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Given the complexity of primate so-
cial systems, it is not surprising that
the search for proximate mechanisms
is a daunting task. We have long
known that the types of social groups
that primates form and maintain are
characteristic of a given species.1 It is
also clear that social systems emerge
from interactions between individu-
als.2 Understanding proximate mech-

anisms contributing to social systems,
therefore, requires a focus on the ten-
dencies of individual members of a
species to interact with one another in
particular ways that lead to the pro-
duction of the species-typical group-
ing pattern.

At a gross level of analysis, primate
social systems can be categorized by
the number and sex ratio of adults
typically found in the groups. Under-
lying the most common modal group-
ing pattern, the multimale-multife-
male group, is the tendency for adults
to tolerate and even seek like-sex com-
panionship. Other types of primate
social groups depend in some part on
categorical exclusion of conspecifics.3

For example, in single-male or harem
groups males are intolerant of the
close proximity of other males, and in
monogamous primates both males
and females are intolerant of unre-
lated like-sex adults. In each of these
systems, the degree of tolerance of
like-sex companions is dependent on
circumstances or age. Young males in
species characterized by unimale
groups often leave their natal groups
and form bachelor groups until the
opportunity to secure a harem arises.
Clearly, the intolerance displayed by

males of these species for like-sex
companionship is provisional. Toler-
ance of conspecifics may also be man-
ifest between groups. In some cases,
extensive interactions between ani-
mals of neighboring groups lead to
elaborate multigroup coordination of
activity.4 This is seen in extreme form
in the Hamadryas baboon (Papio
hamadryas), which lives in harem
groups but shows coordination of
sleeping and travel patterns among
the scores of harems in a community.5

Male-female relationships are also
variable, giving rise to distinct quali-
ties of sociality. Squirrel monkeys
(Saimiri sciureus), for example, live in
large multimale-multifemale groups,
but males and females do not interact
extensively. In contrast, the male-fe-
male relationship in the monogamous
titi monkey (Callicebus moloch) is
characterized by a close emotional
bond.6

Understanding the types and quali-
ties of long-term associations, both
sought and avoided, is a critical step
in elucidating the proximate mecha-
nisms underlying primate social sys-
tems.7,8 For a complete understand-
ing, we must also take into account
the need of group members to coordi-
nate many other activities, such as
travel patterns, feeding schedules, and
selection of sleeping sites. Individual
activity patterns, the manner in which
individuals respond to social and non-
social events, and the use of the spa-
tial environment must also be consid-
ered.

Where do we begin the search for
mechanisms? Given the persistence of
the species-typical form of social
groups across environments and gen-
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Understanding the types and qualities of long-term associations, both sought
and avoided, is a critical step in elucidating the proximate mechanisms underlying
primate social systems. For a complete understanding, we must also take into
account the need of group members to coordinate many other activities, such as
travel patterns, feeding schedules, and selection of sleeping sites. Individual
activity patterns, the manner in which individuals respond to social and nonsocial
events, and use of the spatial environment must also be considered. Here, we will
illustrate some of the proximate mechanisms contributing to the monogamous and
territorial social system of the titi monkey. We will then present a model showing
how many relatively simple, error-prone mechanisms can collectively yield stereo-
typic expressions at the group level.
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erations, there is little doubt that the
dispositions that contribute to social
systems are represented in the neural
and physiological systems of the indi-
vidual primate. It is tempting, given
the stereotypic nature of social ex-
pression, to look for comparably ste-
reotypic neurophysiological mecha-
nisms. We consider it unlikely that
specific adaptations in support of
each species’ particular form of social
structure exist. It is more likely that
proximate mechanisms underlying
social proclivities are comprised of
numerous, more generalized response
tendencies. Moreover, the enormous
variability of social systems, even
among closely related species, sug-
gests that small evolutionary shifts in
one or more tendencies to respond to
social and nonsocial stimuli result in
large changes in outcome at the group
level. Here, we will illustrate some of
the proximate mechanisms contribut-
ing to the monogamous and territorial
social system of the titi monkey. We
will then present a model showing
how many relatively simple, error-
prone mechanisms can collectively
yield stereotypic expression at the
group level.

SOCIAL DYNAMICS IN TITI
MONKEYS

Titi monkeys live in small family
groups with an adult male-female pair
and 1–3 offspring.9 They travel and
forage as a group within a small mul-
tipurpose territory. Group members
are rarely out of sight of one another
during daily travel, are usually found
in close proximity, and spend consid-
erable amounts of time huddled as a
group with their tails entwined. Fe-
males give birth to a single infant each
year. Infant titi monkeys are carried
as much as 90% of the time by their
fathers for the first 3 months of life,
and then begin to move indepen-
dently.10 Although titi monkeys can
reproduce by 18 months of age, young
adults generally do not participate in
reproductive activities, including care
of younger offspring, as long as they
are living with their parents.11

We argued elsewhere that proxi-
mate mechanisms contributing to the
monogamous, territorial lifestyle of
titi monkeys can be categorized ac-

cording to three major dimensions: 1)
temperament, or the characteristic re-
sponse to environmental events; 2)
categorical responses to conspecifics,
such as familiar vs. unfamiliar, male
vs. female, and adult vs. juvenile vs.
infant; and 3) dynamics of social rela-
tionships.3,6,12 The studies that led to
these designations were performed as
a part of a research program compar-
ing the monogamous titi monkey with
the polygynous squirrel monkey.
Squirrel monkeys are referred to here
only as necessary to illustrate the dis-
tinctive traits of titi monkeys; a sepa-
rate treatment of them is provided
elsewhere.13

Temperament

In comparison to squirrel monkeys,
titi monkeys are more sedentary, cau-
tious, and reluctant in their approach
to the environment. Titi monkeys
travel within their relatively small ter-
ritories along habitual pathways.4

They are slow to incorporate new
travel routes, and when provided with
shortcuts to desired goals, they rarely
utilize them.14 They will often travel a
considerable distance in order to
maintain contact with a familiar route
or substrate.15 Titi monkeys do not
differ from squirrel monkeys in per-
formance on standard cognitive tasks,
but they are slower to contact novel
objects or tasks, they are more cau-
tious in approaching new problems,
and their behavior is less varied than
that of squirrel monkeys.16,17 Titi
monkeys are even reluctant to take a
highly desirable food item when pre-
sented in a context that deviates only
slightly from familiar conditions (Ma-
son, unpublished observations).

The sedentary and cautious lifestyle
of titi monkeys is supported by the
activity and reactivity of their physio-
logical systems. Titi monkeys exhibit
less sympathetic activity than squirrel
monkeys, and sympathetic responses
in titi monkeys but not squirrel mon-
keys are quickly counteracted by a
rapid and substantial opposing para-
sympathetic response.18 Changes in
the environment that will lead to acti-
vation of the pituitary-adrenal re-
sponse to stress are more subtle in titi
monkeys than in squirrel monkeys,19

but the stress response, once acti-
vated, is greater and more prolonged

in squirrel monkeys than in titi mon-
keys.20 The physiological, like the be-
havioral, response to challenge and
change is characterized by strong in-
hibitory reactions in titi monkeys, in
contrast to the more vigorous behav-
ioral and physiological activation
characteristic of squirrel monkeys in
comparable situations.

Categorical Responses

Adult male and female titi monkeys
react strongly to other animals. In the
absence of familiar companions, a titi
monkey will interact positively with
an unfamiliar conspecific of the oppo-
site sex. Even like-sex conspecifics
may become the focus of affiliative
interactions if no other social alterna-
tives are available. Given a choice be-
tween multiple alternatives, however,
titi monkeys will interact selectively
with a single animal of the opposite
sex. As with the nonsocial environ-
ment, titi monkeys are highly sensi-
tive to familiarity in the social envi-
ronment, and their interactions are
more cautious and tentative with un-
familiar than with familiar animals.
The tendency to interact cautiously
with an opposite-sex stranger is par-
ticularly prominent in females and
persists even if the mate has been ab-
sent for several days prior to the en-
counter.21 For titi monkeys that are
living with a mate, the response to
unfamiliar conspecifics of the same
sex is usually agonistic, particularly
when the mate is also present, and can
lead to activation of autonomic and
pituitary-adrenal activity.21–23 For an
adult titi monkey, then, there appears
to be a strong motivation to establish
affiliative interactions with another
animal. Whenever possible, these af-
filiative interactions are directed to-
ward a single animal of the opposite
sex. In nature, titi monkeys will occa-
sionally seek interactions with oppo-
site-sex animals from neighboring
groups.24 When an unfamiliar rival is
encountered close to the mate, jeal-
ousy reactions are often severe. On
the rare occasion when this occurs,
antagonism can be directed to the
mate as well as towards the stranger.
Males, in particular, have been ob-
served to actively restrain their
mate.4,24,25

Adult titi monkeys also respond to
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young animals categorically. When
presented with either their own off-
spring or an unfamiliar age-matched
animal, titi monkeys respond to in-
fants less than 6 months of age with
greater elevations in heart rate than to
juveniles 12–18 months of age. In a
choice situation, parents do not differ-
entiate their own offspring at either
age from an unrelated infant or juve-
nile titi monkey, either behaviorally or
physiologically.26 The stimuli pre-
sented by infants or juveniles form
distinct categories for adults, but the
distinction here between familiar and
unfamiliar is less robust than that be-
tween familiar and unfamiliar adults.

Dynamics of Social
Relationships

Perhaps the most striking feature of
the social dynamics of titi monkeys is
the close emotional bond established
between the adult male and female
that form the nucleus of the social
group. In nature, the activity of the
adult pair members is highly coordi-
nated, and each member frequently
looks toward the mate during travel
and feeding. Encounters with neigh-
boring troops are highly ritualized
and include simultaneous and coordi-
nated displays between mates.9 Labo-
ratory studies have confirmed the ten-
dencies to coordinate travel, feeding,
and other activities between pair-
mates.4,27–29 Separation of mates is a
substantial stressor for adult titi mon-
keys, and the behavioral and physio-
logical response to novelty is some-
what attenuated by the presence of
the mate.19,22,23,30 The close emotional
bond between the adult male and fe-
male members of the family group re-
sembles the filial bond found in most
other primate species.

Although clearly capable of forming
intense emotional bonds, adult titi
monkeys surprisingly do not form a
close bond with their offspring. Nei-
ther mother nor father titi monkeys
respond to separation from their
young with behavioral distress or ac-
tivation of the physiological stress re-
sponse.30 Parents respond to infant
vocalizations, and perhaps other
forms of infant distress, by moving to
the source, and they will retrieve a
separated infant.30,31 Their response

to the infant does not appear to be
specific to their own offspring, how-
ever, and they do not display the
highly organized parental behaviors
seen in chimpanzees or macaques
that function to relieve infant distress.
In fact, parental care in titi monkeys
primarily consists of simply allowing
infants to cling. For mothers, toler-
ance of infant contact is generally lim-
ited to brief periods surrounding
nursing. In mothers and older sib-
lings, prolonged infant contact leads
to clear signs of agitation, attempts to
dislodge the clinging infant, and often
biting of its hands and feet. This pat-
tern of parental behavior clearly con-
trasts with the otherwise close and
harmonious relationships among
family members in titi monkey
groups.

In response to differential treat-
ment, infant titi monkeys quickly
learn to move to the mother for brief
nursing bouts, to avoid siblings, and
to remain with their fathers most of
the time. The tendency for parents
(and other group members) to main-
tain close proximity with one another
facilitates the infant’s movement be-
tween the tolerant father and the
nursing mother. By the end of the first
week of life, titi monkeys are fairly
skilled in making the transitions and
do so without the assistance of either
parent. In choice tests, 6-month-old
infants generally choose the father in-
stead of the mother.30 When tested for
their response to separation from
their parents, 3–5-month-old infants
show a substantial pituitary-adrenal
response to separation from their fa-
thers, even when their mother is
present during the separation period.
In stark contrast to squirrel monkeys,
infant titi monkeys do not respond to
separation from their mother if their
father is present during the separation
period.32 Titi monkey infants thus
form an emotional attachment bond
with their fathers that is not recipro-
cated.

The emotional bond between the
young and the father persists into
adulthood. Young adults living in
their natal group respond to separa-
tion from their parents (presumably,
most strongly from their father) with
a sustained increase in pituitary-adre-
nal activity, regardless of whether

they remain with their siblings in the
familiar home environment or are
placed alone in an identical cage.33,34

Elevations in cortisol may persist for
as long as 4 weeks of separation. The
fact that the pituitary-adrenal re-
sponse is sustained suggests that the
normally efficient negative feedback
mechanisms are rendered inoperative
during the separation period. Upon
reunion with parents, cortisol levels
rapidly return to preseparation val-
ues. It is interesting to note that res-
toration of preseparation cortisol lev-
els can also be achieved by providing
the young adult titi monkeys with a
new, unfamiliar heterosexual com-
panion.34 In contrast to the intoler-
ance female titi monkeys and siblings
display toward a clinging infant, other
interactions between mothers and off-
spring and interactions among sib-
lings are amicable, often including
prolonged periods of passive contact
with tail-twining. Aggressive interac-
tions among family members are rare.

Summary

Given our current understanding,
we can use numerous factors or deter-
minants that contribute to the monog-
amous, territorial system of titi mon-
keys (Fig. 1). The factors listed range
from regulation of autonomic balance
organized in the hypothalamus or
brain stem35 to social perceptions that
are likely organized in forebrain areas
such as the frontal lobe or amygda-
la.36 Some characteristics that help to
define titi monkey lifestyle are not
listed. For example, a preliminary
comparison of the brains of a titi
monkey, squirrel monkey, and ma-
caque revealed that the hippocampus
of both the titi monkey and the squir-
rel monkey was nearly two times
larger than the macaque hippocam-
pus, in spite of the larger overall brain
and body size of macaques. Because
the hippocampus is known to be in-
volved in processing spatial informa-
tion, this may reflect the arboreal life-
style of these New World monkeys.
Moreover, the titi monkey hippocam-
pus occupies a proportionately larger
amount of neural tissue than that of
the squirrel monkey, perhaps reflect-
ing a greater emphasis on spatial de-
tails in titi monkeys. These findings
offer a promising avenue for explor-
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ing the neurobiology of species differ-
ences in use of space (e.g., Clayton37).
It is unlikely, however, that the highly
developed hippocampus can explain
other aspects of their monogamous,
territorial lifestyle. Although there is
much to be learned about how the
organization of the nervous system
contributes to the distinctive lifestyle
of titi monkeys, it is clear that their
social system is a multiply determined
trait that is dependent on diverse neu-
robiological systems.

If we examine all the factors identi-
fied in Figure 1 and seek to under-
stand how a monogamous, territorial
system is created, another problem
arises. The contribution of each factor
is only probabilistic. That is, most titi
monkeys display most of the traits
characteristic of the species most of
the time. Any given monkey, however,
is unlikely to display all features com-
pletely, and for any given feature only
about 80–90% of the animals tested
show the trait in a given situation. For

example, some fathers are not very
tolerant of infant clinging, and some
mothers are very tolerant. Similarly,
new travel routes are sometimes in-
corporated into daily routines, and oc-
casionally daily routines are aban-
doned altogether. In some cases, the
tendencies animals display are not in-
ternally consistent. Thus, a titi mon-
key female will on occasion make a
mad dash into the neighboring terri-
tory, outrunning her mate, to copulate
with another male, and yet a female
titi monkey will typically avoid inter-
actions with unfamiliar males even in
the absence of her mate. None of the
traits that we propose as contributing
to the titi monkey lifestyle is absolute,
and none is expressed in the same re-
liable fashion as the monogamous,
territorial social system. We propose
that the factors contributing to a mo-
nogamous, territorial system do so
semi-independently. Because of the
sheer number of factors, monogamy
is virtually an inevitable outcome,
even though each factor is itself error-
prone.

To illustrate how social systems are
produced from underlying proximate
mechanisms, we present two alterna-
tive models. The linear model as-
sumes that all determinants of a social
system are additive and necessary.
The redundant systems model, which
we advocate, assumes that determi-
nants are independent and that not all
need to be in place for the outcome to
be realized.

THE LINEAR MODEL

If each individual factor were nec-
essary for the emergence of a social
system, then the factors would be con-
sidered additive, each contributing to
and required for the expression of
complex behavioral patterns. This can
be represented by:

D1 � D2 � D3 � D4 � � Dn

� Emergence of

Complex Social System

where D1–Dn are the individual fac-
tors or proximate mechanisms (e.g.,
as listed in Fig. 1). In reality, we know
that any one factor is not necessarily
expressed at all times, nor present in
all individuals. This becomes prob-

lematic for the linear model. For ex-
ample, if each of five factors is ex-
pressed only 80% of the time, the
probability that the species-typical so-
cial system will emerge is equal to the
probability that all factors are present,
which is quite low:

0.8 * 0.8 * 0.8 * 0.8 * 0.8 � 0.32.

With this model, the social system is
hence expected to be expressed only
32% of the time. Addition of more fac-
tors would further reduce the proba-
bility of expression. Thus, the linear
model does not explain how these so-
cial systems emerge in such a reliable
and stereotypic fashion.

REDUNDANT SYSTEMS MODEL

In this model, each factor can con-
tribute to the emergence of the behav-
ior in question, but not all are neces-
sary. The model can be represented
as:

D1 or D2 or D3 or D4 or � Dn

� Emergence of

Complex Social System.

Rather than calculating the proba-
bility that all factors will be expressed
simultaneously, we can calculate the
probability that all will fail simulta-
neously:

0.2 * 0.2 * 0.2 * 0.2 * 0.2

� 0.00032.

The probability that all factors will
simultaneously fail is 0.00032, so the
probability that one or more will be
operable and contribute to the out-
come is 0.99968, or 99.9%. The addi-
tion of more factors will increase the
probability of the outcome being ex-
pressed.

The redundant systems model al-
lows us to reconcile the fact that sim-
ple behavioral patterns and other
proximate determinants are not ex-
pressed reliably, yet more complex be-
havioral patterns (including social
systems) can emerge from these dis-
positions with predictable regularity.
Thus, a number of relatively simple
response tendencies or factors (the
more the better), each of which is
somewhat error-prone, can function
together to generate a species-specific

Figure 1. Individual factors or determinants
(D) underlying emergence of a monoga-
mous, territorial system in titi monkeys. De-
terminants are organized according to
three major dimensions that influence how
titi monkeys interact with their environment,
both social and nonsocial.
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social system that is relatively imper-
vious to error. Redundancy in the
proximate mechanisms underlying
primate social systems ensures that
social organization persists in spite of
failures that might, and regularly do,
occur in the elements that create the
system.

CONCLUSIONS

To understand proximate mecha-
nisms underlying primate social sys-
tems, we must first identify the com-
ponents of sociality for individual
primates. Our research over the past
three decades has successfully identi-
fied numerous factors important to
the monogamous, territorial lifestyle
of titi monkeys. In taking the next
steps and asking how these factors are
represented in the brain and physiol-
ogy of the species, we have barely
scratched the surface. It is clear that
numerous systems are involved and
distributed throughout the brain. The
search for proximate mechanisms of
social systems at the neurobiological
level will be most successful if each
behavioral disposition contributing to
social expression is examined individ-
ually, and its contribution to social
systems is determined independently.
In our opinion, combining the results
of this essential analytic task with
continuing efforts at synthesis is the
most effective path toward under-
standing the neurobiology of social
systems.
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