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Demography and Life History of Wild Red Titi Monkeys (Callicebus discolor)
and Equatorial Sakis (Pithecia aequatorialis) in Amazonian Ecuador:
A 12-Year Study

SARIE VAN BELLE1*, EDUARDO FERNANDEZ-DUQUE2,3,4, AND ANTHONY DI FIORE1

1Department of Anthropology, University of Austin at Texas, Austin, Texas
2Department of Anthropology, Yale University, New Haven, Connecticut
3Centro de Ecolog�ıa Aplicada del Litoral, Conicet, Argentina
4Facultad de Recursos Naturales, Universidad Nacional de Formosa, Formosa, Argentina

We investigated demographic patterns and life history traits from several groups of red titi monkeys
(Callicebusdiscolor) and equatorial sakis (Pitheciaaequatorialis)monitored throughout thefirst 12years
(November 2003 through May 2015) of an ongoing research project in the Yasun�ı National Park and
Biosphere Reserve, Ecuador. The saki groups ranged in size between two and six individuals, comprising
either one adult male and one adult female or multiple adult-sized males or females, plus immatures.
Deviations fromapair-living structure resultedwhen twodifferent daughters of the resident female grew
up and successfully reproduced in their natal group and when an adult-sized male temporarily
immigrated into the group when it already contained an adult male. The titi groups also ranged in size
between two and six individuals, but almost exclusively lived in groups with one adult individual of each
sex. No titi offspring were observed to breed in their natal groups, and both male and female offspring
dispersed when they were between 2.1 and 5.0 years old. In both titi and saki groups, vacant breeding
positions resulting from the disappearance of an adult group member were promptly occupied by
immigrants of the same sex as the disappeared group member. We recorded nine saki and 28 titi births.
Eighty-threepercent of the titi births occurredbetweenSeptember andJanuary, suggesting reproductive
seasonality. The mean interbirth interval after an infant survived its first 6 months was 21.3�SE 1.9
months (N¼3) for sakis and 14.5�SE 1.5 months (N¼ 14) for titis. Saki infant survival was 70%, and
juvenile survival 57%. Titi infant survival was 88%, and juvenile survival was 53%. This 12-year study
provides important insights into the functioning andmaintenance of pair-living and social monogamy in
two little-known platyrrhine species. Am. J. Primatol. 78:204–215, 2016. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION
Monogamy has traditionally been defined as a

prolonged and essentially exclusive mating relation-
ship between one adult female and one adult male
[Wittenberger & Tilson, 1980]. In the absence of data
on genetic paternity, such breeding system is often
ascribed to primates living in groups composed of one
adult male, one adult female and their putative
offspring. However, multi-year studies on identified
individuals of purportedly monogamous species have
revealed considerable flexibility in their grouping
patterns, as well as in their social structure and
mating system [Fuentes, 2000; Garber et al., 2015;
Reichard et al., 2012; Tecot et al., 2015]. For example,
additional breeding females [Nievergelt et al.,
2002] or additional mating males [Lappan &Morino,
2014], orboth [Garberetal., 2015], havebeen reported
in groups of some socially monogamous species. Such
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deviations from the nuclear family may arise when
mature offspring stay to breed in their natal group
[Brockelman et al., 1998] or through immigration of
adult individuals [Lappan, 2007]. Furthermore, the
pair-bonds typically reported amongmates in socially
monogamous species might be less stable than
previously thought, and turnover of pairmates can
be relatively frequent [Huck & Fernandez-Duque,
2012]. Turnovers may result from the eviction of one
pairmate by a same-sex intruder, the desertion of a
pairmate insearchofmatingopportunities elsewhere,
or the filling of a vacancy left open after a pairmate’s
death [Bartlett, 2007; Huck & Fernandez-Duque,
2012; Morino, 2015; Palombit, 1994; Reichard et al.,
2012]. Studies of the demographic features and
natural variation seen in grouping patterns of
“socially monogamous” species are critical for under-
standing theevolutionandnature of themonogamous
mating system [Reichard et al., 2012].

Both titimonkeys (Callicebus) andsakis (Pithecia)
have been described as socially monogamous
primates [Bicca-Marques & Heymann, 2013; Nor-
conk, 2011; Robinson et al., 1987; Vi�e et al., 2001].
Although extra adult-sized individuals have been
reported to occur occasionally in groups of titis
[Bicca-Marques et al., 2002; C€asar et al., 2012;
Felton et al., 2006] and sakis [Aquino et al., 2009;
Lehman et al., 2001; Norconk, 2006; Norconk &
Setz, 2013; Thompson, 2013], the circumstances
under which such groups were seen ought to be
considered. For example, limited dispersal oppor-
tunities in small or densely populated habitat
fragments might result in mature offspring remain-
ing in their natal group [Bicca-Marques et al., 2002;
Felton et al., 2006; Norconk, 2006; Setz & Gaspar,
1997]. Additionally, the social system of species
within the same genus might differ such that
certain species more frequently have groups con-
taining extra adult-sized individuals compared to
other species. Indeed, it has been suggested that
the saki species occurring on the Guiana shield,
the white-faced saki (Pithecia pithecia)—with its
small body size, high degree of sexual dichroma-
tism, and tolerance for dry habitat—could repre-
sent a departure from Amazonian saki species in
both ecology and social system. Groups with more
than one same-sex adult—as well as polygamy
[Thompson, 2013]—thus might be more character-
istic of P. pithecia than of other saki species
[Norconk & Setz, 2013].

The shortage of multi-year studies of identified
individuals in both Callicebus and Amazonian
Pithecia poses additional challenges for interpreting
the intriguing accounts of multimale and multi-
female groups in both genera. The lack of information
on the demographic histories of known individuals
living in pristine habitats, for example, makes it
difficult to interpret the variation in group size that
has been reported in short-term censuses, which

often rely on vague or imprecise characterizations of
age classes [Patterson et al., 2014]. Thus, for both
genera, most of the prior discussion of groups
containing more than one same-sex adult-sized
individual has been done without information about
the timing of key life-history events, which is needed
to define evolutionarily relevant age classes. To begin
exploring the evolution of group size across taxa, we
cannot only rely on the relative sizes of individuals,
as is commonly done in short term surveys. Rather,
we need both chronological and biologically defined
age classes.

A 12-year study on the white-faced saki group
inhabiting a 12ha island in Lago Guri, formed after
the damming of the Caron�ı river in Venezuela, has
provided some information on life history traits.
Offspring became peripheral to their natal group for
the first time when they were between 3 and 5 years
old [Norconk, 2006]. Due to the confinement of the
landscape, some of these male and female offspring
returned to their natal group. Eventually, most
groupmembers, irrespective of age, were observed to
live peripheral from the main group at some point
during the study period [Norconk, 2006]. Based on
hormonal data collected during some study years,
one female offspring manifested irregular ovarian
cycles when she was 3.7 years old and was cycling
regularly when she was 4.7 years. Two females in
this group gave birth to their first infants when they
were 4.0 and 6.4 years of age, and females gave birth
on average every 21.1 months (range¼12–36
months). Captive white-faced sakis reached sexual
maturity when they were approximately 2.5 years
old and had considerably shorter interbirth intervals
(15.1 months) [Norconk, 2011; Savage et al., 1995;
Shoemaker, 1982; Waters, 1995].

Some valuable life history information is also
available forCallicebus. WildC. brunneusmales and
females dispersed from their natal groups when they
were between 3 and 4 years of age, with males
tending to disperse later than females [Bossuyt,
2002; Norconk, 2011]. No data on age at first
reproduction are available for wild titis, but captive
C. cupreus females gave birth to their first infant
when they were 3.7 years old (range¼2.0–6.9 years)
[Valeggia et al., 1999]. In this captive population, the
mean interbirth interval when the infant survived
until the next birth was 11.9 months [Valeggia et al.,
1999].

It follows that very little is known of demograph-
ic or life history parameters for wild populations of
either Callicebus or Pithecia. Here, we summarize
data from an ongoing multi-year study of multiple
groups of red titi monkeys (Callicebus discolor) and
equatorial saki monkeys (Pithecia aequatorialis)
inhabiting a primary tropical rainforest in the
western Amazon. We present data on group compo-
sition, birth seasonality, interbirth intervals, age at
first reproduction, age at dispersal, and infant and
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juvenile survival, and discuss the implications of
these new data for understanding the social organi-
zation of these two pitheciid genera.

METHODS
Our study was conducted at the Tiputini

Biodiversity Station (TBS, 76°080W, 0°380S), which
encompasses 650ha of primary tropical rainforest
and is part of the much larger (9,820km2) Yasun�ı
National Park and Biosphere Reserve in eastern
Ecuador. This expanse of rainforest is characterized
by one of the highest levels of biodiversity in the
world [Bass et al., 2010] and includes a primate
community of ten species [Di Fiore, 2001]. The
climate is hot and humid with an average annual
precipitation of 3,200mm and mean monthly tem-
peratures of 24–27°C throughout the year [Bass
et al., 2010].

The study of titis and sakis at TBS began in
November 2003 as part of the Comparative Monoga-
mous Primate Project [Schwindt et al., 2004]. Since
then, one group of saki monkeys (PitheciaM) and one
group of titi monkeys (Callicebus K) have been
monitored continuously (Table I). In February 2006
and November 2006, two titi groups (Callicebus L
and B) were added to the project. These four main
study groups underwent habituation at the begin-
ning of their respective study periods. Additionally,
anotherfive saki and four titi secondary groups at the
site have been monitored for shorter duration over
the course of the study (Table I). Individuals of both
species were classified as infants (0–6 months old),
juveniles (6.1–24 months old), subadults (24.1–48
months old), or adults (>48 months old) based on

ontogeny patterns and life history traits observed
during this study (see Results) and those reported in
the literature from captive populations of titis and
sakis [Garber & Leigh, 1997; Jantschke et al., 1995;
Savage et al., 1995; Valeggia et al., 1999; Waters,
1995] and from one group of wild sakis [Norconk,
2006, 2011].

Approximately once every 1–2 years, an adult or
subadult in each of the main study groups is darted
and captured, following procedures described in
Fernandez-Duque & Rotundo [2003], and fitted
with either a bead collar or a radiocollar for
individual identification. The unique frequency
emitted by each radiocollar enables identification
and location of the study groups. Young juveniles and
infants are not captured andmarked, but they can be
individually recognized within the group based on
their body size. An older juvenile (L-INF08) was
found dead 4 days after being captured. His death
might have been associated with the capturing
procedures given his seemingly good health when
captured. This individual was excluded from our
analyses concerning juvenile survival patterns. All
capture and research protocols were approved by the
IACUC committees of New York University, the
University of Texas at Austin, and Yale University,
and adhered to the legal requirements of Ecuador
and to the American Society of Primatologists’
Principles for the Ethical Treatment of Non-Human
Primates.

Each main study group was contacted regularly
to record changes in group composition and to collect
behavioral data. On average, between Novem-
ber 2003 and May 2015, we contacted and collected
data on 5 days/month/group (mean, range, total,

TABLE I. Group Composition of Saki and Titi Groups Studied During 2003–2015 at the Tiputini Biodiversity
Station. Whenever Known, the Sex of Non-Adult Individuals Is Indicated

Study period AM AF SA JUV INF

Main groups
Pithecia M Nov 2003 to present 1–2 1–2 0–1 0–2 0–2
Callicebus K Nov 2003 to present 1 1 0–1 0–1 0–1
Callicebus L Feb 2006 to present 1 1 0–1 0–1 0–2
Callicebus B Nov 2006 to present 1–2a 1–2 0–2 0–1 0–2

Secondary groups
Pithecia D Jun 2010 to Sep 2011 1 1 1 (M) 1 (F)
Pithecia H Feb 2012 to Feb 2013 2 1 2 (2F)
Pithecia T Feb 2012 to Jun 2012 1 1
Pithecia S Jul 2013 to present 1–2 1 0–1 (M) 0–1 (M) 0–1 (M)
Pithecia Pb Jan 2015 to present 3 1 1
Callicebus H Oct 2006 to August 2010 1 1 0–1 0–2
Callicebus C Nov 2007 1 1 1 1
Callicebus D Nov 2007 1 1 1 1
Callicebus G Jan 2012 to Feb 2014 1 2 (1Mþ 1F) 1 (M) 1

AM, adult male; AF, adult female; SA, subadult; JUV, juvenile; INF, infant; M, male; F: female
aOn two of the three observation days between January and February 2014, three adult males were present; we refer to the results for details on this.
bThe adultmalewith the radiocollar in this groupwas darted in July 2013.He associatedwith several saki individuals at the beginning of ourmonitoring his
behavior. Group composition could not be ascertained before January 2015 because individuals were not habituated enough to our presence.
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Pithecia M: 6 days/month, 0–22 days/month,
715 days; Callicebus B: 3 days/month, 0–12 days/
month, 346 days; Callicebus K: 5 days/month, 22
days/month, 692 days; Callicebus L: 4 days/month,
0–17 days/month, 435 days). During group contacts,
we noted the presence/absence of expected group
members and recorded observations of new infants.
Dates of birth for new infants were estimated as the
midpoint between the last day the group was seen
without an infant and the first day a newborn was
observed. Most birth dates were estimated to within
an interval of 11�SE 2 days for titis (range¼0–38,
N¼24 births) and of 12� 3 days for sakis (range¼2–
23, N¼ 8 births). For seven additional births
(Callicebus: N¼5; Pithecia: N¼2), an infant was
present at the onset of the study or appeared during
an observation gap of more than 2 months. For these
individuals, the date of birth was estimated based on
the developmental stage of the infant when it was
first observed, but these data were not included in
analyses of birth seasonality and interbirth inter-
vals. Interbirth intervals were calculated as the
period between the estimated birth dates of consecu-
tive infants born to the same identified adult female.
This method assumes that there were no abortions,
stillbirths, or infants born who died before they were
noticed. Copulations (i.e., male-on-female mounts
with thrusting movements) and the identities of the
mates were recorded whenever observed.

During group contacts, we also recorded the
identity of all missing group members. These were
classified, post hoc, as either “dispersed” when the
individual was relocated outside of the original
group’s home range either via telemetry or by direct
observation, “dead”when the individual’s corpse or a
still-closed radiocollar transmitting a mortality
signal was recovered, or “disappeared” when the
individual was never observed or its telemetry signal
was never detected again after it went missing from
its group. The dates of dispersal, disappearance, or
death were estimated as the midpoint between the
last time an animal was observed in a group and the
first time it was recorded as absent (Callicebus:
mean¼ 27�SE 6 days, range¼1–132, N¼ 25; Pith-
ecia: mean¼ 22�12 days, range¼0–147, N¼12).

RESULTS
Group Composition

Composition and changes in membership for the
four main study groups are summarized in Table I
and Fig. 1. The Pithecia M group ranged in size
between three and six individuals, including one to
two adult males and one to two adult females, and
underwent three changes in adult male group
membership during the 12-year period. The first, in
September 2004, involved the death of the adultmale
(Mayer) present at the onset of the study, followed by

the immigration of a new adult male (Mendel)
approximately 2 weeks later [Di Fiore et al., 2007].
During Mendel’s 7.25 years tenure in the group, a
male offspring (M-INF03) reached adulthood (i.e.,
>48months of age) in January 2007 and remained in
the group for 10 months before dispersing (Fig.1,
Table II). A second adult-sized male (Marcelo)
immigrated into the group in September 2011, and
Marcelo and Mendel co-resided in the group during
3months after which they dispersed together [Porter
et al., in review]. A new male (Morpho) immigrated
intoPitheciaM4days after the emigration ofMendel
and Marcelo, and has remained the only adult male
in the group for over 3 years. The adult female (Mona)
who was present at the onset of the study dis-
appeared in April 2015. In October 2012, one of her
putative daughters (Milo) produced one offspring in
the group at the age of 71 months within 4 weeks
of her mother also giving birth (Table II). Milo
subsequently disappeared from the group between
March and June of 2014. Marigold, a second putative
daughter of Mona also produced an offspring in
her natal group, at the age of 55months, againwithin
2 weeks of her mother. Since April 2015 she is the
only adult female in this group (Table II). In
summary, the saki group had a pair-living composi-
tion for only just over half (55%) of 139 observation
months. The group had two adult breeding females
during 38% (53 of 139) of the months, and two adult
males during 10% (14 of 139) of the months. On the
group composition of five secondary saki groups
(Table I), two had only one adult-sized individual of
each sex during their respective study periods, while
the other three contained either two or three adult-
sized males (Table I).

The three main Callicebus groups ranged in size
between two and six individuals. Two of the groups
had only one adult male and one adult female at a
time throughout the study. No changes inmale group
membership were observed in either of these groups,
but individual identification of the adult males was
uncertain between November 2003 and May 2005 in
Callicebus group K and between February 2006 and
February 2009 in Callicebus group L, before they
were first fitted with radiocollars (Fig. 1). Callicebus
group K underwent one change in adult female
membership that involved the disappearance of the
adult female followed by an immigration of a new
female in July 2007.

The adult composition of the third group
(Callicebus B) is less clear. Per our definition of
adult (>48 months old), this group had two adult
females during a period when a putative daughter
of unknown date of birth (B-INF03, Fig. 1) re-
mained in the group before she dispersed at
approximately 50 months of age (Table II). The
group had only one adult male (Bongo) during the
first 5.3 years of the study (November 2006 to
March 2013, Fig. 1). A second male born in the
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Fig. 1. Composition of the four main study groups (Pithecia M, Callicebus K, Callicebus L, and Callicebus B) between November 2003
and May 2015. Dark blue, adult males (AM); red, adult females (AF); light blue, subadult males; pink, subadult females; yellow,
juveniles; black, infants; arrows, individual still present in the group at end of study period (May 2015); thick dotted lines, ID not 100%
certain; thin dotted lines, individual not seen; D, confirmed dispersal;þ, confirmed death; ?, disappeared; Offspr, offspring; The ID code
of each offspring indicates year of birth. Its sex is indicated as well, unless unknown (U).
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group (B-INF09) became an adult in March 2013.
Unfortunately, between that time and June 2014,
the group was observed on only 18 days. On five of
those days, both adult males were seen, but B-
INF09 (who, unlike Bongo, had a functioning
radiocollar) was the only adult male seen in the
presence of other group members on 13 of these
days (Fig. 1). B-INF09 was also observed interact-
ing with members of a neighboring group over a
period of 3 days during this period. Between
July 2014 and January 2015, both adult males
were observed in the group on 11 of 19 observation
days. Only B-INF09 was seen on five of those
19 days, while only Bongo was seen on three of
those days. At present, B-INF09 has not been
observed since January 2015, while Bongo remains
in the same home range and is associating with a
smaller, uncollared animal (Fig. 1). In Janu-
ary 2014, another male born in the group
(B-INF10) became an adult before he disappeared
at the age of 50 months (Fig. 1; Table II). This
resulted in three adult males (Bongo and two
putative sons, B-INF09, and B-INF10) likely resid-
ing in the group between January and Febru-
ary 2014, and all three were confirmed in the group
on two of three observation days during this time
window. In addition, Callicebus group B underwent
two changes in female group membership, in
September 2012 and January 2015 (Fig. 1).

The group composition of four additional titi
groups are provided in Table I. Three groups
comprised an adult pair and their putative off-
spring, while one group comprised an adult male,
his putative offspring, and a subadult female that
immigrated into the group, potentially replacing
an adult female that disappeared before her
immigration.

Birth Seasonality and Interbirth Intervals
We recorded ten births inPitheciaM. For eight of

these, we obtained relatively accurate dates of birth.
These births occurred exclusively between Septem-
ber and December and between March and April
(Fig. 2). The mean interbirth interval when the

infant survived at least 6 months was 21.3�SE 1.9
months (median¼20.0 months, range¼19–25
months, N¼3, Table III). After one offspring died
during its infancy (1 month old) the IBI was
12 months (Table III).

We recorded 29 births in five groups of titis. For
24 of these, we obtained accurate dates of birth
(Callicebus B: N¼5; Callicebus K: N¼ 6; Callicebus
L: N¼9; Callicebus H: N¼3; Callicebus C: N¼1).
Most titi monkey births occurred between Septem-
ber and January (83% of births,N¼20 of 24; Fig. 2).
The mean interbirth interval after the survival of
an infant (i.e., to �6 months) was 14.5�SE 1.5
months (median¼ 13.0 months, range¼6.5–25
months, N¼ 14, Table III), slightly longer than
the average IBI after the death of an infant
(11.5�SE 0.5 months, median¼11.5 months,
range¼ 11–12 months, N¼2, Table III). The
3-month difference between mean IBIs did not
reach statistical significance (Mann–Whitney test:
W¼122.5, P¼ 0.632).

Offspring Survival and Dispersal
Saki infant survivalwas70%(7of10)and juvenile

survival was 57% (4 of 7; Fig. 1). As of May 2015, two
offspring were still residing in their putative natal
group (Fig. 1; Table IV). One is a subadult female and
one is a primiparous adult female (Marigold). Of the
remainingeight offspring, one female (Milo) remained
in the group till the age of 89 months after which she
disappeared. One male offspring dispersed to a

Fig. 2. Number of births recorded in each month in one Pithecia
group over the course of 12 years and in five Callicebus groups
observed for 32 group years.

TABLE II. Age (in Months) at Natal Dispersal, First Observed Sexual Interaction, and Birth of First Offspring for
Four Red Titis and Three Equatorial Sakis of Known Age

Species Individual (sex) Natal dispersal First observed sexual interaction Birth of first offspring

Callicebus B-INF03 (,) �50 — —

B-INF09 (<) — 59 —

K-INF07 (,) 33 — —

K-INF09 (,) 26 31 —

Pithecia M-INF03 (<) 54 — —

Milo (,) 89 60 71
Marigold (,) — — 55
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neighboring range when he was approximately
54 months old. The other offspring disappeared as
infants or young juveniles (Table IV).

Titi infant survival was 88% (22 of 25) and
juvenile survival was 53% (10 of 19; Fig. 1). In

May 2015, two titi offspring were still present in their
natal groups (Fig. 1, Table IV). These included one
subadult femaleandone juvenile.Of the22 remaining
offspring, one juvenile male was found dead (poten-
tially related to beingdarted 4 days earlier), and three
offspring, all females, dispersed (Table II, Table IV).
Of the remaining 19 offspring, four infants and eight
juveniles disappeared andmost likely died (Table IV).
The other six disappeared at an age when dispersal is
likely (between 35 and 70 months old); two were
females and four were males (Table IV). As noted
above, one of these (B-INF09) was observed interact-
ing with a neighboring group over a period of at least
3 days at an age of 54 months. He was then observed
back in his natal group 1 month later, where he
remained till the age of 71 months (Table II).

Sexual Interactions
Sexual interactions were rarely observed. Only

six copulations on 5 days were observed between
residentmalesand females inPitheciaM.Oneof these
represents the first observed sexual interaction for
Milo—who was born in Pithecia M—at an age of
60 months (Table II). Twenty-five copulations on
13 days were observed in the threeCallicebus groups,
all involving theresidentadultmaleandadult female.
One additional sexual mounting, albeit without
penetration and thrusting movements, was observed
between theadult female (Bramble)andayoungadult

TABLE IV. Demographic Status, Sex, and Age (in Months) of Offspring of One Saki and Three Titi Groups at the
Tiputini Biodiversitiy Station by the End of the Study Period in May 2015

Group Still present Dispersed Died Disappeared

Pithecia M M-INF12a (32) , M-INF03 (54) < M-INF11 (1) U
Marigold (62) , Milo (89) , M-INF14a (4) U

M-INF14b (4) U
M-INF12b (9) <
M-INF05 (9.5) U
M-INF08 (12) ,

Callicebus K K-INF12 (32) , K-INF09 (26) , K-INF14 (4.5) U
K-INF07 (33) , K-INF11 (6) U

K-INF05 (13) ,
K-INF04 (35) <

Callicebus B B-INF15 (5) U B-INF03 (�50) , B-INF14 (�9) U
B-INF06 (15) U
B-INF11b (22) ,
B-INF11a (43) ,
B-INF07 (48) <
B-INF10 (49) <
B-INF09 (70) <

Callicebus L L-INF14a (16) U L-INF08 (19) < L-INF09 (5) U
L-INF14b (5) U
L-INF11 (7) U
L-INF12 (8) U
L-INF06 (13) U
L-INF07 (23) U
L-INF10 (35) ,

U, sex unknown.

TABLE III. Interbirth Intervals (IBI)After theSurvival
or Death of the Previous Infant (0–6 Months) for One
Saki andThreeTitiGroupsat theTiputiniBiodiversitiy
Station

Group Mother

IBI after
survival of
infant (mo)

IBI after
death of

infant (mo)

Callicebus B Banana 16
9.5
14.5
6.5

Callicebus K Katta 22 12
25
24

Callicebus L Lulu 10 11
14
12
12
11
16.5
9.5

Pithecia M Mona 19 12
20
25
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male (B-INF09), who was born in this group prior to
Bramble’s immigration. This represents B-INF09’s
first observed sexual interaction; he was 59 months
old (Table II). The femaleK-INF09,whodispersed to a
neighboring group (Callicebus G) when she was
26 months old, copulated five times during a four
month period with a juvenile-sized male in her new
group. She was 31 months old at the time of her first
observed sexual interaction (Table II).

Life Span and Group Tenure
One male saki (Mendel) died when he was at

least 9 years old if we assumehewas a subadultwhen
he entered the group, butmore likely 11–12 years old
assuming he entered as a young adult. He was the
resident male in that group during 7 years before he
dispersed. He was then seen for 7 months with
another female in a different area. The adult female
saki (Mona), who was present in Pithecia M and
carrying a dependent infant at the onset of the study,
must have been at least 16 years old when she
disappeared in April 2015, assuming that this was
herfirst offspring and that shewas at least 55months
old at the onset of the study, which is the youngest
age at which saki females have been reported to
reproduce. The adult male titi (Kong), present in his
group since November 2003, must also have been at
least 15 years old as of May 2015, assuming he was
indeed an adult at the onset of the study. The adult
female titi (Lulu) inCallicebusL has been resident in
her group since February 2006. If she was an adult at
that time, shemust have been at least 13 years old in
May 2015; if she was only 2.2 years old in Febru-
ary 2006 (the youngest age we observed female titis
to disperse), then shemust have been between 11 and
12 years of age.

DISCUSSION
Our study provides important insights into

demographic patterns and life history traits of two
Neotropical primate species for which very little data
from wild individuals are available. Our Pithecia
study groups ranged in size between two and six
individuals, similar to the group sizes of two to eight
individuals reported for P. aequatorialis in Peru
[Aquino et al., 2009] and for other Pithecia species
[reviewed in Norconk & Setz, 2013]. During 12 years
of observation, the main study group had a pair-
living composition for only slightly more than half of
the time, and it attained a multimale and/or multi-
female group composition when (1) a son delayed
dispersal until early adulthood, (2) daughters, on two
separate occasions, remained and successfully re-
produced in their natal group, and (3) a male
temporarily immigrated into the group when one
adult male and two adult females were already
present. Three additional saki groups in our study

site also had a multimale group composition (two
with two adult-sized males and one with three adult-
sized males). Together, these observations suggest a
more flexible grouping pattern for this species than
previously presumed. Our observations are in line
with grouping patterns reported for P. pithecia living
in pristine forest at Brownsberg Nature Park,
Suriname, where multi-year observations have
revealed that two-adult groups may gradually
accumulate offspring over time as some offspring
have been observed to mate in their natal group or
inherit the home range of their parents [Thompson&
Norconk, 2011]. Our findings suggest that a variable
grouping pattern is not restricted toP. pithecia alone,
but might also be characteristic of Amazonian sakis.

The size of our Callicebus study groups also
ranged between two and six individuals, but group
composition was less variable than in Pithecia. No
immigrations were observed when an adult pair was
already present in a group. In one group (Callicebus
B), however, one male offspring was observed to
remain in his natal group for almost 2 years beyond
the age of adulthood. Unfortunately, during the
period when he was an adult the group was
monitored less frequently, and it appeared that the
original adult male, his putative father, was fre-
quently not seen. Whether he was absent from the
group or simply remained peripheral to other group
members is difficult to determine as he did not have a
functioning radiocollar during this time, making it
difficult to interpret the stability of multiple adult
males in titi monkey groups. Extra adult-sized
individuals (usually of unknown age) have also
been observed, albeit infrequently, in other titi
species (C. cupreus [Bicca-Marques et al., 2002];
C.modestus [Felton et al., 2006];C. nigrifrons [C€asar
et al., 2012]). Bicca-Marques et al. [2002] and Felton
et al. [2006] have suggested that limited dispersal
opportunities in small isolated forest fragments or
larger fragments with high population densities
could cause offspring to remain in their natal group.
However, in a survey of C. ornatus groups living in
forest fragments (10–40ha) at high population
densities (60–369 ind/km2), all 38 contacted
groups contained only two adult-sized individuals
[Wagner et al., 2009], suggesting that factors
other than limited dispersal opportunities might
mediate a delay in dispersing. At our study site,
with an estimated C. discolor population density of
48 ind/km2 [Dacier et al., 2011], a lack of dispersal
opportunities also seems an unlikely explanation for
the brief occurrence of more than one adult-size
individual of each sex in one of the main groups.
Given that this male was observed to remain in his
natal group after the immigration of a female with
whom he interacted sexually, it is possible that
increased mating opportunities might have played a
factor in the male’s delayed dispersal and his return
to his natal group.
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In both saki and titi groups, males and females
either dispersed, or were presumed to have dis-
persed, when they were subadults or young adults,
which is consistent with behavioral patterns of
peripheralization observed in another saki species
[Norconk, 2006] and dispersal age in other titi
species [Bossuyt, 2002; Wright, 1984]. Sixty percent
of the offspring born in the saki group and 61% of the
offspring born in the titi groups, however, did not
reach subadulthood and are presumed to have died.
In both species, survival of infants was higher than of
juveniles, probably reflecting the greater exposure to
threats and risks that accompanies increased loco-
motor independence during the juvenile period
[Pereira & Fairbanks, 1993]. Although the causes
of these presumed deaths are unknown, at least some
of these disappearances, including those of adults
and subadults, could have resulted from predation.
At our study site, both titis and sakis have been
attacked by snakes (e.g., Boa constrictor) [Cisneros-
Heredia et al., 2005], carnivores (e.g., tayra, Eira
barbara), and raptors (e.g., harpy eagle, Harpia
harpyia) [de Luna et al., 2010]. Additional predators,
such as capuchin monkeys and felids, which have
been reported to prey upon titis or sakis at other sites
[de Luna et al., 2010], are also present in the Yasun�ı
National Park and Biosphere Reserve [Bass et al.,
2010], and also likely represent a threat to individu-
als of all age classes in these two small-bodied
primate species. Similarly, parasite infections might
have played a role in some of the presumed deaths, as
has been reported for the death of a wild C. cupreus
adult female [M€uller et al., 2010].

The mean interbirth interval of 21.3 months
(range¼ 19–25 months) in the saki group is compa-
rable to that found for wild P. pithecia (mean¼21.2
months, range¼12–36 months) [Norconk, 2006] and
to the 2–3 year interval reported for wild P.
monachus [Soini, 1986]. Pithecia births were ob-
served only between September and December and
between March and April, but our sample size is
inadequate for drawing any firm conclusions about
birth seasonality. Sakis’ year-round seed-heavy diet
might make them less subject to seasonal fluctuation
in food availability [Norconk, 1996; Palminteri et al.,
2012, 2015], and thus no pronounced birth seasonal-
ity may be expected [Di Bitetti & Janson, 2000].
Nevertheless, 10 of the 12 births observed in a P.
pithecia group were restricted to the dry season
(November–March) [Norconk, 2006]. Similarly, ob-
servations of P. monachus showed a well-defined
birth season between September and December (i.e.,
the late dry season to early wet season) [Soini, 1986].
Births (N¼6) observed in a group ofP. chrysocephala
occurred exclusively between September and April,
which largely coincided with the wet season [Setz &
Gaspar, 1997], yet births (N¼ 5) in P. albicans,
observed between November and June, were not
associated with seasonal fruit availability [Johns,

1986]. Multi-year studies on several groups of
different saki species and populations will be needed
to assess under which circumstances sakis experi-
ence seasonal breeding, and what factors, such as
food availability or photoperiod, may influence it [Di
Bitetti & Janson, 2000].

The mean interbirth interval of 14.2 months
(range¼ 6.5–25 months) in the Callicebus groups is
similar to that reported for two captive C. cupreus
populations (13.1 months [Jantschke et al.,
1995] and 11.9 months [Valeggia et al., 1999])
when the infant survived its first year or till the
next birth. After the early death of an infant,
however, the interbirth interval was significantly
shorter in these two captive populations (8.8 mo
[Jantschke et al., 1995] and 8.2 months [Valeggia
et al., 1999]). The fact that females rapidly returned
to ovarian cyclicity after the loss of a neonate does not
suggest seasonal ovarian inactivity; rather, a birth
peak (60%) in the winter months (December–March)
in one of the captive populations was most probably
due to an interbirth interval of approximately 1 year
[Valeggia et al., 1999]. Even though interbirth
intervals in our groups were also close to 1 year,
most births (83%, 5 groups) were concentrated
between September and January, suggesting a
high degree of reproductive seasonality, particularly
because separate groups are not expected to syn-
chronize their reproductive activities if not triggered
by a common external factor [Di Bitetti & Janson,
2000].

Our research project, which has spanned
12 years, provides the first data on longevity for
these two species in the wild. However, the fact that
two of the four saki and titi individuals with the
longest tenure are still alive means that these are
necessarily underestimates, and the continuation of
our research program should provide better esti-
mates in the future. In captivity, both saki and titi
monkeys have been reported to live, and remain
reproductively active, until more than twice the
age we have recorded thus far (C. cupreus, male:
22 years, female: 23 years [Jantschke et al., 1995];
P. pithecia, male: 28 years, female: 32 years [Becker
et al., 2013]).

Our study also provides data onmajor life history
events, such as age at natal dispersal, age at first
observed sexual interactions, and age at birth of first
offspring (Table II). These data should inform the
estimation of biologically meaningful age categories.
The youngest titi offspring to disperse was 2.2 years
old. She subsequently copulated in her new group at
the age of 2.6 years. Given that the mean age of
growth cessation for a captive C. cupreus population
was 38 months [Garber & Leigh, 1997], we consid-
ered her to be a subadultwhen she dispersed andfirst
engaged in sexual interactions. Similarly, one of
the saki females gave birth to her first infant when
she was 4.6 years old, which is comparable to the
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youngest known wild P. pithecia female giving
birth to her first infant (4.0 years) [Norconk, 2006].
These observations indicate that wild saki females
reach adulthood when becoming approximately four
years old.

This multi-year study of two little-known platyr-
rhine species provides important insights into the
social system of red titis and equatorial sakis.We can
conclude that red titi monkeys live almost exclusive-
ly in pair-living groups with one to three putative
offspring. Yet, the replacement of breeding group
members suggests that groups do not always consist
of biological parents and offspring. This could provide
offspring with reproductive opportunities within
their natal group, and may lead to delayed dispersal
patterns. Nevertheless, titi offspring were not
observed to breed in their natal groups, nor did we
observe groupmembers being ousted by intruders, as
has been reported for Azara’s owl monkeys (Aotus
azarae), who also live in strictly sociallymonogamous
groups [Fernandez-Duque & Huck, 2013]. Breeding
positions vacated after the disappearance of an adult
group member were promptly occupied by immi-
grants of the same sex as the disappeared group
member. Equatorial sakis also live in small social
groups, but these were not strictly pair-living.
Multimale or multifemale groups formed when a
male offspring delayed dispersal until well into
adulthood, when two female offspring remained
and successfully reproduced in their natal group,
and when an adult male joined, albeit temporarily, a
group that already contained an adult male and two
breeding females. Dispersing individuals were also
observed to immigrate into the group after the death,
dispersal, or disappearance of adult group members,
yet no takeover by an intruder during which
residents were evicted has been observed. It is
possible that earlier reports on variation in grouping
patterns in both genera could reflect delayed
dispersal, as was observed in our study groups. It
is then interesting that despite these observations,
cooperative care of offspring by older siblings is
rarely seen. More studies on the demographic
dynamics and dispersal regimes, along with genetic
studies on paternity and kinship patterns, are
needed to advance our understanding of the func-
tioning and maintenance of pair-living and social
monogamy in both genera.
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