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ABSTRACT

THE PROBLEM OF DOMESTICATION IN THE
LABORATORY RAT AND A COMPARISON OF PARTIALLY
REINFORCED "DISCRIMINATORY" AND ANTICIPATORY

LICKING IN DOMESTIC AND WILD STRAINS

CF RATTUS NORVEGICUS

By Robert Boice

Psychology has received deserved criticism for
its exclusion of undomesticated Norway rats in learning
research, It is surprising that the rather widely
acclaimed learning deficits which are assumed to accompany
domestication (e.g., the assumptions of degeneracy and
limited phyletic generality) have gone essentially untested
by psychologists. Research on wild rat learning has
apparently remained in the "armchalir" stage because of
the wild rat's reputation as being obviously more
intelligent (i.e., fierce and wiley) and almost impossible
to rrocure and maintain,

This thesis presents three basic considerations
designed to evaluate the possible contribution of wild-
type rats to research in learning: 1, Practical
techingues for trapping, breeding, and maintaining
wild rats in a typical laboratory setting. 2. Ad
1ib, and time-restricted water intake as measures of
emotionality and domestication. 3. Inhibitory and

excitatory patterns of responding in noncontingent learning
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to lick.

Selection of a land-fill where the refuse was
constantly rearranged allowed unprecedented speed in
trapping (mean latency of capture = 15 min.,) as well as
sampling the high status population segment which usnally
avoids new objects such as traps in a more stable environ- .
ment. There 1s reason to believe that the "trap-say" rats
in the usual environment are more dominant and fertile
than the oft-wounded low social status rats., The
expectation that the captured high social status rats
would exhibit better mating and maternal success than is
traditionally reported was supported with a result of 100 per
cent breeding success, large litter sizes, and no savagery
or neglect of litters.

Two captured wild rats judged to be of low social status
fared differently. The low social status male died as a
result of his initial mating encounter, and the low statnus
female destroyed both of her litters, Cbservations of
mating behaviors suggested that the success of the breeding
experiment was alded by the nse of special, gated breeding
cages which pnrovided olfactory acquiaintance vefore, and
restriction of fighting daring, initial encounters of
nale-female pairs,

Previous research has suggested that stressed
laboratory rats (i.e., more emotional) and undomesticated

rats (i.e., more emotional) drink more water than normal
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domestic raté. This investigation compared domestic,
nonagoutl rats with wild Fys and found no differences

in ad 1ib, water intake, followed by a slight superiority
of the domestic rats in deprivation adjustment. There
were no detectable differences in lick rates (mean or
range) between strains, Another deviation from usual
measures of emotionality was the relative absence of
defecation in newly captured wild rats.

The conditioned (noncontingent) licking technique
as developed by Weisman (Ph.D. dissertation, fdichigan
State University, 1964) was selected for the strain
comparison of learning. The Weisman tecnnigue had the
advantage of producing fast habituation and requiring
limited motor responding for the more neophobic wild Fq
strain. Learning to lick in this investigation proceeded
according to the two-stage model of noncontinzent
learning developed in this thesis: The consistent
emission of discrete UCRs to the UUICS, ("discriminatory"
responding) appears to have been necessary before
consistent elicitation of discrete CRs by the C3
(anticipatory responding) occurred. Two hypotheses were
derived from the two-stage noncontingent learning model.
The first, that the two stages (DRs, then ARs) are

characterized by innibitory and then excitatory modes of
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responding, was supported in analyses of individual lick
topographies as 1n cases of inhibition of delay and
excitation in reacquisition. The second, that wild F1
rats would learn the inhibitory stage (DBRs) quickly but
that the excitatory stage (ARs) would be delayed as
compared to domestic rats, was also essentially supported.
More emphatic evidence for the relatively inhibited
learning style of the wild Fq1 came in the last
extinction, The introduction of a novel stimnlus on the
tenth trial caused the domestic rats to stop responding
for about three or four trials. iost of the wild Fiq
rats did not resume responding.

Strain similarities in the learning study were

most evident in the superiority of CRF over PR for both
stages (DRs and ARs), and in the within session response
decrements,

In sum, there is no support in this investigation
for the notion that wild rats are more capable in
appetitive learning studies which traditionally use
domestic rats, It could be argued that performance
inhibitions rendered the learning results from the wild
F1 rats less phyletically gereralizable than the results
from the domestic strain., Although the wild-type rats

provided more interesting results in the studies of
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INTRODUCTION

"From the point of view c¢f all 1living
creatures, the rat is an unmitigated

nusiance and pest. There 1s nothing that

can be saild in its favor. It can live
anywhere and eat anything"(pg.150). "The

rat has an excuse. As far as we know it

does not appear to have developed a soul,

or that intangible quality of justice,

mercy, and reason that psychic evolution

has bestowed upon man"(pg. 155; Zinsser, 1935).

Since the time of Watson and Carr, the mutant

rat, Rattus norvegicus albinicus, has been the favorite

subject for psychological research (Munn,1953).
Although selection in breeding has established the
domestic rat as an excellent subject, two factors have
led to a serious reconsideration of the emphasis on
the "laboratorized" rat (e.g., Beach, 1950; Bitterman,
1660): First, it has become apparent that not
everything in psychology can be investigated, as
Tolman (1938) once believed, through analyses of the
determinants of rat behavior at a maze choice point.
Seccnd, many years of selective breeding in the
laboratory have probably produced a specialized rat
which limits the generality of experimentation to
other animal research (Fuller, 1960). Another possible
consideration for psychology 1s that the rat may have
been studied too extensively with standard techniques.

Assuming that over fifty years of data merit a






conslderation for the retention of the Norway rat as a
research animal, this thesls will investigate two
problems designed to evaluate the role that relatively
undomesticated rats could assume in learning psychology:
1., Can wild rats be utilized efficiently in a typical
laboratory setting? 2. 1Is there a learning paradigm
which can demonstrate the important effects of domes-

tication, as opposed to wildness in the rat?

The Study of Domestication and the

Practicality of Wild Rats as Experimental Subjects

"We do not know of any research being done
with wild rats. If you have to capture and
handle wild rats by yourself, be very careful
because wild rats bite viciously and carry
many diseases; almost a perfect contrast

with our tame, healthy rats."l

A marked genetic change can be expected after only
a few generations of breeding in the leboratory,
without deliberate selection of any kind (Spurway, 1955),.
In psychology, there is general agreement that rats
have been selectively bred for such qualities as
docility, readiness to learn, and fecundity. Some of
the conditlons peculiar to domestication include

dietary deficiencies (Zucker, 1953), confinement in

small cages, lack of practice in meeting new situations

1, Jon Holtzman, Holtzman Company, Madison. Personal
communication. 1965.






(Griffiths, 1944), and propensities for uniform
infection (Russell, 1941).

The morphological and fecundity changes of rats
in captivity have been well documented by zoologists
such as Donaldson (1915), King (1939), and Richter (1944).
For example, by the twenty-fifth generation of
laboratorization, King found marked increases in
average length of reproductive period, body weight, rate
of growth, and mutations in either color or structure
of hair,

The genetics of behavior (psychogenetics) involves
more difficulties of interpretation than the genetics of
morphology (Broadhurst, 1965), especially in terms of
measurement (Ratner and Denny, 1964). There are,
however, reasons to believe that changes in the
structure of rats do correspond to changes in behavior
(Barnett, 1963). Differences in viciousness and
emotionality between feral and domestic rats, for
example, are reliable enough (i.e., the two strains
breed true for wildness and tameness) to indicate an
hereditary basis for the difference (Hall, 1941).

Other strain differences in rats have been found in
threat displays (Barnett and Evans, 1965), social
behavior (Barnett, 1960), emotionality (Broadhurst

and Levine, 1963; Farris and Yeakel, 1945), audiogenic
seizures (Farris and Yeakel, 1943; Martin end Hall, 1941),

aggressiveness (Hall and Klein, 1942), speed of reaction
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(Utsurikawa, 1917), geotropism (Crozlier and Hoagland, 1934),
exploratory behavior (Rarnett, 1958a), feeding behavior
(Barnett, 1956), maze performance (Tryon, 1932), and
avoildance learning (Brosdhurst and Bignami, 1965;
Zerbolio, Reynierse and Denny, 1965). Not only is the
laboratory rat susceptible to behavioral changes in
selective breeding, but as inbreeding and homozygosity
increase, the variability of behavior decreases up to

a point (Barnett, 1963). One of the main advantages

of rats that are tame and inbred (perhaps the factor
which overcomes the resultant limited phyletic
generality),lies in the reduction of genetic variability
and a necessary limitation of individual differences.

The point of critics such as Beach and Bitterman is
that psychology has overemphasized research with
specialized rats which lack the full-range and vigor
of behaviors available in wild animals (Kavanaugh, 1964),
A crucial point for psychogenetics is the fact that
almost nothing is known about differences in learning
ability between domestic rats and thelr progenitors,
wild rats. Among the voluminous work on strain
differences (Robinson, 1965), only one learning study
(Stone, 1932) has employed a direct wild-domestic
comparison. The lack of such studies is probebly due
to these considerations: First, wild rats are reputed
to be impractical for use as subjects in learning studies

(Fuller, 1960)., Second, with the exception of some
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unpublished research using Sidman Schedulesz. few
efforts have been made to develop reliable learning
techniques for use with the neophobic, wild-type
strains.

Stone's isolated study tested the effects of
willdness in a simple maze. The wild rats in that study
typically crouched or ran frantically in response to
the slightest disturbance. 1In sum, Stone's study points
out the desirability of limiting the amount of
instrumental responding in an appetitive study of wild
rat learning. Problems basic to the study of learning
and performance in wild rats include representative
sampling of the feral population (Calhoun, 1962),
efficient trapping (Chitty, 1954; Thompson, 1953),

and maintenance and breeding (King, 1939).

"Discriminatory" and Anticipatory Learning to Lick

As a Comparative Technigue for

Emotional and Docile Strains

"The chief difference in the different types
of learning is that in some cases activities
already crsmnized are modified by exie=risrce,
while in others the activities are orsa+

— s -_—

by experience" (¥irkvatrick, 10(:, pr. 2 -

2. M. Patterson, Grinnell College, Personal communicaticnr.

1965.
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While some investigators feel that the learning
process is best demonstrated by classical conditioning
(e.g., Scheffield, 1965; Spence, 1956), it is hard,
in actuality to separate classical from instrumental
learning. Denny and Adelman (1955) note that
establishing a CR involves considerable discrimination
learning in terms of specifying the CR to the momentary
CS and not to the stimulus complex in general. Kimmel
(196€), on the other hand, views the CR as an instru-
mental response in GSR conditioning. Collateral to
the break from traditional dichotomlies in learning
is a new trend cf conditioning wherein novel responses
(eeg., sand digging in Peromyscus--King and Welsman,

1964; the nictitating membrane in the frog--Goldstein,
Sples and Sepinwall, 1964) act as UCRs. In the same

vein, clains have been made for the classical conditioning
of the rat's licking response (the UCR) by wWeisman (1965),
Miller and DeBold (1965), and Patten and Deaux {(1966).
sven thousgh the just mentloned studles are inextricably
bound in the theoretical problem of what constitutes

a pure conditioned response (Kimble, 1964), the lickine
technique for rats does provide an interestiag
demonstration of instrumental--then classical

conditioning in one paradigm. Specifically, thz liclkine
technique developed by Weisman (1964) shows two sta-e
noncontingent learning--"discriminatory" then anticipatory

licking--in a situation which is not usually observable






in faster noncontingent paradizms (e.g., Voeks, 1954),
This two-stage facet of the Welsman technique, which
has gone unnoticed until now, may have special
significance for studying learning in wild-domestic
strain comparisons.

For one thing, the drinking (i.e., licking)
response in wild rats can be elicited in a laboratory
situation (Richter, 1944). The stereotypy of the
domestic rat's lickirg response (Stellar and Hill, 1G52)
is well established to have a mean of six or seven
licks per second (range = 5-8) independent of age, sex,
deprivation state, or type of non-viscous solution
(Keehn and Arnold, 1960; Schaeffer and Premack, 1961).
Thus, assuming that the rat's licking rate is species-
specific, relative simrplicity and reflexiveness should
render licking a good unconditioned response for
hoth strains. Also, the Veilsman technique employs a
confined drinking apparatus in which very little
instrumental responding is required. Pilot work for
this dissertation has showr that both strains seem to
habituate to the licker btoxes quickly, with licking
responses heing initiated a few minutes after bheing
introduced into the hoxes.

Another point is that performance difficulties
are somewhat inevitable in an appetitive comparison of

wild and domestic strains. It i1s possible that the riost
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interesting results will appear in the comparative style
of "discriminatory" responding (discrete UCRs) and then
anticipatory responding (discrete CRs), and not just in
terms of firal levels of conditioning. The stages
approach to noncontingent lesrning around and within
the ISI is similar to the most recent theoretical
developments in classical conditioning (Lockhart and
Grings, 1964; Colavita, 1665; Kimmel, 1966). 1In
addition, the lickinsz technique expands rat research
into the area once pioneered by Huxhes and Schlosberg
(1938) and Biel and Jickens (1941) but long since

abandoned.

The Choice of Varlables and Some Expectations

"In sum, the psychogeneticist must always
remember that in studying trait inheritance

he puts himself in the difficult position

of trying to prove a negative; that the

trait in question is not due to extragenetic
factors. He adds to the plausibility of

his conclusions in direct measure as he
controls the effects of extraneous influences"
(Hall, 1951, pg. 309).

The two most basic considerations in this
approach to a strain comparison of learning are
techniques of subject and response selection. The
first of those considerations concerns methods used in
trapping and breedirg wild rats, the most crucial

steps in the process of laboratorizing rats. The

second consideration involves the measurement of






appetitive learning in the more timid wild rats.

Previous studies which brought wild rats into the
laboratory (e.g., King, 1939; Richter, 1944) made no
mention of attempts to trap "representative" samples
of feral populations. The fact that segments of
feral rat populations survive extensive campaigns of
trapping or poisoning (Thompson, 1953) indicates that
the collection of specimens for laboratory study
usually favors one segment of the population. Calhoun
(1962), who has made a comprehensive study of the
sociolosy of wild Norway rats, has observed marked
social differences which seem to relate to important
behavioral differences in wild rat ropulations. IHe
notes that the...."tendency of socially low-rankingx
rats to exhibit a reduced avoidance of traps is so
characteristic that it forms a portion of the syndrome
of abnormal behavior discussed with respect to the
extremely low ranking rats"....(pg. 88). Cther
characteristics of the socially low rankina rats in
Calhoun's study included segregation to old burrows,
"fouled" nests, and poor fecundity.

The first main hypothesis of this study is that if
the feral population can be sampled for its more
dominant and fertile members, then the usual poor
success of breeding wild rats in the laboratory

(King and Donaldson, 1929; Richter, 1944) should be
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reversed. This hypothesis has special significance

for theories of domestication because it may well
jndicate that sampling (i.e., trapping) should
precede other considerations in the selection process
of laboratorization of rats.
Another prime consideration in the study of
A omestication 1s the marked decline in emotionality and
4 ricrease in docility over gerneations in captivity (Robinson,

1 965). Accompanying the behavioral changes in domestication

are physiological changes; for instance, the laboratory rat
has a lower metabolic rate as shown by its lower water

intake (Richter, 1944)., Such differences were presumably

11 lustrated in a study by Richter and VMosier (1954) wherein
many wild rats showed extremely high and irregular water
intake when brought into the laboratory. It is also
Possible to induce increased water intake by stressing
domestic rats (Siegel and Siegel, 1948).

The second main hypothesis of this dissertation is
that a wild F{ strain bred from high social status rats
W31l not differ markedly from domestic rats in measures
or ad lib. and time-restricted water intake. The
reasoning behind the second hypothesis is basically that
startinz with high social status rats for breeding will
Shoxrt cnt the usnal domestication process. The relation
b‘etween social status and domestication will be discussed.

&Non, The high social status parent strain should produce
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less emotional Fis than in traditional studies.

If the wild Fq strain does approximate the
donmestic strain in water intake, some assumption of
equality of water "need" can be made in using the
1 icker box technique where strict deprivation is
essential to consistent performance in the apparatus.
P 1ilot work has shown that the important difference
b etween the two strains 1s the conservative licking
style of the wild strain. That is, although the
w1ld rats licked throighout the session, their bursts
of 1licking were shorter and inter-response times (IRTs)
1l onger. Other investigators have emphasized the
cautiousness of wild rats in consummatory situations
( Thompson, 1953; Barnett, 1956), and thas it is assumed
that the wild rat's more inhibitory approach may
d i frferentiate the wild rat from a domestic rat in positively
reinforced learning situations.

The third main hypothesis in this dissertation
i1 s +that the primary difference in the patterns of

1earning to lick will occur in inhibitory versus

€X c itatory styles. An example of dichotomizing learning

In terms of inhibitory and excitatory components is
Colavyita's (1966) approach to salivary conditioning,

Colavyita views the UCR as a reflex mechanism, and as an

emotijional or intensifying mechanism. The approach to be

d*eveloped here is that the stages of noncontingent
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learning to lick in the Weismen technique represent
mechanisms of inhibltory and then excitatory responding:
First, an inhibition of the licking response (which
is normally an operant--always reinforced), should

reduce licking in the noncontingent situation in a

discriminatory manner. Second, when the discriminatory

response 1s established to the extent that most
licking bursts are reinforced, then an excitatory
process should cause the rat to respond in an anticipatory

menner to the CS. The specific expectation is that

both strains should master the discriminatory response

qguickly, but that the wild F1 strain will be slower to

break the inhibitory set and thus delay showilng

anticipatory responses. Vith this same approach in

mind, independent variables of intermittent reinforcement,

Trepeated extinctions and acquisitions, and external inhibition/

d isinhibition will be employed in the learning study
in an attempt to further study patterns of inhibitory and

eXcitatory responding. There 1s no general agreement

in the literature on what one should expect in a

W3ild-domestic strain comparisori. In the only published

S tudy which attempted to evaluate wild versus domestic
learning abilities, Stone (1932) found that wild Fys,
When habituated to the apparatus, showed superior

Pexforrance compared to tame rats. Barrett (1963)

Surmises that wild rats might find double alternation

learning casier than laboratory rats, and Robinson (1965)
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goes so far as to state that, "On a cautious view,
there would be little in the normal course of
laboratory routine to prevent a fall in maze ability.
Shelter, food and mates are provided without the
individual making a move to fend for himself. Even an
idiot rat could flourish in such an environment"
(pg. 514). On the other hand, it is reasonable to
expect that wild rats, in spite of their reputation as
vigorous and wiley animals, would fare poorly in many
standard laboratory learning situations (Tinbersgen,
1965). This thesis favors the second view primarily
because it seems that psychologists probebly retain
the most cooperative rats (i.e., quick to learn) for
breeding.

Thus, the two basic probhlems of this thesis
center around the comparability of wild rats and
d omestic rats as standard laeboratory animals, and
around the importance of differences in behaviors
(e.g., learning) in the two strains to the tradition

Of using tractable rats in psychological research.






CHAPTER I

TRAPPING, BREEDING AND MAINTAINING WILD NOBWAY RATS

One of the few fallacies among the beliefs about
trapping wild Norway rats is that humen odors on traps
prevent capturing the wary animals (Chitty and Shorten,
1946), Calhoun (1962) reports that wild Norway rats
are difficult to capture with commercial traps
primarily because such traps represent new objects in
the rats' environment. For instance, Thompson (1953)
and Chitty (1954) report a lag of one to ten days
before "entry" and recommend unvaried trap placement
for a week before balting. Even the researcher who
wishes only to collect small samples will typlcally
find that wild rats cannot be taken quickly (Barnett,
1958b).

Representative sampling is another problem in
trapping rats from feral populations. Intrapopulation
differences in feeding habits, for instance, make
location and time of day lmpcrtant concsiderations in
trapping (Chitty and Shorten, 1946). Thompson (1953)
found that regardless of the interval between
trappings, at least half of the population avoids
entering traps. Calhoun (1962), who observed marked
rats, noticed a trend of socially low rankineg rats to

exhibit "a reduced avoidance" of traps. Calhoun's

14
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observation, which has apparently gone unnoticed

by students of domestication, may have profound

importance for the studies which have reported difficulties
in breeding (e.g., King and Donaldson, 1929) or those
which have domonstrated other extremes in emotional behavior
of newly captured wild rats (e.g., Richter and Rice, 1954;
Richter and Mosier, 1954). The assumption being made

in this study of trapping is that in traditional
approaches to trapping, the most easily captured rats

are most likely to be infertile and more emotional

(Scott and rredericson, 1¢51). The crucial problem

seems to be the need for a technique wherein the

zeneral neophobia (Zarnett, 1963) of wild rats would

be reduced. For example, even laboratory albinos

in the wild travel only in the same paths (linckler

and Pease, 1938), except to skirt unfamiliar objects

in the paths.

With the exception of Barnett's (1958b) excellent
manuscript, little of a constructive nature has been
written which would aid researchers in the laboratory
maintenance of wild rats. For instance, Crandall (1964)
dismisses orway rats as animals not usually displayed
but instead eliminated. A zood reason for the stigma on
wild rats is the fact that the Muridae (old world rats

and mice) transmit over 35 known diseases to man and
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his animals.3 Once in the laboratory, these animals
are also renowned for their intractability. King

and Donaldson (1929) describe the behavior of feral
rats in the laboratory as "highly exciltable and
savage', accompanied by constant gnawing of cages and
attempts to escape. The relatively high emotionality
of newly captured wild rats may even lead to their
death by shock (Richter, 1957), although Barnett (1958b)
contends that such instances are probably rare.

Breeding in the confined conditions of the
laboratory was reported by King (1939) to produce
only occasional small litters which were subsequently
savaged or neglected. The traditionally poor success
in breedinz and raising captive wild rats nas led
Richter (1944) to assert that the two most important
stages in the selection process are breeding and
maternal care,

Thus, the general trend of the literature is mostly
discouragzing to the researcher who wishes to establish
a colony of wild rats in his latoratory. Initial
trapping excursions made in the sprinzg of 1965 to a
typical refuse dump (located on south < .m.us,
lMichigan 3tate University) confirmed the findings in

the literature. 1i0o captures were made using overnight

3. Facts about rats and mice, U.3. Fish and Jildlife
Service Bulletin #316. 1961,
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settings. In the fall of 1965 a more promising
trapping locality, the Meridian Township Dry-Land-Fill,
was discovered, A land-fill, unlike a common refuse
dump, consists mostly of non-garbage material which

is bull-dozed, along with layers of dirt, to fill swamp
areas. The significance of a land-fill population of
rats for trapping is twofold: First, there is no
stable arrangement of environmental objects, including
food, in such a settinz, and therefore trapping should
be facilitated. Second, a baited trap in such an
unstatle environment should elicit the entry of both high
and low status rats.

The first main hypothesis of this dissertation,
restated, is that ia the land-fill situation, efficient
and representative trapping should be possible. An
emphasis on breedin~ the socially high ranking rats
should promote DLetter fecundity and maternal behaviors

than has been Tound previously.

METHOD

Equipment-~Two Havahart (size #2) live traps were
used because they zenerally capture only one rat at a
time--a feature which made transfer to individual
wire cazes (Bussey #1425), without handling, quite
simple. Because of its odorous qualities, Puss 'n Boots

cat food was used as bhait.
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Procedure--All trap placements were made in the
Meridian Township Dry-land-Fill (Maslett, Michizan)
between the hours of 10 P.M. and 4 A.N. and between the
dates of September 7 and November 29, 1965. No
special attention was siven tc trap placement location
in the lard fill, except to avoid areas which were
actively Tturninrsz.

Raiting involved the liberal sprinixlinsg cof cat
food throuzhout the trap and around totn doors. After
placement, Es would walk away to a distance of up to
100 ft. and wait for the clar.:in: noise which sisnalled
a capture. Hats which had fresn wounds, a notatrle
incidenwce of btaclik scars, or tattereld =2nvrs were rnot
usually retained becaize this study 2aimed to utilize
mostly i~h social status rats. Transfer to the iire
caxes was effected by allowing the captive to jump out
of the lowered end of the trap into tre opened care,
followed hy a rapid closure of the caze top.

fefore being brouzht into the laboratory, the
wild rats were carefully spreyed with oorrsant's
Flea and Tic Spray. In the laboratory, the woasre
naintained on ad lit, Wayne Lab Blox and tap water.
Removal of a section of one bar in the front of the
individual cases allowed insertion of food pellets
without having to open the top. Daily observations of

behavior were made throughout the fall months with the







19

E sitting quietly at a distance of 5ft. from the
rack of cages. Particularly good observations were
obtained by turning off the lights until general
movement of the rats ensued. If the E remained quiet
after turning on the lights, the wild rats would continue
moving--quite unlike their usual posture of crouching
in the back of the casge in response to observers.

The rats retained for breeding purposes were
transferred, without handling, to cases identical to
the originals except for modifications made to allow
separable but inter-
locking cagzes with
slidin~ doors (Fizg. 1).
string and shredded paper

toweliruy were placed

throuzh the food nole in

Fir., 1. Ireedincs cages “he female's caze for use
comprised of two individual

wlre cages with interlockirg as future nesting material.
hardware-cloth tunnels and a

slidine aluminum door. Pairs of rats to be tred

were first housed with
caze tunnels connected but with doors in place,.
Presumnably, the separated pairinz allowed for some
olfactory acguaintance 1w prospective pairs. Aafter a
period of about one week, or until both rsts ir the
pair appeared to be acclimitized to the laboratory
(evz., habituation of extreme threat behaviors such as

teeth chattering, and nlssinx to the 2appearsance of tne g),
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the doors were reiovel to allow iatercrossine “etween
cares, The period of initial mating was carefully
monlitored to prevent the development of injurious
fighting by re-separating the pair. Hovement of either
rat to either cage could be accomplished by the E's
blowing air at the rats. For the first month of attempts
at breeding the wild rats, a 12 hr. light, 12 hr.

dark cycle was maintained. Subsequently, the wild

rat colony room was maintained in constant light-on
conditions,

Four pairs of domestic rats (two pairs of Sprague-
Dawley albinos and two pairs of Long Evans non agouti),
plus four pairs with wild males and domestic females
(three albinos and one black) were similarly employed for
comparison purposes,

Upon appearance of a litter, the male was permanently
closed off in the opposite cage and kept there "intil the

litter was weaned at the age of 30 days.

RES:ILTS

Trapping--A total of 27 wild rats were captured at
the land-fill, 20 of which (eleven females and nine males)
were taken into the laboratory for observation, Cf the
additional seven, four were judged to be of gquite low
social status and three escaped in the process of

transfer from the trap to the cage. Latencies for






capture varied between 3 min. and 2 hrs. with most
triggerings occurring within 15 min. or immediately
following the passage of a train on the nearby tracks.
The only unsuccessful setting resulted in the capture

of an enraged Fells cattus.

Dates of capture varied between September 7
and November 29, 1965, with no apparent differences in
population activity or trapping latency in warm or in
ice and snow conditioncs. Two observations were made with
respect to newly captured wild rats: 1. There were
no deaths due to shock. 2. 1MNone of the captives
defecated while in the trap or while in the cage enroute
to the laboratory.

breeding--Because of limited housing facilitlies,
only five male and five female wild rats were retained
for breedlng purposes. The breeding success of the
five selected females is depicted in Tatle 1. Table 1
also lists the origin of the wild Fy rats which will
be used in the later studies of drinking and learning
behavior (Chapters II and III).

All five wild females were eventually induced to
breed in the laboratory. Two litters came from
females which were evidently pregnant when captured
(WRs # 2 and 8). The first of those, WR 2 had a litter

two days after capture, and this beinsg the first wild

litter in this laboratory, the pups were fostered with
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Table 1

Breeding Success of Selected Wild Females

Female Date Date
Number of of
Capture Pairing

With Date Size Per Cent
Male of of Raised to
Number Litter Litter Weaning

2 9/13  -=-% 9/15 11 18%***
9/31 1 11/8 7 100%
L 9/17 10/1 3 (#3 Died 10/16)
‘ 10/24 5 12/3 12 100%
‘ 1/9 5 2/2 9 100%
‘ —=F 3/17 6  100%
7 10/23 12/1 1 1/4 5 100%
1 — 2/17 8 100%
|
8 10/27 - 11/7 9 0%
12/1 10 1/8 9 0%
9 10/27 11/2 6 2/9 11 100%

Total Fis = 87

Mean Litter 3ize =

%Pregnant when trapped.

k3

53

*Yo male in cage since weaning of previous litter.

Litter fostered with lactating albino.







a lactating female albino as per King and Donaldson
(1929). Because the foster mother ate most of that
first litter, 1t was decided that subsequent litters
would be left with their natural mothers. Only one
of the five females (the only one with scars lncurred
in the wild) savaged and neglected her litters. WR 8
did not, incidentally, show acclimitization to the
laboratory, using, for instance, the nesting material
only as an apparent hiding place. Elghty seven per
cent of the litters born in captivity were raised to
weaning age by wild mothers. The mean litter size
was 8.7 with a range of five to twelve.

The other moderately low status wild rat retained
for breeding (WR 3) was the only exception to
successful pairings. WR 3, who did not acclimitize
well, died from infected wounds received in initial
mating encounters with WR 4 when he continually refused
to show submissive behaviors. More extensive details
of the mating behaviors of the study will be outlined
in the discussion section.

A mysterious result of the breeding experiment
is indicated in Table 1 by the presence of two sets of
double asterisks. Two litters were born only 13 or 15
days, respectively, after the weaning of a previous
litter. In these as in all cases, the adult male rats

Were excluded from the female's cage for the entire






24

period from the date of birth until the removal of that
litter, 30 days later.

The four palrings of domestic rats resulted in
four litters (mean litter size = 9.0) with a mean
delay of 36 days. Two of the three albino-wild matings
produced no litters over a period of two months. The
third as well as the black-wild pairing was quite fast
(27 and 24 days respectively). The hybrid litter sizes
were eizht for the albino and 14 for the black. Unlike
the foster altino mother, none of these domestic rats
evidenced abnormal maternal behavior.

The only obviously adverse effect of using wire
bottom cages for breeding was a small incidence of

"ring-tail" in the wild Fqs (Farris and Griffith,1949).

DISCUSSION

The efficiency of the trapping venture surpsssed
all original expectations, with captures usually being
possible after a wait of only 15 minutes. It must be
emphasized, however, that these data do not contradict
the findirgs of more traditional research (e.g., Chitty,
1954; Thompson, 1955) which were primarily concerned
with larse scale trapping as a control measure in
relatively statle environments. The expectations of
quick captures and representative selection were

rresunatly toth realized., Extensive observations of the
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land-fill populetion indicated a marked social
dichotomy as revealed in strict dominance patterns

in both sexes, with frequent injuries to the submissive
members (e.g., wounds on the back area just above the
base of the tail, and severely torn ears). Although
specimens of both types were captured, there may have
been some over-selection for the hlgh status members in
this population. This apparent artifact of an unusual
environment is probably related to observations where
more dominant rats were seen to exerclise pricrity over
submissive rats in approaching the traps. Unlike
Calhoun's finding, no wild rats in the land-fill were
observed to show tehaviors characteristic of "trap
shyness". All of the results of the trapping study
were essentially replicated ir an urpublished study

in the sprins and early summer of 1964 with the
exception heing that trappirzs rroduced a higher incidence
of injured rats.

Several aspects of the behavioral ohservations
made concomitant to the trapping experiment are
interesting in their own richt. UWithout exception, the
newly trapped wild rsts exhibited no obvicus reaction
to the closed trap, continuing to eat the food
(usually alcons with two or three others on the outside)
untll the presence of E was noticed. ‘When the trap wes

raised from the ground, the captive typically reacted by
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running around the inside of the trap, squealing loudly,
and thrusting its nose in every possible place as if
attempting to escape. Careful observations were made
with all captives to determine the degree of
elimination (defecation and unination) present during
the time S was in the trap and in the individual cage
enroute to the laboratory. The surprising result of
this set of observations was that only slight
urination and no defecation was evidenced. This firding,
which should place some restrictions on approaches that
relate elimination directly to anxlety (e.z., Proadhurst,
1965), was unequivocally replicated in a more recent
tra%ping study.

The expectation that good breedirg success could
be obtained with hish social status rats appeers to
have some merit. Of course, the small sample of
supposedly lower status rats in this study leaves
the question open to further investigation. Two
other very important factors in the »reedins success
may have beern the novel system of breeding (i.e.,
implementinz perlods of acclimitization and olfactory
ecquainting, the separate but connected breedine cages,
and the monitoring of initial contact) used in this
study, and the nature of the whole feral populaticn
which was seampled. It could be argued, for instance,

that limiting the intensive fighting in the first






meeting helps insure breeding success in wild rats.

The description of initial breeding behaviors which

follows seems to support the lattexr ccntention.

Upon removal of the aluminum doors which blocked

the connecting tunnel in the breeding cages, a pattern

A. No'& A ppchhes
and sadfs female

B. Female Kicks
Male Ruay

—7
BAS

C. Threot Postuces
Preceed Actudl
Fiqhting

,2537533
l/f ,\(/," (f\’q .'

7 [}

D. Fightinq Steps
Whea the male shews
submissive posture

.-—‘-‘{?".

[ 7

Fir. 2.

Typical four-step
sequence of initiel msting
behavior in adult wild rats

(in small treeding ceges

shown in Fi-o.

1)0

of remarkaebly stereotyped
behaviors followed (Filg. 2).
In most cases, the female
took the initiative in
crossing over to the other
cage. ILatencies for
crossing rancged from 10 sec.
to 2 min., After about a
ninute of interspersed
standing and sriffing, and
making hesitant approaches,
the male rat made the finsl
approech which terminated
i sniffing the female's
senitalia (Fis. 2-4).
Unless the female wes

evidently sexually receptive,

she would begin kicking off the male with a hind foot

while swinging the pcsterior end of the body (Fiz. 2-E),

The third and most crucial step in the matinc sequence

involved the threat behaviors which follcwed the mele
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rat's refusal to cease attempted genitalia sniffing and
mounting (Fig. 2-C). At this point (and in these

confined cages) the females were dominant over the males
and unless the male assumed a submissive posture

(e.g., Fig. 2-D), fighting ensued. Careful monitoring

of the doors at this stage prevented extended fighting

and presumably heightened the eventual sexual compatibility
of breeding pairs. That 1is, pairs which were separated

in the heet of intense fighting rarely resumed fightingz

to such a dezree in later monitored meetings.

The threat behaviors exhibited were generally
those of hissinz, teeth chattering, sparring postures
where the heads and forefeet of the two rats moved
in unison, and erected hair in the female. When a
fight did occur it was ususlly short in duratien,
consisting of much tumbling, sguealins, and biting
(with the femsle doing most of the biting), endirz when
the male assumed a submissive posture. The intensity
and frequency of such fishts decreased over time for all
pairs.

The pairinzs of domestic rats did not produce most
of the postures or behaviors described in the wild rats.
For instance, the domestic pairs usually spent most
of the time sniffinc the caces after the doors were
Tremoved. Some moderate instances of the beheviors

illustrated in parts A, T, and C of Fix, 2 were oktserved,






but fighting, erected hair, hissing, or teeth

chattering were absent. The wild male-domestic female
palrings were more variant. In two cases the domestic
females engaged the wild males in fighting, even proving
to be dominant on occasion. In the other two cases,

the wild male initiated the acquaintances by repeatedly
walking over the domestic female. The two females in
the latter cases produced the two hybrid litters.

It is assumed that these behaviors in confined
cages were highly artifactual but that there is
significance for techniques of breeding wild rats in
the above observations. J3ince flight and evasion
behaviors are reduced by the small cages (8" x 8" x 13")
the behaviors wrich rs then rntensified {e.. ., fizhting)
must then be controlled if compatitility is desired.

The relatively good maternal behavior of the
five selected wild females also fits with the general
hypothesis about using high social versus low social
status samples. The ore female selected as being
representative of moderately low social status was
the only wild female in this study to savage or
reclect her litters. Iiere again, the overall success
might in part te attributed to maintenance technigues:
1. Cautions were taken to avoid disturbances in the
colony room when new litters were present. 2. The

Wild mothers were given large daily quantities of
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peanut butter for the first week of nursing in the hope
that they would prefer the peanut butter to eating the
pups. In any case, this study indicates that small-
scale breeding operations can, in certain situations,
result in good productivity in wild rats. Not only did
most of the pairings result in matings and fertilization,
but the average litter size (mean = 8.7) was similar to
that of the domestic pairs in the same situation
(mean = ¢.0). The meternal behavior of the wild
females was, with the exception of WR 8, quite eimilar
to that of the domestic females. The domestic females
with hybrid litters showed no unusual maternal behaviors.
In one respect, the wild mothers showed superior
maternal care by carefully removirg waste materials to
the front of the case--even droppinz the bolluses
throush the food openinz at times. Such behaviors
were not observed in the domestic mothers. On the
other hand, it seemed to be necessary to place a
water bottle close to the nest area to induce the
wild mothers to drink much water in the first few deys
after birth. The most obvious difference in maternal
behaviors between the two strains was that the wild
mothers invariably left the nest and litter in response
to a colony room visitor, wherecas it was quite difficult
to distract the domestic mothers.

The general conclusion of this study on trapping






and breeding is concerned with relevance to theories

of mechanisms in domestication. These results seem to
suggest that sampling of the feral population as to
social types should precede mating and nursing as

the stages in which the process of domestication has
the most effect. Richter's (1944) hypothesis that
laboratory rats becomre progressively tamer because

tame rats breed better in the laboratory avoids the
question of why some of the original sample are
"tamer". Also, a notion of domestication which starts
with considerations of the feral population and assumes
proliferation of mostly high social status rats in
captivity, does not necessarily equate laboratorization

of the liorway rat with deseneratior as does Robinson (1965).






CHAPTER II

ADJUSTMENT TO DEPRIVATION AND NONCONTINGENT
OPERANT LICKING IN A WILD Fq AND A DOMESTIC
STRAIN OF NORWAY RATS

One important effect of domestication and captivity
may be zgenetic changes in water balance processes
(Chew, 1965). Although amounts of water consumed
voluntarily in captivity are possibly not good indicators
of water needs in nature, the higher ad llb. water
intake of emotional as opposed to non-emotionel
laboratory rats (Siezel and 3iezel, 1942) can be
interpreted as reling relevant to domestication
processes. For example, both wild rats and stressed
laboratory rats share a tendency toward larce adrenal
glands end hizh water intake (Robinson, 1965). Richter
and Mosier (1954) found that wild rats apoarently have
a greater need for water when they irncest various
concentrations of salt than do the domestic rats. They
attribute the excescsive water intake primarily to the

larser and more active adrenals of the wild rats.,

Another factor which prohably necessitates increased water

intake is the readily observatle urine and fecal water
loss ir rats made emoticnal. The importance of water
intake to the study of domestication is that indices

of water balance seem to parallel the important

32
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physiological and emotional changes which distinguish
laboratory rats from wild rats.

There are, however, three important detractors to
the water intake approach as 1t now stands: First,
there is limited theoreticel generality to the
hypothesis of Siegel and Siegel (1948) that emotionality
in the rat induces thirst. Levine (1958) found that
unhandled (more emotional) rats drank significantly
less water than handled rats both before and after
being shocked. Amsel and Cole (19532) have found
evidence for the generalization of fear-producing cues
which interfere with water intake, and Beck (1964) has
demonstrated inhibition of drinking in rats iwn the
presence of novel stimuli.

Second, the most crucial tests for domestication
should involve the comparison of wild rats, and not
just stressed domestic rats, in measures of water intake.
Only one iavestigzator, Richter (e.cs., Richter and Mosier,
1954), has utilized wild rats in studies of water
intake., Assuming that dominance is inversely related
to emotiorality (3cott and IFredericson, 1951), then it
1s possihle that Richter's traditional mode of trapving
does not permit seneralization to wild rats as a whole
(Chapter I). For instance, an unpublished study in
this lahoratory by R. Almli, G.I. "atton and the present
writer, showed that some wild rats do level off to an

ad lib. water intake comparable to that of doxzsstic rats
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(30~40 ml./day) in less than a month, with initial
intake in captivity belng only twlce that of domestic
rats., The latter study employed only a small sample
(N = 6 males and, 1 female), but it did suggest some
promise for the social status hypothesis of this
dissertation.

The third detractor is that no wild-type versus
domestic comparisons have been made with measures of
restricted water intake. Chew (1965) notes that the
major source of water for feral mammals is the fluid in
the food whereas the major sovrce for domestic mammals
is drinking water. It seems that laboratory rats do
not '"need" all the water they ingest in conditions of
free access., Logan (196C) has shown that introducing

the contingency of bar pressing reduces water intake

i even though the rats are required to spend only a

‘ moderate amount of time working. Thus, it seems thet
measuring sone form of restricted water intake would
zive more meaningful results to the study of domestication
and water intake needs.

The first portion of this study will be concerned
with the ad 1lib., and time-restricted water iatake in
a domestic strzin (Lono Evans non agouti) and a wild Fy
strain as both strains adjust to a deprivation schedule
preceedins and concurrent with the licker box study in
Chapter III. The second main hypothesis of this

dissertation, restated, is that a wild Fl strain hred






from high social status rats and maintained in a
non-stressful situvation should not differ markedly from
donestic rats in measures of unrestricted and time-
restricted water intake. The second hypothesis 1s

based on the observations that truly wild rats do

ometimes show a decline in water intake as acclimitization
proceeds, and that the pnrents of the Fis shouzd

relatively lor interferen

and nursinz, P e to)i i <]
emolioral theu expected
that redacin-: L8 12
weisaing) will irtoke

ihe second portion of this stuc is concaerned

with the licking component in the drinki Lehsvior of

noth wztrains. The remarkable stereot;

dorestic rat's licking response

)t 1t is important to note here that two

isvortant measures

its study have been ne:;lec

.. Lick rates when lickingz is noncontingent wnpon
reinforcement. 2. Lick rates in undomesticatel »rts.

Deviations in either of these measures from the el

rate of 6-7/sec. would have interestin

for the studies that ac

The expectation is that both of these previously
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unreported rates, as measured in the licker boxes, will
not differ markedly from the rates found previously.
It seems logical that there would be no selection,in
the wild or in the laboratory, for different lick rates
between strains or for noncontingent situations.

The licking response can also be considered as
an operant. In fact, the licking response in the
noncontinzent situation used in this dissertation has
a dvual role: First, in terms of total licks per
session, much as an operant response on a schedule,
Second, as a base rate for the study of anticipatory
responsés in Chapter III, analogous to spontaneous
salivation or blinkinz (Delold, Miller and Jensen, 1965).
The licking response as a true operant (with response
patterns similar to those of VI schedules) preceeds and
is superseded by the lickinz response as a respondent
as discriminatory learninc occurs in the licker boxes.
The liclking response in the licker box situation can
also be considered as a more reneral kind of operant
where total licks per session would indicate the de=xree
to which both strains "participate" in the licker boxes.
The latter conception of an operant will be considered
in this chapter as a second type of zeneral drinking
behavior in wild F1 and domestic rats. DMore specifically,
this index of participation deals with the performance

problems which are crucial to the learning study in
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Chapter III. It is suggested that the wild Fq1 rats

will be considerably more conservative in terms of total
licks per session than the domestic rats even though
both strains should show similarities in apparent
hablituation.

It is also expected that the licking totals for
sessions will decrease as discrimination learning
proceeds. The decrease, however, should be considerably
larger for the domestic strain than for the wild Fq
strain which should start with fewer non-reinforced
licks. Lick rate totals should rcflect reinforcement
conditions in sessions, as for example the frustration
in a reacquisition session.

The restricted water intake followinz experimental
sessions should also reflect reinforcement conditious
with, for example, intake increasinz on extinction days.
Althouzh thcre are no expected strain differences in
overall intake durinzg deprivation, the riotion of
conservativism developed above does suxzest probable
differences in initial adjustment to the deprivation
Schedule. Adjustment to a deprivation schedule, which
may or may not involve considerable learning (Ghent, 1957;
O'Kelly, 19%50), snould be initially more difficult for
the wild Fq1 rats, demonstrating the vpheromenon which

Jacobs calls '"psychosenic hypodipsia" (Beck, 1954).
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METHOD

Subjects A. Black Strain--These Ss were 32

(16 males, 16 females) experimentally naive, black

(non agouti) rats of the Long Evans strain which were
relatively inbred as compared to the gzeneral stock in
this laboratory. The black strain was chosen to
represent domestic strains because their eyesight,
unlike the albino's, 1s presumably similar to that of the
willd strain, and because previous research (Boice and
Denny, 1964) has shown a marked similarity in licker
box learning between the black and an albino (3Sprague-
Dawley) strain. B. Wild Fy Strain--These Ss were 32
(16 males, 16 females) experimentally naive agouti rats
of the Fy generation in captivity. The details of
trapping and breeding in the parent strain are

covered in Chapter I of this thesis. F4qs were selected
for use in the drinking and learning studies in
preference to the wild-cauznt strain because of
advantages in control such as aze determination and
environmental homogeneity afforded by the former.

Both strains were bred, housed, fed, and
maintained using conditions as similar as the two
separate colony rooms would allow. All Ss were weaned
at the age of four weeks, at which time they were
placed in individual cages. In no instance was any $

handled by the E, all transfers being effected
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mechanically. Both colony rooms had constant lighting

and general maintenance activities such as sawdust-
changing and water bottle cleaning were done in equal
intervals for all Ss. NKeither strain was noticeably
afflicted with
parasites and general
health was excellent
except for occasional
instances of the

mild snuffles
(Gollender, 1965) in

both colonies.

Apparatus--The

apparatus was basically

Fir, 3. The plastic licker that developed by
box with the fitted pnlastic
piston-top. Weisman (1965), with

chances made to
allow mechanical insertion of, and to discouraze escape
by the wild stroin. An idealized representation of one
of two identical licker bvouwes is shown in Fi-., 3. Sach
of the plexiglass licker boxes was 3 in., long, with a
1/8 in. stainless steel grid spaced 5/8 in. apart as

the floor. The end containinz the 1% in, cnclosed

drinking well was odified so that its facine was covered
with 2 1/8 in. aluminum pannel to minimize znawing by the

Qs. Another modification from Weisman wac the pinned,
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fitted plastic top which permitted more positive

confinement of the S.

The top, with its detachable

brass push rod also served as the piston in a plastic

and masonite chute constructed to permit mechanical

transfer of the wild F1 S from his home cage into the

licker box (Fig. 4).

During experimentation, each

licker box was enclosed in a converted refrigerator to

Fig. 4. Transfer
chute and plastic
licking vox (see
Weisman, 1965) shorm
attached to an
individual cage in
position to remove a
wild vrat frem the
apraratus to its
living quarters
witv.ont handling.

insure some sound insulation.
Two matched systems were
incorporated to allow the
simultanecous conditioning of two
animals.

Each experimental chamber
contained a 60 ft./min. exhaust
fan for ventilation purposes and
a white noise speaker for masking
apparatus clicks. All recording
and programming equipment was
located in an adjoining room
leaving the Skinner water solenoid
as the only source of intermittent
noise in the experimental chambers.

later wes rrecsented in the
licker boxes one drop at a time

(.18 nl.), controlled by a Skinner

solenoid valve, from a #11 hypodernic necedle (zrouad flat
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and smooth) which projected through a small opening

in the bottom of the drinking well. A small copper

ring encircled this opening to prevent gnawing and measure
licking. The CS (which has significance primarily for
Chapter III) was a 10 watt bulb wired independently

from the other circuitry, and mounted 4 in. from the
right side of the drinking well-end of the licker box.

The general illumination in the experimental chambers was
5 ft. c.

Licking was measured by Grason-Stadler Lickometers
(model E4690A) and transferred via pulse-formers to a
Esterline 2Angzus pen recorder (model AY) and to Grason-
Stadler counters (model E3700). Appropriate relay
circuitry allowed for differentiated pen wecordin= in
the ITI and I3I. A Lehigh Valley tapc prosrammer
(models 1319FC and 1418) and iunter Timers (model 1113)
were used to provide the temporal intervals. A stepping
switch was installed to allow prosramminz of non-reinforced
trials., The white noise speakers werc also used to
transmit a novel stimulus on the last extinction day
with a transistorized buzzer (ilalis and Curraa, 1660)

at approximately 30 db.

Procedure--All 3s were mainteined on ak lib. “ayne
Lah 2lcx throughout, end with ad libt. tap water until the
start of water deprivation. 'ater intake was measured

with inverted 100 ml. cylinders servin:z as the tottles.
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All Ss were tested starting at the age of 110-120 days,
with assignment to experimental groups (CRF vs. PR)
random except for matching of sex and litter size.

Both strains of 32 rats were placed on & 23 hr. and
50 min. deprivation schedule 10 days before the start of
experimentation. During deprivation and on the three
days preceeding, ml. water intake was recorded.
Drinking time in deprivation occurred at approximately

the same time of day that the later ruaninz time of

Ss occurred. Deprivation and measuring continued
throughout experimentation in the licker boxes; that is,
10 min. drinking time was allowed after each session.

In the licker box training, all Ss were first

exposed to an nohi slon of 5C UC3 (vater)-only
trials presented on a 90 sec. ITI (VI). Subsequently,
the two strains were divided into two sroups of 16 Ss
cach (8 males, & females). Groups CRF then received
four sessions of 100 continuously reinforced,
noncontinzent corditionin~ trials per day. Groups PR
next rcceived four sessions of 507 reinforced non-
contingent conditioning trials, 100 per day. The
geaquenet of reinforced (R) end nonreinforced trisls is

showm in Table Z. IMor 21l acquisition and extinction

se onz, the interval hetween li~nt onset and the

normal tine of water presentation on reinforccd

trials was 2 sec. with a 2 sec. C3 overlep (after
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Boice and Denny, 1965). The ITI, as in habituation,
Table 2

Sequence of Partial Reinforcement
Used ir This Study

Type IR R R LR R IR R NR NR K

Trial 11 12 13 1L 15 16 17 18 19 20

9
U

R i I'R 1

b
*

-
-
-

.
—
—
=8 ]
-

>

Type E

was 90 sec, JI with a range of 60-120 sec.

Or: the fourtl: day of experirentation in the licker
boxes, 2ll Ss werc cxtinguished (no UCS) to a criterion
of 10 successzive trials with absolutely no licking
responses cccurrirg. The sixth dey, in turn, consisted
of identical re-extincticn (spontaneous recovery) for
all 8s, with an irtervening 20 mir. break with system
equipmnent turned off, and & re-acquisition, for 211
groups in a c¢tandard 100 trial session. The last, and

eventh day, of erxpcrimentation featured the third

0]

extirnction to tune same criterion for &«ll ss. An
exterrally inwvibiting ctimulus, the buzzer rcrlaced
the white noise for 24 sec, around the CY and the
experinental chamber door was cpened coincident to tre

onset of the C3, was added to this firnal extinction or: the

tenth trial therein.







RESULTS

Five different analyses of varience were performed:
(1) Ad 1ib. water intake over three days, (2) water
intake on a deprivation schedule over 10 days, (3)
restricted water intake following experimental sessions,
(4) number of licks per acquisition sessions, and (5)
number of licke per extinction sessions.

All differences at or less than the .05 level are

considered to be significant (two-tailed).

(1) Ad 1lib. intake over days.
The mear: water intake per day for both sexes and
strains appears in Fizure 5. A four factor analysis

of variancc with repeated meesures on tke last
factor (iiner, 1962) was performed. :io mein

cffects were found due to strain or tc assignment

to a reinforcement srovp (not treated differently
until experirentation days). The variable of sex
produced e siznificant effect (F = 11.77, df = 1,56,
p = .00) as did days (F = 3.65, af = 1,112, p = .03).
The only siznificant interaction involved days x

sex (i = 4.14, af = 2,112, p = ,02).

(2) later intake on & deprivation schedule over 10 days.
The nmear weter intake per day for both sexes and

strains appears in Ficure 5. A four factor

[
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Table 3

Analysis of Variance for Ad Lit. lWater Intake

Uith Strain, Sex, Days, and Future Assignment to
Reinforcement Group as Factors

Source art Mean Squere F bl
A (Strain) 1 24,80 o3h s
B (Reinf. Cond.) 1 L2 +0% .20
C (8ex) 1 €54,30 1177 .00
AR 1 ok.92 1.31 .26
AC 1 1.88 .03 .85
BC i 121.92 1.6€ .20
ATIC 1 3¢.38 123 w27
56 72.60
D (dey) 2 31.83 3.65 .03
AD 2 .20 .02 .96
=D 2 1.98 23 .80
CD 2 bl o1l .02
ATD 2 20.92 2.40 .09
ACD 2 ¢.01 1.03 .36
CD 2 2 2e) 32 73
ARCD 2 2.0 +28 .76

Lrror Jithin 112 <73
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analysis of variance with repeated measures on

the last factor (Winer, 1962) revealed significance
for three main effects (strain, F = 9.37, df =
1,56, p = .00; sex, F = 4,05, df = 1,56, p = .05;
days, F = 45.65, df = 9,504, p = .00) and no

significance for any of the interactions (Table 4).

Restricted water intake following experimental sessions.
The mean intake per day for strains, sex,

reinforcement condition in experimentation

(CRF vs. PR), and days appears in Figure 5.

An analysis of variance similar to the above

revealed significance for strain (F = L.48,

af = 1,56, p = .04), for sex (F = 7.10, 4af = 1,56,

p = .00) but not for the variable of days (Table 5).

The only significant interaction involved strain x

deys (F = 2.87, df = 7,392, p = .01).

Number of licks per acquisition session.

The mean number of licks per acquisition sessions
eppears in Ficure 6. A four factor analysis of
variance with repeated measures on the last factor
(Winer, 1962) was performed on the data. No main
effects due to sex or reinforcement condition

(CRF vs. PR) were found (Table 6). The variable
of strain was extremely significant (F = 58.63,

df = 1,56, p = .00) as was the variable of days

(F = 11.74, d4f = 4,224, p = .00). The only






48

Table 4

' Analysis of Variance for Deprivation Water Intake
With Strain, Sex, Days, and Future Assignment to
Reinforcement Croup as Factors

Source arf NMean Square e b
A (Strain) 1 L470.94 9.37 .00
B (Reinf. Cond.) 1 s13 .00 .91
C (Sex) T 203.63 4.05 .05
AB 1 81.94 1.63 .20
AC 1 28.48 &7 W46
BC . 4 .26 ! .90
ABC 1 165.04 3.28 .09
Error Between 56 50.28

D (Days) 9 242,71 47.66 .00
AD 9 5.56 1.09 .37
BD 9 7.00 17537 .20
cD 9 5.71 1,12 .35
ABD 9 6.23 1.22 .28
ACD 9 .13 1.79 .07
BCD 9 5.98 1.76 .07
ABCD 9 4.28 -7 .58

W
=)
=

Error Within 5.09
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Table 5

Analysis of Variance for Restricted wWater Intake
Following Experimental Sessions

Source af Mean Squere K, P
A (Strain) 1 225,78 L.48 .04
B (Reinf. Cond.) 1 94,53 1.88 17
C (3ex) 1 357.78 710 .01
AB 3 .50 A8 .88
AC al 220.50 4,38 .04
BC 1 52.53 1.04 #3531
ABC 2 .28 .01 .90
Error RBetween 56 50.38

D (Days) 7 60.58 Qe .00
AD 7 17.89 2.87 .01
BD il 9.47 14152 .16
CD 7 L.47 .72 .66
ABD 7 9.04 1.45 .18
ACD 7 7.75 1.25 .28
BCD 7 7.49 1.20 .30
ABCD ¥ b.o4 .79 » 99
Error Yithin 392 L2







Mean Number of Total Licks

10,000

8,000

6,000

4,000

2,000

10,000

8,000

6,000

4,000

2,000

Fig. €.

50

Domestic Rats

Key:

CRF males
PR males
CRF females
PR females

o

Fwn e

wild Fy Bets

H Al A2 A3 Ak a5

Lean number of total licks for the habituation
session (HE) and for the five acquisition
sessions (41l...A5) for domestic rats (upper
araph) and wild F; rats (lower graph).
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Table 6

Analysis of Varlance of Total Licks
in Acquisition Sessions

Source arf Mean Square F P
A (3train) 1 143L064259,00 58.63 .00
B (Reinf. Cond.) 1 80440605.00 3.29 .09
C (3ex) 1 25365656.45 .10 74
A3 1 14301532.81 .56 A5
AC 1 2018342.11 .03 .77
3C o 127:6022.05 .52 Y
43C 1 5607325,01 .27 .51
Error Zetireen 54, 241 58152,33

D (vays) + %5951550.19 11,74 .00
AD N 22025548&.39 5.17 .00
BD i 1393337.95 .32 . 50
CD 4 3540136.95 .33 .51
AED L 2520117.53 .01 .66
ACD L 2136683.83 .51 .73
»CD L 1245657.96 25 .3C
ASCO 4 2013751.54 56 .62

hy
o

Srror tiithin ~a2h B257277 40
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interaction with an F value greater than one was
that of strain x days (FE = 5.17, af = 4,224,
R = .00).

(5) Number of licks per extinction session.
The mean number of licks per extinction sessions
appears in Figure 7. An analysis of variance
similar to the above analyses (Table 7) revealed
significance for only one main effect (strain,

F = 24.59, df = 1,56, p = .00).

There were no apparent differences in habituation
to the licker boxes over any of the above factors.
Most rats b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>