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ABSTIRACT

APPROACH LiaauIldG AL EXTINCIION
AS A FUNCTIOHN OF AVOIDING
PiopaTORY ATIACKS

by Joseph “eldon Jennings, Jr.

Thie thesis presents a medel fer appreach learning
end extinctien 1in prey erganisms as a funotien of repeated
predatory attacks, a methed for testing the medel, and data
that bear em the nedel.

The learning medel invelved the assusption that the
basie task eonfronting the prey erganisa is te learn to
approach a region of the envirenment to obtain needed rein-
forsement (water) and Shem flee this sams region to aveid
the direct physical attack of an approeaching predator. The
responae of appyeaching the geal, it was argued, is oondi-
tiemed te the stimuli sccompanying the emetional responses
of feaxr and frustratien.

Poar is elicited Dy the operation of the predater,
After & sufficient number of approaches to the geal regien,
fear-produced stimmli serve a8 partial discriminative
otimull eliciting the appreach responsa,

Prustration is elicited by the termination of pesitive
reinfercenent neescssitated by the prey leaving the seurce
of reinferosment in erder te avoid the predator'’s attack, As
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with fear, after a sufficient number of approiches to the
goal region, frustration-produced stimuli serve as partial
diseriminative stimuli elieciting the approach response,

Two hypotheses were derived, Both conoerned resistance
to c;tincticn of the approach response., <The first hypothesis
predicted that prey without prior experience in approaching
the reinforced region under threat of predatory attack would
show less resistance to extinction than had they had such
prior experience., The second hypothesis predicted that prey
allowed leas time in the goal region (3 secondes) prior
to the onset of predatory attack would show more resistance
to extinction of the approach response compared to0 prey
having more time in the goal region (11 seconds) prior
to predatory attack., Both hypotheses were supported by the
results,

The apparatus used in tue three experiments involved
a safe dbox in which the prey (female, hooded rat) was safe
from any attack, This safe box was connected with the goal
region by & 3 foot enclosed alley. The goal region was
actually a three foot continuation of the alley with water
available just within the region. At the farthest end of
the goal region was the predator, The predator was a 4 inch
eluminum disc carrying 11,000 volt, .001 ampere charge on
ite surface, The electrical charge was produced by an

automobile ignition coil., Thia mechanicual predator was
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propelled the length of the goal region and alley in pursuit
of the prey. If the prey allowed the mechanical predator
within 1/8 inch of itself it received a shock. The prey
would corntinue to be shocked until it moved faster than the
predator on the way towards the safe bbx.

Each sudbjeot (prey) was run individually once a day
for ten minutes, luring a session, various measures of the
subject's behavior were taken, These measures included:
Kumber of traversals between the safe box and the goal
regiony the time spent 4in the safe box, alley and goal
region during a sessionj the number of shocks received; and
amount of water oconsumed.

Suggestions were made for the extension of this work
to further laboratory analysis of prey-predator situations
and to field work in this area,
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INTRODUCTION

r
This research deals with possible acjuired changes in

the bdehavior of prey orgunisms urder repeuated exposura to
attack by a predator. A body of literature existas on the
-nbjobt of prey reactions to predators but it hqa'littlo
relationship to acquired changes, particularly under con-
trolled ecnditions, There is & lack of data for several
rcasonl.‘ One is that moat ebservations which have any
bearing on the topic have boch made in the field, that is,
under relatively uncontrolled conditions (Seton, 135353
Hodigor. 195031K1ton, 1353). Also, these studies have often
1nvolvod'apocioa-apocific response patterns (Simons, 14Y3H;
Melzach, 1961;'Bindo. 19613 Curti, 1935). Further,'iu marny
of these studies the pasf history of the org:rism was
unknown and cou1§ nos se contrclled (Griffith, 15c03 Kichard-
son, 19423 Joslin, 1964), what is wanted is a situstion in
vhich 1) the environmentsl and sequential uspects of the
situation afo known &nd controlluable; 2) the sume animal

onn bi obanrv;d fep.atedly.

Jince the nek& ztﬁb control is paramount, an apparztus
was developed that was assunsd to be =n anologue of =
situation in which a predutor could confront a prey. The
pilot épparatus as first developed involved, 83 does the

final apraratus, three operatiorally distinct areas. Tuhese

1






were 1) the "safe box", analogous to the prey's lair, which
consisted of a 5" x 12" high dbox. The prey (hooded rat)
hzd easy exit and entrunce to this "safe box" via a 3" hole
near the floor. <2) This hole led directly into 2 6 foot long
alley 4" wide and 12" high (the "unsafe region"). 3) In
the middle of the alley (3 ft, from either end) there wus
a dish oontaining approximately one ounce of water (the gozl
region), Thus the rat had to traverse three feet of zlley
to re:ch the gosl region, A% the farthest point from the
"safe box", there was a 33" hollow steel sphere carryirg a
high tensioan (10,000 volts), very low azmperage chnrge on its
surface. This sphere was suspended by an srm from a movable
platférn ouiside the alley which oould be propelled the
length of the alley up to 4 inch of the "safe box" door. This
sphere, its high tension charge, and its movement were
zsgymed to be a mechanical analogue of a predxtor,.

fhis epparatus defines the task for the wuter deprived
rat, which was to learn to obtain water by moving from the
"gafe box" to the water dish and at the same time elude the
mechanical predator. After a brief delay following 8's entry
into the goal, thé mechanical predater begins to move down the
8lley. If the rat fails to return to the "sufe box" in suff-
ioient time and allows the mechanical predator to come 1/8
inch it receives & punishing shock., It then continues to

be pursued and possibly shocked until it reenters the






*safe box",

One might justifiably ask why the presentation of
apparatus details at this point, It 1s necessary for the
reader to appreciate these Getalls in order to understand
the nature of the prodblem. The pilot work demonétrated that
rate learned to cope with the)conditiona imposed by the
apparatus as evidenced by an increasntal increase in response
rate (traversals between the "gafe box" and the goal) while
at the same tims svittly.tchieving an active avoidance of ths
mechanical predator at a probability in exceas of 48,

After an asymptotic response rate was achieved, the
primary reinforcement (water) wus removed in order to observe
the rate of extinction, 7This was done for mors than
ouriosity's sake, There was reason to believe that the
enimal might show greater resistance to extinction thon e
group of animals which hnd e ual access to the wafer dbut
had no$ learned to cope with the predator. Pilot work
suggested that this was a valid expectation under the

conditicna imposed by the apparatus,

Irystration. The role of frustration and frustration pro-
duced stimuli in resistarce to extinction will be considered
first. Under the conditions imposed by the apparatus, frus-

tration is present during dboth acguisition and extinction.






Durirg the acquisition the rat must leave thLe goal
to escare or avoid the mechinical predator. Leaving the
£0al region results in the termination or withdrawal of rein-
foroement, Perster (19557, 1358) found that stimuli signaling
*time out" from positive reinforcement acquire aversive
properties, le also showed that the withdrawal of a positive
conditioned reinforcer had the functional properties of a
negative reinforcer, 1.0., suppressing the rate of respord-
ing. Therefore, the rat is assumed to be frustrated each time
it must leave the goal at the approach of the mechanical
predator,

On each trial, then, the rat will respond by being
frustrated, Ve might, therefore, expect that stimuli of
the goal region will becoame cues capable of eliciting frus-
tration response in the rat as it approaches the goal., Thus,
after repeated trials, the rat maydevelop a conditioned
anticipatory frustrations responses to the approaching
goal cues, But, through repeatcd approach responding, the
stimuli produced dy the anticipatory frustration responne
should decome partial éiscriminative stimuli for the goal
approach response, In other words, at least late in acjuisi-
tion trairirg, the stimuli generated by anticipatory frustra-
tion will become cues eliciting continued approach to the gosal,

Therefore, when primsry reinforcement is discontinued

in extinction, rats which have learned to approach the goal



in response to frustraticn produced cues will be morxe
resistant to extinction than to rats whieh have not been
frustrated in their attempts to obtain water.

Another way to say all this is as foilowst Jlonreinforce-
aent of the spproach response during extimction elicits
frustration response, but, if frustration-produced stimuli
have alresady become conditioned elicitors of the approach
resporee, then the frustration engendered by nonreinforcement
13 less effective in eliciting responses incompatidble with
ocontinued approach, In other words, because frustration
produced interral stimuli ocecur in both acquisition and
extinetion, the two conditions are less discriminable to the
rat than had it not experienced frustration during acquisi-
tion.

Such arguments as the preceding have been put forward
by imsel (1558, 196:2) end Spence (1360) to explain how
partial reinforcement produces result in an increased resis-
tance to extinction in instrumentsl reward situations., These
workeras have pointed out that the intensity of frustration
elicited by noareinforcement should irncrease gradually during
acguisition 28 anticipatory reward increases, Under such
conditions, L3 are less likely to show a passive avoidance
respouse to alley and goal cues during extirction compared to
S8 which bhave not had such tr:ining. ITherefore, the termine

ation of reinforcement whieh results as the aniwmal avoids






the mechauical predator is viewed as having the sume effect
as parfial reinforcement, Thit is, the intenszity of frus-
tration elicited by withdrawal of reinforcement should increase
gradually during acquisition as snticipatory reward increases,
Assuning that chaining back also ocours, then 8 will be
trained such that anticipatory frustration will elicit
responses which are compatible with the instrumental rese
ponse. Thus, the iunternal emotional response of fruetration
elicited during extinotion should result imn greuter resis-
tance to extinction than would be seen in animals not
originally trained to approach while at the same time being

frustrated,

Jear., The mechanical predator represents a source of punighe
ment if not suceessfully eluded., Therefore, any persistent
responding on the part of the rat during extinetion appears
to be masochistic, as its behavior would seem $0 court
disaster, S:ndler (1964) has reviewed the prodlem of mico-
chisa and@ notes an unpublisched ebservation by Mowrer (1950).
A rat was trained to run an alley to escape an electrified
alleys after Sraining, the shook was administered only in a
small area just prior $o the escape dox., The results
indicated that keeping thio small region eleotrified resulted
in incr-ased resistance to extinetion even though the ret
could have passively avoided any further shoock by not
running the alley. Owinn (1943) found thap rats trained
like Mowrer®'s would run the alley faster and display greater






resistance to extinction than control rata that were not
shocked during extinction.

Brown, Martin and HMorrow (1464) were able to accentuute
the effects reported by Mowrer and Gwinn. In two experi-
ments, rats were trained to easacape shocks in a starting box
and 8lley by running down the alley into an uncharged go:l
box. During extinction, shock was no longer administered in
the start box, but some groups received shock im part or
all of the alley, Control rats were not shocked during
extinction. In the first experiment attempted, the control
and experimental groups performed alike, that is the experi-
mental aninmals were nol more resistent to extinction for
being shocked during extinction, In the second experiment
they changod the procedure so that the magnitude of extinction-
shock and the number of escape trials were reduced, This
was dore to make the trinsition from acquisition to extinction
less discriminable, Under these cornditions the animuls
shocked during extinction toox longer to extinguish than non-
shocked control animals,

Azrin and Holz (Azrin, 19595, 19603 Azrin and Holz,

19613 ilolz and Azrin, 1961) did a series of studies which

have even greater significance for the present research.

fheir procedure was such that a positively reinforced response
engendered punishment, The method involved the pigeon's

pecking response in a key peck Skinner box, ifter the birds






responding waug shayed and food reinforced on varicus sche-
dules, shock cf varying intensities and durations was
administered as a second and additional contingency to key
pecking, The data from Azrin (156C) indicates that pigeons
will deliver shocks to themselves several hundred times to
receive intermittent food rewariés, Although several varia-
tiona coubine to produce this behavior, the results can be
irnterpreted as indicating that shock under these conditicrs
does little to irnterfere with typical intermittently re n-
forced rezponéing.

Bolz and Azrin (1361) report stronger evidence that
plgeons may increase their response rates as a function of
punishmer.t alone, The subjects were run under two daily
conditions, In one, the response contingency was a VI food
reinforcenent and CEF ghock., The second involved extinction
without the reinforcement-shock contingency.

Assume that punishment or cues associzted with punish-~
ment elicit an internal resyonse, The 1sbel for thls
internal respouse will be "fear®", The internal responase of
fear i3 assumed to be involved in increased resistance to
extinction of the approach responze by the prey orgnnism for
the s:me r2asons as were true for frustration. Namely,

1.) During acquisition, fear produced stimuli become con-
dltioned elicitora for the approach rosponse,

2.) TFear exists in both the acquisition and extinction






conditions, as do ita atterdent stimuli.

3.) Because of the presence of fear produced stimuli in
both acquisition and extinction conditions, the two
cor.dltions ere less discriminable for the prey anizmal
than for an animal which Las not experienced fear during

acquisition.

Fear and Frustration Compared. A study by Brown and wWagner
(1964) providos4auppor§ for the functional similarity of
"fear® and frustration. Three groups of rats were trained
in.n simple runQay. During acquisition; Group 1 was exposed
t0 nonreinforcement on a 50% reward schedule. Group 2 was
exposed to gradually increasing purishment along with con-
sistent food reward. Group 3 was never punished or non-
rﬁinforced. Half of each group was then tested for the
decremental effects of either consistent nonreinforcement or
consistent punishment. Group 1 and 2 Ss were more resistant
than Group 3 83 not only to the decremental variable which
they had been trained on, i.e., punishment or nonreinforcenment,
but also to the alternate test variable. These results wers
interpreted in support of a commonality between the emotional
consequences of punishment and nonreinforcement. The results
showed that regponding for food and shock was greater than
for neither. Hoie importantly, the behavior was maintained
even when the food reinforcement was withdrawn from the

first condition. In fact, delivering shock alone during the
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second or extinction condition resulted in an increased rate
of responding.

To quote Hols and Asrin (1961), "These experimenta
demonstrate that a relatively severe punishment can increase
responding...This procedure of selectively pairing a
stimulus with a reinforcer is the usual procedure for eatab-
lishing a discrimination. This discriminative property that
the punishment acquired produced the apparent anomaly,
Indood,'tho discriminative property came to exert an even
groater effect on responding than did the aversive property.”
(p. 231)

A quote from Brown and kagner (1364) serves to clarify
the common effects of "fear" and frustration on resistance
%0 extinctions "If there is more than a conceptual eimil-
arity between the emotional responses of fear and antici-
patory frustration, it would be reasonable to expect some
degree of transfer of behaviors learned in the presence of
one to occasions when the other is aroused. Thus it might
be expected that Ss which bhave learned to approach in the
presence of anticipatory frustration would also persist in
approaching in the presence of fear. Iikewise S8 trained
to approach in the presence of fear might be expected to
ocontinue to approach in the presence of anticipatory frus-
tration. In this context, the present findirgs of a partial

transfer between the learned resistances to punishment and
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extinction would argue for a8 degree of commonality between
the two emotional responses.® {(p. 507)

The reasons for & "partial transfer" rather than a
complete transfer observed by Brown and Wagner can be
clarified by Carlsmith's (1961, reviewed by Church 1963)
study., Carlsmith found that the mean number of trials to
a criterion of extinction was uninfluenced by the conditions
of punishrnent (shock or loud scund) but there was a large and
significant interaction. If the same aversive stimulus was
used as a punighment that was used as a UCS for avoidance
training, resistance to extinction was much greater than 1f
the other aversive stimulus was used as punieshment. This
was interpreted as supporting a discrimiration hypothesis.
Thus facilitation may occur in cases of punishment of negative
instrumental acte because of a reinstatement of spescific
stimull present earlier in training.

Therefore, we may view the effects of the type of
situation proposed for study as involving the simultaneous
conditioning of the internal responses of fear and frustra-
tion, Both internal resvonses appear to work in concert to
faclilitate resistance to extinction since the animal has
been trained such that the anticipatory resnonses of fear
and frustration elicit responses compatable to continued
approach to the gnal. Also, since the anticipatory responses

should be developing a pace under the same evternal stimulus
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conditions, anticipatory responses of fear and frustration
ghould be elicited by the same external stimuli.

Thus the situstion confronting the rat or other animal
can be viewed as involving fear and frustration as internsl
respounces., After sufficient experience stimuli concomitent
vwith these responses came to elicit responses compatadble with
approach to the goal region, Therefore, resistance to
extirction, should be greater in animals which have had the
experience of learning to cope with the repeated attacks of
a predator compared to those which have not had to learn to

core with a predator.

Fredator. 7o say that the prey must learn to ccpe with

the precdator, is to msay that the prey leurns to deal effect-
ively with the actions of the predator. The predaior's
acticn towards the prey is labelled "threat".

The predatcr can be conceived ¢f as representing two
types of threat to the prey. Onre i3 potential, the cther
actual, Jdnat is, the animal can behave differentiaily
dependlng upon behavior of the predaitor. The aniwal amust move
towards the mechanical predntor ot obtain reilnforccuents. It
i8 therofore exposing itself to potential threat. L1he
potential aspect refers to the fact thut tue meclionical
predator 1s not waitiayg bevlide the water source to spring
instantly upon the rat, It is at a distance Zroua tue rat

and begins to approach the rat only after the rat has arrived
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at the water source. Once the mechanical predator is in
motion the threat 1s termed "actual" rather than potential.

The above view of the dual mode of predator action
finds suppert in Keehn's (1953) work. Keehn's study imvolved
an avoidance situation (rats were held in an elecirifiable
activity wheel) where interval responses sarved to postpone
the onget of the next ¥rial. Animals vere trained with and
without a warning signal. Those animals whioch received the
warning signal were free to postpone the onset of the signal
as well as the shock. What Keehn found was that the animals
supplied with a warning eignal behaved so as to postpone the
shook dbut not the warning signal, He argued that the signal
was not a secondary negative elicitor. Rather, the signal
had the properties of a disoriminative stimulus because 1t
marked the time in which the appropriate avoidance response
would be reinforced.

Xeehn's work resembles Sidman and Boren's (1357) although
S8idman and Boren's was not as well controlled. They gave
their animals considerable avoidance training before the
signal was introduced. 8Siduan and Boren interpreted their
results much as Xeehn did by suggesting that the discriminated
avoidance situation may be considered a multiple schedule in
which one avoidance contingency prevails in the presence of
the warning stimulus and another in its absence. Thus in
the situation where a specific stimuluas precedes a noxious

event, such as the sights and scunds of thse mechanical






14

predator as it ceases to be & potential threat and becomes
an actual threat to the rat, this stimulus comes to dis-
tinguich between ccceasicns when avoidance responses will be
reinforced and when they will not. For the analogous prey-
predator situation, an avoidance response prior to the
onset of actual threat should bse punished by too early a
termination of reinforcement. That is, the animal should
learn to stay at the source of primary reinforcement at
least until the warning signal of an apnroaching predator
has bean perceived,

Additionally, a study by Melvin and Irown (1964) may
possidbly indicate that even the onset of the predator's
approach nmight not be sufficiently aversive to immediately
elicit the avoidance response. In this study a noxious
bright light preceded food delivery to rats, for 20, 40, or
€0 palrings. After this training, the light was then used
alone in an escape learning test. It wes found that light-
food pairings dimirnished the light's aversiveness, the
effeot increasing with frequency of prirings. Loss of
sversivences was attributed to the light's having acquired
tendencies to elicit food Beexirg which competed with escape
responses. As an exanple of a coxneting reaponze incompat-
ible with escape responses, lMelvin and Brown site a loco-
moter movement toward the former lccation of the food cup
et the tack ¢f the apraratus; in oiher words movenment in

a directiocn oppesite that necesasary to escape.
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Resistance to Extincticne By invoking a ecaupeting response

explanation of resistance to extinction, it is poessible

to understand wiy the orgarisa mey persist et the source of
the primary positive elicitor st le~st up to and pessidly
8lightly beyond the onset of the actual threat from the
epproaching predator., Therefore, it seems reasorable to
suppose that the effects of frustration and fesr compete
with the developaent of a passive avoidance response to the
cues of the alley &nd goal reglons,.

The terms, "frustration™ and "fear®™ are considered
internal remponses elicited in the org:niem by external
stimuli that may be labeled negative elicitors, i,s.,
potential and actual threat and the termination of a primary
rositive elicitor. The effect of the frustration and fear
on overt behavior may be eomparable, as Melvin and Brown
(1964) have indiceted, Therefore, in effest, fear and
frustration may be slassed together as internal response
norwally entagonistie %0 the internal responoe of relaxation
as hypothesised by Denny and assoclates (Denny and Adelman
(1356)3 Denny and wWeisman (1564) ), This view of "fruetretion-
fear® is is accord with Amsel®s (156<Z) proposition that
extinction ia an active not a pasaive process, It is an
active process mediated via discriwminnble internal stimuli,

Also, it 19 maintained that the iutern:1l regponse

produced stimull, generated within an aanimal b: external
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stimull whkich have fesrful crd frustruting associutions
can be discriciritive stizuli eliciting contirnued spproach
towards thcs situaticn asscciated with poterntial threat of
puniseiment and withdrawal of reinforcement. Therefore, in
the prey-precdator ansalogue, the nonreinforcement of epproach
responsecs in the face of threatening cues should result in
greater recictance to extinciion in animnls which have
previoucly leurned to approach threatening stimull thin in
aninals which vere previousgly able to obtain primury reine
forceuwent without fearful or threatening conseguences,
Further, an internal response of fear-fruastration
is viewod as a continuous variable. That i3 to say, the
fear-frustration responce may vary in magnitude, thile a
certain magnitude of fear-fru:traticn may becoue a conditioned
segwcat of tiae apprcach response, an increave in ths fear-
frustraticn responge over and abteve the conditioned level
should provide recpounses waich c¢oapete with continued approach,
Evenszo, the increased magnitude of the coupeting fecr-
frustration response over-azda-above the previcusly corditioned
level should require scme time to become contigiously
associated with the oxternal stimulus coapliex, especiclly
the 8timull of the ozl rcgion. Thut is, extinction takes
soue time to occur as it takes tiune for ths competisng res-
ponsea to build up. Fossible support for this latter

sugzestion is found in a study by Tenny (1553). In the first
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of two experiments, two groups of rats were trained to yress
& bar one trial a day for 10 or 50 trials. Both groups were
then given 75 extinction trials, one per day. A control
group, with no prior training, was given 25 unrewarded trials,
also one per day. The bar waas always removed from the box

as soon as S had depressed 1t.

During extinction, the latency of the bar-pressing
response greatly increased for the cortrol animals, but
reached a low, stable, level in the two groups which had
previously received either 10 or 50 reinforced trials, There
wvas no o#idence of extinction in thess two latter groups.

In the second experiment, rats were trained to preas
& bar five trials a day until each S's latency was at least
equal to the group in the first experiment which had 10 rein-
forced trials. They were then given extinction trials until
& 3-minute no-response criterion was sttained. But, the
ITI in this case was 5 minutes not one day. Under these
conditions, all S's oitinguished in less than 60 trialas,

Denny interpreted the results from this study as follows!
1.) bar-retraction immediately after discrete bar-pressing
does not itself prevent extinction; and 2.) one trial e day,
or at least highly spaced trials, is essential to the
virtual prevention of extinction. "The importance of bar-
restriction was definitely suggested, however, since E
observed that approach to the ever present food tray extin-

guished during the non-rewarded trials even bar responding
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did not."™ "One coupelling observation by E in Experinent

II was that on the trial or two Just before § extingulshed,
all 8's began to make vigorous attempts to escape from the
box., An implication here is that frustration effects may
accunulate with a 5-minute intertrial interval and beconme
sufficiently strong to instigate coupeting reasponses." (p.853)

The implications of Denny's study for the present study
lies in the similarity in conﬁitioﬁs; Removal of the bar,
in the Denny study, is viewed as similar to the animal's
withdrawal from the goal rcgion comﬁel}ed by the "actual
threat® of the approaching mechanical predator. During
extinction, the conditioning of competing frustration
responses to the gdal stiguli ;111 be impeded if the
animal must quickly avoid the oncoming mechanical predator,
On the other hand, if the preonrganian is permitted to
spend increased ti.e in the goal region the cues of the
goal region would becoxme elicitors o: the frustration
response and thereby hasten extinction.

General Considerations, To summarige the intent of
this study is to impose experimental control on an assumed
prey-predator situation where the temporal and environmental
aspects of the situation are known. Of equal importance
is the fact that the behavior of the prey animal can bde
repeatedly obe~erved and recorded, Through manipulation of
factors coatrolling resistance to extinction, an attempt

will be made to understand how the prey organism learns to
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to cope with & situaticn Znvoliving potentiul and actuzl
threat of predation.

The experiuential appiratus regardless of claims to an
analogy %o the naturally occurring wituation, could dclually
be considered a coiyglonerste of fouwillar liloratory
apparatus, ncead, the experiuceniel up aratus involives
aspects very similar te tuose found in a shuttie dox, a
straight alley, and perh:ps &n obetruction bvox.

Considered in unoiner lisht, it should be remeudered
that many aniaals have lairs, burrows, or nests. Thoy must
forage to stay alive for rarely ere th: nceda of the organ—
ism met witnout leaving the nest. By formsinyg, the animal
exposes itself to predators. 4Also, in the coapetition with
other membars of its own species, they (the prey orgunism) must
take maxim~l advantage of the limited sources of sustcnance
availablie to it (wynne-Edwards, 19633 Calhoun, 1362). The
complexity of the naturally ococurring situation dictates the
use of a laboratory situation paralleling the natural
in itas essentiils,.

Becauze of the tenporal and spatial sccuences ol events,
tie prey-yredator situalicn can aiso be characteriscd us
irnvolving "approach-tuen-avoid beudavior.” Tuu siluiy of
avoidance bvehavlior, from the outset, hLus been viewed by
some workera adg having a direct bearing on the proy-predator
situation, A3 Pavlov (1927) has noted, “"The siroug carni=-
vorous animal preys on weaker animals, and if they waited

10 defend themselves until the teeth of the foe were in
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their flesh, would areecClily be extermineted, The crge
tokes on a Cifferent aspect when the defense reflex ia
called into nlay by the sights rrd scurds of the enenles
epprotch. Then the prey has & chince to seve 1tself by
hidirg or by fiight® (p.14). Full (1934) alco referred
directly to this toric when re wrote, "In the violent
atruggle for evisterice plctured by orsmuniec evoluticheees
thoze 2rimsl s which responded by flight arnd other defense
reactions in #édvence of Iinjury wouid be far nore likely
to eacnpe end herece woulé have Iimmensely grenter charnces
of survival zand ultinate reprocduction than would arinels

vhich 4ié not possese such & tencency." (p.434).

EYrCLi LUl

From the foregoirg conciderutions, two hysotheses
were foruuluted even though this study ie cuite explanatory
in format,

1. In the prey-predator analogue, the prey
vhich had previously learred to appreach
threatening stipuli in crder to obtain positive
reinforcement showsa greater resistance to
extinction than &n enimal which had cobtained the
gane positive reinforcezent without feerful

or threstenin consejuences ard/or without
being forced to leave the geesl region preme-
turcly (because of threat),

e In the rrey-predntor analogus, the prey
whick hnd previcusly lecrned to arprouch
threatening stimull in order to obtuin posi-
tive reinforcemert chovs grecter registence
to extirction if forced to lesve the goal
recion sooner (because of threat) tken a rrey
which is not forced to leave the goul region
as goon,






Sukjecta.s The SS9 were 5 naive femnle hoodnrd rata from
the colony mnintsined by the Tepartment of Psychology of
Michlg n State University. All 33 werae 110 days old at %the
etairt of the experiment,

Bezinning two weeks prisr %o the start of the expori-
ment, each S was handled for five minutes a day. ZRoginning
one veek prlor to the start of tha experiment, S3 were
placed on a water deprivation schedule of ten minutes of
acgess to woter in the individual howme coges every 24 hours,
Food was conetantly available.

Apparctus, An isometric drawing of the avparatus is
vresented in Piure I, together with labels for the majer
apporatus comporents. The major component of the apparatus
conasiated of a lorg, recterngular box measuring 8 feet long
by 5 inches wlde and 2 feet hich., Thia box waas closed at
both ends; a%t one enxd by & fixed erd wz2ll, at the other
by 2 hinzed door which swung ouiward and downward from the
top, A1l four cides of this box were corstructe=4 of 1/8
irch Magonite with the finished surface facing irward.

This !esonite box was firmly mounted to the top and
to one sids of a very rigid box platform. This platform
neasured 8 feet long by 1 foot wide by 5} inches high and
was construoted by 3/4 inch plywood for the top (which also
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served a3 the botiom of the l.asonite box) and 3/4 iuch
finished pine plauking on four sides.

Two recitangular frames were rigidly attached to thae
plutforime OCme frame was attachced to the platform 22-3/4
i.ches froz the end with the hinged docr, The frasxe corne-
sisted of two 3/4 inch by 5 3/4 inch pine uprighis, one on
either side of the platform, rising 22% inches, The togs
of these uprighie were connected by & 13 5/38 inch, 3/4 bty
5 3/4 inci rlece of pine. 4t the opposite end of the plate-
form was the other and ldexrtically constructed frame
although it was not inset from its end of the rlatform.

The opening formed by this frame and the end of the platforﬁ
was covered by a sheet of ¥ inch plyiccd. This mrde the

frame especially rigid and formed a vertical nounting

surface for an electric motor. The motor was a 115 volt L.C.,
+60 ampere, 1725 rpm, 1/20 h.p., lSH~33, reversable Bodine,.

It was mounted so that its shaft was 203 inchcs from the

top of ita plywood base with its shaft lying horizontally.

A 5/8 inch pully waas attached to the motor's shaft. The
current for the motor waa supplied by a varisc to control
motor speed and a full-wave bridge rectifier.

Ihe various supersiructures of tie apraratus were
attached to the horizontal, overhead members cf the two
uprignt frames, %his included a pulley and belt systen,

microswitcaes, the track for the rmechanical predator and
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8 mirror, The overh¢wd purt ol the mechanical predatoer
depenuea f10m & 6 foot tracik cousicting of a sliding
closet door traci of extruded clwainwa (Ceeors Czialozue Do.
G3AG6U0T70L) .

Under this arrangem:ut, two feet of tlhe Mzsonite
rectanglie wad net between the two upright {reues. Tals
segunent of ihe larger box wac the "safe box" &nd wag nny-

s ically separated frox the rewmainder by & 22 inch high
partiticn with a 2} inch diameter hole with the bottonm

edie of the hole 2 inchea froaz the bottom of the purtition,
This hoie coriunicated to the remaining 6 foot seguent of

the box, Cn the other end cof the safe box wus the previously
wmentioned hinged door,

The mechericel predator was drawn to and fro aleng the
overhead track via a long locp of kign tencile strength
cotion etring attached by scrow eyes to eithecr encé of the
overhead couponent of the mechenlerl predator. This loop
of atring ran lmmedlately under the track and waas guided
by pulleys z2rcund the ends of the hericontal segments of
the uprights and over tiie top of the traci. At the end
of the ruh 1 which tlie electric motor was mounted, the
8 tring loop was driven by a 3 inch dizmeter pulley. This
pulley war cornected by a chort shuft to a 1 1/8 inch pulley
which wes driven throuch a 21 irch rubber belt froun the
pulley mouated on tre motor shalt.

The movement of the mechanical predator up and down
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the 6 feet of the alley was controlled Ly two microswitches
(Micro V4-14). Each swiich was muspended over the inner
edge of t:ie upright frames by angel brackets, ihey were
actuated by rotational force, so from the shaft of each
switch a finger of flexible pianc wire hung down into the
path of the overhe;d conponent of the mechanical predatcr,
The resting position of the mechanical predator was at
the end of the alley opposite the safe boxe. To place it
in operation, E momentarily depressed & hand held awitch
which locked closed a relay supplying current to the
electric motor, On reaching the safe tox end of tihe track
the mechanical predator deflected the finger actuating th
microswitch at that end, This action unlocked the first
relay and locked on a second which fed a reversed ourrent
to the armature of the electric motor, Ine mechanica
predator, therefore, reversed direction and returned towards
its starting position, Juot before reaching this end of
its track, the mechanicel predator deflected the firger
from the other microswitch which unlocked the second relay
end opened the circuit to the electric motor, thus stopping
the mechanical predator until its cycle was begun agzain by
E.

The wachanical predator consisted of two cornected
components, an overhead apparatus and another at floor

level. TIne latter couponent was what the {3 had direct






Interaction with., A drawias of the complete unit is to
be had in Figurs II., The overkhead coxponent consisted of
the four, vheeled track runners supnlied with the closet
deor track, Two runners were hurg in the two parallel
J=trouzhs c¢f the track, The two runners in each track
were geyparated en 5 inch centers ard ran in oppossed pairs
front arnd back, DMounted between the track runners with
its bottcn surface flush with the bottom edres of the
runners wves a 7 ineh long, 1 7/16 inch wide and 1 5/8
inch hirh block of pine, Mounted flush to the bottom of
the block was a plece of 1" Masonite measuring 7 inches )
long b7 3 7/8 inches wide in the horigontal plane, Sus~
ponded below this horizontal MHasonite platform by encir-
cling !Masonite mounts was a 6 volt, Allstate ignition coil
(Sears catalogue ¥o. 28A8240). The coil was mounted so
that its long axis was aprallel to the floor of the mlley,
it3s electricsl terminals projected towards the safe box
end of the alley, and its bottrom was flush with the back
edge of the Masonite platform from which it kung,.
Projecting downward from the horizontal Masonite
platform wos a 17 inch, 1/8 inch diameter bronze rod. The
rod hung from a point 3/4 inch from the front edge of the
Masonite platform and 2 3/8 inches froam elther side wall
of the alley. This placed the rod directly in front of
the high tension electrcde of the ignition coil and was






connected to this eleciroia by a couil spring assuring good

- - (J N Y 1 .
electrical conduylon and a fatigue freo linxkege, This btrouze
rod thLus coaducted high voltcge currenv dowrward to tia

levwer couponent cf the mechenical yredator.

O

Tae lower comporernt coneligted of a4 4 inch, 12 gauge
Qlucinwa dise lightily sprayed wiih flat white paint for
increaced cascrizinability by 8. The disc woao boited to an
additicuncl threcaded inch of tue brozze rod vent at a right

angle to the vertical segmcnt and pointing forwards towards

tue safe box cnd of the alleye. The mountirg hoie of the
c¢isc wazs in ity exact center. Thua the flat surfuce cf

the dicc wus perpendicular to the flocr and facing the scfe
box ené of tho alley..

Tae 6 velt current was supplied to the ignition coil
frcm an Allstate battery cherger (ilodel lioe 608451600) first
being feod Tiirough a lMotorola automobile radio vibrator
(Iype 488522000)e The current was fed to the overhead
conponent of the¢ wmechunical predator frem a fine gauge,
insulated, twirn lead hanging from the top of & 2 inch wide,
1 inch thick, 43 inch high post fastened €3 ilanches to center
from tho sale box end of tie platiorme. The twin lead wire
was 40 inches in longth and was connected to the wechanical
predator Ly a veritlcal stand off wilh an arm projecting
over the side of the alley. This system allowed positive

aiectric supply to the coil without twisting or stiretfching
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the wire or allowing it Vo foul tue mechanical operation
of tiie predator,

This systea was capabla of delivering a 11,600 vols,
.00l azpere siock to tke 33 if they allowed the disc witnia
1/8 inch of any purt of their bouies a3 volitnge at this
pressure was guite capable of arcing tiarough the 3s hair,.
This siock punished 3 for failure to avoid in sufficioent
time., %$ha shock was assumed to be roughly analogous to
the effects of the teeth and claws of a predator on the
2's body without the necessity of actually producing
lesiona of %thae skin,

fue floor of the apparstus on which § actually moved
consisted of § inch hurdware cloth., In the 6 foot slley
thig floor was formed by bending down the edges of a 6 fqot
run of kariwars cloth mso that the surface was raised 1 1/3
inches sbove the wonden bottom of the slley. This provided
e self-cleaning surface besides being an electrical ground
when 8 recsived a shock,

The floor of the safe box waa also formed of & inch
hurdwere cleoth with en inch of additional naterial folded
downwarc and slishily urncer for sdditional rigilaitye 1his
was done 83 this floor moved up and down by pivoting on
fulcrums izmediately outside of and to one side of the safle
box,

The lever supporting the flour 2 inches above the

wooden subfloor wasg formed from a 3/16 inch bronze rod. This






ree wee vert iunte & . cided roecvrzle having twe 7 irch
tbort eiceq end & 10y irch sice. Three irches of each of
the ckort nlides projected pect the fulcrums throush the
w21l ol the gefe box to be ettzoched to end suprort the
rardwace ¢ioth flocr, The renzining 4 inches of the short
gide and the connerting 1€3 inches of rod were outside the
safe b-x, 1th the fulcrums outside the safe box, § could
not bs in sany vositlon inside the safe box that wouléd prevent
tipping the fleoor downwarde A mirioun of S0 grams vas
recesuary to tip the flcor, The lever was counter balsanced
e#lorg the 164 imches ara by a brass weight.

Rasting in tue middle of the 165 inch arm was a
pivoting mercury switch (an thus eilsnt)., The mercury
switch was pivoted on a serarate 2 inch arm, Thus when ©
w23 in the 2afe box tne 1€} inch extornal ara raised and it
tilted the mersury switceh upwardse “han this occured, the
zercury switch opersd a normnally closed circuit to a
recording pen on a four pen Gerbrands recorder (}Model Xo.
P24)e This tiltirs floor end mercury ewitch system forued
an gutouatic recording detector for the cduration of the T
rresence in oxr &boserce frcm the safe box during an experi-
pental gecsicns

Anoilior pen of the recorfer cutonatically recorded the
operaticn of the mechanical predeator. A third pen was

vsed to record the tiwe spent in the "gozl resion®™, Th
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goal region was that part of the 6 foot alley deginning
33% inches froa the safe box and extendins the remainder of
the eiley. The beginning of this o2l resgion was marked
for E's convenience by the front edze of a cquare of light
orange carcboard lying on the wooden subf{loor, This orange
had about the sname brightness, to E, as the nurrounding
wooden floore. By nmecens of a hand helid switch, E recorded,
through the pen recorder, the time & s»nent in the goal
region. FE depresced and heid the bdbuttcn when ever and as
long as ary part of T was in the goal regicn, Ry means of
these yecoralings, o permanent, accurate record vos formed
of the runmter cf ssfe box ard goel region ertronce and
exits and tlhe suount of tiae speut in each and in the
adlecyway connecting the twc,

A stainless steel drinicing tube projected into the
coal rezicn 2§ inches from the edge of the go2l rarion
or 76 inches fron the safe VLox. The tube preojected 13
inches into the goal with itz erd 1 inch above the harde
ware cloth floore The tube did not nroject directly through
the g2ide wull but through a rocecced portal formed of
translucent white plastic 2% irches in dinuetor ord 7/8
inch decpe. The drinkirgz tube was susponded on the outside
from 2 rulter stoppered graduated cylinder. Throush this
culie measurae the gaocunt of water or 3 censumed

-—

cn
daily session.
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In spite of the kizh walls of the apparatus and over-
head suycrotructuresz, I cculd clearly ckuervrve I3 Lehavior
in the &prarztus through cverkead airrorse ¢Cns mirror was
mounted above the safe box, arnothcr over the alley.

The ladoratory wiz well illuamirat:d by diffused
flurocescen’ lanaps, dut due to the gaouetry of the apparatus,
the 11luninatlion inaide ths anparaius waz racuced aud
further reduced by thz law albeds of {has interior wzlls.
Table I gives the illwairation 1a leol cundles along the
floonz of ihc apparstug,.

LR ¢
Illuminetion, in foct candles, of the fioor of the

apparatua neasured at one foot intervals from the safe
box end,

distance in safe box allcy £oal region
feet o] 2% p L 5 _6 T 8
100% cancics Ze0 1.8 1e8 1.8 248 3.6 344 342 246 1e2

*readincs of 1.6 and 1.8 were made lmmediately on either
pide of tia safs box wall, wilca was locatsda at exuotly
two feot,

The entire apparatus was raised 20% inches above the
laboratory {loor for E's convenience in taking Ss in and
out of the apparatus and for observing S3 throuzh the
mirrors.

The ruaning appuratus was in one roow while all con-
trol cilrcuiiry, power gupplies, and the pen recorders were

in arn adjacent room. The wiring connccting the two was fed






through a hole in the wall, Thls was doue to isolate Sg
from as nuci extraieous noise as posaible; especially the
circuitry chatter eccompanying the recording ¢f L5 various
activities, Tilot wori <dewmonstrated domonstrated taat
sbrupt noises tended to inuidbit the Js.

Tie operation of the mecnanical precator produced
noige, ihis nolse was counsidered paxrt of the stimulus
corplex signalling actual threat to the 3. Delow are two
tables listing noise ievels within the aprarustus during

the operation of the meachanicsal predator.

IABLE I

lioice ;eve’s, in decibels, recorded with the loise
Level licter nicrenhione bonide the (vL*:lrx tube. licadings
were taken at one foot intervala as the nmechenical predator
moved touvards the sefe box, 411 readings include o ambient
noise level of 72 ub.

(J

] jjoal region alley
distence in feet Y L ‘. ; 2
decibels 73.0  75.0  T77.0 T7.5 73.0 73,0 78.5
oot

SO0 AIT
—

LYeolse levely, din declioels, roceoracd witi tile lLoise
Level letor microphone in the middle of the snfs box. Readings
v.ere toxen &b one foou inticrivals e tho mocheuicel predater
moved towards the safe box. All readings include 2n anbient
niolce 1evel of 72 db.

SopL Yool P17 A

o T e A
digja:ce infeet O 1 2 > 4 5 o
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Design, A within subjects or etealy state design was used
to provicde maximal control c¢f individual differences and
unknown varisbles., The four conditions cor phases of the
experimert weres 1) Free Access; 2) Exiinctiong 3) Acqui-
eitions 4) Iie-extinction,

Each phase lasted 15 days. The experinent, thersfeore,
required €C days to coupletee Ragardless ¢t the rphase,
each 5 was run for cne, torn minute session per day.

In inace 1 or Free Access § had unlinited access to tue
goal reglen thiroughout, without fear of pursuit from the
predator, In fhase 2, T was exposed for the first time to
concitions where goal entric3 wors both nonrsinfarced and
subject to poterntial and nctual threat from the predator,.

In Yhase 3, gnel erntries wers ej2in reinforced nas in Fhose
1, but such approach was f£ollawed by ettack from the
rredator, Thus, S in thiz phase vere subject t» bnth fear
end frustration, In rhase 4, S was res-eriinsuinhad with the
expectation that extincition would take longer than 4in

Fhase 2,

Frocedure, The four exverimental nhases are described in
detail below. Fhase 1 conzicted of fifteen daye of free
acceas to water in the experimental apraratuwz, Iuring

this phase, entrance into tiie o=l area or rezior ¢id not
result 12 the aprpraach of the machanlcul jredator.s Througli-

out this pease, the mechunical predator was present and
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electrically charged though always stationary at the end
of the alley opposite the safe box., In Fhase 2, the water
reinforcement was not available although the drinking tube
was still in place. Also, any eﬁtry by any part of S into
the goal region resulted in the approach of the mechanical
predator after a fixed delay of 7 seconds. For Phase 3,
water reinforcement was reinstated. IA &ll other respects
it vas identical to Phasc 2. During this phase, 5 learned
to approach the goal ntimuli when these stimuli were
associated with frustration and threat or purishment. The
last phase, Phase 4, was procedurally identical to Phase 2,
Ih& goal entry response was the major dependent variable,
This reSpoﬁse was defined as any traversal from the safe
box to the entry of gﬁy part of £ into the goal region.
Except for the differential treatmenta‘given‘durinb
~ Phase 1 and 3, the remainder cr the running procedures
were unirorm throughout tho tour phases, All S8 were
continuously maintained on the water deprivation schedule
to which they were adaptad prior to the beginning of the
sxperiment, This schedule was ten minutes of access to
water in the individual home cages once & day not sooner

than thirty minutes after an S had been run for that day.
The running order of the animals, for each day, was systen-

atically varisd so that no S was sonsistently run in the

same poslition within a day as on the preceeding day. 3Sg
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were bdbrought, individually, from the colony room into
the testing room, run, and then returned to the colony
room, Ihis was done to prevert arny is exposure to
epparatus sounds while not being run,

An enually uniform running proéedure wes used across
all rhases, A S was placed in the safe boxj E then turued
on the switch contrelling the paper feed for the remote
pen recorder. E then started a stopwatch while at the
game time lifting a panel from in front of the safe box
hole. The stonwatchwas used to take fhe session lerngth
and the 7 second delay between 5's entry into the goal
region and operation of the wmechanical predator. The panel
prevented {35 leaving the safe box until the stopwaich was
starteds I thon sat in a position where he could obszerve
S via the overhead mirrors on the spparatuse In tuis pog=
ition g also operated the switches which controlled the
remote recording of the t.me spent by I in the gozl srea on
each entry and the switch which turned on the moior driving
the mechanicul predator. E nlso i.ept notes on S's behavier
during the session.

Throughout Phases 2, 3, and 4, the mechanical predator
waa actuated only after a conatant delay of 7 seconds after
the entrance of S into the goul regions A 7 second delay
was chosen on the bnais of pilot work. Peiays shorter
than 7 seconds werasa found to retard the acquisition of

the approich response which would have prolonged Phase 3,






In Prases 2, 3, end 4, the mecharical predator was
propelled to and fro at a conastant velocity of 1 fcot per
seconds Thils velocity was chosen so that 3 had to retreat
from the goal and into the safe box at minimally & fast
valk or s8low run to evoid contact with tue advancing disc.
This was done to reduce variability in flight from the
go2le The advartages or disadvaniages of conpelling S to
run as swiftly as possible were unknown.

The response by S upon which actuation of the mechan-
ical predator was contingent wab the sace in rheses 2, 3,
end 4, S was in no way forced to remain in the goal .

region efter entering,



RESULTS AND DISCUSSION

Statistical Analysis. The data are presented in graphic and
tadbular form at the end of this section and im Appendix I.

Figure III éivee the response rate (number of times $ enters
the goal region in a 10 minute session) acroes sesaions for
the four experimental phases., A analysis e¢f variance resjponse
retes during the two extinction phuses (Phases 2 and 4) eshowed
that there is a significant difference in the absolute
magnitudes of response rates, The resronse rate is signi-
ficantly higher in Phase 4 than in Phase 2. This i3 elear
evidence that the learning during Phase 3 had the predicted
effect of conditioning the approach response to the goanl

region under threat of attack from the predator.

IABLE V

Analysis of variance (Edwards, 1960) of response rates
scress sessions of Phnse 2 versus FPhase 4.

Source of Variation Sum of Gquares  d.f, Menn Squares ¥

Treatment 1267.30 1l 1267.30 Tedd®
Error 1363.62 8 170.45
Seasions 163.87 14 12,13 1.72
Treatament X Sessions 140.80 14 10.06 1.4
Errorx 188,718 112 T.04

Total 3730g37 145

* gignificant at the .05 level
The treatment means and stundard deviations for FPhase
2 are ¥ L84, §D = ,7T17. For Fhase 4 they ezre X =7.6%, SD
=1,.981,
39
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The nonsignificant Cessions effect indicutes that when
the trcatment effect is averaged 20ross gseasions there
remaing no effect peculiar %o sessions alone, 7The nonsigni-
ficant interzction of treatments X sessions indicates thit the
extinction process was of the sume form ia Phase < ard 4,
differing only in magnitude,

The low response rate recorded during Phase 1 must be
interpreted in terms of CUs' task. JDuring Fh:se 1, Ss were
rever fcrced to leave the goal region. OUbservations of Us®
behavior during Phnse 1 inuicated that most of the time
accunulated in the goaul region was epent drinking (ses Takle
VI for the mein water consumption across sessious of Phases
1l snd 3). The remainder of the time during a Phase 1 session
was spent exploring the ap;aratus, This exploratory behavior
probably zccounts for the fact that there was a response
rate greater than 1 response per session.: FPlgures I and
IVb show the meszn total time spent in thse safe box, alley und
gosl aoross sessicns during the four phuses, Figures IVa und
IVb show that during Pbase 1, the 53 spent most of each 609
second or 10 minute sesslon in the gosl regioi, This waa
ot the case during the remaining phases where most of the
tize was spent in the safe box.

A further means of cowparing the resist:rce to extinction
of {3 respouding was through the difference between regression
coefficients of the curves from F‘hases Z and 4. Inspection

of the response rates during Phuse < iziicated that the effect
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of the extinction sessions was completed by the eighth
session, Therefore, the slopes of boih curves were desrived
for the first eight sessiona, FYor Fhase ¢, tho regression
coefficient is bxy’ -« <89%s For rhase 4, the regression
coefficient 1o bxy' =+480. The pooled error term is 5,-.447.
Thie ylelds a t-ratio of ,436, d.f. = 1, vwhich is not
signifienrnt at the ,05 level., 7This test shows that when

the differences in absolute magnitude =re eliminuted, there
is no signific-nt differcnce in the rate of extinction in
Phases 2 and 4.

The test of regression coefficiente indicates that the
tasks prior to extinction is of the utmost importance. L'c
rate of reaponding will be greater during extinction, in
terms 2f the absolute numbdber of responses, after they have
learned to cope with predatory attacks to obtiin reirforce-
ment, a was learned in rhase 3, compared %0 conrditions which
did not equip the Sg to cope with predatory attaeks (Phase 1),
Once extinction has bogun, though, either type of prior
experience results in the same relative rate of extinction,

Another way to anslyze 38 behavior is through the mean
time spent in the goal per response, This information is
available in Pigure V., Inspection of Figure V and response
rates given im Figure Il1I suggest a relationship between
response rate and the time spent in the goal region per rea-
ponse. A Pearson product moment correlation between response

rate and mean time in gosl per response computed across
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seseisug ia Fhase 1 ylelded s#n r = « 10 (aignificunt at
tue L0009 level). For laase 2, the correlution was r = + 501
(significunt ot the J<H level)es For ¥hass 3, tuwe correlation
wid + o715 (elgnificart st the 509 level), hwhile for itace
4, the correlation was £ = + €44 (ai nificunt at the 045
level),

A8 far aa rhage 1 ia concerned, there is a streng inverue
relationship between reeponse rate and time in goal per ren-
ponte, Gihe fact that this relationsiip 18 not ¢+ 1,00 cun most
rrobably be sttributed to exploratcry behavicr. For tis
reai:xinirg 3 phuses the rolationship seems to be a diresct one,
turing the last 3 phagsesm, the response rate and time spont
in the goul per reavonse cnn be coansldersd functiona of the
saxe fictor, ihis factor mppe:rs to be the extent to which
fear acd frustration produced stimull sre conuiticred elieitorn
of the goal renponse, ihis ascumes that both responce rute
and tiae in goal per respouse may both be incicative cf the
decree to whilch cornditioning hus taken rlace. Insrection
of Flgure V shows tiant during ihnse ¢ tne meun time srent
in the gonl per resporee wad always lesa thon the T seconn due
lay periocd. Thias may indicate tht siaying in the gnal
region was 48 noxious 3 exntering She g0:1 reglone. l1la Inises
3 and 4, though, time orent in tae poul per respouze e ualed
or exceaded the 7 secont cdelay pericd except ixn Fhose
3 end late in rhase 48 £ rly in Fhase 3 little conuitionlsy
Lad tnken place, late.in lthase 4, extincticn wag well
advanced, S$he results with respect to time in the goel were

ro$ specifically predicted slthoush the pozeibility was
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discussed in the introduction under the section labeled
Predator.

Phases 2, 3,‘and 4 were coaprred statistically on mean
time in goal region per response by meuns of matched-pairs
T-teats. The comparisons were made agross the 15 session by
pairing sessions in order. The results showed that S3 spent
significantly more time in the gocal per reaponse during
Phase 3 compuared with Phaase 2 (Td = 7,12, d.f. = 14, 8ignifi-
cant at the ,001 level). The 83 behivior did not differ
significantly between Phase 3 und 4 (Td = 1.84, d.f. = 14,
not significant at the .05 level). It sppesrs that once the
conditioning to the posited fesr and frustration cues had
taken place more time was spent in the goal region than
prior to conditioning. Also, once conditioning toox place,
the behavior producing the increecsed time was very resistant
to extinction,

Observational Data, VWhile 58 were free to explore the
apparatus during Fhase 1, they soon learned to avoid an arca
approximately 2 inchea in front of the disc. The disc was
charged at all times. .fter £s hid received a shock aplece
during the firet session (one $ took 2 shocks in a row), they
continued to show interest in the disc but only from a dis-
tance, In the remsining sessions of Phuse 1, three different
S8 ventured close emough to be shocked more than once (see
Table VII for the frequency of shocks across sessions of the

four thuses).
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rezion, Als0, as Plinse 2 progressad, the 53 behavior in the
s82fe box changed. Durlng the early sessicns, S8 freguently
eppeared vary eggitated., They paced about the safe box mnd
freruontly crouched facing the safe box hole, In lzter
sesclions, the U1 spent increasirng amounts of dime citting
suletly in cne or another corner of the safe box. Also, by
later in Thase 7, most Jdg had entirecly abundoned sny attempts
to érirk, V¥hat time was spent in the goal wns uased to
crouch or rervously scen the surroundings,

Table VII shows thet during Phase 3, the I8 received
more shocks than during any other phase., Thrse g who
receivel shocks during the first sessicn of this phmse because
once they had bepgun drinking, they were very loath to
diacontirue, Fither they ¢id rnot siop drirking until shocked
or movad towards the £afs box too slowly and hesltantly as
if 1¢ were emally noxious to leave the water and to remain
and face the arproaching rredator. This hesitant, conflict
like retrent from the goal rezism waa the usual reason for
receiving shocks furing Ihiagse 3, {uite frejuently during
the first 3 gessions of Thase 3, the 22 would flee the goal
before the 7 second delay had elapsed. This was not the case
during the latter sessions of Fhase 3 as can be seen in
Pigure V,

Observations made on the S3 behavior during the latter
part of Phase 3 suggested that the freguent hesitant retreats

from the goal region were the results of partial extinction
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of the evoidance resronse, .JAssuning that the arguments
rut forth in the Introduction are correct, a partial
extinctior of the aveidence resyense cculéd texe rlece, This
s especially true in the latter sessions of Phese 3 &3 the
#tirmull which should elicit avoldarce becomes iretesd con-
diticned elicitors for approach end eniry irto the gorl
region. As wvas previously menticred, the hesitrnt retreat
from tre goel wes the ueurl reason. 3Sn viere shocked during
the latter part of Thase 3., Also, durirg the latter pert of
this phase, besides e&n incrensing emount cof tilme epent in
the gral regicn rerresponse many 33 would, with ircreesing
frequency, emerge from the safe box end begin epproaching
tke goal regimn soon after the mechrnical precatcr had
reached 1its closest approach to the safe bex ard wes then
on 1ts return to the orposite end, Occaelonally an J weuld
enproach and enter the goal region by following on the very
heels of the withdrawing mechericrl predator, Also on the
increnne at the end of this phase were burats of agpliated
sppearirg bdehavior in the safe box. Trhe s wouléd suddenly
begin dbounding about the safe beox in a very vigorous way.
Thene bursts of behavior were usually accompanied by very
awift dashea to the goal region. TFirally, in the latter
sessions the usual approach to the goal region was a swift
run from the safe box door without observable signs of
hesitancy or wariness.

Table VII shows that during Fhase 4, the Is received
as many shocks as in Phase 2, In Phase 2, though, 8 of the
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10 shne¥s ware reoeive? during ¢the firat geasione while 4n
Phrega 4 the 10 shocks vere scat¥tered throuishout the phase,
Ohgarvati~ma of thn 5r* behnvior Aurins Phana 4 nusrested that
the reasors £or racelving a shnck were different thon during
Pnaa 2, Tn Phnse £ 41t pnneared that 2 thn stronsth of the
apnvronch Aecranaed 30 ¢'2 the avoidanca of the machnnical
nredator. Perhang ns tha stirmll elicitirs annronch oot
their power tn do so, these =2%1muli rlao lont tha nawer to
21171t avoldance, Thio m2-n% %e a tennhYe supnositien in
terms 0? the hyrnthenia,

In thoe early s239iona of Phrre 2, the T2 on saveral
ncengima voul?, on entaring the snnl rexion, comnlntel:r
Tmore the drin¥ing thha and comtinne noving 4~vwarda the
gtationnry dian, The claser thay annronched the dlac the
nore wary their bahavior anner»ad to barnoma, %0 11 was ever
anen %o cHn closer than 6 inchea from the disc, As smenalons
prozraazel, the dArin%iag tnhe w23 more and more fenored bHut
nnot in %avor of anaraaching the Aisa, hut in faver of can-
t4i0u1Yy seamning the aurrounda crouching by the drinking tube
facing in tha direction of the dise,

During the early massions of Phase 4, on 2 nunmber of
ocecasiona 23 were seen to chaw and tug vigoroualy at the
tude. Also Guring the early seasions, the 23 would on
occasion bound and leap adout the s8afn box especially after
having attempted 5 drink. They would sometimes chew the

edge of the safe box hole and the hardware cloth floor, The
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incidence of standing on the hind lega irncrecased during toais
phase tozetner with vigorous sriffing. Occasionally an 3
would attempt to Jump struight up the sides of the saufe box
walls, Mone succeeded in reaching the top though. Prerhups
these behaviors were indicative of an increased magnituds of
frustration,

Geperul Conaider=ticonst

Because of the exploratory nature of this experiment, tie
dacision waes mzde to use the same g in both extinction phaaes
(Pheses 2 ard 4)., The assumption was made that, in rets,
re-extinction is not retarded ard, in fact, may be fascilitated
(%orth and Morton, 196<). any fascllitation of re-extinction
would work against the bhypothesis. In the future, thougn,
it is recoxmended that inderendent groups be used so that
re-extinction will be unnecessary and thus making assumptions
unnecesaary.

The model used in this experiment to predict differential
resiatance to extinction represents a combination of exiat-
ing theories such as competing response theory, frustration
theory, and secondary reinforcement theory. The theory which
best fits the generul model is Elicitation Theory (Terny and
Adelman, 1956),

Theories of the drive reduction, inhibition, &nd
goneralization decrement were not viewed as being cepadle of
predicting the present results, It is hard to conceive of
any wey in which drive reduction or inhibition theories could

predict these results., Generalization decrement theories
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would stand a better chence by noting that the stimulua
conditions between Phases 1 and 2 were cinrge to a much
greater ext:int than between rhuses 3 and 4, It 1a difficult
to seq how a generalization decrement position would com-
pletely account for the results in that 211 T3 received
gshock during Fhase 1 so that the sdvent of punishment in
Phase 2 wns not an entirely novel state of affairs,

In any cn23e, only the preseat model could account for

the results in the following experiments,
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EXPuRIMZIT IT

Thia experiment constituted the test of the second
hypothesis, Given the confirmation of the first hypothesis
obtained in Experiment I, it was assumed that the internal
stimuli from fear-frustration cohtinued to ssrve as discrim-
inative stimull., Additional support for the present analysis
through a procedure which allowed for the manipulation of
the opportunity to make competing resporses in association
with the discriminative stimuli,

It was éaauned that extinction is an active process
1nfolv1ng the éonditioning of frustration responsea to the
goal stimuli so that the goal stimuli elicit responses in
competition with continued goal entry., But, since fear-~
frustration stimuli are assumed to be capable of eliciting
goal entry because of the conditioning which took place
during acquisition, 4t would appear that an increased ilnten-
sity of the internal stimull would be necessary to elicit the
competing responses. Fresumably, this should occur when
reinforcement is removed,

To demonstrate a predictable differential, it was further
assumed that the longer 53 were allowed to remain in the
immediate vicinity of the goal stimuli during non-reinforce-
ment the greater the likelihood that frustration responses
would ocour and compete with goal entry. A group allowad to

55
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spend a longer time in the goal rsgion should display
less resistance to extinction then a group spending less

time in the gosl region,

Fethod
Subjectss The 33 were 10 naive female hooded rats froum the

ocolony maintained by the Department of Psychology of
Kisghigan State ﬁniveraity. A1l 38 were from 110 to 120
days ol1d at the start of the experiment,

Beginning two weeks prior to the start of the experie
ment, each S was handled for five minutes a day. Beginning
one vweek prior $o the start of the experiment, 33 were placed
on & water deprivation schedule of ten minutes of access to
water in the individual home cages every Z4-hours, Food was
6cnt1nuouely aveilable, Also, during-the last week prior
to the beginning of this experiment, 83 were, individually,
allowed ten minutes per day to explore the experimental

apparatus and drink 4in the apraratus,

Apparatus. The apparatus used in Experiment I was used in
this experiment without modification.

Procedure, The procedure used called for a combination within
and between sudjects design., The four conditions or phoses
of the experiment were: 1.) Acquisitiony 2,) Extinctionj
S.) Reacquisitionj 4.) Re-extinction.

Phase ) lasted fifteen daye as did Phase 2, Fhase 3
lasted ten days, Phase 4 lasted five days., Regardlesa of
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the phise, each £ was run for one, ten minute session per
day,

Juring rhase 1 or Acquisition, the s learned to approach
the goal. They were water reinforced, but, they entered the
goal under conditions of threat from the mechanical predator
which in turn resulted in termination of reinforcement on each
trial, This phase was procedurally ildentical to Fhase 3 of
Experiment I. Any entry by sany part of an S into the goal
resulted in the approach of the mechanical predstor after
a fixed delay eof 7 seconds,

At the end of this phase, the 10 OUs were divided into
two groups. Each group had approximately the same mean
response rate acroes the sessions of Fhase 1. The groups
were assembled from pairs of Ss, more or less matched for
mean response rate across sessions (see Table VIII below).
The response was defined as a traversal from the safe box
into the goal region. All the measures taken in Experiment
I were taken in Experiment II,

The groups were randomly assigned to the experimental
conditions of FPhase 2,

In Phose 2 all 33, regardless of group, underwent
extinotion, This is, that the water reinforcement was no
longer availadble upon reaching the geal. The independent
variable was the amount of time the S3 were allowed in the
goal prior to the approach of the mechanical predator., There

vas two oonditiona of the independent varisble, 3 seconds






Group conmposition in terms of the mean reaponse rate acroas
Fhase 1.

Group 4 Group 3
subject _mesn reaponse rate gubject menn responss rate
1. 17.5 6. 17.6
24 16.1 Te 15.9
Je. 12,6 8 12.3
4. 11,9 Fe 10,1
2e 2.8 | 10. 8.1
63.9 64.0
T=12,78 X=12.89

and 1l seconds, Group A received the 3 second conditiong

Group B the 11 second condition,

Three seconds and 11 seconds are both 4 seconds away froa

the 7 secoud delay used in Pnase 1. These valuecs were chosen

for two reasonss 1) pilot work indicated that a 3 second
delay strongly retarded initial acqguisition of the approzch
response, Because the second hypothesis predicts greater
resistance to extinction for Group A (3 seconds) comparcd
$o Group B (11 seconrds) meking the short deley a time known
t0 retard responding during acquisition strengthens the
design if differsnces develop in the predicted direction,
2) Both 3 and 1l seconds represent equal changes in ti.e
from 7 seconda and should coxnstitute approximately an egual

asount of generaligation decrement, if any. DBidirectional






59

generalization gradients ere typlcally symetrical,

It muet be underatood that regardless of the time used,
either 3 or 11 secorda, the 33 were not forced to remain in
tha goal for any length of time. They were simply allowed
more or less time in which to remain in the presence of
the goal cues,

Fnsse 3 was identical to Phase 1 with the sole exception
that rhase 3 was ten days long. That is, each ahimal was
given ten dally sessicns, one session per day. FPhsse 3 with
its return to a 7 second predator delay was used to allow
the groups to return to their response rates achieved towards
the end of Phase 1. This was necessary too, as rhase 4 or
Leextinetion constituted a test of the reliability of the
results obtained in thase 2,

In Phase 4, reinforcement was not available., Group A
which had received a 3 second delay during FThase 2 now
received an 11 second delzay. Group B which had received an
11 second delay in lhase Z, now received a 3 second delzy,

By reversing the conditions for the two experiuzentul
groups from those iuwposed during Faase £, two things wers
acoomplished, Pirst, this procedure was a stringent test
of the hypothesis, If the resulita were sgain in the pre-
dicted direction, this would be interpreted as strong support
for the hypothesis and ellminste the possibility that
differencea found in Thase ¢ were due to some uncontrolled

éifferences between the groups. OJecondly, the reversal of
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conditiors nade posaldle a within-subjects analysis,
fxce;pt for the differences in procedure discuased &dove,
8ll other yrocecdures used in this exreriment were identical

to thoze ucged in Ixperiment I.



tESULTS AND DISCUSTION

The data are presented in grephlic and tadbular form
at the end of this section and in Appendix II, PFigure VI
gElves the respbnse rete for Groups A end B acrocs sessions of
the four experikert.l phiases, Anulysis of variance of the
responde rates of Group A versus Group B during Fhnse 22 shows
that the two groups did not differ significantly in resistance
to extincticn (see the &nalysis of variance Table IX). By

this test, the second hypothesis was not supported,

TABLE IX

Anslysis of variance (Edwards, 1260) of Group A versus
Group B response rate across rhase <,

Source of Variation oum of Squires

Treatment 148,80
Error 559 et
Seasions 102§.97

Treatment X Sesaions 223470
Lrror z &

Total
fgignificant at the .01l level

The treatment mean and stundard deviation for Group A
are X = 8,04, SD = 3,447. For Group B they are X = 6,13,

SD = 2,643,

The significant ssssions effect indicates that when the
treatment effect ig averazged across sesolons there is an
effect peculiar to sessions aloue, Ingpection of tha Fhaase -
graph in Figure VI sugzested a negatively accelerated function

usually associated with extinction,
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Regardless of thoAfact that for 11 of the 15 sessions
Group A means were higher than Group B means, the treataent
effects were insufficient to produce a signlficant diffcecrence,.
Inapection of the graph cf Fhisa 2 in Figure VI shows that
the greatast absolute differsnce beiween group m2:ons occured
during tbos first sessicn, A T-test of these two means gave
a value of T=1.405 with 8 d.f. which is8 not sigunificant
at tha .05 level., Thus, for the first session of Thase 2,
the results were in the predicted direction but not to a
significant extent, |

Turning to Fhase 4, Pigure VI shows that for at least
the first session, the results are again in the predicted
directicn. Ikhe data, aleo, took a form very much like the
first five sessiona of Fhase 2, Inspection of the data indi-
cated once more thuat if there was eny significant differeuce
between the group means it would be in the first session.

A T-teat of these two means gave a value of I=,846 with

8 d.f. which was not even significant at the .20 level,
Thus, for the first session of Phasé 4, the results were in
the precdicted but to no significant extent,

A furthexr analysis of the response rate data was made
by using each S as ita own control., That is, each Jg' rea-
ponse rate under the 3 seccnd delay condition was matched
against its respouse rate for the 1l second condition. A
matched-pairs T-test was used to analyze., Thls gave a Tg =

2.04 with 9 3.f. which 18 sizcnificant at the .10 level but
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not at the .05 level, %“ith irdividusl differences controlled,
the expeoted trend 18 nmore apparent,

The lack of clearly significant results not withetinding,
the respcnas rate data suggest that predicted effects are
real, The effect may be only of ehort duration, The effect
is replicable if Thase 4 18 considered & replication of Fhase
2 The cifficulty appesrs to lis in &an inasufficlent nunmber
of subjects, as tha main effocts are obscured by 3 Lish degree
of varisbility.,

Inspection of tue response rute data frem rhass 1 irdi-
cates a great eimilarity to the results obtilcesd ia Thiae 3
of txperiment I. This sugzcsts that thero was ro savirgs
for the 55 in Experiment I at the beginning of Fhase 3, This
wis not the case for S9 in Thuse 3 of ixperiment II. Tue
combined me:in resporsa rate of Groups 4 ard B for the first
session of Fhase 1 of Experiment II is _ = 2.9, The combined
mean recporse rate of Groups A and B foi the first session
of FThase 5 of Exjyeriment II is _ = 16.7. Tiois guve a savings
score of 7034 in terms of respcnse rate, a matched-pairs T-
test ¢f th2 mesn rsgporze rutes of the first szesiouns of
Irases 1 ard 3 gave a Td = 44870 with 3 d.fs 4 T-ratio of
thic gice {3 significent 2t the ,Ll1 level., Inspection of
the resporse rates for the first sessiors of Fhuaess £ and 4
algo suzgected & savinga. The mesn coubined rcsyonse rate

for Groups 4 and B for session 1 of Phise 2 i3 _ = 15,2, For
X
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the first session of Phase 4, the mcan is 3 = 8,3, Ykis
represents w 445 sevirngs for the first sessicn, A matched-
rairs T-test of the mear response rates gave a Td = 2,600,
¥ith a 9 d.f, the T-value 1is eignificunt &t the .05 level,
These savinga represent & sigrificent saount of positive
transier,

The following anzlysis is of particular importance for
the major hypothesie. In Figures VIIa arnd VIIb, thLe graphs
for Ihnga ¢ and 4 shcw a difference in the mean total time
spent in the gocal regicn betweea the group receiving the 3
second ard the group recelving the 11 secoud celay couulition.
This difference is seen mcre clearly iu Figure VIIi, 1Ihe
grspus of the mean tice in the goal per response for rLases
2 exd 4 chew that when a group 13 allowed more tiume in the
goal region, more time is spent there, Also, the graphs
for Fhases 2 ané 4 of Figure VIII show that the two curves,
sessicn for session, are about egually displ~wced from the
7 second polrt, On the averize, a group uanler the 1l second
coniiticn spent less thzn the full delay ianterval in the gosl
region per.response, while a group under the 3 secord condition
spent wore than the delsy interval. In lise witii the argument
put forsard 4{a the dlscusselnu, Lt 18 suggested that sowething
less than 11 seconds wais sufficient for tke mxgnituds of
the frustiraticn resrorse to increase ezough beyond previously

conditicred lavels so that the 53 asportinacusly fled the
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goal region, Under the 3 seccord éelsy condition, on aeny

one trizl, the magnitude of the frustratioca respornse did rot
ircreese sufficiently to result in the I3 sportsreously
fleeing the goal region,

This brings up the queuation of why there was ro decline
of time {n the goal region per reaponse in rhase 2 (Group
), bxys + +2703 (Group B), bxy” +e2%0s In Frhane Z, the
response of remaining in t he goul uvon entering may be more
resistant to extinction than the entry respornse. This would
seem recsonzble masucing that the asalley cucs decline ir
aporoach eliciting power in relation to their distunce from
the gozl. Therefcore, as extirction progressed, the arproach
gradient would collapoe towards the gsosl. The regative
slopes seen in the Fhuse 4 grapa of Figure YIII (Group 4,

L _= =,2503 Group B, b_ = =-,260) miy be the rezult of

xy xy
repeatad extinction maxing the functional reinforcing pro-
perties ef the conditioned elicitors generally more
vunerable to the extinction process, Thia is 1ll very hypo-
thetical, but worth corsidering for future research,

In the later sesaions of Phsse 1 and throughcut lthugse J
there wn3 a decided increase in the mean time in the goul
region per response beyond the 7 secord delxy pericd., This
18 the same effect us seen in Fhnrge 3 of Ixperinent I and
probadbly cccurs for the same reasons previously proposed.

1able X gives the frecuency of shocks by session for

Groups A and B, Inspection of the chock frojueuciea for
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Phasens 2 and 4 show that any decrecasved resistance to extin-
cticn showm by the Cs under the 11 geconc delsy condition

cenrnot be attridbuted to a higher ehoeck frejuency. The {3

under the 7 second Celry condition elveys received ths great-
est amount of shocks. OCbservations of the Fc beliavior indicates

that a hesitancy to retreat from the goel rszion or hesitancy
to ernter the ;afe box was the usuzl rezson an J recelveld a
stock., Thie behavior was menifestcd nore frejueniiy in the
group urder the 3 second conditicu coupared to the grovp
under the 11 secoad condition, This differential amouut of
resitancy way hive & cowmuon cause with the response of re-
naining In the go:l regicsn upon entrye. The reascns for this
were previously discussed,

Bayond tue differenticls in observed bshavior paticrns
reportal srbove, the behavior of both grcups during; Phaocs
1 and 3 clesely resembled the behavior obsexved for the Ig
in Fhase 3 of Txperiment I, There was an ecual sizilarity
betveen obiserved behavior of the [y during Thuse & el
Txperimernt I and the behavior of tlie o in ryperiment II
durirnpg Jlase 2 and 4o VWith the exception of the differential
tendency to hesitant retreats and terdency te ctuy in e

hial

o=l regicu, war no%t able to Clscern vy roelluble Cifference

:
.

in the manifestation of fear or frustratica between Groups

A and B,
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of Experiment 1I.
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Figure ViIa. Mean total time spent in the safe box, alley, and
goal reglon per session of Phases 1 and 2 of Experiment II.
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Figure VIII. Mean time in the goal region per response per
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of an 3's entry into the goal reglon, depending on the
group and the phase(see the text),
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DXPURINZTT ITT

Due to the failure to obtain statistically significant
resulte in Fxperiment 1I, Experiment II was replicated in

this experiment, The number of sudbjects was increased,

MTTEOD
Subjects, The 53 were 14 nalve female hooded rats from the
colony maintzained by the Departmenf of Psychology of Michigan
State University. 4ll Sa were from 110 %o 120 days old at
the start of the expariment,

Beginning two weeks prior to the start of the experie
ment, each 35 was handled for five minutes a day. Beglnning
one week prior to tne start of the experiment, $3 were placed
on & water deprivation schedule of ten minutes of access to
water in the 1ndividual home cages every 24-hours., Food was
continuouzly available, Also, during the last week prior to
the bezinning of the experiment, $3 were, individually allowved
ten minutes per day to explore the experimental apnaratus

and drink in ths apparatus,

Apparatus., The apparatus used in Experiments I and II was

used in this experiment without modificatlon,

Procedure. The procedure for this experiment was identical
to that used in Experiment II with but one exception. In
the present experiment, Phases 2, 3 and 4 (Extinction, le=-
acquistion, and Re~extinction respectively) were @all reduced
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in length to five days each, That is, five dally sessions
per each £, one session per day., This reduction in phase
length was justified by the results from Experiment II.
Experiment II results showed thet if significant differences
wore t0 occur in Ffhases 2 and 4, they would ocour during the
first few dzys. Experiment II also showed thaf no more than
five days were needed for FPhase 3 to return 33 to their
steady response rates obtained at the end of FPhase 1, It was
apparent from Experiment II that Phase 1 or Acquisitiocn had
to remain fifteen days long.

Ap in Experiment II, at the end of FPhase 1, the 14 £3
were divided irnto two groups. Zach group had approximately
the same mean response rate across sessions, 4gain, the
groups were assembled from pairs of 3 more or less matched
for meun response rate across sessions (see Table XII below
and Figure 4in the results section). A response was de-

fined as a traverse from the safe box into the goal region.
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TABLE XIX

Group composition in terms of the mean response rate acros:s
Fhase 1, '

Group C Group D
sudblect _lMcan regponsg rate Sublect Moan responze rate

1 - 17.80 g - 21.47
2 - 14047 9 - 14040
3 - 12,73 10 - 13.20
4 - 11.93 11 - 9453
5 - 94 CO 12 - 9453
6 - £,80 13 - 6.00
T - 209 14 - 5,69
» 77,93 = 73,73

Y = 11.13 ¥ = 11.39

Fach group was then rarndoxly assigned to the experimental
conditions in Phase 2,






EESULTS A%D DISCUTIIOY

The data are presented in grophic ard tebular form at
the end of thies session and in Aprendix III, Filgure IX
£iven the response rate for Groups C and U acroass seasions
of the four exrerimentsl ph:ses. A8 in lxperimert II, inspece
tion of the grarh of Fhase ¢ in Figure IX shows that the
greatest éifference tetween greup means occured, as might be
expected cduring the first session. A T-test of these two means
gave a value T=1,70; with 12 d.f., this difference i5 not sigri-
ficant &t the .05 level. A likely reusor for this noneignificant
result lies ir the response rate of ore § of Group Co Thias 3
pade only 1 reaponse during the first eesnicn, The reesponse
ratea for the remalring 53 of Group C in the first sension
ranged from 13 to 24, The resrponse rate of the one 3
badly nkevwed the data. when the data from § with the lowest
renponne rete wna discrrded from both Groups C and D, a T=
teat of the resulting two means {(Group €, X = 17.83%3 Group D
X = 10.83) gave a T=2.79 which with 10 d.f. i3 significant
et the ,0: level, Thus, for the first session of Phase 2,
the rosults were in the predicted direction cnd were signi-
ficart when the data of a highly ceviant 3 were excluded,
Turning to Phuse 4, Filgure IX shows that the results
are ggein in the predicted direction. Once agcin, the
greatest dif{ference between group menns occured during the

firat session. A T-teat ¢f these tvo mecuny gave a vilue
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of Ta 3,20 which with 12 d.f. i8 significant at the .ol
level. To be consistent with the analysis in Ixperiment II,
the data from the 3 with the loweat response rate for this
geasion was discarded from both Groups C and D. The two
lowes$ performing S5s in Phase 4 were not the same two loweat
performing I8 in FPhase 2, After the removal of the data for
the two poorest performing £g in session 1 of Phase 4, the
mean for Group C becume 7.33 versus the previous mein of
6,71s» PFor Group D, the mean became 15,67 versus the previous
mean of 14.71, A T=teat of these resulting two means gave a
= 3,10 with 10 4.f. which 18 significant at the ,02 level,
Thus, for the first session of Phase 4, the results were
clearly in the predicted directions 7The second hypothesis
wag supportede.

A further analysias of the response rate data was mace
by using each 3 as i1ts own control (ifo data were excluded),
That ia, each 8's response rate under the 3 second delay
condition was matched against ite response rate for the 1l
ssoond condition. A matched~-pairs T-test was used to analyze
the results. This gave a T = 3,64 with 13 d.f, which is
significant at the ,C1 levgl. This matched-pairs analysis
clearly supports the predicted effect.

Inspection of the response rate data from rhase 1
indicates a great similarity to the results obtained in
Fhase 3 of Lxperiment I and FPhase 1 of Experiment II., 1In

this experinent as in Experiment II, there is scue savings
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in reacquiaition, The cowbined mean response rate of
Groups C &nd D for the first seasion of rhase 1 of Experiment
IIT 15 X = 3,93, The cowbined mean response rate of Groups
C axd D for the first session of Phase 3 of Dxperiment III
is £ = 10,76, This represents & savings of 236% in terms of
response rate, A matched-pairs T~test of tiie mean responce
ratas of the first seasions of Phases 1 and 3 (using each
$ as 1its ovm control) gave a T; = 34205 with 13 d.f, which is
pignificant at the ,0l level, Inspection of the response rates
for the first sessions of Phaces 2 and 4 revealed only a 14%
savings, Compare this savings with the 4474 savings found
in Experiment II, A matched-pairs T-test between Phases 2
and 4 of fxperiment III gave a Td = ,675, d.f, = 13, The
14% savings represents & nonsignificant savings in responiing.
Probably the shortening of FPhase 2 (or extinction) from
Experinent II to Experiment III accounts for the appreciable
loss in savinga. The five sessions of Thiase 2 in Experiment
I1I may have been an ingufficient number of sessions to allow
the develorment of an appreciable amount of positive trans—
fer.

As in Experimert II, the analysis of ti:e meapures
is of particular importance for the major hypothesis. Pigure
X presents the mean total time spent in the goal region
for the group receiving the 3 second delay condition and the
group receiving the 11 second deleay. The difference noted

here wae also seen in Experiment II. Thia cifference can be
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better eppreciatad in Flgure XI, The graphs of the mean

time in the goal per response for rYheses 2 and 4 show, as
they did in Experiment II, that when a group is allowed more
time in the goal region, more time is spent there, In Figure
XI, the two curves are not quite so enually displaced frouw
the 7 second point as was the case in Zxperiment II, IHowever,
the effects vere vexy similar. The 11 second group again
gpent lesa than the full delay interval in the goal region per
regsponse wnile the group under the 3 second condition spent
more than the delay intervel., As in kxzperiment II, tLe

gaome exmlanation could epplys Hamely, that an 1l sccond dslay
is sufficient time for the frustration response to ircrease
beyond the previously conditioned levels, while & J} second
celay 1s not..

One of the most interesting especta of the extinction
phanes for these data is that the time in goal per resporse
tends to iacrease rsather than decrease, This 1a especlally
true in Fhase 4 for the 11 second delay group (Group C)s The
increase ia goal time in Group C in Phase 4 is poseible de-~
cause the predator does not start moving until after an
11 second delay. Wy goal time per response increases when
there is no water avallable can only be explained, in part
at least, by the assumption that staying in the goal is
gtill the strongest or prepotent response in this stimulus
situation,.

The slope conatauta for the curves sesen in the graph

of Phagse 2 in Figure XI are b, = + «110 for Greup € and

7
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bxy = + ,CEC for Grwup L. Tbese‘alight positive slopes
pight suz-est that there was little if any wmergin for
further corditioning at the ecutset of Fhase 2, The slizht
nnegative elore computed for the Group D curve of time in
the gozl region per resporse in Thase 4 suggests that since
this group started out spending a deal of tiue in the goal
per recrense compared to Group C in Thase 2, Group If's
rerformance n2y have becen near maximel in the first session
eré thus had ro place to go but dowvn,

L in Expérimént I, in the finel four egessions of
Phase 1 and throughout I'hase 3, their is a relisble increass
in the mean time spent in the goal regipn per response beyond
the 7 second delay period. Once ag2in, this 1a the sane
effect an sveen in Thase 3 of lxperiment I, Reasons for thig
were proposed in Ixperimernt I.

Table XII gives the frequency of shocks for each session
end each pliase for Jroups C &nd D A8 in Ixperiment II,
inspecticn of the shock frequencies for Phasea 2 end 4 azain
shows that decreased resistance to extinction showm by th
- £3 under the ll second delay condition cannot be attributed
to a higher shock frequency. The $g under the 3 second delay
condition alviays received the greatest nuuber of shocks during
the first seosicn and tha entire phuse, As in Ixperiment II,
the observations ‘of Us benavior again indicated that hesitancy

irn retreating froa the goal region and entering the safe box
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were major reascns for an 3 receiving a shock, 4gain, the
obgserved differentinl in axount of hesituncy was seen.
?inally, £ was not able to discern any reliable diffsreuce

in the manifeatetion of fear or frustration betweeorn Groups

C and L, '
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CO_ CLUSIO:S AND SUMIALY

In the introduction to thie study, a model was presented
for apuroach learning and extinctiocn in prey <rganisms as
a function of repeated predatory attacks. The learning model
involved tie assumption that the basic tazk confrontirg tue
yrey orgnnism is to learn to approach a region of the environ=-
nent to obtain needed reinforcement and then flee this sane
region to aveid the direct physicsal attack of zn approeching
predator. The response of approaching the goal, it was
argued, 18 conditioned to the stiwuli wmccouparyirng the
emotional responses of fear and frustration,

Fear is elicited by the operation of the predator,
After a sufficient number of approaches to the goal region,
fear-produced stimuli serve as purtizl discriminative stinmuli
eliciting the approach response,

Frustration 1s elicited by the termination of positive
reinforcement necessitated by the prey leaving the source
of reinforcement in order to avoid the predator's attzack, 4s
with fear, after a sufflcient number of approaches to the
goal, frustration-produced stimuli serve &s partial discrim-
inative stimuli eliciting the approach stimuli response.

Two predictions were macde concerning resistarnce to
extiretion, The prediction was made that prey without prior
experience in approaching the reinforced region under threat

of predatory attack would show leanm resistance to extinction

a7
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than had they have such prior experience, Aleo, it was
predicted, from the model, that prey allovwed less time in
the goal regicn prior to the onset of predatory attack would
shov more resistance to extinction of the approach responce
compared to prey having more time in the gosl region prior
to predatory attack, These predictions were supported by
the results,

The model makes use of apparently justified assumption
that under eppropriate learning conditions, normally noxious
and aversive stimuli ean come to serve as stimuli helping
to incresase resistance to extinetion, Convincing evicence
for this assertion is to be had by noting that in Experizents
II and III the groups which show the greatest resistunce to
extinction are also the groups which receive the greatest
nuaber of chooks.

The results supperting the two hypotheses and the
other results which came to light during thies study must
be generalized with great caution, Direct application eof
the present findings to the field must be juite tenative,
However, two conclusions seem fully warranted., First, this
study has set forth a means of systematically studying a
complex problem., The problem is to find a way to evaluzte
the type and form of learning which a prey organism diaplays
ag 1t learns $o0 oope with its predators, It is felt that
this study represents a step in the right direction, The
basic task confronting the subjects in the present study






wmay be liaited in scope in terms of all possibvle confrontatiecus
of prey aind predator, but ths gituation is readily modifisble
along severzl dimensions, These dimensicns are, for instunces
The special relationship of safe region, goal, =nd interverinyg
spacej the initigl locus of the predatorj the detectubility
of the predator before and after the beginning of its
ayrroach towards the prey org:nismy the etimuli characteriz-
ing the prtdator euch a3 esize, speed of epyro~ch, type of
stimuli signaling spproach of the predateri the possibility
of varyirg the type of ard ruuber of alternative paths
leading to and from the goal regicny variation in tke tyre
of reinforcement snd deprivation cornditions of the preys
and of course, the type of prey orgonism used,
The gecond point is that an ettempt hus been made to
formulate the problem, Ihis formulation or theorizirg gives
a structured framework for future research in the field.
The present study could serve to focus field efforts towards
the gethering of detailed information on the continuing
behavior of individual prey org:unisms, This study could
serve to ejuip the observer with a set of expectations on
the learning of prey organisms, These expectations could
then be suprorted, modified, or disconfirmed by careful
observations in the field, DBy this means a reciprocal re-
lationahip between laboratory and field work might be developed.
Sheer common sense would dictate that the conditions

corifronting the prey organism in the field are much less
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stable than in the ladoratory. Lvenso, some tenutative
suggestions can be put forth from the results of the present
*hyperstatle® study. It is sug.ested that increased
resigtance to extinction cf epproach to a region previously
essocinted with reinforcement might prove to be adaptive

for the prey organism., This might be so in that the con-
ditions which make reinforcement available in the first place
may repeat themnselves, This would make it unuecesszry for
the org:unism to search new and wider areas for other sgources
of reinforcement, 7This effect might help explain territor-
iality in orgsnisms which have fairly demarcated foragirg
ranges,

Also, increased resistance to extinct.on under conditionrs
of short delay in predatory ettack compared to long delays
might prove adaptive, lore returrns to a previously reinforced
regicon could disclose other sourcea of reinforcewment close
t0o the original region,

Alsc, through the conditioning of approach response to
fear-frustration stimuli it is possible that & prey orgonism
way be more resistant to sbandoning new, potential sources
ef food or water (reinforcement) if i1t is attacked in this
region while being reinforced.

These suggestiors are put forth to show furiher avenues
of study in the area of modification of prey behavior tnrou.h
the medium of predator encountera,

Firally, it is hoped that the present gtudy will salert
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other workers to the need to view behavior modification in
light of its adaptive significance for the orgarism display-
irg the behavior change. In the last analysis, learning
should be viewed as one way an orgarism deals with a hostile

environment.



s RN ADO
.t. 'npl't-s,..;- v ol

Amsel, A, The role of frustrutive nonreward in noncontirnuous
reward situations, ZFsychnl, Bull., 1y58, 55, 102-114,

Amsel, A. Frustrative nonrsward in partial reinforcement
end discriminstion learning: Gome recent history and a
theoretie=l extensioun. Ioychol. Rev.,, 1362, 63, 306-
3’-80

Azrin, NeHe Punishment ard recovery during fixed-ratio
perforziances Je EXpe Annl. Beneve, 135549, ¢, 301=335.

Azrin, X¥.,H, LEffects ef prurnishment intensity during varicble-

interval reinforcement, J. exp. znal. Bekav., 160, 3,
123-142,

nzZrin, lieHe and Holz, wWeCe Iunishment during fixed-interval
reinforcemsnts Jo €Xps anzl. EBehsve, 1561, 4, 545-347,

Brown, de, furtin, ReC., and Morrow, liwe Oelf-punitive
behavior in the ratt Facilitative effects of purishment

on resistance to extinction. ¢. comp. physiol. Foychol.,
1064, 57, 127-133,

Brown, R.T. 8nd wsgner, A,H. RKesistance to punishment and
extinoction followirg trairing with shock or xocreinforce-

ment, g, exp, psycrcle., 1064, 63, 503-507,

Calhoun, JeBe. snd Sociole
washingtons rublle liealth Cervice
13264,

of the korweoy Rt
ublication ko. 1ul8,

Church, ReM, The varied effects of punishment on behavior,

Payenols Hey., 1963, 10, 363-4Sc

Curti, M.¥We, Native fear responses of white rats in the
preserce of cets., JFaychol. rforog., 1435, 46, T8-=48,

Denny, Me.ile Orie bar-press per deys Accuisition and
extinctions Jde. exp. Anale. behave, 1954, 2, Ul=E5.

Denny, ll.Re and idelm-n, HeiMe Ylicitatior Theory Il: The
formzl theory and its application to instrumental eacape
and avoidance corditioning. unpublished theoretical
paper, Michigan (tate University, 1956,

Denny, MeRe &nd weiswsn, ReGe Avoidsnce behavior ss a
functior of length of nonshock confinement. J. goup.
physiol, Payehol., 19C4, £, 57°=57,




. . .
. .
. . .
. A . .
. . R
. - : 4
. . .
" . .
. . .
.

[



Edwards, A.Ll.
xew Yorkt

Elton, C«¢S. The umse of cats in farm rat%t control, 3rit. J.
aﬂig. BehaV.. 1955' lj 151“1550

Ferster, C,B, VWithdrawal of positive reinforcewmernt as punisi-
ment, Ugimrca, 1557, 176, 539,

FPerster, CeBs Control of behavicr irn chimpanzees and
pigeons by time out from positive reinforcement. Ysychsl,.
Mongrs, 1956, J2 (8, whola ko. 461,)

Griffith, C4Re The behnavior of white rats in the presence
of cata. Psychobiol., 1320, 2, 19-28 (abstract)

Gwinn, G.Te The effects of punishment on acta motivated
by fear, J. gxp. Peychol., 19447, 33, <60-.61.

Hedeger, H, Vild Animals in Coptivity, Lordons Butterwortin,

1550,

liinde, ReAe Factors governing the changes in strength of
a partially inborn response, as shown by the umobbing
behavicr of the crhaffinch (Pringilla coelebs) III., The
interasction ¢f short z=nd long term increumeatzl and
decremental effects. Yroce ¥oy. Soce B., 1901, 1353,

3umbe
Holz, WeCe and Airin, ¥.H. Dliscriminative properties of
pu318hment. i’ exXp. Anal, E@hav.. 1961, i. cch=2%c,

Eull, CeL., Learnings II The factor of the conditioned
reflex., In C, lMurchison (eds)s Haribock e¢f General

Experimental Psycholoiy. Worcesters Clark Univer. rress,
sk

Jdoslin, J., Fleicher, H,, and Emler, J. 4 comp:rison of
the response to snakes of lib-und wild-reared rheaus
morkeys, srimzl Behzve, 1364, 12, 340-35¢.

Keehn, Jole¢ The effect of a warning signal on unrestricted
avoid«nce behavior. JBrite. J._roychole., 1854, 59,
1c5-155,

Melzack, ?, On the survivel of mallard ducks after
‘habituation®' to the hawkshaped figure, Eeheovior, 1361,
i1, 9-16.






34

Melvin, X.B. and Brovn, J.3. Teutr4llzation of an avsrsiva
light stimulus as a function of number of paired
rresentvationn with foods J. gconp. piysinl. Favenel.,
1504, 38, 350-353.

North, A.J. and Horton, #M.L. Cuccesasive acquisition and
extinctions of an inatrumant:l reaponces deo £330
paysiol, Psychol., 146&, 55, JT4«377.

Yaviov, I.P, Conditiorned Reflexes., Londons Oxford Uuiver-
aivy Iress., licl.

Ricasrdaon, W.B. Reaction towards sinakes as shown by the
Wood Kat (Xeotoma albignla) J. comp. Paychol., 1342,
2_‘"’:. l"lo .

dardler, do Masochisms An empiriccnl analysis. Poychsl.
Bull., 1964, 62, 147-:04.

Seton, E.Te Lives of Games Anim=ls, J vol. Ilewtorn Center,
i138.4 Ch.rlaes 1. brarford, 1753,

Sidman, M. aud Boren, JeJe A comperiron of two types cf
warning stimulus in an aveidance situation. J. ecup.

physicl. Fsychal., 1957, 50, ©82-287,

Slamons, KeZeLle The nature of the predator-rsactions of
waders towaras humansg with special reference to the
roie of the eggressive, escape &nd brooding drives,
Bshavior, 195%, 8, 130-173.

Spence, K.\ Inglewood

Wynne-Tldwaris, VeCo Anim:]l Piospersion in Telution 19 Socinl
Beshivior, Héinburghs CQliver and Boyd, 1u6<.







T eeeyq

1 juemrIedxy Jo sesewd
Inoy of3 Jo uoyssss Jod seqex souodsex oY) JO SUOTIBTASP DIUDUBYE DUB SUBSH

I YIQNRddV






e T —sueTeet
¥ eswyg (o } inel
Ll - Bl ~ ) M‘IC.
“lm.m...m -
ot 3 ] A £

S sis

0 .ﬁ- .:..Mﬁl: 9°¢  08°C Oc
.‘.A :.. Aﬁlat' .V‘)
>
vt (414 2t Tt ot 6 [ L w.«
Z Psuyg
6 bl % 9 89%2 9v 1 86°T 91°¢ d¢
ulﬂv.@i.&m&h!&f‘ 00¥5 02°F 0R"T.00°% 007 3
1 - @!lﬁﬂlu t.ﬁ‘.at-‘ “.I:‘E‘E.I y.‘ﬂ an
00 02 ov*8
(43 ri [543 et 1t o1 . 2 e L 9 K . a3
1 eswyd

II 3usurxsdxy Jo sessyd anoJ eyi Jo
uotsses Jod @ pue v sdneyp Jo se3nr esuodssy oy} JO SUOTIETASD PIEPUEIS DUR SUESK

II XIQRIddy



;‘




57T Y2 ¥ [T NGS & o ot )
Y w & .} m DR M A “L J b
R IR AT T D Nqﬂ;:w @ dnc
GOTL TSty TN 8L LY
A VR S A 4§ TR AT N A w 0 dno
4 ¥ < < T SUCTEE
¥ 9sehy
$779 73 \d
(LT Y o dno
IR AN
¥i*7 X 0 dnox
T CUOTBE 5,
¢ ®egeuyg
T® Yoy
I | 20
5¥h X q dno.
2G%L a8
VTt X 5 dno,
1 BUCTEE

A
e S W,.m * @ dno
L e S A
6T LST LS X 5 o
* LR a7
z > M BUCTOH

T eceyy

IIT jueutsedxy 3o seseyd anoj syj Jo
uoyeess Jod ¢ puw 9 sdnoxpn Jo ecejex esuodsex 803 JO 6UOCTIBWTADP DPINPUEIE DUV BUREey

ITY YITEAdyY






R

3 1293 0



