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ABSTRACT

Various schedules or reinforcement were studied in terms
of their effect on the degree of dominance=-subordination behav-
jor exhibited by pairs of male albino rats competing tc lever
press for food. These schedules were: continuous reinforcement
(CRF); gradually increasing fixed-ratio {(FR); fixed-vatio of 40
(FR 40); gradually increasing fixed-interval (FI); fixed-interval
of 50 seconds (FI 50 seca), In z series of 4 experiments it was
found that the degree of dominance-~subordination behavior between
two animales was maximized and mest ridgidly maintained on FR sched-
ules approaching or equal to FR 40, the highest FR schedule used;
was minimized on a CRF scheduie, and failed to emerge on FI sched-
ules. Of the 4 dependent measures employed, the number of lever
presses emitted per session, the percentage of the total session
time spent controlling the aperture, and the nunber of reinforce~
ments oblained per session, all were consisteat in designating
the dominance or subordination of an animale. The fourth measure,
the number of submissive postures exhibited by each animal in a
competition pair, 4id not appear to be correlated with the other

three. This discrepancy was discussed in terms of territoriality.
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CHAPTER I

THE PROBLEM, INTRODUCTION, AND HISTCRICAIL BACKGROUND,

I. Statement of the Problem,.

This thesis was conducted to determine the effect of varicus

schedules of reinforcement on the degree of social dominance-subord-

- ination behavior exhibited by pairs of rats, competing to lever press

for food. It was hypothesized that food ccmpetition under conditions
where the probability of reinforcement is decreased (increased sched-
ule demands) would increase and more ridgidly maintair dominance-
subordination behavior between two animais. An enhancement of dominance-
subordination benavior might be expected since the bar press behav-
ior of an animal changes characteristically as the schedule of rein-
forcement which controls its behavior is changed, Schedule demands
may be increased from continuous reinforcement (CRF), either in terms
of the number of responses required per reinforcement ags in a fixed-
ratio (FR) schedule, or in terms of the time interval betwsen rein-
forcements as in a fixed-interval (FI) schedule, Such‘partial reine
forcement schedules gensrate behavior which is highly stereotypic

and which is more resistant to disruption and extinction than CRF
schedules, the schedules typically employed in food competition test-

ing social dominance.
II. Introduction.,

Schelderup-Ebbe's (1922) observation of the pecking order in
domestic chickens was one of the first descriptions of the hierarch-

ial organization that exists in many species of animals. In chickens
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the organization is such that the animals peck all animals below and
none above in the order, the order being fairly stable in time with
all members of the flock behaving in accordance with their "pecking
rights”. These pecking rights are pesitively correlated with "prior-
ity rights" at a common food source, with priority rights to females
in the case of males, and with the righl to be the first to leawve in
an avoidance situation. These mutually respected rights one group
member has over another constitute the dominance one animal has over
the other,

In a review of dominance-subordination behavior van Kreveld
(1970) has pointed out that “...Dominance is a relational concept: the
priority an animal has holds Tor its reélations to specific other an-
imalss it is not a characteristic of the animal as such. Also, dom=-
inance is not an absolute priority of one animal over ancther. It can
be seen as a probabilistic concept: the dominant animal is more like-
12

1y to have priority." (p. 146). In an experiment by Becker and Ezinga

>

(1969), pairs of rats competed for food at a fcod cup which could

accommodate only one animal at a time. The animal which controlled
the food scurce for the greater portion of a fixedvtime period was

defined as dominant.
In addition to being superior or inferior in food competition,
dominance encounters between conspecifics reveal a number of behav-

jors that are indicative of each animal's station, these behaviors
varying across species. Crawford (1942) observed that the dominance
of a chimpanzee could be predicted if the animal enters another an-
imals cage, is groomed first by the octher animal, and attacks or
bluffs the other animal. Subordination could be predicted from re-

treating, vocalization, and greooming the other animal first.



3o

Similarly Seward (1945 a) found that the dominance of a rat was con-

comitant with the animal attacking or threatening its opponent, with
having extreme piloerection, with grooming its opponent until it
squealed, with repeated forecing down of its opponent,‘and with chat-
tering its teeth over a prostrate foe, Subordination was concomitant
withithe animal®s breathing becoming spasmodic and labored, with it
being immobilized against a corner or the floor and fending off an
attack with all four feet, and with having bulging eyes and retracted
ears,

Dominance relations in many species are characterized by a.
certain stability., After an initial period during which the relations
are selttled, usually by means of aggressive display or real attack,
reversals.are relatively rare. However, dominance structures which
tend toward a fixed linear hierarchy are not universally found in all
specisc. Other social systems may be distinguished and are roughly
classified into three cstegories (Basrends, 1952), The first of these
is the shoal, typically found mosf-clearly in such fish as the herring,
but existing as well in some mammals and birds, The members in the
shoal all have the same rank and can zpproach each other closely withe-
ovtidisplaying aggressive behavior towards one another, The second
typetis the territorial society, and is found in fish, birds, and mam-
mals. Each individual has its own territory which is defended against
others, The different térritories can touch to form a colony, but the
distance between individuals is fixed. Dominance ranks are not easily
distinguished in such a sysiem, and even though some territories may
be better than others, sach occupant is respected as master in his
area. The third type of social system is the hierarchized society as

typified by chickens, the‘swordtail, and the rhesus monkey. It is




characterized by inequality in rank among the group members with the
dominant individuals having to defend their position against the sub=-

ordinates.
The failure to establish hierarchial dominance relationships in
some species in a laboratery setting may have its etioclogy in the nat-

ure of the social system that these animals exhibit in a natural set-

ting, Masure and Allee (1934) were able to observe the emergence of

a stable dominance hierarchy in chickens, but failed to find wvery defe-
inite peck rights in pigeons, "In only a few of the relationships
observed was there a definite peck-right in which the contacting in-
dividual does allvthe pecking and the other does all the retreating.

The more usual relationship with these pigeons was to have the peclking

frequently shifting from one to the other of any given contact-pair
of birds., The interval between such reversals varied from a few min~
utes to several days," (Masure and Allee, 1934, p. 314), "Usually,
efter sufficient time is given for contact relations and for their
observation, the order becomes fairly definitely settled, but in the
majority of these cases the subservient individual at times success.

fully attacks the dominant member of the contact pair and forces it

ST to retreat without, however, causing a permanent reversal of peck

dominance, Under these conditions, social ranking is apparently not
determined with a high degree of finality at the first social contact
of two individuals, but is a matter of gradual development."” (Maswre

and Allee, 1934, p. 324).

Territorial societies; rather than hierarchized societies,
seem to be more characteristic for pigeons (Diebschlag, 1940-1941),

In general; pigeons tock much longer than chickens to settle dominance
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relationships, and once settled, these relationships were less stable,
The aggressive encounters reported by Masure and Allee (1934) may have
developed from the fact that the pigeons had to live so close together
that territories could not be fully settled,

: For a fixed hierarchial dominance structurs to form, animals
may need to be able to recognize individual and rank differences (Etkin,
1967; van Kreveld, 1970). Pigeons deo not seem to have this ability
(van Khe#eld, 1970). Simiiarly Seward (1945 b) was unable to experim-
entally establish a sfable dominance hierarchy in albino rats. Rattus
norvigicus, the ferile stock from which albino rats wers derived
(Lockard, 1968), live crowded togethér in colonies which may number
many hundreds, It is a terriﬁorial society in that each rat will de-
fend its territory, (a burrow) against strangers. The lack of observed
dominance hierarchy has led Etkin (1967) to state: "Though dominanse
patterning can be brought out'té‘a limited extent in artificial comp-
etitions, it is neither markedly expressed, nor quickly established,
éuch hierchy as is shown under experimentai conditions seems based on
individual habits of aggression, with little‘evidénce of recognition
of individuals as such.” (Etkin, 1967, p. 126).

iCalhoun (1962) studied the norway rat in a semi-naturalistic
setting (an enclosed pen, approximately i acre). During the 27 months
of observation social dominance was exhibited at the commen food
source situated in the center of the pen. In terms of individual recog-
nition; Calhoun states: "Can one rat detect the identity of another
rat st a distance? The only sure statement that can be made is that

a subordinate rat can recognize the socisl rank of another rat at a
distance of 10 to 20 feet during the dawn and dusk hours. The avoidance

may occur whether the dominsnt rat is faecing towazrd or away from the
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subordinate one, Even though it may be true that there is no recognit-
ion of individual rats as individuals, there are actions or postures
charactqristic of extremes of social rank that identify them as such,.”
(Calhoun, 1962, p. 179). Several other behaviors were noted in velation
to social dominance: dominant rats could on nmccasion expel low=ranking
rats-.from their territories; dominant rats occupied the more favorable
territories (those territories that were covered and were close to the
food source); ahd dominarnrt réts bore a greater number of offspring,

The dominance hierarchy exhibited by these animals seemed to be a pyr-
amid. structure rather than the linear hierarchy of Schjelderup~Ebbe's
chickens. The pyramid structure was cne of the two main types of dom~
inance orders that Uhrich (1938) found in albino mice. The other Type
of order was a monarchical ferm in which dominance was the exclusive
perogative  of one wember of a group.

‘Such s0c¢ial behaviors as dominance-subordination fulfill certain
“"functions" in the survival of a species and the behaviors may have
been selected for according to the schema put forth by Darwin's evoi-
ution theory (Tinbergen, 1965). Van Kreveld (1970) postulates three
interwoven functions thgt,social higrarchies serve, the first of which
is one of integration. It is useful for a group to defend itself against
unfavorable forces threatening it from outside the group, the group
being able to react to the threat as a unit. Carpenter (1942) cbserved
in the field that orne group of'rﬁesus monkeys was dominant over arcother,
The intergroup dominance was dependent upon the relative dominance the
autoeratic males of each of the interacting groups had toward each
other, this dominance being especially relevant for group territorial-
ism, Capturing the dominant male of a group of rhesus monkeys markedly

réduced the territorial range of the group, even though the group‘s .

| six ofher males remained in the group. In general it has been observed
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both in the field and in the laboratory that the dominant members
seem to serve as "protectors” of the subordinate membars in monkey
groups (Bernstein, 1964; Crauford, 1942; Maslow, 1940).

. The second funcition of the dominance crder in a group is

genersl regulation and limitation of aggression within the group.
The deminance structure reduces +the total amount of intra-group
fighting, contains [ighting to two competitors, and allows one of
these.fighting animals to yield by showing submissive behavior. This
second function seems to integrate the group for defense against the

threat-of group disintegration. In times of a scarcily of food, the

strongest animals are most likely to survive. Due to their pricrity
rights, these animals do not have to fight with every other animal.
Similarly, when few females are available, the strongest are most
likely to reproduce themse'_’x}ess thereby inSuring a strong line of
SUCCeSSOrs,

Social dominance strusture seoms to make the group better able
to survive outside threats and the inside threat of disintegration.
The survival. of the species is prometed by both. The third funection
of dominance might be to promote an effecltive means of controlling
overpopulation, The Wynne=Edward's theory claims that animal popul=
ations do not increasé because they have density-dependent mechanisms
which:regulate the population level by means of feed-back forces,
Darwin atiributed population balance to four external "CheCkS'tO‘ih-
crease”: the amount of food available, the effect of predation by oth-
er animals, the effect of physical factors such as climate, and the
inroads of disease. Wynne-Edwards agress wilth Darwin that the food
supply is the limiting factor on ropulation growth. However, according
to his interpretation, internal factors usually prevent the animals

from reaching the critical threshold of overexploitation of the food
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supplies. One of these intrinsic regulatory mechanisms is the ter-
'ritorial system. Animals such as birds do not breed if they are unsuc=-
cessful in competition for a territory of a certair minimum size. A
second mechanism operates in birds that nest in colonies, Pairs which
are unable to find az suitable nest site do not breed outside the col-
ony,: but form a nonbreeding reserve. The third regulatory mechanism is
the social hierarchy, a system‘which insures that the subordinates
die in times of scarcity, thalt they do not’breed, and that their sex-
ual development is inhibited,

"It must be quite clear already that the kind of competition we
are considering, invoiving as it does the right to take food and the
right to breed, is a matter of highest importance to the individuals
who engage in it. &t its keenest level, it bscomes a maltter of life
and death., Vet, as is well known, the aétual contest between individ-
uals for real property or perscnal status is almost always sirictly
conventionalized, Fightihg and bloodshed are'superseded by mere
threats of violence, and threats in their turn are sublimated into
displays of magnificence and virtuosity. This is the world of blulf
and status symbols. What takes place, in other words, is a contest
for: conventional prizes conducted under conventicnal rules, But the
contest itself is no fantasy, fo: the losers can forféit the chancs

of posterity and the right to survive," (Wynne-Edwards, 1965, pe 1545},
III. Historical Background.

The methods which have been employed to gathesr data concerning
social dominance fall into two categories; observation in a natural

setting and experimentation in the laboratory. Field observations,
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mainly by ethologists,vhave shown social dominance to be a common mech-
anism among an extensive variety of species. A review of the observai-
ional literature concerning social dominance would seem valuable in
that it may broaden the base from which experimentalists view dom=~
inances=-subordination behavior. Therefore, this histofical review will
be presented in two seciions: the first describing observationzl stud-

ies, and the second describing experimental studies.

DObservational Studies.

The social behavior c¢f a number of primate species has been
studied extensively. All of these species exhibit dominance behavior,
typically of a linear type. In a two=year field study of rhesus mon-
keys, Altman (1962) observed that male monkeys seldom change groups.
The territory of such groups is ndt.strict, but the larger group is
dominent over the smaller, even though batiles occur between groups,
Within groups the scecial status of a female is controlled by the dom~
inance of the male that is her conscrt. As was mentioned earlier
(Carpenter, 1942), the mest dominant monkey in a group controls the
dominance of the entire group and consequently its territorial range,
Southwick and Siddigi (1967) observed that follewing the injury and

-disability of the dominant male, the home range of a natural group
of ‘rhesus monkeys was reduced from 40 acres to less than 10 acres.

Despite his injury, the dominant male maintained his status and suce
cessfully prevented a peripheral male from entering ":,he’grou.pl1 Upon
the:death of the dominant male, group leadership was assumed by a
young subdominant male within the‘group. The peripheral male still
remained cutside the group. These observations indicated a streng
social tradition in the maintenance of dominance within this wild

rhesus group. The strength of social tradition within monkey groups
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seéms to be supported by findings:of a five-year study of a pigtail
.monkey'group (Bernstein, 196%). This group exhibited a very stable
dominance hierarchy, and even the natural replacement of the alpha
male produced only moderate changes in the rank-order structure.

©+ Just as the social status of a female is controclled by the dom=
inance of her mate, the social status of young monkeys is controlled
by the deminance of the mother. Koyama {1967) observed a wild Japanese
monkey troop and found that status ranking existed among consanguineous-
relatives, and their dominance relastlion had a great effect on the rank-
ing of irdividual infants, the influence of which remained after they
had grown. With the development of individual infants, a dominance
rank was formed by the age of 1 year among males and females of the
same age according to the ranking of their mothers in the troop, i.e.
the ranking of consanquinecus=-relsatives, and it remained unchanged
through the age of 2 years. Although compérison in ranking between
individuzl males and females be;éme difficult to assess after abeui
3 years of age, the dominance rank based on the mother’s rank still_v
existed émong both males and females of the same age and this dom=~
inande rank became very stable., Among sisters more than.4 years old,
the #iost recent or youngest sistér ranked Jjust below the mother and
thus "held second rank among iineal consanquineous~relatives. Brothers
of very close ages temporarely tended toward this phenomena of
"youngest ascendancy" when they were Z or 3 years old, but this relat-
ionship was soon reversed into the dominance of the elder brother over
the younger. Finally, vhether male cr female, a younger infant of a
higher-ranking mother challenged an elder infant of a lower=-ranking .

mother and outranked it.
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4 The dependence. of an infant's status on its mother's status was
corroborated in laboratory findings. Morsden (1968) changed the rank
of females in the dominance hierarchy of a confined group of 10 rhesus
ﬁonkeys, either by the introduction of a strange adult male when the
second rénking female was in oestrus or by the romoval and reintroduct-
ion of the currently top-ranking female. The mothers and offspring
ranked in a new hierarchy following each rank change. The offspring
directly reflected the rise and fall of the rank of the mother.

In species like the chocma baboéns, a hierarchial dominance
structure also exists and shows itself mainly in feeding and mating
(Bolwig, 1959)9‘The dominant males had larger harems, mated more freq-
uently, and were first to feed. Also, a female in oestrus rose in dome

" inance rank in comparison to females in anoestrus. This observation of

the relationship between social dominance and the menstrual cycle in -
female primates is borne out by laberatory research. In all cases the

female becomes more dominant during the ocestrus phase (Crawford, 1940;

Yerkes, 1939; Yerkes, 1940), Sexﬁal activity and soéial dominance are
related in most species. Carpenter (1942) found the incidence of sex-
ual behavior in males in freé raﬁging rhesus monkeys correlated pos-
itively and very highly with the dominance status in the group. In
terms of laboratory research, dominant and more aggressive C57 mice
displayed significantly more sexual approaches than did submissive |
animals (kohn, 1961). Similarly, Winslow (1938) observed that in the
settling of dominance relations in ‘a cat cclony, the dominant animal
in the group submitted newcemers to aggressive and harsh treatment,
in which his mounting the newcomer played an essential role.

The observational literature reveals the diversity of animal
species in which social dominance structures exist. Observations of

wild Elk showed that both sexes had linear dominance hierarchies
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(McCullough, 1969). Ross and Berg (1956) found that the dominance hier-
larchy in a flock of gocats was very stable over 4 years. Similarly, in
studying dairy heifers, Beilharz and Mylrea (1963) found a linear dom=
irance hiersrchy which was very stable and which was not changed by the
removal of even the most dominant msmber., In another study of dairy
cattle, Schein and Farhman (1955) found dominance to be highly cor-
related with age and waight. Senority seemed to be the significant
factor in dominance. |

Cold bloocded as well as warm blooded animals show dominance
structures. Westby and Box (1970) found that dominance in the social
grouping of electrical fish could be reliably predicted from the elec~
trical characteristies of the interacting individuals. The dominant
fish had a greater eleclrical pulse frequency and subsequent display
of threat movements. In observing moonfish, Braddock (1945) found
nipping hierarchies in both males and females, The hierarchies were
more stable in females than in males. Strange fish reacted submise
sively ai first to all members of an established society, but soon

after established a position in the hierarchy. In fish like Pomencentrus

jerikisi (Rosa, 1969), dominance is indicated by visual signals with
very little physical contact. Dominance behavior has also been found
in‘the lizard (Carpenter, 1960), the leopard frog (Boice and Witter,
1969), the South African clawed frog.(Haubrich, 1961), and the hermit

crab (Allee and Douglis, 1945).



Experimental Studies. 13,

Several alternative measures have been employed to test for soc~

ial dominance in laboratory setiings. These measures do not all correl-
aie positively with sach other. This problem was peointed out by Ross

(1953) when he found that dogs which are dominant in situation A may

or'may not be dominant in situation B, The lack of positive correlsztion

sometimes found between alternative measures of soecial deminance thus

makes it important to state the conditions under which dominanze is
ascertained. The test situations used fall roughly into two catsgories:

an*approach situation such as food or water competition, or an avoid=
ancé or escape situation such as compeliticn to avoid eleectrie shock.
To illustrate some of these alternative measures of social dominznce
and the opposing resulits they sometimes yield, éeveral studies ave
reviewed,

Food and water competition seem to yileld the same dominance
relsticns. Hoyenga and Rowe (1969) found that male Sprague-Dawley
rats exhibited the same dominance hierarchy competing for food zs5 in
competition for water. Similarly, Bruee (1941) found that the same
rats tended to ke dominant whether motivated by hunger or by thirst,
Although Baenninger (1970) fougd dominance hierarchies in hooded rats
under food and water competition to corrslate positively and highly,
"Spontaneous" dominance in a non-competitive situation did not cor=-
relate with either food or water dominance., In all cases, food comp~-
etition ereated a more stable dominance hierarchy than water compet-
ition.

“  Competition for food and competition to aveid electric shock

-also seem to create the same domirance hierarchies. Hamilton (1960)

found that the same dominance hierarchy in monkeys was determinsd

by food competition and competition to aweid electric shock. Ploitnik,
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King, and Roberts (1965) tested squirrel monkeys forldominance under
four conditions: competition in a shutile box for food; competition
for food in their home cage; competition to avoid and escape electric
shock in a shuttle box; home-cage behavior without competition for
foods A stable and linear social dominance hierarchy identical in all
four test situaticns was observed with quantitative changes (number
of specific responses), but no qualitative changes (changes in posit-
ion invthe social hierarchy) occurring over a period of four months.
However, Miller and Banks (1962) found the dominance hierarchies ob-
tained by competition to avoid electric shock wers more stable and
less subject to variations due to momentary distracticn or lack of
motivation than food competition hierarchies in rhesus monkeys.

The tube test is still another technique used for measuring
social dominance. In the itube itest, one animal in a competition pair
is trained to run through a tube wide enough to allow only one anim-
al at a time to pass through, while the other arnimal is trained to
Tun thréugh from the opposing directién. The two animals enter the
tube simultaneously, and the animal which succeeds iﬁ fﬁrcihg.back its
opponent is considered dominaﬁto Lindzey, Manosevitz, an@ Winstonv(1966)
found the dominance relations in mice under the fﬁbe dominance test
and food competition tést to e negatively related. In addition,

Ward and Gerall (1968) found rats which were raised in isolation to

Be superior in dominance tube competition to animals raised socially,
This finding is not supported by studies which employ a food competit-
dion-situation. A variant of the dominance tube has been used by Uyeno

- and White (1967, 1968). In this technique, animals must force opponents

back to escape from an urderwater tube. These more stringent and
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demanding conditions generate dominance behavior not found with food
dominance ccmpetition. Employing this technique, Uyeno and White (1967)
also found rats raised in isolation to be superior in dominance to scc=-
ially raised animals. In addition they found that females and males
did ‘not differ significantly in dominance behavior when competing in
the mnderwater dominance tube, a finding which is alsoc not supported

by studies which employ a food competition situation.,

This historical review of experimentsl studies will be re-

stricted to studies which employ the approach situation of food or
water competition. One reason for this selectivity is that the results
derived from the alternative techniques of shock avoidance or the dom=-
inance tube test may be hard to compare with a real=life situation.
As was menticned earlier, the dominant member will defend the group.
Alternatively, in the case of intra-group threat to rank, the dominant
member will defend his position. Defense cof subsrdinates or individual
position is impossible irn the slectrie chock situation where there is
no real competitor. It may be that the mechanisms in the dominant
animal,"such as posturing, threat, attack, etec., are not released in
this unpatural laboratory situation. No defense is possible, only
flighte« Perhaps dominance does not operate at all in such a siiuation,
but only fear. Thus, despite the high positive correlation between
dominénce ranks formed on the basis of competition te avoid eleciric
shock and those formed on the basis of food or water competition,
this review will deal only with food or water competition dominance,
Similarly, dominance tube competition may also be an "unnatural®
situation, Animals competing to push each other out of a tube have
litﬁle oppertunity to exhibit the dominance-subordination behaviors
that af% characteristic of their species, This may account for the

negative relationship found betwsen dominance relations formed under
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dominance tube competition (Lindzey, Manosevitz, & Winston, 1966). Fin-
ally, the bulk of the experiments on dominance relations have uzed the
approach-situation of food or water competitioen, and thus a relatively
comprehensive oversight of this phenomenon may be gained by reviewing
these experiments,

For organizational purposes, the review of experimental studies
will be presented under seven headings. These headings roughly cor-

respond to the type of variables which were manipulated in the study

of dominance relstions.

Reliability of dominance orders. As was mentioned earlier, dom~

inance relations in mary species display a certain stability. This re-
iability of the dominance order seems to vary between species, the
most stable being the primates. This aspect of nrimate social relations
has béen frequently noted during observationsl studies in the field,
Warren and Maroney (1958) tested é groups of rhesus monkeys for domine-

ance in a food=competition situation. Each group consisted of 3 males

and 3 females, every monkey competing with each of the other 5 members
of the group & times over a period of one month. Two additional round
robins wére made after an interval of 6 months. Evéntually a stable
and linear dominance hierarchy was obtained in each group. This sup~-
ported the findings of an eariier study (Miller & Murphy, 1956) in
which dominance relations in a group of 15 young rhesus morkeys wsrs
determined on 6 occasiens during a period of 15 months. The dominance
hierarchy was found to be reliable throughout the repeated series of
determinations. Again supporting the observational field data,
Bernstein (1964) found that the removal of the dominant male in a
rhesus monkey group had 1little effect upon the reliability of the

dominance order and consequently upon this monkey's social status.

When this male monkey was reintroduced into the group one month later,
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thé'hierarchy reverted to iis original order.

| Murchison, more than 30 vears ago, observed the social behavior
of 6 roosters and 5 pullets in terms of "Social Reflexes"; Social
RefXex No. 1 being two individuals moving towards each other, Social
Reflex No. 2 being two individuals fighting each other tc a decision,
and Social Reflex No. 3 being the sex.reflex, ireading. Hz showed
linear and reliable relztions between these types of behavior and
soc¢ial dominance relations (Murchison, 1935: a, b, ¢, d). More rec=
ently, Candland (1968) obtained statistically reliable dominance orders
in domestic chickens using a competitive feeding technique. These
orders correlated positively with orders obtained by the observation
of aggressive behavior within the flocks. Ameng the factors which
affected the reliability of the dominance order, it was found that
reliability increased with increasing age or amount of socizl exper—
ience with other birds. Flock gize did net produce differences in
reliability after the first few weeks following flock formation. In
an interspecies comparison of .the reliability of dominance orders,
Candland and Bloomquist (1965) found statistically reliablé oders of
fovd=getling dominance in cows, sheep, chickens. and parakeets. using’
the. pair comparison procedure., They failed to find significant relia=-
bilities in rats and hamsters. In ruminents, weight was a significant
factor in determining dominance orders, but this factor was not sig-
nificant in determining oders in fowls and aves. In still another spe-
cies, the domestic cat, stable dominance hierarchies were developed
in two different food=-competitive dominance testing situations (Cole &
Shafer, 1966). Food deprivation level did not affect dominance relat-
ions in either pair comparisons cenducted in a WGTA, or in dominance

relations formed in a free envircerment where all cats, 2 females and
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6 males, competing for one bowl of food.

Reliable dominance orders scem to be more difficult to exper-
imentally establish in rats than in the other spseies discussed. Seward
(1945b) found that a stable dominance hierarchy failed to emerge in
groups of albino rats with pgired comparisons tested in a food-~compete
ition situation. The rank-orders within the groups were marked by
extreme fluctuations. Similarly, Candland and Blocmquist (1965) failed
torobtain statisticaily reliable dowinarce orders in rodents, the rat
being one of the species studied. The findings of the above two stud-
168 are not supported by other investigations. In & more observation-
al study, Baenninger (1966) recorded dominance encounters within 8
groups of 4 rats from the third tc the seventeenth weeks of life.
Statisticaily reliable dominance orderé were obtained in 7 groups.

The number of encounters dsalined with age, but the stability of the
hierarchies was maintained. Dominance rank was found to correlate with
the number of encounters and with weaning weight. These results are
supported by the findings of Sahuméky and Jones (1966) who obtained
reliablé:paired comparison dominance orders in both male and female
rats. Dominance rank stabiiity was found to be an increasing function
of “the number of previous competition tésts. Also, changes in the
level of food deprivation did not affect the dominance orderé. Final-
1y, Becker and Flaherty (1968) made pair comparisons in 15 groups of
rats, these groups being of sizés 11, 6, and 2 rats, All groups were
given 30 food competition trials and all groups sventually attained
stability, with the larger groups requiring more trials. In comparing
the stability coefficients between adjacent and remote blocks, it
was found that the stability was higher for adjacent blocks. This
suggested a distinction between short-and long-term stability, with

the long~term stability being more reliable.
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Thus reliable dominance orders have been fourd in most of the
species studied. This reliabiliiy seems to correlate positively with
thé numbef of trials or encouniers the animﬁls obtain,/but seems un-
affected by the level of food deprivation under which the animals
compete and, after the first few wesks following flock or group
formation, sesms also not affected by the size of the flock or group
in which the hiersrchy is formed.

‘Barly experience and social dominance. One form of early ex-

perience, usvally in the form of tactual or electrical stimulation
during the first few weeks after birth, has consistently produced
more socially dominant animals, Rosenv(1958) handled albino rat pups
for 5 minutes daily from the age of 21 to 41 days, the period in-
mediately following weaning. The control group consisted of litter-~

mates which received no such gentiing. All animals were then tested
at the ages of 58 and 69 days in a food-competition situation by the
paired-compariscns of each rat in one group with each rat in the

other for a 5 minute competition session once daily. The gentled

animals were found to be significantly more dominant. These resultis

were supported by another study (Mezei & Rosen, 1960), in which
gentled rats were again significantly more dominant. In additicn, the

differences in dominance~submissién behavior were found to persist
into the adult life of the gentled rats. Becker :(1965) extended these

findings by showing that stimwlation in the form of miid electric

shock during a rat'’s early life produced not only more dominant anim-

als, bubt also less. timid animals, timidity being measured in terms
of the latency of an animal's emergence from its home=-czge into the
competition arena. Finally, using fixed-comparisons (in which each
experimental rat is paired permanently with a control rat), Becker
and Flaherty (1966) fourd that animals which had been gentled for 30

days after weaning all won the first of 12 encounters in a food-
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competition situation. However, in the remaining 11 éompetition S95=
sions, the gentled animzls faiied to be consistently domirant. The
authors posited two interpretations of these transitory differences
in dominance: (1) the decay of the effects of manipulation over

long periods of time, and (2) differences created when fixed-compar=
isons are used in terms of the unfamiliarity or familiarity of the
opponent on every competition trial. It was suggested that contirmal
"euriosity=-timidity rearousal” creéted in control Ss when faced with
an unfamiliar opponent on every competition trial could account for
the greater permanence of differences in dominance found when rotated-
pair comparisons are used.

The other form of early experience manipulated in relation to
social dominance has been social experience. The typical design of
these studies is to rear one group of animals with conSpacifiés for
a period of time following weaning while the control group consists
of animals raised in isolaticn during this same period. Rosen (1961)
reared male albinc razts in groups of 2 animals for 3 weeks irnmediately
following weaning. When these  animals were placed in a competitive
drinking situation in adulthood with animals which had been reared
individuslly, the sccially raised animals were not significantly
more dominant. The author suggested that the early social experience
of the group~-reared animals was not of sufficient intensity or durat-
jon to produce significant differences in dominance behavior. In a
second study wusing two sub-species of wild deerwmice, Rosen and Hart
(1963) found that post-weaning social isolation had a differential
effect upon adult dominance in one of the sub-species, Peromyscus

maniculatus biardii. Ten male biardii reared together as a single

group from weaning until 91 days of age were significanily more
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dominant than biardii raised in isolation. In the second sub-species,

Peromyscus maniculatus grzeilis, this difference in adult dominance

failed to emerge., Dominance was measured by pziring sach socially-~
reared mouse once with every isolate-reared mouse of the same sub-
species in a series o0f 5 minute competitive drinking sessions. The
authors concluded that the results further illustrated that the same
form of early social experience can have a differential effect upon
organisms of differing genotypes.

Becker and Ezinga (1969), using the fixed-pair comparison
method, compared rats raised under four early experiential conditions
in a food-competitive situation. These conditions were: (1) rats
which had been handled and were raised in groups of four, (2) rats
which had not been handled but were raised socizlly, (35 handled
rats raised in isolation, .and (4) non-handled rats raised in isolat-
ion. It was found that handled rats in competition with non-<handled
controls were dominant, especially where both competitors were raised
in isolation. Socially-raised rats, in competition with isolation-
raised fats, were dominant, but only where both competitors were
early handled. Finally, Hoyenga and Lekan (1970) found that 12 group-
reared Sprague-Dawley rats were dominant over 12 isolation-reared
rats in the early trials of a food-competition situation, but these
differences in dominance between the groups faded over the 12 days
of testing.

It thus seems that early experience in the form of tactual or
electrical stimulation reliably produces more dominant animals. Early
experiznce in the form of social experience seems to be a less power-

ful or reliable variable, In only two of the studies reviewed did ear-

ly social experience significantly affect dominance=-submission behavior
XPp ¥
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in adulthood. In the first (Rosen & Hart, 1961) the effect was fgund

in only one of two closely related subspecies of mice. In the second

(Becker & Ezinga, 1969) early social experience was effective in cre-
ating more dominant animals, but only where thess animals had also

experienced early tactual stimulation.

Conditioning and social dominance. From the point of view of
psychology, the question of whether social dominance can be modified
by conditioning is of great interest, Studiss exploring the effect of
conditioning, particularly those which use primates as Ss, have pro-
duced conflicting results. In general two main procedure are used in
these experiments. In the firsi of these, the social dominance hier-
archy is determined by a food~competitive test. A member of this
hierarchy, usuvally an animal which occupies a low rark, is then used
as a conditioned stimulus for suock avoidarnce for the other animals
in the hierarchy. Post-conditioning dominance determinations, using
the food=competitive test, evaluate whether the animai used. as the
conditioned stimulus has risen in rank. The second method similarly’
determines an original dominance hiererchy by means cof a food-compei-
ition test. Members occupying intermediate ranks in the hierarchy are
then subjected to a series of defeats or Wins by matching them against
more or less dominant animals. Post-conditioning dominance determinate
ions are used to evaluate changes in the previously found hierarchy.

Miller, Murphy, and Mirsky (1955) repeatedly determined the
social dominance.hierarchy in a grouo of 10 rhesus monkeys over a 20
month :period, using a food-competition test. The monkey which ranked
8th in the dominance order then served as a conditicned stimulus for

shock avoidance by 8 of the other monkeys. In later deminance determ—

inations, this monkey rose to third or fourth postition ::: the hierarchy,
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However, the authors used only one group of animals, as well as em=
ploying no control group. Changes in rank can appear in any group and
these facts thus prevent one from clearly drawing the conclusion that
it is pessible to inducs changes in settled relationships. In another
study, Murphy and Miller (1956) conducted two group dominance tests
on 10 rhesus monkeys, On the basis of these tests, 5 pairs of monkeys
which were adjacent or nearly adjacent in the hierarchy were given
an additional 5 dominance determinations using a food-competition

test. The dominant animal in each pair was then subjected to shock=~

avoidance conditioming with the suvbordinate partner as the coandit-
ioned stimulus, The dominance status was found to be significantly
reversed following the completion of the conditioning.

Using the second method desribed earlier, Maroney, Warren,
and Sirha (1959) used a food-competition situation in determining
the dominance hierarchy in 17 prepubescent rhesus monkeys, & males
and 9 females, Several low or intermediate dominant animals received
}“conditioning“ in the form of repeated success or failure in comp=
etitinh by vairing them, reSpectively; with animals who were extreme~
ly low or high in dominance rank. Altogether, each animal received the
success or failure treatmen£‘750 tﬁmes. After finishing these ireat-
ments, each conditioned znimal was tested against the animals .from
the group of which he had been part, prior to the experiment: he was
first tested against those who had been next to him in rank, and
after that, against all animals in that group. There were only a
few changes in dominance relations after the experimental treatments,
and some of them-were even contrary to the expectation; there were sl-

so.reversals in unconditioned monkeys, The authors. concluded that "at

best, the conditioning was apparently successful in one case," So, the
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dominance relations were not significantly altesred by the experimentzl
operations, These results supported the findings of an earlier siudy
by Marohéy and Leary (1957), These authors attempted to alter the dom=-
inance relations.among rhesus morkeys by foreing failure sxperience
on 4 monkeys through pairing them with very dominant animals in their
home cage as well as in a food-competition situation in the WGTA.

Only two pairings out of 16 revealed a reversal of the dominance re-
lations previcusly found. The authors coacluded that svcisl condition-
ing in the WGTA,: as well as homewcage conditioning, failed to change
previously established dominarice hierarchies.

The above findings conflict with a very similar study on mice,
reported 15 years earlier by Ginsberg and Allee (1942}, whose findings
rere quite different; conditicning, by means of rspeated success or
failure treatments, was generalized iather widely by the conditioned
mige in accordance with the sort of conditioning, sucesss or failure,
to which they had been exposed. In a study employing another rodent,
the albino rat, as Ss, Tsai and Napier (1968) established the domine

ance hierarchy in 4 groups, each consisting of 9 male rats. The rat

ranking second in each group was then:svbjected to a series of defeats
by the more dominant rat which ranked first, while the rat ranking
third was exposed to the more svbmissive fourth-ranking rat. Eight of
the 9 groups showed a significant decrease in the number of wins by
the second=-ranking rat over the third-ranking rat as a result of soc-
jal conditioning., However, the hierarchy reverted to its original
crder shortly afier conditioning, thus suggesting the effect of ex~
tinction.

| The social dominance order in birds 2lso seems ammenable to

modification by condifioning procedurss. In a study by Radlaw, Hals,
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and Smith (1958), the bird having the highest status in a flock of 5

New Hampshire cocks was shocked esach time it attacked one of its flock-
mates, After two or three 20-minute training sessions, two of the four
pair relations were reversed with the formerly subordinate bird dom-
inating the previously high status bird. In the twc other pair relat-
ions, the original high status bird tolerated the subordinates,; re-
sulting in mutual avoidance., These results were supported by the find~
ings of Ratner (1961). The poeck order in four groups, each of 1k
White Leghorns, was determined., Zight birds were then selected‘fram
these groups, and were exposed to defeats by métching them with a
foreign despotic bird. Upon their return to their respsciive groups,
redetermination of the peck order showed that seven of the experim-
ental birds had lost rank and the eighth bad gainsd rank. Thus dom-
inance relztions seemed significantly alitered by the experimental
operations,

There thus seems to be conflicting evidence for the possibil-
ity of inducing changes in settled dominance relationships by means
of conditioning procedured. Two\of the studies reviewed which use
primates as S5 show conditicning te be effective in modifying an
established social hierarchy, 6ne-of these (Miller, Murphy & Mirsky,
1955) being inconclusive due to lack of controls. The other (Murphy &

Miller; 1956) suffers from very similar problems. As was described
earlier, these authors matched animals which were adjacent or nearly
adjacent in an established dominance hierarchy ard determined which

was dominant., The dominant animal in each pair was then subjected to

shock-avoidance with the subordinate animal as a conditioned stin-
wlus. However, the significant reversals they obtained-are open to

challenge. In comparing adjacent animals in a dominance hierarchy,




the probability of reversals in deminance occurring spontanecusly over
time is greater for such pairings than for any other pairings in the
hierarchy., The study had no controls for the possible occurrence of
such spontaneous reversals.

i Another possible problem bacomes evident when one attempts to
compare the results of studiss which use the shock-avoidance condite
ioning technique, with those obtained by studies which use forced
wins cr losses as a conditioning procedure. These latter studies,
which also use primates as Ss, fail to replicate the positive re-
snlté obtained by studies using shock-avoidance conditinning (Maroney’
& Leary, 1957; Maroney, Warren & Sinha, 1959). This brings up the
question as to which is the more "naturazl" conditioning technique in
modifying social dominance behavicr, The procedure in which one snim-
al is subjected to forced wins or losses by pairing it with more sube
ordinate or more dominant animsls respectively, conforms more close-

1y to what typically cccurs ir a "natural setting"”, in that the anime

als are capasble of displaying species-specific challengihg and fighte
ing behavior. In the shotk-asvoidance situation such behavicrs are
not poésiblea It may then be tenaﬁle to suggest that what occurs in
the shock-avoidance situation is behavioral suppression in the form
of- conditional emotional respense (CER) rather than trve dominsnce
behavior. One check on this alternative is to see if the dominance
reversal following shock-avoidance conditioning is siable over time,
that is; whether the possible CER will extinguish. Both of the stud-

ies reviewed which use this technique fail to do this.,

What of the studies on mice and chickens which show that scc-
dal conditioning is effective in modifying existing sceial relations?
In their discussion of the negative results in the first part of their

study, Maroney, Warren, and Sinha (1959) point out that inbred mice,




27,

the Ss in Ginsberg and Allee’s (1942) study, do not fecognize dif-
ferences between individual competitors, but respond to the charact-
eristic patierns of aggressive or submissive behavior exhibited by
their opponents. Monkeys, however, differerntiate more accurately
belween individual. cpponents. This is important in that many social
relations are tied to the personal recognition of‘the individuals
by each other., This notion is supported by the observations of
Bernstein (1964a). The dominant male in a group of rhesus monkeys,
after being removed for a month, immediately,reassumed'hisbformer
position, only showing more sexual and aggressive activity. This
contrasts with the observations of Masure and Allee (1934). A high
ranking cceckerel was removed from his group for two weeks. When rein-
troduced into the group, it was obser#ed that he had lost his posite
ion completely,

Thus it seems that in animals which recognize individual coppe
etitors, the degree of dominance or submission behavior is rather
stable: it is not readily changed by frequently repeated success or
failure treatments, This notion~is supported by the second part of
fhevstudy by Maroney, Warren, and Sinha {1959). They found that the
nature of the dominance relation which could be observed between
monkeys which had never previously competed with one another for
food could be predicted with an accuracy of around 95% from the rel=
ative success of the monkey in competitive social interactions in
the past.

Motivation and social dominance. Motivation, in terms of the

level of food-deprivaticn, has seemed ineffective in aitering dom=
inance relations. Nowlis (1941) varied, in turn, the levels of food

- deprivation of the dominant, the subordinate, or toth members of
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competition pairs of chimpanzees, Eighteen animals were used to form

20 competition pairs. It was found when the deprivation lsvel of the

dominant animal was decreased to satiation while that of the subord-
inate was increased by food deprivation for 25 - 45 hours, the latiter
became dominant in terms of getting more than half the test food,
When both animals:in a competition pair were highly motivated by
long food depriwation, the relative dominance status of each animal
remained the same. as when both were fed in a regular fashion, Chang-
es in the degree «of food deprivation of_the dominant animals had:
more effect on the success of foodmcompetition of the subordinate
animals than did great variations in the deprivation level of the
latter. Thus, it was only when the deprivation level of the dominant
animal was eliminataed by satiation while that.of the subordinate
animal was greatly increased by long food deprivation, that a2 change
occurred in the dominance relations. It is to be guestioned whether
this can be considered a2 valid change in that a $atiated animal is
unlikely tojbe motivated to compete\for:food. Therefore; the compet-
ition situation as such no longer exists.

The inability of food deprivation to affect existing dominance

relations has been supported by several studies which have manipulat-

et

ed food deprivaticn levels in relation to the stability of the dom~
inance order (Schumsky & Jones, 1966; Cole & Shafer, 19663 Candland

& Matthews, 1968), In all cases, the reliability of the dominance
order was not affected by the level of deprivation under whiech the Ss
were observed, nor by changes during testing.,

Physiological correlates of social domirance, A number of

studies hawve attempted to relate endocrine structures such as the

ihyroids, pituitary, adrenals, and gonads to social dominance, In

these studies, the typical procedure is to determine the dominance
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hierarchy in the group of animals under study, then sacrifice them
and attempt to relate the weight of the endocrine structure(s) to the
animal’s rank in the dominance hierarchy. Siegel and Siegel (1941),
4n studying the relationship of social competition with endoerine
weights in male chickens, determined the relative aggressiveness in
28 oirds from 8 paired encounters, this aggressiveness ranging from
0 to 100% wins. There was no significant correlation with this score
and weight of endocriné‘per unit bodyweight. However, in a review
of the psycho-physiological interrelations in the socizl behavior
of chickens, Guhl (1G64) points out that physiolegical adaptation
to soclial stress at low levels in the dominance order is brought
about by the stimulation of the pituitary-sdrenal cortex axis as
shown by the hypertrophy of the adrenals. This latier observation
seems to be supporied by a study on male and femsle erab-esating
monkeys, Hayama (1966) divided 7% of these monkeys into 5 groups and
determined the dominance ranking in each group by the order in which
animals took food or water for 7 days pfevious %o the day of meas-
uring their adrenal glands. It was found that high-ranking monkeys
;generally had larger adrenal glands than low-ranking ones, regard-
less of their weight, age, or sex.

Similarly, researchers have also atiempted to relate several
areas of the brain to social dominance, The typical procedure in
these studies is Lo determine the socisl dominance status of an an-
imal prior to lesioning an area of its hrain, then lesioning the aninm-~
al, following which its socisl dominance status is redetermined. Chang-
2s in the arimel®s status are then atiributed to the effects of the

lesion, One of the brain areas so lesioned has been the amygdala.
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Bunnell (1966) determined the social deminance rank and aggressive-
ness of hooded rats in a semi-natural enviromment. He then lesioned
the amygdala and observed in post-operative dominance redeterminat-
ions that there was a significant reduction in the number of inter-S
interactions and in the percentage of bcuts won. The soecial rank
decreased in some animals, but was maintained by others. The author
suggested that the effects of the lesions were the result of a
raised threshold to social stimuli. In a study involving the lesion~
ing of the orbital frontal cortex, Snyder (1970) seperately intro-
duced rhesus monkeys into a stable colony before and after orbital
frontal ablation and sham surgery in order to establish their hier--
archial position. A1l animals which had orbital frontal ablation or
sham surgery achieved pre-operative dominance status. Following orb-
ital frontal ablaticn, 3 out of 4 3s retained their dominant posite
ion for i, 4, and 6 months respective, at which time they abruptly
ceased all aggressive behavior ard fell to the bottem of the domine
-ance hierarchy. Sham surgery appeared to have no pbservable effect
on social behavior or status. The author”guggested that iﬁcOmplete
removal of the limbic portion of the orbital fronfal.ccrtex may have
beenjrespbnsible for the 4th monkey’s:ﬁnimpaired social bshavior,

One study‘whiéh-involved brain stimulation by reﬁote control
rather than lesioning is of interest in terms of its relation to soc~
ial dominan=e., Robinson, Alexander, and Browne (1966) found that tele-
stimulation of the lateral and anterior hypothalamic sites in male
rhesus'mbnkeys resulted in aggressive attacks directed against cther
members in a group of these anmimals. The authors subsequently stim-

ulated the subordinate Ss in several other groups. It was found
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that aggressive attacks by these subordinate animals against the dom-
inant members of their respective groups was readily evoked upon stime
ulation, and these attacks were sufficient to cause permanent rever=-
sal of dominance, the stimulated Ss now being dominant.

There seems to be sufficient evidence to suggest that there
is a correlation:between one endoerine gland, the adrenal, and soc-
ial dominance (Guni, 1964; Hayama, 1966). The correlation of social
dominance with any other endocrine structure is weak. The studies
attempting to correlate brain arsas and dominance are sporadie and
without Jogical sequence. Consequently, few conclusions can be drawn
from the studies which have been doue.

Drugs, hormones, and social dominance, The effects of sex

hormones such.as estrogen and androgen have been studied in relat- c
ion to social dominance., The prozcedurs typically used is to castrste
the animals, and thern observe changes preduced in sociszl dominznce
behavior as the result of injections with a sex hormons, In the first
of a series of studies, Birch and Clark (1945} paired z male pre-
puberty castrate chimpanzes wiilh an intact male in a food-compet-
itive situation. It was observed that msle sex hormone (androgen)
therapy enhanced the castrete's sociszl dominance while female sex
hormone (estrogen) therapy resuited in subordimnation behavior. In
addition, androgen therapy induced well-established hsbits of soc-
jal response such as aggressiveness which persisted after hormone
administration had ceased, These response habits could be reversed
by the administration of estrogen. These findings are supported by
Shinoda (1964) who observed that a 12-day androgen admiristration
of 300 mg/kg bodyweight per day resulted in the dominance of 3
‘castrate male and 4 ovariectomized femzle white rats in an intra-
pair conflicting situation.

In a somewhat dirfferent experiment,.Stewart and Palfai (1967)




32,
determined the dominance hierarchy in 22 male rats by the method of
paired competitive encounters, The animals were then castrated, and
it wss subsequently observed that the existing dominance hierarchy
became disrupted. This hierarchy was reinstated by daily doses of
1 microgram of testosterone preprionate (an androgen ccmpound); a
higher daily dose of 50 micrograms increased further the correlation
between the initial hierarchy and the hierarchy formed after androgen
replacement, Work, Grossen, and Rogers (1966) found that social
behavior habits played a role in masking the effect of manipulated
endrogen ievels. In their first experiment, a highly stable and iin-
ear focd-competitive dominance hierarchy emerged from daily pairings
of all combinations among a group of 6 male albine Sprague~Dawley
rats., Subsequent injections on testosterone to selected Ss failed
to alter this hierarchy. In two subseguent experiments, the wins
and logses of each rat in the hierarchy were equalized by interspers-
ing trials against confederate rats {one very dominant and one very
subordinate rat which were not members of the original hierarchy)
among the initial pre-injection pairings. OF the two confederate
rats, one confederate lost againét all rats in the hierarchy, while
the other always won., With the reinforcement history of all Ss kept
identical a stable hierarchy developed, but now the subsequent ef~
fegts of andregen level manipulation were readily observed as the
injected Ss rose to the top of the hierarchy. These results point
to the necessity for controlling habit factors in hierarchies where
motivational variables such as sex hormone levels are to be assessed,
This seme point was made by Guhl (1968) who noted that in an estab-
lished flock of hens, social stability is accompanied by “social
inertia'. Barly studies had sheym androgen to inecrease social dome

inance and the levels of aggressiveness in hens (4llee, ‘Collias &



33

Lutherman, 1939), and that estrogen administration reduced aggrese

' siveness’ and increased submissiveness (Allee & Collias, 1940). Guhl

tested this social inertia by injections of androegen, The treatment
increased sociazl’ tension (an inerease in aggressive encounters), but
few reversals of dominance occurred. Injections of estrogen alse did
not alter aggressiveness or submissiveness. It was suggested that
degrees of stability within a group may introduss variables in exw~
periments on social domirance, and that these wariables could mask
the effects of hormonal treétment.

As was already mentioned, estrogen also seems to reliably af=-
fect social dominance (Allee & Collias, 1940; Birch & Clark, 1945),
but only in castrate animals or in hierarchies where the dominance
order has not yst become stabilized. Where the dominance hierarchy
has become stabilized, the effect of estrogen administration may be
masked by Ysocial inertia” (Guhl, 1968). Birch and Clark (1946) test-
ed the effects of methyl-testosterone and alphawestriadel on the dow-
inance=subordination relationships betwsen 3 adult posi-pubertslly
ovariectomized chimpanzees in a food=competitive situation. It was
found that the dominance status of female chimpanzees, unlike the de=
crease in dominance observed in castrate chimpanzee méles or hens up-
on injection of estrogen, was reliably enhanced by raising the estrog-
en level as well z2s by the administration of androgen. The administ-
ration of esirogen resulted in a rise in dominance status paralleling
the course of sexual swelling and disappearing with detumescence.
Finally; androgen therapy produced more psrsistent changes with the

improvement of dominance status than did results from the administrat-

ion of estrogen.. Another study by these authors {Birch & Clark, 1946)
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supported the observations ‘that sexual swelling inducadiin female=-
castrate chimpanzees by artificiszl estrogen (.25 mg of diethyl
stilbistrol daily) paralleled a risz in dominance9 a rise which dise
appeared with detumescence. If progesterene is given along with
estrogen, the progesterone will inhibit sexual swelling. Birch and
Clark.(1950) found that estrogen administrations to a éubordinate
femzle-castrate chimpanzee caused a rapid rise in dominance. However,
when progestérone was administered along with the estrogen and sex-
val swelling was consequently inhibited, this rise in dominance did
not appear., Control observations showed no effect from the progest~
erone alons. When estrogen was given to the dominant animal, its
dominance was enhanced if sexual swelling was not inhibited.

So it seems that androgen therapy increases aggressiveness and
deminance in both male and female castrates. Also, additional andro-
gen injected into intact males will increase their dominance status,
.Estrogen injected into male or feémale castrstes will decrease aggres-
siveness and dominance status with the exception of female primates
‘like the chimpanzee. The swelling of the sexual skin results when
estrogen is injected and when this swelling is not inhibited, estro~
gen will temporarely cause a rise in dominance which parallels the
sexual swelling., This rise in dominance disappears with detumes=-
CEeNce o Fihally, when assessing the effect‘of sex hormones on animals
in'ar already formed and stable dominance‘hierarchy. the variszble
of "social behavior habits" or "social inertia" must be controlled
if it is not to mask the effects of the hormone.

Seéeral drugs have béeﬁ testéd to assesé their effect on soc-

ial dominance. Leary and Slye {1959) injected 2 monkeys, ranking 1st
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and 3rd in a domihance hierarchy among 8 rhesus monkeys, with 1.0 mg
per kg of chlorpromazine prior to pairing them with the remaining Ss
in the hierarchy. The animals competed for food in a modified WGTA
In the drug phase, the drugged animals generally failed to get the
food  and the normally submissive animals became deminant. However,
these resulis were transitory in that comparisons of before and
after the drug phase yielded no significant differexnnss in dominance
or .aggression. This decrease in dominance in animals drugged with
chlorpromazine is not supported by the observations of Heimstra
(1961). In this study, dominance-submissive relationships were este
ablished in 20 pairs of rats. Either the dominant or submissive an=-
imal in a pair was administered chilorpromazine, the other receiving
injections of saline solution. The drugged ardimals, whether sub=
missive or dominant in the normal state, terded to control the food
source for longer pericds of time than did the neon~drugged animals,
thereby becoming dominant. During the drug phase of the study, fighté
ing behavior,was significantly reduced.

Assuming that chlorpromazine.affecﬁsAboth monkeys and rats
similarly; the conflicting resulis of the abové two studies may have
been due to the differing test situations used. In the Leary and
Slye (1959) study, amimals competed for food in a modified WGTA, The
speed of an animal's response is important in this test in that the
animallmust grab the food before his opponent does., Chlorpromazine
is 2 depressant which has the effect of slowing an animal's motor
responses after an early and transitory excitatory phase has passed.

Consequently, in such s situation the drugged animal.is handicapped.
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In Heimstra's (1961) study, the test situstion involved a common

. food source which only one animal could control at a time, Once a
drugged animal has control over the food source, his oppenent must
foree him away. In this situation the animal's lowered mctor responss
es and his probably heightened threshold to social stimuli would not
hinder him, and could possibly aid him in retaining contrel over the
food source,

In arother study Heimstra and Sallee (1965) administered eith-
er 2,0 mg/kg of gmphetamina or 6.0 ngfkg of chlorpromazine to two
groups of 11 rats each for 25 days during the early life of the amim-
als. Twenty-two other rats were administered daily ipjectidns of sal-
ine secluticn during this same pericde When all rats were 160 days old,
the drug groups were paired with the saline group and were tested
for 5 minutes daily for 15 consecutive days. Dominance was defined
as the amount of time a rat in the pair controlled a food container
during the triale. It was found that 10 of the 11 rats which had re-
ceivgd amphetamines were dominant. However, only 6 of the 11 rats
in the chlorpromazine group were dominant, the result one would ex-
pect were only chance operating.

Thus it seems That the administration of chlorpromazine during
the early life of an animal dees not enhance its dominance behavior
in later food competition if the animal is then not under the influ-
ence of the drug {(Heimstra & Sallee, 1965). However, drugging an an-
imal by means of chlbrpromazine during food competition does seem
to enhance its dominance behavior (Heimstra, 1961), Perhaps the ef-
feet of early experience in terms ef chlorpromazine administrations

does not carry over into later non-drugged food competition sessions,




37.

Two studies explore the effect of four psycholytic drugs on
social dominance. Uveno (1966) showed that d-lysergic acid diethyla~ -
mide (LSD=25) and 2-brom-lysergic acid diethylamide (BOL-148) inhibe
ited dominance behavior of rats in a food competition situation, The
peak effects of 1SD=25 and BOL-148 occurred 15 minutes and 45 minutes
respectively, alter interperitoneal injection, The dose~response
curve for sach drug showed that per cent inhibition of dominance be-
havior is an increasing monotonic function of.dosee A much 1ower mgda
jan effective dose.(ED5o) shown by the ISD-25 curve as compared with
that of BOL-148 suggested that ISD-25 is a significantly more potent
dominance inhibitor than BOL-148. The other study (Tyeno, 1967)
showed that mescsline and psilocybin alsc iphibited the dominance
behavior of rats competing for foods The time of peak inkibitory ef=
fect of both drugs was 30 minutes following interperiioneal inject~
ione The dose~response curves for botk drugs showed that the per cent
inh3ibition of deminance behavior is an incressing function of dose.
The EDgp of the mescaline curve was much higher than that of the
psilocybin curve, suggesting psilocybin as the more potent dominance
inhibitor. Thus all four psycholytic drugs were found to be effective
dominance inhibiters in food competition between rats.

Genetie basis of docial dominance. Genetic selection has been

able to modify behavioral characteristics in many species of animalse
Several investigators have attempted to determine whether the behav-
iors involved in sovecial dominance can be changed by selective breed=-
ihge UyenS (1960):studied the behavior of 24 young male rats as a

- function of the dominance of the true parents and the dominance of

the foster mother. The Ss were bred from rals which had been selected
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for social dominance or submissivensss on the basis of food competit=
ilonss A1l animals were subsequently raised by foster mothers, thus
yielding four foster parent~genetic background combinations. It was
found thst rats born of dominant parents were more dominant when
raised by dominant mothers, buh in either case were more dominsnt
than'rats born of submissive. parents. Although there was an inter-
action between genetic background and rearing enviroment, the gen=
etic background seemed to be the predoﬁinant'factor in determining
later social dominance.,

Craig, Oriman, and Guhl (1945) found that § generatiohé of
bidirectional selection of mature male chickens for social dominance ;
scores in initial pair contests produced large strain differences
within each of two breeds. The selected strains differentiated for
frequency of contests with aggressive behavier, the ability to win
decisions, and the physical severity of interactions. Thus it sesms
that genetic selection can increase the seoial dominanes ability of
chickens, a finding that has been supported by seversl similar stude

ies (Craig & Baruth, 1965! Ortmarn & Craig, 1968; Bermett & An&e?son,

1962).

Objectives of this thesis,

This thesis attempted to ascertain the effect of various schede

ules of reinforcement on thz degree of social dominance-subordination

behavior exhibited by pairs of rats, competing to lever press for
food. The schedules employed were CRF, FR, and FI schedules, This

. thesis also attempted to study and relate different measures of social .
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dominance behavior, these measures being: the number of lever pres-
ses emitted by each rat in a competiticn pair, the number of reir-
forcements each aninal obtained, the percentage of the total session
time each animal spent controiling the food source, and the ability
;of each animal to win decisions in aggressive interactions with its
opponent,

A search of the literature concerning social dominance relst=
~dons has failed to reveal any studies which have dezlt with the ef-

ifect of various schedules of reinforecement on social dominance behave

-

dor. CRF, the schedule typically used in dominance determinations

employing a food competition situation, may be the exeception rather
than the rule in the world outside the laboratory. Animals may thus
have to deal with much more demanding schedules, FR and FI schedules
being arbitrary examples of these.

Assuming that schedules of reinfgrcemenﬂ did differentially af~
fect the degree of dominance-suberdination behavier in rats, a sec-
ord objective of this thesis was to find the schedule or - schedules
which maximized this behavior. In most of the experiments on social

~dominance, the researcher hopes that one or the other of the animals

An a competition pair will become either consistently and significant- _ é
1y dominant or subordinate. A reinforcement schedule which maxinized

the degree of dominance-subordination behavior would provide a more

sensitive procedure by which to assess the effect on social dominance

«of variables such as early experience or sex hormone administrations.
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CHAPTER I
SUBJECTS, APPARATUS, AND GENERAL EXPERIMENTAL METHOD

JI. Subjects

Sixteen Holtzman male albine rats (from competition pair Gi
ard R1 to competition pair G8 and R8) served as subjects. The rats
were experimentally naive and were.95 days of age at the start of the
experiment. They were part of a group of 48 animals which were re-
ceived at 70 days of age, &ll of which were placed in single cages
and given free access to food and water. At 76 days of age, the 16
experimental animals were selected on the basis of matching body
weights for each of the 8 competition pairs comprising the subjects
in these experiments., The weights of the subjects ranged from 306 gms.
to 335 gmse with a difference in weight between pair members of plus

or minus 2 gmse In addition, a group of 8 rats which were matched

to the weights of the subjects, was kept on ad 1ib food and water

throughoﬁt the duration of the experiméntsa This provided a natursl
body weight growth curve by which to estimate the deprivation level
of the experimental animals, a control measufe‘recommended by Ezinga
and Becker (1970).

A1l subjects were continued on ad 1lib food and water until
they were 87 days of age, at which time weights had stabilized at
plus or minus 5 gms, per day. 4 food deprivation schedule was then
injtieted and continued until the subjects reached 80% normal weight

as defined as the mean body weight over the last three days of ad 1ib
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food and water. Water was continuously available in the home cage
throughout the experiment., The rats were maintained at 80% boedy
welght of the ad 1ib anima2ls for the remainder of the investigat-
ion'by food reinforcement received during the experimental session

and supplements of Purina rat foeod,

IT. Apparatus

The apparatus (see Figs. 1 & 2), situated in a soundproof and
dark room, consisted of an experimental chamber constructed of clear
«25 inch thick fibreglass with a .5 inch by .5 inch wirce mesh floor,
mounted 1 inch above an alwminum drop pan. The chamber was 14 inches
in length,15 inches in width, and 11 inches in bheight. A 28 volt
(G, E. Mo, 1819) miniatwre lamp situated in the center of a perforat-
od, hinged, clear fibreglass 1id served as a houselight.

Cne wall of the chamber was covered by eluminum sheeting, ‘
against which were mounted two 2luminum sheet boxes, one 5.5 inches
wide, thé other 1.75 inches wide. Both boxes were 3,25 inches long
and 11 inches high, that is, the height of the chamber. The boxes
were nounted so as to provide a 2 inches wide, 3.25 inches deep, and
11 inches high aperture. In more standard apparatus the manipulandum
and the food trough are seperated: However, this apparatus employed
a manipulandum which served the function of both a lever and a food
trough simultaneously. A plastic tube, leading from 2 Davis (Model
No. PD-1094) pellet dispenser, mounted behind the chamber, dropped
food pellets dirvectly from the dispenser into the trough part of the

lever. This peliet lever, which was 1.125 inches wide, 1,125 inches
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long, with sides ,25 inches high, protruded centrally into the apert-
ure formed by the boxes. It was mounted 2.5 inches above the floor
of the gperture, and was slanted dowrward slightly to allow the food
pellets to roll toward the animal. A minimuwm force of 11 grams was
required to operate the lever,

The walls on the inside of the aperture were constructed of
clear o25 inch thick ploxiglass for the first 6.5 inches from the
floor, the remaining 4.5 inches being of aluminum sheeting. This
eombination of plexiglass and aluminuﬁ sheeting comprised the walls
of the aluminum sheet boxes forming the aperture, Behind the plexi-
‘glass wall of the wider box were mounted twe focusing lenses, one
whose center was 1.5 inches from the floor of the aperture, the oth-
er whose cenler was 3,25 inches sbove the floor. The center of both
lenses was 625 inches from the oulside edge of the aperture, Rehind
the plexiglass of the opposite wall of the aperture, the wall of the
narrower box, were mounted two light-dependent resisitors (IDR),
whose cénters were directly opposite those of the focusing lenses.

The wider of the two boxes contained a transformer which re=-
duced regular 115 volt house current to a 2 volt current, This cur-
rent powered two 2.25 velt (Noe 222 Spectro) prefocused miniature
lamps which were mounted directly opposite and behind the focusing
lenses. Light beams produced by these lamps were thus focused through
‘the lenses and the two layers of plexiglass onto the LDR in the op-
pesing wall of the aperture. These IDR in turn controlled a 110 volt
relay in such a waj that if either or both light beams were broken

. by an animal entering the aperture, a current was sent to a running

time meter which then recorded the length of time that animal spent




b5,
in the aperture.

Identification as to which animal of a competition pair was
in the aperture was controlled manually by the experimenter (E)., De-
pressing a momentary, double~-throw, double~pole bar microswitch, one
for each animal, activated the recording equipment for cne animal or
the other. As an amimal (e.ge R1) approached the aperiure, E would
depress the switch color coded to the band of color on Ri's tail,
Should R1 not enter the aperture, releasing the switch wsuld record

an "approach" qesponse for Rl, Shcuid the animal enter the aperture,

~its running time meter would be activated and any subsequent lever

press responses and reinforcements would be recorded on its counters,
Releasing the switch after Ri had left the aperture would record both
an "approach” ard an "entry" response. Two additdional momentary
switches, again one for each animal., recorded the nuber and duration
of "submissive" postures exhibited by each animal dwring aggressive
encounters in competition sessions. Interobserver reliability meas-

ures were made possible by the construction of a similar set of

 switches using idertical circuitry.

Dependent measures were recorded for each animal of a comp=
etition pair by counters, rumning time meters, a six chammel event
pen recorder, and a cumulative recorder. These various measures cone
sisted of lever press responses, reinforcements, "approaches",
"entries", total time spent in the aperture per session, the sequence
and length of periods of time spent in the aperture, and the number
and duration of "subtmissive” postures. This stardard relay-operated

programming and recording equipment was located in a nearbty roor.
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The food reinforcement used were 45 mg. Noyes precision food

pellets,

ITT. General Procedure

Experimental sessions of 15 and 30 minutes duration were sched-
uled dailjs Immediately prior to each experimental session the animal,
or in the case of competition sessions two animalé, were weighed,

Each rat received its daily ration of‘food necessafy to maintain its
weight at 80% of the ad 1ib body weight control group following the
session at approximately the same time each day.

The animals were housed in a common colony room and were taken
each day to the testing room for their experimental session. With
schedules calling for a single subject, the subject was placed in a
corner of the chamoer faeing the aperture. With schedules calling
for a competition session, two énimals were placed simultaneously in
the éhamber, each in a seperate cbrner faéing the aperture, The equip-
ment, including the houselight of the experimental chamber, was turned
on by setting a session timer at the appropriate session length. Im=
mediately follewing this the room lights of the testing room were
turned off, with the houselight in the experimental chamber remaining
the sole scurce of illumination. E was situated directly in front of
the chamber facing the aperture and manipuvlated the control panel
which recorded which animal had control of the pellet lever,

An animal was considered dominant if it was in command of the
pellet lever. The 2 inches wide aperture could accommodate the width

of only one animal at a time., The most frequent method by which an
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animal removed its opponent -from the aperture was by leaping or climb-
ing over the back of the animal in the aperture, pressing the animal
to the floor while at the same time kicking the awimal out of the
aperture with its back feet., This behavior is illustrated in photo-
graphs of typical instances of competitiwve behavior at the aperLirs
(see Figse 3(4) & (B)). Ancther behavior frequently observed was
"displacement" activities such as -grooming,engaged in by the suborde
inate ral while the dominant rat of a competition pair was engaged
at the aperture (see Figs. 3(C) & (D)). Thé pellet lever was situat-
ed 2.5 inches above the flocr, enabling the animal on top to be in
command of the food lever., E switched the recording equipment to
show that the animal on top was dominent, even though two animals
may have been present in the aperture at the time.

An animal was censidered t: show submission if 3% lay on its
side or back, immobile, with its opponent on top. These postures
were highly stereotypic and have been described by Seward (1945a),
Typical examples of these behaviors are illustrated :in photographs
of submissive postures exhibited in fighting between cémpetition
pairs (see Fig. 4),

Interobserver reliability measures were obtained by having an
independent observer judge dominance behavior during 10 arbitrarely
selected competition sessions, using a set of switches similar in
design and circuitry to those used by E. After having had some pract-
ice making judgements, the cohserver differed less than 2% from E in
terms of the time ecach animsl was in control of the peliet lever,

Over several additional sessions, the observer and E were in complete
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Fig.3. Photographs of representative instances during competition sessions: compe-
titive behavior at the aperture (A) and (B); displacement activity of subordinate rat

(C)and (D),
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Fig. 4. Photographs of representative instances of submissive postures in fighting
within competition pairs,
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agreement on the number of submissive postures exhibited by each an-
imal,

Subjects received thirieen, 15 minute sessions of individual
lever training in the apparatus and were then assigned to their re-
spective experimerntal conditions. The duration of all subsequent ses-

sions was 30 minutes, The present investigation consisted of four

experiments; each of which contained three main phases: a baseline

condition; an experimerntal manipulation; a return to baseline con~
dition.,

In phase A of Experiment I, subjects were placed togeiher in
pairs and competed to lever press feor food on CHF. In phase B this
was changed to food competition on gradually increasing FR schedules,
to a lterminal value of FR 40, The finai phase {7) was a return tc
food competition on CRF.

In phase A& of Experiment II, subjects were individually trained
on FR 40, They were then placed together_in pairs, phase B, and comp=~
eted to lever press for food on FR 4C. Phase C consisted of returning

the animals to individual training on FR 40,

Unlike competition on CRF or FI schedules, the responses made

by one rat in a competition pair could count towards its opponent's

ratio during FR schedule competition sessions, For example, during

competition sessions on FR 40, rat A could snter the aperture anrd

emit the initial 35 lever presses. Its opponent rat B could then dis-

place rat A from the aperture, emit the last 5 lever presses and con-
sequently obtain the reinforcement. A dominant rat could thus adopt
the "strategy" of allowing its subordinats oppenent to emit most of

the initial lever presses on higher FR raties, displacing the
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subordinate animal prior to the last few lever presses needed to ful-
fill a ratio requirement, emit thess last few lever presses and thus
obtain the reinforcement with a‘miniﬁum of work.

In phase A of Experiment III, subjects were placed together in
pairs and competed for food en CRF. In phase B this was changed to
fooa competition on gradually inereasing FI schedules, to a termin-
al value of FI 50 seconds. The final phase (C) was a return to food
competition on CRF,

In phase A of Experiment IV, subjects were individually trained
on FI 50 seconds., They were then placed together in pairs, phase B,
and competed for food on FI 50 seconds. Phase C consisted of return-

ing the animals to individual training cn FI 50 secondss




CHAPTER IIX
EXPERIMENT I

I. Introduction

The cbject of this experiment was to observe changes in the da=-
gree of dominance-sukordiination behavier exhibited by pairs of rats
as the schedule demands under which each pair competed o lever Press
for food was gradually changed from CRF to FR 40 by increments of two

FR steps per session,

II, Procedure

Four rats served as Ss, forming two competition pairs {G1 &
Rl; G2 & R2), The training and testing seqguence began with 13 indiv-
idual 15 minute sessions eof lever training on CRF. Animals were then
placed in competition pairs and competed to lever press for food on
CRF, this phase constituting the baseline condition, All subsequent
sessions were of 30 minutes duration. Competition vair Gi and Ri re-
ceived it competition sessions and pair G2 and R2 received 13 comp~-
etition sessicns under the baseline econdition. The schedule under
which eéch pair was competing was then changed from CRF %o an increas—
ing FR schedule, beginning with FR 4 and increasing by twoe FR steps
each succeeding session until the terminal schedule of FR 40 was
reached, Each pair then competed on FR 40 for 6 sessions. Finally,
in a return to the baseline condition, each pair competed for 6

sessions on CKF, As was described earlier, during competition sessions
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on FR schedules, the responses made by one rat could count towards
its opponent‘'s ratio.

Four dependent measures of the degree of dominance=subordinat-
ion behavior were employed. The first of these was the nmumber of lev=
er press responses made by each animal in a competition pair. Since
at any time only one znimal in a pair could conirol the aperture con-
taining the manipulandum, the percentage of the total session time
spent in the aperture by each animal comprised the second dependent
measure, The third measure was the number of reinforcements obtained
during a sessicn by each animal in a competition pair and, finally,
the number of submissive postures exhibited each session by each
animal in a pair constituted the fourth measure.

One or the other animal in a compsiition pair was defined as
dominant if it emitted & higher number of lever press responses, if
it spent the larger percentage of time in the aperture, if it ob~
tained the greater number of reinforecements, of if it exhibited few-

er submissive postures than its opponent,

ITI. Results

- Number of lever press responses., The degree of dominance-~sub-

ordination behavior in terms of the number of lever press responses
made by each rat in competition pairs Rl and Gi and R2 and G2 {see
Figs. 5 & 6) under the CRF baseline condition was small and became
incensequential as the sessions under this condition progressed, With
the schedule changing from CRF to an increasing FR schedule, rat Ri

in competition pair R1 and Gl and rat G2 in pair R2 and G2 became
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dominant., With the exception of sessions 27 and 28 (see Fig. 5) in
which the number of lever presses of the dominant rat R1 decreased
to that of his competitor Gi, this degree of dominance-subordination
behavior was maintained throughout the increasing FR schedules in
each competition pair. In the 6 subsequent sessions under the tern-
inal FR 40 schedule, the degree of dominance-subordinstion behavior
observed under increasing FR schedules was maintained in pair R2
and G2 and was increzsed in pair R1 and Gi. Typical cumulative rec~ -
ordings of lever press behavior under the terminal FR 40 schedule
(see Figs. 7 & 8) reveal that rat R1 in pair Rl and Gi and rat G2
in pair RZ2 and G2 maintained a higher lever press rate and exhib-
ited stronger FR behavior relative to the low lever press rate and
weak FR behavior of their opponent G1 and R2 respectively. Due to
a shortage of instrumentation, the cumulative recordings of each
animal in each competition pair were taken from different but
representative sessions during FR 40 cempetition. A return to the
CRF baseline condition resulted in the reduction of deminance=
subordination behavior in each competition pair to the level ob-

served during the pre-experimental CRF baseline,

Percentage of time spent in the aperture. The degree of

dominance~-subordination behavior in terms of the percentage of the
total session time spent in the aperture by each animal in a comp-
etition pair became small and inconsequential as the sessions under
the CRF baseline condition progressed (see Fig. 9). With the sched-
ule changing from CRF te an increasing FR, no clear degree of dom-

inance-subordination behavior emerged in competition pair G1 and R1
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until the FR 32 schedule was reached in session 29, 2t which time
rat R1 became dominant and rat G1 became subordinate. Rat R1 main-
tained its dominance and rat.Gi continued to become more subordin-
ate during the remaining sessions in the increasing FR schedules
phase,

Rat GZ in competition pair R2 and G2 became dominant in ses-
sion 17 under the FR 10 schedule and maintained this dominance dur-
ing the increasing FR. schedules (see Fig. 9), while its opponent.
RZ2 spent increasingly less time in the aperture as these sessions
progressed. In the 6 subsequent sessicns under the terminal FR 40
schedule, the degree of dominance-subordination behawrior increased
in competition pair G1 and R! and was maintained in competition
pair G2 snd R2, A return to the CRF schedule of the baseline cond-
ition resulted in the reduction of the degree of dominance-subord-
ination vehavior in each ccompetition pair to the level observed

during the pre-experimental CRF schedule baseline.

Reinforcements obtained per session. The degree of dominance=

subordination behavior exhibited in terms of the rumber of reinforce-
ments obtained each session by each animal in a competition pair was
not caleulated for food competition under the CRF schedule. It was
assumed that the number of reinforcements gained was epproximately
equal to the number of lever press responses emitted in these ses-
sions. With the exception of session 17 under the FR 8 schedule

(see Fige 10), rat G1 in competition pair R1 and G1 was dominant in
terms of obtaining the larger number of reinforecements. It was not

umtil session 31 under the FR 36 schedule that R1 became dominant in
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terms of this measure. It should be noted that the number of rein-
forcements each animal could obtain in competition each sessisn under
the increasing FR schedules decreased rapidly as a function of the
increasing lever press demands of these schedules.

Rat G2 in competition pair R2 and G2 became dominant in ses-
sion 17 under the FR 10 schedule and maintzined this dominance dur-
ing the increasing FR schedules phase (see Fige. 1C). In the 6 sub-
sequent sessions under ithe lerminal FR 40 schedule, rat Ri increased

and rat G2 maintained its dominance in terms of this measure.

Number of submissive postures. The number of submissive

postures exhibited by each animal in each of the two competition
pairs was recorded in all phases of the experiment. The degree of
dominance~-subordination behavior in terms of this messure was small
and unclear in competition psir Ri and G1 during all but the last 5
sessions of the FR 40 schedule phase. During the 14 sessions under
the initial CRF schedule baseline condition, rat Ri exhibited i5
submissive postures while its opponent exhibited 4 (see Fig. 11).
The number of submissive positures exhibited increased for both anim-
als as the lever press value of the FR schedules increased, with rat
R1 exhibitiﬁg‘#S submissive postures and Gl exhibiting 39 in the 18
sessions of this phase of the experiment. In the last 5 of the 6
sessions under the terminal FR 40 schedule, this deminance-subordin-
ation relationship reversed with Rl exhibiting 14 submissive post~
ures while rat G1 exhibited 29. A return to the CRF schedule base~
line condition resulted in a return of the dominaznce-subordination

behavior observed under the initial baseline condition, with rat R1
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exhibiting 6 submissive postures while its opponent G1 exhibited 1.
It was thus only during the FR 40 competition sessions that Rl became
slightly dominant in terms of exhibiting fewer submissive postures
than its opponent G1.

Observations of competition pair R2 and G2 revealed a much
clearer and greater degree of dominance-subordination behavior in
terms of this measure (see Fig. 11). In all phases of the experim-
ent, rat G2 was dominant over its competitor R2 in terms of exhib-
iting fewer submissive postures. The number of submissive postures
increased as the FR schedule under which they were competing in-
creased, but only in the subordinate animal R2. In the 6 subsequent
sessions under the terminal FR 40 schedule, the number of submissive
postures exhibited by R2 inereased still further while rat G2 exhib-
ited no submissive posture during these sessions. A return %o the
CRF schedule baseline condition saw a return of the degree of dom-
inance-subordination behavior in terms of this measure observed un—

der the initial CRF baseline.

Additional observations. Observations of competition sessions

under the initial CRF baseline condition revealed that in the initial
8 or 9 sessions, animals in each competition pair switched or altern-
ated very frequently in terms of controlling the aperture containing

the food lever., In the subsequeﬁt sessions under this condition, this
high rate of alternation decreased and stabilized, and the frequency

with which each animal in a competition pair comtrolled the aperture

became more equal. A rat (e.g. R1) would enter the aperture, press

the lever and receive a focd pellet. It would then typically hover
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over the lever, eating the food pellet, after which it pressed the
lever once again for another food pellete This would continue until
its opponent G1 would push R1 out of the aperture, typically by
climbing over R1's back and kicking its back feet, thereby forcing
Ri out of the aperture.

Changing the schedule from CRF to FR % immedistely increased
both the lever press rete and the frequency of alternation at the
aperture. The frequency of alternation at the sperture continued to
increase as the lever press value of the increasing FR schedules in-
creased, until a maximum rate of alternation was reached at approx-
imately FR 20, In the remaining sessions of the increasing FR sched-
ules phase, the number of alternations at the aperture in each pair
of animals gradually decreased and stabilized to a relatively con-
stant level, with the deminant animal controlling the aperture fov
the largest portion of the session time. A return to “he CRF scheg-
ule baseline saw a return of the level of alternation observed -
der the initial baseline condition.

The subordinate animal, when net "at the aperturs, would en-
gage in a "displacement activity" such as grooming. It would also
- frequently nuzzle the flank of the dominant animal while this anime
al was engaged at the aperture. If this nuzzling behavior persisted,
the dominant animal would most frequently turn on the subordinate

. and often force it into a submissive posture,

IV. Discussion

In some phase of the experiment, the four measures of the
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degree of dominance=subordination behavior did not seem to be measur-
ing the same phenomenon. This discrepancy among the measures occurred

in both competition pairs.

The initial CRF baseline phase, Under this condition, %the de-

gree of dominance~subordination behavior observed in each of the two
competition pairs was very similar on the first iwo measures; the num-
ber of lever presses emitted (see Figs. 5 & 6) and the percentage of
time spent contrcllihg the aperture (see Fig. 9). During these ées-
sions, the dominant and subordinate animals in each competition pair
held the same relative positions on both measures.

The third measure, the number of reinforcements obtained by
each animal in a competition pair, was not calculated for the CRF
schedule baseline sessions, However; the fourth measure of the degres
of dominance-subordination behavior, the mumber of submissive post-
ures exhibited by each animal in a pair, devizted from the dominance-
subordination behavior portrayed by the lever press and the pérceni-
age of time in the aperture measures (see Fig. i1). In competition
pair R1 and G1, rat R1 was slightly dominant over G1 in terms of both
the lever press and the percentage of time in the aperture measures
during the later sessions under the CRF schedule baseline condition.
However, rat R1 exhibited & slightly larger number of submissive
postures than its opponent Gi during these same sessions, suggesting
that on this measure the dominance-subordination relationship was
reversed and rat Gl was somewhat more dominant,

Similarly, in pair R2 and G2, R2 was slightly dominant in terms

of both the lever press and the percentage of time in the aperture
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measures during the later sessions of the initial ba%eline condition,
But in terms of the number of submissive postures exhibited, this
pair also showed a reversal of the dominance-subordination relatione
ship portrayed by the above two measures. RZ2 exhibited & far greater
number of submissive postures during these same sessions, suggesting
that in terms of this measure rat R2 became subordinate and its op-

ponent G2 dominant.

The increasing FR schedules phase. In this phase, the degree

of dominance-subordination behavior exhibited by each of the two
pairs of animals again corresponded quite closely in terms of the
lever press and the timein the aperture measures, particularly in
competiticn pair R2 and G2 (see Figs. 6 & 9), After the initial
three sessions under this condition, R2°'s lever press rate fell
sharply and continued to decline throughout the remainder of the
sessions under this condition while rat G2 maintained its relativee
1y high number of lever presses. Very similar dominance-subcrdinate-
ion behavior was observed in terms of the time‘iﬁ the aperture
measure for this competition pair.

However, in competition pair R1 and G1 (see Fig. 3), rat Ri
was dominant in terms of the lever press measure with the exception
of sessions 26 and 27, sessions in which its rumber of lever pres—
ses fell to that of its competitor Gl. The number of lever presses
emitted by R1 rose again and remained high relative to the number
of lever presses emitted by its opponent G1 for the remaining ses-
sions of this phaseo Rat G1's number of lever presses fell sharply

in these same remaining sessions. In terms of the time in the
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aperture measure for this competition pair, no apparent degree of
dominance=-subordination behavior was observed until session 29 un-

der the FR 32 schedule, at which time rat R1 became dominant by

‘maintaining its percentage of *time in tho aperture while that of
.its opponent G1 fell sharply during the remaining sessions of this

sphase. It was thus only in these later sessions that rat R1's dom-

inance in terms of the time in the aperture measure parallelied the

+dominance it displayed in terms of the lever press measure,

The degree of dominance~subordination behavicr cbserved in

terms of the reinforcements obtained per session measurs paralleled

that observed in terms of the lever press and time in the aperture
measures for competition pair R2 and G2. In competition pair Ri

and Gl, the dominance=subordination relationship observed in terms
of the lever press and time in the aperture measures reversed, Gi
was clearly dominant with the exception of session 17 for the first
17 sessions of this phase of the experimeﬁt (see Fig. 10}, It was
not until session 31 under the FR 36 schedule that Rl became dom-
inant in terms of this measure.

The final measure of the degree of dominance-subordination be-
havior, the number of submissive postures exhibited by each rat in
each competition pair, again paralleled the dominance-subordination
relationship observed in terms of the above three measures for comp-

etition pair R2 and G2. However, this measure failed to show a con-

sistent degree of dominance-subordination behavior in competition

pair R1 and Gl (see Fig., 11), and thus did not reveal the dominarnces

subordination relationship observed in terms of the first three meas-

ures in the later sessions in this rhase of the experiment,
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The FR 40 schedule phase. The degree of dominance=subordinat-

ion behavior was maximized in each of the two competition pairs in
terms of all four measures of dominance=subordination behavior in

this phase of the experiment. Rat R1 in competition pair R1 and Gi

and rat G2 in competition pair R2 and G2 were dominant in terms of
all four measures., It was thus only in lever press compsiition for
food under the terminal FR 40 schédu e that 211 four neasures of

dominance-subordination behavior showed parallel dominence-suboide

ination relationships in each of the two competition pairs,

Return to the CRF schedule baseline. Both the degree of don~

inance-subordination behavior and the nature of the deminance~subord.
ination relationships returnsd to approximately those observed under
the iritial CRF schedule baseline condition in each of the two comp=
etition pairs in terms of all four measures in this phase of the
expsariment,

By examining the dominance-subordination bshavior in each of
the two competition pairs, it was apparent that in competition pair
R2 and G2, 2z clear degree of dominance-subordination behavior was est-

ablished earlier in the increasing FR schedules phase, and that this

behavior was of greater magnitude, relative to the cdominance=-subord-
ination behavior observed in competition pair Rl and G1 during these

sessicns. In addition, the degree of dominance-subordination behavior

as well as the nature of the dominance-subordination relationship,
was consistent in competition pair R2 and G2 across all measures in
the increasing FR schedules phase, Rat G2 was dominant in terms of

all four measures following the initial three sessions of this phase,
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This degree and consistency of dominance-subordination across
all measures of dominance-subordination behavior employed in this
experiment failed to emerge in competition pair R! and G1 during the
increasing FR schedules phase. As was described earlier, rat R1 was
dominant in terms of the lever press measure with the exception of
sessions 27 and 28 under this condition of the experiment. However,
this dominance-subordination relaticnship failed to emerge in terms
of the time in the aperture measure until session 29, In terms of
the: reinforcements obtained per session measure, Rl was subordinate
instead of dominant with the exception of session 17+ It was not un=
til session 31 under the FR 36 schedule that Ri gained the dominance
it had shown under the first two measures, Finally, no clear degree
of dominance-subordination behavior emerged in terms of the sub-
missive postures measure in the increasing FR schedules phase,

The reascn that ki was dominant in terms of the number of
lever presses emitted was its higher lever press rate relative to
that of its opponent G1. This can be ascertained form Ri's lack of
dominance in terms of the percentage of time it spent controliing
the aperture. When R1 became dominant in terms of the time in the
aperture measure during the last four sessions of the increasing FR
schedules phase, G1's number of lever presses dropped to a very low
level while R1 maintained its relatively high lever press rate, It
was approximately at this point in the increasing FR schedules
phase that R1 also became dominant in terms of obtaining the largest
number of reinforcements, |

During the increasing FR schedules phase, rat G1 adopted a
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"strategy" for maximizing the number of reinforcements it could obtain
in competition with its opponent Rl, Rat G1 would wait until R1 had
fulfilled the largest portion of the lever presses needed to fulfill
the FR requirement for a reinforcement. It would then remove R1 from
the :aperture, finish the lever press requirement for the FR schedule
under’ which they were competing, and collect the reinforcement. This
continued until session 31 under the FR 26 schedule, at which %ime R}
began to obtain the largest number of reinforcsments and thus became
dominant in terms of this measure., This strategy on the part of Gi
thus accounts for the fact that it was dominant in terms of ihe num=
ber of reinforcements obtained per session measure, despite the fact
that R1 wes dominant in terms of the rumber of lever presses emitted
each session.

Each of the two competition pairs showed a consistent arnd maxe
imun degree of dominance=subordination behavior under the terminal
FR 40 schedule in terms of all four measures., It thus required an FR
schedule nearly as high or equal to the terminal FR 40 schedule in
.order to obtain dominance~subordination behavior in pair R1 and Gi
which was consistent in terms of all four measures of dominance-sub-
ordination behavior and which was also consistent with the dominance-
subordination behavior observed in compeiition pair R2 ard G2.

The lower FR schedules in which competition pair R2 and G2
exhibited consistent dominance-subordination behavior across éll four
measures, relative to the high FR schedules needed to obtain the same
phenomenon in pair R1 and Gi, ﬁay be explained by the possible dif-

ference in the "spontaneous” dominance-subordination behavior in each

of the two competition pairs., One source of datz which may substantiate
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this notion are the number of submissive postures exhibited by each
rat in each competition pair. In competition pair R2 and G2, rat G2
was dominant in terms of this measure in all phases of the experim-
ent, while in competition pair R1 and Gi; rat Rl did not become dom~
inant in terms of the number of submissive postures measure until the
last 5-sessions of the terminal FR 40 schedule phase., It may thus

be that competition pair R1 and G1 were more evenly matched in terms
of dominance=subordination behavior, and that it required competit-
ion under high FR schedules befors a consistent degree of dominance-

subordination behavior emerged,

Vs Conclusion

The following conclusions may be drawn for the data of this
experiment:

1. The degree of dominance-subordination behavior exhibited
by pairs of rats competing to lever cress for food on a CRF schedule
tends to become small and inconsequential as the sessions urder this.
condition progress (in terms.of response rate or time in the apert~
ure),

2+ As the lever press requirement of a gradually increasing
FR scheduvle increases and reaches a rel&tively high valus, this FR
value differing between pairs of animals, the degree of dominance-
subordination behavior increases {in terms of lever press rate,
time im the apertwre, or reinforcsments obtained)., Subseguent ses-
sions under a $till higher FR schedule (FR 40) maximizes and stabile
izes this degree of dominance=subordination behsavior,

3¢ A retwrn to competition on a CRF schedule following FR
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schedule competiticn reduces the degree of dominance-subordination
behavior to the low level observed in the initial CRF baseline comp-

Y
hotsy

etition sessions (in terms of the lever press rate or tims in t
aperture).

4, Although there may sometimes be a lack of positive correl-
ation between the. lever press, time in the aperture; and the rein-
forcements obtained measures of dominance~subordination behavior at
low FR schedule values, these measures all correlate positively dur—
ing competition on higher FR values. The Fi values at which these
three measures begin to correlate positively and highly varies from
one competition pair to another.

5+ As the FR schedule on which animals are competing graduélly
increases, the freguency of aggressive encounters also increases, HSWm
ever, the submissive postures measure dozs not correlate highly with
the cther three measures of the degree of dominance-subordinaticn
behavior, except during the FR 40 competition sessions.

€. The lever press behavior characteristic of FR .schedules is
exhibited by the dominant animal in a competition pair during sessions
on a high FR schedule (FR 40), but is not exhibited by the subordin-

ete animal.
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CHAPTER IV
EXPERIMENT IT

I, Introduction

The object of this experiment was to observe the degree of dom-
inance=subordination behavier exhibited by pairs of rats which were
individually trained on an fR 46 schedule, subsequent to which they
were placed together to form competition pairs, each of which compet~

ed to lever press for feod on an FR 40 schedule,

'II ¢« Procedure

Four rats served as Ss, forming two competition pairs (G3 & R3,
G4 & R4), The training and testing sequence began with 13 individual
15 minute sessions of lever training on CRF. All subsequent sessions
were of 30 minutes duration. 411 animals were then trained up to an
FR 40 schedule by increments of 10 FR steps per session., Bach animal
+then received 12 sessions on an FR 40 schedule, this phase of the ey~
periment constituting the baseline condition. Animals werse subseqguent-
ly placed in competition pairs and competed to lever press for feod
on an FR 40 schedule, each pair receiving 14 such competition ses~
sions. In a return to the baseline condition, each animal received
6 individual sessions on an FR 40 schedule.

The four dependent measures of the degree of dominance-subord-
ination behavior employed in Experiment I were again employed in the

present study. Similarly, the definitions of dominance or subordination
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behavior employed in this experiment were the same as those used in

Experiment I,

JIIT. Results

Number of lever press responses. During the FR 40 schedule

baseline condition in which sach rat in evch competition pair was
alone in the experimental chambef, animal G3 in competition pair G3
and R3 and ‘animal R4 in competition pair G4 and RU exhibited the high=
er lever préss rates (see Figs. 12 & 13). When the animals were sub-
sequently placed together into their respective competition pairs
during the FR 40 schedule competition phase, rat G3's number of lever
presses dropped sharply following the initial § competiticn sessions
and continued to decline in the remaining sessicns of this phasée Its
oppenent R3 maintained its relatively high number of lever presses

in these same sessions (see Fig. 12). Rat R3 thus inecressed its dome
inance in terms of this measure for the remaining sessions of the

FR 40 schedule competition phase.,

Similarly in competition pair G4 and R4, rat R4's number of"
lever presses dropped to a low level following the initial 6 compet-
ition sessions and continued to decline in the remaining sessions of
this pﬁaseo Rat R4*s opponent G4 maintained its relatively high num-
ber of lever presses in these same sessions (see Fig, 13). Rat G4
thus became: more dominant in terms of this measure for the remaining
sessions of the FR 40 schedule competition phase,

In the subsequent sessions under the individual FR 40 sched-

ule baseline condition, the relative lever press rates of each animal
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in each competition pair returned to that observed under the initial
baseline condition. Rat G3's lever press rate was again higher than
that of K3 and rat R4's lever press rate higher than that of Gi. How~
ever, the lever press rates were slightly higher for all animals dur=-
ing the return to baseline phase relative to the lever press rates
observed under the initial baseline condition, particularly for anim-
als R3 and G4, animals which had the lower lever press rates under
the initial baseline condition,

. Typical cumulative recordings of lever préss behavior reveal
f£:§€in that both animals in compstition pair G3 and R3 exhibited strong FR
behavior during the individnal FR 40 baseline phase (see Fig, 14),
Cumulative records of lever press behavior during the FR 40 compet-
ition phase reveal that the dominant animzl R3 had increased its
lever press rate and had restained its strong FR behavior, while the
subordinate animal G3 exhibited a low lever press rate and weak FR
behavier (see Fige 15). Similarly, cumulative recordings of lever
press behavior of each animal in competition pair G4 and R4 reveal
that both animals exhibited strong FR behavicr during the individ-
ual FR 40 baseline phase (see Fig. 16). Cumulative recordings of
lever press behavior during the FR 40 competition phase reveal that
the dominant animal G4 maintained its high lever press rate and
strong FR behavior while its opponent R4 exhibited weak FR behavior

and a low lever press rate (see Fige 17)o

- Percentage of time spent in the aperture. Observations of the

percentage of time spent in the aperture reveal that animal G3 in

competition pair G3 and R3 and animal R4 in competition pair G4 and R4
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spent a larger percentage of the available session time in the apertm
ure than the animals assigned to be their opponents during the indiv-
idual FR 40 baseline phase (see Fig. 18). When the animals were sub-
sequently placed together in their respective competition pairs dur-
ing the FR 40 competition phase, rat G3 in competition pair G3 and R3
and rat R4 in competition pair G4 and R4 became dominant in terms of
this measure following the first two sessions under this phase of the
experiment, This degree of dominance-subordination behavior contin-
ued to increase in competition pair G4 and R4 foliowing these ses-
sions and continued to inérease in competition pair G3 and R3 folw~
lowing session 21 for the remaining sessions under this phase of the
experiment. In returning to the individusl FR 40 baseline condition,
the percentage of time spent in the aperture by each animal in each
competiticn pair was somewhat greater than that observed during the
initial baseline phase,; but the sams reclationship in terms of G3 and

R4 spending the larger percentage of time in the aperture was present,

Reinfercements obtained per session. During the individual FR

40 baseline condition, rat G3 in cempetition pair G3 and R3 and rat
R4 in competition pair G4 and R4 obtained the larger number of rein-
forcements per session (see Fig, 19). During the FR 40 competition
phase, rat R3 in competition pair G3 and R3 became dominant follow-
ing the initial 4 sessions under this condition. Rat GL in competite
ion pair G4 and R4 became dominant in terms of this measure follow=
ing the initial 2 sessions of this phase. This degree of dominance-
subordination behavior continued to increase in competition pair

G3 and R3 following session 21 while competition pair G4 and R4
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continued tc increase in terms of this behavior following session 18
for the remaining sessions of the FR 40 schedule competiticn phase,
In returning to the individuzl FR 40 baseline condition, the mumber
of reinforcements obtained each session was somewhat greater than
that observed :during the initial baseline phase, particularly in
competition pair G3 and R3, but the same relationship in terms of G3

and R4 obtaining the larger number of reinforcements was present.,

Number: of submissive postures. An animal was defined as domine

ant in terms of this measure if it exhibited fewer submissive post-
ures than its opponent. During the FE 40 competition phase, rat G3
in competition pair G3 and R3 exhibited fewer submissive postures

r

in all sessions except sessions 17 and 26 (see Fig. 20), Rat G3 was
thus dominant in all but two competition sessions. Similarly, rat R%
in competition pair G4 and R4 exhibited fewer submissive postures in
all sessions except sessions 23, 24, and 26, and R4 was thns dominant
in the majority of the compeitition seszsicns in terms of this measure,
The submissive postures megsure thus fails to agree with the

other three measures of the degree of dominance=subordination behav-
ior. Rat G3 in competition pair G3 and R3 was subordinate in terms

of the lever press, time in the aperture, and reinforcements obtained
measures, but was dominant in terms of the submissive postures meas-~
ure. Similarly, rat G4 in competition pair GU and R4 was dominant

in terms of all measures except the submissive postures measure, rat

R4 being dominant in terms of this latter measure.

Number of boli, An additional datum observed and recorded due

to its regularity was the number of boli dropped during each session
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by each animal in each competition pair duwring all phases of the ex-
periment, One interesting aspect of this data is that in both cowpet-
ition pairs, no boli were dropped by either animal in a competition
pair during any of the sessions under the FR 40 competition phase.
This data could possibly be relevant to dominance=subordination bee

havior in that in each of the competition pairs, the animals that

line sessions were also the arimals which were found to be dominant
ih terms of 'the same three out of four measures of dominance-subord-
ination behavior employed in this experiment: They were also both
found to be subordinate in terms of the fourth measure, that is, the
submissive postures measure, Thus, rat R3 in competition pair G3 and
R3 dropped boli in 5 cut of the 12 sessions under the initisl basc=
line condition and it also dropped boeli in 5 out of the 6 sessions
under the post-competition baseline condition (see= Fige 21). Its
assigned opponent G3 dropped boli in only 1 session in each of the
two baseline phases.

Similarly, rat G4 in competition pair G4 and R4 dropped beli
in all 12 sessions under the initial baseline condition and it also
dropped boli in all 6 sessions under the post~competition baseline.
phase.(see Fig. 21). No boli were drepped by its assigned oppenent

R4 during these same baseline sessions.

Additional observations. Observations of competition sessions

under the FR 40 competition phase revealed that in the initial 3 ses-
sions, alternations at the aperture described in Experiment I were

relatively infrequent. The animels in each of the twe competition
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pairs moved slowly and "cautiously", seeming to hesitate entering the
aperture and turning their backs on their opponents. As the sessions
prograssed, this caution decreased and the rate of alternation at the
aperture increased in frequency. This alternation remained frequent
for all but the last two competition sessions in which the rate of
alternation decreased scmewhat, but nevertheless remained high rel-

ative to the alternation behavior observed in the initial 3 sessions.

IV, Discussion

Since the number of lever presses, the percentage of the avail~
able session time spent in the aperture; and the mumber of reinforce-
ments obtained each session were all related measures, observations
across these measures were all consistent for each animal in each
competition pair during the sessicus wider the initial baseline cond~
ition. The cbservations across these three measures were also con-
sistent during the sessions under the post-competition baseline con-
dition. Eventhough all animals had increased somewhat in terms of
these measures in the return to base ine condition, the relative
position of each animal in each competition pair remained approximates
ly the same as that observed under the initial baseline condition,

During the sessions under the FR 4C competition phase, the
number of lever presses emitted, the time in the aperture, and the
number of reinforcements obtained measures all portrayed approximate-
ly the same degree of dominance-subordination behavior and the same
deminancs-subordination relationship within each of the two compet-

itien pairs. Rat R3 in cempetition pair G3 ard R3 was thus dominant
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to approximately the same degree in iterms of these three measures.
Similarly, these three measures 211 defined rat G4 in competition
pair G4 and R4 as dominant to approximately the same degree, Although
this degree of dominance-subordination behavior was somewhat greater
in competition pair G4 and R4 relative to the dominance-subordination
behavior observed in pair G3 and R3, this difference was quantitative
rather than qualitative,

The reverse dominance=-subordination relationship relative to
that observed in terms of the above three measures was observed in
each of the two competition pairs in terms of the submissive postures
measure. Rather than being dominant, R3 in competition pair G3 and R3
and G4 in pair G4 and R4 were subordinate.

The datas generated by the dominant and subordinate animals in
each competition pair was thus cons'stént across all measures ¢f dom~
inance-subordination behavior employed in this experiment. In addite
ion, the number of boli dropped by each animal in each competition
pair was consistent in terms of the dominance or subordinstion of
this animal. In each of the two competition pairs, the dominant an-
imal dropped the larger number of boli during the individual FR 40

baseline sessions,

V. Conclusion

The following conclusions may be drawn from the data of this
experiment:
1. Following an initial number of competition sessions on an

FR 40 schedule, the degree of dominance-subordination behavior
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exhibited by pairs of rats competing to lever press for food increase
es sharply and becomes maximal in subsequent sessions on the FR 40
schedule (in terms of lever press rate, time in the aperture, or rein-
forcements obtained). This increase in the degree of dominance=-subord-
ination behavior is due to the increasing suberdination behavior by
the subordinate animal in a competition pair. The number of competit-
ion sessions required before this increase occurs varies between comp-=
etition pairs.

2+ The measure cof aggressive interactions, the numbsr of sube
missive postures exhibited by each animal in a competition pair, seems
to be negatively related te the other measures of the degree of dom-
inance-subordinaticen behavior employed in this experiment., This ﬁay
suggest that social dominance is not a unitary vhenomenon, but that
the dominance of an animal varies according to the measure employed
to ascertain this dominance,

3¢ When two subjects are placed in competition together, the
one with the higher response rate in isolation will not necessarily
be dominant (in terms of response rate, reinforcements obtained, or
time in the aperture), In fact the opposite would seem to be the case
for FR schedules,

he A return to the FR 40 schedule in isolation baseline fole
loﬁing FR 40 competition seems to produce a slightly higher lever
press rate relative to that observed under the initial baseline for
all animals, but in each competition pair, the lever press rate of
each animal relative to that of its opponent returns to that observed
under the initial baseline condition,

5. The strong and characteristic FR lever press behavior
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exhibited by each animal in isolation on an FR 40 schedule is main-
tained by the dominant animal in each competition pair during FR 40
competition sessions, but is nol maintained by the subordinate an-
imal.

6o Animals which regularly drpp fecal boli during the indiv-
idual ‘FR 40 baseline .sessions drop no boli during the FR 40 compet=
ition sessions. This mzy suggest that the competition situation con=
tains stimulus comporents which irhibit defecation, This defecation
measure may also be rele?ant as a predictor of dominance-subordinate-
ion behavior in that in each competition pair of this experiment,
the animal which dropped the greatest number of boli during the
individual FR 40 baseline sessions was also the dominant animsl (in
terms of respense rate, time in the aperture, or reinforcements ob=

tained),



CHAPTER V
EXPERIMENT IIT

I. Introduction

The object of thiz experiment"was Lo observe changes in the
degree of dominance-subordination behavior exhibited Ly pairs of rats
as the schedule demands under which each pair competed to lever press
for food was gradually changed from CRF to FI 50 seconds by increments

of 5 second FI steps per sessiocns

I1I. Procedure

Four rats served as Ss, forming two competition pairs (G5 & RS,
G6 & R6), The training and testing sequence began with 13 individual
15 minute sessions of lever training on CRF. Animals were then placed
in competition pairs and competed to lever press for food on CRF,
this phase constituting the baseline condition. All subsequent ses~
sions were of 30 minutes duration. Each pair received il competition
sessions under the: baseline condition. The schedule under which each
pair was competing was then changed from CRF to an increasing FI
schedule, beginning with FI 5 seconds and increasing by 5 second FI
steps each succeeding seséion until the terminal schedule of FI 50
seconds was reached. Each pair then competed on FI 50 seconds for
17 sessions. Finaily, in a return to the baseline condition, each
pair competed for 6 sessions on CRF.

The four dependent measures of the degree of dominance-
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subordination behavior employed in Experiment I and II were again em=
ployed in the present study. Similarly, the definitions of dominance
or subordination behavior employed in this experiment were the same

as those used in Experiment I and II,

ITT. Resulits

Number of lever press responses, During the CRF schedule base~

line competition sessions, rat R5 in competition pair G5 and R5 and
rat R6 in competition pair G6 and R6 were domirant in terms of emite
ting the larger number of lever press responses. This small degree of
dominance=subordination behavior was approximately constant through~
out the sessions under the initial baseline conditicn in each of the
two competition pairs {see Figs., 22 & 23), With the schedule changing
from CRF to an increasing FI schedule, both animals in competition
pair G5 and R5 increased their lever press rates, ﬁowevere R5 in-
creased its lever press rate to a greater degree during the sessions
under the increasing FI schedules phase relative to that of its op=-
ponent G5, ard thus the degree of dominance-subordination behavior
increased in this competition pair (sse Fig. 22),

Similarly, both animels in competition pair G6 and R6 in-
creased their lever press rates during the increasing FI schedules
phase, . The dominance=subordination relationship reversed in this COnp=-
etition pair with rat G6 incfeasing its lever press rate to a great-
er degree relative to that of its opponent R6. Consequently, with the
exception of session 12 under the FI 5 seconds schedule, G6 becamne

dominant in terms of this measure for the remaining sessions under
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the increasing FI schedules phase, the degree of dominance-subordin-
ation behavior exhibited in this competition pair becoming very
small in the last session in this phase of the experiment (see Fiz,
23).

In the subsequent 17 sessions under the terminal FI 50 ceconds
schedule, rat R5-in competition pair G5 and R5 remained dominant, The
degree of dominance~-subordination behavior in this pair decreased
somewhat in the initial 8 sessions, but increased again slowly in the
remaining sessions under the terminal FI 50 seconds schedule, Similar-
ly, rat G6 in competition pair G6 and Ré remained dominant in this
phase of the experiment, and the degree of dominance-subordinastion
behavior remained approximately constant throughout the sessions un~
der this condition in this competition pair.

Finally, in a return to the CRF scﬁedule baseline condition,
the degree of deminance=-subordination behavior and the dominance-
subordination relationship exhibited by competition pair G5 and R5
were similar to those observed during the initial taseline conditions
In pair G6 and R6, however, the dominance-subordination relationship
was the reverse c¢f that observed under the initial baseline condit-
ion. Rat R6 failed to regain the dominance it had shown under the’
initizl baseline condition. Typical cumulative recordings of lever
press behavior under the terminal FI 50 seconds schedule (see Figs,
2L & 25) reveal that rat R5 in competition pair G5 and R5 and rat G6
in competition pair G6 and R6 exhibited higher lever press rates rel-

ative to the low lever press rates of their cpponents,

Percentage of time in the aperture, Animal R5 in competition
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pair G5 and R5 was consistently dominant in terms of this measure in
all phases of the experiment. The degree of dominance-subordiration
behavior in this cempetition pair was relatively constant in all
phases except in the return to baseline condition, in which this be-
havior was greater relative to that cbserved under the initizl baso~
live condition {see Fig. 26). Rat R6 in competition pair G6 and R6
was marginally dominant during the sessions in the initial CRF basew-
line condition (see Fig. 26), During the increasing FI schedules
competition sessions, G6 became marginally dominant, while in the
FI 50 seconds competition sessions no ciear degree of dominance-sub-
ordination behavior emerged in this competition pair. Only in the
sessions on the return to baseline condition did 2 ciesr but small
degree of dominance-subordination behavicr emerge, with G6 becoming

dominant in terms of this measure,

Reinforcements obtained per session. During the increasing FI

schedules competition sessions, rat R5 in competition pair G5 and RS
was dominant in terms of this measure in all sessions under this
condition. It should be noted that the number of reinforcements each
animal could obtain in competition each session under the inereasing
FI schedules decreased rapidly as a function of the increasing fixed
interval during which reinfercement was not available. This degree
of dominance=subordination behavior increased as the sessions under
this condition pregressed (see Fig. 27), Rat R5 maintained its dom~
inance in all sessions under the FI 50 seconds schedule phase and the
degree of dominance-subordination behavior exhibited in this comp-

etition pair was approximately constant throughout these sessions.,
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Rat G6 in competition pair G& and R6 became dominant in terms
of this measure in session 15 under the FI 20 seconds schedule of the
inereasing FI schedules phase, and it continued to be dominant until
session 19 under the FI 40 seconds schedule (see Fig. 27), In session
20 under the FI 45 seconds schedule, the dominance-subordination re-
lationship changed in that rat R became dominant. In the subsequent
sessions under the terminal FI 50 seconds schedule, no clear degres
of deminance-subordination behavior emerged until session 29, the

session in which rat G6 became dominant. The degree of dominance=

subordination behavior observed in this competition pair slowly in-
creased, but continued to remain small in the remaining sessions un-

der this condition.

Number of submissive postures. No clear degree of dominance=

subordination behavior was observed in terms of the number of sub-
nissive postures exhibited by cach animal in either of the two comp-
etition pairs during the sessions under the initial baseline condit-
ion (see Fig? 28). In competition pair G5 and R5, no clear degree
of this behavior emerged in the inereasing FI schedules phase as well.
In competition pair G6 and R6, rat R6 became dominant in terms of ex-
hibiting the smaller muber of submissive postures in session 17 un-
der the FI 30 seconds schedules Tt maintained this dominance during
the remaining sessions under the inecreasing FI schedules phase,
During the terminal FI 50 seconds phase, the number of sub-
missive postures observed in each competition pair increased as the
sessions under this condition progressed. Rat G5 was marginally dom-

inant during the initial 4 sessions under this phase of the experiment.
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Rat G5 was marginally dominant during the initial 4 éessions under
this phase. In session 25, this dominance-subordination relationship
reversed and animal R5 became dominant in terms of exhibiting the
smaller number of submissive postures, Rat R5 maintained it dominance
throughout. the remaining sessions under this phase of the experiment,
but the degree of dominancs-subordination behavior cbserved in this
competition pair varied widely from session to sessiscne With the ex=

ception of session 28 and 29, rat R6 in competition pair G& and R6

was dominant throughout the sessions under ﬁhe FI 50 seconds sched=-

ule phase. The degrse of dominance~suvbordination behavicr observed
in this competition pair also varied widely from session to session
under this phase of the experiment,

Finally, in a return to the CRF baseline condition, rat G5 in
competition pair G5 and R5 became marginally dominant in the initisl
5 sessions under this phase. In session 6 this dominance-subordination
relationship reversed and animal R5 became dominant. In competition
pair G6 and R6, rat R6 maintained the dominance it had exhibited vn-
der the increasing FI 50 seconds schedule phase, bul in the last ses-

sion under the return to the CRF baseline eondition, this dominance-

subordination relationship reversed and rat G6 became dominant.

Additional observations. The frequency of switching or altern~

ation at the aperture»by animals in each of the two competition pairs

of this experiment stabilized in approximately the same fashion as
had been observed in Experiment I during competition sessions under
The initial CRF baseline condition. In the subsequent sessions under

the increasing FI schedules phase, the frequency of alternation at
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the aperture between animals in each competiticn pair increased and

continued to increase for the first 5 or € sessions. The alternztion

- behavior then levelled off %o a rslatively constant but high rate in

each competition pair. A return to the CRF schedule baseline condite
ion saw a return of the level of alternation observed under the in~
itial baseline ccndition.

In the initial s¢ssions under the increasing FI schedules
phase, animals in each competition pair exhibited lever press behav-
ior which was similar to that observed under the FR schedules in
Experiment T and II. In approximately the FI 35 seconds schedule sese
sion, the constant rate of lever pressing fellowed by a pause immedw
iately subsequent to the reinforcement (i.e. typical FR behavior),
changed to lever press behavior which was more typical of FI behavior.
The animals in each competition pair would avoid entering the apepte
ure immediately fellowing s reinforcement. At various times during
the fixed interval designated by the FI schedvle under which they
were competing to lever press for fecod, cne or the other animal in
each competilion pair would enter the aperture and lever press sev-
eral times in succession, as if to "test" whether the interval and
consequently the period of nonmreinforcément had enrded,

As the sessions under the FI 50 seconds schedule phase pro=

gressed, the dominant animal in a competition pair would attempt to

enter and control the aperture in the last 3 to 5 seconds of the

50 seconds interval, while the subordinate animal would more frequente
ly enter the aperture at earlier times. A form of "wrestling" began

to ensue in these sessions, in which one or the other armimal in a
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competition pair would force its opponent into a submissive posture,
proceed to hold it in this position, and wait for the interval to -
terminate. In the 5 to 8 seconds prior to the termination of the ine
terval, the deminant arimal in terms of the submissive pestures meas-
wre would release its opponent and rush tc the apertwre, clesely fol-
lowed by its opponent. A struggle would then ensue for control of the
aperture, with the animal which had been in the submissive posture
having the disadvantage of arriving at the aperture last, Hewever,
the animal which had been in the submissive posture could still win
control of the apsrture in the last few secends before the interval
ended, thereby obtaining the reinforcemsnt, particularly if there ﬁere
sufficient time for it to establiish its dominance in terms of this
measure.

This latter "strategy" was typical of animal G6 in competition
pair G6 and R6. Although rat G6 exhibited many more submissive poste-
ures than its opponent R6, G6 nevertheless managed to displace its op-
ponent from the aperture Ifrequently enough during the last few seconds
before the interval ended to obtain approximately the same number of
reinforcements as its opponent in the FI 50 seconds competition ses-

sions,

IV. Discussion

The four measures: of the degree of dominance-subordination behavior
employed in this experiment were not consistent in portraying the

same dominance-subordination relationship or the same degree of dom-

inance=subordination behavior in each of the two competition pairs
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during some phases of the experiment.

The intial CRF baseline phase. Under this condition, the nat-
ure of ﬁhe dominance-subordination relationship observed in compet-
ition pair G5 snd R5 was consistent in terms of the first two meas-
ures; the nmumber of lever presses emitted (see Fig. 22) nad the per-
centagé of time spent controlling the aperture (see Fig, 26), The de=

gree of dominance-subordination behavior was somewhat greater in

terms of the percentage of time spent in the aperture relative to the

lever press measure in this competition pair. The third messure, the

number of reinforcements obtained each session by each animal in a
competition pair, was not calculated for the CRF schedule baseline
sessions. The fourth measure, the mmber of submissive posturss
exhibited by each animal in 2 pair, feiled to reveal a clear degres
of dominance~subordination behavior in this competition pair (see
Fig. 28), and thereby deviated from the degree of this behavior ob=
served in terms of the first two measures in this competition psir.
In competition pair G6 and R6, the degree of dominance=-sube-

ordination behavior observed in terms of the lever press measure

)

S

(see Fig, 23) was.only marginally reflected in terms of the time in
the aperture measvure (see Fige 26). The dominant rat R6 had a high-
er number of lever presses in all sessions under the initial basew-
line cendition, but failed to maintain control over the aperture for
the greater percentage of the session time in several of these ses—
sionse. The number of submissive péstures measure (see Fig, 28) failed
to reveal a clear degree of dominance-subordination behavior in this

pair as well during this phase of the experiment.
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The increasing FI schedules phase, The degree of dominance-

subordination behavior observed in competition pair G5 and R5 was con=
sistent across the lever press, time in the paerture, and number of
reinforcements obtained measures in this phase of the experiment,
However, the muber of submissive postures measurs again failed io
reveal a clear degree of dominance-subordination behavior during
these sessions in this cempetition pair.

In competition pair G6 and R6, the dominance=subordination

relationship observed under the initial baseline condition reversed,

Rat G6 became dominant in terms of the lever preés measure after the
initial session under the increasing FI schedules phase, this domine
ance increasing throughout the sessions and then becoming very small
in the last session. This degree of dominance=subordination behavior
was much smalier in terms of the time in the aperture mezsure and
thus only marginally reflected the degree of this behavior observed
in terms of the lever press measure. Rat G6 did not become dominant
in terms of the mmber of reinforcements obtained measure until ses-
sion 15 under the FI 2C seconds schedule, maintaining this dominance

for all but the last session under this condition. This measure thius

alse failed to be consistent with the lever press measure in the init-
ial 3 and the last session under this phase of the experiment., Finale-

1y, the reverse dominance-subordination relationship to the above

three measures was observed in terms of the submissive postures meas=
ure, in that rat R6 became dominant in the last 4 sessions under this

phase,

The FT 50 seconds phase. In competition pair G5 and R5, the
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degree of dominance-subordination behavior was consistent across the
lever press, time in the aperture, and the number of reinforcements
obtained measures in all sessions under this condition. After the in-
itial 3 sessions; rat R5 alsoe becams dominant in terms of the submis=~
sive postures measure, and thus the dominance~subordination behavior-
portrayed by the first three measures in this competition pair was
reflected in terms of this measure as wsll,

The degree: of dominance~subordination behavior observed in
competition pair G6 and R6 in terms of the lever press measure was
not consistent with the time in the aperture measure, While rat G&
was consistently dominant in termé of the lever press measure in all
sessions under this phase of the experiment, nc clear degree of dom=
inance=subordination behavior emerged in terms of the time in the
aperture measure., Similarly, no clear degree of dominance~-subordine
ation behavier emerged in terms of the number of reinforcements ob-
tained measure mntil session 29, the sessicn in which G6 gained the
dominance it exhibited in terms of the lever press measure. With the
exception of session 27, the dominance-subordination relationship ob-
served in terms of the submissive posturses measure was the reverse
of that exhibited.in terms of the above measures. In terms of this
latter measure, R6 was dominant in terms of exhibiting the smaller

number of submissive postures.

Return to the CRF schedule baseline. The degree of dominance-

subordination behavior observed in competition pair G5 and R5 in
terms of the lever press and time in the aperture measures was some-

what greater in the sessions under this conditien relative to that




observed under the initial CRF baseline condition. Hdweve:r.'9 the ral=
ative positions of both animals in terms of these measures was approx-
imgtely that observed under the initiai baseline, Similarly, although
rat G5 was somswhat more dominant in terms of the submissive postures
meagure during the sessions under this condition relative to this
behavior under the initial baseline, this difference was marginal and
thus both baselines portrayed approximately the same dominsnge-sube
ordination behavior.

i+ In competition pair G6 and R€, the dominance~subordination
relétionship observed under the initial baseline conditior in terms
of the lever press and time in the aperture measures, failed to be
recovered in this return to baseline condition. Animal G6 rather than
animal R6 was dominant in terms of these measures during the sessions
under this phase of the experimert. In terms of the submissive pastw
ures measure, no observed degree of dominance=subordination behavior
emerged under the initial baseline sessions. However, in the sessions
under this condition, rat R6 was dominant in 5 out of the 6 Sessions,

The degree of dominance=subordination behavior chserved in

competition pair G5 and R5 was thus consistent across the lever press,
time in the aperture, and numbzsr of reinforcemerts obtained measures
in all phases of the experiment. In addition, the submissive post=
ures measure reflected the dominence-subordination relationship obw
served in terms of the first three measures in the latter 14 out cf
17 sessions under the FI 50 seconds schedule phase, The baselines
in terms of these behaviors were all reversiblé, that is, the kind
and degree cf behavior observed under the return to baseline phase

was approximalely that observed under the initial baseline conditicn.
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Finally, the dominance~subordination behavior obsérved in this comp-
etition pair was of greater magnitude relative to that observed 4in
competition pair G5 and R&,

The degree of deminance-subordination behavior observed in
competition pair G6 and R6 was relatively small in teyms of the lever
press measure. The degree of this behavior was not reflected in terns
of the time in the aperiure measure except during the return to base-
line phase, was not reflected in terms of the number of reinforce=~
ments obtéined measure until the last 9 sessions under the increasing
FI schedules phase, and was reversed in terms of the submissive poste-
ures measure during the increasing FI, FI 50 seconds, and the return
te baseline phases. In competition pair G5 and R6, the behavior ob-
served under the initial baseline phase was not recovered in the re~
turn to baseline phase in terms of 21l dependent measures, This ir-
reversability results in a failure to establish a functionzl relation-
ship between the experimental manipulations and any subssquent behave
joral changes, Thus, for this competition pair, the changes cbserved
in the dominance—subordination-relationship and the small increase
in the degree of dominance~subordination behavior in terms of the lev-
er press rate during the increasing FI and FI 50 seconds schedule
phases, may or may not have been due to the changes in the reinforce-
ment schedules on which these animals were competing to lever press

for food,

V. Conclusion

The following conclusions may be drawn from the data of this
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experiment:

1. The degree of dominance-subordination behavior exhibited
by pairs of rats competing to lever press for food on a CRF schedule
is small (in terms of response rate or time in the aperture),

2. Competition to lever press for food on FI scheles may not
be a reliable experimental procedure by which to increase the degree
of dominance-subordination behavior in nairs of rats. Of the two comp=-
etition pairs employed in this experiment, one pair (G6 & RE) general.

ly failed to exhibit an increase in the degree of dominance-subord-

ination behavior during FI schedule competition. The small changes

in dominance~-subordination behavior that did occur were not revers-
ible during the return to baseline phase. The second pair (G5 & R5)
exhibited a consistent degree of dominance-subordination behavior
not only during the increasing FI and FT 50 secends schedule phases,
but also during the-CRF schedule phase, This contradicts the results
obtained from the other competition pair of this experiment and the
results of CRF schedule competition in Experiment I. All these comp-
etition pairs exhibited a deereasing degree of dominance-subordinat-
ien behavior(as the sessions under the CRF schedule competition phase
progressed. This may suggest that the dominant animal in competition
pair G5 and R5 was "naturally"” more dominant than its opponent, and
that this dominance was merely maintained throughout all phases of
the experiment without much change due to FI schedule competition,
3+ The percentage of the session time spent in the aperture
may not be a sensitive measure of dominance-subordination behavior

in animals competing to lever press for food on FT schedules, In both

competition pairs, the time spent in the aperture seemed to change
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little as the FI schedules on which they were competing changed. This
insensitivity may be due to the nature of FI schedules, in that only
the last lever press immediately preceeding the elapse of a fixed
interval is reinforced, Lever presses and consequent control of the
aperture during earlier times of a fixed interval do not gain an an-
imal more reinforcements.

ke As the FI schedule on which animals are couipeting is ine
creased to a relatively high value (FI 50 seconds), the frequency
cf aggressive encounters also increases, However, the submissive
postures measure, the measure of the outcome of these aggressive en=
counters, does not correlate positively with the other measures of
the degree of dominance=subordination behavicr employed in this exe
periment., This may suggest that dominance=-subordination behavior is
not a unitary phenomenon, but that the dominance of an animal varies

depending on the measure used to ascertain this deminance,
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CHAPTER VI
EXPERIMENT TV

I. Introduction

The object of this experiment was to observe the degree of dom-
inance-subordination behavior exhibited by pairs of rats which were
individually trained on an FI 50 seconds schedule, subsequent to which
they were placed together to form competition pairs, each of which

competed to lever press for focd on an FI 50 seconds schedule.

IT. Procedure

Four rats served as Ss, forming two competition pairs (G7 & R7,
G8 & R8), The training and testing sequence began with 13 individual
15 minute sessions of lever training on CRF. All subsequert sessions
were of 30 minutes duration, All animals were then frained up to an
FI 50 seconds schedule by inerements of 10 secord EI steps per session.
Each animal then received 13 sessions on an FI 50 seconds schedule,
this phase of the experiment constituting the baseline condition, An-
imels were subsequently placed in competition pairs and competed to
lever press for food on an FI 50 seconds schedule, each pair receiv=
ing 21 such competition sessions, In a return to the baseline condit-
ion, each animal received 6 individual sessions on an FI 5Q seconds
schedule.

The four dependent measures of the degree of dominance-subord-

ination behavior employedin Experiments I, II, and ITI, were again
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employed in the present study, Similarly, the definitions of domins=
ance cr subordination behavior employed in this experiment were the
same as these used in the previcus three experiments,

11T, Results

Number of lever press responses. Throughout the sessions under

the individual FI 50 secends baseline condition, the overall lever
press rate of -each animsl in competition pair G7 and R7 was approx-
imately the same (see Fig, 29), When these animals subsequently comp=
eted to lever press for food undef the FI 50 seconds competition
phase, no clear degree of dominance-subordination behavior energed,
Rat G7 was marginally dominant in sessions 18 o 24 and sessions 3i
to 24, but its number of lever presses were equal to or less than
those emitted by its oppenent R7 in the other 10 sessions under this
conditicn, In the return to the individual FI 50 seconds bageline
condition, the lever press rate of each animal was slightly higher
than that observed under the initial baseline condition, but the
relative lever press rates of the two animals were the same,

The lever press rate of animal R8 in competition pair G8 and
R8 was slightly higher than that of its opponsnt G8 in all but one
session under the initial baseline condition (see Fig., 30), Under the
FI 50 seconds competition phase, no clear degree of dominance-sub~
crdination behavior emerged until session 29, the session in which
rat R8 became dominant. Rat RS maintained this dominance for the re-
maining 5 sessions under this condition. In the retura to baseline

condition, the lever press rates of both animals were somewhat
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higher relative to those observed under the initial baseline condition,
particularly that of animal R8. However, the relative lever press

~rates of the two animals was the ‘Same as those cbserved under the in-

2Ztial bassline condition.

£ Typical cumuiative recurdings of lever press behavior reveal
wWhat both animals in competiticn pair G7 and R7 exhibited typical FI

- behavior during the individual FI 50 seconds baseline sessions (see
“Fig, 31)e Cumulative recordings of lewver press bpehavior during the
4L 50 seconds competition sessions reveal, as dqes Fig. 29, that rat
G7 had a somewhat higher lever press raie {see Fig, 32). The typ-
icsl FI "scallop” effect obsexved in the recordings of lever press
behavior under the individual FI 52 seconds phase are missing in the
recordings of lever press behavior under the FI 50 seconds compet-
ition phase. Similarly, cumuiative recordings of lever press behavior
of‘each ardmal in competition pair G8 and R8 reveal that both amim-
als exhibited typical FI behavior during the initial FI 50 seconds
baseline phase (see Fig., 33), Cumulative recordings cof lever press
behavior during the FI 50 seconds compstition ‘phase reveal that rat
B8 hed a higher lever press rate relative to that of its opponent GS,
{see Figo 34). The typical FI scallop effect observed in the recorde
.ings of lever press behavior under the individuval FI 50 seconds
- baseline phase are alsc missing in the recordings of lever press

behavior under the FI 50 seconds competition phase in this pair.,

Percentage of time spewt in the aperture. In the sessions une

der the initial baseline condition, rat G7 spent a slightly greater

percentage of time in the apsrture than its assigned opponent R?
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during sessions 6 to 10 (see Fig. 35). However, the overall time
spent in the aperture by sach of ths animals in this competition
pair was approximately the same during these sessions. No clear do-
gree of dominance=-subordinstion behavior emerged in this competition
pair 3n sessionsiunder the FL 50 ssconds schedule competition sscs-
sionss Rat II7 wasrmarginally deminant in sessicns 18 to 25 and sos-
sions 31 to 34, but dominance or subordination behavior fluctusted
from session to session in terms of this measure between the animals
ir this competition pair in the remaining sessions under this cordite
ions In the return to the baseline condition, the percentage of time
spent in the aperture by each awmimal in this compstition palr was
approximately that observed under the initial baseline condition,
The percentage cof time spent in the aperture by amimal R8 in
competition pair G8 and R8 was somewhat greater than that of its
opponent G8 in all but one session under the initial baseline cornde
ition (see Fige 35). In the subsequent FI 50 seconds schedule comp=
etition sessions, rat RS was marginally dominant in sessicns 16 to
26 and sessions 29 to 3. In the return to baseline condition, both
animals spent approximately the same percentage of time in the ap=~
orture, a similarity observed in sessions 7 to 10 under ths initial

baseline condition,

Reinforcements cbiained per session. During the individual FI

50 seconds baseline condition, each animal in each of the two compet=
ition pairs obtained approximstely the same nwmber of reinforcements
(see Fig. 36). In the subsequent FI 50 seconds competition phase, no

clear degree of dominance-subordination bshavior emerged in terms of
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this measure in competition pair G7 and R7 until session 30. In ses=
sion 30, G7 became dominant and maintained this dowmirance in the re-
maining 4 sessions undsr this eondition, However, the degree of dom=
inance-subordination behavior during these last few sessions was
small.

Similarlyy no clear degree of dominance-subordinstion behave
ior emerged during the FI 50 secornds schedule competition sessions
in competition pair G8 and RE8 except in sessions 19 to 22 and sessions
29 to 34, sessions in which R8 became marginally dominant, In a return
to the baseline condition, the similariﬁy cbserved under the initial
baseline condition in terms of the rumber of reinforcements oblained
by each amimal in each of the two competition pairs, was again ob-

served under the return %o baseline condition,

Number of submissive nostures, No clear degree of dominunce-

subordination behavior was observed in competition pair G7 and R7
throughout the sessions under the FI 50 scconds schedule competition
phase in terms of this measure (see Fig. 37)» In competition pair G8
and B8, rat R8 was-dominant inmany of the sessions under this cone
dition, partieularly in the sessions following session 24, Rat R8
exhibited fewer submissive postures in all these sessions with the
excepticn of session 30. As the sessions under the FI 50 seconds
competition phase progressed, the mmber of submissive postures ex-

hibited by both animals increased, particularly by animal G8,

Number of boli. The number of boli dropped by ecach animsl in

each competition pair was recorded in all phases of the experiment,

The nmumber of boli dropped by each animsl in competition pair G7 and
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R?7 durirg the initial individual FI 50 seconds baseline condition was
similar (see Fig. 38). Rat R8 in competition pair G8 and R8 dropped
approximately twice as many boli during these ssssions than its op=
ponent, G8. In only three sessions under the FI 50 seconds competite
ion phase did the arimals in pair G7 and R? drop boli, while the ane
imals in compgtition pair G8 and R8 dropped no boli during these sege
sionse In the return to baseline phase, the number »f bolsl dropped
in these sessions was approximately that observed in the sessions une
der the initial ‘baseline condition in competition pair G7 and R7,
In competition pair G8 snd R3; rat R8 dropped fewer boli in these

sessions relative to the number it dropped in the sessions under the

initiael baseline condition.

Additional observations. The rate of alterration at the apert-

B
3

ure in each of the two compelition pairs increased after the iritial
two sessions under the FI 50 seconds schedule competition phase and
remained high during the subsequent sessions under this condition,
The "wrestling" behavior described in Experiment ITI appeared follow-
ing the initial 4 sessions under this condition. As was deseribed in
Experiment IiI, one rat or the other would hold its opponent in a
submissive posture, wait until the 50 seconds interval had almost
terminated, then release its opponent and rush to the aperture, As

the sessions under this condition progressed, this wrestling behavior

increased in both competition pairs.
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IV. Discussion

The degree of dominance-subordination behavior observed in
:@ach of the two competition pairs during the FI 50 seconds competit-
;ion phase was unclear or small in terms of the lever press measure,
-This unéertain'degree of dominance§subordination pehavior was dircci-
1y reflected in terms ol thé pércentaée of time in the aperture and
~the number of reinfércehents obtained measures, No clear degree of
dominance~-subordination behavior was observed in competition pair G7
and R7 in terms of the number cf submissive postures measure, In
competition pair G8 and R8, rat R8's slizht dominance in the last 6
sessions under this condition in terms of the above thres measures
was also reflected by the submissive postures measure, In these late
ter sessions, R8 exhibited fewer submissive postures than its oppen-~
ent G8,

Animals. in competition pair G7 and R7 were not consistently
different in terms of the number of boli dropped during the FI 50
seconds schedule baseline conditions In competition pair G8 and RS,

R8 dropped more boli during these sessions than its opponent G8,

V. Conclusion

The following conclusions may be drawn from the data of this
experiment:

1., No clear degree of dominance-subordination behavior is ex-
hibited by pairs of rats competing to lever press for food on a rel-

atively high (FI 50 seconds) schedule (in terms of lever press rate,
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time in the aperture, or reinforcemen@s obtained),
2+ The number of submissive wostures exhibited by each anim=-
al in a competition pair, the measurs of the outcomes of aggressive
inferactions, does not correlate highly with the other measures of
thedegree of dowinance-subordination behavior employed in this exe

7 & R7) failed to exhibit a clesr

v
N
ke
—
[}
~3

peﬁimenta Une competiticn pal
degree of dominance-subordiraticn behavior in terms of this measure
while the other competition pair (G8 & R8) exhibited a small degree
of dominarce~subordination behavior in the latier sessions of the
FI 50 seconds competition phase. This degree of dominance-subordinat
ion was reflected by the slight degree of dominance-subordinsation ex-
hibited in terms of the alternative three measures in the last 6
sessions of the FT 50 seconds schedule competiiion phase.

3. & return to the FI 50 seconds schedule in isolation base-
Yine follewing FI 50 seconds schedule competition produces a slightly
higher lever press rate relative to that observed under the initial
baseline for all animals, but in each competition pair, the lever
press rate of each animal relative to that of its oppenent returnsd
to that observed undsr the initial baseline condition.

# U, The characteristic FI lever press behavior sxhibited by
each animel in isolation on a FI 50 seconds schedule is disrupied
during competition, eventhough in a particular session ome animal‘s
response rate might be higher than that of its opponent.,

5e Animals which regularly drop fecal boli during the individe
ual FI 50 seconds baseline sessions drop few if any boli during the
FI 50 seconds competition sessions. This may suggest thsi the compet~

ition situation contains stimuvlus components which inhibit defscation,
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CHAPTER VII
GENERAL DISCUSSION AND CONCLUSICN

I, Discussgion

The purpose of tuls thesis was to discover under which sched-
es of reinforcement, if any, the degree of dominance~subordination
bohavior would be maximized and maintained in pairs of rats competing
to lever press for food. The thesis alsc attempted to study and relate

different measures cof social dominance~subordination oehavior in a
food competitive situation. It was found that high FR. schedules were
the most effective in preoducing a Llarge and consistent degree of this
behavior. Of the two experimentsl procedures wnich employed FR sched-
ules, the meost efficient procedure was that employed in Experiment IT,
In this study, rats were individually trsi d e te an FR 40 schedule
and were subsequently placed into competition pairs, each pair compe=
eting on an FR 40 schedule. One ra* in each of the *wo competition
pairs in this experiment became dominant in terms of the lever pross,
time in the aperture, and the number of reinforcemente obtained measg-
urese However, each of these dominant animals was subordinate in terms
of ,exhibiting a larger number of submissive pestures relative to the
nu@ber exhibited by their opponents. This last measure, the measure
of wins or losses in aggressive interactions within coﬁpetition pairs,
correlated negatively with the other three measures of the degree of
dominance=subordination behavisr,

The alternative procedure which employed FR schedules was used
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in Experiment I. In this study, pairs of rats competed to lever press
for food on CRF, subsequent to which they competed on gradually ine-
creasing FR schedule %o a terminal FR 40 schedule, They then compete
ed on the FR 40 schedule for 6 sessions. In both the competition
pairs of this study, the degree of dominance=-subordination behavior.
exhibited on the CRF schedule was small and became inconsequential
as the sessions under tlis condition progressed, Competition pair G2
and R2 exhibited a large degree of dominance-subordination behavior
on the FR 10 schedule of the increasing FR schedules phase in terms
of all four measures of dominance-subordination behavior employed,
This degree cf dominance=subordination behavior continued to increase
throughout the remaining sessions under this condition and was sub-
sequently maintained in the sessions under the FR 40 schedules phase.
The other competition pair, pair G1 and R1; did not exhibit z eclear
degree of dominance-subordination behavior whish was consistent across
the lever press, time in the aperture, ard reinforecements sbtained
measures until the FR 36 schedule was reached. It was also not until
the last 5 sessions under the terminal FR 40 schedule that R1, the
dominant animal in this competition pair, became marginally dominant
in terms of the submissive postures measure. Prior to these sessions
it had been subordinate in terms of this last measure in that it had
exhibited a larger number of submissive postures in the majority of
competition sessions relative to the rumber exhibited by ité opponent
Gle It was thus not until an FR schedule was reached which was almost
equivalent to the terminal FR 40 schedule that this competition pair

displayed the consistent degree of dominance~subordination behavior

observed under the lower FR schedules in competition pair G2 and R2,
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The procedure employed in Experiment I revealed that 2 relate
ively high FR schedule is needed to produce a consistent and clear
degree of dominance=-subordination behavior, at ieast in soms compet=
ition pairs, However; having vairs of animals compete first under
CRF, then under increasing FR, and finally under 2 terminal IR sched-
wle. such as FR 40 is laborious in terms of time and effort on the
part of a researcher, Tc obtain the desired phenomenon, i.e, g large
and. consistent degree of dominance-subordination behavior, does not
seem to require these preliminarv steps, Therefore, the procasdure
employed in Experiment II seems to be more efficient,

Experiments III and IV each employed one of the two procedures
involving competition to lever press for food on FI schedules, The
degree of dominance-subordination behavicr observed in competition
on these schedules was not consistent across all competition pairs,
but it was generally swall or inconsequential across both sessions
and the four dependent measures used.

In Experiment III, pairs of rats competed to lever press for
foed on CRF, then on gradually increasing FI schedules to a terminal
FI.50 seconds schedule, and finally on the FI 50 seconds schedule.,

Of the two competition pairs of this experiment, pair G5 and R5 ex«
hibited a consistent degree of dominance~subordination behavior in
all phases of the experiment in terms of the lever press, time in the
aperture, and reinforcements obtained measures. In addition R5, the
dominant animal in this competition pair, was dominant in terms of
the submissive postures measure as well during the FI 50 seconds

schedule phase.,
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In the second competition pair of Experiment IIT, pair G6 and
R6, the degree of dominance-subordination behavior obsérved was iess
defined., Rat R6 was marginally dominant in terms of the lever press
and. time in the aperture measures during the CRF schedule phase, This
dominance~subordination relationship changed during the increasing
F1 schedules phase in that rat G6 became dominant and rat R6 subordf
inate in terms of these two measures, Rat G6 was only marginally
dominant during the middls sessions under this condition in terms of
the reinforcements obtained measure, During the FI 50 seconds schedule
phase, rat G6 was marginally dominant in terms of the lever press meas-
ure, but a clear degree of dominance~subordinaticn beha#ior failed
to emerge in terms of the time in the'aperture rmeasure; and no clear
degree of dominance~subordination hehavior emerged in terms of the
reinforcements obtained measure until the last 9 sessions under this
condition. In these latter sessions, rat G6 became marginally dome
inant in terms of the reinforcements obtained measure. Finally, rat
R6 was dominant in terms of the submissive postures measure in ail
but one of the sessions under the FI 50 seconds schedule phase, In
the return {to the CRF baseline condition, G6 remained deminant and
consequently the behavior observed under the initial baseline condit-
ion, behavior in which R6 was dominant, was not recovered,

Of the twe competition pairs in Experiment III, pair G5 and
R5 showed a consistent degree of dominance-subordination behavior in
all phases of the experiment, including the CRF baseline condition,
This Jatter finding was not born out by the results of Experiment I,

in which the degree of dominance~-subordination exhibited by pairs of
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rats tended to decrease and become inconsequential ss the sess
vnder the CRF baseline condition progressed, This may suggest that
~rat BR5, the dominan, animal in competition pair G5 and R5, was
"naturally” more dominant in competition with its cpponent G5, und
that this domingnece was merely maintained throughout all phases cof
the experiment without much change. This notion may be supported oy
the fact that in terms of the time in the aperture, rat R5 occupied
the aperture for, approximately the same percentage of the %otal sosge
sion time during all phases of the experiment. Similariy, the nunber
of reinforcements obtained each session by R5 was approximately cone
stant and changed little throughout the increasing FI and FI 50 seqw
onds'schedule phasese Thus, the degree of dominance-suvbordinatiosn
behavior in terms of the isver press, time in the aperturs, and
reinforcements obtained measures may have been unchanged by compet-
ition under the FI schedules, but may meroly have been an expression
of a natural or "5pontaneous"'dominancefsubordinatinn relationship
in this competition pair.

No differential experimental treatment calculated to affect
socizl dominance hsd been administered to one or the other animal in
each competition, pair. It would be erroneous, however, 1o assume that
the animals in each competition pair were equally matched in terms of
dominance or subordiratiocn behavior, since the possible "spontaneous"”
dominence or subgrdination of each animal in each competition pair
was urkrowne The cnly control apparent to the experimenter, beyornd
restricted random assigmment ¢f animals to competition pairs, was

body weight. Consequertly. the animels in ezch cempetition pair were

matched in terms of this variable.
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In addition to the marginal and inconsistent degree of domin-
ancé-subordination behavior observed in competition pair G5 and R6,
‘the lack'of recovery of behavior observed under the initial baseline
seondition during the return to baseline condition, precludes obtain~
Ang a cause and effect or functional relation between the experiment-
-al manipulation and the subsequent behavioral change. Tn terms of ex-
perimental techniques such as the ones used in the experiments comps==
rising this thesis, Sidman (1960) states; "... the key to most of
these techniques lies in the reversibility of behavioral phenomena.
If an experimental manipulation produces an irreversible change in
the aspect of an individual'’s behavior that ﬁe are obéerving, iﬁ‘may
prove extremely difficult; if not impossible, te obtain functibnal
relations..," (Sidman, 1960, p. 52).

The altermnative procedure which employed FI schedules was used
in Experiment IV. In this study rats were individually trained up to
an FI 50 seconds schedule and were subsequently placed into competite
ion pairs, each pair competing on an FI 50 seconds schedule, The de-
-gree of domihance—subordination behavior observed in lever press comp~
‘etition on this schedule was small and inconsequential in both the
~.competition pairs of this experiment.‘

On the basis of the data gained from these experiments, it
seems that competition to lever press for food on high FR schedules
‘maximizes and consistently maintains a high degree of dominance-
subordination behavior in pairs of rats, particularly in terms of the
lever press, time in the aperture, and number of reinforcements ob-
tained meazsures. Lever press competition on CRF and FI schedules

failed to produce a similar degree and consistency of dominance-




. . 4o,
subordinaticn behavior. This difference in the degree'of dominance~-
subordination behavior.may, at lesast partially, be ekplained by the
skinds of competitive behaviors which competition to lever press for
food on these various schedules generated,

gy Following the initial few sessions, each arimal in a competite
Tom, pair competing cn a CRF schedule would alternate or take turns
at the aperture with an approximately equal frequenryv, Each animal
in,these competition pairs would yield up control over ihe aperture
with little or wno fighting, and would wait beside the aperture until
its opponsnt had cbtaired several reinforcements. It would then shove
its oppenent out of the aperture and wroceed to take its turn, Cone
sequently; the number of submissive postures exhibited in this phase
of the experiments was low relative {o6 the number exhibited under
other phases of the experiments invelving CRF schedule competition
sessions, The experimerter was left with the somewhat anthropomerphie
impression that the animals in thess competition pairs found it to
their benefit to “cooperate” under this condition.

Competition under the higher FR schadules generated competit-
ive behaviors which in soms ways were the direct opposite of those
cbsgerved on the CRF:schedule., In competition sessions under both the
terminal FR 40 schedule and the higher FR schedules of the increasing
FR schedules phase, the dominant animal in each competitien pair
wonld control the aperture for increasingly longer periods of tims,
and would resist yielding up control of the aperture to its opponent,
As the sessions under thesz FR schedules progressed, the amount of
fighting within competition pairs increased. Much of this fighting

would take piace elsewhere in the experimental chamber rather than
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at or near the aperture, and 2lthough on many occasions the dominant
animal exhibited submissive postures, this did not deter 4t from
retaining its control of the aperture. Rather than waiting beside or
nsar the aperture for its turn to lever press, the subordinate an-
imal in each competition pair would engage in displacement activities
such as grooming at some distance from the aperture. None of the
"sharing” of control of the aperture observed in the CRF competition
sessions was evident in competifion sessions on the.higher FR sched-
ules,

Iﬁ competition sessions on FI schedules as'high‘or higher than
FI 35 seconds, amimals in each competition pair would enter the épertm
ure at sporadic times in the later portions of the fixed interval de-
signated by the FI schedule on which they were competing to lever
press for food. As was observed in’Experiment ITI, the dominant an~
imal in each competition pair would attempt to gain control of the
aperture in the last 3 to 5 scconds before the termination of the ine
terval, As the sessions under these higher FI schedules progressed,
a form cf "wrestling™ began to ensus in which one or the other of the
amimals in a competition pair would force its opponent into a subm
missive posture, proceed tc hold it in this position until just be~
for-the termination of the interval. This animal would then release.
its. opponent and rush io the aperture, closely followed by its op~-
ponent. A struggle would then ensve for control over the aperturs,
with the animal which had been in the submissive pcsture having the
disadvantage of arriving at the aperture last. The animal which had
been in the submissive posture could stili make the terminal response

if there was sufficient time to dislodge its opponent from the
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aperture, thereby obtaining the reward. As the sessions under the FJ
50 seconds schedule progressed, this “wrestling”" behavior became in-
ereasingly more freguent.

In order to obtain the maximum nurber of reinforcsments during
a session, animals on higher FR schedules must emit a high and econ-
stant numbe: of lever pressses., This implies thzt in a competition ses-
sion, an animal must be in ccntrol of the aperture, and since the lew~
er press, time in the aperture, and the number of reinforcements ob=
tained are all iinterrelated measures, an animal cbtaining a large
number of reinforcements would be dominant in terms of these three
measuresg, This is supported by the data obtained from Experiments I
and IT in that 511 competition pairs competing to lever press for food
on the terminsl FR 40 schedule displayed & consistent and high degree
of dominance~subordination behavior in terms of these three MeESUrSs o

Competiticn cn a CRF schedule does not place these lever press
demands on each of the.animals in a competition pair. Since every
response is reinforced, relatively few respénses result in the animal
obtaining & relatively large number of reinforcements. Censequently,
compeviticn under this schedule is at a low level and the degree of
dowinance~subordination behavior generated in terms of the lever press,
time in the aperiure, and the number of reinforcements obtained meas~
urés weuld be small or inconsequential. This is supported by the data
obtained from Experiments I and ITT in that competition pairs comp- -
eting to lever press for food on a CRF schedule displayed a negligibie
degree of dominance=subordinstion behavior in terms of these three
measures,

An animal reeds to emit only one lever press response following
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the elapse of a period of time in order to be reinforced on a fixed
interval schedule. Therefore, in order tc obtain the maximum number
of reinforcements during a competition session, an animal néeded to
control the aperfure and lever press only dwring the last few seconds
before the elapse of the fixed iuterval, The inherent nature of FT
schedules thus minimized the value of the lever press and time in
the aperture measures zs indicants of an animal's dominance or sube
ordination. Alsg, an animal's ability to accurately judge when an
interval has elapsed seems quite variable, in that it exhibite a
relatively long period of high lever press responding prior to the
fixed interval (the "scallop" effect noticible in cumulative records
ings of lever press behavior during individual sessions on the FI 50
seconds schedule), It often szemed to the experimenter that "chanca"
rather than dominance was operating in determining which of the two
animals in a competition pair obtained thé reinforcement, Whichever
animai managed to be first te lever press after the fixed interval
had elapsed obtained the reward. These factors may thus explain the
lack of a clear degree of dominance=subordination behavior in terms
of the lever press, time in the aperture, and reinfercements ob-
tained measures exhibited by the competition pairs of Experiments IIT
and IV, experiments in which animals competed to lever press for
food on FI schedules., They may also explain the *wrestling®” or hold-
‘ing down behavier engaged in by these competition pairs.

A more hypothetical explanation of why higher FR schedules
were effective in producing 2 large and consistent degree of domine
ance-subordination behavior is the alleged motivstional effect of

frustrative nonreward experisnced by animals on an FR schedule,
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According to this theory (Amsel, 1958; 1962), the animal would "expect

a reward” following nonrewarded responses on an FR schedule. Thess

‘nonrewarded responses create frustration, frustration which has a mote
“ivational effect which may be seen in the intensification of respons-

s occurring within a short time after the animal experiences nonre-

ward, One could argue that since FI schecules involve delayed respond=

ing rather than nonrewerded responding, they were less effective in

jproducing a large degree of dominance-subordination behavior due to

the lack of this motivational component.,

Eventhough the number of lever presses emitted, the percentage
of the total session time spent controlling the aperturs, and the num=-
ber of reinforcements obtained by each animal in a competition pair
during a compstition session are all interrelated measures, sach of
these three measures may be a seperate but relevant indicator of the
degree of dominance-subordination bshavior, Supposedly, if three mecas—
ures of the same phenomencn are highly and positively correlﬁted,
these measures all measure the same thing and consequently any twe of

the three measures may be discarded. However, discarding any one of

these measures at the present time may be premature, If only the num-

ber of lever presses emitted were to be employed as a measure of the

degree of dominance-subordination behavior, this measure would be con-

founded with the degree of efficiency with which each animal in a comp-

#tition pair would be pressing the lever., Animals often vary widely in

%erms of how efficiently and quickly they can lever press. Conclusions

as to the degree of dominance-subordination behavior or the nature of
the dominance-subordination relationship exhibited by a particular

competition pair based on data gained from only the lever press
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measure could thus be erroneous.

Similarly, were only the time spent in the aperture measure
to be employed, erroneous conclusions as to which animal in a comp=
etition pair was dominant or the degree of dominance-subordination
behavior exhibited by a pair could be arrived at. A greater vpercente
age of the session time spent in the aperture does rnot necessarily
imply that am animal would obtair the majority of reinforcements,
Particularly near the end of a run on a high FR schedule, an animal's
opponent could briefly remove it from the aperture, finish the last
few responses required to fulfill the ratie requirement, obtain the
reinforcement, and then vacate the aperture until the subsequent
ratio reguirement was almost sompleted., This "strategy” to obtain'
the largest number of veinforcements with a minimum amcunt of work
was employed by rat G1 in competition pair G1 and R1 of Experiment I
against its opponent R1 during the inecreasing FR schedules phase of
that experiment,

The mumber of reinforcements obtained by an animal in a2 comp-
etitioen pair may most clearly designate its dominance or subcrdingt-
ion, particularly when this dominance or subordination is defined
in terms of which animal obtains the largest of smallest prop rtion
of a common food scurce, Were this toc be the only measure employed
as an indicant of the degree of dominance-subordinaticn behavior, a
great deal of information relevant to the emergence and development
of dominance=subordination bshavior may be lost, information which
may only be observable in terms of the lever press or time in the

aperture measures. In addition, variables such as the size of an

FR sche@ple on which animale are competing, or the relative efficiency
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of the response topogrezphies of the animals in a compétition pair,
may ,prove to be possible controlling variables of dominance-subord-
ination behavior. These variables may also be cnly cbservable in
terms of the lever press or time in the aperture measures.,

As the FI and FR schedules on which animals were competing ap-
proached the terminal FR L0 and FI 50 seconds schedvles, the frequen-
cy oi fighting increased in all competition pairs rclative to the
frequency of fighting observed in competition sessions urder the CRF
schedule. This phenomenon was reflected in terms of the submissive
postures measure., One possible explanation for this increased aggres-

ion is that competition on-these higher FR and FI schedules produce
frustration, frustration in terms of one animal preventing the other
from entering the aperture as well as frustration generated by the
resronse recuirements of the schedules themselves. Dollard et al
(1939) formulated the frustiration-aggression hypothesis whose general
principle stated that frustratlion leads to aggressive action, It was
later necessary te correct the implications that aggression was the
only (or even an inevitable) consequence of frustration (Miller, 1941;
Sears, 1941), but experimental evidence gave abundant support to
the hypothesized linkage between experienced frustration and subse-
quent aggressive behavior,

A number of studies have demonstrated that higher FR schedules
induce intraspecies aggressive behavior in pigeons. Hutchinson, Azrin,
and Hunt (1968) have shown that aggressive behavior is also produced
in squirrel monkeys by FR schedules. However, the aggressive behavior
in this study was measured in terms of the frequency with which mon-

keys would bite a rubber hose, rather than aggression towards a
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conspecific, It may be difficult to compare this technique of measur-
ing schedule induced aggression with the mere "real life" situation

of attack on another monkey. Mechanisms such as posturing and threat

.+ displays may not be released in this situation, Thess mechanisms are

4. 0% dicisive value in determining attack behavior in a natural setiing.

In the first of the pigeon studies (Gentry, 1968), mals white

igeons were conditicned to peck 2 key for food reinforeement, These
L

~birds were subsequently exposed %o sessions of no reinforcement and

.. sessions in which they key-pecked on FR schedules., During the FR

reinforcement conditions, the pigeons attacked a restrained bird,
these attacks occurring primarily during the psstreinforcement pause
following almost every instance of reinforcement, Except on the inite
ial days of these cﬁnditions, 1ittle or no ageressive behavior was
demonstrated during periods of no reinforcement. It thus seemed that
FR schedules of reinforcement had ‘certain aggression producing chare
acteristics,

These results were supported ty the findings ef Cherek and

ickens (1970). In this study pigeons which key pecked for food on

s FR reinforcement schedules attacked restrained target birds when the

ratio value was increased, but not when the value was decressed. The

frequency of attacks peaked several days after the ratio value change,
and then gradually decreased to an ocriginal level, This would lead

to the conclusion that schedule induced aggression was transitory

+and deminished as the birds became accustomed to the higher FR val-

ues In another study, Knutson (1970) trained pigeons to key peck for
food on multiple reinforcement schedules which included components

of CRF. FR, and extinction. Attacks against restrained target pigeons
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oceurred during extinction after both CRF and FE reinforcements, Ate
tacks also ocecurred occasionally during FR 25 and FR 40 schedules,
but occurped frequently during FR 60 and FR 120 schedules. No atizcks
occufred during FR 15 and CRF schedules, implying that hﬁgh FR sched-
ules: were reguired *to induce Irequent aggression,

A suggestion that FR scheduleuinduced aggression varies fron
one experiﬁental situation to another may be implied by the findings
of.a study which employed ratz as §§. Gentry and Schaeffer (1969}
found that aggressive behavior of water deprived feméle Sprague-Dawley
rats inereased relative to the baseline condition when these rats
were exposed to an FR 20 water feinforcement scﬁedule. However, the
frequency of attack behavior cbserved oﬁ & ER %0 and FR 60 schedule
was equal to or less than the frequency of ;ttacks observed in the
baseiine condition. Attack responses were found to be equally prob-
able in all segments of the interreinforcement intervael, and were
thus not confined primarely to the postreinforcement pause, This con-
tradicts the findings of Gentry (1968) and Knutsorn (1970) in that st
tack behavior in these situations was most frequent during the post-
reinforcement pause and during extinction.

As in the Gentry and Schaeffer (1949) study, the aggressive at-
tacks observed in the experiments employing FR schedules in this thes-
is were no more frequent during the postreinforcement pause than in
any:other segment of the interreinforcement interval, This may have
been due to the experimental situation employed, in that the experim-
ental situstion used in these experiments involved two animals fight=-

ing éach other, rather than one individual aggressing against a re-

strained opponent. Often the individual nct pressing the lever, the
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subordinats animal in terms of this measure, would initizte and win
the fight. However, the level of aggression increased as either the
FR or the FI schedule on which animals were competing was increased,
guggesting that the aggression observed in these experiments may have,
at: least partially, been schedule induced.

The measurs of aggressive behavior, the number of submissive
postures exhibited by each rat in each pzir during competition ses-"

sions in all phases of the experiments, did not consistently correl-

ate positively with the other three measures of +he degree.cf domin-

ance~subordination behavior employed in this thesis. This may suggest
that dominance behavior is not a unitary phenomeron, but that the
dominance of an animal varies, depending upon the messure used teo as-
certain it.

In Experiment I, rat Rl was dominant in terms of the lever
press, time in the aperture, and number of reinforcemsnts obtained
measures following the FR 32 schedule. Its opponent G1 was dominant
in terms of the submissive postures measure until. the last 5 sessions
of the terminal FR 40 schedule, sessions in which rat Ri became slight~

ly |dominant in terms of this measure, Rat G2, the dominant animal in

the other competition pair of this experiment, was highly dominant in
terms of the submissive postures measure in the CRF, increasing FR,

and the terminal FR 40 schedule phases., However, in terms of the ale

ternative three measures of dominance-subordination behavior, its op~-
ponent RZ2 was slightly dominant during the CRF baseline sessions and
the initial three FR schedules of the increasing FR schedules phase,

' In Experiment II, one rat in eachk of the two competition pairs

was clearly subordinate in terms of the submissive postures measure
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during competiticn sessions on the FR 40 schedule, These same rats
were cleerly dominant in terms of the alternative three messures fol-
lowing the initial two competition sessions. In Experiment ITI, comp=
etition pair G5 and R5 exhibited a consistent degree of dominance-
subordination behavior in terms of 2ll four measures. However, in
the'second competition pair of this experiment, the subordinazte an-
imel in terms of the subuissive postures measure was marginally done
inant in two oyt of the three alternative measures of the degree of
dominance-subordination behavior. Finally, both compztition pajirs of
Experiment IV failed to exhibit a clear and consistent degree of. dom-
inance=-subordination behavior in terms of all,fowr measures with the
exception of competition pair G8 and R8, in which animal RE was
clearly dominant in terms of the submissive postures measure.

This lack of positive correlation between aggression and the
other three msasures of the degree of dominance~-suberdinstion behav-
lor is supported by the findings of Seward (1945c). In experiment 2
of this study, one rat competed with another for food at a hole which
could accomcdate only one animal at a time. It was found that aggres-
sion seemed to be independent of food competition. The rat which was
successful at the food hole was most often the loser of fightse Lit~
tle if any relation appeared between dominance established by fight-
ing and success in obtaining food, Uhrich (1938) found the same to
be true of mice in a similar experimental situation.

It seens reasoﬁable to expect the animal which was dominant in
terms of the lever press, time in the aperture, and number of rein-
forcements obtained measures to be also dominant in terms of the sub~-

missive postures measure., In fighting between animals competing fer a
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common food source, the winner of these fights would be expected to
control the food source, which in these experiments meant control over
the aperture containing the foed lever. The dats from the four exXpere
iment of this thesis do not consistently support this intuitive not-
iome One possible hypothesis to explain this discrepancy between the
submissive postures measure and the other three measures of the degree
of dominance-subordiration behavior center around the concept of
territoriality.

The social system of the rat ié territorial rather than hier=
archial. Although dominance~subordination relationships do exist be-
tween members of territorisl societies, they appear only when conflicts
occur over & common food source or a territory. Fighting between meme
bers of such territorizl societies fails to have the decisiveness
typically observed in fighting between members of a hierarchial soce
iety, The outcome of a single or several conflicts would thus fail to
establish the ridgid dominance=-subordinatien relationships that are
typical of hierarchial societies beiween members of a territorial
society. Consequently fighting betwsen rats would probably continue
over long periods of %ime and the resuliting dominance-subordination
relationship would remain relatively unstable,

In a semi-natural experimental situation such as that employed
by Calhoun (1962), a subordinate rat would avoid and run at the sight
of :a-dominant animal. In the confined space of the experimental cham~
ber -employed in the experiments of this thesis, this avoidance behave:
ior was not possible. Perhaps as a consequence of this, animals with-
in 2 competition pair would have reveated fights, occasionally as

many as 25 or 30 within a single 30 minutes session. Although there
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was great variation within competition pairs, the defeats, ascertaired
in terms of the submissive posture exhibited by the defeated animal,
would sometimes be suffered by one animal and sometimes by the other
within the same competition pair during a single session,

A change occurred in the quality of fighting behavior between
rats in competiiion pairs following the initial few fights. Fighting
during the initial encounters was marked by an intensity which could
be observed from the extreme pilo-ersction of both animals, the arched
backs, and the siow, tense, hip-~throwing mancuvering which wouid ule
timately result in an explosion of squealliing and tumbling bedies,

One animal would eventually exhibit a submissive posture, its bresth-
ing spasmodic and labored, fending of %he attack with all four feet |
while being immobilized against a corner or the floor of the experim=
ental chamber by its teeth-chattering opponert. In svbsequent fight-
ing, 1ittle or none of thsse Lehaviors wers observed, The subordinata
animal would assume a submissive poéture aimost immediately and it
seemed that it was "throwing the fight" at the first instance of
physical contact,

The above -considerations may provide a possible explanation
for the discrepancies observed between the submissive postures measg-
ure and the alternative three measures of the degree of dominance~
subordination behavier in pairs of rats cempeting to lever press for
food on the higher FR schedules. As the ratio value of these schedules
increased, one rak in 2 compstition pair may have established the ap=-
erture and the immediately surrounding area as its territory, with
its opponent claiuing some or most of the rest of the experimsntal

chamber as its territory. A rat could thus be dominant in terms of the
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lever press, time in the aperturs, and reinforcements obtained meas=-
ures while still suffering defeats in conflicts with its opponent,

The opponent being dominant in its own territory, This is perhaps sup=
ported by the observation that much of the fightirg took place at
some distance from the aperiure, |

Since it was of litile wvalue for one or‘ﬁhe'other animal in s
competition’pair to ocerpy the aperture during most of the session

time in competition on FI schedules, this territoriality may not have

emerged under the FI schedule conditions., The aggression observed in

these competition pairs may have been “tactical” rather than expres
sions of territorial defense. This notion is perhaps supported by the

v

observation that fighting within these competition pairs consisted of
i

" behavior described earlier in Exvers

the "hoiding down” or "wrestling
iment IiT,

In Experiments IT and IV bolus counts were taken'during both
the individual and .competition sessicns on a #R 40 and FI 50 seconds
schedule respectively. The most consistent and striking aspect of
this data is that during the compeilition ssssions on each of the two
schedules, no boli. were dropped Ly any of the animals in three out of
the four competition pairs in these experiments. Either one or both

of the animals in each of these competition pairs regularly dropped

boli during the individual baseline sessions. In the Tourth pair,

boli were dropped in only 3 out of the 21 FI 50 seconds schedule comp=
etition segsions, contrasted with regular boli'dropping by each of
these animals in all 19 individual FI 50 seconds schedule baseline
sessionss Scme aspect of the competition situation thus seems incomp-

atible with defecation. %&



154

. In Experiment IY the animals which were deminant in terms of
the dever press, time in the aperture, and the number of reinforco-
ments cbtained measures, but which were subordinate in terms of the
submissive postures measure, were the animals which dropped the larg-
ost number of boli during the individual FR 40 baseline sessions, In
competition pair G3 and R3 of this experiment, the dominant animal R3
in terms of the first three measures dropped boli in 10 out of the 18
individual FR 40 baseline sessions., Its subordinate. opponent .G3
dropped boli in only 2 of these sessions. Similarly, in the second
competition pair of this experiment, the znimal which was dominant in
terms of ths first three measures of‘dominance—subordination behav=
ier dropped boli in all 18 individual FR 40 baseline sessions, Its
subordinatie opponent droppasd no boli during these same sessions,
Thus, in‘both competition pairs, the animal which dropped few or no
boli during the individual haseline sessions was the animal which was
dominant in terms of the submissive pestures measure and subordinate
in terms of the alternvative three measures of the degree of dominance-
subordination behavior.

Both competition pairs in Experimeat IV failed to exhibit a
clear and consistent degree of dominance-subordination behavior in
terms of the lever press, time in the aperture, and the number of re-
inforcements obtained measuresz, In competition pair G7 and R7 of this
experiment, both-animals drcpped an zpproximately equal number of bow=
11 during the individual FI 50 seconds baseline sessions. This pair
also failed to exhibit a clear degree of doeminance-subordination be-
havior in terms of the submissive postures measure. In competition

pair G8 and R8, the second competiticn pair of this experiment, rat
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R8 dropped approximately twice the mumber of boli during the individ-
ual baseline sessions as its opponent G8. However, unlike the animals
which consistently dropped the larger number of boli during individ-
-ual sessions in Experiment IT, rat R8 was dominant in terms of the
~submissive postures measure,

In Experiment I1 a consistency thus appeared between a larger
aumber of boli dropped in individual ‘baseline sessions by an animal
and (1) its subordination in terms of the submissive postures measure
.and, (2) its dominance in terms of the alternative threee measures of
. the ‘degree of dominance-subordination behavior. This relationship
‘failed to emerge in competition pairs in Experiment IV. This differ-
ence may be attributable to the differing schedules of reinforce-
ment employed in these two experiments.

Two of the effects of early handling are an increase in dom-
inance in a food competiiicn situation (Rosen, 1958) and a decreass
in defecation after placement in a novel environment (Levine &
Broadhurst, 1963). These findings may suggest that the high defecat-
- ors in Experiment IT should have been subordinate in competition to
_lever press for food., However, the situation in which these animals
-defecated was far from novel since each had experienced at least 17
sessions in the experimental chamber prior to the time when bolus
counts were recorded. A repeated exposure to a novel enviromment is
~paralleled by a decrease in defecation. Consequently some other fact-
or such as the individual response to the schedule on which these
‘animals were lever pressing for food may account for the difference

in the degree of defecaticn observed in these animals.
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IT. Conclusion

The data from the experiments of this thesis suggest the fol-
Yowing conclusions:

i, The’degree of dominance-subordination behavior exhibited
by pairs of wats competing to lever press for food on a CRF schedule
tends to become small and inconseQuential as the sessions under this
condition progress (in terms of response rate or time in the apert-
ure). This experimental procedure will thus minimize the degree of
dominance-subordination exhibited by pairs of rats competing for a
common focd source (sez Experiments I and III).

2. The degree of dominance=-subordination behavior between
two animals is maximized and most ridgidly maintained on FR sched-
ules spproaching or equal to the terminal FR 40 schedule (in terms
of response rate, time in the aperture, or reinforcements cbtained).
These experimental procedures will thus maximize the degree of dom-
inance-subordination bshavior exhibited by pairs of rats competing
for a common food source (ses Experiments I and 0.

i 3. The experimental procedure of Experiment II, in which pairs
of ‘rats competed on an FR 40 schedule following individual FR 40
schedule sessions, seems to be the most efficient technique, in terms
of experimental time and effort, by which to establish a large and
consistent degree of dominance-subordination behavior in pairs of
rats (in terms of response rate, time in the aperture, or reinforce-
ments obtained). The procedure of Experiment I in which pairs of rats

compete first on a CRF, then on an increasing FR; and finally on an

FR 40 schedule also produces a large and consistent degree of dominance-
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subordination behavior during the higher FR schedule competition ses-
sions. However, the preliminary phases of CRF and increasing FR sched=-
ules seem wunnecessary to produce the desired phenomenon, i.e. a large
and consistent degree of dominance=subordination behavior.

L. The degree of dominance-subordination behavior exhibited by
pairs of rats competing to lever press for food on FI schedules is
not cohsistent across 31l competition pairs, but is generally small
and. inconsequential (in terms of time in the asperture, response rate,
or:reinforcements obtained}. These experimental procedures thus fail
to establish a clear and consistent degree of dominance-subordination
behavior in rats competing for a common food source (see Experiments
IIT and IV).

5« Of the four deperdent messures of the degree of dominance~
subordination behavior employed in the experiments of this thesisg,
the response rate, the time in the aperture, and the number of reinm
forcements obtained, all consistently designate the dominance or
subordination of one or the other animal in a competition pair, The
fourth measure, the number of submissive postures exhibited during
aggressive encounters betwesn opponents, seems unrelated to the other
three deperdent measures, This finding suggests that dominance is
not a unitary phenomenon, but that the dominance of an animal will
vary depending on the measure employed to ascertain this dominance.
Thus;, dominance established in terms of winning aggressive encounters
seems to be independent of dominance established in terms of success
in food competition (see Experiments I, II, III, and IV).

6. The frequency of aggressive encounters is minimal during

CRF schedule competition sessions. The frequency or level of aggressivs
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encouniers increases as the schedule value of either the FR or FI
sehedules on which animals are competing for food increases, suggest=
ing that the aggression observed in these experiments way have, at
least partially, been schedule induced (ses Experiments I II ITI, and
).

7+ Wher fwo subjects are placed together in competition, the
one with the higher respense rate in isolation will not necessarily
be dominent (in kerms of response rate, time in the aperture, or
reinforcemsnts obtained). In fact the opposite would seem to be the
case for FR schedules (see Experiment II),

8. Animals which regularly drop fecal boli during the FR 40
or FI 50 seconds individual baseline sessions drop few if any boli
during the FR 40 or FI 50 seconds competition sessions. This nay sug-
gest that the competition situation under both FR and FI schedules
contains stimvius components which inhibit defecation (see Experiments
Il and V).

9., In competition sessions on an FR 40 schedule, the dominant
animal exhibits strong and characteristic FR. lever press behavior
while the. subordinate animal does not (see Experiments I and II).

10. The charscteristic FI lever press behavior exhibited by
each animal in isolation on & FI 50 seconds schedule is disrupted dur-
ing competition,~eventhouéh in a particular session one animal’s re-
séonse rate might be higher than that of its opponent., This may sug-
gest that characteristic FI behavior is disrupted in the competition

sitnation (sece Experiment IV).
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