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ABSTRACT 

Nineteen squirrel monkeys established a colony in a free 

environment. Group members were observed and scored on frequencies of 

nine behaviors assumed related to dominance. A principal components 

analysis of the data showed two underlying factors. 

The first composite factor was designated true dominance, 

associated with mature central colony members and observed in 

appropiate social situtations. The second composite factor, associated 

with peripheral colony members, was assumed to reflect psuedo-

dominance behavior. 

Pipe tower structures were introduced into the environment. 

Measurements of average height, standard deviation of heights, and 

standard deviations of locations were taken for four structure 

locations. During the first phase monkeys ranked high in true 

dominance stayed closer to the ground, changed heights and location 

more than low true dominance monkeys. These results provided construct 

validation for the original designation of two factors. The 

correlations of these measures diminished in later phases. 
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CHAPTER 1 

INTRODUCTION 

A primate social group is an incredibly complex system of 

individual animals interacting with other animals across a background 

of varying environments and interanimal distances. A social group also 

constrains behaviors of individuals through dominance relationships. 

The role of dominance in primate social groups has been the 

subject of many laboratory and field studies. Proposed measures of 

dominance are not always consistent from laboratory to laboratory, 

species to species, or among subspecies. For example, Mendoza, Lowe, 

and Levine, (1978) found that social groups of Bolivian squirrel 

monkeys established a linear line of dominance within each sex, while 

Guyanese monkeys established only one line of dominance containing 

both males and females. 

Bernstein (1981), in a landmark theoretical paper, decried the 

lack of universal agreement among dominance measures. Many measures 

of dominance have been proposed, but most do not intercorrelate well. 

Cross correlations in a study of three social response rank systems 

consisting of agonistic and mounting, agonistic and grooming, and 

grooming and mounting behavior (Bernstein, 1970) in primate 

hierarchies failed to show significant intercorrelations. He concluded 
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formed unisexqual clusters, with females displaying higher group 

cohesiveness. Thus, the strength of social bonds can be represented by 

social distance. Strayer, Taylor, and Yanciw (1975) observed social 

interactions among laboratory groups of squirrel monkeys and found 

significant differences in social behavior depending upon group 

composition. Placed in heterosexual groups, females initiated less 

close proximity social interaction (play, huddling, and sitting-near) 

than when in unisexual groups. Adult females with young avoided males 

thereby altering the spatial configuration of the group. 

Another perspective from which dominance may be viewed is its 

role in unifying social groups. Stynes, Rosenblum, and Kaufman (1968) 

studied the effect of dominance on behavior within mixed species of 

bonnet and pigtail monkey groups. When dominance was clearly 

established agonistic interactions within and between species 

decreased creating a more favorable environment for both dominant and 

submissive species. Decreased agonistic behavior, in turn, decreased 

distance between adult male and female members of the group, 

facilitated contact between members of different species, and aided in 

acquisition of preferred areas of the habitat by members of the 

dominant species. 

A third perspective of the role of dominance is the use of 

space determined in the mobility of individual animals. High dominance 

members may exhibit high mobility while inhibiting the movement of 

low dominance animals within their social group. Dominance constrains 
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the use of space within the social group by placing constraints 

on interanimal distance. The combined effect of these limitations is 

the amount of personal mobility each member of the group is allowed. 

Thus, a dominance rank can be expressed by a single number which 

predicts individual mobility of a social group member. 

If dominance is a useful concept, it should be correlated with 

several social behaviors. This means that behaviors thought to be 

consistent measures of dominance should be intercorrelated. A factor 

analysis can be used to identify an underlying trait correlated with 

several behaviors. Once a factor is tentatively identified as 

composed of dominance related behaviors a construct validation 

procedure should be applied to the data. The construct validation 

procedure should demonstrate that the factor is correlated in a 

predicted way with other measures when taken on the same subject. The 

experiment described herein exemplifies the application of this 

procedure to dominance as a factor in determing personal mobility. In 

Experiment 1, a factor analysis was used to identify two sets of 

intercorrelated measures. One was assumed to reflect a "true 

dominance" the other a "pseudo-dominance". Experiment 2 was designed 

as a construct validation procedure to determine the extent to which 

each type of dominance predicted personal mobility. 



CHAPTER 2 

EXPERIMENT ONE: TEST OF DOMINANCE RANK 

Method 1 

Subjects 

Subjects were 8 males and 12 female squirrel monkeys (Saimiri 

sciureus). Seventeen of the subjects were born and reared in an 

enriched laboratory environment. The other three monkeys were feral 

bom but had been in the laboratory for at least ten years. One male 

was under two years old, four were young adults more than two years 

old, and three were mature adults. Prior to Experiment 2 one adult 

female died, reducing the number of subjects in the experiment to 19. 

During Experiment 1, four infants were born. One infant died during 

Experiment 2. Since infants spend almost all of their time clinging 

to their mother during their first 2 months of life, they were not 

included as subjects. All subjects in the experiment had been in a 

free environment room six months prior to testing. 

Apparatus 

Research was conducted in a free environment room. The room 

was 22.5 ft. long and 13.5 ft. wide. The permenant front wall was 

located 2 ft. from a temporary observation wall made of cage wire. 
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The room was divided into two equal areas which were labled front 

and back. The only differences between the two halves of the room 

were two water pipes in the back of the room and the door in the 

front of the room. 

Two three tier towers constructed from pcv pipe were placed in 

the observation room. The towers were located in opposite locations 

in all four phases of Experiment 2. The tiers of the tower were 6.7 

ft., 4.7 ft., and 2.7 ft. from the floor. A large water crock 40 cm. 

wide a smaller food crock 27.5 cm. wide were placed in corresponding 

locations near each tower. 

Procedure 1 

The purpose of this experiment was to assess the dominance of 

each member of the monkey colony. Behaviors were chosen from those 

frequently proposed as measures of dominance by various researchers 

(Bartlett and Meir, 1971 and Castell and Heinrich, 1971). 

Individual monkeys were scored on the frequency of a given 

behavior during observations made at different times of the day over 

10 consecutive days. 

Observation periods began 15 minutes after the observer 

entered the free room. They were made in view of the monkeys in a 

areas between the door and the cage wall. A monkey was identified, 

continuously observed, and scored for five minutes on each of nine 

behaviors on the score sheet. Each time a different behavior occurred 

it was tallied on the score sheet. All behaviors were totalled for 



each monkey individually. A principal componets analysis was used to 

analyize the regression frequency of each behavior. 

Behavior 

(1) Penile Display. A monkey stands with body trunk facing 

another monkey, draws back one leg, and directs a stream of urine 

towards the recipient. 

(2) Body Holds. A monkey clasps another monkey, usually below 

the shoulders or head, holding on to the hair with both hands while 

the upper torso of the recepient is pushed or held down. The 

recepient may be approached from the back or the front. 

(3) Aggression. A monkey is threatened or chased from a 

location after a sudden attack by several group members. 

(4) Visual Scanning. A monkey visually moniters the placement 

and movement of group members. 

(5) Huddling. A monkey sits near one or more members of the 

group with head inclined toward the floor. Participants may or may 

not face each other. Tails may be wrapped around the body or drawn 

over the shoulder. 

(6) Isolation. A monkey remains alone for several minutes. 

(7) Chased Away From Resources. A monkey may be kept away 

from food or water by more dominant monkeys. Attempts to obtain 

resources result in threats or aggression. 

(8) Threatened Vocally. A monkey emits loud shrieking or 
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hissing vocalizations directed toward one or more individuals as 

threats. 

(9) Grabbed Or Bitten. A monkey is bitten or has hair pulled 

in an interaction that results in a dispute. Bites incurred are 

much less severe than those resulting from aggression. 

All the behaviors listed above may be scored as directed (the 

monkey being scored is performing the behavior) or received (the 

monkey being scored is the recepient of the behavior) with the 

exception of isolation and huddling. An example of the score sheet 

has been included in the appendix. 

Results 1 

Experiment 1 

Frequency tallies of the nine behaviors listed on the score 

sheet were calculated for each individual monkey. Behavior 9 (Grabbed 

or Bitten Directed or Grabbed or Bitten Received) is a milder from of 

agonistic interaction was combined with the appropiate form of 

ggression (directed or received). Totals were then made for eight 

behaviors. Individual tabulations were made of all behaviors for each 

monkey (TABLE 1). 

A principal components analysis was applied to the data of the 

eight behaviors to assess possible underlying factors. Two factors 

with eigen values greater than 1.0 were retained for further analysis. 



TABLE 1 

EXPERIMENT 1: DOMINANCE SCORES 

NAME AGD AGR VD VR ISO HUD VTD VTR 

AUGUST 6 4 17 1 1 0 1 1 
OLIVIA 1 1 33 1 1 6 3 1 
LOUISE 1 0 18 9 0 3 3 0 
PATCHES 11 1 23 12 0 7 11 0 
BOBBY 10 10 15 0 3 9 2 3 
HILLARY 0 0 18 11 3 10 3 0 
PHILLIP 4 1 23 3 2 10 10 0 
JESSIE 5 3 36 4 5 0 3 2 
GNOME 7 0 15 17 0 11 10 0 
JIMMY 14 8 32 3 4 4 2 1 
SANDY 0 0 18 15 2 5 4 0 
D.J. 7 9 43 10 5 3 2 0 
SURVIVOR 1 1 21 8 2 5 14 0 
YODA 8 2 26 18 0 3 2 0 
TORY 0 6 12 17 2 3 2 0 
MAGIC 7 5 30 7 1 1 1 2 
PUFF 3 7 64 8 4 0 0 0 
NICHOLAS 5 0 13 12 0 12 9 0 
HEATHER 1 4 42 3 2 5 0 0 
MAX 0 2 45 3 6 0 0 0 

To obtain scores: Add scores for positive factors and sub
tract scores for negative factors. 

Factor 1 Factor 2 
VD (Positive) VTR (Positive) 
HUD (Negative) AGD (Positive) 
ISO (Positive) 
VTD (Negative) 



TABLE 2 

EXPERIMENT 1: FACTOR ANALYSIS 

Factor 
Behavior 1 2 

VD* .842 .000 
HUD* -.797 .000 
ISO* .768 .000 
VTD* -.755 .000 
VTR .000 .858 
AGD .000 .796 
AGR .000 .627 
VR .000 .000 

Behaviors with a value less than .5 are 
listed as zero. 

Behaviors with an eigenvalue less than 1 
were not included. 

Behaviors of factor 1.* 
Factor 1 equals true dominance. 
Factor 2 equals pseudo-dominance. 
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The analysis disclosed two factors (TABLE 2) composed of seven 

behaviors correlated with one of the factors with values greater 

than .60. A correlation value of equal to or greater than .70 was set 

for behaviors to be included in the factors. Six behaviors met this 

criterian. 

Factor 1 is composed of behaviors VD (Visual Directed), HUD 

(Huddling), ISO (Isolated), and VTD (Vocal Threat Directed). The 

component parts of this behavior taken together represent measures 

assumed to be true dominance. True dominance behaviors are 

appropriate to the age of the monkey, the interpretation of 

recipient of the behavior, and the social situtation. In future 

references factor 1 will be referred to as true dominance. Low scores 

on Factor 1 represent high dominance and high scores represent low 

dominance. Monkeys with high true dominance (TABLE 3) scores were 

mature and aged individuals both male and females. The most dominant 

male and female have negative scores for true dominance reflecting 

high dominance values. 

Factor two is composed of VTR (Vocal Threat Received) and AGD 

(Aggression Directed). I assumed this factor represents a pseudo-

dominance because interactions were frequently inappropriate to the 

age of the monkey and the social situtation. Recipients of pseudo-

dominance behaviors did not behave as if they had interpreted the 

interaction to be threatening. Low dominance members of the colony 

have low dominance scores on factor 1. It can be seen from TABLE 3 



TABLE 3 

EXPERIMENT 1:FACTOR SCORES 

Name AGE Factor 1 Factor 2 

AUGUST Y 17 7 
OLIVIA A 25 2 
LOUISE A 12 1 
PATCHES OA 5 11 
BOBBY SY 7 13 
HILLARY OA 8 0 
PHILLIP OA 5 4 
JESSIE OA 38 7 
GNOME OA -6 7 
JIMMY SY 30 15 
SANDY A 11 0 
D.J. Y 43 7 
SURVIVOR A 4 1 
YODA YA 21 8 
TORY YA 9 0 
MAGIC YA 29 9 
PUFF Y 68 3 
NICHOLAS OA -8 5 
HEATHER OS 39 1 

MAX Y 51 0 

LEGEND 

AGE FACTOR 1 FACTOR 2 

A = adult 
S = surrogate 
Y = young 
0 = old 

Visual Directed 
Isolation 
Huddling 
Vocal Threat Directed 

Aggression Received 
Vocal Threat Received 

* Factors include behaviors that correlate .70 or greater 
with the factor. 
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that young monkeys reared by their mothers and young surrogate reared 

monkeys score very low on true dominance. Mature surrogate reared 

monkeys also have lower scores. 

Monkeys with very high dominance scores (negative or very low 

scores on factor 1) will be referred to as true dominance monkeys to 

make a distinction between the two forms of dominance. 



CHAPTER 3 

EXPERIMENT 2: TEST OF USE OF SPACE 

Method 2 

Subjects 

Subjects were 8 male and 12 female squirrel monkeys (Saimiri 

sciureus). Seventeen of the subjects were born and reared in an 

enriched laboratory environment. The other three monkeys were feral 

born but had been in the laboratory for at least ten years. One male 

was under two years old, four were young adults more than two years 

old, and three were mature adults. Prior to Experiment 2 one adult 

female died, reducing the number of subjects to 19. During Experiment 

1, four infants were born. One infant died during Experiment 2. 

Since infants spend almost all of their time clinging to their mothers 

during the first two months of life, they were not included as 

subjects. All subjects in the experiment had been in a free 

environment room six months prior to testing. 

Apparatus 

Additional structures (three tier towers) were placed in a 

series of different patterns in the four marked quadrants of the room. 

Alterations were made in the location of towers and identical food and 

water bowls positioned near each tower after each of the four 10 day 

14 
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phases. At the end of each test phase, towers were scrubbed with 

detergent to remove scent markings that might bias preference. Testing 

resumed two days after towers were placed in new spatial patterns. 

In phase 1, tower A was positioned in the right front quadrant 

with tower B in the left rear quadrant. Towers were reversed for phase 

2. Both towers were located in the back of the room for phase 3 and 

the middle of the roan for phase 4. 

Procedure 2 

The observer sat hidden behind a one-way screen constructed to 

hide the roan entrance from the monkeys during scoring. One hour 

after placing the blind in position, the observer enteredthe room, was 

seated, and waited quietly for 15 minutes prior before scoring. Score 

sheets contained name, date, test phase, test day, dominance score, 

and room maps depicting all structures. A monkey was- chosen from 

randomly listed score sheets, identified, and marked on the map for 

room area and height of position when identified. 

Locations recorded during scoring were translated into 

numbers. Scoring for height was based on four possible points with 

the lowest position (floor) assigned one point, lowest tier of tower, 

low cage wall, and low water pipes assigned 2 points, second tier, 

middle cage wall, and middle level water pipes assigned 3 points, and 

the highest tier, top of cage wall, and high water pipes assigned 4 

points. Monkeys were scored 2 points for locations in back and one 
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point for a location in the front of the room (see appendix). 

Averages and standard deviations were calculated for height and 

front/back loctions with dominance. Correlations and standard 

deviations were calculated for height with dominance and room area 

with dominance. 

Results 2 

Experiment 2 

Scores obtained from Experiment 1 established that dominance 

among members of the monkey colony manifests itself in two forms. One 

form of dominance behavior is most common to mature individuals who 

are accepted in the central colony. This form will be referred to as 

true dominance because it is appropriate behavior. 

The second form is most frequently seen as dominance behavior 

expressed by inmature monkeys and colony members living in the colony 

periphery. It will be referred to as pseudo-dominance because it 

represents the inappropriate use of dominance behaviors seen among 

dominant monkeys. 

Experiment 2 was a test of the relationship between dominance, 

using scores obtained from Experiment 1, with the mean height and the 

relationship between dominance and mean position of colony members. 

The variability in the preference of heights and positions in the room 

can be expressed as the personal mobility of the monkey. 
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A Pearson product moment correlation was calculated (TABLE 4) 

between the average height in the room and true dominance for 

phase 1. During Phase 1 towers were positioned in the left back 

and the right front of the room. The corelation between true 

dominance and height was significant r=.4751 (£<.05) (all 

probabilities mentioned are for a two-tailed test) was obtained. 

On the other hand, pseudo-dominance and average height correlated 

r= -.1277 and were not significant. Thus, high dominance members as 

defined by the true dominance factor, occupied a lower height than low 

dominance members. 

The correlations between the standard deviations of height and 

true dominance was statistically significant r=-.4838 (£<.05) while 

the standard deviations between height and pseudo-dominance was not 

significant (r=.2521). Monkeys with high scores on the true dominance 

factor (TABLE 5) occupied a greater variety of positions of differing 

heights than monkeys with low scores (Low scores on factor 1 mean high 

true dominance scores). 

Phase 1 standard deviations for locations in the room 

(back/front) are shewn in Table 6. True dominance was negatively 

correlated with room position r=-.5723 (£<.05) while pseudo-dominance 

was not significant r=-.0591. For Phase 1, greater variability in room 

location was associated with high true dominance scores (low scores on 

factor 1) while low dominance scores (high scores on factor 1) were 

associated with less frequent change of location. 



TABLE 4 

EXPERIMENT 2: PHASE ONE AVERAGE HEIGHT 

DOMINANCE 
NAME AVERAGE HT. TRUE PSEUDO-

AUGUST 3.1 17 7 
OLIVIA 1.1 25 2 
LOUISE 3.0 12 1 
PATCHES 2.2 5 11 
BOBBY 2.7 7 13 
HILLARY 2.5 8 0 
PHILLIP 3.5 5 4 
JESSIE 2.2 38 7 
GNOME 1.9 -6 7 
JIMMY 2.5 30 15 
SANDY 3.4 11 0 
D.J. 3.6 43 7 
SURVIVOR 2.2 4 1 
YODA 4.0 21 8 
TORY 2.7 9 0 
MAGIC 2.3 29 9 
PUFF 3.9 68 3 
NICHOLAS 1.7 -8 5 
MAX 3.8 51 0 

Correlation .4751 - .1277 

*The lower the dominance score the more personal mobility. 



TABLE 5 

EXPERIMENT TWO: PHASE ONE STANDARD DEVIATION OF HEIGHT 

DOMINANCE 
NAME S~HT. TRUE PSEUDO-

AUGUST 1.29 17 7 
OLIVIA .32 25 2 
LOUISE .94 12 1 
PATCHES 1.23 5 11 
BOBBY .82 7 13 
HILLARY .97 8 0 
PHILLIP .71 5 4 
JESSIE 1.14 38 7 
GNOME 1.45 -6 7 
JIMMY 1.08 30 15 
SANDY 1.08 11- 0 
D.J. .70 43 7 
SURVIVOR .92 4 1 
YODA .00 21 8 
TORY 1.2 9 8 
MAGIC 1.4 29 9 
PUFF .32 68 3 
NICHOLAS 1.25 -8 5 
MAX .63 51 0 

Correlation -.4838 .2521 

* A low score for factor 1 means high true dominance 
and more personal mobility for the monkey. 



TABLE 6 

EXPERIMENT 2: PHASE ONE STANDARD DEVIATION OF LOCATION 

DOMINANCE 
NAME S~BK/FT TRUE PSEUDO-

AUGUST .0 17 7 
OLIVIA .42 25 2 
LOUISE .52 12 1 
PATCHES .42 5 11 
BOBBY .32 7 13 
HILLARY .32 8 0 
PHILLIP .42 5 4 
JESSIE .0 38 7 
GNOME .0 -6 7 
JIMMY .32 30 15 
SANDY .32 11 0 
D.J. .0 43 7 
SURVIVOR .42 4 1 
YODA .52 21 8 
TORY .42 9 0 
MAGIC .32 29 9 
PUFF .0 68 3 
NICHOLAS .51 -8 5 
MAX .0 51 0 

Correlation -.5723 -.0591 

*A low score for factor 1 means high true dominance and 
more personal mobility for the monkey. 
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Table 7 shows the result of a Pearsons' Correlation for 

average height with true dominance for Phase 2. During Phase 2, 

the towers were reversed and occupied the left front and right 

cores were significantly correlated with mean height (r=.3747 and -

.0486, respectively). 

Table 8 shows that correlations between standard deviations of 

height and true dominance r=-.3254 and correlations between pseudo-

dominance and standard deviations of height r=.1334 were not 

significant. 

Phase 2 correlations between standard deviations for location 

in the room (back/front) and true dominance was not significant r= -

.2885. Also, pseudo-dominance r=.2172 was not significant (TABLE 9). 

During Phase 3, both towers were positioned in the back of the 

room. Table 10 shows the results, of a Pearsons' product moment 

correlation, for the average height in the room with true dominance 

and pseudo-dominance. For phase 3, neither true (r=.2310) or pseudo-

dominance (r=.0751) were significantly different from zero. 

Correlations between the standard deviations of height and 

dominance factors were calculated for Phase 3. A value of r=-.4119 

was obtained for true dominance and .1900 (£>.05) for pseudo-

dominance. Neither correlation values were significant (TABLE 11). 

Phase 3 standard deviations in location in the room 

(back/front) were calculated (TABLE 12). True dominance obtained a 

value of r=-.0970 and pseudo-dominance r=-.2538 (p>.05). Neither 



TABLE 7 

EXPERIMENT 2: PHASE TWO AVERAGE HEIGHT 

DOMINANCE 
NAME AVERAGE HT. TRUE PSEUDO-

AUGUST 2.6 17 7 
OLIVIA 1.5 25 2 
LOUISE 2.9 12 1 
PATCHES 2.6 5 11 
BOBBY 3.1 7 13 
HILLARY 2.1 8 0 
PHILLIP 3.4 5 4 
JESSIE 2.1 38 7 
GNOME 1.2 -6 7 
JIMMY 2.8 30 15 
SANDY 2.7 11 0 
D.J. 3.8 43 " 7 
SURVIVOR 3.6 4 1 
YODA 3.8 21 8 
TORY 3.0 9 0 
MAGIC 3.0 29 9 
PUFF 3.5 68 3 
NICKOLAS 2.9 -8' 5 
MAX 4.0 51 0 

Correlation .3747 -.0486 

*The lower the true dominance score the higher the true 
dominance rank. 



TABLE 8 

EXPERIMENT 2: PHASE TWO STANDARD DEVIATION OF HEIGHT 

DOMINANCE 
NAME S~HT. TRUE PSEUDO-

AUGUST 1.2 17 7 
OLIVIA 1.1 25 2 
LOUISE .99 12 1 
PATCHES 1.3 5 11 
BOBBY .74 7 13 
HILLARY .99 8 0 
PHILLIP 1.1 5 4 
JESSIE 1.1 38 7 
GNOME .42 -6 7 
JIMMY 1.1 30 15 
SANDY 1.3 11 0 
D.J. .42 43 7 
SURVIVOR .70 4 1 
YODA .42 21 8 
TORY 1.16 9 0 
MAGIC 1.5 29 9 
PUFF .53 68 3 
NICHOLAS .88 -8 5 
MAX .00 51 0 

Correlation -.3254 .1334 

* A low score for factor 1 means high true dominance. 



TABLE 9 

EXPERIMENT 2: PHASE TWO STANDARD DEVIATION OF LOCATION 

DOMINANCE 
NAME ST3K/FT TRUE PSEUDO-

AUGUST .48 17 7 
OLIVIA .42 25 2 
LOUISE .42 12 1 
PATCHES .52 5 11 
BOBBY .32 7 13 
HILLARY .48 8 0 
PHILLIP .52 5 4 
JESSIE .53 38 7 
GNOME .48 -6 7 
JIMMY .32 30 15 
SANDY .32 11 0 
D.J. .42 43 7 
SURVIVOR .32 4 1 
YODA .52 21 8 
TORY .42 9 0 
MAGIC .48 29 9 
PUFF .48 68 3 
NICHOLAS .52 -8 5 
MAX .0 51 0 

Correlation -.2885 .2172 

*A low score for factor 1 means high true dominance. 



TABLE 10 

EXPERIMENT 2: PHASE THREE AVERAGE HEIGHT 

DOMINANCE 
NAME AVERAGE HT. TRUE PSEUDO-

AUGUST 2.6 17 7 
OLIVIA 1.2 25 2 
LOUISE 2.4 12 1 
PATCHES 3.2 5 11 
BOBBY 2.6 7 13 
HILLARY 2.1 8 0 
PHILLIP 3.4 5 4 
JESSIE 2.2 38 7 
GNOME 1.9 -6 7 
JIMMY 2.8 30 15 
SANDY 3.6 11 0 
D.J. 3.3 43 7 
SURVIVOR 2.6 4 1 
YODA 3.4 21 8 
TORY 2.5 9 0 
MAGIC 3.3 29 9 
PUFF 2.7 68 3 
NICHOLAS 2.7 -8 5 
MAX 4.0 51 0 

Correlation .2310 .0751 

*The lower the true dominance score the higher the 
true dominance rank. 



TABLE 11 

EXPERIMENT 2: PHASE THREE STANDARD DEVIATION OF HEIGHT 

DOMINANCE 
NAME S~HT. TRUE PSEUDO-

AUGUST 1.3 17 7 
OLIVIA .42 25 2 
LOUISE 1.2 12 1 
PATCHES 1.1 5 11 
BOBBY .84 7 13 
HILLARY 1.1 8 0 
PHILLIP .96 5 4 
JESSIE .91 38 7 
GNOME 1.3 -6 7 
JIMMY 1.2 30 15 
SANDY .97 11 0 
D.J. .48 43 7 
SURVIVOR 1.2 4 1 
YODA .97 21 8 
TORY 1.2 9 0 
MAGIC 1.3 29 9 
PUFF 1.3 68 3 
NICHOLAS 1.3 -8 5 
MAX .0 51 0 

Correlation -.4119 .1900 

*A low score for factor 1 means high true dominance. 



TABLE 12 

EXPERIMENT 2: PHASE THREE STANDARD DEVIATION OF LOCATION 

DOMINANCE 
NAME S~BK/FT TRUE PSEUDO-

AUGUST .48 17 7 
OLIVIA .42 25 2 
LOUISE .42 12 1 
PATCHES .0 5 11 
BOBBY .32 7 13 
HILLARY .42 8 0 
PHILLIP .32 5 4 
JESSIE .32 38 7 
GNOME .48 -6 7 
JIMMY .0 30 15 
SANDY .0 11 0 
D.J. .0 43 7 
SURVIVOR .48 4 1 
YODA .48 21 8 
TORY .52 9 0 
MAGIC .32 29 9 
PUFF .48 68 3 
NICHOLAS .0 -8 5 
MAX .0 51 0 

Correlation -.0970 -.2538 

*A low score for factor 1 means high true dominance. 
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dominance factor was significant. 

Towers were placed in the middle of the room for the 

fourth and final phase. Table 13 shows the results of a 

Pearsons1'correlation for average height in the room and 

dominance factors. Phase 4 averages for height and true dominance 

were not significantly different r=.0727 and pseudo-dominance 

correlated with average height r=.1779 was not significant. 

The correlations between the standard deviations of height and 

true dominance and pseudo-dominance (TABLE 14) were not statistically 

significant r=.0300 and r=.0881. When towers were placed in the middle 

of the room, monkeys with high true dominance scores show less 

variability in heights than when placed on either side of the room 

(phases 1 and 2). Also, monkeys with high true dominance scores moved 

about less than when both towers were located in the back of the room 

as noted in Table 13. Phase 4 standard deviations in location in the 

room (back/front) were correlated with dominance factors are shown 

Table 15. Values for true dominance r=-.1494 and pseudo-dominance 

r=.0287 were not significant. Monkeys with high true dominance scores 

or central group members did not show greater variability in location 

preferences than monkeys with low true dominance scores or peripheral 

group members. 

It can be seen from Experiment 2 (TABLE 16) that monkeys with 

high true dominance scores have greater personal mobility within the 

room both in height and area of the room. Monkeys scoring low on true 



TABLE 13 

EXPERIMENT 2: PHASE FOUR AVERAGE HEIGHT 

DOMINANCE 
NAME AVERAGE HT. TRUE PSEUDO-

AUGUST 2.4 17 7 
OLIVIA 1.7 25 2 
LOUISE 2.9 12 1 
PATCHES 3.2 5 11 
BOBBY 2.9 7 13 
HILLARY 3.4 8 0 
PHILLIP 2.8 5 4 
JESSIE 2.3 38 7 
GNOME 1.9 -6 7 
JIMMY 2.7 30 15 
SANDY 3.2 11 0 
D.J. 3.7 43 7 
SURVIVOR 2.2 4 1 
YODA 3.5 21 8 
TORY 2.9 9 0 
MAGIC 2.8 29 9 
PUFF 3.1 68 3 
NICHOLAS 1.7 -8 5 
MAX 1.3 51 0 

Correlation .0727 .1779 

*The lower the true dominance score the higher the true 
dominance rank. 



TABLE 14 

EXPERIMENT 2: PHASE POUR STANDARD DEVIATION OF HEIGHT 

DOMINANCE 
NAME S~HT. TRUE PSEUDO-

AUGUST 1.2 17 7 
OLIVIA 1.3 25 2 
LOUISE .86 12 1 
PATCHES 1.32 5 11 
BOBBY 1.1 7 13 
HILLARY .97 8 0 
PHILLIP 1.0 5 4 
JESSIE 1.1 38 7 
GNOME .88 -6 7 
JIMMY 1.3 30 15 
SANDY 1.1 11 0 
D.J. .48 43 7 
SURVIVOR 1.13 4 1 
YODA .70 21 8 
TORY 1.2 9 0 
MAGIC 1.0 29 9 
PUFF 1.2 68 3 
NICKOLAS .74 -8 5 
MAX .95 51 0 

Correlation .0300 .0881 

*A low score for factor 1 means high true dominance. 



TABLE 15 

EXPERIMENT 2: PHASE FOUR STANDARD DEVIATION OF LOCATION 

DOMINANCE 
NAME S~BK/FT TRUE PSEUDO-

AUGUST " .42 17 7 
OLIVIA .32 25 2 
LOUISE .42 12 1 
PATCHES .42 5 11 
BOBBY .53 7 13 
HILLARY .48 8 0 
PHILLIP .32 5 4 
JESSIE .48 38 7 
GNOME .48 -6 7 
JIMMY .42 30 15 
SANDY .32 11 0 
D.J. .32 43 7 
SURVIVOR .48 4 1 
YODA .0 21 8 
TORY .32 9 0 
MAGIC .32 29 9 
PUFF .42 68 3 
NICHOLAS .48 -8 5 
MAX .42 51 0 

Correlation -.1494 .0287 

*A low score for factor 1 means high true dominance. 



TABLE 16 

EXPERIMENT 2: SUMMARY OF TABLES 

PHASE MEASURE 
CORRELATION 

TRUE DOMINANCE PSEUDO-DOMINANCE 

One Avg. Ht. 0.4751* 
Std. Dev. Ht. -0.4838* 
Std. Bk/Ft. -0.5723* 

-0.1227 
.2522 

-0.0591 

Two Avg. Ht. 0.3747 
Std. Dev. Ht. -0.3254 

. Std. Bk/Ft. -0.2885 

-0.0486 
0.1334 
0.2172 

Three Avg. Ht. 0.2310 
Std. Dev. Ht. -0.4119 
Std. Dev. Bk/Ft. -0.0970 

0.0751 
0.1900 
-0.2538 

Four Avg. Ht. 0.0727 
Std. Dev. Ht. 0.0300 
Std. Dev. Bk/Ft. -0.1494 

0.1779 
0.0881 
0.0287 

*(£<.05) 
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dominance prefer the front of the room to the back and generally 

higher positions in the room. Thus, high scores on true dominance 

means the monkey can move about the room more than pseudo-dominance 

monkeys. Monkeys high in true dominance occupied areas closer the 

ground especially when occupying positions located near the front of 

the roan. Monkys with very low dominance remain more in specific areas 

of the room at higher positions. 

In order to determine, if a difference existed between true 

and pseudo-dominance in tests of the different measures between phases 

Hotellings' t-test of difference between two dependent correlations 

was calculated. Table 17 show the values for each measure. 

Table 17 shews there were no significant results from the 

comparisons of correlations between standard deviations of height, 

average heights, standard deviations of locations in the room and 

dominance factors. 

Hotellings' t-test was used to determine if a difference 

existed between true and pseudo-dominance correlations on measures 

within a phase. Table 18 is a phase summary of measure comparisons for 

true and pseudo-dominance. 

A significant correlation t=1.89 was obtained for Phase 1 

average height between true and pseudo-dominance. Also, negatively 

significant correlations t=-2.39 and t=-1.85 for Phase 1 standard 

deviation of heights and Phase 3 standard deviations of height, 

respectively. 



TABLE 17 

EXPERIMENT 2: SUMMARY OF HOTEL TEST 

TEST OF DIFFERENCE BETWEEN TWO DEPENDENT CORRELATIONS 
(Hotelling,1940) 

Phase I & II Phase III & IV 

Std. Dev. Ht. 
True Dominance 
Pseudo-Dominance 

-.7257473 
.1710483 

-.5241188 
.3249010 

Avg. Ht. 
True Dominance 
Pseudo-Dominance 

.6216947 
-.4350248 

.5353597 
-.3438694 

Std. Dev. Bk/Ft 
True Dominance 
Pseudo-Dominance 

-1.1185156 
-.8975260 

.1429825 
-.7853168 

(v=n-3) (Two tailed test at. 95t = 1.746) 



TABLE 18 

TEST OF DIFFERENCE BETWEEN TWO DEPENDENT CORRELATIONS 
(Hotelling,1940) 

BETWEEN TRUE & PSEUDO-DOMINANCE 

PHASE ONE 
Avg. Ht. 
Std. Ht. 
Std. Bk/Ft 

1.89* 
-2.39* 
-1.73 

PHASE TWO 
Avg. Ht. 
Std. Ht. 
Std. Bk/Ft 

1.26 
-1.34 
-1.48 

PHASE THREE 
Avg. Ht. 
Std. Ht. 
Std. Bk/Ft 

.44 
-1.85* 
.45 

PHASE FOUR 
Avg. Ht. 
Std. Ht. 
Std. Bk/Ft 

.71 
-.16 
-.50 

*.95 FOR TWO-TAILED TEST = 1.746 



TABLE 19 

FRIEDMAN TWO WAY TEST (K RELATED SAMPLES) 

MEASURE CHI.SQ. D.F. SIGNIFICANCE 

Average Height 235.1501 18 <.0001 

Std. Dev. Ht. 174.2144 18 <.0001 

Std. Dev. Bk/Ft 148.3330 18 <.0001 



CHAPTER 4 

GENERAL DISCUSSION 

This study indicates that the relationship between dominance 

rank and the social behaviors related to dominance in captive groups 

of squirrel monkeys is manifested in the way they exploit spatial 

characteristics of their environments. Dominant monkeys prefer to 

occupy heights and areas in the room that promote their ability to 

control the movement of low ranking monkeys throughout the available 

space. Consequently, the ability of low dominance ranked monkeys to 

obtain food resources and to participate in social interactions is 

restricted or inhibited. Utilization of space in this mariner, 

relegates low ranking monkeys to the periphery of the colony while it 

aids high dominance ranked monkeys in the control of low ranking 

monkeys. 

Studies of dominance behaviors have shown that dominance 

defined by occurrences of one type of behavior only do not 

consistently and accurately measure dominance (Petraitis, 1981 and 

Hausfater, 1975) across different social situtations (Bernstein, 81). 

This problem may be due to the present narrow and inadequate 

view of dominance. A broader view suggests that no single 

interactive social behavior accurately measures dominance across 

37 
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all species in both field and laboratory situtations. This study 

incorporated composite measures of dominance based on a principle 

components analysis model. Of the eight behaviors measured in Phase 1 

of this study, six were shown to correlate with one of two factors 

that clearly represented two different forms of dominance behavior 

(r>.7). 

The first composite dominance measure was designated as true 

dominance because the component behaviors (directed visual threats, 

directed vocal threats, huddling, and isolation) were frequently 

observed among mature memebers of the colony behaving in an appropiate 

manner in varied social settings. Monkeys that perform true dominance 

behaviors were recognized as part of the central group of the colony. 

A fascinating aspect of the data used to define true and pseudo-

dominance is that the former did not include agonistic behaviors. 

Monkeys that scored high in true dominance behaviors did not iniate as 

many agonistic encounters as monkeys with lower dominance scores. For 

example, during Experiment 1, two monkeys were viciously attacked and 

killed by colony members in two separate incidents. One was a 

surrogate rasied low ranked mature female, named Heather, who 

constantly harassed and attacked younger colony members including 

infants. The other was Danny, a mature male, who had attained the rank 

of dominant male in a previous free room experiment composed of 

several members included in this experiment. In the previous 

experiment Danny was eventually removed because of the extreme number 
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of violent attacks and wounds he inflicted on males and females in the 

colony. Both individuals died as the result of a group attack by low 

and high dominance colony members. This finding is interesting because 

dominance is generally defined (McKenna, 1982) as an individuals' 

ability to compete successfully with other individuals to obtain a 

goal (resource). The frequency and outcome of agonistic interactions 

(Kawai, 1965) are assumed to be associated with high dominance. This 

study shows that, at least in squirrel monkey societies, high ranking 

individuals do not need to resort to acts of aggression as frequently 

as low ranking individuals. Overt aggression is not as important for 

high ranking individuals (McKenna, 1982) to obtain desired goal 

because visual and vocal threats are effective in controlling the 

behavior of low ranking monkeys once dominance has been established. 

In many cases, the use of visual and vocal threats among monkeys who 

have proven high rank, control aggressive interactions by other group 

members and prevent and consequently inhibit further aggrression. 

Also, this study confirmed that huddling and, in some cases 

self imposed isolation, are more common among monkeys with high 

dominance. Huddling and isolation are both behaviors that leave an 

individual monkey open to severe consequences from attack since 

high ranking monkeys are less frequently the targets of attacks. From 

this point of view, it is reasonable that high ranking monkeys would 

separate themselves from the safety of the group more frequently. 

The second form of composite dominance was designated pseudo-
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dominance because it was observed among the immature members of the 

colony. It was also common among surrogate raised mature monkeys who 

were excluded from the central group of the colony. In both cases, the 

dominance behaviors were consistently inappropiate to the social 

situtations. Behaviors that made up this factor were aggression 

directed toward other group members and vocal threats received. 

As mentioned earlier, pseudo-dominance represents inappropiate 

' behavior in a social situtation. High ranking monkeys would not 

need to respond with aggression. In the same situation, high ranking 

monkeys would use visual or vocal threats. The factor of pseudo-

dominance was also highly correlated with aggression received (Table 

2), suggesting individuals that were involved in agonistic behavior 

were also more frequently the target of aggression and vocal threats. 

In Experiment 2, the composite dominance measures from 

Experiment 1 were used to determine relationships between dominance 

and spatial use. 

Phase 1 of Experiment 1 showed that high true dominance 

ranking monkeys preferred to occupy the lowest positions on the 

plastic pipe towers. The standard deviations of heights occupied by 

high true dominance monkeys was greater than for low dominance 

monkeys. Thus, the use of space in the room is more varied for high 

ranked monkeys. This means that monkeys with high true dominance rank 

have a greater amount of personal mobility than monkeys with low true 

dominance rank. Monkeys with low true dominance are occupying higher 
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areas off the floor (Wilson, 1972) and move about the room less 

frequently. This finding seems reasonable because (Experiment 1) low 

dominance monkeys are frequently the target of attacks. 

When the tower structures were placed in reverse positions, 

the relationship between dominance and use of space was no longer 

significant. The social structures leading to significant correlation 

between true and pseudo-dominance response in Phase 1 may have been 

disrupted by the abrupt change in environment. This seems a possible 

explanation because in subsequent phases each movement of the towers 

produced progressively smaller correlations. Data collected during the 

last phases showed that the monkey colony, especially high ranked 

monkeys, had established new boundaries in the room. Most social 

encounters occurred within the parameters of the new boundaries. 



APPENDIX A 

EXPERIMENT 1 DOMINANCE SCORE SHEET. 

DOMINANCE SCORE SHEET 

BEHAVIOR TEST DAY DATE 

1. Penile Display 
directed 

X X X X X X X X  
received 

X X X X X X X X 

2. Body Holds 
directed 

X X X X X X X X  
received 

X X X X X X X X 

3. Aggression 
directed 

X X X X X X X X  
received 

X X X X X X X X 

4. Visual Scanning 
directed 

X X X X X X X X  
received 

X X X X X X X X 

5. Huddling X X X X X X X X X X X X X X 

6. Isolated X X X X X X X X X X X X X X 

7. Chased away from resources 
directed 

X X X X X X X X  
received 

X X X X X X X X 

8. Threatened vocally 
directed 

X X X X X X X X  
received 

X X X X X X X X  

9. Grabbed or Bitten 

X 
directed 
X X X X X X X 

received 
X X X X X X X X 

Figure 1. 



APPENDIX B 

SUMMARY OF TCWER LOCATIONS 

DAY DATE NAME 
DsaioutM Rank 

n 

O 

n 
0 

R 
TFTTr 

t 

o 
B 

Figure 2. 
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