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Effects of Duration of Separation on Responses to Mates
and Strangers in the Monogamous Titi Monkey
(Callicebus moloch)
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Adult male and female titi monkeys form an intense social bond charac-
terized by high levels of affiliative interactions between pairmates and
agonistic responses to strangers. In natural settings, separation between
mates can vary from brief periods, as when mates drift apart during feed-
ing, to permanent separation, occasioned by desertion or death. In this
study we asked how different durations of separation altered the behavior
of male and female titi monkeys (Callicebus moloch). We compared the
effects of brief separation such as might occur incidentally during feeding
(1–2 h) with prolonged separation such as might occur if one partner died
or deserted (5 days). Effects were observed during a 30 min reunion of
pairmates or during a 30 min encounter with a stranger of the opposite
sex. Following brief separation, interactions between mates and between
strangers clearly differed in measures of affiliation, but not in behaviors
indicative of arousal. Following prolonged separation, measures of arousal
increased with both mated pairs and strangers. Females tended to inter-
act more readily with a stranger following prolonged separation than after
brief separation, but interactions between mates were essentially un-
changed and differed substantially from those between strangers. The
data suggest that the pair bond persists in titi monkeys after prolonged
social isolation, despite increased interest in interacting with potential
new partners. Am. J. Primatol. 43:225–237, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION
A common characteristic of socially monogamous mammals is that mates

spend most of their time in proximity to each other, closely coordinating the
daily round of activities [ungulates: Dunbar & Dunbar, 1980; Kranz, 1991; ro-
dents: Getz & Hofmann, 1986; primates: Mitani, 1987; canids: Moehlman, 1989;
Taber & Macdonald, 1992; bats: Heller et al., 1993]. Among nonhuman primates,
the socially monogamous dusky titi monkeys (Callicebus moloch) conform to this
pattern [Mason, 1966, 1968; Robinson, 1979, 1981; Wright, 1984]. In the field,
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these monkeys are usually encountered in small groups of two to five animals,
the apparent nucleus of which is an adult male and female that form a stable
pair [Mason, 1966; Robinson, 1979; Wright, 1984]. Pairmates usually stay within
a few meters of each other during feeding, traveling, and resting periods and
show clear signs of distress when they become separated for prolonged periods
[Mason, 1966]. Based on the high degree of intimacy, coordination, and interde-
pendence between these animals, the existence of a strong and specific mutual
attachment or pair bond is inferred.

The existence of a pair bond has been amply confirmed by research on cap-
tive animals. The findings indicate that both members of a well-established het-
erosexual pair show 1) a high degree of proximity and coordination over a wide
range of activities [Mason, 1974; Andrews, 1986; Menzel, 1993], 2) a strong pref-
erence for the mate over a stranger [Mason, 1975], and 3) an emotional reaction
to a brief separation (60–90 min) from the pairmate which is not mitigated by
the presence of their offspring or a stranger of the opposite sex {Cubicciotti &
Mason, 1975; Mendoza & Mason, 1986a,b].

One aspect of the bond which has not been previously examined is whether
interrupting the ongoing relationship between mates for a prolonged period of
time weakens the bond and concurrently increases attraction to potential new
partners. This was investigated in the present study. We compared the effects of
separating pairmates for a few hours and for several days on their responses to
each other and to a stranger of the opposite sex.

Brief separation of pairmates is a common event in the life history of the
titi monkey, as when animals occasionally drift apart during feeding, and does
not appear to seriously disrupt the ongoing relationship [Mason, 1966, 1968;
Wright, 1984]. This is consistent with the experience with brief separations of
established pairs of captive titi monkeys [Cubicciotti & Mason, 1975]. In con-
trast, prolonged separation of pairmates is presumably a relatively rare event
in nature (as it is in our captive colony). Nevertheless, it must occur, inas-
much as one of the partners will almost certainly die before the other. Deser-
tion is also a possibility, as has been observed in the monogamous hylobatids
[Palombit, 1994].

We reasoned that social separation would initiate a process that would be
particularly apparent after pairmates had been apart for several days. We ex-
pected that prolonged separation would produce signs of increased attraction to
strangers of the opposite sex, along with greater willingness to develop a new
pair relationship. A second expectation was that prolonged separation would
weaken the pair bond, as indicated by signs of hesitancy or alienation when the
pair was reunited. Thus, both expectations led to the prediction that responses
to the mate and stranger would converge following prolonged separation and
that the difference between them in measures of attraction and affiliation would
decrease.

We also expected the sexes to differ both in their reactions to strangers, re-
gardless of duration of separation, and in the effects of separation. Based on
previous findings and on theoretical grounds, we anticipated that females would
be more cautious than males in establishing relations with strangers of the op-
posite sex [Orians, 1969; Mason, 1971; Trivers, 1972; Emlen & Oring, 1977;
Cubicciotti & Mason, 1978; Anzenberger, Mendoza & Mason, 1986; Anzenberger,
1988]. With prolonged separation from her mate, a female’s reluctance to inter-
act with unfamiliar males was expected to diminish, while the male’s attraction
to unfamiliar females was expected to show little change.
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METHODS
Subjects

Subjects were 12 male and 12 female adult titi monkeys, Callicebus moloch,
that had been living in stable family units for at least 17 months at the start of
the study (X

—
 ± S.D. = 37 ± 12 months). All adult pairs had produced offspring.

Inasmuch as the experimental design required that parents be separated from
their infants for as long as 5 days, pairs with infants younger than 4 months
were excluded from the study, as were females in later stages of gestation. Aside
from this limitation, the reproductive status of the females was monitored by
endocrine analyses of urine samples, but this information was not used to deter-
mine the time of testing. Five males and four females were wild-born and im-
ported as adults. The remaining subjects were laboratory-born and had been raised
in stable family units. They ranged in age from 5–17 years. All animals were
housed indoors in stainless-steel cages (1.2 × 1.2 × 2.1 m high) equipped with
four parallel perches extending the width of the cage and maintained according
to established laboratory protocols. Temperature ranged between approximately
22 and 33°C. Cleaning occurred in the morning, and the animals were fed twice
daily, morning and afternoon. Water was available ad libitum.

Design
The experiment consisted of a brief (1–2 hr) or a prolonged (5 days = 120–

121 hours) separation of cagemates, during which subjects were housed indi-
vidually in visual isolation from other monkeys in cages identical to the home
cage and in the same colony room. At the end of each separation period, the
subject was observed during a 30 min social test under one of two conditions:
reunion with its mate or encounter with an opposite-sex stranger (see below).
Thus, animals were tested once in each of four experimental conditions: (1) brief
separation, tested with mate; (2) brief separation, tested with stranger; (3) pro-
longed separation, tested with mate; and (4) prolonged separation, tested with
stranger. Upon completion of a test, subjects were housed in their home cages
with their mates and any offspring for at least five days before any further sepa-
ration. Subjects were tested as cohorts, each consisting of two pairs which were
unfamiliar to each other at the beginning of the study. Subjects encountered each
stranger on two different occasions with at least 6 days and no more than 22
days between successive encounters. Members of cohorts were tested on the same
days in complementary conditions (i.e., they served as strangers for one another).
The sequence and order of conditions were approximately balanced across co-
horts. Testing occurred between 1000 and 1400 h.

Apparatus
The testing cage (2.5 x 4.0 x 2.3 m) is shown in Figure 1. It was located in an

indoor room in which temperature (20°C) and lighting were controlled. A PVC
runway (2.5 cm in diameter), marked into ten 37.5 cm sections, traversed the
length of the cage, at a distance of 1 m from the floor. Each end of the runway
terminated at an entryway covered by remotely operated opaque and transpar-
ent doors. The floor, ceiling, and walls of the cage were also marked into sections
37.5 cm wide. Outside the cage, an enclosed booth with a screened observation
window curtailed visual contact with observers. The subjects had been previ-
ously habituated individually to the test cage during ten 30 min sessions [Fernan-
dez-Duque, 1996].
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Test Procedures
Each subject was transported individually from the separation cage to

the testing room in a small cage which was placed on a release platform
mounted outside the testing cage. To begin the 30 min test, we released sub-
jects simultaneously into the apparatus from opposite ends of the cage by
raising the opaque and transparent doors in quick succession. For scoring
purposes, the test was divided into 120 15 s intervals, signaled by audible
clicks of a timer. Data on behavior and spatial location of both subjects were
collected throughout the session on checksheets. Spatial location data pro-
vided information on the section of the runway, floor, ceiling, or wall on which
the subject was standing. These data were used to calculate interanimal dis-
tance and use of runway. (Titi monkeys strongly prefer to stay on perches
[Fernandez-Duque, 1996]. Being on the runway with a companion was an in-
dication of social tolerance.) Spatial location, proximity (within arm’s reach)
and body contact between subjects were scored using instantaneous sampling
(“on the signal”). Other behaviors were recorded once for each interval in which
they occurred [Altmann, 1974].

Table I describes the behavior categories used in this study [Moynihan, 1966].
In the presentation of results we consider these categories within two major
groups. The first is attraction/affiliation. Social distance, approach, proximity,
contact, grooming, mounting, and tail-twining were considered measures of at-
traction/affiliation. The second major group is behavioral arousal. Arching, pilo-
erection, gnashing, chest-rubbing, anogenital-rubbing, anogenital inspection,
vocalization, displacing, aggression, tail-lashing, and locomotion were used to
assess excitement or arousal. Data on tail-twining and tail-lashing were too few
for analysis and will not be considered further.

Fig. 1. Schematic view of apparatus.
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Data Analysis
Data for interanimal distance, proximity, and physical contact were analyzed

using the pair as the unit of analysis (n = 12). For the remaining behavior cat-
egories, data were analyzed using the total number of intervals in which each
animal performed the behavior under each of the four testing conditions (maxi-
mum possible = 120 intervals/condition). Unless otherwise indicated, statistical
outcomes are based on the nonparametric Wilcoxon matched-pairs and Mann-
Whitney tests for related and independent samples, respectively [Siegel, 1956].
Significance was set at the 0.05 level, two-tailed. Figures and tables present data

TABLE I. Behavior Categories

Behavior categories Description

Attraction/affiliation
Approach One subject moves within arm’s reach of a stationary

subject and remains in proximity for at least 3 s; if
both subjects move into proximity simultaneously and
remain in proximity for at least 3 s, approach is scored
for both

Proximity Subjects are within arm’s reach (approximately 40 cm)
Contact Physical contact between subjects
Grooming Combing through cagemate’s fur with the hands
Mounting and/or thrusting Common usage
Tail-twining Sitting quietly side by side with tails intertwined (i.e.,

wrapped around each other for at least one turn)
Behavioral arousal

Arching Back arched sharply (as in frightened cat), subject may
raise trunk until arms leave perch or arms may be
bowed

Piloerection Hair erect, most noticeably in the tail
Gnashing Repeated and rapid opening and closing of mouth,

accompanied by sounds of lips and/or teeth
Chest-rubbing The chest region, where a visible sternal gland is

located, is moved with pressure and friction against
the perch or other surface by sliding the body forward,
it may also be pressed in a downward motion with
hands and/or arms

Anogenital-rubbing The anogenital region, which probably includes
circumanal glands, is in contact with the perch, and
the rear part of the body is slid forward or moves
laterally

Anogenital inspection Sniffing, licking, or otherwise exploring partner’s
anogenital area

Vocalizations Includes squeaks, whistles, moans (low-pitched
vocalizations), and loud, sustained calling (full calls
and duetting)

Displace One subject (“displacer”) moves into arm’s reach of a
stationary subject (“displaced”), and the latter leaves
immediately (within 3 s); the displacer is scored.

Aggression Vigorous grabbing, grasping, pulling, or slapping at
another, possibly accompanied by biting

Locomotion Movement of at least one body length
Tail-lashing Repetitive swinging of the whole tail from side to side

(arcs greater than 45°)
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as mean percent of the maximum score, based on the number of 15 s intervals
during which the behavior was observed at least once.

At the time of testing in each of the conditions, six to seven females were
determined to be cycling. Preliminary analysis of measures of attraction/affilia-
tion and behavioral arousal showed no evidence of significant differences between
cycling and noncycling females with respect to behaviors they directed toward
males or received from them. Due to the small numbers of females, no attempt
was made to identify behavioral changes that may accompany phases of the ova-
rian cycle.

RESULTS
Mates vs. Strangers

Familiarity had a major effect on attraction and affiliation, regardless of du-
ration of separation. The data are presented in Table II. Mates were much closer
to each other than were strangers, they approached each other more frequently,
and they had higher scores for proximity, contact, and use of runway. Differences
between mate and stranger for these measures were significant beyond the 0.05
level for each separation condition considered separately and for the combined
conditions. Grooming and mounting/thrusting were relatively infrequent but
followed the same trend as the other affiliative behaviors. Grooming occurred
in seven mated pairs as compared to two unfamiliar pairs (P = 0.042, chi
square), and mounting/thrusting occurred in six mated pairs and three unfamil-
iar pairs (NS).

In contrast to affiliative behavior, most measures of behavioral arousal did
not distinguish between mate and stranger for either separation condition. Loco-
motion was reliably higher for unfamiliar pairs but only in the brief separation
condition (Table II). The only measure of arousal that differentiated between
mate and stranger for both brief and prolonged separation conditions and for the
combined conditions was gnashing; contrary to expectations, it was substantially
higher with the familiar partner (Table II).

Duration of Separation
The effects of prolonged separation were examined separately for mates and

strangers to test the hypothesized convergence of their responses. These data
are also presented in Table II. Distance between mates increased slightly com-
pared to the brief separation condition. Scores for approach, proximity, contact,
and use of runway were lower than after a brief separation. Although the direc-
tion of these effects was consistent with the expectation that prolonged separa-
tion would weaken the pair bond, variability was considerable, and the changes
were not statistically different. The only reliable effect of prolonged separation of
affiliative behavior between mate was an increase in grooming (P = 0.016). Ef-
fects of prolonged separation on affiliative behavior between strangers were mi-
nor. As compared to brief separation, distance between strangers decreased, and
scores for proximity, contact, and use of runway were higher; only the change for
contact was statistically significant (P < 0.05). Thus, although the changes in
affiliative behavior following prolonged separation were in the predicted direc-
tion, they were modest, and the differences between the behavior of familiar
pairs and strangers were substantial.

In contrast to the minor effects of duration of separation on affiliative
behavior, prolonged separation led to substantial changes in most measures
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TABLE II. Effects of Duration of Separation and Familiarity on Measures of
Attraction/Affiliation and Arousal*

Duration of separation
Behavior categories Brief Prolonged P

Attraction/affiliation
Social distance

Mates 0.9a ± 0.6 0.9a ± 0.5 NS
Strangers 1.9a ± 0.4 1.7a ± 0.5 NS
P 0.001 0.01

Approach
Mates 9.6 ± 6.4 8.6 ± 6.0 NS
Strangers 5.0 ± 8.2 3.4 ± 4.7 NS
P 0.01 0.001

Proximity
Mates 48.9 ± 25.1 45.1 ± 26.5 NS
Strangers 10.1 ± 13.4 18.5 ± 24.8 NS
P 0.001 0.01

Contact
Mates 34.0 ± 28.5 31.2 ± 23.7 NS
Strangers 5.5 ± 9.5 12.8 ± 18.9 0.05
P 0.01 0.01

Use of runway
Mates 85.6 ± 14.8 82.6 ± 18.6 NS
Strangers 65.9 ± 30.4 71.2 ± 28.9 NS
P 0.001 0.05

Grooming
Mates 0.2 ± 0.7 2.0 ± 4.2 0.05
Strangers 0.0 ± 0.0 0.1 ± 0.5 b

P b 0.05
Mounting/thrusting (only males)

Mates 0.8 ± 1.7 1.0 ± 1.5 b

Strangers 0.1 ± 0.2 1.0 ± 3.3 b

P b b

Behavioral arousal
Arching

Mates 2.3 ± 3.1 4.2 ± 3.7 0.01
Strangers 3.2 ± 4.7 5.1 ± 5.0 0.05
P 0.05 NS

Piloerection
Mates 0.5 ± 1.1 1.7 ± 2.7 0.01
Strangers 0.4 ± 1.1 3.7 ± 6.7 0.001
P NS NS

Gnashing
Mates 11.2 ± 10.6 12.7 ± 12.5 NS
Strangers 3.5 ± 5.3 5.4 ± 7.5 NS
P 0.01 0.01

Chest-rubbing
Mates 0.8 ± 2.3 4.4 ± 7.0 0.01
Strangers 1.5 ± 4.0 4.9 ± 9.4 0.05
P NS NS

Anogenital-rubbing
Mates 0.5 ± 1.0 1.3 ± 2.5 0.05
Strangers 0.3 ± 0.8 0.8 ± 1.5 NS
P NS NS

(continued on next page)
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TABLE II. (continued)

Duration of separation
Behavior categories Brief Prolonged P

Anogenital inspection
Mates 0.8 ± 1.3 2.1 ± 3.9 NS
Strangers 0.4 ± 1.2 0.8 ± 1.3 NS
P NS NS

Vocalizations
Mates 4.1 ± 6.2 4.0 ± 5.5 NS
Strangers 4.0 ± 8.0 3.4 ± 4.3 NS
P NS NS

Displace
Mates 1.8 ± 2.4 2.0 ± 3.1 NS
Strangers 2.2 ± 3.2 2.2 ± 5.2 NS
P NS NS

Aggression
Mates 1.1 ± 1.7 1.1 ± 1.7 NS
Strangers 1.3 ± 2.0 1.3 ± 2.5 NS
P NS NS

Locomotion
Mates 48.6 ± 28.4 50.5 ± 24.1 NS
Strangers 63.2 ± 21.9 46.1 ± 21.2 0.001
P 0.05 NS

*Except for social distance, numbers indicate mean percent of 15 s intervals in which the behavior was
observed.
aMeters.
bToo few data for statistical analysis.

of behavioral arousal. Arching, piloerection, anogenital-rubbing, chest-rubbing,
and anogenital inspection were more frequent after prolonged separation, and
all changes were significant beyond the 0.05 level for the combined social
conditions. With the exception of locomotion, which declined in the stranger
condition, the effects of duration of separation with familiar partners and with
strangers were similar.

Sex Differences
Sex differences are presented in Table III. Although males tended to approach

females more frequently than females approached males, this difference was not
statistically significant for the separation conditions considered independently
nor for the combined conditions. Males were more likely to displace an unfamil-
iar female than females were to displace an unfamiliar male in both separation
conditions (P < 0.05); they were also more likely than females to displace their
mate, but this effect was significant only for prolonged separation (P < 0.05).
Probably as a consequence of being displaced, females with unfamiliar males
were also more likely than males under both separation conditions to be located
off the runway (P < 0.05). They were not off the runway significantly more often
than males when tested with their mates, however, regardless of duration of
separation.

The strongest difference between the sexes was in the level of behavioral
arousal (Table III). Overall frequencies of arching, piloerection, gnashing, chest-
rubbing, anogenital-rubbing, anogenital inspection, vocalization, displacing, and
aggression (chiefly grabbing) were substantially higher for males than for fe-
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Duration of
Behavior categories Familiarity separation Females Males P

Attraction/affiliation
Approach Mates Brief 8.9 ± 7.0 10.3 ± 5.9 NS

Prolonged 8.5 ± 5.9 8.8 ± 6.4 NS
Strangers Brief 5.0 ± 9.2 5.0 ± 7.5 NS

Prolonged 2.6 ± 4.6 4.2 ± 4.9 NS
Use of runway Mates Brief 81.3 ± 18.1 89.8 ± 9.4 NS

Prolonged 75.5 ± 23.0 89.6 ± 9.0 NS
Strangers Brief 47.5 ± 32.7 84.2 ± 11.4 0.01

Prolonged 55.8 ± 34.0 86.5 ± 8.5 0.05
Grooming Mates Brief 0.1 ± 0.2 0.3 ± 0.9 NS

Prolonged 1.9 ± 4.2 2.0 ± 4.4 NS
Strangers Brief 0.0 ± 0.0 0.0 ± 0.0 a

Prolonged 0.1 ± 0.2 0.2 ± 0.7 NS
Mounting/thrusting Mates Brief 0.0 ± 0.0 0.8 ± 1.7 NS

Prolonged 0.0 ± 0.0 1.0 ± 1.5 0.05
Strangers Brief 0.0 ± 0.0 0.1 ± 0.2 NS

Prolonged 0.0 ± 0.0 1.0 ± 3.3 NS
Behavioral arousal

Arching Mates Brief 0.7 ± 1.0 3.9 ± 3.7 0.01
Prolonged 2.4 ± 3.1 6.1 ± 3.4 0.01

Strangers Brief 2.0 ± 4.2 4.5 ± 4.9 0.01
Prolonged 3.0 ± 2.5 7.3 ± 5.9 0.05

Piloerection Mates Brief 0.1 ± 0.2 0.9 ± 1.4 0.01
Prolonged 1.2 ± 3.3 2.2 ± 2.0 0.01

Strangers Brief 0.4 ± 1.4 0.5 ± 0.5 0.05
Prolonged 3.7 ± 9.4 3.6 ± 2.7 0.05

Gnashing Mates Brief 5.9 ± 6.0 16.5 ± 11.7 0.01
Prolonged 8.4 ± 9.2 17.0 ± 14.2 NS

Strangers Brief 3.1 ± 7.0 3.9 ± 3.2 NS
Prolonged 4.5 ± 8.3 6.4 ± 6.8 NS

Chest-rubbing Mates Brief 0.0 ± 0.0 1.5 ± 3.2 NS
Prolonged 1.7 ± 4.6 7.1 ± 8.1 NS

Strangers Brief 0.0 ± 0.0 3.0 ± 5.4 0.01
Prolonged 3.2 ± 7.5 6.7 ± 11.1 NS

Anogenital-rubbing Mates Brief 0.3 ± 0.7 0.8 ± 1.2 a

Prolonged 0.5 ± 1.0 2.1 ± 3.2 a

Strangers Brief 0.1 ± 0.5 0.4 ± 1.0 a

Prolonged 0.4 ± 1.0 1.2 ± 1.9 a

Anogenital inspection Mates Brief 0.3 ± 0.6 1.3 ± 1.6 NS
Prolonged 0.5 ± 1.0 3.8 ± 5.1 0.05

Strangers Brief 0.1 ± 0.3 0.8 ± 1.6 NS
Prolonged 0.1 ± 0..2 1.4 ± 1.5 0.01

Vocalizations Mates Brief 2.5 ± 5.4 5.7 ± 6.7 NS
Prolonged 2.4 ± 4.5 5.6 ± 6.2 NS

Strangers Brief 1.9 ± 3.4 6.1 ± 10.6 NS
Prolonged 2.9 ± 3.7 3.9 ± 5.0 NS

Displace Mates Brief 0.8 ± 0.9 2.8 ± 3.1 NS
Prolonged 0.8 ± 1.9 3.2 ± 3.7 0.05

Strangers Brief 0.7 ± 1.6 3.7 ± 3.7 0.01
Prolonged 0.3 ± 1.2 4.1 ± 6.9 0.001

Aggression Mates Brief 0.7 ± 1.4 1.5 ± 2.0 NS
Prolonged 0.4 ± 0.8 1.7 ± 2.1 NS

Strangers Brief 1.0 ± 1.4 1.6 ± 2.5 NS
Prolonged 0.7 ± 0.9 2.0 ± 3.4 NS

Locomotion Mates Brief 51.2 ± 29.9 45.8 ± 27.8 NS
Prolonged 55.4 ± 26.6 45.6 ± 21.3 NS

Strangers Brief 64.0 ± 25.6 62.5 ± 18.7 NS
Prolonged 49.3 ± 24.3 42.9 ± 18.0 NS

*Numbers indicate mean percent of 15 s intervals in which behavior was observed.
aToo few data for statistical analysis.
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males. With the exception of anogenital-rubbing and vocalization, these differ-
ences were significant for the combined conditions (P < 0.05).

DISCUSSION
This is the first study with a monogamous primate to examine the effects

of different durations of separation of mates on their responses to each other
and to new potential partners. Our findings indicate that the pair bond in titi
monkeys is sufficiently robust to withstand a separation of at least 5 days.
Although we anticipated that the monkeys might react to a separation of this
length as tantamount to a complete severing of the relationship with the pair-
mate, resulting in a marked weakening of the pair bond, this did not occur.
Our principal measures of attraction and affiliation between cagemates showed
a slight attenuation after prolonged separation, but the effects fell short of
statistical significance.

We also anticipated that attraction to a potential new mate would be en-
hanced by prolonged separation from the pairmate. The direction of change in
most measures of attraction and affiliation was consistent with this prediction,
but the changes were generally modest. Social distance between strangers de-
clined, and proximity and contact increased, as compared to brief separation.
However, the only effect that was statistically significant was for contact. Other
effects that could be construed as evidence of greater attraction or tolerance
toward strangers following prolonged separations include increased use of the
runway and a reduction in locomotion. More specific measures of affiliation—
grooming and mounting—were infrequent between strangers even after pro-
longed separation.

In contrast to minor effects of prolonged separation on the magnitude of dif-
ferences between attraction to mates and attraction to strangers, its effects on
behavioral arousal were substantial. As compared to brief separation, most indi-
ces of arousal—arching, piloerection, chest-rubbing, anogenital-rubbing, anogenital
inspection—were considerably higher after prolonged separation regardless of
whether the partner was familiar or a stranger. Gnashing was unusual among
measures of arousal in that it was reliably more frequent between mates than
between strangers regardless of duration of separation, suggesting that this be-
havior might play a role in reestablishing friendly relations. Thus, the longer
period of separation had definite consequences for reactions to partners of the
opposite sex but mostly without regard to whether the companion was familiar
or a stranger.

Sex differences were apparent on several measures. Behavioral arousal was
higher overall in males. Males showed more frequent arching, piloerection, gnash-
ing, grabbing, anogenital-rubbing, anogenital inspection, and chest-rubbing. They
used the runway more than did females and displaced them more frequently.
These differences tended to be highest after prolonged separation regardless of
whether the male’s partner was its mate or a stranger.

Males and females also differed in their reactions to strangers. Males were
less inhibited by strangers than were females and more eager to interact with
them affiliatively. In contrast, females seemed reluctant to engage with male
strangers and often thwarted their attempts to make contact by moving away.
Nevertheless, differences between the sexes in approaches to strangers were not
statistically significant. Many contacts occurred, and aggression was infrequent
and mild. These results are in agreement with other findings on sex differences
in the response of titi monkeys to strangers [Mason, 1971; Anzenberger, 1988].
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The effects of length of social separation on the magnitude of the differences
between males and females in reactions to strangers were slight. However, in
keeping with the expectation that attraction to strangers would show a rela-
tively greater increase with prolonged separation in females than in males, fe-
males showed a reliable increase in their use of the runway, which males did
not. Increases in the dyadic measures of proximity and contact following pro-
longed separation were also consistent with the view that at least tolerance to-
ward unfamiliar males, if not attraction, was increased in females by separation,
and for contact the increase was statistically significant.

The persistence of a pair bond under the conditions of this study does not
imply that a new bond would not have been formed during the period in which
the pairmates were apart, had sufficient opportunity been provided. On the con-
trary, we strongly suspect that if strangers had been paired continuously during
the 5 day separation period a specific attachment or mutual bond would have
developed, similar to that between mates in this study. Even within the brief
encounters permitted in the current study, prolonged separation seemingly in-
creased attraction to strangers, particularly in females. Thus, in contrast to the
common marmosets (Callithrix jacchus) described by Anzenberger [1993], an ex-
isting pair bond in titis is apparently not a serious impediment to the formation
of a new relationship with a member of the opposite sex. The low levels of ag-
gression in the current study are in accord with previous findings on relations
between unfamiliar pairs of males and females [Cubicciotti & Mason, 1975;
Anzenberger, 1988]. Observations that extrapair matings occur in nature, as well
as in relatively brief experimental encounters between strangers, are further in-
dications that an existing bond does not preclude the development of alternative
affiliative relationships between the sexes [Mason, 1966; Anzenberger, 1988; this
study]. The amenability of titi monkeys to the formation of pair bonds is also
consistent with our general experience in the management of a captive colony.
Adult males and females are routinely paired opportunistically on the basis of
need and availability. Incompatibility has rarely been a problem. The animals
quickly show evidence of a pair bond, as indicated by high levels of coordination
and intimate contact. These observations reinforce the growing sense that the proxi-
mate mechanisms underlying monogamous social systems are more dynamic, com-
plex, and flexible than has traditionally been assumed [Wickler & Seibt, 1983; Lott,
1984; Dewsbury, 1988; Mock & Fujioka, 1990; Anzenberger, 1992; Palombit, 1994].

CONCLUSIONS
1. This study demonstrates that the bonds between male and female in pairs

of titi monkeys endure over a period of at least 5 days in which mates live alone.
2. The form and frequency of affiliative interactions between pairmates were

essentially unaffected by duration of separation, whereas the effect of duration
of separation on attraction and affiliation between strangers was slight.

3. Mates and strangers differed sharply in their affiliative interactions re-
gardless of duration of separation.

4. In contrast to the modest effects of duration of separation on affiliative
behavior, prolonged separation resulted in a marked increase in measures of be-
havioral arousal, most of which did not differentiate reliably between familiar
pairmates and strangers.

5. Males tended to be more forthcoming socially than females regardless of
familiarity and more highly aroused regardless of familiarity of partner or length
of separation.
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