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Abs tract

This research lJas desígned to determine the mechanisms

of response control in a burying paradígm. Learning

theorisÈs have proposed a variety of mechanisms for the

deÈerminatfon of the topography of an associative response.

Generally, the theorles fa11 into two classes" The first

class of theories focus on the acquisition of a responseo

The mechanisms for response control include: the response

el-iciting characteristics of the unconditloned stinulus;

and, a conbination of ethologlcal constraints and

experiuental conËingencies. The second class of theories

propose the learnfng of an assocfatlon, with t.he index of

assocfation determined by envfronmental varíab1es. The

proposed mechanlsms of response control include: the

evocation of the acqufred response by predict ive cues; an

interaction of the response elicitfng characteristfcs of

uncondftÍoned stimulí, predictive cues, and the conÈext in

whÍch each occurs; and the cons traint.s of the experimental

environmenÈ itself.

In order to test the prediction of the two classes of

theories, an adaptation of a higher-order conditÍoning

paradf-grn was enployed. In Èhe f lrs t phase, a tone lras

paired with shock, and fn the second phase, the tone was

paired with a prod" Since shock has been found to elicit

fi



freezing, theories focusing on the response elicÍting
characteristics of the unconditioned stínulus predict the

acquisftion of freezlng to both the tone and the prod. And,

slnce a prod has been found to elicit burying, Èheories

whose focus is on the response evocat.Íve qualities of
predictive cues predict the acquisition of burying to the

prod. The results showed that both freezing and burying

sTere acquired to the prodr suggestlng that: fírst, higher-
order conditioníng occurred; and second, a single stimul,us,

a prod, controlled the occurrence of two distinct classes of

behaviours. The present observaÈions therefore support a

coubinaÈion of the classes of theories mentíoned above.
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Hlgher-order Conditioning of the Burying Response

In the variety of existing learnlng models, the

proposed impact of the conditioned and unconditioned s tírnuIi

on response topography dÍffers across theories. Within a

traditional classical conditíoning framework, the US is

thought to be the najor deËeruinant of the learned response

(cf. Gormezano and Kehoe, 1975) " Other perspectives have

identified: the predictfve stfmulus as a rnajor deterninant

of the learned response (cf. Ho1land, 1977); a combination

of ethological constraints and implicit experimental

conËingencies interactlng to produee the associative

response (cf" Bo11es, f970); and the interact ion of

predictive cues and aversive stimulus characteristics v¡íth

situational variables as determinants of the associative

response topography (cf. Blanchard, Fukanaga, & Blanchard,

L97 6a). The following investigation sought to test the

predictions of each of the models for responding ín

burying paradlgn (cf. Pinel & Treit, I 981 ) " The burying

paradigro nas enployed, since wfthin the operations of the

paràdign, there exfsts the potential for response control by

all of the above mechanlsms. The stimulus (McKim & Lett,

L979); the aversive event (cf. Plnel & Treit, 19Bl); the

context in which both are presented (Moser & Tait, Note l);

and ethological constralnts (Pinel- & Treit, 1978) have all

been inplicated as f-rnportant varfables in response control



ln the burying paradigrn" None of the investigations thus

far, however, have assessed the independent contributíons of

each of the variables. In the following experfment, an

attenpt rras made to independently assess the controlling

mechanisms Ln a buryÍng paradígm, and each of the above

theoretical positions !¡ere addressed.

Response Control in Classical CondÍtloníng paradigms

rn the tradftional classical conditioning paradigur, a

conditioned stfmulus (cs) and an unconditioned stimulus (us)

are repeatedly presented to an organism in a given temporal

order. The us refers to any stinulus which reliably elicíts
an uncondiËioned response (uR). The cs is any stinulus
which 1níÈially does not erlcit a response in the effector

system of the us " After repeated presentation of the tvro

st.inuli to an organism in a fixed Èenporal order, a response

within the effector system ellcfted by the us develops to

the cs. This response is termed the conditioned response

(cn). rnftially, the cR was assumed to be an exact replica
of the UR (cf" Hilard & Marquis, l94O). This norion appears

to stem from t!¡o Àources. FirsÈ, expectations derived fro¡o

the theoretical nechanfsms posited by both response

contiguity (cuthrfe, f933) and effecr rheories (ttuLl, I943)

of conditioning led to the belief that the response

conditloned to the cs should at least be a component of the

UR, if not a replfca. And second, Pavlov (I927) only



measured responses t.hat úrere siurilar to the uR, Although he

acknowl edge d tha t res pons es ot he r t han the me asured cRs

could occur 1n the conditioníng situation, pavlov, s (1g27)
ernpiricar observations of conditioning did not focus on cRs

which dtffered topographically from the uR. However, when a

Inore g10bal observation of the organism durÍng conditÍoning
Rras made (cf" Zener, Ig37> , it became apparent that
responses other than those resembling the uR were

conditioned " consequently, the cR was proposed to be either
a redintegrative response, a fractional conponent of the uR,

or a preparatory response (gifgard & Marquis, 1940) " A

redintegrative response fs one which appears to be identical
to the actual response e1ícited by the us; a fractional
corDponent response Ís one whích resembles only one coErponent

of the compl-ete uR; and a preparatory response is a

behavioural sequence whích appears to prepare the organism

for the ons et of the us. Accordingly, the sole criterion
for selectfng a cR is that Ëhe response appears in the same

effector system as the UR (Gorne zano & Kehoe, 1975). Such

crÍterlon would encompass the various classes of cRs

deserÍbed by Hílgard and Marquis ( 1940).

Ilhí1e the set of procedures and 'oeasure'ent techniques
described by Goruezano and Kehoe (t975) are adequate for the

assessment of classical conditioníng processes, Rescorla
(1975) has argued thaÈ rhe restrictions of classfcal
conditioning are too lluriting for the study of learning



proces6es 1n general. rnitlally, learning Èheorists assumed

thaÈ an assoclation involved Èhe learning of a stinulus and

a response (Guthrie, 1933; Hu11, I943; pavlov, Ig27). For

Pavlov (1927) and Guthrie ( 1933), perforrnance lras a direct
representatÍon of the learning process; the response

elicited by the us was associated with the cs, and resulted
in a cR resemblÍng the uR. For Hu11 (1943), the learning
process tras sirnilar, buÈ performance ínvolved more than

sinply the association of a responseo Rather, observed

responding was a functÍon of both the learned response and

the organism's motivation 1eve1. Given the focus on the

learning of a relationship betl¡een a stimulus and a

response, classical conditionÍng nethodology would appear to
be appropriate o For if the assocfation is between the

stinulus and response, then the focus of measureuent should

be on a reponse síni1ar to Èhat elicíted by the us" rf,
however, learning is thought to Ínvolve an assocÍaÈion

between two events (e.g", a cs and a us; cf. Rescorla, r975;

1980)' Èhen the index of association could involve more than

the measurenent of a cR. Rescorla (r975; l9B0) argues that
lf orie accep ts the vlew that 1-earning is an assoclation
between events, then any behavÍour change can serve as an

index of learnlng. Thus wfthfn Rescorra's framework,

classieal condlËioning methodology would be one alternative
for the measurement of the learning proces6o



Based on an associative perspective in which events are

thoughÈ to be the prirnary components, the traditional

restrictions of conditÍoning nethodology have been

disengaged (Rescorla , 197 5; I 980) , and there 1s a tendency

for lnvestigators to specify classíca1 conditioning

paradigns solely on the basis of response-independent

presentations of a CS and a US (Gornezano & Kehoe, 1975).

While such procedures clearly represent a digression from

the classical conditionÍng paradigm, there reuains a

tendency for theorists to inÈerpret the obtained results

within a classlcal conditioning framework (e.g", Moore,

I973; Holland & Rescorla, 1975) " As examples of paradigrns

which address classÍca1 conditÍoning theory, and Ín which

the possibility for c la s s ical-ins t ruue nt a1 res pons e

interactions exists, Gormezar^o and Kehoe (1975) point to the

commonly enployed procedure of assessing the effects of CS-

US pairings by superinposÍng the CS on a baseline of

fnstrumental responding and observing changes ín behaviour

(cf. Rescorla & Solomon, 1967) . Although this approach may

be useful in exploring the laws of learnlng fn general-, it

is an ineffective strategy for testing the laws of classical

conditioning. For r"rithin paradigms employing nonclassical

conditioning methodology, there exfsts the potenÈia1 for a

varlety of response lnteract ions (e. g. ,

response-instruuental respon6e interacÈions

response-ethological response interactions) rrh

conditioned

condi t ioned

Ích are not



described by classical condÍ tloning theory ( Gorne zatto &

Kehoe, I9753 OvermÍer & Lawry, I979; Trapold & Overmíer,

1972) " A more appropriate strategy for the study of these

learning phenomenon would be to abandon the rubric of

classfcal conditfoníng, and to begin to delineate the

parameters of the response int.eractions.

Response Control- Ín Operant-Pavlovían Paradigns

One 
, 
body of literature 1n which associative and

ethological response interactíons have been investígated

stems from Brown and Jenkins' ( 1968) identificatlon of

autoshaping, and from the broader conceptualization of sign

trackfng (cf. Hearst & Jenkins, lg74). Sign tracking refers

to both behaviour that is directed toward stinulf predicting

the imnlnent arríva1 of a relnforcer and behaviour that is

dlrected avray from stinuli predicting the absence of a

reinforcer (Hears t & Jenkins , L97 4) , and therefore, would

include such phenonenon as autoshaping (Brown & Jenkins,

I 968 ) " In the autoshap ing paradigm, Brov¡n and Jenkins

( 1968) found that upon repeated exposure to a keylighr

preceeding food presentations, pigeons began to peck the

keyltght, Since its Ínitial demonstration, the origins of

the autoshaped re6pons e have been attribu ted to the

fnteraction of Pavlovian and ethological roechanisms.

Pavlovian mechanisms have been propos ed to regulate the

acquisition of stimulus-reinforcer relatlonshfps, whfle



ethologlcal mechanisms parÈicipaÈe in generating goal

directed behavlour (HearsÈ & Jenkins, rg74). Thus Moore

( 1973) has shown that the topography of the autoshaped

response varies wíth the type of reinforcer used. I^Ihi1e the

auÈoshaped response of a pígeon is sirnilar to that observed

in pigeons pecking for food when grain ís used as a

reinforcer, the response is Dore sinilar to the pigeon's

drinking behaviour u¡hen Ì¡ater Ís used as the reinforcer
(Moore, 1973) " The interactfons, therefore, would be a

functíon of the response-eliciting characteristÍcs of the

'sign', or predictive cue, and the trackíng responseo

Leyland (1977) and Rescorla ( I980) have demonsrraÈed rhe

effects of the autoshaping stinulus on response topography

in their use of a tone as the autoshap ing stímulus,. rn

contrast to observatÍons of the autoshaping of a keypecking

response when a light stiroulus is enployed, Leyland (r977)

and Rescorla (1980) faÍ1ed Èo observe the acquisítion of the

keypecking response when a tone stiuulus nas used in an

autoshapfng paradigm. rn addftíon, i,lasserman (r972) has

suggested that the nature of a ltght 6timulus employed may

determine the topography of the observed autoshapíng

responseo rn his fnvestigation, I.Iasserman (L972) examLned

the influence of the keylight stimulus loca]-lzabtlfty on the

autoshaping response by varying the arnbient lllunination of

the chamber in whlch keylight-grain paírings occurred. I.jhen

the chamber rùas illumfnated between pairlngsr keylight onset



$ras the sore predictor of grain presentations, and the

autoshaped keypecking response emerged. T.lhen the chamber

rras darkened between trials and the houselight lras

illurnfnated during keylight-grain presentations, the

predíctíve cue was more diffuse, consistíng of both an

ambíent illunination change and keylight onset " i,lith the

more diffuse cue, head bobbing and cooing rather than

keypecking emerged. Thus the reinforcer (Moore, 1973),

stimulus modality (Ley1and, 1977; Rescorla, l9B0), and

parametric variations wíthin modalities (wasserman, rg72)

appear to determine the topography of the sign tracked

keypecking responseo

A more direct comparison of the effects of stimulus
characteristics upon the conditioned response can be made in

a withln subject contrast using the second-order

condítionlng paradigm. rn the second-order condÍtioning
paradigm, a CS (St¡, is repeatedly paired ¡vith a US until a

cR develops to sI " Following this flrst-order conditfoning

phase, SI-US pairings are typicaLl-y terninated, and second-

order conditionÍng is cornrnenced. In s econd-orde r

conditioning, sl is repeatedly palred r¿1th another stirnulus
(sz¡, with sz presentations immediately preceeding the onset

of S1. The result of thfs set of procedures f.s that Ëhe

associational value of s1 that rres acquired l-n ffrst-order

con<iitionfng subsequenÈly Bupports conditioning to 52 ín

second-order conditioning. llhen tsro qualiÈatively differenÈ



stimulus modalfties are enployed as CSs, then the unique

effects of each of the stinuli on response topography can be

deternined" According to Rescorla (1980) these effects are

mos t readily dernons trable ín a second-orde r condi tioníng
paradign, because respondíng is not constrained by the

elicitational propertÍes of the US that is employed. In

firs t-order condÍtioning, the effects of Ëhe naÈure of the

predíctive cue on response topography can be overshadowed by

either immediate gross motor responses elicited by the

reinforcer, or by fts lingering after-effects (e.g., long

duratíon freezíng elicited by shock presentations)" rn

second-order conditíoning, the reinforcer Ís absent, and

more subtle responses elfcited by the predictÍve cue can be

observed. In Èheir adaptatíon of the second-order

conditloning paradfgm, Holland and Rescorla (1975) initially

paired a flashing light s¡íth a food stimulus, and measured

the rat's activity resporsêo SubsequenÈ1y, they paired the

frashing 1Íght with an auditory elicker, r¡ith the clicker
preceeding the lighË presentations, In accord wi th

expectaÈions deríved fron the second-order condit.ioning

process, a response developed to the second-order stimulus,

the tone' The f f nding of interest, hor'¡ever, was that the

1eve1 of actlvity acqulred to the tone cs v¡as t¡sice as high

as the leve1 of actfvity acqufred Ëo the llght stimulus.

In an effort to ldentlfy the factors contrfbuting to

the perfornance difference noted in his lnitÍal study
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(¡totland & Rescorra, r97 5) , Holland (1977) direcrly observed

the behavíour of rats during presentatÍons of either a light

or a tone palred with food. He observed that the most

frequently occurring associative responses to the light were

rearing and rDagazlne behavíour (i.e., 'st,anding notionless

in front of the food magazrne wíth nose or head within the

magâzine', p. 80). In contrast, the most frequently

occurring behaviours to the tone krere head jerks and hind

moveme nt s , thu s suppo rt ing the assertion that

topographfcally distinct associative responses are evoked in
the appetitive condíÈioning of a visuar and an auditory
stimulus (itotland , r977) " Fron his observatÍons, Holland
(I977) concluded thât the initlal performance difference in
activity was an artifact of the measurement techniques

eroployed" That is, the stabiloneter used to measure

activlty r¡as more sensitive to head jerks and hind tnovements

than rearing and magazine behaviour. rt therefore appeared

that the tone, which elicfted head jerks and hind movements,

supported higher 1evels of activity than the 1ight, which

elicited rearÍng and magazíne behavfouro

rn relating Holland's (L977) eurpÍríca1 observations to

second-order condiarorrrr€ processes, Rescorla (19g0) argues

that associations are forued between the sl and us, and

between the sl and s2. The behavloural index of the

association can be any response that re1Íably changes during
conditionfng. rf dlfferent stimulus modalities have unÍque
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response evocative characteristics, then learning may be
reflected by changes ín different classes of responses o

Thus when Holland (1g77) observed differenr types of
respondÍng to each of the sËinu1i he emp10yed, the response
classes represented indices of the sane associative processo

'lhile 
much of the groundwork for the delineation of

response ínteractl0ns 1íes in appetitive conditioning
paradigns, similar rines of investigatron have been pursued
in the aversive condÍtÍonlng 1íterature since Bo11es, (rg7o)
derivation of a species-specffic defensive reactíon (ssDR)
theory of avoidance responding, According to Bo11es, all of
the ssDRs in an organrsu's repertoire are elicited by an
aversive stimulus. Like traditional theorists, Bol1es
assumes that the response that is condítioned as an
avoidance response 1s similar in topography to one of the
responses ellcrted by the aversfve stinulus. I{here Bo11es
differs from tradltíonal theorÍsts, however, is in the
determfnation of whfch response is conditioned. Iùhile for
PavIov (1927) , Gurhrie ( 1935), and Hu11 ( 1943), the crirical
determinant of response selecÈron is a temporal variable,
for Bolles (1970), response selection is a functÍon of the
punishment Process lnherent in the acquÍsitfon of avoidance
responding" That fs, in an avoidance learnfng paradign, the
elicíted ssDRs that fail to fulfirr the experÍnenral
contíngency are punfshed by further avers ive stfmulation,
and thus decrease in frequencyo An ssDR that does furfill
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the experimental avoidance contingency is not punished;

instead, ft fs reqrarded by successful avoidance, and thus

increases in frequency. Because the response that fulfills

the experimental requirement increases in frequency, and all

others decrease, the successful response becomes the

doninant response and is associated with the avoidance cue.

Thus while the associative response assumes the form of one

of the responses elicited by the aversive stimulus, its

selection 1s not determfned by tenporal variables, buÈ

rather by irnplicit experimental contingencies.

In contrast to Bol1es' ( I970) SSDR mode1, the emphasis

of Blanchard, Mast, and Blanchard's (1975; Blanchard,

Fukanaga, & Blanchard, L976a; 1976b) ¡oodel of defensíve

responding 1s more heavily weighted on the elicitational

properties of non-US varíabl-es such as contextual and

discrete stimuli. For the Blanchards, the selection laws of

both e1íci ted and as sociative respons es are s Ímilar. The

topography of defensÍve responses elicfted by aversive

stinuli as well as by predictive cues are determined by

biologlcally significant features of the threat source

(1.e., the aversive sËimuLus or predictive cue), and the

context Ln whlch the threat occurs c I^Ihile they have not

operational-ly defined the biologically signlflcant features

of the threat Eource, Blanchard , Fukanaga, and Blanchard

(L976a;1976b) have <ieffned conÈextual feaÈures which are

presumed to determine the toPography of the e1Ícited
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Thus Blanchard er a1" (1976a; lg76b) and
Blanchard, Mast, and Blanchard ( 1975) have argued that when
rats grere fa¡niliar with an inescapable box and encountered a

cat, dog, or grid shock, freezing replaced escape as the
doninant defensive respoDsêo rn contrast, when rats v¡ere
not farniliar r¡íth the inescapable box, escape-r-ike
behaviours inftially predominated. Similar processes are
inplicated fn the l"q.risition of defens ive responses to
predictive cues. Accordingly, when both the aversive
sÈímu1us and predictive cues are present, a response Ís
elicited, and fear fs acquÍred Èo the predictíve stimulus
(¡tanchard & Br-anchard, L969; Blanchard, Fukanaga, &

Blanchard, r976a, r976b; Blanchard, Mast, & Blanchard,
r975) " rn the absence of the response elrciting aversive
stimulus, the behavioural referant of the fear Ís a function
of both the response e1ÍciÈing qualities of the predÍctive
cues, and the context in whfch they are presented. The
determinants of responding, therefore, are síni1ar to those
described by Rescorla (t9gO). In the presence of an

aversive strmulus, response evocatfon fs controlled, for the
Eost Part, by the aversive stimulus. In its absence, there
is the potentfal fot a variety of responses to index the
association.

In suppo rt of
D 1 ^ - -L _ _öranchard, Fukanaga,

shown that by varyfng

thefr model of defens ive

and Blanchard, ( t 9l 6a;

the envlronmental context

responding,

197 6b ) have

in which an
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aversive stimulus was presented, the frequency of occurrence

of freezing rras altered. rn addition, Blanchard and

Blanchard (1969> have demonstrated that by manipulating the

context in which the predictíve cue is presented, the

frequency with which actíve or passlve avoidance responses

are dÍsplayed can be varied. I.Ihíle they have pointed Èo the

significance of the response evocative characteristics of

conditioned stiurulí (nlanchard & Blanchard, r969), as yet, a

formal analysis of the contribution of predictive stimulus
characteristics to response control has not been underÈaken.

Response Cont,rol in Burying paradlgurs

Thus far, it has been argued that the index of

association is constrained by: the nature of the

uncondiËÍoned stimulus (Gor¡oezano & Kehoe, rg75); the

experimenter's response selection (Bo11es, lg70; Rescorla,

I980); the nature of the predÍctive cues employed

( Blanchard , Fukanaga, & Blanchard, Ig7 6a, I97 6b i Ho11and,

r977); ethological determínants and inplíciÈ experimental

contingencies (Bo11es, r970); and, an interactíon of the

response eliclting features of the stiuulf employed and the

context ln which they are presented (Blanchard, Fukanaga, &

Blanchard, r976a, 1976b; Reseorla, l9g0). sinflar to the

Blanchards' focus on contextual variables, pÍne1 and Treít
(r978) have BuggesÈed that the behavioural indices of

learned associatLons ln tradÍtional learning paradigrns are



t5

constraíned by the resources províded to the organism in íts

exp erimental envi ronment " Pinel- and Treit's (I978)

asserÈions are based on the observaÈíon of the burying

response. The buryfng response !¡as originally identifíed by

Hudson (1950) and has been theoretical-l-y interpreted by

Pinel and Treit (I978) as an instance of the condiÈioning of

an anfmal's defensíve reaction to a neutral stimulus. Pinel

and Treít's ( 1978) burying paradigrn involved adapting rats

to an experÍmental chamber that had a bedding ma terial

covered floor. After several adaptation sessions, a smal1

wire-wrapped prod hras introduced ínto the chamber. I"Ihen

subject s touched the prod, shock nas delivered through the

wires. SubsequenÈ1y the rats, using their forepatrs, pushed

beddíng material towards the prod and ulti¡nately buried iÈ.

Pinel and Treit (7978; I98l) cal1ed the covering of the prod

conditioned burying because only a prod assocÍated with

shock rÀras buried. In extensions of the original paradigm,

conditioned burying has been found to occur with a range of

aversive stínu1i (Terlecki, Pinel, & Treit, 1979; lJilkie,

MacLennan & Plne1, t979). In addition, burying has been

observed to be directly controlled by unconditfoned stimulÍ

such as physical objects (e.g", mousetraps and flash cube

assenblies; Terlecki, Pinel, & Treit,1979) and odours and

tastes (e.g", cadaverine; Pinel, Hoyer, & Terlecki, 1980) "

To account for burying behavlour, PineI and Treit

( f981 ) have proposed two models: one for unconditioned
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burying, and a second for conditioned burying " For

unconditioned burylng, it is proposed that novel stimuli
produce a neophobi c react ion that leads to bu rying.

Presunably the steps involved this process would be as

follows: the novel stinulus elicits a fear reaction, and

the fear reaction activates defens lve responses, one of
which, burying, is dÍrected at the fear eliciting stimulus.

For conditioned burying, very sÍrniliar mechanisms are
inplied" I{hen rats touch the prod and receíve shock, it is
assumed that due to spatÍa1 conÈ igu ity the prod is
associated with the aversive event. subsequently, the prod

becomes a fear eliciting stimulus that. actfvates defensive

responses with the consequence that the. subjects bury !he
prod. central to both accounts Ís the assertÍon that
buryÍng is a defensive responseo And critíca1 to both

nodels is the mechanÍsm that activaÈes buryíng as opposed to
the other defens ive respons es c I.Ih ile Pinel and h is
colleagues (cf. PÍne1 & Treit, IgBl) have collected evidence

from the conditioned burying paradign and from ethologíca1
observations on predator-prey interactions to support the

claÍ¡n that burying is a defens ive respons e, they have not

directly addressed the selectlve activation question.
rns tead, they have appealed to Bolles' moder of avoidance

behaviour (Bo11es, l97o) to account for the ellcitation of
the buryÍng response
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Bo11es' ( I 970) SSDR model of avoidance responding is
based on expectaÈíons deríved from predator-prey
interactíons " Inpl icit in SSDR formulations is the
assumption thaÈ there is a sequential order in which

different defensíve behaviours emerge. This is indicated by

Bo1les' (1975) assertion that a rat's predisposítion v¡hen

confronted with an avers ive stinulus in an escapable

environment is to first flee; Íf that fai1s, Ít freezes; íf

that fails and Íf confronted by a predator, it r.ri11 fight.

sonewhere, at the top of Bo11es' (1970) 1ist, pinel and

Treft (r978) would add buryingo rn applying Bolres' (1970)

model to the burying response, pinel and Treit ( t g7 g)

abs tract only that portíon of the model dealing r¡ith Ëhe

sequential activation of defensive responses o The

punishment process advocated by Bo11es ( tg70) is not applied
to buryfngo since in the buryíng paradigrn, only one shock is
adninístered. Thus punishment of the shock elicÍted
def ens ive responses is impos sib1e. I,lhile pinel and Treit
( 1978) categ orize burying amongst defens ive responses such

as escaplng and freezfng, it has been enpirically determined

that some of the parameters of burying (e.g., latency) do

not directly covary with those of freezing and escape (Moser

& TaÍt, Note I ) . This findtng is incons istent ¡sith the

notion that burying 1s an ssDR like freezing and escaping.

rnstead, Moser and TaÍt (note l) proposed that burying may

occur as a defens Íve respons e wi thin the broader

catego rízation advocated by Edraunds (197 4) "
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Eduunds (L974) catalogued defensÍve responding into

either primary defenses or secondary defenses, Primary

defenses functlon contínuously and serve to decrease the

probability of encounterlng a predator, Included ¡+rithin

this category would be the mechanÍsms of anachoresis,

crypsís, aposematism, and Batesian minicry. Secondary

defenses refer to responses which appear when the primary

defenses fail-, and predator confrontation occurso Secondary

defens ive responses include withdrarral to a prepared

retreat; the elicitation of deimatic, or frightening

behaviours such as piloerection; thanaÈosis, the feigning of

death; or, if the predaÈor is very clos e or actually

attacking the prey, the prey will either deflect the attack

to a non-vital portion of its body, or retalÍate, Various

sequences of these responses are thought to conprise the

innaËe defens ive netrrork of a given species o Sínce the

secondary defensive behaviours are believed to emerge in a

sequential order, with movement through the order depending

on the succesa or failure of a given defens ive response,

Edmunds' (197 4) secondary defens ive behaviou rs are

equivalenÈ to Bo11es' ( 1970) SSDRs "

While burying sras orlginally thought ( pinel & Treit,

L97 I ) to be a secondary defens fve response, ft now appears

that burylng may be a laboratory analogue to the rat's

prinary def ensive 'oehaviour of burrowing (i,ioser & Talt, NoÈe

l). The frame of reference provfded by Moser and Talt (t¡ote
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l) suggests some of the processes determÍning stimulus

control of the burying response" The model should be able

to predict those classes of stinuli whích support burying

and those qrhich cannot. And, in fact, there exists some

eropirical data which can be applied to the node1. Hudson

(1950), Pinel, Treit, and I^Iilkie (1980), and Silverman

( 1978) have reported that rats bury openlngs rhrough r¡hich

avers ive events have entered experimental chambers. This

observation is sinilar to nat.uralistic observatíons

(Ca1houn, 7962) of rats covering over entrances to their

burrov¡ systems to prevent access by íntruders. Both the

burying of the holes in the experimental chanbers, and ín

the burror¡s would serve to decrease the probabilíty of

future encounters with avers ive stinuli, and as such, would

be cons ídered prirnary defens ive behaviours.

The model would also predíct those classes of stiuuli

which would not be buríed" If, for example, burying fs a

prinary defens ive response, then one would not expect to

observe burying fn predator-prey lnteractions. Edurunds

(I97 4) suggests that an organism's inftía1 response to a

predator nay be an exaggeration of a primary defens ive

response, but that subsequently, secondary defensíve

responding is lnitiated. Thus in the laboratory, stinulÍ

whÍch closely rnimicked a predator rsould not be expected to

- J !L ^- ÀL ^ ^ t J - JÞuppLrr L crLrtcr Lltc cJ_r(jrL¿rLruIr uI Lftg cono]-EIontng 
":

proJ-onged burying, slnce prirnary def ens f ve responses are
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suppranted by secondary defensive responses when a predator

is encountered " 0ne parameter of stinuli used in the

laboratory thaÈ is assumed to closely mimic a predator is
stimulus movenents (nlanchard, Mast, & Blanchard, 1975) "

Moser and Taít ( 1981 ) observed that when rats were presented

with a moving prod associated with shock, they did not

subsequently bury the prod. These observations are

consistent v¡ith the primary defens ive respons e hypothes is.
For secondary defensive responses such as freezing and

escaping trere observed in face of a stinulus which closely
resembled a predaÈor, while prirnary defensive responses such

as burying, were noto However, as Moser and Taft (19g1)

point out, in the paradigm enployed there existed the

posstbility for lnÈeracÈíons between the response e1Íciting
propertÍes of the prod, and those of the shock.

Accordlngly, the observations of Moser and Tait (19g1) were

unable to addres s the problem that was inittally proposed,

that fs, the mechanisms underlying the emergence of the

burying responsec

rn order to address the question of Èhe mechanisms

underlying burying, Èhe present fnvestigatÍon examlned the

effects of stinurus characteristics on Ëhe emergence of

burylng" specffically, the unique effects of gualitatively
different stinull, a tone and a prod r otr responding in a

burylng paradigno Þras cietermineci. rn order to 6eparate the

elicítational propertles of aversive stiroull from the
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elicítatlonal properties of predictíve cues, âD adaptation

of a second-order conditioning paradÍgn lras enployed. lt
üras necessary to e1íninate the effects of the shock in order

to determine the effect.s of Èhe tone and prod, since shock

has been shown to elicit long durations of free zíng in a

burying paradign (Moser & Tait, l98I). Long duratíons of

freezing are inconpatible with the response of burying, and

cou1d, t.herefore, obscure any effects that the prod and tone

would have in the abs ence of the shock. According to

Rescorla (1980), the use of a second-order conditioning

paradign should elÍninate the potential confounding of us-

elicited responding " rn the following experÍment, a tone

(s1) and shock srere paíred in a prínary conditíoning phase.

rn the higher-order conditíoning that f o1lowed, Èhe tone \^ras

enployed in lieu of the electric shock that is typically

employed in a burying paradign (cf, pinel & Treír, 1978).

That is, upon a rat's contact of its forepaw with the prod,

the Sl tone was presented. It rùas expected that the

manipulations of the prirnary conditLoning to the tone vrould

render the tone as a conditfoned elicitor of the freezing

resporsêo This expectatÍon lras derf.ved fron Nicholaichuk,

Quesnel, and Taft's ( 1982) demonstration that a tone paired

with shock becomes a reliable elicÍtor of freezing. The

consequences of hfgher-order conditioning, however, lrere not

unequivocally predictable; each of the theoretfcal positlons
predicts a different outcome.
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According to pavlov (r927), higher-order conditfoning
processes para11el the processes involved in prirnary
conditioning. Thus ft would be expected by tradiÈiona1
rheorists (Gurhrie, 1933; Hul-1, lg43; pav10v, 1g27) ttrat the
response acquíred to the primary conditioned stimulus would

be conditioned ln the higher-order conditioning phase.

Therefore, it would be predicted that both the tone and the
prod acquire conditioned freezing. sir¡i1ar outcomes r"roul_d

be predicted from ssDR theory, since the associative
response ís presumed to take the same form as the
uncondltioned ssDR that ultimately predominates (Bo11es,

I 970) " That Ís, the response thaÈ Ís not punished remains

as the associaÈive response throughout prinary and hÍgher-
order conditionÍng, since no punishment is adninistered in
htgher-order conditíoning. In contras t, theoretical

positions emphasizing Èhe ínfluence of stimulus modality on

conditioned response topography (e.g., Hol1and, rg77) would

make dÍfferential outcome predictions for response

acquísiÈion to the tone and prod enproyed in primary and

higher-order conditioningo since it has been ernpirically
deternined that a tone associated with shock supports
freezing (}{rcnolaichuk, Quesnel & TaiË, 19g2), and thar a

prod associated with shock supporÈs burying (píne1 t rreit,
1978), Holland (1977) would expecr rhe acquisirÍon of
freezing and burying fn primary and hlgher-order
conditioning ¡ rêspectively" sirnilar predictions would be
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derived frorn a response elicltational perspective based on

the adaptive interaction of Èhe orgânism with its
environrlent (e'g., Blanchard, Fukanaga, & Blanchard, r976a,

1976b; Blanchard, Mast, & Blanchard, Ig75), as well as from

Pinel and Treit's (1978; I981) model of burying based on

ethological analogy. From Nicholaichuk et al.'s (1992)

results, it r.rould be expected that freezíng would be

acquired to the tone ln prinary conditioning. And if, in
higher-order condÍtioning the prod rras establíshed as a

predictor of aversÍve stimulatíon, then tt would be expected

that buryíng would be conditioned to the prod o For given

Moser and Taít's (¡lote 1) ethological analysís of

conditioned burying, it would be expected that burying would

be an efffcient response in decreasing the probability of

encount.er with the threat source, while freezing would not.

Therefore, higher-order condi tioning would result in the

acquisit.ion of the buryÍng response.

rn order to establish that the response conditioned to

the prod durfng higher-order condltioning is a functÍon of

the aversive propertfes that were acquired by the tone

during priurary condítioning, a notreatment control group !ras

enployed. This group v¡as merely placed in the apparatus

during prinary condltioning and Íras subsequentLy exposed to

a prod-tone palring " In addition, a group recefving tone-

shock pairings fol1ot¡ed by the prod-shock pairing enployed

by Pinel and Treit (1978) hras used as a reference group.
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Since the presently euployed procedures devíated from the

standard burying paradigm, it vras neces sary to demons t.rate

that conditioned burying would occur to a prod paired with

an aversive stÍmu1us, given prior experience v¡iÈh tone and

shock stLmulÍ. And fína11y, a group receiving tone-shock

presentatfons followed by a tone alone presentation r{as used

to assess the magnitude of conditioned freezing that would

occur to the tone, in the absence of the opportunity to bury

a prod.

SÍnce it has been shov¡n that a single tone-shock

pairing can evoke freezing behaviour l¡hich lasts for over

fifteen ninutes, it is possible that the present paradigrn

would be vulnerable to the same confounds described by

Rescorla ( 1980) " That is, the effects of the prod would not

be observed if the tone-e1lcited freezing lasted the entire

sessfon in higher-order conditioning. Therefore, a test day

following the second phase was inplemented. In order to

determine the contribution of the prod itself to the

emergence of burying, the prod alone üras presented on the

test day"

Me thod

Subjects. ForÈy naive male adult hooded rats weighÍ

approximately 250 grams hrere purchased from the UnÍversi

of Manitoba vfvarium and, upon their arrival, lre

individually housed and glven free access to food and wate

ng

ty

re

fo
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Apparatus ' The experinental apparatus cons isted of two

chambers: one chamber r¡7as used f or primary condiËioning and

another for higher-order conditioning, prirnary conditioning

took place in a brushed aluuinum coulbourn rnstruments rnc.

operant chamber equlpped uíth a house 1ight, a grid f1oor,

and a 4 "5 cm dÍameter I ohm speaker. The grid f loor r¿¡as

coEposed of 7 mm dianeter steer bars 1.8 cm apart (centre to

centre)" scranbled shock sras dellvered to the floor of the

cha¡nber by a coulbourn rnstruments rnco solid state shock

Generatoro

The higher-order condiÈioning chamber was a flat-black
wooden box measuríng 30x30x20 cm on the interior. The floor
of the chaurber was unÍforrnly covered v¡ith 5 cm of finely cut

sal¡dust. During condítioning, the same speaker that r.ras

used in prinary condítioning was aËtached to the end wall of

the chauber. rmuediately below the speaker, a lrooden prod

(o x "5 x.5 cn) hTas affixed at a 90" angle nidway arong the

end wa11 of Ëhe chamber, 2 cm above the leve1 of the

sawdust" The prod consfsted of a balsa wood dowel around

which two uninsulated wíres trere r.rrapped. The prod r¡ires

were connected to a coulbourn rnstruments Inc. solid state
shock Generator, whích was sftuated in an adjoining roorno

The adjoining room also contaÍned: a whíte noise generator,

whÍch operated to provfde continuous r¡hite noise at 7o db ín

the experimental room; a Tovo moniÈor; and a southwest

Technfcal Products M6800 microcomputer " The T.v o monitor
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during habÍtuation and during higher-orde

fdentifíed and recorded according to the

Burying was charact.erized by a
movement of the rat's forepaw.

úras connected to a Sony Videocamera that r¡ras 6uspended above

the experimental chamber and a11ov¡ed the experlmenter to
unobtrusively observe a subject's behavÍouro By observing

the monitor, the experinenter r¡ras able to encode mutually
exclusive behavioural classes on a keyboard " Every ten

rnilliseconds, the couputer software scanned the keyboard for
depressions and accumulated the frequency and duration of

the key depressíons. since each key defined a particular
behaviour, the conputer tabulated the frequency and duration
of the neasured behaviours.

Dependent Measures. The respons es that were measured

r condÍ tioníng \¡rere

following schema ¡

fornrard shovelling

Freezing was defíned as a complete absence of movements
characterj-zed by abruptness of onseÈ, wide open eyes, andmuscular rigidlty.

Throughou t habl tuation and at the end of both the

hfgher-order conditioning and test sessions, additional
dependent varíables were collected. These include the

height of the pile on the prod, oÌ duríng habiËuatÍon, the

height of the pile where Ëhe prod would have been placed,

and the helght of the largest piLe in the chauber. rn

addÍtion, because it has been suggested (Moser & Taft, lggl )

that the duraÈion of freezfng bouts varfes wlth the type of

aversive conditioning paradigur enployed, the frequency ¡uÍth
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whlch a number of bout durations lrere observed lras

collected" That is, each freezing bout was classified by

the computer into one of seven categories : a bou È of

0.1-5.0 seconds in length; 5"1-10.0 secs; l0.l-25.5 secs;

25"6-51.1 6ecs; 51,2-102"3 secs; I02.4-204"7 secs;

204.8-51 1.9 secs; or , 512.0-900"0 secs c

Procedure o The experlmental protocol for each subject

lasted five dayso On each of the first two days, Èhe

subjects were individually habítuated to the higher-order

conditloning chanber for I5 mínutes. On the third day, the

subjects were randouly assigned to one of the four groups (n

=10) depícted in Table lo As can be seen from the tab1e,

the Experinental Group (Prod-Tone) received tone-shock

pairÍngs fn prÍroary conditioning, and a prod-tone

presentaÈfon in higher-order conditioning; a Tone-Alone

Group received Èone-shock pairings in primary eonditioníng

and a tone presentation ín the higher-order condÍtioning

phase; a Prod-Shock Group lras presented with tone-shock

presentations in primary conditioning, and a prod-shock

pairfng in hfgher-order conditioning; and fina11y, a

Notreatment Group received no programmed stirnuli in priurary

condl tÍonÍng , and were subs equently pres ent ed wÍ th a prod-

tone pafring. In the test session that followed, all groups

received prod alone presentations.

On the dav followlns the last dav nf heh{fu¡tinn

prinary conditlonfng lras initfated. Three groups received 8

pairings of a 10 sec, 1000 Hzr 75 db tone, wÍÈh a .5 mA, 1.0
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Table l. Experimental Design"

Group
Designation Prínary Higher-Order Test

Prod-Tone

Tone-Alone

Prod-Shock

Notreatment

Tone +

Tone -+

Tone +

Not rea

Shock

Shock

Shock

Èment

Prod 9 Tone

T one

Prod-àShock

Prod ìTone

Prod

Prod

Prod

Prod
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sec, scraEbled foot shock at a forward interstimulus
interval of 10 seconds, and an intertrial intervar of 5

minutes. rt was expected that elght pairings n¡ou1d supporr
asynp totic performance, s ince Rizley and Rescorla (lg7 2)

have demonstrated reliable acquisitíon of priroary and

higher-order essociative responses with eight pairings of a

tone and shock ln a conditioned emotional response paradign.
A fourth group $ras placed in the experiuental apparatus but
received no stimulus presentations. on the fo11owíng day,

the Prod-Tone Group rrras placed in the higher_order
conditioning chamber. upon the subjecË's first contact of
its forepaw wíth the prod, a t0 second presentation of the
tone hras initiated" Duríng the l5 minutes thaÈ fo11owed,

the subject's behavfour rras recorded. The Tone-Alone Group

received a 10 second tone presentation in the absence of the
prod. The Prod-shock Group received a presentation of the
prodr palred with shock in a manner typicar of the standard
burying paradign. That fs, upon the subject's first contact
of fts forepaw with the prod, a 7.9 mA shock, initiated by

the experÍmenter and termÍnated by the subject, s v¡íthdrawal,
was adnínistered. And finally, the group that receÍved

notreatnent duríng primary conditfoning was presented wíth
the same prod-tone pairing as the prod-Tone Group; upon the

first contact of a subjecÈ's forepaw with the prod, a l0
second tone úras presented. For all groups, the l5 rninute
period following stinulus presentation served as the tirne
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perfod during which the dependenË varíables ü7ere recorded.

On the fo11owíng day, a test sessíon was ernployed. In the

test session, the prod was presented in the higher-order

conditioning chambero but neither the tone nor the shock

were delivered. The subject.'s behavÍours were recorded for

the 15 ninute period following theír placement in the

chamb e r .

Results

The results !rere dívided ínto three sect ions: the first

one dealing wlth habituation data; the second one dealing

wíth conditioning data; and, the third one dealing with tesÈ

day data. Four x Two (Groups x Days) repeated measures

Analyses of Variance (^ANOVA's ) trrere appl ied to the

habiËuation data while Multivariate Analyses of Variance

(ltenOVe's) !rere used to analyze both condítíoning and test

day data" UnÍvariate breakdoqTns were followed by a priori

orthogonal contrasts which compared the Prod-Tone and Prod-

Shock Groups with the Tone-A1one and Notreatment Groups; the

Prod-Tone with the Prod-Shock Group; and the Tone-Alone with

the Notreatment Group" In addÍtion, a separate analysis was

applied to those subjects Ëhat evidenced burying of the prod

on conditloning and test days. For clarlty of discussion,

only sfgnificant (q="05) F-statistics wil-1 be reported. For

further reference, the globaI ANOVA's for habituation,

conditioning, and test days can be found in Tables l, 2, and

3 of Appendix A.
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Responding During Habituation. The first tvro points on

the abscissas of each of the panels in Figure I represent

the mean group f requencies (lert colurnn), durations (t'lia¿te

Column), and latencies (nigtrt Column) of

Row) , and burying ( Lower Row) acros s the

freezing ( Upper

tr.ro habituation

days. As can be seen from t.he Upper Row, over the tv¡o days

of habituation, both the frequency and duration of freezíng

increased [¡{f,36)=54.55, p(.00I, and F(1,36)=21.83, p("001,

respectively] while the latency decreased, I F( I ,36)=4.36,
p(.051. There erere no slgnifícant Group or Group x Days

effects on freezing measures in habituatíon, thus lndicating

t.hat the freezing effects were sÍnilar in each groupc

The Lowe r Row of Flgu re I rep res ent s the mean

frequency, duratfon, and latency of burying, and shows that

over days of habituation, both the frequency and duration of

buryÍng decreased IF(1,36)=17 "55, p(.001, and F(1,36)=14"58,

g(.001, respectively], while the latency to bury increased

IF( 1,36)=16.50, ¿(.001 J "

The first two points on the abscissa of each panel ín

Flgure 2 depicts the mean group heights of the piles v¡here

the prod tras to be placed during conditionlng (Upper panel),

as well as the nean group heights of the largest piles in

the chanber (Lower Panel). As can be seen from the fígure,

both the p11e ín the area where the prod hras to be placed

and the height of the largest p11e in the chanber decreased

over habiruarion days IF(1r36)=7"80, p(.025, and
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Figure 1o Mean frequency (l,ett Column), duration (Middle

Colunn), and latency (n-igtrt Column) of f reezl-ng (Upper Row)

and burying (Lower Rolr) over Habituation (Days I and 2),

CondÍtioning (C), and Test (T) Days for the Prod-Tone, Tone-

Alone, Prod-Shock, and NotreatEent Groups.



M
E

A
N

 F
R

E
O

U
E

N
C

Y
O

F
 F

R
E

E
Z

IN
G 0 V &

M
E

A
N

 D
U

R
A

T
IO

N
O

F
 F

 R
E

 E
Z

 IN
G

 (
se

c)

Å
,

Â E
]

@ V

M
E

A
N

 F
R

E
Q

U
E

N
C

Y
O

F
 B

U
R

Y
IN

G

50

tr @

M
E

A
N

 L
A

T
E

N
C

Y
T

O
 F

R
E

E
Z

E
 (

se
c)

V

Å

M
E

A
N

 D
U

R
A

T
IO

N
O

F
 B

U
R

Y
IN

G
 (

se
c)

B v

Â
R

,

3D V c

V

,s @ D

M
E

A
N

 L
A

T
E

N
C

Y
T

O
 B

U
R

Y
 (

se
c)

Â

K

g

E
l

V

t

D
 A

Y
Sc

V

I &
v @ E Â

c



34

Figure 2. Mean heights of

Frame) and the largest pile

over Habítuatlon (Days I and

(T) Days for the Prod-Tone,

NotreatEent Groups "

the pile on the prod ( Upper

in the charnber (Lower Fraure)

2), ConditíonÍng (C), and Test

Tone-Alone, Prod-Shock, and
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F(1,36)=12"69, p<.025, respectlvelyl" There Brere no

significant Group or Group x Days interactions for the

frequency r duration, latency to bury, or heights of piles

measures " The faflure to find significant interactions

suggesÈs that the observed adaptation in burying indices \,ras

constant across groups.

Responding During Conditíoning" The third point on the

abscÍssas of each of the panels in Fígures I and 2 depict

levels of pos t prod-tone and prod-shock responding.

MANOVA sras applied to the conditioníng frequencies and

durations of freezing and burying as well as to the heights

of piles rDeasures. The results revealed that when combined

across all dependenÈ variables, there vtere significant group

differences IF(24,85)=2.13, g("025] " S írnp 1e MANOVA

contras Ës revealed that the llotreatment Group differed from:

the Prod-Tone, IF(8,29)=2.46, p<"05]; the Tone-Alone,

IF(8,29)=3.6t, p(.025J1 and, the Prod-shock, IF(8,29)=6.60,

p("0011 Groups. The Prod-Tone, Prod-Shock, and Tone-Alone

Groups did noÈ díffer from each other. Univariate

breakdor.rns that were provÍded by the MANOVA described the

lndividual dependent variables that differentiated groups 
'

and are presented as fol1ows"

Freezing During Conditioning. The Upper Left Panel of

Flgure I presents the mean group frequencies of freezing,

and shows that there rlere no uajor differences between

group6. However, aE can be seen from the Upper Middle Panel



37

of the figure, the NotreatmenÈ Group f.roze for shorter

duratíons than the Prod-Shock, Tone-Alone, and Prod-Tone

Groups. An AN0VA confirmed the graphical depiction of group

dífferences in freezfng durations IF(3r36)=4"69, p(.025].

OrËhogonal contrasts showed that: the Prod-Tone and Prod-

Shock Groups froze for longer durations than the Tone-Alone

and Notreatment Groups IF(l,36)=5.22, p(.05] I the Tone-A1one

Group froze for longer durations than the Notreatment Group

IF(1r36)=6.35, p(.05]; and, the freezing durations of the

Prod-Tone and Prod-Shock Groups qrere not staÈística11y

different. The Upper Right Panel of Figure I depicts the

mean l-aÈencies to fteeze for the Prod-TonerProd-ShockrTone-

A1one, and Notreatnent Groups, and shows very suall

differences in latencies, with the Notreatnent Group having

the longest latency to freeze. The AN0VA suggested that

group differences for the latency to f.reeze approached

signl-fÍcance IF(3r36)=2"43, g=.08]. Orthogonal comparisons

showed that: the latencies to freeze for the Prod-Tone and

Prod-Shock Groups lrere noË statistically different than the

latencies to freeze for the Tone-Alone and Notreatment

Groups; the Tone-Alone Group had a significantly shorter

l-atency to f reeze than the NoËreatment Group, IF(1r36)=5.00,
p(.05 ] I and, the latencies to freeze for the Prod-Tone and

,..U-Shock Groups rrere not sËaËÍsticaIIy different.

Slnce there qrere group differences for Ëhe duration of

freezing, but not for the frequency of fteezing, it ís clear
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that the duration of freezing bouts were different across

groupso Figure 3 depicts the frequency distribution of each

of the groups for freezlng bout lengths of: 0.1-5.0 seconds

in length; 5.I-10.0 secs; 10"1-25"5 secs; 25.6-51.I secs;

5I"2-LO2,3 aecs; 102"4-204"7 secs; 204"8-511.9 secs; and,

512"0-900.0 .secs" A Chf-square analysis, comparing the

frequency distribuÈÍon of each of the four groups with each

other, tras applied to the frequency dístribution of freezing

bouts, and signíficant group differences wire found , lX2

(¡)=189.01, p(.0011 " As can be seen from Figure 3, Èhe

frequency distribution of the Notreatroent Group r,ras clearly

different than the other groups, with the NoËreatment Group

havíng both fewer shorter and fewer longer duraÈion freezíng

bouts than the Prod-Tone, Tone-A1one, and Prod-Shock Groups"

The Chí-Square analysis suggested that amongst the Prod-

Tone, Tone-Alone, and Prod-Shock Groups, the Prod-Shock

Group had more bouts of greater durations and fewer shorter

duration bouts than either the Prod-Tone or Tone-Alone

Groups Ix2 (t¡=60.40, ¿(.001, and x2 (1)=80.36, p(.001,

respectivelyl" As we11, the Prod-Tone Group had a larger

number of long duratlon bouts and fewer short duration bouts

than the Tone-Alone Group Ix2(t¡=6.78, p("05].

Buryfng During Cond itioning. The third point on the

abscissa of the Lower Left Panel fn Figure I presents the

mean group frequencies of burying durlng condi tíoning and

shows that there are no group differences in burying
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FÍgure 3. Frequency distribution (depicted on a 1og scale)

of freezing bout lengths of: 0.1-5.0 secs;5.1-10.0 secs;

lO.l-25.5 secs; 25.6-51.1 secs; 51.2-102.3 secs; I02.4-204.7

secs; 204.8-511.9 secs1' 512.0-900.0 secs; for the prod-Tone,

Tone-A1one, Prod-Shock, and Notreatment Groups.
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frequencies. The Lower Middle panel of the figure

represents the duratlons of burying and suggests that the

Prod-shock, Prod'Tone, and Tone-Alone Groups buried for
longer duratlons than the Notreatment Group, with the prod-

shock Group evidencing the 1-onges t durations of burying "

The graphical impressions were not, however, confirmed

statistíca11yn sinilarly the graphical representation of

burying latencies 1n the Lower Left panel suggests that the

Prod-Tone and Prod-shock Groups had lower latencies to bury

than the Notreatloent and Tone-Alone Groups. However, these

iupressions lrere not statistically confirned by the ANovA.

The third poínt on the abscíssas of the upper and Lower

Panels Ín Figure 2 depict the conditioning day heíghts of

the piles on the prod and of the Iargest pile in the

charnber, respectively" I^ihile from the graph it appears as

though the Prod-shock and Prod-Tone Groups burled higher

piles than the Tone-Alone and Notreatment Groups, no

statistlcal differences r¡rere found"

Since no staÈistical group differences on any of the

buryÍng Ðeasures lrere f ound, it rrould appear as though the

presenÈ investigation failed to demonstrate reliable

conditioned buryíng. However, it should be noted that in

the standard buryÍng paradigm (pine1 & Trefr, l97B), only a

prod-shock and notreatnent control group are enployed. In

contrast, the anal-yses descríbed above were applied to four

groups, which recefved either prod-shock¡ ptod-tone, tone-
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a1one, or no stimulus presentations. In order to deÈermíne

whether or not the present ínvestigation replfcated Pinel

and Treit's ( 1978) ínitial demonstration of conditioned

burying, an analysÍs between the Prod'Shock and Notreatment

Groups alone vras applied to the presently measured variables

that are typically utilized Ín the burying paradigrn (Pine1 &

Treit, I978; L979; 1980); these are the durat.ions of

burying, and the heights of the piles on the prod. I.Ihen the

Prod-Shock and Notreatment Groups Írere compared on these

measures, significant group dÍfferences !rere found for both

of the variables, with the Prod-Shock Group buryíng for

longer durations and accumulating higher plles on the prod

than the NotreaÈEent Group IF( 1, l8)=5 "52, p(.05, and

F( 1 r 18)=6.I4, !.(.O25 ¡ Ìêspectively]. From the observatÍons

of the Prod-Shock and NotreatmenÈ Groups, lt is Èhus

apparenÈ that reliable condiÈioned burying (cf. Pinel &

Treit, L97 8) occurred following Èhe prod-shock pairíng.

Responding on the Test -ry.. The 1asÈ point on the

abscfssas of each of the panel-s in Figures 1 and 2 tepresent

l-evels of tes t day responding. A MAIIOVA was applied t o the

test day frequencies, durations, and latencies to bury and

freeze, as well as to the heights of piles measures. The

MANOVA revealed that there were no group differences when

conbining across variables. UnivariaÈe statistics showed

that no group differences existed for any of the lndividual

free zlng, burying, or helght of pile measures , thus
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suggestlng that the effects observed during conditioning may

have ext ingu ished "

Subjects that Buríed During Conditioning. While no

signifÍcant effects vrere found for the four groups on any of

the burying measures, an exanination of the individual

subject's data revealed some inportant patterns of

responding that were not described by the analyses. Table 2

presents the number of "lOjects that buried the prod on each

of the habituation, conditioning, and test days, âs well as

the number of subjects that buried on conditioning and test

days that had also buried on the last day of habituation. A

more complete description of the individual subjects that

evÍdenced burying of the prod can be found in Table 1 of

Appendix Bo As can be seen from the fírsË two data columns

of TabIe 2, with the exception of the Notreatment Group, Èhe

number of subjects that buried decreased over habituation

days. On the conditioning d"y, the number of subjects that

buried in the Prod-Tone, Tone-Alone, and Prod-Shock Groups

increased, while the number of subjects that buried in the

NoËreatment Group decreased. From a comParison of the

number of subjects that evÍdenced burying on the lasË day of

habituation in the area where the prod Ì{as to be placed,

with the number of subjects that buried the prod during

conditioning, it can be seen thaE: following a prod-tone

pairing, Èhere !Eas an 'lncrement of three sub jects (5-2=3)

that buried during conditioning, and which had not buried on
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Table 2. The number of subjects that buried in the area of

the prod during Habituation and on Conditioning and Test

Days. Bracketed flgures show the number of subjects on the

Conditioníng and Test Days thaÈ had also buried on the

second day of Habi tuation.

Group Day I Day 2
Condi t-
i on ing Test

P rod-
Tone

s (2) 6 (2)

Tone-
Al one

2 (0) 3 (0)

Prod-
Shock

5 (3) 7 (2)

Notreat- 2

ment
2 (2) 2 (2)
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the lasÈ day of habituation; following eiÈher the tone alone

or prod-shock present.ation, there lras an increment of z

subjects that buried; while no increment in the number of

subjects that buried occurred following the prod-tone

paÍring ln the Notreatment Group, Thus Ít appears that the

pairing of a prod with either a shock or an aversive tone,

or the pres entation of an avers ive tone alone , led to an

increase in the number of subjects that buried the prod,

v¡hi1e the presentatíon of an fnnocuous prod and tone did

not o

Given the varying numbers of subject s who burÍed in
each of the groups, it was felt that a Dean group score for
burying lneasurea would not adequatery refleet the magnitude

of burying observed fn each of the groups, since the scores

of the subjects that buried in each of the groups would be

averaged wíth dÍffering numbers of zero scores of the non

responders. rn the ANovA, the combÍnatÍon of high scores

wíth zeÍo scores would have reÊu1Èed in high levels of error
variance, resultfng 1n nonsignificant results. Accordingly,

an analysfs of only those subjects that buried sras applied

to the frequencies, durations, and latencies to bury r âs

well as to the heights of ptres measures c Nonparametric

statlstics nere used to assess Ëhe reliabilíty of betr¡een

group differences; Kruskall-Wa11is oneway analyses of

variance of ranks (c{="05) ntere used to test for overall
group differences, followed by Mann-Whltney tesÈs to
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determine where indfvidual group differences lay. The

individual contras ts compared Èhose groups that !rere exposed

to the prod (Prod-Tone and Prod-Shock) nrith those thar did

not experience the prod (Tone-Alone and NotreatEent) " As

we11, the Experimental Group (prod-Tone) was compared with

the Prod-Shock Group" Due Ëo the s¡na11 number of subjects

that buried in the Tone-Alone and Notreatment Groups, direct

comparisons with eiÈher one of these groups alone could not

be made.

During condiÈioning, group differences rrere found for

both the frequencies and durat ions of bury ing I fruskall-

Wa1lis E=8"41, ¡!f=3, g(.05, and H=7.52, df =3, p(.05,

respectfvely]. Mann-I.{hitney contrasts showed that the Prod-

Tone and Prod-Shock Groups buried more frequently and for

longer durations than the Tone-A1one and Notreatment Groups.

However, there lrere no differences in either the frequency

or duraÈion of buryfng between the Prod-Tone and Prod-Shock

Groups, As we11, there !¡ere no group dífferences ín the

l-atencies to bury" In contrast, the dffferences in heighÈs

of the pile6 on the prod approached sfgnÍficance IH=6.10,

df =3, p(.101 . Mann-I.Ihitney contrasts showed that while the

Prod-Tone and Prod-Shock Groups buried hÍgher piles on the

prod than the Tone-Alone and Notreatment Groups, there hrere

no differences in the heights of the pi1-es of the Prod-Tone

and Prod-Shock Groups.
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Fl gu re dep ict s the perf ormance of each of the

subjects that buríed in the Prod-Toneo prod-shocko Tone-

Alone, and Notreatment Groups, for the frequency (upper Left

Panel), duration (Upper Middle panel), and latency to bury

(Upper Right Panel), as well as rhe heights of rhe pile on

the prod (Lower Left Panel) and the larpçest pile in the

chamber (Lower Right Panel). From the upper Left and Middle

Paners , it appears that there is 1íttle variabili ty in the

frequencies and durations of burying for the prod-Tone Group

as compared to the Prod-shock, Tone-Alone, and Notreatment

Groups. rn addÍtion, the frequencies and durations are

generally lower for the Prod-Tone Group than for the prod-

shock and Tone-Alone Groups, suggesting that the effects of
pairing a prod with an avers ive tone are not simply a

conbination of the proces ses derived from pairing a prod

with shock, and of presentÍng an aversíve tone by itself.

From the upper Right Pane1, Ít appears that the presentatlon

of a prod r¡ith an aversive stimulus had sÍrnilar effects on

latencies to bury in the Prod-Tone and Prod-shock Groups as

compared to the latencies to bury of subjects rrho !rere not

exposed to the prod (Tone-Alone Group) or a prod paired with

an aversive stimulus (Notreatment Group).

The Lower Left Panel of Figure 4 depícts the heights of

the piles on the prod for each subject, and shows that

subjects in the Prod-Tone and Prod-shock Groups accumulated



48

Figure 4. Individual subjects' p"rformance from the prod-

Tone (P-T), Tone-Alone (T), prod-Shock (p-S), and

Notreatnent Groups (N) on Conditioning Day frequencies,

duratfons, and l.atencies to bury; heights of the pí1e on the

prod, and the largest pile in the chamber.
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piles on the prod, that were, for the most part, lower than

the Tone-A1one Group, and higher than the NoÈreatnent Group.

In conËrast, the range of the heights of the largest pile in

the chamber were simllar across groupso

Subjects That BurÍed on the Test Day" The fourth data

column of Table 2 d1 splays the number of sub je ct s that

buried the prod on the test day, and the portion of those

subjects who had buried on the last day of habituation. As

can be seen from the tab1e, more subjects in the Prod-Tone,

Prod-Shock, and Tone-Alone Groups buried the prod on the

test day than had on the last day of habituation" In

contrast, fewer subjects in the Notreatment Group buried the

prod on the test day as compared to the last day of

habituation. Furtherrnore, from â comparison of columns 3

and 4, it appears that more subjects ín the Prod-Tone, Prod-

Shock and Tone-A1one Groups buried the prod on the test day

as conpared to the conditionÍng session"

IJhile the nunbers of subject s who buried the prod

differed across groups, these differences !rere not reflected

in the rnagnitude of burying indices. Kruskall-lJa11is

analyses showed that there were no group dlfferences Ín the

frequencies , du rations, and l-atencies to bury, or the

heights of pi1es.

Figure 5 depicts the lndivfdual subjects'performance

on frequency (Upper Left Panel) , duration ( Upper Middle

Panel), and latency to bury (Upper Right Panel), as well as
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Figure 5" rndividual subjects' p"rformance in the prod-Tone

(P-T), Tone-Alone (T), Prod-Shock (p-S), and Notrearment

Groups (N) on Test Day frequencies, duratÍons, and latencies

to bury; heights of the pile on the prod and the largest

pile in the chamber"
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the heights of the piles on the prod (Lower Left Panel) and

of the largest pile ín the chamber (Lovrer Right Panel). As

can be seen from the figure, there is considerable overlap

between levels of performance of the subjects in each of the

four groups" Such overlap nay have accounted for the

failure to fínd significant group dlfferences on buryíng

indi ces.

Discussion

Empírícal Outcomes o Over days of habituation, indlces

of freezing lncreased while indices of burying decreased.

This finding 1s conslsÈent with previous reports of

habi tuatÍon perf ormance in buryÍng paradigrns showing

increases in freezlng and decreases in burying across

habituation (Moser & Tait, 1981; Note I). During

conditioning, the Prod-Shock Group buried for longer

durations and accumulated higher pí1-es on the prod than the

Notreatment Group, thus replÍcating the ínit ia1

demonstration of conditioned burying (tinel & Treit, 1978).

As we11, the Prod-Shock Group froze for longer durations

than the Notreat.ment Group" I,Ihí1e the observation of long

durations of freezíng is inconsistent with Pinel and Treit's

(I979) casual observation thaÈ 'only small auounts of

f reezing are obs erved' , Peacock and l,Iong ( 19 81 ) and Moser

and TaiÈ ( 1981; Note I ) have measured freezfng durations Ín

burying paradigns, anci have f oun<i then to exceed burying

durations. Thus the performance of the Prod-Shock Group is
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in agreement r¡ith previously

freezíng in burying paradigurs.

me a sur ed observations of

The freezing durations of the Notreatment Group during

conditíoning rrere shorter than the duratíons of freezing

obs erved in the Prod-shock, prod-Tone, and Tone-Alone

Groups. As we11, the Tone-Alone Group had a shorËer latency_

to freeze than the Not.reatment Group. Together, the

freezing latencies and duratíons suggest that primary

conditioned freezing was acquired in the Tone-A1one Group.

This finding 1s Ín agreement urith previous observations of

freezing and crouching fo11owíng the pairíng of an auditory

stirnulus with shock (Bindra & palfai, rg67; Nicholaichuk,

Quesnel, & TaÍt, 1982). Since it nas established that
prÍmary conditioned freezing occurred following the tone-

shock pairings presently enployed, it t¡as possible for the

tone stÍmu1us to support higher-order conditioning when the

tone was paired with a prod. During conditioning, the prod-

Tone Group froze for longer durations than the Notreatuent

Group. llhlle the average freezlng bouÈ duratfon was longer

in the Prod-Tone Group as compared to the Tone-A1one Group,

the total amount of time 6pent freezing rras sinilar Ín the

Prod-Tone and Tone-Al-one Groups. Together, these results

suggest that higher-order conditioned freezing may have been

acqufred to the prod Ln the Prod-Tone Group" However, when

the prod úras presented a1one, oD the tes t day, reliable

differences in freezfng durations of the prod-Tone, prod-
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Shock, Tone-A1one, and Notreatnent Groups, were not

observed. Because of the extÍnction in freezing, ft cannot

be determined whether the tone-e1ícted freezíne qras acquired

to the prod ítse1f during higher-order conditioning, or

whether the observed freezing was sÍnp1y e1ícited by the

tone itself. Further inves tigati.on would be neces sary to

deteruine if, in fact, freezíng was acquired to the prod

during conditioning o In order to do thÍs, it would be

necessary to prevent extinction from occurrÍng prior to the

presentation of the prod a1one. This could be accomplished

by: pairing a prod wíth Èhe aversive tone; irnmediately

removing the anlmal fron the experimenÈa1 environment to

prevent respondíng; and, t€s ting on the following day with

the prod a1one"

I^lhí1e lÈ cannot be unequÍvoca1ly determined that the

freezing observed in Ëhe Prod-Tone Group was acquired to the

prod, there was some indication, from the data, that higher-

order condÍtioned burying r.ras acqulred to the prod. FÍrst,

there was an increase in the number of subjects Ín the Prod-

Tone Group that buríed during condiÈioning as compared to

the last day of habituationo And second, of the subjects

that buried durlng conditioning, subjects Ín the Prod-Tone

and Prod-Shock Groups buried more frequently, for longer

durations, and accumul-ated higher pfles on the prod than the

Tone-Alone and NoÈreatment Groups" I^Ihile no reliable

differences trere found between the Prod-Tone and Prod-Shock
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Groups, the indivÍdua1 subjects' ð,ata suggested that for the

most part, the frequencíes and durations of burying were

smaller for the Prod-Tone Group than for either the Prod-

Shock or Tone-Alone Groups. However, there vlas less

variability in the frequencies and duratíons of burying in

the Prod-Tone Group Èhan for either of the other two groupso

In addition, rnore than twice as rnany subJects ln the Prod-

Tone Group buried the prod as compared to subjects in the

Tone-A1one Group. These results suggested that first,

higher-order condiÈioned burying did occur in the Prod-Tone

Group, and second, some unpredicted effects may have

occurred in the Tone-Alone Group. That Ís, nrhile no prod

was present during conditioning, ln the Tone-Alone Group,

two of the ten subjects engaged ln burying. Although it is

possible that this burying lras an artffact of habiÈuation

behaviour, Ëqro observatfons suggest thaÈ the burying of the

subjects in the Tone-Alone Group was not artifactual.

First, neither of the tno subjects had buried piles in the

chamber on the last day of habituation" And second,

observations of the areas ln which the piles were

accumulaÈed suggested that the burying qlas dlrected toward

the area ln which the speaker lras situated. Thus the

subjects that buried ln the Tone-Alone Group Day have been

attempting to bury the source of the aversive toneo

On the ÊesL day, no rel-lable group dtf f erences riere

found for any of the burying measures, thus suggesting that

the strength of buryLng indÍces decremented as a functíon of



57

the unreinforced presenÈaÈions of the tone during

conditioning and on the test day, One Ínteresting fÍnding'

however, was that there lras an increase in the number of

subjects fn the Prod-Shock, Prod-Tone, and Tone-A1one Groups

that buried on the test day as compared Ëo the number of

subjects that burÍed during conditionfng. This íncrease may

have occurred as a result of the extinction in freezing on

the test day" That is, during conditoning, some subjects

f.roze for almost. the entire session length, thus lirnitíng

the amount of tine that was aval1able for burying. 0n the

tesE day, these subjects froze for a shorter duration,

thereby fncreaslng the arnount of time that they could engage

in burying" Hence burying may have Íncreased as a function

of a reduction fn the compeÈing response of freezíng.

TheoretÍca1 Considerations" From the descriPtion of

the enpirical fÍndings presenËed above, it appears that

prfmary condltioning rendered the tone as a condÍtioned

elicitor of freezlng, and that higher-order conditÍonlng of

the prod and tone resulted Ín both freezing and burying.

These observations address theoret lcal accounts of

conditioning emphasizing both Èhe acquisftion of elicited

responses as rre1l as posÍtions ernphasizing the learning of

an associatfon, the index of which is determined by

environmental variables.

TheoreËlca1 posltlons emphas lzíng Èhe aequlsftlon of a

response during condltioning (Bo11es, L970; Guthrie, 1933;
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Hul1, 1943; Pavlov, 1927 ) focus on the response

e1ícitatfonal propertíes of unconditioned stinuli as

determinants of the índex of association. For pavlovian

theory (Pav1ov, r927), prinary conditioníng occurs urhen a

neutral stímu1us (cs) is presenËed ín tenporal contiguity
with a us that elicíts a reliable observable response (uR).

the response that is acquíred to the neutral stiurulus (cR)

is assumed to be in the same effector system as the uR.

sínílar processes occur in the higher-order conditioning of
a responseo rn the case of higher-order condÍtioning, the

priuary conditioned stinulus acts as a us, and supports the

conditionfng of a response that ís in the same effector
system as the cR, and therefore, that of the initial uR.

Hence, the response that is inítially condítioned chains

through to the hlgher-order condÍtioned stirnulus. Given

these notions, Pavlovian theory would expect thaÈ in the

present study, the response that is elicited by the shock us

would be acqufred to Èhe Ëone cs. Generally, two types of
unconditloned responses to grid shock have been documented:

act ive respons es such as junpíng, running r or prancÍng
(Kinble, 1955; Trabasso & Thompson, Lg62) ì and passive, or

immobility .responses such as standÍng, crouching, or

freezing (¡tanchard & B1anchard, l969; Blanchard, Diel¡nan &

Blanchard, r968). From a description of the studies in
which these responses have been observed, ft appears that
active responaes occur shortly after shock onset (Kimbl_e,
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1955) and thaÈ lmmobilíty occurs shortly following shock

offset, and is the predominant response for at least one

half hour following shock ( Blanchard, Dielman & Blanchard,

1968)" I^Iithin a Pavlovian f ramework, each of t.hese

responses could be classified as fractional components of

the UR, and each could be conditioned to a neuËra1 stimulus

(Hí1gard & Marquis, 1940). In the present investigation,

junping hTas not observed upon the presentation of a tone

Ëhat had prevíously been paired with shock. Rather, the

predominant response following the presentation of the tone

CS was freezÍng. Hence, in accord with Pavlovían theory, a

fractional component of the response to shock (i.e.,

freezíng) was conditioned to the tone stimulus" Given the

prÍnary conditioned response of fteezing, Pavlovian theory

would expect the freezing response to chain through and be

acquired to a higher-order condiÈioned stimulus. Thus Ëhe

present observation of freezing during higher-order

conditionÍng is consfstent with Pavlovian theory. However,

in addition to freezing, buryÍng was also observed to occur

upon the prod-tone presentation. Since burying Þras not an

unconditioned response to grid shock during the primary

conditíoned pairings of tone and shock, burying would not be

expected to be elfcited by the tone upon fts presentation

with the prod. Thus, while Pavlovian theory would have

predicted Èhe observed acquisiËíon of freezing ln both

prlnary and hfgher-order condítioníng, 1t cannot account for

the observation of burying during higher-order conditÍoning.
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Like Pavl-ovian rheory, Bol1es' ( 1970) SSDR rheory

focuses on the acquisition of a response to stimuli paired

with aversive events " According to Bo1les ( t970) r âD

aversfve evenÈ elicits all of the SSDRs ín an organisu's

repertoire" Those responses that fail to prevent further

aversive sÈínulation are punished, and so decrease in

frequency; the response that succeeds in preventing further

contact with the aversive event remains in the animal's

repertoire, and occurs as the response that fs conditioned

when a neutral stinulus is paired with the aversive eventn

In the pres ent s tudy, sho ck was de l-ive red eve ry f ive

minutes" Since shock has been shown to elicit freezíng

which lasts for up to one half-hour (Blanchard, Dielman, &

Blanchard, 1968), ft fs like1y that subjects trere freezing

at the onset of each shock presentation foll-owing the first

trial, Accordingly, freezing would have been punished, and

It would be expected to decrease in frequency and duration.

In contrast to expectations derived frou SSDR theory

(Bo11es, 1970), the present investÍgation documented

increases ln freezing following tone-shock presentations.

However, since Bo11es' initial derivatfon of SSDR theory, he

has suggested that shock-el-icited freezlng may be a

respondent which is unmodiflable by ins trunental

contingencies (Bo11es & Rtleyl 1973). lf this is true, then

the punishment process would not be expecÈed Ëo decrease

freezing behaviours, and thus freezing urould be conditÍoned
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to Èhe tone. It should be noted that Bo11es and Riley's
(1973 ) observatíon that free zíng ls an unmodifíab1e

respondent lies ín contradíction to SSDR theory. For the

ssDR conditioning process res ts on the premise that ssDRs

are nodifiable through punishment. rt is possible that

freezing is a unique defensíve response, in that freezíng

behavÍours have no consequence on the environment of the

organism. In contrast, fleeÍng, fíghting, and burying

dírectly impact on either the threat source itself or the

environment Ín whích the threat occurredo rt may therefore

be the case that SSDRs other than freezíng both nodify and

are nodified by environmental variables, whí1e freezing

cannot o Accordlngly, it is possible that SSDRs other than

freezing are nodifiable by punishment. In order to be

tenable, Bolles' ( 1970) SSDR theory would require such a

demons tration"

Because Bo1les' ( 1970) SSDR theory hras formulated prior

to Pinel and Treft's (1978) identification of burying as a

defensive response, buryfng was not included in Bo11es' l-ist

of the rat's defenslve repertoire. However, SSDR theory

could be adapted to account for the observed burying in the

present study. The Prod-Shock Group first received eight

tone-shock pairings Ln one envfronment, and were

subsequently exposed to a single prod-shock palring ln a

different environment. sínce the contexts in which subjects

received the tlro types of pairÍngs were different, the
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punishment processes that occurred during tone-shock

presentatlons would not be expected to greatly Ínfluence the

behavlours that nere e1ícited by the shock during the prod-

shock pairing (cf" Bo11es, I970). For the Prod-Shock Group,

only a slngle shock was delive red in the pres ence of the

prod " Therefore, all of the defens ive respons es in the

animal's repertoire would have been expected to occur.

Because no further aversive sËimu1aËion hras presented, none

of the responses would have been punished, and all v¡ou1d

have been expected to persist. Since the opportunity to

flee the experÍnental environment lras physÍca11y prevenËed,

freezing and burying would be expected to be the dorninant

defensive responses 1n the Prod-Shock Group. Likewise, Iot
the Prod-Tone Group, no burying materials were available

during prirnary conditioning of the tone and grid shock.

Hence, the response of burying eras prevented from occurring

and could not have been punished " During hÍgher-order

conditioning, the aversive tone trould be expecÈed to elicit

all of the defensive responses in the animal's repertoire

thaÈ lrere not prevÍously puníshed, one of which, would be

burying " Hence if Bol1es accep ts that burying is a

defens ive response, buryÍng would be expected to occur

followfng the presentatfon of the aversive tone in both the

Prod-Tone and Tone-Alone Groups. While burying rùas observed

ln both these groups, subsËantial1y hígher levels of burying

rsere found in the Prod-Tone Group" Since punishment was not
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adninistered in the Tone-Alone Group during the tone

presentatíon, the mechanisms of SSDR theory cannot account

for the elevated levels of burying in the Prod-Tone Group as

compared to the Tone-Alone Group" Because the only

difference in manipulations applied to the Prod-Tone and

Tone-Alone Groups lras the presentatíon of the prod, some

mechanism focusing on Ëhe elicitational properties of the

prod r.rould be required to account for the observed

differences in outcomeo

An alternative to theories that emphasize the US as the

determínant of conditioned response topography, are theories

nrhich foeus on the response e1ícitlng characterfstÍcs of

conditioned stfnulí (BIanchard, Fukanaga & Blanchard, 197 6a;

7976b; Ho1land, L977; Rescorla, 1980). According to Holland

(1977), conditíoned stinuli elÍcit orienting responses which

are subsequently augmented duríng conditionlng " In his

study, Holland (I977) observed the orienting response to a

tone stimulus, and found that head jerks, or a startle

response, occurred im¡rediately following tone presentations.

Accordíng1y, HolLand would expect the conditioning of a

startle response to a tone paired wiÈh shock. In the

present study, freez|ng was observed to occur to the tone in

the Tone-Alone Group. One of the def ining charact eris tics

of freezing 1s the abruptness of onset. Essentially, the

abrupË onEeË of freezlng occurs as a startle response, or a

head jerk, which Ls then followed by muscular rigidity.
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Thus ft fs possíb1e Ëhat the condítÍoned response to the

tone paired çrith shock lras símply an enhancement of the

startle response which Holland (L977) described. Síni1ar1y,

sÍnce a prod has been shown to elicit burying (t"tcXim & Lett,

1979), Holland rrould expect Ëhe higher-order conditioning of

buryíng to a prod stíuu1us paired with an aversive tone.

Consistent with expectations derived fron Holland (1977),

burying !ras found to be acquired to the prod ín the prod-

Tone Group. However, Holland's posftion cannot explain the

finding that substantially higher 1eve1s of freezing than

burying were observed in the Prod-Tone and prod-Shock

Groups. Moser and Tait (Hote I ) found that the presentaÈíon

of a prod alone díd not enhance freezíng l-eve1s above an

habituation baseline " If, as Holland argues, the

conditioning process is an enhancemenË of the oríenting

response to conditioned stimuli, then one would expect the

Prod-Shock and Prod-Tone Groups to engage in burying, which

has been shown to be elicited by a prod (ltctcin & LerÈ,

1979), but not freezíng. The present observations of high

levels of freezing in the Prod-Tone and Prod-Shock Groups is

thus unpredicted by theoretfcal posftÍons euphasizing

conditloned stfmulus characteristfcs as the sole

determinants of response topography"

Another theoreÈfca1 franework tha

of stirnlus determfnants of response

contribute to an unders tanding of

t addres ses

form, and

the da ta

the issue

r¡h i ch may

, is an
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ethological analysis of burying (Moser & Tait, Note 1; Pinel

& Treit, 1978). Moser and Tait (Note 1 ) ProPosed that

burying may occur as an expression of the Tat's prinary

defensive response of burrowing. According to Edmunds

(I974), prinary defensíve responses serve to decrease the

probability of encountering a threat source, while secondary

defensive responses occur v¡hen the threat source is

encountered. In the present study r ptÍurary def ensive

responses would be expected to be elicited by predíctive

cues, in order to decrease the probabí1ity of encountering

the threat source which the cues predict. In contrast 
'

secondary defensive responses would be expected to be

elicited by the threat source itself, in thís case, the

shock. Applying this analysis to the present body of data,

for subjects in the Prod-Shock Group, burying the prod l¡ou1d

cover the shock source, and thus serve as an effecÈíve

response ln prevenÈing encounter wlth the shock. Hence the

observation of hígh leveIs of burying in the Prod-Shock

Group is consistent with the ethol-ogical analysis proposed

above. In contrast, in the Tone-A1one Group, the threat

6ource (i.e", the speaker) !ras sÍtuated high in the chamber,

out of the subjects' reach" Pushing sawdust in the

dfrection of the speaker urould not readily cover and remove

the threaÈ 6ource c Accordingly, burying would be exPected

to be a low probabflíty behaviour. And, in facÈ, onl-y two

of the ten subjects fn the Tone-Alone Group buried in Èhe
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area of the speakero For subjects in the Prod-Tone Group,

the prod predicted aversive events, both the tone and shock"

If the prod did, fn fact ¡ predict shock lndirectly, then

burying the prod could have served. to prevent contact with

the threat which it predicted " Accordingly, subjects Ín the

Prod-Tone Group engaged in burying,

One observation which cannot be accounted for by an

ethological analysis alone ís the fÍnding of high 1eve1s of

freezing in both the Prod-Tone and Tone-Alone Groups" For

thes e Groups, the shock nas not delivered during the

condÍtfoníng session. Since the threat source ítself was

not present, secondary defensive responding such as freezíng

would not be expected to occur. However, long durations of

freezír'g were observed fn both these groups. The most

parsimonious explanation for the observation of freezing fn

these groups r¡ou1d be to invoke the mechanisms of

conditionlng. That is, shock evoked freezlng, a response

whfch was subsequently conditioned to the predictive cues

both fn prinary and higher-order conditionÍng. Thus it

would appear that an interaction of ethological and

conditlonfng processes functioned to determine the present

observatfon of both buryfng and freezÍng. The ru1 e s

governing the fnteractlon as yet remain unkown. It uay be

the case that secondary defensive responses are readíly

conditioned to environmental stimuli, and subsequently

function as primary defensive responseso In the present
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insÈance, the response of freezír.g Íras conditioned to the

tone during primary conditioning, and then occurred as an

acquÍred primary defensive response during higher-order

condi tioning, even in the abs ence of the threat s ource

itself (i.e", the shock). AlternaËivel-y, the conditioning

of responses may occur as an enËire1y separate process,

irrespectÍve of the defensive response elicitational

propertles of threat stínu1i" In such a case, the observed

behaviour will typically reference the doninant process o

The critical theoretical question, then, is what determines

the douinance of processes"

In conclusion, the present results suggest that in the

buryíng paradigrn presently enployed r Do one mechanísm by

itself can account for the observed topographies of

responding " PavlovlÍan theory could accounË for the

acquisition of conditioned freezing, but noË for the

obs ervation of burying; SSDR theory could account for the

observations of both freezing and burying, but not for Ëhe

differential acquísition of buryíng 1n the Prod-Tone and

Tone-Alone Groups; and finally, pos itions which focu sed on

the characterístfcs of conditioned stinulÍ, and the

ethological background of the organism Ín deterurining

response topography, could account for the acquisition of

freezing fn the Tone-A1one Group and burying in the Prod-

Tone Group, buË not for Èhe observaÈíon of freezing fn the

Prod-Tone Group. Instead, complete understanding of the
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data can only be derived from a combination of conditioning

Dechanisms together with an ethological analysis that

incorporates a response elicitational model of both

conditioned and uncondítioned stimulí.
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Appeadix A

TABLES OF ANOVA,S FOR HABITUATION, CONDITIONING,
AND TEST DA,YS
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Table 1. AN0VA's of Habítuation DaÈa.

Dependent Mean Sq.
Varfable Sources of Variance df Error

Freezfng- Days I 68872 "70 2I.83****
duration Days x Group 3 2382.7 O 0 "7 6Error 36 3 154,69

Freez ing- Day s
1a t ency Days x Group

Error

Burying- Days I I 267 5 "6I 17 "5 5****
frequency Days x Group 3 724"94 1.00

Error 36 722.II

Freez Íng- Dayò
frequency Days x Group

Error

I 16102.91 54"55****
3 93"94 0.32

36 29s "19

3408 .66 4.36**
567 "42 0.73
781"65

1 30666"19 L4.59****
3 I 4L4.98 0.67

36 2103"19

1 592342"96 16.50****
3 62253.17 1.7 6

36 35286 "97

I
3

36

Burying-
duration

Bu ry ing-
latency

Pile on
p rod

Largest
pile

Day s
Days x Group
Error

Day s
Days x Group
Error

Day s
Days x Group
Error

Day s
Days x Group
Error

1

3
36

I
3

36

10.5I 7.80***
2.91 2"16
1"35

45"75 12o67xx*
r " 04 0 "29
3.61

*p(.10, **p(.05, ***p<.01, ****p(.001
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Table 2 " AN0VA' s of Condi t ioning Data.

Dependent Sources Mean Sq.
Variable of Variance df Error F

Freezing-
f reque ncy

Freez ing-
duration

Freez ing-
1a t ency

Bu ry ing-
f requency

Bu ry ing-
duration

Buryíng-
la t ency

Pile-
on Prod

Largest
Pile

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

3
36

800.29 0"65
r224 "44

3 2397 62 "26 4 "69****
36

3
36

3
36

3
36

5 tr2r "23

4 "97 2 .43*
2 "O4

1670"09 r"90
877 "s7

6926 "30 I .8 7

3694 "29

3 6373t"92 0.50
36 127 449.86

3
36

3
36

8.07
4"89

8 "67
8"12

1.65

I " 07

*p(" 10, **p(,05, ***p<"0f, ****p<.00I
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Table 3" ANOVA's of Test Day Data.

Dep ende nt Sources Mean Sq.
ErrorVariable of Variance df

Freez ing-
f req ue ncy

Freez ing-
duratfon

Freezing-
latency

Bu ry i ng-
f reque ncy

Burying-
duraÈlon

Bu ry Íng-
la t ency

Pile-
on Prod

Largest
Pile

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

Groups
Error

3
36

3
36

3
36

3
36

3
36

3
36

3
36

1006"56 1"38
7 27 .50

26569 "1215582.68

3 86995"60 0.69
36 125917 "32

1.71

rl9 4 .49 2 .5 5*
467.97

1159"37 t.26
918.86

4581.45 1.30
35r2 "7 9

8"62 2.59*
3 "34

9.4r 0"99
9 "49

*p(.I0, **p(.05, ***P<.01, ***:tp('001
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Appendix B

SUBJECTS THAT BURIED THE PROD
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TabIe 1. Subjects that Buried
Habituation, Conditioning, and

the Prod During
Tes t Days.

Group Day I Day 2
Condition-
i oning Test

I
2

Prod-
Tone

3
4

6
7

2
3
4

6
7

l0

6

8
9

10l0

Tone-
Al one

5

7

8

10 10

Prod-
Shock

I
2

4
5
6
7

I
9

10

4

6
7

I
2

4

6

t
2
3

5
6

B

l010t0

No-
t reåtment

l0 t0 l0


