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Abstract

Advisor: Dr. Warren G. Kinzey

Primate social organizations are biological systems
comprised of relationships between individuals. These re-
lationships connote various degrees of attraction and re-
pulsion of conspecifics and are the accumulation of numer-
ous interactions or lack of interactions over time. The
behavioral repertoire of the individual determines the in-
teraction. Thus, it may be seen that hormones that affect
the behavior of the individual also affect the interactions
of the individual with conspecifics. The interactions
affect the relationships and ultimately the social organi-
zation. Therefore, it is necessary to understand the affect
hormones may have on discrete behavioral units and how if
these units are altered they may affect the social organi-
zation.

The social organization of the squirrel monkey

(Saimiri sciureus)is composed of subgroups of animals of

the same age and sex. The principal subgroups are the adult
females, the adult males, the subadult males and the Jjuven=
iles. Social interaction occurs primarily within rather

than across subgroups. Interaction between adult males and
females is especially low in frequency. Observations on
semifree-ranging groups (Baldwin 1968, 1971) and on
laboratory groups (Coe and Rosenblum,in press) have indicated
that the endogenous hormonal changes that occur during the
annual breeding season are accompanied by changes in behavior

and social organization.
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In order to delineate the individual male and female
behavior patterns that might be affected by gonadal hormones
and thereby affect the social organization, four groups of
Peruvian Saimiri were observed. Each group consisted of
twelve monkeys, six male and six female. In Group 1 the
females were ovariectomized and the males were intact. 1In
the group designated 1H, the ovariectomized females were
given a regime of depo-estradiol and the males were intact.
Group 2 consisted of intact females and castrated males.
Group 3 consisted of ovariectomized females and castrated
males.

The degree to which each of the four groups exhib-
ited the sexually segregated social pattern was extrapo-
lated from inter-animal distance measures and from social
behaviors such as "huddle," "contact" and "proximity."

These measure indicated that the degree of segregation was
different for the four groups. Groups 1 and 1H were the
most segregated. Group 3 was the least segregated and
Group 2 was intermediate. It is believed that these data
indicate that gonadal hormones play a significant role in
the maintenance of the sexual segregation of Saimiri. The
absence of gonadal hormones affected the individual behavior
patterns of the males and females thereby altering their
interactions and consequently their relationships. The
data also indicated that the sexually. segregated social
pattern is maintained by different social roles of the males
and females and that gonadectomy may socially affect males
more than females. Consequently the hormonal status of

v



males may be more critical to the maintenance of or decrease
in sexual segregation than that of the females. These data
are considered from the perspective of understanding pro-
mate social organization as a biological system influenced

by the ecology and phylogency of the species.
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CHAPTER ONE

INTRODUCTION AND RATIONALE

Man is a social animal, finding comfort and protec-
tion in living among others of his species. The nature of
his sociality has puzzled and intrigued man for eons and he
has looked beyond his own social group, his own culture in
an effort to understand the mechanisms involved in and the
reasons for being social. However, he has seen that the
differences and similarities revealed by foreign societies
are not enough to understand fully the nature of the social
group and the social bond; because to spend a life as a
member of a social network in a cooperative society is not

the unique domain of Homo sapiens. Indeed it is not even a

uniquely mammalian trait, but transcends phylogenetic lines
occurring among insects, birds and fish. 1In order to truly
understand sociality one must look not only beyond his own
society but beyond his own species, especially to his closest
relatives, the nonhuman primates. For it is among the mon-
keys and apes that the roots of man's sociality will be
found. 1In their evolutionary legacy to us is the founda-
tion on which uniquely human traits were laid.

The mdfphological history of the order Primates can
be traced back some 70 million years. Recent studies of the

fossil record reveal the divergence of our ancestors from

1



2
the primitive eutherian stock into what we now recognize
among living primates as the Strepsirhini and Haplorhini,
(the tarsier, monkeys of the New and Old World and the apes).
(See for example, Luckett, 1976).

Although not without its problems, the structural
evolution of our order is reasonably well understood. Un-
fortunately those of us who have an interest in our social
and behavioral heritage have less information available than
our paleontologist colleagues. It goes without saying that
neither social organization nor behavior leave any fossil
record. However, within the strata is evidence of past
ecology and adaptations. If we look to extant species,
examine their behavior, their ecology and phylogeny and in=
terpret what we see in terms of the fossil record, we may
ultimately come to a clearer understanding of primate social
organization as it evolved through time and exists today.

The interrelationship of phylogeny and ecology re-
presents the key to such an understanding. This interrela-
tionship has become the focus of investigations in the field
and in the laboratory as revealed by the following quotations:

However, in considering the relation between ecology and
socliety it must be emphasized that each species brings a
different phylogenetic heritage into a particular ecolo-
gical scene. Consequently, one must consider not only
ecology but also phylogeny in attempting to understand
the evolution of primate social organization. The in-
terrelations of these two classes of variables deter-
mines the expression of the character, in this case
social structure. (Struhsaker, 1969, p. 113))

It is necessary when studying primate behavior to consi-
der which aspects of the behavior represent adaptations

to the habitat and thus are paralleled by other, possibly
distantly related, species living in the same habitat,
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and which aspects are peculiar to a given taxonomic group
regardless of its habitat. (Chalmers, 1968, p. 278.)

Cultural developments, like other modifications, are
restricted by the phylogenetic heritage of the species,
and phylogenetic adaptation itself proceeds slowly.
Ecological correlations can put a premium on a certain
type of society, but it cannot tell the species how to
create such a society. Discussions of adaptiveness
sometimes leave us with the impression that every trait
observed in a species must by definition be ideally
adaptive, whereas all we can say with certainty is that
it must be tolerable since it did not lead to extinction.
(Kummer, 197la, p. 90.)
Observations of animals within their natural habitat
is essential to understanding the relative contributions
of phylogenetic and ecological forces in shaping social
organization. The selective pressures exerted on a species
can not be understood fully without detailed field analyses
of diet, ranging behavior, competition with other species,
predation, and habitat composition and fluctuation. These
ecological variables are critically important to what we
ultimately see as the social organization of the group.
In order to understand the role of phylogeny in
shaping social organization the work of many scientists is
required e.g. the systematist, the paleontologist, the evo-
lutionary biologist, and the behaviorist. The role played
by phylogeny in molding social structure relates to questions
concerning the biological bases of behavior. These ques-
tions may be approached on two levels. Field observations
reveal the natural behavior of the animal. Laboratory in-

vestigations enable certain behaviors seen in the wild to

be analyzed and manipulated under controlled experimental
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conditions in an effort to delineate the underlying bio-
logical mechanisms, e.g. hormonal influences.
The social organization of the squirrel monkey

(Saimiri sciureus) as described by Baldwin (1968, 1969) and

Baldwin and Baldwin (1971, 1972) for both feral and semifree-
ranging groups, consists of subgroups comprised of animals

of the same age and sex. The principal subgroups are the
adult females, the ddult males, the subadult males, and the
juveniles. Social interaction occurs primarily within

rather than across subgroups. Interaction between adult
males and females is especially low in frequency. This social
pattern is maintained in the laboratory (Coe and Rosenblum,
1974, and in press; Fairbanks, 1974).

As indicated above, hormones are important mediators
of behavior. Observations of Saimiri living as semifree-
ranging groups (Baldwin, 1968, 1971) and as laboratory groups
(Coe and Rosenblum,in press) have indicated that the endo-
genous hormonal changes that occur during the annual breed-
ing season are accompanied by changes in behavior and social
organization. Other laboratory research (Alvarez, 1969; Coe
and Rosenblum, 1974) has also indicated that gonadal hormones
may play a significant rolé in the development and mainta-
nence of the adult isosexual groupings described previously.

The influence exerted by hormones on behavior has
been the subject of many investigations including the one
presented herein on the squirrel monkey. The purpose of

this study was to delineate the effect of gonadal hormones
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on the individual behavior patterns of Saimiri males and
females. It is a basic hypothesis of this research that
hormones affect social organization by influencing the be-
havior of the individual and thus that individual's inter-
actions with other animals. The influence exerted on these
interactions ultimafely influences relationships with other
individuals, and social organization is comprised of rela- o
tionships. ' (Hinde and Stevenson-Hinde, 1976.)

In order for the data to be viewed in the larger
perspective of the evolution of social behavior, the follow-
ing presentation is a discussion of the systematic nature of
social organization, the effect of ecology and phylogeny
on social organization, and the influence of hormones on
behavior. These variables will then be considered in relat-

tion to the social organization of Saimiri.



CHAPTER TWO

GENERAL BACKGROUND

Soc¢ial Structure and Systems Theory

Social structures are in fact social systems. As

such they are best understood from the perspective of systems
theory, as possessing the characteristics of biological sys-
tems. Thus, they are complex, "multilevel, and goal-directed
(von Bertalanffy, 1950; Laszlo, 1972; Mesarovic, 1968), none
of which implies conscious intent nor teleology. In order

to make this clear, we may substitute the word function for
goal. Biological systems doubtless perform functions. To
illustrate by analogy consider the locomotor system. It,
too, .is complex, multilevel and goal-directed in that the
muscles, bones, motor neurons, cerebellum, motor cortex,

etc. represent subsystems that function in concert to produce
movement; such that the animal is mobile within a given
environment in the most efficient manner possible. Mobility
(i.e. movement) is the ultimate goal although the muscles,
bones, etc., each with their own particular goal-function,
have no notion of this per se. Each subsystem can be sepa-
rately viewed and analyzed. Yet it is only when our know-
ledge of the cortico-cerebellar pathways, the lever mechanics
of muscle and bone, and the contractile properties of actin

and myosin is viewed as a whole can we begin to understand

6
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fully the physiology and mechanics of movement, although
not the biological role as discussed by Bock and Von
Wahlert (1965).

The ultimate goal-function of social organization is
to mediate the life processes, e.g. eating and reproducing,
in the most efficient manner possible. This view is shared
by Crook et al. (1976, p.262):

We argue that particular social structures arise because
they provide an optimal context within which the indivi-
duals comprising them carry out vital functions.
The social system can then be seen to be comprised of indivi-
dually analyzable subsystems each fulfilling a "vital func-
tion," i.e., each with a specific goal. Again, we may turn
to Crook et al. (1976, p. 262) to explicate this point:

We analyze social structure here in terms of sub-systems
within which individudls achieve the main vital functions.

Biological systems, be they social or physiological,
are essentially open, self-reqgulating and equifinal (von
Bertalanffy, 1968; Laszlo, 1972). The latter two components
can be seen to be consequences of the first. An open system
has requirements that a closed system does not. It functions
differently. lA closed system noves toward either entropy
or equilibrium, as opposed to maintaining a’steady state,.’:. :
i.e., homeostasis. An open system does not move toward en-
trophy or equilibrium because there is a continuous inflow
and outflow, a building up and a breaking down. As defined
by von Bertalanffy (1950, p.23):

A system if closed if no material enters or leaves it;

it is open if there is import and export and, therefore,
change of the components. Living systems are open
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systems, maintaining themselves in exchange of materials
with the environment, and in continuous building up and
breaking down of theix components.

It follows that primate societies, as biological
systems, are open systems in exchange with the environment.
Membership changes through birth, death, emigration and immi-
gration. We must remember at this point that the system is
goal-directed, the goal being "to mediate the life processes
in the most efficient manner possible." The coupling of this
goal with the property of exchange necessitates self-regula-
tion (e.g. regulation of réproduction, and resource exploita-
tion). There must be a method to regulate relationships and
behavior between group members, i.e., some form of communica-
tion. There must be a method to incorporate new group mem-
bers, for example through socialization.

A system could not exist where the processes of ex-
change and buildup were random. Open systems are structured
wholes, performing specific functions in relation to speci-
fic surroundings, thus necessitating ordered self-regulation.
Implicit here is the notion of adaptation, a key concept in
the understanding of social systems. The social group is a
medium through which animals adapt to their environment.

The third characteristic of biological systems, |
that of equifinality has a very special meaning for investi-
gators of social systems. It is the concept of equifinality
that enables us to understand the variability in the diverse

primate social groups. Equifinality is defined by von

Bertalanffy (1968, p. 131).
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In any closed system, the final state is unequivocally

determined by the initial conditions....This is not so

in open systems. Here, the final state may be reached

from different initial conditions:ahd in different ways.

this is what is called equifinality, and it has signifi-

cant meaning for the phenomena of biological regulation.
The significance of equifinality to our discussion resides
in the fact that various configurations of subsystems and
regulatory mechanisms can result in the attainment of the
same function-goal. In an open system a perfect correlation
between a particular end and a given mechanism rarely exists.
When one applies the concept of equifinality to the fact that
all species living in similar environments do not have the
same social organization the variation is less perplexing.
One can say that the species developed their particular
social organizations along different phylogenetic avenues
and consequently have made slightly different adjustments
and adaptations in the various subsystems and regulatory
mechanisms along the way.

A final and particularly important point concerns
the hierarchal nature of subsystems. von Bertalanffy (1968)
and Crook et al. (1976) suggest that certain subsystems may
be more critical than others to the final configuration of
the total system. Certain subsystems and characteristics
may be less malleable than others, e.g., reproductive
mechanisms,
Since the nature of social organization is truly

that of a system, it functions as a system, has evolved as

such, and should be investigated and analyzed within that

perspective. Therefore a discussion of the types of social
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structures in the order Primates should include a discussion
of systems and subsystems. Systems theory enables the in-
vestigator to conceptualize beyond the classification of
groups as multimale, unimale or harem. In addition to such
classification schemes, we can explore subsystems such as
rearing, mating, resource-exploitation, and predator avoid-
ance. As discussed by Crook et al. (1976, p. 262):
The division of a society into functional sub-systems
is useful analytically in that it helps to focus atten-
tion on environmental variables and species parameters
which are likely to be particularly important in the
accomplishment of a particular function, but which may
have little influence on the accomplishment of others.
For instance, one species parameter, the maturation rate
of the young, provides critical constraints on the struc-
ture of the mating and rearing subsystem, but may be
less critical in determining the structure of the re-
source exploitation group. It must be remembered however,
that these subsystems do not exist in isolation but are
fully integrated and that individuals usually operate
within several subsystems simultaneously.

The constraints that the particular characteristics
of a species on subsystems or that one subsystem may impose
upon another are in fact the accumulation of millions of
yvears of constraints which occurred as the species evolved,
incorporating new characters, loosing old ones, and adapting
to new environmental variables. The subsystems must be
viewed not only in the here and now of funetional biology
but must also be approached from an evolutionary-time per-
spective. The "here and now" understanding indicates the
importance of ecological variables in shaping social struc-
ture and the evolutionary perspective addresses itself to

the importance of phylogeny. The concepts of equifinality

and a hierarchy of subsystems are particularly important for
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understanding the complex interplay of ecology and phy-

logeny in shaping social systems.

Primate Social Structures

Investigations of primate social life have revealed
it to be varied and complex. In an effort to categorize and
classify the array of social structures within the order,
investigators have relied primarily on head counts of adult
males within the group. The emphasis on the number of males
within the group developed in conjunction with a preoccupa-
tion on the multimale group as model for the order. Indeed,
for some earlier investigators the existence of unimale
groups could only be explained by adaptations to aberrant
primate habitats. This view was later challenged. (Gartian,

et al., 1972). As stated by Eisenberg

1968; Eisenberg

et al. (1972, p. 866):
This tendency to characterize most primate species by a
multimate social structure and to set aside those species
exhibiting unimale groups as cases of adaptation to ex-
treme environments was motivated in part by a desire to
emphasize the uniqueness of primate societies when con-
trasted with the social groupings :0f other mammals.

The early bias toward multimale groups was also strongly

influenced by the thinking and expectations that stemmed

from the early concentration on the behavior of macaques

and baboons. This papionin species orientation has dimin-

ished in recent years as our knowledge of other primates

has increased.

The preoccupation with the multimale group also led

to an emphasis on the study of male behavior (male dominance,
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male tolerance, male aggression) reflecting the erroneous
belief that it is the male that determines the social
organization. In fact, neither males nor females solely
determine the nature of the social system. It is the
totality of male-male, female~female and male-female rela--
tions that is the determinant. The role of females as well
as males in determining the social system is clearly evident
in pair-bonded species. As reported by Epple (1970, 1973)
and Rothe (1975), female as well as male marmosets = = i

(Callithrix jacchus) exhibit a considerable degree of intol-

erance for conspecifics of the same sex. In captive animals
maintained in hetersexual groups instead of pairs, the female
who emerges as dominant will harass the subordinate females
until they are incapable of reproducing. This kind of ste-
rility is the result of social stress and has been reported
in other mammals (Christian, 1970). Mason's (1974, 1975)

work on partner and social preferences in Callicebus moloch

is also indicative of female as well as male roles in shap-

ing social structure. A field study on C. torquatus torquatus

(Kinzey et al, 1977) indicated that the adult male and female
pair shared leadership of the group. The female primarily
acted as leader while the male appeared to direct group
activity. The importance of the female in the maintenance

of the social group can also be seen in multimale troops
where rank, one measure of dominance is transmitted matril-
linealy and where females are more often the primary sociali-

zers of infants (Koyama, 1967). The issue here is not only
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to indicate the importance of female roles nor simply to
emphasize females as essential social elements but rather
to look at the behaviors of both sexes as reflective of the
regulatory aspects of the system. Primate females are not
the passive recipients of a male-~-determined social order.
The perpetuation of a structurecanonly be accomplished by
the participation of all its constituents. Therefore we
must view social organization as more than demography,
especially more than male demographic trends, and look for
the roles fulfilled by males and females of all ages.

There is no particular social organization that is
the "norm" for primates, not even gregariousness. Instead,
we see that the primates, similar to other mammalian orders,
exhibit diverse social organizations which reflect both the
varied environments in which they live and their phylogenetic
histories. Ecological variables impose constraints on organ-
ization and these in turn must come to a "compromise" with
internal constraints imposed by the animal's biology, i.e.,
its physiology and morphology. In 1966, Crook and Gartlan,
in an attempt to delineate the important ecological deter-
minants of social organization, categorized habitats and
correlated these zones with certain organizational types.
Gartlan (1968) and Eisenberg et al. (1972) refined this
approach. The following descriptions of the social gxoups
are based on the works cited above with certain revisions.

The harem system is considered as a specific pattern sepa-

rate from the unimale group and the multimale pattern is
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subdivided into three rather than two types. Primate
social groups fall into five general patterns: solitary,
pairébonded, unimale, harem and multimale. Each pattern
may appear to be based on demography only but in fact each
represents a unigue configuration of social relationships

and features.

Solitary Species

The solitary pattern is found primarily among noc-
turnal primates, e.g., the lorisoids and some lemuroids. .
Lone adult males and females with immature young maintain
individual territories. Social interaction between conspeci-
fics is typically infrequent and male-female interaction is
fairly limited, occurring mainly during the mating period.
However the data provided by Charles-Dominique (1972, 1974)
and Martin (1972) indicate that the "solitary" species may
not be as asocial as the name implies. Among the strepshi-
rhine species exhibiting this social pattern, the females
tend to be more aggregative than the males and even the
males have some social contacts. These investigators also
report that female cheirogaleines and galagines share all
or part of their territories with other females and Micro-
cebus females actually share nests. However, foraging is
always a solitary activity.

The territories of the individual males are a mosaic:
superimposed upon those of females. Dominant males maintain
territories contiguous and overlapping with those of females

whereas subordinate males do not. Charles-Dominique (1971)
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reports that subordinate Galago males share territories and
form what he calls "vagabond" groups, commonly referred to
by other authors as bachelor bands. A rise in rank, re-
sulting in the acquisition of a territory, seems to oblit-
erate whatever affiliative behavior occurs among the males.
A male will typically defend his own territory and that of
his females' whereas a female will defend only her own.
Galago females are dominant over males and Charles-Dominigque
reports that female aggression toward males during mating is
not uncommon. Male-female affiliation is indicated by
grooming.

It is the contention of Charles-Dominique (1974),
Martin (1972), and Eisenberg et al. (1972) that this soli-
tary pattern represents the ancestral social condition for
primates. The sociality of these solitary primates is con-
sidered by these authors to reflect some basic tendencies
within the order, i.e., females are more aggregative than
males and males are relatively intolerant of one another
especially when access to adult females is at stake. If
we do accept the notion of the solitary pattern as basal
for the order it is important to note the behavioral changes
and specializations that have occurred in the other social
organizations, e.g. heightened female intolerance in pair-
bonded species in contrast to the greater development of
female cohesiveness in other types of social groups, and

increased male tolerance in multimale systems.



16
Pair-Bonded Species
The pair bonded pattern is found in the New World
among the Callithricidae, Callicebus, and Aotus. The 014
World primates exhibiting this organization include the

Hylobatidae, Indri, Avahi, Lemur mongoz (Sussman and

Tattersall, 1976) and Presbytis potenziani (Tilson and Tenza,

1976) . The social group typically consists of an édult
male and female pair and their immature offspring. Sﬁbadult
progeny may be excluded from the group by the parents
(Carpenter, 1940). As mentioned previously there is a con-
siderable degree of male-male and female-female intolerance.

Mason (1974, 1975) has indicated that in Callicebus moloch

attraction bwteen male and female is much greater than
attraction between members of the same sex. Hostility and
aggressiveness toward same-sex conspecifics may be directed
towards offspring once they reach the subadult stage, i.e.,
become sexually mature. Aldrich-Blake and Chivers (1973)
witnessed the increasing aggressiveness of an adult male
siamang towards his subadult son, ultimately forcing the

young Symphalangus to leave the group. He was later joined

by a young female who may have been expelled from her group
by her mother. . The frequent calls of expelled gibbons and

siamangs are considered by Aldrich-Blake and Chivers to be

attractants for the opposite sex, enabling lone inidviduals
to locate each other. New groups are frequently unstable.

In the case cited above a second female later joined the

pair, subsequently left, and then returned and left again.
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It is possible that a birth may be the required stimulus
for stability within the group.

New World pair-bonded primates exhibit a great deal
of paternal behavior. They regularly carry the infants and
transfer them back to the mother for nursing. Moynihan (1976)
reports that marmoset familites are quite cohesive, rarely
wandering out of easily communicable distance. Symphalangus
males are also extremely paternal, carrying the young and
assisting them over particularly difficult crossings
(Chivers, 1972). The degree to which other pair-bonded
males are paternal is still unclear. According to Eisenberg
éEvEl' 1972, the gibbons and Indri are not extremely paternal
and reliable data on Avahi and L. mongoz paternal behavior
is unavailable.

Although the reason for the correlation is not yet
fully understood, sexual dimorphism via é vis body size is
negligible among monogamous pairs. The low level of dimor-
phism may be related to the fact that both males and females
engage in visual and vocal displays, (duetting) directed
toward adjacent groups. These displays function not only
as territorial behaviors but may also solidify the pair bond
and protect the social integrity of the group (Ripley, 1967;
Tilson and Tenaza, 1976). Chivers (1972) and Aldrich-

Blake and Chivers (1973) also describe female hylobatids as
active in the leadership of the group.

The considerable degree of paternal behavior exhib=

ited by New World pair-bonded species, although not yet



18
confirmed in other pair-bonded males, has been attributed
to parental investment theory (Trivers, 1972). The sup-
position is that the male "realizes" that the offspring are
his genetic investment and acts to protect it. However,
before we accept this as a universal explanation of pair-
bonded species we should investigate other factors which may
contribute to this behavior pattern. For example, female
callithricids, (whose genetic investment is no less than the
male) exhibit early rejection of the young (Epple, 1975).
This may or may not lie in the fact that the female exhibits
a postpartum estrous. The endorcrinological and behavioral
changes of the postpartum female should be investigated to

help clarify the issue.

Unimale Species
A unimale group is composed of several adult females,
their immature offspring, subadult females and one adult
male. Among the primates exhibiting this social structure

are all the species of the genus Ceropithecus (except C.

aethiops), the closely related Erythrocebus patas, Presbytis

senex, the Dharwar Presbytis entellus, and the Colobus

guereza. All male bachelor bands and solitary males also
occur in these unimale species. Solitary males are appar-
ently more common among the forest dwelling than the open

country primates. Thus, solitary Cercopithecus are common-

ly reported (Struhsaker, 1969) whereas in contrast one finds

patas and langur males in bachelor bands (Hall, 1965).

Despite the occurrence of bachelor bands, male-male
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intolerance in bisexual groups of these species is typically
great as exemplifiéd by the work of Kummer (1974). E. patas
males which were placed in an arena as pairs immediately
fought and continued to fight until a winner emerged. The
dominant E. patas male relentlessly harassed and pursued the
subordinate until he was near death. The apparent lack of
a signal of submission in E. patas may partially account for
the intolerance and sustained harassment.

Although the E. patas male is aggressive toward other
males, he is not dominant over the females of his group.
Crook (1970) reports that Hall felt that "the initiative in
keeping a particular male in the group may come from .the
females." (p. 135) In fact the son of the highest ranking
female may succeed to leadership in the group by virtue of
his mother's dominance.

The role of E. patas male as described by Hall (1965)
is extremely periphearal. He shows little interest in his
offspring and does not demonstrate any overt paternal be-
havior. The females are aggregative and appear to férm the
main social group. They have a strong dominance hierarchy
and female coalitidns against the male are not uncommon.

The male's primary social role seems to involve staving off
forces that threaten the group. His reproductive role is
obvious.

Obviously the male-male, female-female and male-
female relations in the three organizational patterns de-

scribed so far vary considerably. They culminate in very
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different organizations and reflect basic differences in

behaviors related to attraction and repulsion of conspecifics.

Harem Species
The harem species are usually classified as unimale.
However, differences in the underlying social relations,
specifically the male-male interactions, indicate the need
for separate consideration (Kummer et al., 1970; Rowell, 1972).

As reported by Kummer (197la), Theropithecus gelada and Papio

hamadryas hama‘d‘ryasl are harem species and possibly M.

sphinx (Jouventin, 1975). A troop consists of many males,
females and progeny ranging from infancy through subadult-
hood. These troops are subdivided into harem units composed
of one adult male, several females and immature young.
Breeding occurs exclusively within these one male units.

In the case of the hamadryas baboon three levels of
organization exist within the herd. First, there are the
one male breeding units,_several of which are organized
into the second level, the band. The largest level of social
organization is the troop which is composed of several
bands. The baboons may forage as a harem, a band, or much
less commonly as a troop. In fact, the "troop" functions
as a sleeping aggregation while the harem and the band are

the units within which most social interaction occurs.

lAccording to E. Delson (personal communication) £five
major subspecies not species of Papio should be recognized.
They are Papio hamadryas hamadryas, P. h. ursinus, P. h.
anubis, P. h. papio, and P. h. cynocephalus (see Jolly and
Brett, 1973). 1In this paper Delson's classification is
recognized.
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The gelada troop does not exhibit the same three !
levels of social organization. The functional social units
are the harems and the troop. Hamadryas-like bands do not
exist although kinship clans, similar to those reported for

Macaca nemestrina (Rosenblum, 1971), are recognizable

(Gartlan, 1973). Kummer's field and laboratory work (1968,
1971b, 1973, 1974) suggest that the nature of male-male
aggression, attraction and cooperation in gelada arild hama-'.
dryas is significantly different from that of unimale species

(cf., Erythrocebus patas). For example, two gelada males

introduced into the same experimental situation as the two
previously described E. éggég males exhibit a very different
response. Initially, they also fight. However,'as soon as
a winner emerges, hostility ceases. The subordinate male
indicates his submission by presenting, the dominant male
responds by mounting, and affiliative behaV¥ior commences.
Afterwards, the males mutually groom, walk together and in-
terace peaceably.

Hamadryas males do not challenge each other over
females that are already "possessed" (Kummer, 1968, 1973).
In the wild young males without harems often attach them-
selves to a harem leader. This young male acts cooperative-
ly with the older adult male but does not engage in sex
with the latter's females. Another example of the inter-
active relations between males is that hamadryas males be-
longing to the same band act in concert against group threats
and in choosing daily routes. They recognize dominance

realtionships and respect, without challenge, the possession
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of females by subordinate males.

Hamadryas males, unlike patas males, show interest
in the young and are quite paternal towards both male and
female juveniles. A young hamadryas male may exhibit a
special interest in juvenile females whom he may "kidnap"
and care for as a foster parent until the females reach
sexual maturity; at which point they begin to mate. This
kidnapping behavior is the social mechanism by which new
harems are formed.

The males of the unimale species, when compared to
the males of the harem species, can be seen to differ great-
ly in the degree of affiliation, cooperation and tolerance
exhibited towards other males. They also differ signifi-
cantly in their relations with females and younger animals.
The differences in these social relationships are fundamen-
tal to the differences in the social organization of the
troops, and are manifest in and maintained by the differences
in the behavioral repertoires of the respective species.

The greatest (and in fact over-emphasized) similarity between
"~ unimale and harem species concerns the breeding exclusivity

of the adult males.

Multimale Species
. The multimale pattern is found among diverse species
of the New and 01d World. As the name implies multimale
species live in groups composed of many adult males, females
and immatures of all ages. Breeding is not the exclusive

right of one adult male. Dominance rank may or may not
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influence a male's ability to mate successfully (Rowell,
1974). 1In some species an estrous, and occasionally a
nonestrous female may form a consortship with a male for
several days. In others, the consortships may last several
hours or only minutes. Male-male relations are equally
variable within this category. In general, all multimale
species exhibit a greater degree of male-malie tolerance
and affiliation than do the males of the unimale and harem
species. However, the magnitude of the tolerance and the
quality of the male-male relations is the basis for subdi-

visions within this category.

1) General Multimale

In the general multimale system male-male relations
appear to be more integrated and relaxed. This is a general-
ization, however, and should not be taken tomean that all
general multimale species exhibit identical social relation-
ships. There is considerable variation evident in dominance,
mating, the effect of dominance on mating, male-female rela-
tions, and the relationship of adult males toward infants
and juveniles. Inter-specific comparisons of the genus
' Maéaca illustrate the variability possible within the frame-
work of the multimale system. PFor example, rhesus males
(g. muiatta) display minimal interest in infants and juve-
niles (Kaufman, 1967; Sade, 1965; Southwick gﬁ al., 1965)
whereas bonnet males (g. radiafa) frequently play with and
are paternal towards juveniles (Simonds, 1965). Maéacé

sylvanus represents an extreme in the amount of paternal care
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directed towards infants and juveniles, carrying young ani-
mals away from their mother, playing with them and encourag-
ing their locomotor skills (Burton, 1972; Crook, 1970).
The male involvement with infants and juveniles exhibited
by the barbary ape (M. sylvanus) is exceeded only by that of
males of pair-bonded species. The differences among macague
males in this social relationsip reflect organizational
differences and adaptations which are also manifest in the
relationships between males, males and females, and females
and females.

Mating behavior also varies from one macaque species
to another and throughout the multimale primates. Male and
female rhesus monkeys may form exclusive consortships that
last for several days (Carpenter, 1942). Bonnet macagues, on
the other hand, do not establish consort relations and mate
promiscuously (Simonds, 1965). Females may copulate with up
to seven males in one day. The formation of temporary male-
female consort relations is also seen among the forest-

dwelling multimale baboons the Papio "cynocephalus" group

(Rowell, 1966; Ransom and Rowell, 1972). However, the consort
relations differ somewhat from those seen in thg rhesus
macaque and, according to Ransom and Rowell, reflect a social
bond between the male and female that extends past the copu-
latory period.

The social relations between males and females also

vary from species to species. In general the macaques and

baboons exhibit a greater degree of male-female affiliation
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and integration than do the multimale Presb

groups (Jay, 1965; Ripley, 1967). In addition, langur males
exhibit little interest in infants. The females form a
cohesive subgroup in which interest in infants is very high
and babies are regularly passed around for inspection and

fondling. Presbytis entellus where it occurs as multimale,

is probably an age-graded as opposed to a general multimale
species (see below). However, g.'ehteiius is quite labile
and does not exhibit a species specific social structure.

A thorough discussion of the range of variability
among the multimale species is beyond the scope of this
paper. However, the examples cited illustrate some of the
differences that do exist and also indicate that social
organization cannot be considered solely on demographic

grounds.

2) Age-Graded Multimale Species

Age-graded multimale species exhibit less male-male
tolerance than do general multimale species and, as the name
implies dominance and age are correlaﬁed. Therefore, there
is usually a mature male functioning as troop leader, as may

be seen among the mountain gorillas (Pan gorilla) (Schaller,

1963) and'the pig-tailed macaques (M. nemeétrina) (Bernstein,
1969). There is of course variation among the age—graded
species and not all exhibit identical social relations.
Eisenberg et al. (1972) consider the male-male relations in
the age-graded system to be less integrated and more influ-

enced by dominance status. However, male-male tolerance

is greater than that of the unimale groups.
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3) Segregated Age-Graded Multimale Species

New World Saimiri sciureus represent a departure from the

multimale structures discussed so far. As reported by
Gautier-Hion (1971), Rowell (1973) and Baldwin (1968, 1971),
the males of these species are organized into a social heir-
archy that is based on age classes; however, no malé emerges
as the strong, dominant troop leader. Male-male tolerance
is moderately high but female-male tolerance is very low.
Social interactions between the sexes, other than mating
behaviors, are minimal. This social structure will be dis-
cussed in greater detail in thesection on Séimiri.

A variation and possible subdivision of the segre-
grated, age~graded multimale system is represented by the

social organizations of Lemur catta and Propithecus verreauxi

(Jolly, 1966). They do not associate in a sexually-segre-
gated structure which is exactly like that of the talapoins
or squirrel monkeys; however, there are similar organiza-
tional features. These strepsirhine groups are organized
around a female matriarchy and the males may be considered
subordinate to the females. Thus, the male~female inter-
actions and relations appear to be closer to the.segregated
system than to the other types of social groups. It should
be noted that Richard (1974) has indicated that the sexual
composition of P. verreauxi groups is more variable than

originally seen by Jolly (1966). However, the dominance of

the females was confirmed.
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Each organizational category represents a unique con-
figuration of social relations that form the foundation
and cement for differences in mating and rearing strategies.
The behavioral repertoires of the species, especially the
differences in behavior which are related to the attraction
and repulsion of conspecifics, are in turn the building
blocks of the social relations we see as varying throughout
the order. The existence of different social roles has been
related by Gartlan (1968), Rowell (1972) and Crook et al.
(1976) to ecological variables. Various ecological condi-

tions place specific functional demands on the group.

Ecological Influences on Social Organization

It is argued that the environment in which a species
lives influences the type of social organization exhibitéd
by exerting specific functional demands on the group. The
nature of the myriad of ecological and social relationships
is extremely complex and efforts to correlate the pertinent
variables have been extensive (Clutton-Brock, 1974; Gartlan,
1968; Struhsaker, 1969, 1975; Crook and Gartlan, 1966; Eisen-
berg et al., 1972). The following discussion represents an
extremely brief review of the most salient ecological in-
fluences on primate social groups. It is by no means de-~
finitive or exhaustive, but rather illustrative of the com-
plexity of the issue. Crook and Gartlan, 1ln 1966, outlined
broad ecological zones and correlated these zones with types
of social structures. In 1972, Eisenberg et al. revised

this approach. Both attempts relied on defining
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environmental variables in terms of general habitats, and-
trophic preferences e.g., that of forest-dwelling frugivore.
This approach met with some criticism (Aldrich-Blake, 1970;
Clutton-Brock, 1974; Moynihan, 1973; Struhsaker, 1969);
The. core of the criticism is indicated by the following
quotation:

What features of social organization consistently cor-

relate with the rain forest habitat? Our studies in the

Kibale Forest and elsewhere show that there are few

correlations (Struhsaker,1975).
The problems lie in the difficulties inherent in generaliz-
ing. Species do not simply adapt to a broad ecological zone,
rather they adapt to a niche within the larger habitat.
This view is supported by Kummer's (1971) contention that
social organizations can not be considered as "simple cor-
relates of simple classes of habitats." This statement does
not negate the influence of the environment on social organ-
ization, rather it is indicative of the multifaceted nature
of the relationship. (Ripiey 1970).

The complexity of this issue is indicated in Table 1,

which is a modification of the classification presented
by Eisenberg et al. in that the harem species are listed
separately (1972). In support of the preceding statements,
one can see that the arboreal forest-dwelling frugivores
live as age-graded multimale groups (cf., Ateleé, Klein and

Klein, 1975), as unimale groups {(cf., Cercopithecus ssp,

Strunsaker, 1969), and as monogamous pairs (cf., Hylobates,
Chivers, 1972). Folivorous species are equally variable.

Presbytis entellus lives as age-graded multimale or unimale
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Distribution of Social Organizations and General Feeding

Ecologies for Seléected Species (modified from Eisenberg

et al., 1972).

PATR~BONDED

UNIMALE

Insectivore~-frugivore
Lemuridae:
Cheirogaleus major

Lorisidae:

- Loris tardigradus:
Galago demidovii
Perodicticus potto

Folivore

Lemuridae:
Lepilemur mustelinus

Frugivore-Insectivore

Callithricidae:
" 'Callithrix jdcchus

Saguinus oedipus

Cebidae:
Acotus trivirgatus
Callicebus moloch

Folivore-frugivore
Indriidae:’
Indri indri
. Hylobatidae:
Hylcbates lar

Folivore-arboreal

Colobinae:
Colobus guereza
Presbytis entellus
Presbytis senex

Frugivore~arboreal

Cercopithecidae:

Cercopithecus .
(ssp except C._aethiops)

omnivore-terrestrial

Cercopithecidae:
Erythrocebus patas

Symphalangus- syndactylus

. HAREM MULTIMALE AGE~-GRADED MULTIMALE
Omnivore-terrestrial Frugivore-amivore- Folivore-arboreal
semi-terrestrial
Papionini: Colcbinae:
Papio hamadryas hamadryas . Cercopithecini: Presbytis entellus
Theropithecus '. C. aethiops
gelada Cebidae:
Papionini: Alouatta palliata
Macaca mulatta
Macaca radiata Frugivore-arboreal
Macaca sylvanus
P..h. anubis Ceboidea:
P. h. ursinus Ateles geoffroyi
P. h. cynocephalus Saimiri sciureus
Pongidae: Cercopithecidae:
Pan troglodytes Miopithecus taloapin
Folivore-~arboreal Folivore-frugivore-terr.
Colobinae: Pongidae:

Colobus badius

Pan gorilla
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depending upon the aridity of the environment (Jay, 1965;

Ripley, 1967; Yoshiba, 1968). 'Presbypis'senex and Colobus

guereza are unimale; Colobus badius is multimale; and Alouatta

is age-graded multimale (Clutton-Brock, 1975; Struhsaker,
1975; Eisenberg et al., 1972).

A broad adaptive zone (e.g. rainforest) consists of
many niches, each of which encompasses different combinations
of ecological variables. Several ecological variables are
outstanding in terms of the degree of impact and constraint
they have upon social organization: (1) density of resources,
(2) seasonal fluctuation of resources, (3) spatial distribu-
tion of resources, and (4) extent of predation. These vary
across zones, e.g., scrub savanna is generally less bounti-
ful than a forest environment. Therefore, savanna demands
are usually different than those of the forest. As mentioned
above, niches within zones combine these variables in any
number of ways.

Some generalizations are possible. For example,
species that live in arid country, usually have a much lower
biomass than species living in moist environments. Thus
patas monkeys and hamadryas baboons have a population density
of 0.6 animals/km2 and 2.0 animals/km2 respectively whereas
forest-dwelling baboons in Uganda exhibit a density of 11.0
animals/km2 (Jolly, 1972). The availability of resources
appears to be a limiting factor:ifor the respective popula-
tions. The reduction of population density in response to
harsher environments can also be demonstrated by comparing

savanna chimpanzees with their forest-dwelling counterparts,
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1.0 animal/km2 as compared to 7.0 animals/km2 (Jolly, 1972).
A decrease in the population density of a species can occur
through an increase in the size of its range or by a reduc-
tion in the size of its groups or thrdugh a combination of
the two. Whether a species exhibits one alternative or the
other depends upon the other ecological pressures present
in the environment. Reduction of group size can also be
accomplished in more than one way, e.g., a large multimale
group can become a unimale group. Again, the other ecolog-
gical variables at work in the habitat influence the alter-
native.

The field work of Clutton-Brock (1974) on Colobus

badius and Colobus guereza illustrates the relationship be-

tween diet, resource distribution and social structure. C.
badius lives in large multimale groups which have an ex-
tensive home range. C. quereza, on the other hand, lives

in small unimale groups with a small home range. Both are
arboreal, forest-dwelling folivores, yet ecologically they
are quite different. Although a folivoare, C. badius does
not eat mature leaves. Its feeding is selective (e.g. buds
and shoots) and the food is available seasonally in different
areas of the home range. This selectivity in diet necessi-
tates the location of the sources of unevenly distributed
foods. In contrast, C. quereza eats more mature leaves
which are a more evenly distributed, less scattered resource,
and therefore, easier to locate. According to Clutton-:
Brock the dietary difference between these two species,

with the concommitant difference in resource density and
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distribution, results in the vastly different social struc-
tures exhibited by both. A diet which is dependent on
clumped, unstable food sources requires a large home range
in order to incorporate enough resources, and also a large
group to spread out and help locate them (Ripley 1970).
Conversely, evenly distributed resources enable a group to
be smaller since the location of food is less difficult.
Thus, the home range does not have to encompass as much
territory.

Although the basic premise concerning food distri-
bution and social organization requires further investigation,
it appears to be applicable to other primate species. The
need to respond to seasonal fluctuation of scattered and
clumped resources via group enlargement and/or spreading out
of the troop members over a larger foraging area occurs

among Cercopithecus mitis (Aldrich-Blake, 1970), Pan trog-

lodytes (Sugiyama, 1973; Reynolds and Reynolds, 1965), and
Ateles (Klein and Klein, 1975). Subgroup foraging is also
seen among P. h.hamadryas and P. h. anubis in response to harsh
conditions and scattered resources (Nagel, 1973; Kummer,
1974) . It appears that some diets and habitats are best
exploited by a number of communicating individuals spread

out over a larger area, and in some cases (e.g. Ateles)
exhibiting a fission-fussion system. Struhsaker (1975)
indicates that the more "opportunistic" the diet (in the sense
of omnivory) the larger the range and the more benefit
accured by a spreading out of the group. Klein and Klein

(1975) and Gautier-Hion (1973) have extended this view, of
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increasing foraging efficiency by increasing the number of

animals foraging, to the:highly insectivorous Saimiri sciureus

and Miopithecus talapoin, These authors report that the

large group size and what might be considered "patterned"
commotion of these animals serves to flush out insects and
make them easier prey.

Thus, one can see that the impact of resource dis-
tribution on a species as with the impact of resource den-
sity is not a straightforward problem with a straightfor-
ward solution. We see that being multimale as opposed to
unimale (C. badius as compared to C. guereza) is one response
to resource availability. Daily subgroup foraging as a
unimaleig;ly'ggggy-and as a harem system (P, h. hamadryas)
are alternate adaptations to clumped resources. It appears
that the response is influenced by other critical con-
straints, which may be ecological, phylogenetic and/or phy-
siological.' Each spécies brings its own evolutionary
history to-an environment. The systemicinature of social:
organization allows adjustments to be made on many levels,
in the various subsystems.

In addition to the density, seasonal fluctuation and
spatial distribution of resources, the last variable to be
considered here is the influence of predation on social
organization. In monkeys protection form predation often
takes the form of safety in numbers. The large multimale
groups common to savanna and open country speciés are often

viewed as a primary adaptation to predation in these
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environments (Hall, 1968). It is reasoned that large males
can collectively ward off even formidable predators. It is
also less likely that an animal in a large group will be
taken by surprise. The spatial relations within these
large group also lessen the chances that females, especially
those with infants, and juveniles will become victims.
Arboreal primates, on the other hand, live in trees where
the cover provided by dense foliage lessens the likelihood
of predation from felids and canids. Therefore, the need
for large aggregations with protective males is lessened.
Predatory snakes and birds do present a threat to forest-
dwelling species but evasive action in the ‘foliage is rea-
sonably successful as an anti-predator device. The existence
of solitary males in forest habitats arid bachelor bands in
open terrestrial environments emphasized the different
selective pressures from predation in these two environments.

One must recognize these ecological variables as
multidirectional forces of differing magnitudes working to
produce a resultant vector; that vector is social organiza-
tion. In order to understand the interface between ecology
and social organization, it must be viewed in evolutionary
terms. Thus, any organism is expected to be social only insofar
as some benefit is gained by living with conspecifics. 1In
an evolutionary sense the benefit involves reproductive
advantages and the enhancement of offspring survival. The
efficient exploitation of resources and the successful avoid-

ance of predators ard not ends unto themselves, rather
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they are means to an end. The social organization that func-
tdons to provide the most successful environmental exploita-
tion for a particular species may also be limited by another
set of constraints imposed by developmental, physiological
and reproductive parameters. Thus, another important evolu-
tionary consideration in the understanding of social organiza-~

tion involves the influence of phylogeny.

The Influence of Phylogeny on Social Organization

Ethologists recognize the fact that phylogeny influences
social behavior and organization among primates. Concordance
between morphological and behavioral phylogeny is not an un-
common phenomenon in the animal kingdom. Although this rela-
tion ship has been extensively studied in birds and insects
(Moynihan, 1962; Tinbergen, 1969; Delacour and Mayr, 1945),
it has been given considerably less attention in primate
species. Structural phylogenies based on shared homologous
morphological characteristics, especially those that are
derived, imply a common evolutionary history. We may
postulate that behavioral phylogenies may also represent a
common evolutionary history. However, the nature of the rela-
tionship between behavior and evolution is complex. As
indicated by Mayr (1974), in order to understand this rela-
tionship we must inﬁestigate the impact of evolution on
behavior and the impact of behavior on evolution. Incorporated
into evolutionary theory is the concept that certain behavioral

changes such as shifts in habitat, diet, etc. may often precede
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the morphological characters we may currently perceive as
adaptive to a particular niche. Such changes bring about new
selective pressures, the results of which are new adaptations,
i.e., complexes of characters that amplify and extend the
initial change (Mayr, 1958,.1974). According to Mayr: -

A shift into a new niche or adaptive zone is, almost

without exception, initiated by a change in behavior.

The adaptations to the new niche, particularly the

structural ones, are acquired secondarily. (1963, p. 604)

We may postulate that behavicr responds to the process
of evolution in a manner similar to that of structural charac-
teristics. Therefore, the radiation of a lineage into a new
adaptive zone is not only followed by morphological adapta~-
tion but by social adaptations as well. These behavioral
changes are equally as important to survival as are morpho-
logical ones, and may also become incorporated into the
phylogenetic heritage. In practical terms the impact of
phylogeny on social organization within any particular group
can only be understood if the phylogenetic relationships
within the group are clearly determined.
The 0ld World Cercopithecidae may serve as an

example of how the relationship between phylogeny and social
structure can be analyzed and understood, if the two pre-
requisites mentioned above are fulfilled, The family Cer-
copithecidae is divided into two subfamilies, the Colobinae
and Cercopithecinae (Delson, 1975; Simons, 1972; Napier and
Napier, 1967). The Cercopithecinae has been further divided

into two tribes, the Cercopithecini and the Papionini
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(Delson, 1975; Delson and Andrews, 1975), The contrast
between these two tribes will serve as an illustration.

The phylogenetic distribution of social organiza-
toinfor the Cercopithecinae is presented in Table II. The chart
indicated that nhone - of -ithe ' subspecies of the tribe Papionini
are unimale. A profile of the tribe indicates that all its
member genera live in groups with more than one adult male.

All Papio subspecies, except P. hamadryas hamadryas

exhibit the true multimale social structure. They are distri-
buted throughout Africa living in savanna and forest where
they are primarily terrestrial. In spite of the variation

in group size, manifestations of the dominance hierarchy,

and the readiness of animals to change groups, seen in the
different environments, the species of Papio remain multimale
throughout their range (Rowell, 1972; Ransom and Rowell, 1972).

The previous discussion in the section on Harem Species

clearly indicates the inclusion of the P. h. hamadryas and T.
gelada harem structures as variants of the multimale pattern.
The degree of cooperation and tolerance among males of the
harem system indicates to this investigator that the social
mechanisms are closer to multimale and age-graded systems
than to the unimale system. Thus, all baboons including

P. h. hamadryas and T. gelada exhibit a variation of a
more-than-one-adult-male structure, living as either generaal

multimale or harem.
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Table IT: Phylogenetic distribution of social organizations among Cerco!ithecinae.

Tribe Unimale _ Harem

‘ _MJ.:lltinale _ Age—-Graded

CERCOPITHECINI = Cercopithecus ssp

Cercopithecus M:Loplthecus talapoin

(except C. aethiops) aethiops
Erythrocebus patas
PAPTONINI ' Papio hamadryas hamadryas Papio ssp
| ' THeropithecus ‘gelada Macaca ssp.
Cercocebus

V]

[2V)

Mandrillus ssp
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All 12 species of the genus Macaca also live in
multimale or age-graded groups. They are distributed
throughout Asia and extend into north Africa (Morocco).
The success of this genus can be seen in the range of environ-
ments they inhabit (e.g., tropical rainforest, temperate
forest, savanna and scrub) where they ehibit varying degrees
of arboreality and terrestriality. All macaques, as with the
baboons, do not exhibit identical social structures; there
is variability related to environmental differences. However,
as in the case of the baboons, the variability within the
genus Macaca is expressed within the context of a multimale
group.
Cercocebus and Mandrillus are the only genera of the
Papionini to inhabit African tropical rainforest. They
have not been studied as extensively as macaques and baboons
and thus their behavior is not as clearly delineated..

However, we do know that Cercocebus albigena is primarily

arboreal while C. torquatus is semi-terrestrial. Both species

are reported to live inmultimale groups (Chalmers, 1968; Struhsaker,
1969; Jones and Sabatier Pi, 1968). Semi-terrestrial

Mandrillus is consistently reported to live in groups with

more than one adult male (Gartlan, 1970; Sabatier Pi, 1972;
Struhsaker, 1969; Jouventin, 1975) but there is some dis-

crepancy as to whether they are true multimale, age-graded or

harem. So again we see that Papionini genera live in groups

with more than one adult male.
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The behavioral affinities of Papionini species extend
beyond demographic consideration. Observations in the field
and comparative laboratory investigations have indicated that
many aspects of their behavioral repertoires are related and
in fact occur within the same contexts (Chalmers, 1970; Rowell,
1966; Chalmers and Rowell, 1971; Rosenblum et al., 1964).
Social organizations are composed of configurations of social
relatidnships. These relationships are expressed, maintained
and regulated by behaviors related to the attraction and
repulsion of individuals. The behavioral units shared by
members of the Papionini probably reflect a common heritage
affecting social relations and consequently social organization.

The géneral tendency within the Papionini is toward
living in open habitat with only a minority of species living

in dense forest (e.g., M. nemestrina, Mandrillus and Cercocebus.)

In conjunction there is a strong tendency toward exhibiting
some form of multimale social system. These trends are in
sharp contrast to the Cercopithecini species whose phylo-

genetic heritage reflects another direction. All Cercopithecus

species (except C. aethiops) are arboreal, forest-dwelling and
unimale. C. aethiops is the only savanna dweller of this
genus and is also the multimale form.

The other noteworthy exception to the unimale ten-

dency of the Cercopithecini is Miopithecus talapoin. This

species lives in age-graded multimale troops and is exceptional

in many traits: its size, its diet (highly insectivorous for
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a cercopithecoid monkey), and thé possession of female sexual
swellings (Gautier-Hion, 1971; Hill, 1966; Rowell, 1973). 1In
many respects the talapoin monkey is convergent with Saimiri,
both ecologically and socially as will be discussed in greater
detail later.

The preceding discussion concerning ecological
correlates of social organization established the concordance
between terrestrial savanna life and large multimale troops.
These groups afford protection from predation and more
efficient foraging for scattered resources and omnivorous
diets. Thus, the multimale troops of Papio and the open
country macaque species (e.g., M. mulatta and M. radiata)
are easily understood. The harem group structure of P. h.
hamadryas is also easily understood as the coupling of the
ecological pressures of savanna life toward multimale groups
with very limited resources that necessitate a flexible
foraging biomass, i.e., a fission-fusion system in response
to prevailing conditions. This system is also noted in
P. h. anubis of the Awash region of Ethiopia where these
baboons break up into harem-size foraging parties (Nagel, 1973).

E. patas follows the Cercopithecini unimale trend
yet lives in an environment that should, according to the
present discussion, select for multimale groups. It is
admittedly difficult to account for E. patas. Morphologically
this species is well adapted to terrestriality and so cannot

be a very recent arrival to the savanna. However, it may be
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passible that competition between it and the multimale Papio
precluded selection toward multimale groups of E. patas.
Instead of adapting to the savanna as multimale the patas
monkey developed male diversionary and patrol behavior.

This is, of course, speculative.

It is also difficult to explain the social organiza-
tions of the multimale species of the Papionini that do not
live in open habitats. As noted by Struhsaker (1969)
the multimale groups of Cercocebus and Mandrillus can not be
accounted for on ecological grounds since they do not differ

significantly enough from their Cercopithecus neighbors.

An influence of phylogeny may also occur in those macaques,

such as the pig-tailed monkey, that live in dense tropical
rainforest since they like other Papionini have a multimale
structure. Attributing phylogeny with a principai role in

the determination of social organization is not a negation

of environmental influence, but rather invokes ecological
causation on another level.

The evolutionary history of the Papionini includes semi-

terrestrial adaptations as far back as the Miocene (Delson,
1975; Simons, 1972). According to Delson the two morphs of

the fossil Victoriapithecus indicate a middle Miocene split

between the Colobinae and the Cercopithecinae. The cerco-
pithecine evidence indicates the beginnings of semi-terres-
trial adaptations. Perhaps in the late Miocene (10-12

million years ago) there was another split involving the
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cercopithecines. This second split resulted in the tribes
Papionini and Cercopithecini (Delson, 1975). It appears that
the Papionini continued to exploit the terrestrial adapta-
tions whereas the Cercopithecini returned to the forest and
arboreality. Papionini fossils from the Late Miocene, Plio-
cene and Pleistocene, including specimens referred to Macaca,

Papio, and Theropithecus document the continuing evolution

of this group as terrestrial (Delson, 1975; Simons, 1972).
The similar social organizations of species of the Papionini
may be the result of this long evolutionary history and
radiation in terrestrial environments resulting in specific
demands and constraints on their social structure.

The Cercopithecini do not have a phylogenetic
history involving millions of years of terrestrial adaptation.
Their radiation occurred in the forest where selective
pressures.were different from those in the savanna and these
pressures were probably not in the direction of multi-male

groups. Consequently, Cercopithecus monkeys are unimale. The

arguments put forth by Gartlan (1958) and Crook et al. (1976)
suggest that the association of males with females must be
considered in terms of functional roles filled by the males
vis a vis ecological demands and the long range benefit
provided to the offspring. It would seem that generally
speaking the niches within the African forest occupied by

Cercopithecus do not select for multimale systems. The only

multimale species of this genus is the already mentioned

C. aethiops whose savanna habitat selects for multimale groups.



44

The comparison of these two tribes indicates that the
social adaptation of any given species may be significantly
influenced by its phylogeny. As Kummer has suggested:

Cultural developments, like other modifications, are
restricted by the phylogenetic heritage of the species...
(Kummer, 1971, p. 90).
It does seem that within any group there exists the possibility
that part or all of their radiation involved certain critical
pressures that exercised as much long range influence on
their behavior as on their morphology.

Phylogenetic relationships imply structural similari-
ties. Phylogenies are inferred from presumed shared derived
homologous morphological characteristics. In turn, these
phylogenetic structural similarities are based upon genetic
affinities resulting from a common evolutionary history.

The preceding discussion of Cercopithecinae supports the

claim of many authors that phylogeny influences the expression
of social organization. Implicit in the acknowledgment of a
connection between phylogeny and social structure are

several theoretical concepts concerning behavior: (1) that
behavior evolves, (2) that if behavior evolves, it is subject
to evolutionary principles, and (3) if the shared behavioral
and organizational similarities are due to phylogenetic

causes, there must be some genetic base, i.e., behavioral-
genetic affinities resulting from a common evolutionary history.

Evolutionaky theory as:.currently understood does not

conceive of alternate mechanisms of 'descent with modification'
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vis E vis behavior and therefore in the words of Mayr:

If the evolution of behavior proceeds like the evolution
of structural or molecular characters, then, according

to the Darwinian interpretation, it must have two charac-
teristics. First, in order to be able to respond to
selection pressures, such behavior must at least in part
have a genetic basis, and secondly, the genetic basis must
be somewhat variable, that is, it must be able to supply
the material on which natural selection can act.

(Mayr, 1974, p. 653.)

Genetics and Behavior

Mayr's logic is persuasive. It is difficult to
imagine that the rules of evolution have been suspended for
behavior; and indeed the investigation of invertebrate organisms
has revealed a great deal of genetic substrate to behavior
(Hirsch, 1967). However, the genetic constituents of cricket -
songs and the cell cleaning behavior of bees are of a differ-
ent order of magnitude from social interaction among primates.
Again, we may turn to Mayr (1974) to help clarify the issue.
It may be said that there are two types of genetic programs,
open and closed. According to Mayr:

A genetic program which does not allow appreciable modifi-
cations during the process of translation into the
phenotype I call a closed program - closed because nothing
can be inserted in it through experience. Such closed
programs are widespread among the so-called lower animals.
A genetic program which allows for additional input

during the lifespan of its owner I callan open program.
(Mayxr, 1974, p. 651.)

The reality of closed and open genetic programs is not as
dichotomous as the terminology implies. No programs are
totally open or totally closed. As indicated by Mayr (1974),

"an open program is by no means a tabula rasa." The degree
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to which a program is open or closed depends on the selective
pressures in the evolutionary history of the organism. In
order for an open program to have a selective advantage, the
organism possessing the trait must have enough cortical area
to incorporate and store learned information and a long enough
life -span to obtain the information and utilize it. Particu-
larly important is the length of the period of parental care.
The longer the time spent at 'the mother's knee', the more
information that can be exchanged.

The anthropoid primates possess several characteristics
which are prerequisites for an open genetic program, including
a relatively long life span, an extended infancy and juvenile
period and an expanded neocortical area. The preceding
discussion on phylbgeny and Mayr's view of behavioral evolution
indicate that the program can not be totally open and that
there must be some genetic substrate to behavior. For example,
an infant monkey's recognition of its own species has been
demonstrated to be an innate behavior, present even without
the benefit of a social environment (Sackett, 1973). However,
it is dQifficult to imagine the mechanisms by which the more
complex behavior patterns of primates could be encoded.

It is useful to remember that the encoded behavior
pattern is never a direct product of the chemistry of the
genome. In between the genome and the manifestation of the
behavior are many processes including RNA transcription,

protein synthesis and translation by the nervous system.
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Thus, there is room for the experiential information gained by
the organism to be inserted intoithe nervous system's
translation of the genetic program. Innate behaviors are
therefore modifiable and amplifiable via socialization, and
therefore no longer 'innate'. Thus we have a semantic rather

than a biological problem.

Hormones and Behavior

It has long been recognized that one step in the
translation process of a behavioral-genetic program resides
in the influence hormones exert on behavior. Recent studies
concerning the mechanism of hormone action have indicated
that steroids act by directly influencing gene expression
(Turner, 1976; Thompson and Limppman, 1974). The action of
steroids upon the genome has been shown to involve mRNA
transcription and the availability of certain genes for
transcription. Although the exact mechanisms of steroid
action are still being delineated the influence of steroid
hormones on behavior has been demonstrated by many investiga-
tions of primate behavior (e.g., Goy and Phoenix, 1972;

Rose et al., 1974).

The relationship between hormones and behavior and
the manner in which hormones exert an influence on behavior
can be seen to be a two dimensional process. The action of
hormones on the brain in fetal or neonatal life is inductive

and in adult life is either excitatory or inhibitory. As
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indicated by Beach:

Hormones are capable of influencing behavior in two
distinctly different ways. Effects belonging in one
category are usually referred to as 'organizational'

or 'developmental'. These effects characteristically
are exerted during prenatal life or very shortly

after birth., A more familiar type of effect is that
known as 'activational' or 'concurrent'. Such

effects take place more or less at the time the behavior
is manifested. (Beach, 1974, p. 7.)

Beach further clarifies the relationship between hormones
and behavior by indicating the manner in which behavior can
be affected:
One can think of at least three ways in which a hormone
could influence the occurrence of a given type of
behavior. (1) It could alter effector structures,
thus increasing or decreasing the ability to perform
certain responses. (2) It could control sensory
or perceptual mechanisms in such a way as to modify
the reception of environmental stimuli. (3) It could
induce changes in central neural mechanisms responsible
for interpretation of incoming information and/or
organization of overt patterns of response. (Beach,
19741 p- 7-)

Male and female mammals do not possess the same
‘behavior patterns. There are differences not only in adult
life but also very early in the ontogeny of the individual.
It is difficult to imagine that the distinctive behavior
patterns of males and females are the result of mutually
exclusive genetic or socialization processes. Rather, the
two must go hand in hand, with certain predispositions
created by the genes being subsequently modified by social
forces. The conceptual framework provided by Beach addresses

itself directly to the problem of understanding behavioral

differences between the sexes as partially a ramification of
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the hormonal differences between the sexes.

The sexual differentiation of a mammalian fetus is a
hormonally-controlled process. The androgen produced by the
fetal testes not only causes the development of male genitalia
from a neuter anlagen but also has an organizing effect on
the Aifferentiation of neural tissue (Beach, 1974; Resko,
1971). The importance of fetal androgen to the subsequent
appearance of male behavior in the adult has been demon-
strated in rodents and in the rhesus monkey. Normative
observations on isolate reared infant rhesus monkeys
indicates that innate differences between the sexes exist
(Rosenblum, 1961). In addition, experiments involving
the manipulation of thé hormonal environment of the fetus,
have indicated that behavior in later life can be altered
(Goy, 1968; Ward, 1972).

In 1961, Rosenblum demonstrated that the behaviors
of surrogate-reared male and female rhesus monkey infants
were significantly different, especially regarding play
patterns. These results were corroborated by Goy (1968)
who found that the frequency of threat, play initiation, rough
and tumble play and chase play was significantly higher for
males than females. In order to determine if the prenatal
androgen of the males was the significant factor, pregnant
rhesus females were injected with testosterone during the
critical differentiation period, thereby masculinizing the

female fetuses (Goy, 1968; Goy and Phoenix, 1972). The
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behavior of the masculinized females was significantly affected
by the exposure to androgen. Their play patterns, play scores
and mounting frequencies were significantly shifted in the
male direction.

The influence of testosterone on behavior has been
further indicated by Ward (1972). Cyproterone acetate is an
anti-androgen. When it is injected into pregnant rats it
blocks the action of testosterone on male pups. These pups
later exhibit significant feminization of their adult sexual
behavior patterns. In addition to influencing play and sexual
behavior, testosterone in adults has also been implicated in
the mediation of aggression (Bernstein et al., 1974; Rose
et al., 1974). These data have indicated that the hormone-
behavior relationship can be a reciprocal one: the expression
of behavior may be influenced by the endogenous hormone
titers and conversely, certain behaviors can influence the
circulating levels of hormones.

Thus, there is a great deal of data indicating that
hormones influence behavior, both prenatally and postnatally.
These influences may be one of the mechanisms for providing
complex behavior patterns with a genetic substrate that is
open to socializing forces. However, in order to understand
how hormones, by affecting the behavior of an individual,
can affect social organization we must understand the

relationship of the individual to the social organization.
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In order to understand social organization, one must
resolve the structure into its constituent parts (Hinde and
Stevenson-Hinde, 1976). Social structure is a system com-
prised of relationships between individuals. In fact, mem-
bers of a social group participate in relationships and not
in the social structure per se. These relationships connote
various degrees of attraction and avoidance and are the
accumulation of numerous interactions or lack of inter-
actions over time. The behavioral repertoire of the indivi-
dual determines the interaction. Thus, hormones that affect
the behavior of the individual also affect the interactions
of the individual with conspecifics. The interactions
affect the relationships and thus the social structure is
also affected. Therefore, it is critical to view social
structure in terms of very discrete behavioral units K that
if altered also alter the social organization.

An example of the relationship between behavioral
units and social organization may be seen in the work of
Nagel (1973) on hybrid baboons. A hybrid male from a P.

h. anubis and P. h. hamadryas mating does not appear to
have the complete behavioral repertoire of a pure-bred'
hamadryas male even though living in a hamadryas troop.
The female herding techniques of the hybrid males are
incomplete or insufficient and therefore the relationship
between the male and his females is considerably different

from the relationship between a full hamadryas male and his



32

females. This deficit in the behavioral repertoire influences
the hybrid male's relationships with his females and causes
the harem to be unstable. In this example, we can see how
an altered behavioral unit can affect more than the indivi-
dual possessing it, influencing the social structure via
altering interactions which affect relationships. The
research to be presented on Saimiri was undertaken to inves-
tigate these interrelationships.

It is for this reason that the research on Saimiri
was undertaken. The research to be presented represents
an investigation of hormonal influence on the behavior of
squirrel monkeys and of how that influence affects Saimiri
social organization. In the following section Saimiri
social organization will be discussed, especially in relation

to its reproductive cycle.



CHAPTER .THREE

THE SQUIRREL MONKEY

The Squirrel Monkey

Taxonomy. and Ecology

Saimiri sciureus, commonly referred to as the squirrel

monkey, is a haplorhine primate of the family Cebidae (Napier
and Napier, 1967). The squirrel monkey is the most widely
distributed diurnal New World primate, spanning the South
American continent from Peru to the Guyanas and ranging
north through Colombia into the Central American countries,
Panama and Costa Rica (Thorington, 1968; Baldwin and Baldwin,
1971; Napier and Napier, 1967). Napier and Napier (1967)
classify Saimiri into two species, the South American
S. sciureus and the Central American S. oerstedi. However,
recent investigations have indicated that probably only one
species but several subspecies of Saimiri exist. In this
paper only one species is recognized. Pending definitive
classification geographical origin will have to substitute
for subspecific assignments.

The pelage of Saimiri varies geographically and
specimens from Peru, Colombia, Brazil, Bolivia and Guyana
are easily distinguishable by their markings, especially on

the face, head and forearms. All are a mixture of black,

53
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white, and yellow-orange, often giving the animal an olive
hue. Central American Saimiri is known as the red-backed
squirrel monkey and its bright orange coloring is quite
distinctive.

As indicated above, recent karyological data suggest
that the two species classification of Saimiri is in need of
revision (Jones et al., 1973, 1975). Examination of specimens
from the major exporting regions of Iquitos, Peru; Leticia,
Colombia; and Georgetown, Guyana, as well as specimens from
Costa Rica and Panama, reveals three distinct karyotypes.

All monkeys possess a diploid number of 44 chromosomes but
vary in the number of submetacentric chromosomes. Animals
from Costa Rica, Panama, Bolivia, and Peru comprise one
karyological type containing 22 submetacentric chromosomes.
Saimiri from Leticia possess 20 submetacentrics and those
from Guyana have 18. Jones et al. (1973) examined the hybrid
offspring of parents from Iquitos and Leticia and found the
number of submetacentrics to be 21. Baldwin and Baldwin
(1976) and Jones et al. (1973, 1975) favor the recognition of
geographically distinct subspecies of the sciureus species as
opposed to recognition of oerstedi on the specific level.

Personal observations indicate that Saimiri from
Leticia and Iquitos will inter-breed in captivity and readily
interact in mixed social groups. Although socially compatible
they differ in temperament. Brazilian squirrel monkeys are

considerably more vocal and hyperactive than Peruvian monkeys
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in captivity.

Saimiri are relatively small-bodied for diurnal
primates. The body weight of normal adult males in the
laboratory ranges between 750 to 1400 g and adult female
weights range from 600 to 900 g. Within this range Brazilian
male and female Saimiri and Bolivian squirrel monkey males
tend to be somewhat larger than their counterparts from other
areas, which againreflects the subspecific variation.

Saimiri, like all South American primates, is
arboreal, although several farmers in the Llanos of Colombia
claim that the monkeys periodically descend to the ground
to raid maize fields (personal communication, 1975). Baldwin
and Baldwin (1972) reported that during the dry season in
Panama when food was scarce, Saimiri would occasionally forage
on the ground. However, these forays were usually less than
a minute long and the monkeys always returned to the trees
to eat the food they had obtained. Squirrel monkeys are
extremely agile. Their basic mode of locomotion is guad-
rupedal running and leaping (personal observations; Napier
and Napier, 1967; Rose, 1973).

Their extensive range includes varied habitats and
they can be found in tropical rainforest, inundated forest,
gallery forest and on forest edges (Thorington, 1968; Baldwin
and Baldwin, 1972; Napier and Napier, 1967). Saimiri generally
remain in the middle and lower cangpy but have also been

observed in the emergents. They are usually found sympatric
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with Cebus, Alouatta and Aotus, and less frequently with

Callicebus (Thorington, 1968). The diet of the squirrel
monkey consists primarily of insects and fruit but also
includes flowers, buds, and shoots in smaller quantities
(Fooden, 1964; Thorington, 1968; Baldwin and Baldwin, 1971).
The water requirements of Saimiri are high, and captive ani-
mals can easily succomb to dehydration. This is especially
true for pregnant females (Clewe, 1969). During the last
trimester of pregnancy and during early lactation, daily
water consumption is often more than 50% of the animal's
total body weight. Presumably in the wild this requirement
is met via consumption of substances containing moisture.
Fruits and even insects in large quantities can provide

considerable moisture.

Squirrel Monkey Social Organization =

Saimiri live in age~graded multimale groups which as
previously described are sexually segregated. Troop size
varies from one habitat to another (Baldwin and Baldwin, 1971).
Troops which live in undisturbed Amazonian forest tend to be
large containing up to 300 individuals. In contrast, troops
which live in drier areas and in areas which have been dis-
turbed by human habitation, e.g., Llanos region of Colombia,
tend to be somewhat smaller, ranging from 10-35 animals.

Older reports on South American wildlife indicate that large
Saimiri troops were common as recently as thirty years ago

(da Cruz Lima, 1945). The smaller troops appear to be highly
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correlated with larxge scale forest destruction and human
incursion upon the forested areas. The destruction of primate
habitats in South America has occurred at an extremely rapid
pace in the last thirty years and small Saimiri troops may
be a recent development. The large size (ca. 100 or more)
of Amazonian troops is unusual for tropical rainforest

primates. Only the 50-60 member groups of Miopithecus

talapoin rival Saimiri in troop size (Gautier-Hion, 1971),

as do the 40-80 member troops of Colobus badius (Clutton-

Brock 1975).

Saimiri troops are organized into subgroups comprising
animals of the same age and sex (Baldwin, 1968, 1971). Social
interactions are primarily within age/sex subgroups rather

than between them. The term sexual segregation used to

describe Saimiri social organization reflects the delimited
nature of the interactions between males and females. The
only other multimdle species which shows this social pattern
in that there is a minimal amount of affiliative behavior

between adult males and females is Miopithecus talapoin.

Saimiri females appear to be the social core of the
troop (Baldwin, 1968, 1971). They are more socially initia-
tive than the males and also dominate social interactions
between the sexes. Female domination is a collective endeavor,
manifest in cooperative displacement and aggression against
transgressing males. The matriarchal nature of the society

is similar to that seen in talapoins. Lemur catta females
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also form a matriarchal social core but their organization is
not as segregated as that of Saimiri and talapoins. Observa-
tions in the laboratory and in the semi-natural environment
of Monkey Jungle, Miami, reveal that most social activity
occurs within or near the female core (Baldwin, 1968,.1971;
Coe and Rosenblum, 1974). The males appear to be less social
than the females, and they remain more or less peripheral
to the troop, especially during the non-mating season. Young
infants less than one year of age are the primary exception
to the general pattern of interacting within rather than
across age/sex subgroups. In fact, infants are a strong
attractant for young and old females without infants of their
own. Saimiri females will develop alliances with mothers
and also 'aunting' relationships with the mothers' offspring
("allomothering" Hardy, 1976). The only other exception to
the pattern of interacting within age classes is the possible
guardianship role young adult males may have in relation to
juveniles of one to two years of age. Unpublished studies
in the Llanos and Amazonas regions of Colombia indicate that
a young adult male may travel with a group of juveniles and
wait at difficult and dangerous crossings until all the
juveniles have passed safely (personal observation; Coe,
personal communication). Personal observation of a large
captive group in the Primate Behavior Laboratory (Downstate
Medical Center, New York) also indicates that young males

may maintain a guardianship role towards juveniles of both :
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sexes. This relationship is similar to the one reported
for talapoin males (Rowell, 1973).

As indicated by the preceding descriptions, the
primary divisions an observer of a Saimiri troop would be-
come:..aware of include: (1) a group of mothers and infants,

(2) an associated group of male and female juveniles,

(4) a group of sub-adult males, énd (5) the relatively more
isolated adult males. The preceding discussion also indicateé
that it is the strong mutual avoidance between adult males
and females that constitutes the core of sexual segregation.
The preference of adult squirrel monkeys for interaction with
members of their own sex has been shown by many investigators
in @acute partner preference tests and in laboratory social
groups (Fairbanks, 1974; Mason, 1974, 1975; Candland et al.,
1973). The ontogeny of segregation has been delineated by
Coe and Rosenblum (1974). The latter authors observed that
juvenile Saimiri living in a heterosexual social group do not
preferentially interact with their own sex. Male and female
subadults living without adults also freely interact.
However, when the subadults are introduced into a segregated
adult group, they too segregate. The subadult females are
attracted to and are ultimately admitted to the adult female
group. The young males tend to be peripheralized although
they also move towards the adult males. Juvenile squirrel
monkeys do not respond in the same manner. Contact with an
adult group does not lead to segregation. Rather they remain

as a separate heterosexual juvenile group.
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These data were confirmed in another large multi-age
group containing mothers and infants, Jjuveniles, subadults,
adult males and females. (Bromley, unpublished data). Again,
young adult females joined the adult female group without
infants. This group maintained very close contact with the
adult females with infants. The subadult males remained
peripheral to the adult females and males who would not
tolerate their presence. The juveniles remained close to the
subadult males. Saimiri males, like many other primate males,
appear to have a more prolonged period of social maturation.

The indications are that in order for sex segregation
to emerge: (1) an adult social structure must be present as
a necessary socializing force and (2) that in order to respond
to socialization, a certain maturational level must be
attained (i.e., the animals must be post-pubertal). This
implies that gonadal hormones play a role in the emergence
and maintenance of sexual segregation.

The effect of gonadal hormones on the behavior and
social organization of Saimiri can also be seen if one exam-
ines the changes that occur during the annual breeding season.
The mating season of squirrel monkeys, as well as of talapoin
monkeys, rhesus monkeys and ringtailed lemurs, is accompanied
by behavioral changes (Baldwin, 1970; Jolly, 1966; Rowell and
Dixson, 1975; Rose et al., 1974). 1In both squirrel monkeys
and rhesus monkeys these behavior changes have been shown to
correlate with changes in the circulating levels of endogenous

gonadal hormones.
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Squirrel Monkey Reproduction

Squirrel monkeys exhibit an annual reproductive
cycle. In the wild, mating occurs for 2-3 months during the
dry season and births occur for 2-3 months at the beginning
of the rainy season. Squirrel monkeys maintain their annual
cycle even under captive conditions although seasonality in
the laboratory is less demarcated than in a semi-natural
environment (Rosenblum, 1972). A seminatural colony composed
of animals imported from.Iguitos, Peru to Monkey Jungle in
Miami altered their mating and birth seasons a few months at
a time over a three year period until the cycle corresponded
to the new climatic conditions (Dumond, 1968). Both males and
females exhibit physiological and behavioral correlates of
the respective reproductive periods.

During the non-mating season, the males are typically
described as docile and socially inactive (Baldwin, 1968).
They maintain a dominance hierarchy which can be discerned by
the direction of the genital display (Ploog et al., 1963).
The dominant male is never displayed to by subordinates
whereas the middle-ranked males may display back and forth
to each other. Aggression is very low during the non-mating
season and hierarchical positions are generally not contested.
During the mating period, however, the males' demeanor is
altered considerably. Squabbles between males are frequent;
the occurrence of the genital displays increases and there is

a great deal of agitation among the males. In contrast to
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their behavior during the non-mating season, males approach
and pursue females and exhibit long bouts of courtship be-
havior. The courtship pattern involves a series of chases,
species~specific darting behaviors and mounts (Latta et al.,
1967). The male jumps back and forth in front of the female;
if she is receptive she will perform a squat-present, defléc-
ting her tail and orienting her rump.towards the male. The
male will pounce on her and mount; 10-25 separate mounts
typically occur beforer. ejaculation bﬁt ejaculation may
occasionally occur on a single mount. The courting male and
female pair may become the objectiof a great deal of aggres-
sion and interference from other group members, and as a
consequence, they may move to the periphery of the troop
during the mounting series. )

The behavioral changes exhibited by the females during
this period include increased tolerance of male approaches and
an increase in their own frequency of approaches to males.

As consequence of the increased agitation and increased male-
female interaction, the social organization during the mating
period is somewhat altered. Rowell and Dixson (1975) report

very similar findings for Miopithecus talapoin. Jolly (1966)

reports that male Lemur catta become extremely agitated

during their very short breeding season, often changing
groups and engaging in scent-marking bouts, called 'stink
fights'. Male rhesus monkeys are also reported to undergo

behavioral changes during the mating season, including an
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increase in aggression and inter-troop movement (Wilson
and Boelkins, 1970).

In addition to the behavioral changes described
above, the males and females undergo an annual physiological
rhythm. Female Saimiri are seasonally polyestrous (Wolf
et al., 1975). About 5-6 months after giving birth, a female
squirrel monkey will resume estrous cycles (Coe and Rosenblum,
submitted). Saimiri females exhibit a very short cycle,
typically reported to be 7-8 days in length (Rosenblum, 1968;
Wolf et al., -1975). However, their cycle has been reported
to vary, increasing to 10-12 days in length (Hutchinson, 1970).
As indicated by Gould et al. (1973) and Hutchinson (1970)
the length of the cycle is strongly affected by the environ-
ment in which the females live and the conflicting reports
do not necessarily represent mistakes by the respective in-
vestigators. Rather, they reflect the differential response
by the females to the living conditions in the different
environments. In comparison to other primates, any of the
reported cycle lengths are relatively short. However, the
cycle length for Cebus, which is phylogenetically close to
Saimiri, ranges between 16-20 days, also short in comparison
to other primates (Butler, 1974; Hafez, 1971). The reported
lengths for most 0l1d World primate estrous cycles are usually
between 25-45 days dependings upon the species. Additional
information concerning the reproductive physiology of other

Ceboidea is necessary in order to evaluate whether Cebus and



64
Saimiri are distinctive or typical of a trend in New World

monkeys. For example, Ateles has a cycle length of 24-27
days which is on the lower end of the range for 0l1ld World
monkeys (Napier and Napier, 1967).

Pemale Saimiri who do not become impreganted during
the mating season may become acyclic during the pregnancy
and lactation phases of the other females (Coe and Rosenblum,
submitted). This seasonality is also reflected in the
circulating levels of estrogen. Accord;ng to Mendoza and
Levine (personal communicétion) intact Guyaneserfemales living
in a social group with vasectomized males exhibit an . annual
hormonal rhythm. The mean circulating level of estrogen in
the non~breeding season was 48 pg/ml and in the breeding
season rose to 361 pg/ml. The existence of an annual hormonal
cycle was further indicated by O'Connor and Wolf (1971).

They found seasonal fluctuations in the levels of plasma
progestins iﬁ Saimiri females. Females sampled in September
had a mean of 27 ng/ml whereas the same females sampled in
January had a mean of 189 ng/ml. Although no causal rela-
tionships can be drawn from these data, it is evident that
an annual hormonal cycle parallels the annual behavioral
changes in Saimiri females.

The squirrel monkey male also exhibits an annual . .
physiological cycle. During the breeding season sexual di-
morphism between the male and female Saimiri is accentuated

by a phenomenon known as the "fatting response" (Dumond and
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Hutchinson, 1967). At this time the males are 100-300 g
heavier than during the non-breeding season, due to additional
weight about the head, neck and shoulders. The weight gain
actually takes a slow course, with small increments over
several months until a peak is reachea in the mating season.
After the peak tHere is é slow decline to a low weight
point in the birth season, the whole fatting cycle répresents
six months of inérease and 6 months of decrease. The testes
also undergo a cyclic volume change reaching maximal volume
in the mating .season (Coe and Rosenblum, in press). This
probably reflects cyclic changes in the seminiferous tubules
since Dumond and Hutchinson (1967) have reported that
Saimiri males are not spermatogenic throughout the year.
The seminiferous tubules, regress during the non-mating
season. Again, the regression of the tubuvles is a slow
decline rather than an on/off phenomenon.‘ Testicular biopsies
indicate that in the regressed state the seminiferous epi-
theleum is greatly reduced and there is little evidence of
mitotic activity. This regression is essentially the same
as that described for rhesus moneky males (Conway and Sae,
1965). During the non-mating season only spermatogonia are
visible along the basement membrane and the lument is greatly
enlarged.

In addition to the annual cycles of body weight,
testicular volume and spermatogenesis, there is an annual

cycle of circulating testosterone. Mendoza and Levine
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(personal communication) indicate that the mean circulating
testosterone level in Guyanese males during the non-mating
season is 9 ng/ml. The level rises to a mean of 44 ng/ml
“during the mating period. The Leydig cells do not appear to
undergo any seasonal regression (Belt and Cavazos, 1971).
There appears to be no information available concerning
cyclic changes on the Sertoli cells.

The relationships among the fatting phenomenon, the
annual testosterone flucfuations and the spermatogenic cycle
are still not clearly understood. Only correlations, as
opposed to causal relationships appear to exist. Nadler and
Rosenblum (1972) reported that testosterone injections to
castrated males resulted in a prolonged weight increase.
However, Mendoza and Levine indicated that the weight and
testosterone cycles may be somewhat dissociated. Furthermore,
males are capable of siring offspring in the middle range of
‘the annual weight cycle (Coe and Rosenblum, in press).

Although testosterone appears to play a significant
role in fatting, the increase in testosterone is probably not
the primary cause of fatting in Saimiri males. Testosterone
may synergize with or have a permissive action with another
hormone or hormones, and together these hormones may be
responsible for fatting. Prolactin has been implicated in
restoring weight and spermatogenesis to the regressed testes
of hamsters. Polactin also increased testosterone levels in
the hamster (Bartke, 1975; Reiter, 1975). Further research

on hormonal interactions in the squirrel monkey may also indi-
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cate a relationship between testosterone and prolactin under-
lying the annual cycle.

As indicated in the preceding discussion, the annual
cycle in Saimiri is a series of behavioral and reproductive
phases. Each of these behaviorally distinct phases is corre-
lated with a distinct phase in the yearly hormonal cycle.

The correlation of these behavioral changes with changes in
hormone production leads one to believe that a causal rather
than coincidental relationship exists.

It has-been established thus far that in order for
hormones to affect the social structure they must influence
the behavior of the individﬁal which in turn affects inter-
action patterns and finally relationships. Therefore, we
would expect that the hormonal status of an individual might
affect, for example, partner preferences, ag,indicated by

Mason's work on pairs of squirrel monkeys (Mason, 1974, 1975).

Alvarez (1969) indicated that gonadectomy did affect the social

pattern of sex segregation in the squirrel monkey. However,
since all offhis males and females were gonadectomized it is
difficult to resolve the effect into its components; specifi-
cally to understand the effect on female behavior separately
from the effect on male behavior. The mechanisms by which
hormones influence Saimiri social organization must involve
specific and separate effects on the males and females.
Therefore, in order to delineate the separate male

and female behavior patterns that might be affected by hor-
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mones and thereby affect the social organization, the follow-
ing research was undertaken. It was hoped that this research
would not only elucidate the influence that hormones exert
on the behavior and social structure of Saimiri but also
indicate a possible mechanism by which complex social organi-
zations can be partially genetically encoded and hence
subject to selective pressures. The results of this research
would, therefore, aid in the understanding of the evolution

of behavior in primate.



CHAPTER IV

METHODS

Subjects

The subjects of this study were 28 wild-born squirrel

monkeys (Saimiri sciureus) obtained from Iquitos, Peru. The

monkeys were imported as adults as indicated by their stature,
weight, and dental condition upon arrival in the laboratory.
All subjects had been members of the colony (Primate Behavior
Laboratory, Downstate Medical Center, New York) for a minimum
of five years prior to this research. During their tenure
in the laboratory, they were housed in heterosexual social
groups where food and water were available ad libitum.

Prior to inclusion in one of the four study groups
(see Table II), the subjects were screened for certain physical
and social criteria. Each group consisted of 12 animals, 6
males and 6 females. Some subjects were observed in more than
one experimental condition (see Table III). Each of the four
groups consisted of two subgroups of 3 males and 3 females
who knew each other prior to inclusion in this study. The
laboratory history of each animal is available in Appendix A.
A record_of each subject's health and weight is presented;
the birth records of the intact females are aiso included.

The subjects' weight remained relatively stable during the
69



Table III:

Designation and composition of the experimental groups.

Designation Subject Composition Length of Observation
six ovariectomized females six intact males six weeks
1 ,
204 145 234 285 March - April
205 169 235 303
206 415 268 329
six ovariectomized females six intact males six weeks
receiving estrogen =~ @@ B
1H
204 145 234 285 June - July
205 169 235 303
206 415 268 329
six intact females . six castrated males six weeks
2
146 218 24 416 March - April
148 279 34 421
195$ 233 98 57 deceased
six ovariectomized females six castrated males six weeks
3
145 | 279 24 416 November - December
195 348 93 421
206 815 173 438

0L
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observations and season fluctuations were not evident.

The castrated males of Groups 2 and 3 and the ovari-
ectomized females of Group 1 had been gonadectomized post-
puberally five years prior to this study. Three of the
ovariectomized females in Group 3 had been gonadectomized

post-puberally six weeks prior to the beginning of observations.

Housing

The four experimental groups observed in this study
were quartered in one of two identical living areas. Each
area consisted of two pens (137cm x 91lcm x 230 cm) connected
by a tunnel 18cm in diameter (see Figure 1l). Each pen had
four shelves constructed of aluminum pipe evenly-spaced at
46cm intervals from the floor to the ceiling. A 22cm deep
partition was placed in each pen 46cm from the wall opposite
the tunnel. This partition afforded the monkeys an easily
negotiable wvisual block. The front wall of both pens con-
tained a 6lcm x 107cm one-way glass window which allowed for
undetected observation while permitting an unobstructed view
of the entire pen.

Each pen was equipped with two automatic watering
spouts which provided water ad libitum. The subjects' diet
consisted of Purina New World Monkey crackers available in
dry form all day in both pens and an afternoon ration of fruit
and crackers moistened with milk and vitamins. Illumination
and temperature within the pens were constant throughout the

study, providing twelve hours of light and twelve hours of
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Two 6lecm x 107cm one-way gloss windows

Figure 1: Diagram of the living area for all groups
in this study.
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darkness in a 23°C environment.

Experimental Procedures

Each of the experimental groups was formed in an
identical manner. The selected members were simultaneously
introduced into the test pens. Preliminary notes were taken
on the initial interactions and the group was informally ob-
served for one week. Data collection began the following week
which allowed the monkeys time to acclimate to the new pens
and the new group members. Each group was observed for six
weeks. Groups 1 and 2 were observed simultaneously during
the months of March and April. Group lH was observed in June
and July, following a hormone induction period. Group 3
was observed the following November and December.

Group 1 consisted of 6 ovariectomized females and 6
intact males. Following the six weeks of observation each
female received an estrogen replacement regime of 1mg depo-
estradiol (Upjohn) injected intramuscularly once every two
weeks. Once this hormone regime began this group was
designated Group 1H.

Observations did not resume on Group 1H until two
injections had been administered in order to .allow for the
central nervous system and peripheral target tissues to be
well under the estrogenic influence. After one month, one
week following the appearance of estrous-like smears,
observations began and lasted another six weeks. During this

time the females received three more injections.



74

Group 2 consisted of 6 castrated males and 6 intact
females. One of the males, number 57, developed a pulmonary
infection and died one and a half weeks after observations
began. In order not to disrupt the group, he was not replaced.
In addition to the familiarity criterion described previously
for selecting subjects, the intact females of this group were
screened for cyclic ovarian activity. At the time of selection,
vaginal smears revealed that all females were undergoing
estrous cycles.

Groups 3 consisted of 6 castrated males and 6 ovari-
ectomized females. The subjects of this group were 3 ovari-
ectomized females previously observed in Group 1 and 3 cas-
trated males with whom they were familiar. The other subjects
were 3 ovariectomized females, gonadectomized six weeks prior
to the observations and 3 castrated males from Group 2 with
whom they were familiar.

In order to obtain normative baseline data a control
group of 6 intact males and 6 intact females was established.
Unlike the experimental groups extreme agitation and fighting
among the males followed group formation. We do not know why
this group responded to formation with more agitation than
the others. Two of the 6 males were severely wounded and
would probably have died if not removed from the group.
Therefore the group was disbanded within the 24 hours follow-
ing formation. Despite a colony of 150 Saimiri, it was im-

possible to establish another group that met all the critical
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criteria of the experimental groups (e.g. familiarity, years
spent in the laboratory etc.). A prior study on intact
Saimiri (Coe and Rosenblum, 1974) utilized the same techniques
and environment as this study and therefore will be considered
in the discussion as representative of normative baseline

data.

Methods of Data Collection

The data collected in this study fall into one of
three categories: (1) observations of social behavior utiliz-
ing a 30-second time sampling technique; (2) observations of
the spatial arrangement and aggregation of the animals,
utilizing a pen-mapping technique five times per day and
(3) analysis of the estrous cycles of the females by exami-

nation of vaginal smears three-~four times per week.

(1) Observations of Social Behavior

Observations were carried out four mornings a week between
9:30 and 11:30 a.m. In order to obtain valid frequency counts
and to not bias the observations in favor of attention-getting
behaviors, the subjects were observed one at a time focal
animal technique in a predetermined random order (Altmann, 1974).
Each subject was observed during each observation period for
three minutes divided into six thirty-second intervals. The
beginning of an interval was signified by the light of an
automatic timer, at which time the observer recorded the sub-

ject's location. The light was not visible to the monkeys.
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The behavior of the focal animal was then recorded until the
next light flash. This sequential sampling was continued for
six contiguous intervals. A sample data sheet is provided in
Appendix B. The behaviors recorded are defined below:

Behaviors involving body contact

1. Contact: body contact between two or more animals without
huddling or holding.

2. Huddle: body contact between two or more animals in a
stereotyped curled-over resting posture, involving
the curling of the tail over the back and shoulder
and the head resting on the chest.

3. Social exploration (sosex): the inspection of an
animal's body or genitalia by another animal, either
by olfaction or manual manipulation.

4. Manual aggression: hostile pushing, pulling or wrestling

between two or more animals.

Non-Contact Interactions

1. Proximity: two or more animals within arm's reach of one
another without touching.

2. Approach: the movement of one animal toward another animal;
recorded only if contact or proximity is attained.

3. Displace: the movement of one animal toward another animal
causing the latter to leave contact or proximity.

4. Display: a stereotyped Saimiri behavior involving the
abduction of one leg and the orientation of the

displayer's genitalia toward the receiver's face; in
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males the penis is erect and in females the clitoris
exhibits a degree of erection (Hopf et al., 1974;
Ploog et al., 1963). This behavior is often indica-
tive of dominance relationships; the dominant animal

displays to the subordinate one.

Sexual Behaviors

1. Mount/Thrust: the climbing or pouncing of one animal upon
the back of another, usually while grasping the waist
of the animal being mounted.

2. Position: the orienting of a female by a male into a
suitable position for mounting; usually involving
the grasping of the female's hips by the male.

3. Present: a female posture involving a crouched orienta-
tion of the hind quarters toward a pursuing male.

4. Masturbation: manual or oral manipulations of the erect
penis; usually without ejaculation.

5. Genital Inspection: inspecton of an animal's own genitalia.

6. Erection: penile erection.

Scent Behaviors

1. Kickwash: a stereotyped male behavior during which urine
is rubbed on the hands and feet and each leg is then
kicked across the chest toward the contralateral_shoul—
der, depositing droplets over the animal- and

substrate (Hopf et al., 1974).
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2. Urine Wash: a smallamount of urine is deposited on both
the subject's hands and then rubbed on the feet.
Females as well as males perform this behavior (Hopf
et al., 1974).

3. Rump Rub: back and forth rubbing of the anogenital region
on a substrate. Both males and females perform this
behavior (Hopf et al., 1974).

4. Back Rub: a rolling, rubbing action of the back on some
environmental surface (Latta et al., 1967). Both

males and females perform this behavior.

(2) Spatial Patterns

In addition to the time~sample behavioral observations
of each monkey, a pen mapping technique was utilized to as-
certain the spacing pattern of the entire group. A schematic
diagram which pictorially represented the double pen living
environment, divided into 46 x 46cm squares, was utilized
for recording animal locations (see Appendix B). These maps
permitted two different analyses: (1) analysis of all subjects'
inter-animal distances and (2) analysis of male and female
aggregation within the group.

Each square had a number code which was utilized in
a computer program for determining inter-animal distances.
The pen location code for each animal was transferred to com-
puter cards for processing by the IBM 360-44 computer at
Downstate Medical Center, Brooklyn, New York. Each of the

study groups was mapped five times a day at predetermined
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intervals by stationing two observers in front of the pens
with spatial diagrams. At a light flash both observers would
simultaneously record the location of every animal in the
two pens. Therefore each monkey had five numerically-coded
locations scored per day. The computer analysis determined
the weekly mean distance of each subject from every other
subject, thereby permitting the calculation of the weekly
means of the male-male, female-female and male-female distanceé;

The aggregation index was obtained by tabulating the
percent of male and female subjects within each of the pens
for each map. Thus an average percent per day and per week

was calculated.

(3) Vaginal Cytology

In order to assess the effect of estrogen admini-
stration on the ovariectomized females of Group 1H vaginal
smears were taken once a week for the duration of the
hormone induction period and throughout the six week observa-
tion period. (See Appendix A for a description of the
technique.)

A record of the estrous cycles of the intact females
of Group 2 was obtained by vaginal smears taken 3-4 times
per week throughout the six week observation period. (See Table

XVII.)
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Methods of Data Analysis

(1) Social Behavior

Due to the large frequency of zero scores for the
opposite-sex social behaviors in all four experimental groups,
an analysis of variance could not be used., Opposite-sex as
compared to same-sex scores were considered significant if
all subjects under consideration showed the same directional
pattern. The effect of estrogen treatment on the social
behavior of the females and males of Group 1H was evaluated

by dependent + comparison with Group 1.

(2) Spatial Arrangement

A three-way analysis of variance was used to evaluate
the same-sex versus opposite-sex distances for the males and
females of the four experimental groups. In addition to the
evaluation of absolute distances, a differences measure for
each subject was obtained by subtracting the same-sex distances
from the opposite-sex distances. A two-way analysis of vari-
ance was used to evaluate the relative differences between
same-sex and opposite-sex distances between males and females
of the four experimental groups. Independent and correlated
+ tests were used for post-hoc comparisons for both the three-

way and two-way analyses of variance,
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(3} Vaginal Cytology

The subjects' slides were rated for the type of cells
seen (i.e. superficial, intermediate, or parabasal). percent
of acidophilic and basophilic cells present, percent of
vesicular and pyknotic nuclei, and the presence or absence of
leucocytes. The condition of the cells, i.e. whether folded
or flat, was also rated. Each female's smears were evaluated
independently since cytological patterns are quite idiosyncratic.
However, a slide was not considered estrous unless at least

95% of the cells present were cornified superficial cells.

et i p g i e



CHAPTER FIVE

RESULTS AND DISCUSSION

The effect of gonadal hormones on spatial relations
and social organization will be presented in three sections:
(1) Inter-animal distances and aggregation, (2) Social
behavior, and (3) Behavior directly related to reproduction.
Each section is a qualitative and gquantitative comparison of
isosexual and heterosexual interaction within and between
the four experimental groups. At the end of each section
is a discussion of the data presented therein. A final

concluding discussion follows the results section.

(1) Spatial Patterns

Inter-animal Distances and Aggregation
All four groups exhibited the social pattern of

sexual segregation discussed in the Introduction, in that

the distances maintained between same-sex animals were signi-
ficantly smaller than those between opposite-sex animals
(F=802.7, 4.f.=1/40, p ¢.001) (see Appendix C). However,

the maygnitude of the difference between same-sex and opposite-
sex distances varied significantly among groups indicating
that not all groups were segregated to the same extent

(F=6.9, d4.£.=3/40, p¢.01). In Figure 2 and Table IV the
82
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median inter-animal isosexual and heterosexual distances per
week are presented. The mean isosexual and héterosexual dis-
tances maintained during the six weeks of observation are

indicated in Table V.

Group 1

The mean distance between the intact males of Group
1 for the six weeks of observation was 61 cm.. This distance
was significantly greater than the distance maintained between
the ovariectomized females, which was an average of 23 cm
(p €.01). The females of this group exhibited a very high fre-
quency of huddling which may have been a major factor in
reducing their same-sex distances (see Results, section 2).

The maintenance of separate male and female subgroups
was reflected in the heterosexual distances. The mean male-
female distance across the six weeks of observation was 102 cm.
This distance was significantly larger than that maintained
between the males or between the females (p €.0l). This dif-
ference is illustrated in Figure 4 which indicates the mean
difference between the subjects' isosexual and heterosexual
distances per week. The mean difference for Group 1l wds 59 cm.

The mean percent of same-sex animals found in each
pen during the six weeks of observations is indicated in
Figure 3. The large same-sex aggregation index is indicative
of the Group 1 females' tendency to maintain small isosexual
distances. During the six weeks of observation, an average

of 95% of the females remained in the same pen of the double
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pen environment. In contrast, the males were considerably
mofe dispersed with an average of 60% of the males in one

pen and 40% in the other pen. Although the majority of the
males (60%) were located in the same pen with the majority

of the females (95%), the males did not occupy the central
portion of the pen. They remained primarily beyond the

wooden partition which served as a visual block (see Figure 1).
Thus, the males were within the same pen but out of the
females' social sphere. The segregated pattern in Group 1

was consistently maintained throughout the six week observation

period.
Group 1H

The males of Group lH maintained a mean isosexual
distance of 67 cm (see Figure 2, Tables IV and V). This

distance was significantly larger than the female-female
distance which was an average of 40 cm (p €.0l1). The mean
distance of 108 cm between opposite-sex animals was signifi-
cantly larger than the isosexual distances (p<€.0l1l). The
mean difference between the isosexual and heterosexual dis-
tances was 55 cm.

The females of this group tended to be more aggre-
gative than the males (see Figure 3.) An average of 86% of
the females were found within the same pen whereas the males
were almost equally distributed between the two pens (54%/46%).
The utilization of the space within the pens was similar to

that described for Group l. Males generally remained beyond
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the wooden partition and avoided interactions with the females.

The males also showed a preference for a secluded corner on
the pen floor. They rarely occupied any of the central
areas within the pen. The segregated pattern was maintained

throughout the observation.

Group 2

The mean isosexual distance for castrated maleés in
Group 2 was 49 cm and for the intact females was 46 cm.
These distances did not differ significantly from one another
(P) -3); the male-male and female-female distances overlap
throughout the six weeks of observation (see Figure 2).

The mean heterosexual distance in Group 2 was 91 cm.
This was significantly larger than the isosexual distances
(p €.01). The mean difference between the hetero- and
isosexual distances was 43 cm.

As indicated in Figure 3, an average of 77% of the
females were located within the same pen at any given time.
The males were more evenly distributed between the two pens,
but on the average 53% of the males were in a different pen
from the majority of the females. When the males were alone
in a pen they utilized the entire area. When females entered
the pen the males generally retreated behind. the wooden
partition. As reported for Groups 1 and 1H, the sexually
segregated social pattern was maintained consistently .

throughout .the observation.
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Group 3

The isosexual distances maintained by the castrated
males and overiectomized females in Group 3 were not signifi-
cantly different from one another. The mean isosexual dis-
tance of the males was 60 cm and that of the females was 58
cm (see Table V). The overlap of male-male and female-
female distances throughout the observation can be seen in
Figure 2.

The mean opposite-sex distance was 79 cm. This was
significantly larger than the isosexual distances (p € .01l).
However, the difference between the same-sex and opposite-sex
distances was only 20 cm, smaller than that observed in
the other groups. Although the overall distances in this
group revealed significant segregation,.it should be noted
that three males and three females did not consistently con-
form to this pattern. One female maintained smaller
opposite-sex distances than same-sex distances for the six
weeks of the study. The other two females had smaller
opposite~sex distances during one week of the study. Two
males demonstrated a reversal for two weeks and the third
male had greater same-sex distances for three weeks of the
study.

The average aggregation of the females was 73%
and that of the males was 78% (see Figure 3). In general,
the male and female majority did not occupy the sanle pen.

However, the males did not restrict themselves to the area
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beyond the wooden partition even when in the same pen with

the females. The males freely utilized the central area

whether or not females were present.

Comparison of the Four Groups

The ovariectomized females in Group 1 maintained
the smallest isosexual distances of any animals in the
study (see Figure 2), significantly smaller than those of
Groups 1H, 2 and 3. The Group 1l females had very large
huddling scores. This high frequency of huddling tended to
reduce the average distances maintained between animals
(see Results, section 2). The administration of estrogen
to these females (Group 1lH) increased their activity levels
and, as a consequence, resulted in a significant increase in
their isosexual distances from 23 cm to 40 cm (p< .001).
This approached the mean of 46 cm maintained between the
intact females in Group 2 but was still significantly smaller
(p€.05). The females of Group 3 maintained the largest
'isosexual distances of any of the females in this study.

Five of the six males of Grcup 1 also markedly
increased their isosexual distances following estrogen
treatment of the females (Group 1lH)}, from a mean of 50 cm
to a mean of 67 cm. The lowest ranking male did not conform
to this pattern. His timidity toward the other males pre-
sumably prevented his close association with any of them for
the first several weeks of  the study. The increase in

isosexual distances in both males and females following es-
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trogen treatment was accompanied by an increase in heterosexual
distances. The mean of 108 cm for Group 1lH was signifi-

cantly larger than the mean heterosexual distance of Group 1

(p £.02). However, the difference between same- and
opposite-sex distances did not increase since both increased
following hormondl administration.

The castrated males of Group 2 maintained signifi-
cantly smaller isosexual distances than the intact males of
Group 1lH (p <€ .0l1) and the castréted males of Group 3 (p<£.01).
The male-male distances in Group 2 did not differ signifi-
cantly from the males in Group 1. The Group 3 males main-
tained significantly smaller isosexual distances than Group
1H males (p € .05) and significantly larger distances than
the Group 2 males (p {.01). No significant difference was
found between the same-sex distances of the Group 3 and Group
1 males. Thus, there was no discernible difference between
the isosexual distances of castrated and intact males that
was independent of the overall social organization of the
groups. Therefore, the male-male distances did not directly
account for the decreasing magnitude of segregation evident
in Groups 2 and 3.

Groups 1H, 1, 2 and 3 represent a continuum on a
scale of most segregated to least segregated. This is imme-~
diately discernible if one compares the heterosexual distances
and difference measures of the four groups (see Figure 2).

Such a comparison reveals that Group 1lH had significantly
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larger heterosexual distances than the other three groups
(p €£.05). Group 1 had slightly smaller heterosexual distances
than Group 1H. Group 2 had even smaller heterosexual dis-
tances than Group 1 although this difference was not signifi-
cant. The heterosexual distances of Group 3 were even smaller
than those of Group 2 but again not significantly. Thus, a
clear pattern emerged; Group lH and 3 represented signifi-
cantly different ends of the opposite~sex distance continuum
and the other two groups represented intermediate steps.
The difference measures (heterosexual minus isosexual distances)
for the four groups revealed essentially the same graded
pattern and they also varied significantly (F=23.7, d.£f.=4/50,
p{.001). The difference measures for Groups 1 and 1lH were
significantly larger than the differences measures for
Groups 2 and 3 (p € .05). The difference measure for Group
2 was also significantly larger than that for Group 3
(p €.05). Thus, Group 3 émerges as having the smallest dif-
ference between heterosexual and isosexual distances of the

four groups.

Discussion: Inter-animal Distances
If one uses inter-animal distances in order to evaluate
whether or not a group is sexually segregated, one expects
to find that the distances maintained between opposite-sex
animals are significantly larger than those maintained be-
tween same-sex animals. These data indicate that such a

difference existed in all four groups and therefore that sexual
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segregation is not entirely dependent on gonadal hormones.
The degree to which segregation is manifest, however, is
significantly influenced by the presence or absence of
gonadal hormones.

The degree of segregation manifested by the four
experimental groups is most meaningful when first compared
with data from the study of intact males and intact females
conducted in the same environment (Coe and Rosenblum, 1974).
The inter-animal distances of this intact group are presented
in Figure 5 and Table VIII. Only the first three weeks
of distance data for the experimental groups are presented
in order 4o becomparable to the three weeks of bbservation by
Coe and Rosenblum. All experimental groups maintained
smaller inter-animal distances (isosexual and heterosexual)
than the intact animals of Coe and Rosenblum. This probably
does not reflect an effect of experimental procedures in this
study but, rather, a difference in prior familiarity among
the animals in the Coe and Rosenblum study. However, the
difference between the isosexual and heterosexual distances
in Group 1lH was virtually identical to that of the intact
animals. The mean difference for each group was 55 cm
(compare Tables VII and VIII). Thus, the intact males living
withhhormone-~injected females (Group 1H) were comparable to
the intact males and females in this respect.

The average difference measure in Group 1 (59 cm, see

Table VII) was virtually identical to the above, indicating

i v Sk s A e S 8 Gk AR A
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that ovariectomy had no effect on the difference between
hetero- and isosexual distances. The difference measure
was significantly smaller (p €.05) when the males were gona-
dectomized (Group 2), and even further reduced (p €.0l1) when
both males and females were gonadectomized (Group 3). Thus,
gonadectomy appears to have a significant influence on
segregation as measured by interanimal distance. Castrating
males has a greater influence on desegregation than gona-
dectomizing females. The maximum degree of segregation
which was observed in Groups 1 and 1H, in which the males
were intact, reflected the fact that intact males avoided
heterosexual interaction regardless of the. females' hor-
monal status. In Group 1 the females were ovariectomized
and in Group 1lH these same females were receiving estrogen.
In Group 2, in which males were castrated and females were
intact, segregation, as reflected in the difference scores,
was appreciably less. This diminution of segregation in Group
2 reflected the castrated males relatively increased accep-
tance of female approach. |

A further diminution of segregation, again as reflected
by the difference measure, is seen in Group 3. This was a
direct result of increased male and female interaction and
again the castrated male's increased acceptance of female
approach. Thus a continuum emerges in regard to the degree
of segregation manifested by the four groups. Groups 1 and

1H were maximally segregated (in comparison to intact males
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and intact females). Group 2 was somewhat less segregated
and Group 3 was significantly less segregated.

Segregation in Saimiri appears to be based on separate,
but not isolated, male and female social spheres. Thus,
segregation in absolute terms, i.e., the opposite-sex dis-
tances, is always dependent upon the spatial relatiéns main-
tained by the male and female subgroups. The degree to
which the females stay clustered or dispersed influences the
heterosexual distances. If the females are very close to
each other, the males can be absolutely closer to them
while still maintaining the segregated pattern.

This perspective also applies to the aggregation data.
The low activity levels of the Group 1 females (inferred from
very large huddle scores) resulted in minimal movement be-
tween and around the pens. Had the males not utilized the
same pen as the females, their social spheres would have
indeed been very isolated from one another. The estrogen-
induced increase in activity of the Group 1H females resulted
in increased mobility both between and around the pens.

The males also responded with an.increase in activity between
the two pens.

The intact females of. Group 2 were very active within
and between the two pens, utilizing the central portions of
both. Therefore, in order to remain segregated the majority
of castrated males rotated between pens to remain in a dif-

ferent pen from the majority of the females. Although the
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males and females of Group 2 were essentially segregated, the
difference scores indicated that the males and females of this
group were significantly closer than the males and females of
Groups 1 and 1H. Independent, segregated but not isolated
male and female social spheres were thus maintained in groups
1, 1H, and 2 but not in Group 3 where both males and females
were gonadectomized. The spatial relations of the females,
including their activity levels, isosexual distances, and
aggregation tendencies appeared to be pivotal to the manner
in which segregation was maintained since the males appeared
to array themselves around the female social core.

In Group 3 all subjects had significantly smaller
difference measures than the other groups. In fact, three of
the males and one female did not exhibit inter-animal dis-
tances typical of the segregation pattern. These subjects
were quite active and utilized the central area of one pen.
In this case the male and female "desegregated" coalition
became the pivotal group around which the other animals dis-
tributed themselves. Thus, the smaller degree of segregation
maintained in this group was due to the majority of the

females who utilized the pen with fewer males.

(2) Social Behavior

Analyses of the social interactions between animals
indicated similarly to the inter-animal distance data that
all groups were segregated. The occurrence of huddle, contact

and proximity was significantly greater between same-sex
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animals than between opposite-sex animals. Huddle, contact
and proximity represent three degrees of intimacy between
animals, with huddle the greatest and proximity the lowest.
The occurrence of heterosexual interactions in each of
these behaviors was significantly different in all four
groups. Male-female proximity scores were significantly

higher than male~female contact and male-female huddle scores.

Group 1

The males of Group 1 exhibited a stable dominance
hierarchy. The hierarchy was determined by the direction of
genital displays within the group. The direction and number
of displays between males for the six weeks of observation
are indicated in Figure 6. The dominant male (303) was
somewhat aloof from the other males and was frequently
observed sitting separately from them. Consequently his
huddle and contact scores were somewhat lower than those of
the other males. The lowest-ranking male (285) remained ex-
tremely peripheral to the other males and also had low contact
and huddle scores. At no time during the study was an attack
upon him observed and he never sustained any wounds. Never-
theless, he spent most of the time alone and rarely let any
animal, male or female, within proximity. The male display
hierarchy also indicates that the two trios, which were
- familiar prior to the study, maintained their prior affiliations.
All the animals of one trio (303, 285, 329) became dominant

over the other trio and, in fact, their displaying was
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directed primarily towards the previously unfamiliar males.

The within sex :isocial interaction matrix for the
group is indicated in Figure 7. Each cell represents the
total occurrence of that behavior between subjects. Contact
and huddle scores within the two familiar male trios were
consistently higher than scores between members of the pre-
viously unfamiliar trios. Proximity scores do not reflect
this trend, indicating the less 'intimate' nature of this
behavior as compared to huddle and contact. It is interesting
to note that the most dominant male (303) had no interactions
with the least dominant male (285). The frequency of aggres-
sion between the males was very low. There were no serious
fights involving biting and only three instances of manual
aggression occurred during the six weeks of observation.

Two of these three instances of manual aggression occurred
between previously familiar animals and one occurred be-
tween previously unfamiliar subjects.

A dominance hierarchy between the females was not as
readily apparent as that between the males. Genital displays
between the females rarely occurred. However, observations
indicated that two females, one from each previously familiar
trio, became codominant over the other females. Female #206
may have been slightly more dominant than #204 as indicated
by the only two instances of female-female displays observed.
Both females were jointly responsible for the majority of

female to male aggression which occurred in response to
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'perceived' male incursions upon female personal space.

In contrast to the preference pattern of the males,
the females did not maintain a consistent preference for their
previously familiar partners. Their huddle and contact
scores indicated that new partner preferences developed across
the prior familiarity lines (see Figure 7). The females
appeared to hawe become a more cohesive and integrated group
than the males.

A comparison of isosexual and heterosexual huddle, con-
tact and proximity scores revealed a significantly higher
frequency of same~-sex interaction as compared to opposite-
sex. The preference for same-~sex social partners was
indicative of the sexuai segregation. The total frequency
per subject of same-sex and opposite-sex huddle, contact and
proximity is presented in Table XI. The mean same- and
opposite~-sex affiliative contact score per week is indicated
in Figure 8. The meanaffiliative contact score between males
and females was near zero across the six weeks of observa-
tion in contrast to the male-male mean of 23 and the female-
female mean of 32.

The mean same- and opposite-sex proximity scores per
week'are indicatediin Figure 9. The male-male mean was 4,
the female-female mean was 3 and the male-female mean was 1.
Although the same-sex proximity score was consistently higher
than the opposite-sex proximity score, the difference be-

tween the two was not as dramatic as that of contact and
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and huddle (see Table XI). These data indicate that both
male and female Saimiri are more likely to come into proximity
with a monkey of the opposite-sex than to establish contact
or huddle. This can be easily seen if one compares each
subject's opposite-sex scores for contact, huddle
and proximity (c.f., opposite-sex huddling did not occur)
(Table XI).

The percent of the observation time in which isosexual
and heterosexual huddle, contact and proximity were seen is
indicated in Figures 10, 11 and 12. Female-female huddle
was extremely high and observed during 80% of the observation.
Male-male hﬁddle was observed during 45% of the the observa-
tions. Male-female huddling was never observedj

Same-sex contact behavior occurred less often than
same~-sex huddle: female-female=5%, male-male = 15% and male-
female = 0.3% of the observation. Thus, there was more
opposite-sex contact than opposite-sex huddle. Female subjects
were observed in proximity during 10% of the observation,
males during 12% and males and females during 2%. Again
we see that heterosexual proximity occurred more frequently
than heterosexual huddle or contact.

The absolute frequency of approach, displace and
manual aggression during the six weeks of observation is
indicated in Table XII. The percent shown next to displace
and manual aggression represents the percent the frequency

of these behaviors was in relation to the number of appreaches.
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Again we can see that social interaction (in this case the
number of approaches) was greater between same-sex subjects
than opposite-sex subjects. Males appeared somewhat less
aggressive toward each other than females were; 2% of the
male-male approaches resulted in aggression whereas 10% of
the female-female approaches resulted in aggression. We can
see also that the females initiated more social interactioné
with the males than vice versa. 1In fact, females approached
males more than three times as often as males approached
females. Of the 13 male~female approaches cone or 8% resulted
in displacement. Of the 44 female-male approaches thirty-six

or 81% resulted in displacement.

Group 1lH

Many of the behavioral changes in Group 1H may be
related to the sexual activity that occurred (see Results,
section 3). The administration of estrogen to the females
effected not only the sexual behavior but also the overall
social pattern.

The dominance hierarchy of the males in Group 1lH did
not appear to be perfectly linear. The direction and frequency
of genital displays in this group is indicated in Figure 13.
The astericks indicate a change in rank following estvogen
treatment of the females. The display order was not totally
uni-directional and there appeared to be some contest among
the middle-ranking males. This shift in the dominancé hierarchy

appeared to be the result of sexual interest in the estrogenized
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females. The dominant male (303) continued to maintain an
aloof status towards other males. He frequently sat and rested
alone.

The same-sex social interaction matrix for this group
is indicated in Figure 14. The interaction data for the males
indicate that in conjunction with changes in the hierarchy,
there wexe changes in partner preferences. The former low-
ranking male, #285, joined therother males in huddle and
contact behavior. The previously unfamiliar male trios, now
integrated in the dominance hierarchy, were also more integrated
in their social partner preferences. The mdles generally
seemed more active, and although they were not specifically
aggressive, they did appear more agitated than they had been
previously.

The female relationships within Gzoup 1H .also under-
went change. Social partner preferences were somewhat altered
as were the dominance relationships among the females. As
was the case in Group 1, no clear;hierarchy could be discerned.
The females engaged in a 'round robin' of manual aggressian
and displays. Female #204 who had i:been codominant with #206
in Group 1 appeared to have dropped in social status. Females
# 169, 145 and 206 exhibited mounting behaviors towards other
females. General activity was increased, and as with the
males, the level of agitation also increased.

In spite of these behavioral changes, the group remained

sexually. separated (see Figures 8 and 9). Same-sex huddling,
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contact and proximity scores were significantly larger than
opposite-sex scores. The weekly mean score of male-male
affiliative contact (a combination of both contact and huddle
scores) was 24,»the female-female score was 23 and the male-
female scores was less than 1 (Figure 8). The weekly mean
score of male-male proximity was 7, the female-female score
was 6 and thé male-female score was 1 (Figure 9). The
absolute same- and opposite-sex scores for huddle, contact
and proximity for all six weeks are indicated in Table XIII.
Again, we see that isosexual interaction is significantly
larger than heterosexual. The three different degrees of
intimacy reflected by huddle, contact and proximity were
evident in the consistently higher proximity scores between
opposite~sex animals.

The percent of the observation in which same- and
opposite-sex interaction occurred was also indicative of the
two primary Saimiri social patterns: (1) segregation is
manifest in consistently higher isosexual scores, and (2)
proximity, which is the least intimate behavior occurs more
often between the sexes than does contact or huddle. Male-male
huddle occurred during 37% of the observation, female-female
huddle during 43% and male-female huddle did not occur.
Contact between males was observed during 28% of the study,
female-female contact during 10% and male~female during 1l.2%.
The pattern of proximity scores was similar but with more

heterosexual scores: male-male proximity was 15%, female-female
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was 10% and male-female was 5%.

The absolute frequency of isosexual and heterosexual
approaches, displaces and manual aggressions is presented
in Table XII. The percent of approaches that resulted in
displacements and manual aggressions is also indicated. The
increased activity in Group 1lH, compared with Group 1, was
reflected in the greater number of approach scores. Social
interactions (approaches) was still greater between same-
sex subjects. Females initiated more: interaction with males
than males with females and more males:were displaced by
these interactions than were females. The number of female~
male approaches was 112. The female-male displacement score
of 91 represented 81% of these approaches. The number of
male~female approaches was 22 and the 2 displacements that

occurred represented 9% of the approach tally.

Group 2

The male dominance hierarchy based on the direction
and frequency of genital displays is indicated in Figure 15.
The hierarchy was not completely linear. As indicated by the
matrix, only the low-ranking status of #34 was clear. The
initial observations before the death of male #57 indicated
that he and #34 were favorite social partners. The prior
familiarity of the two male trios resulted in males #24, 421
and 416 asserting dominance over the other male subgroup.
Male #98 became incorporated into the hierarchy whereas #34
with no social alliances became fairly peripheral to the other

males.
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The same-sex social interaction matrix is indicated
in Figure 16. The continuing alliance between males #24, 421
and 416 was indicated by their contact and huddle scores. The
integration of male #98 into the male social network is also
apparent. The comparatively low huddle and contact scores of
male #34 was indicative of his low-ranking, peripheral status.
The males and females of Group 2 exhibited considerable
courtship and mating behaviors, which will be discussed in
Results, section 3. It should be noted here, however, that
only males #24, 421 and 416 were involved in the sexual
activities.

The frequency of female-female genital displays was
very low and could not be used as an indicator of hierarchi-
cal ranking. However, observations of the direction of
manual aggression indicated that female #195 was the most
dominant female, followed by a codominant pair, #148 and 279.
Female #146 was the lowest ranking female and the object
of much female dislike. Her social presence was tolerated
primarily by one member of her previously familiar trio (#233).

The few incidences of opposite-sex huddling that
occurred in this group were between male #34 and female #146.
This may have been due to their respective peripheral positions
in regard to their own sex. However, this is purely speculative.

The males and females of Group 2 demonstrated signi-
ficant preferences for same-sex social partners. This was

indicated by the weekly means of affiliative contact and
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proximity scores (see Figures 8 and 9). The male-male affili-
ative contact score was 30, the female-female score was 17,
and the male-female score was 1. The mean score for male-
male proximity was 7, the female-female score was 4 and the
male-female score was 2. A comparison of the absolute fre-
quency of same- and opposite~sex scores for each subject
indicates that there was a .greater frequency of opposite-
sex proximity scores than opposite-sex contact or huddle
scores (see Table XIV). As indicated in Figure 10,
male-male huddle occurred during 41% of the observations,
female~female huddle occurred during 45% and male-female
huddle occurred during .1%. The pattern of contact scores,
as indicated in Figure 1], was similar although the scores
are smaller: male-male contact was 15%, female~female
contact was 10% whereas male-female contact was 2.2%. Figure
12 illustrates that proximity between males occurred during
16% of the observations, between females during 15% and
between males and females during 5%.

The absélute frequency of isosexual and heterosexual
approaches, displaces and manual aggressions is indicated
in Table XII. In addition, the percentage of approaches
that resulted in displacement and manual aggression is pre-
sented. Isosexual approaches occurred more frequently than
heterosexual ones. Females were more initiative toward males
than vice versa. There were 71 female to male approaches.

The female-male displacement score was 24 or 34% of the
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approaches., There were 68 male-female approaches and male-

female displacement was 12 or 18% of the approaches.

Group 3

The males of Group 3 never integrated into a six-
male social network. The hierarchy as determined from the
frequency and direction of genital displays is indicated in
Figure 17. The asterick next to male #416 indicates that .he
probably does not deserve the next to last position in the
hierarchy. He has been placed there because he never displayed.
One trio (males #421, 24 and 416) was extremely dominant over
the other trio. As indicated by the same-sex interaction
matrix, contact, huddle and proximity rarely occurred across
the two trios (see Figure 18). Male #416 was the least
dominant male qf«his trio. Since contact with the other males
was limited, he never displayed to them. Thus, in spite of
the fact that his allegiance with males #24 and 421 probably
placed him higher in the hierarchy, the absence of display
scores necessitated that he be allocated to the next to last
position.

The females also did not reveal a fully integrated
spcial network.. As indicated in Figure 18, interaction be-
tween several of the females was low or nonexistent. The
social data of Group 3 reflect a very complex picture.

Three of the males (#24, 421 and 416) and one of the
females (#279) became an integrated subgroup. Two other

males (#173 and 438) also demonstrated some opposite-sex
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huddling albeit limited. A comparison of isosexual and hetero-
sexual huddling, contact and proximity scores, as indicated

in Table XV, reveals that half the males and one of the

females did not show significant preferences for same-sex
social partners. The distance data discussed in Results,
section 1, indicates.that all subjects were relatively closer
to opposite-sex animals than were the members of Groups 1,

1H and 2. However, five of the females and three of the

males appeared to maintain behavioral segregation.

The weekly mean score of male-male affiliative con-
tact was 23, the female~female score was 18 and male-female
was 4 (see Figure 8). The weekly mean score for male-male
proximity was 6, for female-female proximity was 6 and for
male-female was 2 (see Figure 9). The percent of the obser-
vation in which male-male huddle was seen was 47%, female-
female huddle occurred during 35% and male-female during 10%
(see Figure 10). Male-male contact was observed during 23%
of the observations, female-female during 13% and male-female
during 3.3% (see Figure 1ll). The percent of the observation
in which male~male proximity was seen was 16%, for female-female
it was 20%, and for male-female it occurred during 8% (see
Figure.l2). A comparison of the opposite-sex scores for
huddle, contact and proximity.indicates that there were more
heterosexual proximity scores than either contact or huddle.

The absolute frequency of same-sex and opposite-sex

approaches, displaces and manual aggressions as well as the
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percent of approaches that displace and manual aggression
represent are indicated in Table XII. Social initiatdion
between opposite-sex subjects occurred more frequently than
between opposite-sex subjects. Females approached males
more often than males approached females. The two instances
of male-female displacement represented 8% of the 24
male-female approaches observed. The 34 instances of female-
male displacement represented 35% of the 98 female-male

approaches.

Comparison of the Four Groups

The social behavior in Groups 1, 1H and 2 indicate
that these groups were sexually segregated. All subjects in
the three groups demonstrated a consistent preference for
social partners of the same-sex in that isosexual huddle, con-
tact and proximity scores were larger than heterosexual
scores. A comparison of the opposite-sex scores for huddle,
contact and proximity also indicated that in all groups a
gradation of heterosexual interaction existed. All subjects
were more often in proximity with an animal of the opposite-
sex than in contact, and were more likely to be in contact than
to huddle.

The ovariectomized females in Group 1 had very large
huddling scores and therefore were the least active subjects
of the study. Huddling was observed during 70% of the obser-
vations. The administration of estrogen to these females
(Group 1lH) increased their activity and significantly reduced

the amount of the same-sex huddling to 43% of the observa-
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tions (p €.001). This level of huddling closely approximated
the amount of time spent huddling by the intact females in
Group 2. However, the females in Group 1lH had higher indivi-
dual huddling scores than the females:’'in Group 2, indicating
that they had more than one huddling partner at any given
time. The females in Group 2 huddled with fewer partners
at a time and therefore had lower individual scores. The
contact behavior of the females in Group 1lH also approximated
the contact behavior of the intact Group 2 females. In both
groups female-female contact occurred during 10% of the obser-
vations. The mean individual score for Group 1H females was
15 and the mean for Group 2 was 15.7.

The administration of estrogen to the Group 1
females affected the males of the group as well. The increased
general activity reduced the male-male huddling from 45% in
Group 1 to 37% in Group 1H. In addition, sexual interest in
the females increased, generating apparent agitation acti-
vity, which was reflected in the increase of male-male
approaches from 188 in Group 1 to 337 in Group lH. Female-
female approaches increased from 117 in Group 1 to 193 in
Group lH. Male-female approachés almost doubled, from 13 in
Group 1 to 22 in Group 1lH. Female-male approaches more than
doubled, from 44 to 112.

In Groups 1, 1H and 2 the females approached males more
than males approached females. Female-male displacement was

also higher than male-~female. In Groups 1 and 1lH the intact
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males were displaced 36 and 91 times respectively. These
scores represent 81% of the female-male approaches. The

castrated males of Group 2 were displaced on 34% of the

female-male approaches.

Group 3, where both males and females were gonadec-
tomized, differed from the pattern observed in the other
groups. Half the males and one female did not exhibit
sexually segregated behavior. The other males and females
did conform to the pattern of the other groups, except for
their relatively closer opposite-sex distances. All subjects
of Group 3 conformed to the general pattern of more female-
male approaches and displacement than male-female. In terms
of displacement, the castrated males of Group 3 behaved more
like the castrated males of Group 2 than like the intact
males of Groups 1 and 1H. The female-male displacement score
represented 35% of the female-male approaches (Group 2 = 34%,

Group 1 and 1lH = 81%).

Discussion: Social Behavior

These data indicate that as long as one sex (either
male or female) is intact, gonadectomy of the other sex will
not obliterate segregation. When all members of a group are
castrated, however, the segregated behavior patterns are
totally obliterated in some animals, diminished in others
and still maintained by some. -

Castrated males, whether or not the females they are

with are intact, appear to tolerate their presence to a greater
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degree than do intact males. In contrast, intact males avoid
both intact and ovariectomized females more, as reflected
by their displacement scores. Intact males were displaced
by 81% of female approaches whereas castrated males were
displaced 34% (Group 2) and 35% {(Group 3) of the approaches.
The differential response of castrated and intact males to
the approach and proximity of females played a significant
role in the maintenance of or absence of segregation. All
but one of the castrated malés in Group 3 exhibited some
degree of opposite-sex huddling. None of the intact males
ever exhibited heterosexual huddling.

Female Saimiri are the primary initiators of hetero-
sexual social interactions as indicated by these data as
well as those of Coe and Rosenblum (1974). The latter
authors found that female-male displacement was signifi-
cantly greater than male-female. The intact males in that
study tended to avoid interaction with females whereas fe-
males were more initiative towards males. If male avoidance
is crucial to the maintenance of segregation, its diminution
by castration is crucial to the loss of the segregated
pattern.

The effect of gonadectomy on the females was less
clear. Females interacted primarily with other females.
Even though they have been depicted here as the primary ini-
tiators of heterosexual interactions, which they are, the

majority of their social interactions were with other females.
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Females exhibit a strong social network around which the
males distribute. In order for desegregation to occur, the
females would have to begin initiating more interactions
across sex lines. The unity of their social network would
also have to be weakened. This would then complement the
increased tendency of castrated males to accept females.
In the case of the ovariectomized female (#279) in Group 3,
this was exactly what transpired. She began to exhibit a
marked preference for male rather than for female companion-
ship. That this change was an effect of gonadectomy seems
obvious. The data on her as an intact female, when she was
observed in Group 2, indicate clear same-sex partner pre-
ferences. Her behavior contributed significantly to the
fact that an integrated female social network never developed
in Group 3.

The hypothesized hormonal influence on behavior and
social organization is seen most clearly in the area of
facilitating certain behavioral dispositions. The hormones
act as a stimulus to elicit specific behaviors from the
individual and also serve as a cue to others. The removal
of these hormones via gonadectomy presumably removes their
facilitatory role on social behavior. The postulated hor-
monal role in the maintenance of social organization. functions
in conjunction with the primary organizer of primate social
structure, i.e., socialization. Primates are socialized

into specific roles and behaviors. The hormones facilitate
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the expression of behaviors which are established via
socialization. The facilitatory role of hormones is clearly
evident in the differential response of subadults and
juveniles to the socializing adult forces (Coe and Rosenblum,1974).
Juvenile and subadult male and female Saimiri freely inter-
act, playing and huddling together. There is no: difference
in the isosexual and heterosexual distances they maintain

(see FPigure 19). When the juveniles and subadults are ex-
posed to adults, only the subadults segregate. It appears that
without the action of gonadal hormones the socialization
process lacks significant impact.

The males, however, appear to have a greater depen-
dence upon their hormonal state for the maintenance of appro-
priate behaviors. Regardless of whether females were intact
or ovariectomized, castrated males avoided interaction
with females less than intact males, even less than intact
males living with ovariectomized females. Thus, thesé results
indicate that gonadectomy has a definite impact upon Saimiri
social organization (i.e., the maintenance of the pattern of
sexual segregation) by affecting to a greater or lesser degree

the underlying male and female behavior patterns.

(3) Behaviors Related to Reproduction

Groups 1 and 1lH

Prior to estrogen treatment, the vaginal smear of the
ovariectomized females in Group 1lH revealed a cytological

profile typical of gonadectomized females. No proliferation
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of the vaginal epitheleum was evident. The smears were very
thin. There were no acidophilic cells, no superficial cells,
and only sparse amounts of parabasal cells and leucocytes.

The first injection of 1 mg of depo-estradiol began
to affect the v¥aginal epitheleum and the beginnings of pro-
liferation were detected by the appearance of cornified
cells. However, it was not until after the second injection
that the estrogen effect was strong enough to producé 100%
cornification. The presence of large, flat sheets of super-
ficial cells in the smears was maintained by the estrogen
injections throughout the study.

Estrogen injections affected the behavior of the
Group 1lH females. As discussed previously (Results, section 2),
their activity levels were inferred to have increased,
resulting in significantly decreased huddle scores (p < .001)
and increased isosexual distances (p¢ .001). The females
also significantly increased their approaches towards
males (p € .00l). They frequently pursued males, often in
a manner that included sexual initiations. In the obser-
vations of Group 1, prior to the estrogen injections, there
was no evidence of sexual activity. After estrogen admini-
stration to the females both males and females exhibited
greater agitation and social activity than had been pre-
viously seen. The females frequently mounted other females,
aggressively chasing and grabbing them.

The increased agitation and activity was also evident

in the significant increase of male-male approaches and the



113

changes in the male dominance hierarchy. As indicated in
Results, section 2, the middle ranking males shifted position
(compare Figures 6 and 13). The dominant male increased
his frequency of genital displays as did several of the
other males. In addition, an increased level of scent-marking
and spontaneous penile erections was also observed (see Figure
20 and Table XVI). Before estrogen was administered to the
females, only 1l incidences of scent-marking were performed
by males. After estrogen treatment of the females, 32 were
seen. The incidence of penile erections also increased from
8 before treatment to 54 after treatment. Other measures, such
as masturbation and genital inspection did not significantly
increase.

Although the increased activity and agitation of
Group lH appeared to be related to sexual arousal, no mating
was observed during the first four weeks of the observation.
However, in the fifth week the dominant male (#303) initiated
mounting behavior with two of the females. He exhibited the
full Saimiri courtship pattern, approaching, chasing and ex-
ploring the genitalia of the females. He also exhibited
the stereotyped male Saimiri sexual initiation behaviors
which include darting back and forth in front of the female
just prior to the mount. He continued the mating behavior
throughout weeks 5 and 6 of the study. Saimiri males are
multiple-mount ejaculators. Although male #303 was observed
to mount the same female several times in succession (with

intromission and thrusting), an ejaculatory mount was never
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observed. Other males in ﬁhe‘g;oup appeared to exhibit the

early stages of courtship behavior, darting back and forth

in front of the females, chasing and exploring their geni-

talia but were never observed to mount. The females ap-

proached by these males and mounted by male #303 were behaViorally
receptive. They permitted the males to approach and explore

their genitalia and performed the squat present of Saimiri

females.

Group 2

Two of the six intact females in Group 2 became acyclic
just prior to thebeginning of observations. Therefore, the
data presented in Table XVII on estrous cycles are based on
the other four females. The mean cycle length for the four
females was 7.4 days. Female #148 exhibited the shortest cycle
length of 6.2 days and female #146 exhibited the longest cycle
length of 8.8 days.

As indicated in Table XVII, one female from each of
the familiar trios became acyclic. During the first four
weeks of the study, the two familiar pairs (#148 & 218'and
#146 & 279) cycled synchronously, except for a disruption in
the pattern in week three. By the beginning of week five,
however, the four females were cycling synchronously.

The females of Group 2 exhibited sexually receptive
and sexually initiative behavior. Like the estrogen;treated

females in Group 1lH, they approached and pursued the males.
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All the males in this group had been castrated post-
pubertally five years prior to the study. Nevertheless,
three of the five males exhibited sexual pursuits and ini-
tiation behaviors toward the females. Two of these males
exhibited full mounting behavior, including the species-
specific pursuit, darting and mounting behaviors. However,
the mounts never included intromission. Although these
castrated males had erections, they were unable to obtain
full erections and therefore were unable to intromit. Their
mounting behavior in relation to the females' cycles is
presented in Table XVII. All mounts were within two days
of an estrous smear indicating an effect of the female's
cycle. The two non-cycling females were not mounted nor
was the most submissive female in:-the group (#146). As in
Group 1lH, sexual activity was manifest with a great deal of
agitation in the group. Long bouts of male-female pursuit
aﬁd approaches were observed.

No sexual behavior occurred in Group 3.

Discussion: Behavior Related to Reproduction
The sexual behavior exhibited by both the males and
females in Groups 1H and 2 and the impact of the resultant
activity on social organization within the groups is very
much in keeping with previous data from wild, semi-natural
and intact laboratory groups (Baldwin, 1968, 1970; Latta
et al., 1967). These investigators have described the con-

siderable agitation that accompanies mating. Baldwin (1968, 1970)
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indicated that males displayed to one another and hotly

contested ranks. It appears that in semifree-ranging condi-
tions a high ranking male may get so involved in maintaingng
his position vis é vis other males, that he does not mate.
The behavioral differences between Groups 1 and 1H were
especially indicative of the differences between Saimiri
social structure in the non-mating and the mating season.

The intact:males:-of Group 1 éhowed virtually no interest in
ovariectomized females and were socially inactive and docile.
Following the females' estrogen treatment the males responded
to the females and to each other with more interest and agita-
tion. This change was reflectéd in their approach scores and
also by the shifts in the dominance ranks of several of the
males., The increased levels of scent-marking behaviors and
erections also indicated the increased agitation and sexual
interest.

The effect of estrogen on the activity levels of the
ovariectomized females, increasing their activity in Group 1lH,
has also been reported in rodents. Rodier (1971) demonstrated
that ovariectomy decreases activity in the female rat and
that estrogen replacement will increase their activity levels.
Inger (1969) demonstrated a positive relationship between
estrous and activity in female rats. Activity in a running
wheel was greatly increased during estrous and declined in
non-estrous periods.

The three castrated males in Group 2 who maintained

sexual interest in the females exhibited behavior similar to
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that reported for rhesus monkey males who have been cas-
trated (Michael and Wilson, 1974). In both species the
males retain the interest and ability to mount but the
ability to intromit is impaired. This is apparently the
result of degeneration of the sensitivity of the penis due
to a lack of testosterone.,

The length of the estrous cycles of the intact Group
2 females was similar to that reported by other investigators
(Rosenblum, 1968; Wolf et al., 1975). However, the syn-
chronization of the estrous periods has not been reported
previously. McClintock (1971) reported a similar phenomenon
among women. living in a college dormitory. Her study
demonstrated that roommates and close friends tended to
shift their menstrual cycles in the direction of synchrony
and tended to menstruate at the same time. This would indi-
cate that they were also ovulating synchronously. If
Saimiri regularly synchronize their estrous cycles, this would
aid in maintaining breeding seasonality. It would also serve
to reduce competition between males and increase breeding
success.

The data also indicate that Saimiri males rarely show
sexual interest in ovariectomized females, unless they are
receiving estrogen treatments, whereas intact females are often
receptive towards castratéd males. Similar findings have been
reported for other primate species (e.g., rhesus monkey,

Michael, 1972). In terms of the evolution of reproductive
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behavior, the fact that an equivalent cue concerning the
male's hormonal status hasmot evolved is worth further

investigation.,
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Table IV: Median isosexual and heterosexual distance
(cm) per week (see Figure 2).

Groups
1. male-male 67 53 27 62 45 50
female-female 32 19 10 25 25 25
male-female 116 9y lo4 91 98 77
1H. male-male 64 60 6l 54 61 84
female~-female 26 33 42 41 45 57
male~-female oy 100 108 106 124 116
2. male-male 58 64 39 26 4g 42
female-female 56 47 59 17 34 43
male-female 92 97 79 87 92 92
3. male-male 67 61 57 55 43 63
female-female 56 57 . 57 51 60 62

male-female 99 T4 71 74 82 82
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Table V: Mean distance (cm) across the six weeks of obser-
vation.
Mean difference between
isosexual and hetero-
Groups Male ~ SE. Female SE sexual distances SE
1. Male 61l 4.2 102 2.1 59 2.6
Female| 102 0.5 23 0.4 0.8
1H. Male . 66 0.9 109 0.3 55 1.1
Female 109 1.0 41 0.5 1.1
2. Male 48 0.9 91 1.2 43 1.5
Female| 91 1.6 U6 0.7 1.3
3. Male 58 0.8 79 1.6 20 1.7
Femalel 79 1.2 58 1.8 2.1
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Table VI: Mean male and female aggregation (%) (see

Figure 3).
Female Majority Pen Female Minority Pen
Groups Female Male Female Male
1 95 60 5 40
1H 86 54 14 b6
2 77 47 23 53
3 73 22 27 78
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Pable VII: Mean difference between isosexual and hetero-
sexual distances (cm) per week (see Figure 4).

Weeks
1 65 57 92 45 57 39
1 | 50 | 50 | 56 50 | 73 | us
2 31 41 285 68 48 43
3 37 8 13 15 27 14
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Table VIII: Median isosexual and heterosexual distances
of an intact group of male and female adults
(see Figure 5). .

Weeks
Subjects < it iiiiiiiiig 3
male-male 100 69 53
female~-female 93 75 60
male-female 141 153 167
Mean
difference be~
tween isosexual 33 83 50
and heterosexual
distances
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Table IX: Mean affiliative contact score per week
(see Figure 8).

Groups

l. male-male 27 24 18 27 26 14
female~-female 38 29 35 28 33 30
male~female 0 0 0.3 0.2 0 0

1H. male-male 22 36 25 27 22 13
female~female 34 25 26 19 22 10
male-female 0.2 0 0.4 0.1 0.1 0.6

2. male-male 25 23 47 32 20 32
female~female 16 14 26 11 17 15
male~-female 1.4 1.2 0.5 0.8 0.6 1.1

3. male-male 20 23 19 18 31 31
female-female 19 19 17 14 26 14
male~-female 6 4 7 3 3 2
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Table X: Mean proximity score per week (see Figure 9).
Weeks
Groups 1 2 -3 b 5 6
l. male-male 4 4 y L 4 4
female-female 3 2 5 i 1 2
male-female 1.8 1.5 1.3 0.3 0.1 0
1H. male-male 9 2 8 3 10 11
female-female| 6 6 6 5 6 7
male-female 0 0.7 0.4 1.3 2.4 2.8
2. male-male 7 7 6 6 8 6
female-female 5 6 4 3 3 2
male-female 1.9 1.5 0.7 1.9 1.9 1.3
3. male-male 5 2 4 8 7 8
female-female 3 8 7 5 6 9
male-female 1.3 2.5 2.1 1.7 2.2 1.3
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Table XI: Total score of isosexual and heterosexual inter-
interaction for each subject in Group 1.

SS = same seX, 0S = opposite sex

Subjects Huddle '~~~ Contact ~ Proximity
Males ss 0s Ss 0s ss oS
303 | 68 0 26 2 36 14
329 | 81 0 42 0 21 0
285 . 5 0 8 0 3 0
268 1105 0 34 4 4y 7
234 | 129 0 37 0 24 2
235 | 125 0 28 0 24 0
Females

204 137 0 8 0 24 0
206 184 0 12 0 17 0
169 203 0 6 0 9 0
145 136 0 1 0 5 13
205 195 0 11 0 17 1
415 99 0 7 0 15 8




Table XI1:

Total scores of approach, displace and manual aggression.

Male- % of - female- % of male- % of female- % of
Groups Behaviors male app. female app. female app. male app.
1 approach 188 117 13 by
displace 16 9% 17 15% 1 8% 36 81%
man agg. 3 2% 12 10% 2 15% 14 32%
1H approach 337 193 22 112
displace 28 8% 37 19% 2 9% 91 81%
man agg. 10 8% 19 10% 0 - 5 5%
2 approach 214 184 68 71
displace 37 17% 56 30% 12 18% 24 34%
man agg. 10 5% 26 14% 6 9% 6 9%
3 approach 181 174 24 98
displace 37 20% 43 25% 2 8% 34 35%
man agqg. 27 15% 27 16% 3 12% 16 16%

82T
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Table XIII: Total score for isosexual and heterosexual
interaction for each subject in Group 1H.

SS = same sex, OS = opposite sex

Subjects " Huddle - " Contact " Proximity
Males . ss 0s ss 0s ss 0s
303 | 67 0 34 2 33 13
329 f 66 0 62 1 36 3
285 - 101 0 28 3 16 .5
268 § 65 0 64 0 34 9
234 f 75 0 66 2 50 6
235 : 71 0 54 1 57 3
Females

204 : 61 0 19 4 55 15
206 f 118 0 13 0 26 4
169 : 125 0 12 2 37 4
145 : 105 0 8 2 30 18
205 | 133 0 19 0 24 4
415 | 62 0 19 0 12 7




Table ~XIV:

Total score for isosexual and heterosexual
interaction for each subject in Group 1H.

SS = same sexXx,

130

opposite sex

Subjects Huddle Contact Proximity
Males Ss 0S SS oS ss 0S
98 68 . 0 37 0 37 4
24 123 0 29 2 28 16
34 31 8 22 5 10 6
421 138 0 36 0 33 2
416 89 0 26 18 23 26
Females
148 83 0 13 2 22 18
146 61 5 17 0 13 0
279 91 0 19 10 27 16
195 94 0 15 4 29 4
218 67 0 17 6 15 9
233 102 0 i3 1 29 2
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Table XV: Total score for isosexual and heterosexual in-
teraction for each subject in Group 3.

SS = same sex, 0S = opposite sex

Subjects Huddle " Contact ' Proximity
Males SS 0S SS 101] SS 1]
24 64 4o 24 25 74 10
421 45 4o 54 17 24 24
4le6 37 34 23 6 28 19
173 117 0 26 0 7 6
93 171 0 54 0 15 1
438 54 3 47 0 6L b

Females
195 111 0 28 0 41 4
279 6 102 6 28 32 4
145 107 0 16 0 35 1
415 71 0 12 0 18 2
206 25 0 21 0 32 11
1 35 6

348 103 2 4o
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Table XVI: Total frequency of maleerections and scent
behaviors in the presence of ovariectomized
females (Group 1) and estorgen-treated ovar-
iectomized females (Group 1lH).

Erections Scent Behaviors
Subjects 1 1H 1 1H
303 | 0 23 2 8
329 4 6 1 3
285 0 0 3 3
268 fé 0 9 4 5
234 0 2 0 8
235 4 _1s X 5
Total 8 54 11 32
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Table XVII: Estrous cycles of the four cycling females in
. Group 2.
Familiar
Familiar Mounts
Days 148 218 146 279 ‘
1 24 218
3 24 148 (twice)
E E -
5
7
9
E E 416 218 (twice)
11
E E 24 148; 416 148
13
15 E
17
E
19
21
24 279 (twice)
23
. E E
25 E B
27
29 ' 24 148 (twice)
E E E E
3z 416 279
33
35
37
E E E E
39
41 416 148
43
E E E E
mean cycle 6.3 7.3 8.8 7.3

length
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Figure 2: Median isosexual and heterosexual distances for

each week of observation.

(See Table IV)
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Figure 5: A comparison of the median isosexual and hetero-
sexual distances of a group of five intact males
and the five intact females with three of the
experimental groups. Note that only the'first

. three weeks of groups 1,2, and 3 have been
graphed in order to be comparable to the intact
study. (See Tables XVIII and IV)
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Figure 6:  Dominance hiéfrarchy of the intact males of group
1 based on the frequency and direction of genital
display. The number within each cell is the to=-
tal frequency of genital display for the six
weeks of observation.
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GROUP | INDIVIDUAL INTERACTION

INTACT MALES OVARIECTOMIZED FEMALES

CONTACT + HUDDLE CONTACT + HUDDLE
303(329]268l234]|235]285 204]2061169}145]205|415
303\ |95 30|27 |98 ] 0 204\ |56 |37 |66 | 88|34
?3_45 29(35(32|5 206764\ J164|58 |10 | O
268/ 16787\ | 47|46 | 9 169 37750\ J140[20 | 1
234 ,2/@?8 % NHIE 145 ff// 22?%’ i alo
235 %%%@ﬁj 3 205 éclél/é;% {5;523?% 185

2050 i sy
PROXIMITY PROXIMITY

Figure 7: Isosexual interaction matrices for group 1. The
number within each cell is the total frequency
of contact & huddle (white area) and proximity
(shaded area) observed.
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combined.
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GROUP IH INDIVIDUAL INTERACTION
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Figure l4: Isosexual interaction matrices for group 1H.

. The number within each cell is the total
frequency of contact & huddle (white area)
and proximity (shaded area) observed.
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Figure 15: Dominance hierarchy of the castrated males of
group 2 based on the frequency and direction of
genital display for the six weeks of observation.
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GROUP 2 INDIVIDUAL INTERACTION

CASTRATED MALES INTACT FEMALES
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Figure 16: Isosexual interaction matrices for group 2.

The number within each cell is the'!total
frequency of contact & huddle (white area)
and proximity (shaded area) observed.
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Dominance hierarchy of the castrated males of
group 3 based on frequency and direction of
genital display. The number within eachcell
is the total frequency of genital display for
the six weeks of observation. See text for
explanation of asterick. '
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GROUP 3 INDIVIDUAL INTERACTION
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Figure 18: Isosexual interaction matrices for group 3.
The number within each cell is thetotal fre-
quency of contact & huddle (white area) and
proximity (shaded area) observed.
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for the intact males of group 1l and 1H.



CHAPTER SIX
GENERAL DISCUSSION

The data of this experiment indicate that gonadal
hormones play a significant role in the maintenance of the
sexually-segregated social organization of Saimiri. The
absence of gonadal hormones affects the dindividual behavior
patterns of the males and females, altering their inter-
actions, and consequently, altering the relationships be-
tween males and females. The data on the inter-animal dis-
tances indicated that the general tendency within all
groups was towards smaller isosexual than heterosexual dis-
tances. Therefore, these data suggest that all groups
were sexually segregated. However, a comparison of the
heterosexual distances relative to the isosexual distances
of the four groups, especially in relation to the distances
maintained by an intact group of animals in the same environ-
ment, revealed that there was a significant difference in
the degree of segregation.

The relative differences between the isosexual and
heterosexual distances indicated that a group that contains
intact males will be maximally segregated regardless of the
hormonal status of the females (compare Groups 1, 1H and Coe

and Rosenblum intact study). A group containing castrated
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males and intact females will be demonstrably less segregated.
A group where both the males and females are gonadectomized
will maintain the smallest degree of segregation.

The distances maintained between animals are a func-
tion of the pattern of social behaviors. In order for hetero-
sexual distances to be reduced, the males and females of
a group must be more likely to be in contact with or in proxi-
mity with each other than the males and females of a group
with relatively greater heterosexual distances. In fact, the
amount of heterosexual affiliative contact and proximity
were areater in Group 3 where all animals were gonadectomized
than in the other groups.

The establishment of contact or proximity between two
animals 1s the result of two behaviors: one animal must ap-
proach and the other animal must be willing to accept the
approach. The results, indicate,indirectly via the inter-
animal distances and directly via the approach and displace-
ment data, that castrated males are much more willing to
accept the approach of a female than are intact males. The
difference in the degree to which a castrated male is willing
to accept female interaction is crucial to the decrease in
the segregation. We may assume, therefore, that avoidance of
females by intact males plays a major role in segregation.

The other critical factor in maintaining segregation
appears to be the strength of thelfemale social network. The

absence of a strong female network in Group 3 contributed sig-
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nificantly to the decrease in the segregation. The defection
of one of the ovariectomized females in that group to three
of the castrated males had a deleterious effect on the fe-
male network and contributed to the establishment of a strong
heterosexual network between her and the three castrated
males. This heterosexual network became the focus of the
~group. The smaller heterosexual distances and the increased
frequency of heterosexual proximity reflected a generally
greater integration of males and females into a unified
social network. However, the effect of gonadectomy on fe-
males was less consistent than the effect of castration on
males. One may speéulate that .the behavior of male Saimiri
is more dependent on hormones than is that of female Saimiri.

It should be noted that the maintenance of segregation,
to a greater or lesser degree in all four groups, indicates
that other factors in addition to gonadal hormones contribute
to the sexually segregated social pattern. Socialization
probably plays a crucial role in the development of the
appropriate behaviors (Coe and Rosenblum, 1974; Bromley,
unpublished data).

The data of this experiment support (at least in
Saimiri) several hypotheses introduced earlier in this paper:
(1) that hormones have significant effects on behavior,

(2) that the influence exerted by hormones on small units of
behavior (e.g., male avoidance of females) can and does have

significant effects on the social organization as a whole,
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and (3) that these unit changes alter interactions and.:con-
sequently relationships (both heterosexual and isosexual).
The data also reflect the difference in the male and female
social roles in maintaining segregation and the critical
balance between attraction and repulsion of conspecifics that
underlies any social pattern.

The task at hand is to apply these findings to other
primate species and to social organizations. If we review
the various social patterns outlined in Chapter 2 with this
model in mind we should be able to see how the different
levels of social behavior integrate to produce a specific
social pattern. We should be able to see how the various
behavioral units (i.e. the behavioral repertoire of the
species) constitute the building blocks of interactions and
how these intéractions in turn constitute the building blocks
for relationships. It is the patterning of relationships
that constitutes the social organization. As indicated
by Hinde and Stevenson-Hinde (1976, p. 451):

The study of social behavior is seen’as involving three
levels - interactions, relationships, and social
structure.
The recognition of the behavioral repertoire as an important
variable is seen in the following statement:
To describe an.interaction, it is necessary to specify
what the participants are doing together (its content),...
(Hinde and Stevenson-Hinde, 1976, p. 451)

0f course the influences exerted by one level on another

are not unidirectional. As indicated:
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The distinction between three levels in the .conceptual
framework of course carries no implications about the
direction of causal relationships: interactions influence,
and are influenced by, relationships and social structure.
(Hinde and Stevenson-Hinde, 1976, pp. 151-452.)
We are dealing with the proverbial chicken or egg question.
As indicated previously, innate tendencies are modified
and amplified by social forces and may therefore no longer
be considered ‘innate'. This, like the direction of influence
in social organization, is not a biological problem. It
is only a problem to us in terms of our inability to explain
nature to our own satisfaction. Thus, we may or may not
accept the above analysis of social behavior.
If we turn back to the descriptions of social patterns
in Chapter 2, we do find that each pattern appears to have
a unique configuration of relationships and behavioral
repertoires. Pair-bonded species exhibit a continuous
male-female relationship exclusively theirs with behaviors
also uniquely theirs, e.g., duetting. Unlike most other
primates; relationships between females are extremely in-
tolerant and the relationship between parent and offspring
may also be unique. The unimale group, as well as the
multimale and harem groups can also be seen to be unique
configurations of relationships in response to unique inter-

actions and the behavioral units underlying those interactions.

As discussed previously, the inability of Erythrocebus males

to indicate submission affects their interactions and con-

sequently their relationships with other male conspecifics.
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The behaviors of male hamadryas baboons, as they affect

females (herding) and other male hamadryas (recognition of
the possession of females by subordinate males), seem
uniguely suited to such an analysis. As indicated by Nagel
(1973) the deficit in the female herding techniques of
hybrid male baboons significantly alters interactions,
relationships and social organization. A thorough analysis
of primate social organization from the standpoint of pin-
pointing relational differences may be very enlightening.

We generally accept the existence of different
social patterns among primates as indicative of adaptations
made in response to differing selective pressures. Implicit
here is an acceptance and understanding of evolution and
natural selection. As discussed in Chapter 2 some behavViors
must have some underlying genetic substrate if we accept
that behavior does indeed evolve. The relationship between
the genes and behavior is a complex one, especially if one
is investigating social behavior in primates. It is very
difficult to envision the genetic encoding of social
organization, However, as indicated previously, only small
units of behavior need have a genetic substrate in order for
social orgahization to be affected. The complexity of primate
society and the primate's considerable capacity for learning
indicate that the behavioral genetic program of monkeys and
apes is essentially open. Thus, behavior is somewhat

modifiable throughout the life of the individual. As indicated
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by Manning (1976, pp. 336-337):

In Waddington's (1957) model of the epigenetic land-

scape it was the genes which carved out the general

pattern and form of the valleys down which the developing

organism moves. Behavioral development, particularly

in vertebrates, can continue long into an organism's

adult life and genes will still set some limits to,

and determine some of the directions of its response to

the environment.
The picture that emerges is one of loosely encoded behavior,
i.e. an open genetic program. Hormones are genetically
determined substances that influence behavior. The literature
phrases the relationship between hormones and behavior as
one of influence which alludes to the characteristics of an
open genetic program. In the past, research on the rela-
tionship between hormones and behavior has concentrated on
the effect of hormones on aggression and on increasing or
decreasing copulation freguency or altering copulatory
patterns. However, the data of this study suggest that gonadal
hormones may influence behavior other than reproductive and
aggressive. Attraction between males, between females, and
between males and females appears to have been altered. The
sexually segregated social pattern appears to be based on
specific attractions and repulsions of same-sex and opposite-
sex animals and these attractions and repulsions were signi-
ficantly influenced by gonadal hormones. We are not pro-
posing that all social. patterns are dependent upon gonadal
hormones, nor that hormones represent the encoding mechanism

for all behavior. Rather we are suggesting that gonadal

hormones play a significant role in Saimiri organization and
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that they may perform a similar function in other species
and that this is worth further research. Does this model
apply elsewhere in the primate order or is it a phenomenon
peculiar to Saimigi?
There are suggestions in the literature that the

social behavior and organization of other species may be in-
fluenced by gonadal hormones, perhaps not always in the same
direction as in the squirrel monkey, but influenced nonetheless.
For example, in the siamang family observed by Aldrich-Blake
and Chivers (1973) the subadult male was not driven out of
his group by his father until the mating season began. There
may have been gonadal changes in the adult male which influenced
his behavior toward his son. We simply do not know at this
point. Nor doweknow if gonadal hormones would affect the
intolerance female marmosets exhibit toward other female
conspecifics. There is evidence that gonadal hormones
can affect a wide variety of behavior, such as play behavior
(Gordon et al., 1976 ; Rosenblum and Bromley, in press).

. ...8aimiri males and females undergo an annual hormonal
cycle that is paralleled by behavioral changes. The levels
of circulating steroids in the squirrel monkey are fairly
high when compared with levels in other mammals. Thus even
the diminished hormone levels during the nonmating season are
not unusually low in comparison with circulating hormone levels
in other animals. (Therefore gonadectomy should never be

equated with the nonmating season.) This in itself may imply
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a stronger gonadal irnfluence on social organization than
is generally found. We may only speculate, however. The
behavioral changes evident in Saimiri mating and nonmating

seasons are seen in other primates. Macaca mulatta males

undergo an annual testosterone cycle similar to Saimiri males
and also exhibit behavioral changes that are similar to
Saimiri (e.g., increased agitation). Although data is not

available concerning testosterone cycles in Lemur catta and

Galago demidovii, they too exhibit similar behavioral and

mating cycles to Saimiri which may imply possible hormonal
influences at work in the behavior of these species.

In terms of the initial discussion of the influence
of ecology and phylogeny on social organization it is very
difficult to deal with Saimiri. Its phylogenetic status is
not clear. According toBabaet al. (1975) and Cronin and
Sarich (1975) Saimiri diverged from the other platyrrhines
very early and may not be closely related to other cebids.
Hill (1960) .and Rosenberger (personal communication)
however, have indicated that Saimiri is closely related to
Cebus. More recently Rosenberger (personal communication)
has indicated that Saimiri may be related to the Callithricidae
more closely than to the Cebidae. It should be noted that
the views that Saimiri diverged early and is related to Cebus
and/or Callithricidae are not mutually exclusive. Regardless
of its status in relation to the living Ceboidea, Saimiri is

closely related to the late Miocene Neosaimiri. Thus we may
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speculate that it diverged earlier than the late Miocene,
and may have a long independent evolutionary history.

Even if there were no questions concerning its
phylogeny, the issue of phylogenetic influence would not be
clear since no other New World monkey has the same social
pattern. The only other primate with a similar social

organization is the 0l1d World monkey, Miopithecus talapoin.

Saimiri and Miopithecus are convergent in many respects.

In addition to their social organization, these two species
are convergent in the niche they occupy, which.speaks to

the influence of ecology on social organization. Other con-
vergent features shared by the talapoin and the squirrel
monkey include relatively small body size, seasonal breeding

and fairly large troop size. The combination aof features

shared by Miopithecus and Saimiri are not found in any other

primate. Another important feature possibly shared by these
two monkeys is that morphology and/or behavior may be very
close to the ancestral condition for their respective groups.
Wolfheim and Rowell (1972) have described the talapoin as a
cercopithecine 'relict' and Saimiri may be close to the
ancestral condition for New World primates. All of this as
well as that proposed below is admittedly speculative but is
being presented as a possibility.

In accepting the solitary socialipattern deséribed by
Martin (1972) as basal for the primate order we are assuming

that the other social patterns evolved from it. Although the
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social organization of the talapoin and squirrel monkey are
significantly different from the basal solitary pattern,
they do share some interesting characteristics. The males who
are minimally social are organized around a female and infant
core. Interaction between adult males and females occurs
primarily during mating, which is seasonal. Mating activity
is disruptive to social relations between males. It is
possible that the social organizations of Saimiri and

Miopithecus are very early independent experiments with a

nominally multimale pattern. This is not meant to imply
that social evolution has been linear and directional but
simply that there have been evolutionary experimentations
at various stages and this is one of them. We are also not

proposing that Saimiri and Miopithecus behavior and social

organization have gone unchanged since their respective di-
vergence. Hypotheses such as these merely indicate a point
from which perhaps we can extrapolate information concerning
ancestral conditions.

It would be interesting to know if the mechanisms

that maintain segregation in Saimiri operate in Miopithecus.

A similar investigation in the talapoin would reveal a great
deal about the nature of behavior convergence and the rela-

tionships between hormones, behavior and social organization.
I am sure that such an investigation would also indicate Ehe

way to other research.
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Subject’s Laboratory Records

# Arrival in lab

FEMALE

Weights During Study

Medical History

X peak jow

169 1970 wild born 527 560 500 ox 1970

415 1970 wild born 553 580 530 ox 1970

205 1970 wild born 493 540 450 ox 1970

204 1970 wild born 590 600 570 ox 1970

145 1970 wild born 633 710 580 ox 1970

206 1970 wild born 510 570 480 ox 1970

279 1969 wild born 692 710 680 births: 4/70,
5/71
ovariectomized
10/75

233 1970 wild born 680 750 630 births: 5/72

195 1970 wild born 693 730 670 births: 11/70,
5/72

ox 10/75

148 1969 wild born 683 710 670 births: 5/71,
6/73

146 1969 wild born 597 620 580 births: 3/71

218 1970 wild born 573 590 560 births: 12/70
10/73

348 1970 wild born 597 620 580 no births in lab

ovariectiomized
10/75
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Appendix A

Subject's Laboratory Records

MALES

# Arrival in lab Weights During Study Medical History

x  peak  low
303 1964 wild born 914 930 900 No remarks
268 1969 wild born 750 800 710 "
329 1970 wild born 918 970 880 "
235 1970 wild born 862 930 800 "
234 1970 wild born 883 970 840 "
285 1971 wild born 653 690 620 "

24 1970 wild born 755. 780 730 castrated 1970
416 1970 wild born 669 780 625 castrated 1970
421 1970 wild born 588 620 560 castrated 1970

34 1969 wild born 689 790 650 castrated 1970

98 1969 wild born 600 630 580 castrated 1970
173 1969 wild born 803 830 790 castrated 1970

93 1969 wild born 640 670 620 castrated 1970

438 1969 wild born 663 690 630 castrated 1970
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Computer printouts of analyses of variance
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INTER-ANIM DISTANCES

CF1.1 MEAN en SE
A1 2%.179 13,858 2.290
A2 31,292 11.531 2.00L
A3 27.092 8,908 1.876
AL 27.037 5,072 1.05¢8
P 1 30,173 ®.055 1.30F
B 2 26,927 11.758 1.715
e 1 19,785 6.398 n.9%3
2 37.31u 5.397 nN,787

AR 1, 1 31,902 10.903 3.287

AR 1, 2 24 367 15.36R L.Rf%3
AR 2, 1 34 067 8.368 2.523
AR 2, 2 29.317 13.515 K.075
AR 3, 1 27.092 R.%55 7.510
AR 3, 2 27.092 9.597 2.80L
AR 4, 1 27.142 L.650 1.4N09
AR L, 2 26.933 5.459 1.RLF
AC 1, 1 16.525 10,042 3.028
AC 1, 2 39,833 3.403 1.026
AC 2, 1 21.075 5,400 1.63)
AC 2, 2 42,708 1.637 .03
AC 3, 1 18.483 1.918 n.578
AC 3, 2 35,700 3,166 n.0s55
AC 4, 1 23.n52 2.291 n.697
AC L, 2 31.017 3.812 1.149
RC 1, 1 23.196 5.630 1.176
RC 1, 2 | 37,150 5.587 1.165
RC 2, 1 16.375 5.178 1.080
RC 2, 2 37.479 5.195 1.083

ARC 1, 1, 1 24.017 9.119 I.212

ARC 1, 1, 2 39,967 4.671 2.080

ARE 1, 2, 1 9.033 n.26N 0.384

ARC 1, 2, 2 39,700 1.1%8 n.5n9

ARC 2, 1, 1 26,233 2.001 n.89%

ARF 2, 1. 2 52.700 n.681 n.3ns5

ARE 2, 2, 1 15.917 1.139 0.51n

ARC 2, 2, 2 52,717 2.211 0.989

ARC 3, 1, 1 19.083 2.100 0.939

ARG 3, 1, 2 35,100 2.631 1,177

ARC 3, 2, 1 17.883 1.492 n.6R7

ARC 3, 2, 2 36,300 3,521 1.575

ARG &4, 1, 1 23,450 1.7%2 n.797

ARR 4, 1, 2 3n.833 3.579 1.601

ARC L, 2,1 22.667 2.640 1.185

ARC &, 2, 2 31,200 L.N23 1.799




173

INTEP=-ANIM DISTANCES

SUMMARY OF ANALYSIS NOF VADJANCE

SNURCE SS ne 1S r p
A 377.250 3 125,750 £.601 0 0013
B 252.813 1 252,813 13,271 n,.nn1}
AXR 255,439 3 85.1u4K L. 470 0, NneR
FpPOND 762.000 ] 19.050
RN o 7374,.500 1 737,500, . 202 687 N _0NQD
AXE 851.625 3 283.875 30.80° n.onon
RXC 306.6R8 1 IN6.AR8 33,381 N _0N0N
AXRXC 189.000 3 63.000 £.857 0,nN13
£EBPNAR 367.500 un 9,188
CORE USAQRE NRIECT CONE= 25224 B,,. J
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v e e
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INTACT COMPARISON - NISTAMCE DATA

CELL MEAM
Al 28,125
A2 31,833
A3 27.125
A b 26.917
AS 40,875
R 1 39,317
R 2 29,633
el 21.817

€2 4n,133
AR 1, 1 32.000
AB 1, 2 24,250
AR 2, 1 34,333
AB 2, 2 29,333
AR 3, 1 27.083
AB 3, 2 27.167
AR Y, 1 27.083
AR &4, 2 26,750
AR 5, 1 41,083
AR 5, 2 40,667
ac 1, 1 16.500
AC 1, 2 39,750
AC 2, 1 21.000
AC 2, 2 42.667
AC 3, 1 12,583
AC 3, 2 35,667
AC L, 1 23,000
AC L, 2 30,833
AC 5, 1 30.000
AC 5, 2 51.750
RC 1, 1 24,533
RC 1, 2 50,100
BC 2, 1 19,100
RE 2. 2 k0.6

ARG 17 1, 1 242000

ARG 1, 1, 2 50.000

ARE 1, 2,1 a0, 000

ARG 1, 2, 2 30,500

ABC 2, 1, 1 26.167

ABC 2, 1, 2 42.500

ABF 20 2, 1 15.833

ARC 2, 2, 2 42,833

ARC 3, 1, 1 19,167

ARC 3, 1, 2 35,000

AR 3, 2, 1 12.000

ARC 3, 2, 2 36.333

ABC L, 1, 1 23.500

ABC L4, 1, 2 3N.667

ARC 4, 2, 1 22.500

ARC L, 2, 2 31,000

ABE 5, 1, 1 29,833

ARC 5, 1, 2 52,333

ARC 5, 2, 1 30,167

ABC 5, 2, 2 51.1A7

0,764
1.213
2.410
2.192
2.5R2
1.291
3.6%2
1.203
3.549n
2.630
3.873
3. 436
3.117
2.672
5.33F

1.379
1.62L
3.537
3.412
3.041
1.0687
1.6042
n,s5h1
n.s7n
n,98N0
N.6N6
1.127
n,o20
1.338
1.009
1.405

© 1.355

1.h1°
L,21h3

2.160

S AT

N.5FR3
n.oLkE
n. 352
0.543
1.078
n,agn
1,155
n.577
1.61h7
n,e2onr
1.RNK
1.176
1.732
1.537
1.43%0
1.195
2.3%8¢

- D W D S SR G R WY S YEr P e W G S P S P G A M I D WP SR ED G G ST SN W WP CR G T G0 AT P SR GP E P M SR S e

ot s > ——————



176

IMTACT CAMPARISNN = NISTAMCE NATA

SUMMAPY NF AMAI VSIS NE VYARIANCE

3315.875
216.000
296,125
954,438

10065.,00N
952.625
226,875
274 563
549,438

32?7 ,9KR0
216000
76,031
10,.ne0
1nnR5,.00NN
2720 158K
22F 875

6 .61T
10,090

915.937
21.673
20 FLE

€.246
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