), did show the preference change whereas
those tested with the f?ods-together technique showed no
change. This indicated that with shock as the UCS it was
the place cues (external stimuli) that were important to
the association, a finding substantiated by Garcia and
Koelling (1966) and by Garcia, Kovner and Green (1970). At
the same time, Braveman and Capretta's sickness experiment
showed that the pairing of taste cues {(internal cues) with
sickness led to the formation of an aversion that was more
pronounced than that produced by pairing shock with taste
under comparable test conditions, a finding also substantiated
by Garcia and Koelling (1966) and by Garcia, Kovner and Green
(1970). Moreover, both of these findings by Braveman and
Capretta (1965) were in agreement with Caprettat's earlier
finding (1961) that the source of the physical discomfort is
important in conditioned food preference modifications.
Since then the principle of stimulus relevance and
variations of it have been used to account for long delay
learning, i.e., the associations are "relevant" for the
animal and hence can be formed even if the delay between the

stimuli is several minutes or hours (Revusky, 1971).
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Relevance principles have also been used to explain poison-
pased avoidance learning with as few as one training trial,
i.e., the association is more relevant to the animal, in
terms of survival for instance, than more arbitrary ones such
as associating barpressing with food (Revusky, 1971). The
principle of stimulus relevance has, moreover, become the
central facet of Revusk}'s (1971) concurrent interference
theory, one of the more important theoretical explanations
of animal memory, which states that the events between the
occurrence of CS and UCS interfere with the association
between CS and UCS only if they are similar to, or relevant
to, either CS or UCS. However, if CS and UCS are highly
relevant to each other, the chance of interference from
intervening events will be diminished. Hence the principle
of stimulus relevance can be seen to be an integral part of
concurrent interference theory which in turn can account
for long delay and one trial learning.

In light of the contemporary importance of relevance as
an explanatory principle, both in its own right and as a
central part of the principle of concurrent interference, it
is paradoxical that Capretta (1961) and Braveman and Capretta
(1965) did not employ a long C3 - UCS interval or one train-
ing trial in their studies. For example Capretta (1961) used
nine aversive training trials and Braveman and Capretta

(1965), five aversive training trials. Also both of these



15

,ﬁiﬁﬁiﬂl used the ahortset possidle 0SS - T0S interval, 31.e.,
‘the 005 tmmedinbely vreceded the U3 so that siclknesa wae
réﬁéﬁigunul with consaaction of the C3, It wesa with thass
&Epﬁ;t!nnz in mind that a series of studies (Anudrewse %
a?‘q@ﬁln‘ urniid. data) were carried cut in Bn atbtamot to
f{ﬁj Whather lcng deley, lesvning wias possidle with the
tsphnigue used by Sraveman and Capretts (19565),

The two studiss followsd the procedure of Gravessn and
Capretta (1955) sxcept that thres 03 - 1ICS pairines snd
longer €8 = 02 intervals wers used, In study 1 the C8 -
o3 d-fﬁfm-“ were one and five hour=s, while in stuc’:r 2, thev
Wers ole and c=ven hours. 3Study 2 salso diffseraed from
Ehe fipat study in that subjects were weter denrived during
pre~ nnd pont-traiaing praferance teats, During training in
atudy = apd duriamg all phasas of =tudy 1, subjacts were mot
weter danpived. The rvesults of the two studies spe shown in
Figure 1 and indicatsd that long delay lssraing oould in fact
srour widh fntubot=d =altne as the e, wut the conditicasn
ol the studlss 242 not sllow En evalustion of the averaicn
fiter anly one tPalaing frtal. Liso, tho results were
=quivosal with respect ta bthe Iinding of a dslay of rainforco-

- mpnt gradient, dJhat is, while the findinegs of study I showsad

that aversions were stronzer with the shorter §= - TCS
interval, no evidence for & gredient was found in the mecond

study, even though a longer CS - UCS interval was smployed.
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The inability to find a clear-cut gradient of reinforce-
ment was of particular importance since the occurrence of
these gradients for learned taste aversions has been one of
the strongest arguments in support of the view that long
delay aversions do not violate the accepted ideas of learning
becoming poorer at longer CS - UCS delays. Also, delay of
reinforcement gradients .have been shown to be a general
characteristic of other toxins (e.g., apomorphine - -Garcia,
Ervin % Koelling, 1966; Green, 1969; cyclophosphamide - -
wright, Foshee % McCleary, 1971; lithium chloride - - Kalat
& Rozin, 1971; Nachman, 1970 a; Rozin % Ree, 1972; thiamine
deficiency - - Garcia, Ervin, Yorke % Koelling, 1967;
irradiation - - Revusky, 1968; Smith % Roll, 1967). Thus,
on the one hand, the salt water intubation method has been
the basis for a learning interpretation of poison-based
aversions, but on the other hand an equivocal delay of
reinforcement gradient was obtained when this technique was
used at CS - UCS delays of up te seven hours.

Among the possible factors which may have caused the
failure to find a clear gradient in the two pilot studies
are floor effects from the three training trials or the use
of CS - UCS intervals which were not long enough. Either of
these factors could have counteracted a delay of reinforcement
gradient. Floor effects, in general, refer to the situation

where differential effects are obscured by minimal
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consumption of the test solution by different groups of
experimental animalse., This leads to a situation where it

is not possible to detect significant differences between

the groups (Revusky & Garcia, 1970). There are two ways that
this could have happened in the pilot studies. First, it
could have occurred as a result of several CS - UCS pairings
having been given beforé any post-training preference tests
took place. Toxins that might have produced aversions of
different strengths after one tralning trial may have
appeared to be of equal strength after several training
trials since the stronger condition (i.e., the sh@rter CS -
UICS delay) could have produced a maximal effect after one

or two trials, and hence not shown any improvement with
further tralining trials. The weaker condition, meanwhile,
could have also reached maximal effectiveness by three trials,
and would then have appeared as effective as the shorter
delay by the time preference tests were begun. Secondly,
gradient effects could have been absent from the data because
of the use of CS - UCS intervals that were of insufficient
duration. That is, a UCS which would show a delay of
reinforcement gradient with CS - UCS intervals of up to

eight or ten hours might not show the gradient at all if the
US - UCS intervals are of only short duration. In the case
of the two pilot studies either or both of these possibilities

could have counteracted the occurrence of a delay of
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reinforcement gradient. Perhaps a gradient would have
cccurred if only one CS - UCS pairing had been used, or if
longer CS - UCS intervals had been employed.

The purpose of the present experiment was to
jnvestigate the use of one such CS - UCS pairing and
longer CS -~ UCS intervals. Animals were Iintubated once with
saline after consumption of a saccharin solution in order to
assess the reinforcement gradient for this toxin. The CS -
UcS intervals of 0.5, 1.5, 4.5, 13.5 and 24.0 hr. were
factorially combined with saline concentrations of 0.9%,
2.7%, 8.1% and 12.15% (w/v). (The 0.9%, that is isotonic,
saline groups served as control groups.) Parametric studies
of this kind do not seem to have been very popular in poison-
based avoidance learning studies. In fact, only one study
was found in the literature which also varied CS - UCS
interval and toxin strength factorially. This was a study by
Wright, Foshee and McCleary (1971) who examined the effects
of cyclophosphamide as a toxin at various dosage levels and
CS - UCS delays. The dosage levels and delays used were 25,
50 and 75 mg/kg of body weight of cyclophosphamide at delays
of 30, 75 and 120 min. Three pairings of drug and saccharin
flavored water were followed by three preference tests with
saccharin alone. The subjects were on a 24 hr. water deprivation
Sschedule throughout training and testing. The results of the

post-training preference tests showed that drug-dose level,
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S - UCS delay, number of trials and the drug-dose x trials
interaction were significant. 1In short, they found that a
gradient of reinforcement effectiveness did exist - the
longer delays led to less marked aversions than did short
delays and higher dosage levels of the UCS led to stronger
aversions. In the present study, therefore, it was expected
that in general higher doncentrations would produce stronger
aversions than lower ones, and that short CS -~ UCS delays would
lead to stronger aversions than longer ones. It was also
expected that higher concentrations would be effective at

longer CS - UCS delays than lower concentrations would.
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Method

b =
S

ent. Siz 8= died during the sxperiment and were

'\.g n later replications 8o that there were sight Ba

LS and training were carried out in the animal's

4 Special contaimers wers clipped to the side of
# onge for the presentatiom of tap water or the saccharin
10 The saccharin solution used was & 0.57 (wdv)
tration of sodium saccharin. The saline concentrations
' for intubstion were 0.9, 2.7, 8.1 znd 12.15% (w/v)
.'. of sodium chloride in water,
r e intubation was accomplished using & small
sylene cathater (I.D. = s034 in., 0.D:. = 050 4n.),
brsce ocut from 2 No. & one hole hard rubber stapper,

1 lnga in & metal stand.

Ypon arrival at the lab, &ll 8s werse placed in individual
W '-.-r*'- food znd water for three days, Thsy were
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then deprived of water for 48 hr. On the third day they were
given water for three hours, and on the fourth day they were
placed on a 10 - min. a day drinking schedule. Water intake
during the 10 - min. drinking periods was recorded to the
nearest 0.5 ml. for six days when all Ss reached a stable
level of consumption. On the training day Ss, randomly
assigned to one of 20 groups, received a 10 - min. drinking
period with saccharin after 24 hr. water deprivation. Then,
after a CS - UCS interval of 0.5, 1.5, 4.5, 13.5 or 24.0 hr.,
groups of Ss were intubated with a 1.5% body weight dose of
0.9, 2.7, 8.1 or 12.15% saline. Two hours after saline
intubation all Ss received water for six hours to facilitate
recovery from the saline-induced sickness. Forty-eight hours
after saccharin presentation all Ss were returned to the 10 -
min., a day water schedule.

The intubation procedure used on training day was modelled
after that of Capretta (1962) and Braveman and Capretta (1965).
Briefly, intubation was accomplished by holding S's mouth open
with the rubber brace and inserting the catheter directly
into the stomach. The end of the catheter was first dipped
in water to encourage the rat to swallow it. Once the
catheter was in the ratt's stomach, the saline was injected
Slowly by means of the syringe attached to the catheter.

Five post-training preference tests began three days

after the Ss had been returned to the 10 - min. a day drinking
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schedule., These tests involved presenting the saccharin

solution to Ss for 10 min. on every second day. The amount
of saccharin or water consumed on each day was recorded to

the nearest 0.5 ml. On the alternate days Ss received water

during the 10 - min. test,

#
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Resul ts=

fhe pesulta of the axperiment were analyzed in two
g. First, the amount of saceharin ccnsumed prior to

elnpas wae snalyzed to ensure that all 20 groups

ng preference test was analyzed in 8 rapsated messmures
.fﬁg:ih of veriance, Indisidual comparispns were al=2o

| put Bo determine which condition=z had produced

eant aversicns, and whether zradients of ﬂba

-8

ffﬁﬁnase wad occurrad.

fore training i1s presemted in Takle 1. A £ x 4 (Delay

'-ﬂ ad out thesre wera no éifferances in the =sccherin

=;;tfnn of the varinsus sxperimental and contrel groups.

-

. —;;—J:
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. Table 1

oy .
%m Sacecharin Consumption and
‘Standard Deviations for all Groups

bl

~on Training Day (in ml,)

L1

CS - UCA Delay B |
Q*Ehr# 115hr1 h!ﬁh#:_ 13%5Pr- Eﬁmﬁhrt‘

X £.69 £40 .56 5.38 .25
1S, 2.7 1.96  1.66 2-93‘ 1.41

. -hfﬁ 5-31 un63 hial 6]ﬂ6
5.5, | 1.93 1.96 1,83 1.56 1.29
| 6.0 S.9k B4k 5.63 5.l
.0, | 2.2 2.46  1.64 1.46 S b

; hiﬁl g;Qh h-lg h!gh uola
2.D, 1.39 2.0l 1.53 1.99 0.95
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Table 2

Analysis of Variance for

training Consump'tion of Saccharin

| 8s { ar M3 3

T2.79 § 4 L0051 « 803

36483 ' 3 S8l | 1.50%

| 2645 | 12 2.30 ' 60w
516,88 [1ho 3.70 -

Net Significant
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Post-traini Tests

The results of the post-training preference tests are
presented in Table 3. This table includes the 0.9% saline
groups. However, since the isotonic groups were control
groups their data werenot included in the main analysis of
variance. The reason for excluding their data was that,
in contrast to subjects'in the 2.7%, 8.1% and 12.15%
groups, subjects in the 0.9% groups did not decrease their
saccharin intake at any delay condition following training
(see Tables 1 and 3). Hence including these isotonic
groups in the main analysis would probably have ipflated
any effects that might have been present. To be certain
that 0.9% led to no differential effects across CS - UCS
delays on preference days the saccharin intake of subjects
in these 0.9% groups was analyzed separately in a § x §
(Delay x Preference Test) repeated measures analysis of
variance (Winer, 1962). A summary of this analysis is
presented in Table i and shows that there were no differential
effects from delays. The only significant effect was a
gradual increase in consumption over preference days which
reflects only the gradual reduction of neophobia and
certainly does not indicate any aversive effects from the

isotonic saline.
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Table 3

=tandard Deviations for all Groups on

Post-training Preference Test Days 1 to 5 (in ml.)

Day Saline CS - UCS Delay (in hr.)
Concentration
0.5 l.5 4.5 13.5 24 .0
< X 9.81 10.56 9.94 10.63 9.94
0.9
S.D. 3.38 4L.39 2.37 3.00 2.53
p X 6.38 5.94 6.19 9.88 14.00
2.7
S.D. 3.70 2.90 1.71 L .08 2.09
1
- X 2.81 5.13 5.31 9.19 11.38
i s.D. 1,86 L.77 299 347  6.26
X 1.56 2.81 3.94 7.63 9.00
12.15%
S.D. 1.27 1.75 2.61 2.03 3.88
b o X 13.31 15.94 12.69 14.00 15.63
«9
S.D. 3.33 5.18 2.8 .50 L.56
bz X 10.81 10.00 9.uly 13.25 16.00
o7
S.D. 502)4- 2090 20‘-‘-7 3001 2005
2
8.1% X 5.19 9.19 8.25 13.75 15.44
| S.D. 3.32 L.62 3,66 3.40 5.13
X 2.63 .75 6.06 10.56 14.7
12.15% 4 dats
S.D. 2.37 3.19 4.21 2.13 2.33
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Table 3 (continued)

Day Saline cs UCS Delay (in hr.)
Concentration

0.5 1.5 .5 13.5 24.0
< X 13.81 16.19 12.69 14 .56 15.94

0.9
s.D. 1 2.85 4.55 2.88 3.66 3.91
» X 13.88 15.31 12.56 14.69 16.31

el
S.D. 5.2l 2.80 3.42 2.56 3.27

3
X 8.69 11.31 11.75 16.56 15.56
8.1% '
s.D. 4 .38 3.71 L4 .83 3.91 5.72
X Selly 8.81 8.75 13.63 16.63
12.15%

S.DO )4..21.‘. 5036 5.13 2055 2052
g 3 15.56 15.81 16.06 16.81 17.13

0.9
S.D. 2.71 2.24 3.57 3.36 3.47
% X 16.44; 17.38 12.19 17.19 16.13

2.7
S5.D. 3.02 2.89 2.33 2.99 2.47

L

8.14 b o 12.06 13.75 13.56 17.56 19.06

+1
S.D. 3.89 3.41 3.90 3.39 L.Lu7
X 9.38 12.69 11.94 15.31 17.75

12.15%

S.D. 6.02 6.38 5.17 2.56 1.56
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Table 3 (continued)

Day Saline CS - UCS Dslay (in hr.)
Concentration
0.5 1.5 4.5 13.5 24.0
% T 16.13 17.88 16.00 18.13 18.38
a1, 1.87 3.14 2.4 3.49 3.73
i - 17.56 16.06 14.06 16.69 18.38
B.Da 2.31 3.65 3.02 2.22 1.71
5
o X 15.06 14.31 15.31 16.94 19.13
S.D. 3.32 2.15 3.39 $.01 4.18
X 12.38 15, &
% 1oy 3 5.94 15.56 16.06 17.75
S.D. 6.2 4.97 6.14 2.40 1.75
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Table L4

sis of Variance on Saccharin

88 F ar MS F
~ 126.38 i 31.59 0.79%
| wor.o1 | 35 140,20 -
= | 1189.69 L 297.h2 | 61.22:%

68.00 156 .25 0.88%
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[

- L gff 2 § x 3 x 5 (Lelay x Concentration

5

erence lest) repeated measures snalysis of variance
§62) on the smount of ssccharin consumed by

An 7-‘.'.'.1'":'?7 animales an the five post-training prefersnce

.i-.._._.'-_-f"-_';;l stimuarized in Table 5. This snalysis shows
main effacts were significant. In eddition, tha

."':"-:if' ¥y x Uoncentration x Prelsesrence Test interactions

Jaaet

- ~.--|'_ﬁ:
d ad i b —
L

0 significant showing that the groups drank
o
‘

» amounts of ssceharin on ths test days.

= -
St
- e

1*_?; to assess the precise differsnces ﬂm‘ns

L"ﬁ 8nd teo discovaer sxectly what betwean day

g

there were in the aversions, comparisons,

Junnsst's test for making multiple comparisons with

L

Bme control (Edwarda, 1940), were made between the
consumed hy sach sxperimantal group and the
ponding control group which had received isotonila

. An aversichn was defined as saccharis consumption
imentsl group which was significently lower than
pElon by ita respentive conbrol group. For sxampla,

"le' consumption on asph prafarencs test of the 2.7% -

r \

05 hr., 8.1% - 0.5 hr. amd 12,157 - 0.5 hr. groups wers

' ‘ with that of the 0.9% - 0.5 hr. group. The

-'J" wsumption for ezsch Zroup on ssch of the five

ferance taat days is shown im Piguree 2,3, 4, S &nd 6,
POotively, which indicate the 0S - T0S delays sctually used

®l1 as standard scale values,and the résults of ths
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Table S5
Analysis of Variance for
saccharin Intake by Experimental

Groups on Post-tralining Preference Tests

Source SS ar MS F
pDelay (D) 3517.19 n 879.30 20,53 st
Concentration
(C) 910.63 2 455.31 10.63 3
P xC 527.31 8 65.91 1.54 #*
Error L497.69 105 L2.84 -
Preference Test
(P) 6800.19 L 1700.05 283 43 s
Bx P L21.81 16 26 .36 4O seesee
G -x P 139.06 8 17.38 2.90 #3w3¢
P x € x P 296.13 32 9.25 1.54 s
P x f‘g,q 2519.25 y20 5.99 :
* Not significant
e P < .05
e P < .005
i3t

P ¢ .001
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Dunnett comparizons Tor amch deslay pondibtlon and prafersace
test day are shown in Tabls 5 (ses Takle 8, Appemdix, for
criticel wvelues in Dinnett compariscns),

Table & shows thet, when differencez between esxpesrimental
and pontrol subjectes are gonsjdered across preference Ttest
days, pgradient effects wWaérs indeed present., When the C3 =
UCS interval wes extended.to 13.F5F hr., UCSis which Were
affective in producing aversione a8t shorter intervals were noc
longer affactiye. There wWers also gradientes in the effsctive-
neseg of differsnt concentrations. That is, ths 12,154
aversicns toock longer to extinguish (i.e., show no differance
in intake from the D.,97 groupn's intake) than the lower
concsntrationa. It should mlsp Be nated that no experimeatal
condition led to &n enhancement of sacehsrin conaumption.

More specifically, the Lunnstt tasts revealed that
only the three sxperimental concentrations st C3 - UGS delaye
of 0.5 hr., 1.5 hr, and ||,5 hr. showed significant aversion=
on Prefersnce Day 1., No delay longer than 4.5 hr. producsd
significant mfTects wlith 2ny of the saline concentrstions.

It can be zeen from Figure 2 thst all sxperimentsl groups
at delays of L.F hr, or lass ccnsumed conziderably less
sacchar!in than their reaspactive cantrol grovps while grouns
at delays longer thanm L.S hr. did not: In othsr words,
aversiong decrefsged in =2trength with lnoressed CS - TIG2
interva) EBnd decreasad saline concantratisn,

On Tast Day 2, only mever of the oins grouns that
shoved significant sverzions on Test Uay 1 2611l abowed @
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Table 6

Comparisons of all Lixverimental

Groups to Contrel Groups at all B = oS

Intervals ocn ail

Lays

Post-training Preferenne

D 2aline C5 - UCS Delay (in ﬁru)

M Concentration | 0.5 1.5 ly. p iy 2l .0

2=TE 3¢ o4z TR = e

] 'rj .lfrr T Lae 53 e =

12.15% 3 ! 38 1_ &

2!?? - Sede - = i

2 8.1% o5 545 = -

12.15% = $ir = 5

E -?.‘:E - = — - -

3 B8.1% 1 1+ - . -

12 ,15% 3 g - - -

2 .?% - v — o -

Ll. B llr;:'; - = - - -

12,154 it - = . E

5 8.1% = . - = s

12.15% = - = . .

# p <085

#H p< JO1
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significantly lower consumption than their control groups.
The 2.7% - 0.5 hr. and 2.7% - 4.5 hr. groups no longer
consumed less than their isotonic control groups. The 2.7% -
l.5 hr. group, however, still showed an aversion, which is
not in line with the principle that the effectivemness of the
UCS decreases as the CS - UCS interval increases since a
group with the same saline .concentration but a shorter delay
(2.7% - 0.5 hr.) did not show an aversion on pay 2. Inspect-
ion of Table 3 shows that the mean for the 2.7% - 1.5 hr. group
was not out of line with the other 2.7% groups. Thus it
appears that the aversion found for the 2.7% - 1.5 hr. group
probably occurred as the result of a sharp, and unexplained,
rise in consumption by the 0.9% -1.5 hr. group, the control
group for the 2.7% - 1.5 hr. group. This fluctuation was
probably caused by sampling error and, therefore, is not a
serious exception to the orderliness of the results.

On Test Day 3, none of the 4.5 hr. delay groups showed
aversions, nor did the 2.7% - 1.5 hr. group. Only animals
who had been trained with the two stronger concentrations,
8.1% and 12,15%, and at the two shortest delays, 0.5 and
1.5 hr., were still consuming less saccharin than their
isotonic control groups. By Preference Day I only two groups,
the 12.15% - 0.5 hr. and the 12.15% - 4.5 hr. groups, still
showed significant aversions to saccharin. This also is not

what would be predicted if the UCS decreases in effectiveness



42

as the CS - UCS interval increases since the 12.15% - 1.5 hr.
group did not show an aversion while the 12.15% - L.5 hr.
group did. However, as Figure 5 shows, the consumption of
these two groups, the 12.15% - 1.5 hr. and the 12.15% -
4«5 hr. groups, differed very little, with the result that
the difference between the 12.15% - 4.5 hr. group and its
control group was marginally significant while that between
the 12.15% - 1.5 hr. group and its control group was not.
Finally, on Preference Day 5, no groups differed from the
isotonic groups in their saccharin consumption. That is,
by the fifth preference day, all aversive effects of the
UCS (as measured by lower saccharin consumption) hadlbeen
extinguished.

The results of the Dunnett tests show a regular
pattern with respect to the extinction rate of the aversions.
That is, the nine aversions produced on pDay 1 showed a
gradient of effectiveness in terms of how well they resisted
extinction during the subsequent preference tests. The
aversion of the weakest saline concentration at the longest
effective delay was the first to extinguish (i.e., the
2.7% - 4.5 hr. group). Next, all 4.5 hr. delay aversions
extinguished, as did all 2.7% aversions. Then all 8.1%
groups and 1.5 hr. groups ceased to be effective in maintain-
ing their aversions. Finally the aversion from the strongest

concentration at the shortest delay (i.e., 12.15% - 0.5 hr.)
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extinguished. 1In other words, the aversicn produced by the
weakest concentration at the longest effective delay
extinguished fastest and the aversion produced by the
strongest concentration at the shortest effective delay
extinguished =lowest, while zversions produced by other
combinations of concentration and delay were intermediate
in their extinction rates:

Although it was clear from the Dunnett tests that a
gradient of effectiveness did exi=t between preference days
in terms of the extinction rates of the aversions, it was
not clear whether such a gradient also was present within any
of the preference test days. Therefore individual t tests
(Ferguson, 1966) were made on the data for FPreference Tz=st Day
l. Comparisons were made on only the first test day since
the results of the Dunnett's tests suggested that the
differences would be most apparent then. IDelay and concentrat-
ion effects wvere congidered separately since in the overall
analysis, summarized in Table 5, the Delay x Concentration
interaction was not significant. £Zven when considered over
extinction days the Delay x Concentratiocn interaction was
only marzinally significant. Hence, within a single
preference test day, the effects of delay and saline
concentration could be considered independently.

To loolt at delay effecis, the experimental saline

groups at each delay were pooled and compared with the isotoniec
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group for that delay. The result of this grouping is shown
in Figure 7 (see Table 9, Appendix, for t values). The t
tests revealed a pattern that was similar to the findings of
the Dunnett tests for Preference Tast UDay 1., Intubated
saline led to a decrease in saccharin consumption at CS -
UCS intervals of 0.5 hr. (p <.0001), 1.5 hr. (p <.01) and
L.5 hr. (p <.0001). Intubated saline did not produce any
decrease in saccharin consumption at intervals of 13.%5 or
24.0 hr., Newman - Keuls comparisons among the means for
the three groups which showed aversions revealed that

there were no differences in consumption. Thus the @elay
gradient for CS - UCS delay is a two-point gradient on
Test Day 1 - - delays up to 4.5 hr. viere effective and
those of 13.5 and 24 hr. were not.

The concentration effects were assessed by pooling the
data for each saline concentration over CS - UCS intervals.
Comparisons were made between each experimental group and the
pooled isotonic control group. The result of this pooling
of data is shown in Figure 8 (see Table 10, Appendix, for t
values ). The t tests here showed that all experimental
saline groups were effective 1in producing conditioned
aversions to saccharin (p < .05, p <.0001 and p < .00001 for
2.7, 8.1 and 12.15% respectively). Newman - Keuls comparis-
ons among the three means showed that there was some grading

in the effectiveness of the experimental =azline concentrations.
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The aversion produced by 12.15% saline was stronger than
that produced by 2.7% saline. There was, however, no
difference in the strengths of the aversions produced by
8.1 and 2.7% or in the strengths of the aversions
produced by 8.1 and 12.15%.

The results of this analysis do not reveal as many
differences in the 1nitié1 strengths of the saccharin
aversions as were reflected in the extinction rates of the
various aversions (see Table 6). This difference may be
accounted for in one of two ways. On the one hand the
testing procedure may not have been sensitive enouikh to
detect differences in the initial strengths of the aversions
even though the procedure could reflect differences in
the extinction rates of these aversions. On the other hand,
part of the discrepancy may have been caused by floor
effects in the data. However, since these same concentration
and CS - UCS delay combinations extinguished at quite
different rates, it seems unlikely that floor effects alone
could have produced a maximal aversion in so many of the
groups on Preference Day 1. Rather, it seems likely that
a more sensitive preference test was needed. To keep the
present research comparable with most other studies in
poison-based avoldance learning, animals were tested here
with a one bottle preference test when 24.0 hr., water-deprived.

This produced conflict in the animals since their only
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source of liquid on a test day was the saccharin soluticn
which had been paired with sickness., The results were
inflated saccharin consumption by tThe animals and hence few
differences in the initial strengths of the aversions.

The extinction ratezs did differ, however, since the animals
with the strongest aversions took longer to overcome the
conflict and increase their saccharin consumption any
further from that of Preference Day 1. In other words,

the relative strengths of the aversions were more reliably
demonstrated by how long it took each group to extinguish

its aversion.
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intubated saline a3 s UCS was effective in producins ons
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thas wealkest salineé concentrablon comparad with fsotbonic
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cther concentrations were mot as strong and extinguished
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affectiveneasd pf the intubated saline az & UCS, Mersover,
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the findings of the study may be taken as further support
for the generality of delay of reinforcement gradients
in long delay poison-based avoidance learning.

The effectiveness of intubated saline in producing
long delay poison-based aversions can be compared with the
findings of representative studies using other toxins.
For example, Green (1969) usipg three pairings of apomorphine
as a UCS and grape julce as a CS found that a delay of two
hours did not produce as strong an aversion as a delay of
five minutes did. Nachman (1970a) used one pairing of
lithium chloride as UCS and saccharin as CS at CS - UCS
delays of 1 min., 15 min., 60 min., 4 hr., 8 hr. or 12 hr,
He found that the amount of aversion was directly related
to the sickness delay interval but that animals at all delay
conditions were consuming significantly less saccharin than
a control group injected with isotonic saline consumed. Smith
and Roll (1967) used one pairing of irradiation as UCS and
saccharin as the CS at CS - UCS delays of 0.0, 0.5, 1.0,
2.0, 3.0, 6.0, 12.0 and 24.0 hr. They found a very clear
gradient of effectiveness - the treatment produced significant
aversions at delays up to 6.0 hr. The aversion at the 12.0 hr,
delay, although reported by Smith and Roll as an aversion
was actually not significant (p< .07). The 12 hr. animals
did, however, consume less saccharin than the 24.0 hr.

animals., From these studies it can be concluded that the
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delay gradient found with saline is not unlike that found
with other toxins. The saline aversion seems to be stronger
than that from apomorphine, since the apomorphine aversion
showed a decrease in effectiveness at a delay of two hours.
However, as two hours was the longest delay used by Green
(1969) in the apomorphine study a more complete comparison

is not possible. The gradienpt found for lithium chloride

by Nachman (1970a) is very similar to the saline gradient
found here. By four or four and half hours, animals were
consuming more than they did at the shorter delays, but

were still showing a significant aversion. It is not possible
though to determine where lithium ceases to be effectiﬁe,
since, in the Nachman study, i1t produced significant

aversions at all delays tested (i.e., up to twelve hours).
Radiation also produced a similar gradient to that shown by
saline, and ceased to be effective at close to the same

CS - UCS delay (i.e. at about twelve hours). In short,

the saline intubation led to a delay of reinforcement gradient
not unlike those found with other toxins in general shape

and length.

The results of the present study can also be compared
with the gradient found with one other toxin - cyclophos=-
phamide - in a study by Wright, Foshee and McCleary (1971).
This study was more similar to the present one than those

already mentioned in that both UCS dosage and CS - UCS
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interval were varied. Specifically, the study used three
tralining trials with cyclophosphamide as the UCS, at dosage
levels of 25, 50 and 75 mg/kg of body weight, and at CS -

UCS intervals of 30, 75 and 120 min., Extinction was

measured over three post-training preference tests. Direct
comparisons between the gradient of the Wright et &1 (1971)
study and that of the present one are only possible at CS -
UCS delays of up to 2 hr. since that was the longest delay
used by Wright et al. Within this limit, the cyclophosphamide
gradient appears to have been steeper than the saline one
since the Wright et al study did find a delay effect with
delays as short as 2 hr. Delays of .5 hr. were necessary

to observe a decrease in effectiveness with saline as the
UCS. Also it is not possible to say just how long a gradient
cyclophosphamide would produce as this was not tested in

the Wright et al study.

One more factor about the saline gradients should be
mentioned. On Preference Test Day 1 the gradients were of
a very abrupt nature. With respect to concentration, a
saline strength of 12.15% was more aversive than one of
2.7% but was equivalent in strength to one of 8.1%. 1In
terms of delays between CS and UCS, delays of 0.5, 1.5
and .5 hr. produced aversions of equivalent strength
while delays of 13.5 and 24.0 hr. produced no aversions,
The delay at which intubated saline ceases to be effective
must lie between CS - UCS intervals of 4.5 and 13.5 hr. but
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its exact location cannot be determined from the present
data. From the two studies mentioned which have used

delays of 12 hr. or longer (Nachman, 1970 a; Smith % Roll,
1967) it can be predicted that consideration of intermediate
delays should lead to aversions of intermediate strength.
Hence, to see whether the concentrations of saline used

in the present study differ in terms of the maximum interval
at which each is effective, further research will need to
look at CS - UCS delays between L .5 and 13.5 hr.

One point of interest related to Capretta's (1961) and
Braveman and Capretta's (1965) findings is the range of
saline concentrations found to be nonlethal. Both studies
used 10% saline, although neither states why this concentrati cn
was used. From the pilot work done to select the concentrations
for the present study it is now quite clear that 10% is in
fact fairly close to the upper limit of nonlethal doses,
This follows from the fact that the pilot work here found
that any dose over about 13% saline would be fatal in some,
if not all, animals who had been on a water - deprivation
schedule for two weeks,

Finally, the findings of the present experiment shed
light on the outcome of the pilot studies and on why one of
them produced a delay of reinforcement gradient while the
other did not. In the present study, aversions with the

12.15% concentration were found at CS - UCS delays up to
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been water-deprived,

This question of differences in deprivation is one
which has since been further investigated by the author
(Andrews and Braveman, unpub. data). It is a question
that will be of importance in any attempt to appnly poison-
based aversions in such areas as aversion therapy (Revusky,
in prep.) or pest control (Martin, in prep.). In such
situations sub jects would probably not be on a severe
liquid deprivation schedule. The indication of pilot
study 1 is that such a procedure will probably produce
stronger aversions than when a deprivation procedure 1is
used. This in turn implies that the present experiment
might have produced stronger aversions and longer delay of
reinforcement gradients if subjects had not been water-
deprived. Hence, the absence of strict liguid intake control
in the use of poison-based avoidance learning in alcohol
aversion therapy or in pest control may be an asset rather
than a disadvantage. However, in order to keeo fairly close
to the procedures of most poison-based avoidance learning
studies, Capretta's in particular, a deprivation procedure
was employed in the present experiment. The gquestion 1is
one, however, that may warrant further study in the future.

To summarize, the present experiment varised saline
concentration (UCS) and CS - UCS delay factorially in a one
trial poison-based avoidance learning situation. Results
indicated that the main effects for concentration, delay

and preference test day were all significant. There were
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also significant Delay X Preference Test, Concentration

X Preference Test and Delay X Concentration x Preference
Test interactions. These findings were interpreted as meaning
that one trial saline - induced aversions could be produced
with saline concentrations of 2.7, 8.1 and 12.15% at CS -
UCS intervals up to 4.5 hr. These aversions followed the
usual learning relationships in sucn a way that the
strength of aversion varied directly with strength of UCS
and inversely with the CS - UCS interval. In terms of
extinction rate, the strongest aversions were the 12.159
aversions at the shortest delays and the weakest aversions
were the 2.7% ones. Finally CS - UCS delays longer than
4.5 hr. were not effective in producing aversions at any

saline concentration used.,
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