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Summary

This study offers a detailed description of natal dispersal patterns in owl monkeys (Aotus
azarai) and evaluates the extent and characteristics of sex-biased dispersal in this monoga-
mous mammal. Owl monkeys are small, territorial primates that live in socially monogamous
groups in the Argentinean Chaco. Between 1997 and 2007 we recorded the disappearance or
dispersal of 102 individuals born in 24 social groups. All individuals, both males and females,
left their natal group, and they did so when they were between 2.2 and 4.9 years of age. Most
dispersal events occurred immediately before or during the birth season and very few of them
occurred during the mating season. Males and females did not differ significantly in the tim-
ing of dispersal, the age when they dispersed or how far they dispersed. Dispersals during
the harsher Fall/Winter season were associated with the eviction of one or both adults in the
group. The limited data on the fate of dispersed individuals suggests that natal dispersal is a
highly risk event in the life of owl monkeys. The data also provide adequate support for the
inbreeding avoidance hypothesis for natal dispersal in this species.
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Introduction

The evolution, function and mechanisms of dispersal have received con-
siderable attention from evolutionary biologists, given the significant im-
pact of dispersal patterns on the fitness of individuals and the structure of
populations (Greenwood, 1983; Chepko-Sade & Halpin, 1987; Pusey, 1987;
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Johnson & Gaines, 1990; Clobert et al., 2001, Lawson Handley & Perrin,
2007). Historically, evolutionary explanations for dispersal have proposed a
close relationship between dispersal patterns and mating systems (Nagy et
al., 2007), and it has been suggested that, among mammals, natal dispersal
should be strongly biased towards males in species with pronounced female
philopatry (Dobson, 1982; Greenwood, 1983; Pusey & Packer, 1987; Law-
son Handley & Perrin, 2007).

Although there is strong evidence supporting the link between dispersal
patterns and mating systems (Harcourt et al., 1976; Fredsted et al., 2007;
Nagy et al., 2007; Zedrosser et al., 2007; Arlt & Pirt, 2008), the traditional
explanations for the evolution of dispersal patterns cannot account for all of
the observed variation among primate taxa (Moore, 1984, 1992; Moore &
Ali, 1984; Glander, 1992; Wright, 1995; Pope, 2000; Radespiel et al., 2003;
Jack & Fedigan, 2004a,b; Boinski, 2005; Ekernas & Cords, 2007). It has be-
come clear that male-biased dispersal and female philopatry is not a ‘typical’
primate pattern (Strier, 1994, p. 239). Approximately half of the polygynous
or polygamous primate species exhibit dispersal by both sexes (Strier, 1994),
and there is significant evidence indicating that in monogamous mammals
both sexes usually disperse (Dobson, 1982; Savage et al., 1996; Brockelman
et al., 1998; Baker et al., 2002; Swilling & Wooten, 2002; Reichard, 2003;
Sun, 2003; Lappan, 2007; Ochiai & Susaki, 2007).

I evaluate here whether owl monkeys, socially monogamous primates
from Central and South America (Fernandez-Duque, 2007), show the ex-
pected pattern of bisexual dispersal and whether males and females differ
in their natal dispersal patterns. All Aotus populations studied to date con-
sist of relatively small social groups (2—6 individuals) that include one pair
of reproducing adults and a few young (Wright, 1994; Fernandez-Duque,
2007). The reproducing pair occupies a relatively small and exclusive ter-
ritory (4—10 ha). Within their territory they forage primarily for fruits, but
also obtain significant amounts of leaves, flowers and insects (Fernandez-
Duque, 2007). Social groups interact aggressively with other groups at terri-
tory boundaries or with individuals who, after dispersing from their groups,
are ranging solitarily among territories. These solitary individuals sometimes
evict and replace the resident same-sex adult through aggressive interactions
that may even lead to the death of some of the individuals involved. The
process usually takes at least several days. The incoming individual wan-
ders in the periphery of the group and over a period of a few or many days
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interacts aggressively with members of the group. The aggressive interac-
tions may include chasing, grabbing, and biting. When the solitary indi-
vidual is successful, he/she soon begins interacting affiliatively with other
group members and within few days is fully accepted into the group. Male
owl monkeys show intense care of the infants (Dixson & Fleming, 1981;
Wright, 1984; Rotundo et al., 2005; Wolovich et al., 2008). Most owl mon-
key species are strictly nocturnal, but the Azara’s owl monkeys (A. azarai)
of Argentina, Bolivia and Paraguay regularly show both diurnal and noc-
turnal activity (Wright, 1989; Fernandez-Duque, 2003; Fernandez-Duque &
Erkert, 2006). The diurnal activity of this species has enabled researchers to
examine the behavioural ecology of owl monkeys in some detail (Fernandez-
Duque, 2003; Fernandez-Duque & Erkert, 2006; Fernandez-Duque et al.,
2008; Wolovich et al., 2008).

A few years ago, when we could not yet sex or identify individuals reli-
ably, we tentatively suggested that both male and female owl monkeys had
a flexible dispersal strategy (Fernandez-Duque & Huntington, 2002). Our
limited data indicated that there was significant variation in age at dispersal;
some individuals left their natal groups before or around the time of sexual
maturation, whereas others showed delayed dispersal. At the time we were
unable to offer explanations for those observations due to the limited data.

I now present data collected from 160 individuals in 28 social groups over
10 years to provide a detailed description of dispersal in the species, to evalu-
ate the extent and characteristics of sex-biased natal dispersal and to examine
the possible role of demographic and ecological factors on triggering natal
dispersal. I consider the data in the context of the three main hypotheses
that have been proposed to explain the evolution of dispersal: the inbreeding
avoidance (Moore & Ali, 1984; Pusey, 1987; Moore, 1992; Sillero-Zubiri et
al., 1996), the mate competition, and the resource competition hypotheses
(Isbell, 2004; Ochiai & Susaki, 2007; Warner & Shine, 2008). The inbreed-
ing avoidance hypothesis states that natal dispersal functions to minimize
the risks of mating with kin, whereas the competition avoidance hypotheses
propose that natal dispersal occurs to minimize the costs of competing for
mating opportunities or food resources within the group.

The confirmatory testing of these broad and non-exclusive hypotheses is
not possible with the correlational data characteristic of field studies. Still,
an examination of the relationships between demographic and environmental
factors and dispersal patterns may allow us to identify possible mechanisms
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regulating the process of dispersal (Taborsky, 2008). If natal dispersal func-
tions primarily as a mechanism to avoid inbreeding, there will be a strong
association between dispersal and demographic changes in group composi-
tion. Dispersal will be more likely before or around the time of sexual mat-
uration, and when the same-sex adult in the natal group dies or is replaced
through eviction since both events will increase the chances of mating with
kin (i.e., opposite-sex parent). On the other hand, the probability of natal
dispersal will be lower if the opposite-sexed parent is replaced from the na-
tal group, since this change in group composition will reduce the chances of
mating with a putative parent. Under those circumstances, individuals of var-
ious ages will disperse at various times of the year, but not necessarily those
times that may be more favorable to the dispersing animal from an environ-
mental perspective (e.g., food availability). The timing of dispersal will not
be markedly seasonal since dispersal will be primarily triggered by relatively
infrequent non-seasonal intra-group social changes.

On the other hand, if natal dispersal is primarily a mechanism to avoid
competition for mates, dispersal will occur once the predispersing individual
has reached sexual maturation, since it is then that intra-group mate compe-
tition will be most intense. Under this hypothesis, dispersal events will be
concentrated around the mating season when competition for mates within
the group or access to potential mates outside the group is highest. Finally,
if the function of natal dispersal is to reduce competition for food resources,
the timing of dispersal will be tightly linked to the seasonal nature of food
availability in the Gran Chaco. In this scenario, animals will disperse after
having experienced a period of scarcity within the group or in anticipation of
abundant resources that can ease the difficulties of ranging solitarily.

Methods
Study area and population

The area of study is located in the Guaycolec Ranch, 25 km from the city
of Formosa in the Argentinean Gran Chaco of South America (58°11'W,
25°58'S). The region consists of a matrix of grasslands dotted with patches
of forests and is transected by gallery forests that grow along rivers. Owl
monkeys (A. azarai) inhabit the gallery forests that grow along the Pilaga
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and Guaycolec rivers, as well as the patches of forests immersed in the
grasslands.

We have monitored the population regularly since 1997 (Fernandez-
Duque et al., 2001). We have darted and captured 140 individuals in the
population to fit them a radiocollar or a bead collar for identification purposes
(Fernandez-Duque & Rotundo, 2003). Between June 1997 and March 2008
we recorded the birth of 160 individuals born in 28 social groups. Thirty
individuals born in 14 groups that occupy territories in the periphery of the
main study area were dropped from the analyses, since we did not have re-
liable data on the dates of their birth, dispersal or disappearance. A further
28 individuals were not included in the analyses presented here because they
disappeared from their natal group when they were still too young to in-
fer they had dispersed (less than 1.6 years old) and it is assumed that they
died. The remaining 102 individuals provided the information presented here
(N = 24 groups). Only eight individuals from our previous analyses are in-
cluded within the new data set (Fernandez-Duque & Huntington, 2002).

Ecological data

The study area is seasonal, characterized by significant fluctuations in rain-
fall, temperature, and food productivity. Rainfall records were obtained from
the Estancia Guaycolec. Monthly average rainfall for the period 1977-2007
varied significantly during the year, with two rain peaks in April and No-
vember, and a relatively dry season lasting from June to August (Figure 1a).
Hourly temperatures, recorded using a Stowaway XTI temperature automatic
data logger during 1999-2007, were used to compute day and monthly tem-
perature means. Monthly mean temperatures were on average 11°C lower
during the Fall/Winter months than they were during Spring/Summer months
(Figure 1b).

Food availability was also variable across the year. To evaluate changes in
the relative abundance of insects through the year we used insect light-traps
(Smythe, 1997) placed at five and ten meters on a tree. We left each trap on
all night (1800-0600 h) twice a month during a year. The weight of captured
insects was considerably higher between September and March than it was
between April and August (Fernandez-Duque, 2003). To evaluate seasonal
changes in the availability of plant resources, we recorded the presence and
abundance of leaves, flowers, and fruits in the crown of 1000 trees distrib-
uted in 30 plots (50 x 10 m) randomly placed in approx. 30 ha of forest
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Figure 1. (a) Annual variation in monthly median temperature (1998-2007; represented

by bars) and mean monthly rainfall (1977-2007, squares) at Estancia Guaycolec, Formosa

Province, Argentina. (b) Seasonal changes in dry weight of captured insects (bars) and in

the percentage of tree species showing new leaves (black solid triangles), fruits (black cross

marks) and flowers (black solid diamonds). The Fall/Winter months are indicated with the

gray box. The months of the year are indicated with the first letters of each month (e.g., J for
January).
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(Fernandez-Duque et al., 2002). The percentage of tree species producing
fruits, flowers or new leaves reached a low in the coldest and driest months
of June and July; whereas a higher percentage of species produced fruits,
flowers and new leaves beginning in September.

Data analysis

In the analyses below, I identify distinct periods during the year using eco-
logical or reproductive data. First, the differences in rainfall, temperature,
and food productivity determine a Fall/Winter period from April to August
(N = 5 months), and a Spring/Summer one from September to March
(N = 7 months, Figure 1). Second, the strong seasonality of ecological
factors is probably associated with the timing of mating and births in the
population. The birth season occurs between late September and late No-
vember (Fernandez-Duque et al., 2002) following a mating season that lasts
approximately from April to June (Figure 1).

We recorded the birth dates of individuals born during the study to the
nearest month. We classified individuals as infants (0—11 months), juve-
niles (12-23 months), non-reproducing adults (>23 months and still in natal
group) and reproducing adults (>23 months and not in natal group). We
are usually able to estimate a relatively narrow age range for infants and
juveniles since all births in the population occur between October and Jan-
uary (Fernandez-Duque et al., 2002) and owl monkeys are unequivocally of
smaller size until they are 18 months old (Fernandez-Duque et al., 2001).
The inter-birth interval in the population is approximately one year deter-
mined by a marked birth seasonality. The classification of individuals as
non-reproducing or reproducing adults is more difficult. Individuals do not
reach full body mass or exhibit a fully developed sub-caudal gland until they
are approximately four years of age (Judrez et al., 2003; Fernandez-Duque,
2004). The few individuals who have been followed since birth have not
reproduced until they were at least 5 years old. Because we have not yet ex-
amined the hormonal correlates of development we do not know whether our
category of non-reproducing adults includes individuals who are cycling or
not.

Non-reproducing individuals missing from their natal group were clas-
sified as dispersed (i.e., confirmed dispersal), disappeared (i.e., presumed
dispersal) or dead. Individuals were classified as dispersed when they were
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observed at least once outside the natal group. That is, they were observed
ranging solitarily in the periphery of the natal territory, ranging over other
territories, or as members of a new group. Disappeared individuals were
those who were never observed again after they were missing from their
natal group, and given their pre-dispersal behavioural patterns and/or their
age it was reasonable to assume they had dispersed. Dead individuals were
those who were found dead (i.e., their corpse was recovered), or were never
observed again after last seen in the natal group and because of their age
(Iess than 1.6 years of age), and behaviour was reasonable to assume they
had died during dispersal.

I considered a dispersal event as a change in group composition due to a
confirmed dispersal, a presumed dispersal or the death of a non-reproducing
individual while it was dispersing or at a time when it was showing behav-
ioural patterns associated with dispersal. I analyzed the annual distribution
of dispersals assigning observations to one-month periods. I treated each dis-
persal event as occurring at the midpoint of the period between the last time
the individual was seen in the group and the first time the individual was
noted as missing from its natal group.

I estimated the median age at natal dispersal in two different manners.
First, I determined it precisely for the collared individuals of known date of
birth and sex who dispersed during the study (19 males, 14 females). Sec-
ond, I estimated age-specific probabilities of dispersal for all individuals who
dispersed when they were at least 16-months-old (N = 79) using Kaplan—
Meier cumulative survivorship estimates (SPSS 15.0). Kaplan—Meier esti-
mates use right-censored data, in which some individuals have not yet ex-
perienced the event of interest at the end of the observation period. In the
present context, a right-censored observation indicates that the individual
was still resident in the natal group by the end of the study period. These
individuals are treated as disappearing in an open interval after March 2008.
The estimation also uses left-truncated data which refers to data in which
some individuals were unavailable for observation of the event of interest at
early ages. In this context, a left-truncated observation is that of an individ-
ual born before the study began. At the beginning of the study there were
16 juveniles or infants present from the 1995 or 1996 birth seasons. These
observations are left-truncated because any disappearances or mortality that
might have taken place prior to June 1997 would not have been observed.
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Estimating the dispersal distance poses some serious challenges. When
animals disperse outside the study area, even while wearing radio-collars,
they may not be located again. Thus, estimates of dispersal distance based
on the observation of dispersing animals will tend to be underestimates. Here
I present estimates of dispersal distance for 19 radiocollared individuals that
were followed from the moment they left their natal group until they entered
a new group, they died, or they disappeared from our area of study, with the
understanding that these estimates are preliminary and likely underestimate
dispersal distances. The distance was estimated from the center of the natal
territory to the center of the territory where they established themselves, or
to the location where they were found dead.

Results

Table 1 provides the sample sizes for the various categories of individuals
being considered in this section.

Timing of dispersal

I report the timing of 52 dispersals (confirmed and presumed) to the nearest
month (N = 41) or to a two-month period (N = 11). Of the dispersals 16
were not included in the analysis since they could not be well-timed.
Dispersals (i.e., confirmed and presumed dispersals plus deaths most
likely occurring during dispersal) occurred in all months, but were concen-
trated between September and March (43/52, 83% of all dispersals) with a
marked peak in October (16/52, 31%, Figure 2). Dispersals were less fre-
quent between April and August (9/52, 17%) reaching a minimum in April

Table 1. Number of males and females who were still in their natal group
at the end of the study, who had dispersed and who were presumed to have

dispersed.
Male Female Unsexed Total
Not dispersed 2 4 28 34
Confirmed dispersal 19 14 0 33
Presumed dispersal 35 35

Total 21 18 63 102
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Figure 2. Annual distribution of natal dispersals of males, females and unsexed individuals.
The mating and birth seasons are indicated by gray boxes. The months of the year are
indicated with the first letters of each month (e.g., J for January).

when no dispersals occurred. The difference in the number of dispersals be-
tween the Fall/Winter (N = 43) and Spring/Summer (N = 9) periods was
statistically significant (x> = 24, df = 1, p < 0.000). Most individuals
dispersed during or after the birth season (21/52, 40%), whereas very few of
them did so during the mating season (3/52, 6%).

Males and females dispersed most frequently in October (7/18 and 5/11,
respectively). Seventy percent of males (16/18) and 70% of females (8/11)
dispersed between September and March. Unsexed individuals followed the
same pattern, dispersing usually during Spring/Summer (19/23), with a ten-
dency to disperse the most in October (4/23). Despite a general similarity
between the sexes, the distribution of dispersal events seemed to be more
seasonal for females than males. Most females (10/11) dispersed in a four-
month period (July—October), whereas males dispersed at all times of the
year. Both males and females dispersed more frequently during or after the
birth season, than they did during the mating season.

The probability of an animal dispersing during the Fall/Winter period was
higher following changes in group composition. This was specifically true
following the replacement of one of the adults in the group. Very few indi-
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viduals dispersed during the Fall/Winter (11%, 2/19) when the pair of adults
remained stable. On the other hand, the proportion of individuals dispersing
during this period increased (35%, 6/16) following the replacement of one
of the adults.

Although a large number of dispersal events occurred after the replace-
ment of one of the reproducing adults (51%), there was also an almost equal
proportion of individuals who dispersed without drastic changes in group
composition (49%). There were no obvious differences in the probability of
females and males dispersing following the eviction of the opposite-sex pu-
tative parent.

Age of natal dispersal

All individuals, males and females, eventually dispersed from their natal
groups. In other words, no individual remained in its natal group to inherit the
territory and reproduce. Males and females did not differ in the median age at
dispersal (males 3.1 &+ 0.8 years, N = 21, females 3.1 £ 0.9 years, N = 18)
when computed for the individuals of confirmed dispersal. The dispersal age
of the unsexed individuals (3.0 0.1, N = 35) was quite similar. When both
confirmed and presumed dispersed individuals are included in the analysis,
there is still no significant sex difference in the median age of natal dispersal
(males 3.4 &+ 0.3, females 3.2 % 0.2; Figure 3).

There was significant variation on the age of dispersal among individuals.
Some animals dispersed before the age when they usually reach adult body
mass (approx. 3 years, unpublished data), and others well after having done
so, but they all did it before reproducing. The youngest animal to disperse
was a 2.2-year-old male, and the oldest confirmed dispersal was a 4.9-year-
old female. A presumed dispersal of a 5.4-year-old female is tentative, since
her date of birth was not precisely determined. There was a tendency for
males to begin dispersing at a younger age than females and for females to
continue dispersing until an older age. This is illustrated in Figure 3, where
the proportion of individuals dispersing between two and three years of age
is larger for males than females. The youngest female dispersed at 2.75 years,
whereas eight males dispersed when they were that age or younger. On the
other hand, the proportion of individuals dispersing between 4 and 5 years is
larger for females than males. Three females dispersed when they were 4.1,
4.9 and 5.4 years, whereas all males had dispersed by the age of 4 years.
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Figure 3. Age-specific probabilities of dispersal for all individuals who were missing in

their natal groups when they were at least 16 months old (N = 79). The two curves show the

changes with age in the proportion of males and females who have not dispersed from their

natal groups. The halfway point along each of the curves is the median age of natal dispersal
for each sex.

Animals dispersing during the Fall/Winter period or mating season
months tended to be younger than those dispersing during the Spring/Sum-
mer or birth season months (Figure 4). The differences in age of dispersal
across months were statistically significant as indicated by a one-way analy-
sis of variance (F = 2.278, df = 11, p = 0.020).

Natal dispersal distance

Three males and four females dispersing from five different social groups
were successfully followed until they entered a new group (Table 2). Four of
them dispersed to a territory sharing a common border, whereas the remain-
ing ones dispersed to groups located three (N = 1) or four territories away
(N =2).

There were no marked sex differences in the distance traveled during
dispersal. Still, given the small sample size and the likely underestimation,
the evaluation of sex differences in dispersal distances should be considered
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Figure 4. Annual variation in the median age at dispersal.

with caution. Two males and one female dispersed much further than the rest
of the animals (Table 2), whereas two males and two females dispersed to
neighbouring groups (299 m and 185 m).

A brother and a sister dispersed to the same neigbouring group, but at
different times. The female dispersed on September 2004 when she was 2.9
years. She became the resident female and remained in her new group until
September 2005 when she was evicted. Her brother dispersed on October
2005 when he was 3.0 years old and became the resident male. Unfortunately
we did not witness interactions between the two siblings to document the
process.

Four females and five males were regularly monitored while dispersing
until they disappeared from the area of study. While dispersing, males and
females did not differ in how far they ranged from their natal groups as
indicated by the maximum distance recorded from the center of their natal
territory. The median maximum recorded distance for males (656 m) was not
significantly different than the distance recorded for females (667 m).

Fate of dispersed individuals

Only a limited number of individuals (N = 19) contributed conclusive infor-
mation about their fate following natal dispersal (Table 2). Four males and
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Table 2. Natal dispersal age (years), fate and distance (meters) of 20 radio-
collared individuals.

Subject name Natal group Sex Age at dispersal Fate Distance
Diosa D500 Q 2.9 New group 299
Diuresis D500 Q 4.9 New group 811
Mony Cola Corta Q 3.6 New group 262
Anibal Colman d 3.1 New group 1221
Dardo D1200 d 3.6 New group 185
Dionisio D500 d 3.0 New group 299
Felix F700 d 2.2 New group 995
Conchita Cola Corta Q 2.9 Disappeared 741
Mabela B68 Q na Disappeared 446
Manchita B68 Q na Disappeared 593
Vilma Veronica Q na Disappeared 962
Apolo A900 d 34 Disappeared 656
Camilo Campamento d 4.0 Disappeared 2243
Dante D1200 d 4.0 Disappeared 446
Dartagnan D1200 d 34 Disappeared 412
Fidel Fauna d 2.1 Disappeared 657
Angelita Colman Q 2.8 Dead 0°
Dina D500 Q 3.0 Dead 600
Elegida E500 Q 4.0 Dead 0
Candado Campamento d 3.8 Dead 200

na, unknown date of birth and, therefore, unknown age at dispersal.

* Found within the natal territory.

three females entered neighbouring groups and have successfully reproduced
since then. Three females and one male died during dispersal. Although we
recovered the corpses and/or collars soon after their death, we have no con-
clusive evidence regarding the cause of their death. We found the male’s col-
lar in the grassland near his natal territory, possibly indicating that he died
nearby. Two of the females were found within their natal territories. One of
the females dispersed from her group following some significant changes in
group composition that led to her dispersal, the dispersal of her older sister
and the eviction of their mother. While she wandered near the territory for
a few days, we observed her and noticed some wounds. A few days later
we found her dead. It is very likely that she was wounded during aggres-
sive interactions with other individuals during the dramatic changes in group
composition. Sometimes the eviction of one of the adults through aggressive
interactions may trigger the dispersal of other non-reproducing individuals.
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The skeleton of a second female was found inside a burrow within her natal
territory. She had been observed wandering in the periphery of the territory.
The third female was found dead three territories away from her natal terri-
tory.

Discussion

The depiction of dispersal as a species-specific static process is no longer
tenable; dispersal is now rightfully considered the “consequence of dynamic,
and often nonintuitive interactions among multiple-tradeoffs that may vary
across individual, sex, age, dominance, social groups, species, habitat, and
historical origins and contemporary disturbances” (Boinski, 2005). It has
been shown that even within the same genus, the form of natal dispersal
may vary depending on ecological, social and demographic factors (Jack &
Fedigan, 2004a,b; Boinski, 2005). Some time ago we suggested that owl
monkeys were following a flexible dispersal strategy influenced by ecologi-
cal, demographic and behavioural factors (Fernandez-Duque & Huntington,
2002). Here I have presented data from a large number of identified individ-
uals living in numerous social groups that support our previous findings.

In the following paragraphs I first evaluate how demographic and ecologi-
cal factors may be related to the observed dispersal patterns in owl monkeys,
including possible sex differences in the timing, distance, and fate of dispers-
ing individuals. I then consider the results in the context of the three classic
evolutionary hypotheses for natal dispersal.

Timing of dispersal

This study confirmed published data and theoretical expectations that both
sexes disperse in this socially monogamous species of owl monkeys (Aotus
azarai). Also in agreement with our previous findings, owl monkeys showed
a flexible dispersal strategy that seems to be responsive to various ecological
and demographic factors. Although the timing of dispersals was markedly
concentrated around the month of October, no single explanation can easily
account for this pattern. Both demographic and ecological factors can be
related to the observed pattern since this month corresponds to the beginning
of the birth season, but also to the beginning of the Spring/Summer season
when food is most abundant.
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Demographic factors seem to be influencing to some extent the triggering
of natal dispersal within and across groups in the population. Sudden, rela-
tively infrequent, dramatic changes in group composition, like the eviction
of the resident male or female by an incoming adult, occurred in strong as-
sociation with dispersal events. In these cases, the timing of dispersal was
spread through the year, possibly occurring at times less than ideal for the
dispersing animal. Dispersals associated with replacement of adults also in-
cluded animals of a wider range of ages. Animals may have been forced to
disperse when the relative costs of dispersal were high (e.g., low food avail-
ability, extreme low temperatures) because these costs are less than the costs
associated with aggression from the new incoming adult (Fernandez-Duque,
2007).

The concentration of dispersals around the birth season raises the possibil-
ity that births within the group are triggering the process of dispersal. Still,
the high frequency of dispersals in August and September, when the birth
season has not yet started, provides better support for the role of ecological
factors influencing the timing of dispersal. Future analyses of the relationship
between the occurrence of births and dispersal, as well as the behavioural in-
teractions between parents and predispersing juveniles may help elucidate
a potential causal relationship between the birth season and the timing of
dispersal.

It is also possible that changes in the composition of neighbouring groups
may contribute to dispersal if dispersing animals were communicating their
availability to mate or if they were able to detect a potential reproductive
opening in another group. This is an explanation quite difficult to evaluate
because it requires the simultaneous observation of dispersing animals in
neighbouring groups. Although we were not able to systematically evaluate
this possible factor, on a few occasions we have observed pre-dispersing
individuals wandering through territories for hours or days before returning
to their natal territories and groups. For example, we recently followed a
predispersing 4-year-old female as she wandered through three territories
giving hoot calls. Hoot calls may function to attract potential mates (Wright,
1989; Depeine et al., 2008). She wandered for a few hours, and then returned
to her natal territory and group. It seems likely that these activities allow
pre-dispersing individuals to assess dispersal opportunities as it has been
described in other primate species (Jack & Fedigan, 2004a).
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Natal dispersal distance

A sex bias in natal dispersal distance could function as a mechanism lead-
ing to separation of siblings and, thus, inbreeding avoidance (Eikenaar et al.,
2008). In our population we still have no evidence for sex differences in dis-
persal distance. Several of the individuals dispersed very close to their natal
group. The case of the two siblings going to the same neigbouring group,
but at different times, provides some interesting information on this regard.
Here dispersal distance clearly did not function as a sufficient mechanism
to prevent kin from becoming reproductive individuals in the same group.
On the other hand, the fact that the sister left her new group soon after her
brother entered it opens the possibility that there were kin-recognition be-
havioural mechanisms that prevented the two of them holding reproductive
positions in the same group at the same time. Dispersal into neighbouring
groups has been reported for capuchin monkeys (Jack & Fedigan, 2004a),
but it should be noted that those species range over significantly larger ar-
eas and live in multi-male multi-female groups. In other words, even when
dispersing to neighbouring groups, individuals in those species are likely to
encounter non-related individuals. The situation is probably more extreme in
socially monogamous taxa, where the number of potential mates in a group
is reduced to one.

On the other hand, the prevalence of dispersal to the nearest territories
could well be an artifact of our limitations to detect dispersal outside the
study area. In fact, we were able to identify two males relatively far from
their natal groups suggesting that there may be individuals dispersing much
father that go undetected.

Fate of dispersed individuals

The fate of dispersed individuals remains one of the least understood aspects
of the process of natal dispersal. The significant attrition in the sample sizes
of dispersing individuals continues to limit our understanding. Although we
began the analysis following 102 identified individuals, we only succeeded
in obtaining confirmatory evidence for the fate of dispersed individuals from
10% of them (11/102). Seven individuals entered new groups and repro-
duced, whereas four died while dispersing. The remaining ones belong in
the unsatisfying category of ‘disappeared’ while dispersing.
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The evidence indicates that the time of dispersal is a high-risk period in
the life of owl monkeys. We have argued elsewhere that the juvenile and pre-
reproductive period may be the most dangerous ones for owl monkeys, as is
the case for most primates (Isbell et al., 1990, 1993; Janson & Van Schaik,
1993). Three animals were found dead within areas they normally ranged
suggesting that the risks are not exclusive to venturing in unknown areas.
Dispersing individuals often experience aggression from other groups, may
be less efficient in foraging and more exposed to unknown predators (Pusey
& Packer, 1987). In our study population we have not yet witnessed any
predation events, but we have seen owl monkeys interacting aggressively
with tayras (Eira barbara).

Preliminary evaluation of the inbreeding and competition avoidance
hypotheses

How well do the hypotheses under consideration explain our data? In exam-
ining the validity of the various hypotheses we should be aware that a coinci-
dence between qualitative predictions and the data does not reveal the causal
mechanisms underlying the relationship (Taborsky, 2008). The hypotheses
under consideration most likely exclude a large number of potential impor-
tant factors influencing the observed pattern. Thus, the data presented, when
examined in the general theoretical framework of these hypotheses will help
us formulate in the future quantitative and directional predictions that may
bring us closer to identifying causal relationships among the factors under
consideration.

Some of the data are in good support of the inbreeding avoidance hypoth-
esis. If natal dispersal functions primarily as a mechanism to avoid inbreed-
ing, one expects individuals to disperse around the time of sexual matura-
tion. Although the age at dispersal varied widely, all individuals dispersed
before reproducing. Additional evidence for this hypothesis comes from the
unexpected interaction between a 4-year-old female and her putative father.
This female had been showing predispersal behavioural patterns, including
the wandering outside her natal group on several occasions. We had not ob-
served any interactions between her and the adult male (the male present at
the time when she was born) suggesting that she could be sexually recep-
tive. Thus, it was very surprising to observe the adult male approach and
mount her as soon as she had fallen asleep because of a tranquilizing dart.
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Since non-sexual mounting is not common in owl monkeys, we could in-
terpret the observation as suggesting that the behavioural mechanisms that
would normally prevent the potential reproduction between putative father
and daughter had been turned off as the daughter was anesthesized.

Under this hypothesis, I also expected a strong association between the
occurrence of dispersal and changes in the adult composition that could
modify kinship relationships in the group. For example, I predicted that the
probability of natal dispersal would be lower if the opposite-sexed parent had
been replaced from the natal group because there would be no risk of mating
with a parent. In fact, changes in group composition were associated with
dispersal events. For example, following the replacement of one of the adults
in the group, more individuals dispersed during the less preferred time of the
year (Fall/Winter). But the data do not indicate that predispersing animals
whose opposite-sex parent had been replaced were less likely to disperse
choosing instead to stay with a potential mate.

A second hypothesis proposes that natal dispersal functions to prevent
competition for food. In our population most animals dispersed when food
becomes more abundant, indicating that, at least in the very short term, a
shortage of food does not seem to be tightly linked to dispersal. If animals are
dispersing because there is not enough food resources in their natal group,
dispersals should be occurring sometime during the Fall/Winter when re-
sources are at the lowest. On the other hand, it is also possible that the ef-
fects of a shortage of food during Fall/Winter are felt at the beginning of
Spring/Summer when animals begin to disperse. The shortage of food could
only be felt after several months and given that dispersed individuals need to
range solitarily for a few weeks to many months before moving into a new
group, it is possible that dispersal is taking place during the Spring and Sum-
mer months when temperatures are not as harsh and food resources more
abundant (Fernandez-Duque et al., 2002). The dispersing individuals have
not reached yet their full-size body (unpublished data) and dispersing is a
challenging period during which they will be challenged and attacked by
resident adults. In other words, there are high costs associated with natal dis-
persal that can be minimized if dispersal takes place at a time when food
is abundant and temperatures are milder. Ongoing analyses to evaluate the
relationship between increases in group size (through the birth of infants)
and dispersal would provide additional data to evaluate the local resource
competition hypothesis.
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Finally, it is possible that animals are dispersing to avoid competition for
mates. Under this scenario, we should see animals dispersing once they are
sexually mature or capable of outcompeting other individuals. I predicted
that following the replacement of an adult in the group, individuals of the
same-sex as the intruder would be more likely to disperse since the intruder
represents mate competition, whereas opposite-sex individuals may actually
represent potential reproductive partners and would, therefore, be tolerated.
I also predicted that the timing of dispersal would be concentrated around
the mating season when opportunities for reproducing may be highest. The
data do not support these predictions. Although some animals dispersed at 4
or 5 years of age when they were probably ready to reproduce, some individ-
uals also dispersed at an age when it is unlikely they were sexually mature.
Regarding the timing of dispersal, most dispersal events occurred during the
birth season when females were lactating and, therefore, not available as po-
tential partners.

Our understanding of the behaviour and ecology of owl monkeys has im-
proved significantly since we first attempted to explain the observed pattern
of disappearances. Not only must we consider ecological, demographic and
behavioural patterns, but it is becoming clear that there are important differ-
ences among years in the ecology of the Chaco that may have a profound im-
pact on demographic parameters, which in turn will impact the behavioural
tendencies of individuals. The last ENSO (EI Nifio Southern Oscillation) of
1996-1998 caused particularly wet years in the region, with annual rainfall
being significantly higher during those years (2045, 1653 and 1855 mm, re-
spectively) than the historical average for the region (1500 mm, 1977-2008).
I am under the impression that those heavy rains and the following huge pro-
duction of fruits may be related to the highest-ever rate of births recorded
in 1999. In turn, that unusual birth peak may have produced a surplus of
predispersing individuals during the years that most of our data were col-
lected (2002-2005). In other words, any analysis of dispersal patterns must
acknowledge that populations cycle and that the length of our studies (even
if 10-years long) provides us with just a snapshot of the population’s history.
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