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Natal Emigration by Both Sexes in the La Pacifica Population of Mantled
Howlers: When Do Some Stay?

MARGARET R. CLARKE1– 3�
AND KENNETH E. GLANDER3

1Department of Anthropology, Tulane University, New Orleans, Louisiana
2Tulane National Primate Research Center, Tulane University, New Orleans, Louisiana
3Department of Biological Anthropology and Anatomy, Duke University, Durham, North Carolina

We have reported previously that all male and female mantled howlers emigrate from natal groups at
Hacienda La Pacifica, Costa Rica. In the years since that report, a small number of juveniles have stayed
in the natal group without experiencing a solitary phase. Here, we present a post hoc analysis on
juvenile emigration in six groups of howlers under observation for varying amounts of time between
1972 and 2005. Our records revealed 139 juveniles for whom emigration status was certain, and 125 of
these did emigrate. There was a significant association between presence of mother and emigration:
juveniles without mothers were more likely to remain in their natal group (w1

2 5 53.1, Po.0001). The
mean age of emigration for all juveniles (n 5 125) was 2.47 years (SD 5 0.9, range 5 1.5–6.5). There was
no difference in age of emigration by adult male composition (one-male, multi-male, both), but juveniles
of unknown sex emigrated younger than either known males or females (F2,116 5 4.4, Po.02). For
emigrating juveniles of known sex (n 5 99), both males and females without mothers left at a later age
than those with mothers (F1,95 5 6.5, Po.02). Although philopatry or delayed emigration occurs in a few
motherless animals, most males and females do emigrate from their natal groups at ages consistent
with those reported for other species of howlers. Am. J. Primatol. 70:195–200, 2008. �c 2007 Wiley-Liss, Inc.
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INTRODUCTION

Natal emigration, or leaving the group in which
one was born, commonly occurs in one sex or the
other in nonhuman primates. In cercopithecine
monkeys, males normally disperse while females
are philopatric [Isbell & VanVuren, 1996; Moore,
1992], whereas female dispersal is typical of gorillas
and some colobines [Harcourt et al., 1976; Marsh,
1979]. New World monkeys exhibit a variety of
patterns with male philopatry in Atelins [Rosenber-
ger & Strier, 1989; Strier, 2000], repeated transfers
of adult males in female philopatric capuchin
monkeys [Jack & Fedigan, 2004] and dispersal by
both sexes in several species of howlers [Alouatta
palliata: Clarke & Glander, 1984; Glander, 1980,
1992; Alouatta seniculus: Crockett & Pope, 1993;
Izawa and Lozano, 1991; Alouatta caraya: Calegaro-
Marques & Bicca-Marques, 1996; Rumiz, 1990;
Alouatta fusca: Mendes, 1989; Alouatta pigra: Brock-
ett et al., 2000; Horwich et al., 2000]. In red howlers,
female philopatry can occur if there is ‘‘room’’ (i.e.
three or fewer adult females) for a daughter to
remain in her natal group [Crockett & Pope, 1993].
Although we have evidence that some natal males
return to their natal group after a solitary period and
takeover the group in the same manner as any

invading male, we had also noticed that a handful of
animals remained in their natal groups without
experiencing a solitary phase. Here, we present a
post hoc analysis of juvenile emigration patterns and
adult group composition.

METHODS

Study Site

La Pacifica is a working cattle ranch/rice farm/
tilapia farm in the dry tropical forest zone of
Guanacaste Province, Costa Rica [Holdridge, 1967].
There are three rivers that border the farm, and both
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dry deciduous forest and riverine forest exist. The
farm was deforested in a conservative manner for
cattle ranching in the 1950s [W. Hagnauer, personal
communication] with strips of forest maintained for
windbreaks between pastures, and forests left in
hilly rocky areas deemed unsuitable for grazing. The
farm was irrigated through a low-maintenance, low-
impact system based on gravity, pulling water from
the river on the north side of the farm [for complete
description, see Glander, 1992]. In 1986 the farm was
sold and irrigation patterns changed. In 1991 a large
section was deforested for a major government
irrigation canal, and in 1998 a major shift in land
use occurred as pastures were converted to wet rice
agriculture or tilapia tanks. Although some forest
areas have been disturbed, most remain, and new,
usable habitat has regrown along the canals [Clarke
et al., 2002a,b].

Study Subjects

The subjects for this study are animals born into
and surviving beyond 1 year of age in six groups of
free-ranging mantled howlers (A. palliata) living on
Hacienda La Pacifica between 1972 and 2005. The
youngest natal emigrant known to survive and
reproduce left at 14 months of age, an age defined
as ‘‘juvenilehood’’ in this species [Clarke, 1990].
Many group animals have been captured and marked
for other projects according to established protocols
[Glander et al., 1991], and captured immatures are
sexed and given unique bleach marks (Seventh
Heaven R L’Oreal Paris) in addition to tattoos and/
or microchips (AVID Identification Systems, Folsom,
LA). Infants and juveniles not captured are aged
based on size and activity level [for definitions, see
Clarke, 1990], but sex cannot be determined unless
they are seen within the first few weeks of life
[Clarke et al., 2007]. Individual juveniles could be
identified through naturally occurring white patches
on tails and palmar surfaces.

Data Collection

This population was initially surveyed in the
1960s [Heltne et al., 1976], and was surveyed as part
of a capture-and-mark project between 1974 and
1976 [Scott et al., 1979]. The population was
surveyed formally in 1984, 1991, and 1998 [see
Clarke et al., 2002b]. Type of data collection and
dates (shaded areas indicate years used in analysis)
for the six groups are presented in the appendix.
Data came from intermittent periods of daily
behavioral observations and capture and mark
sessions between 1972 and 2005, from population
surveys between 1974 and 1998, and group surveys
at 6–12-month intervals between 1998 and 2005. The
minimal acceptable interval between contacting each
individual was 12 months, and most were contacted
more frequently.

Analysis

For the years included in this analysis (see
shaded area, appendix), 180 animals of the 270 born
survived to juvenilehood. Of these 180, four died as
juveniles in the group, 13 disappeared at the same
time as their mothers (fate unknown), and 24 could
not be identified at the time of emigration (i.e. when
there was more than one unmarked juvenile of the
same size in the same group, it is impossible to tell
which one left). There were 139 juveniles with
reliable birth and emigration dates and known
presence/absence of mother. Each juvenile’s fate
was treated as an independent data point with births
combined over groups and years. Howlers are
nonseasonal breeders, and although birth clusters
do occur, multiple juveniles of the same age are the
exception, and most were included in the 24 ‘‘uni-
dentifiable’’ animals mentioned above.

Animals that emigrated and those that remained
in their natal group were compared for presence or
absence of mother using a w2 test. Age of emigration
for all animals was compared by sex (male, female,
unknown) and male group composition (one-male,
multi-male, both) using two-way analysis of variance.
Age of emigration for all animals of known sex were
compared for sex (male, female) and presence or
absence of mother using two-way analysis of var-
iance [ABSTAT: Anderson Bell, 1989].

RESULTS

Stay vs. Emigrate

Of the 139 juveniles for whom migration status
was certain, 125 emigrated and 14 remained in the
natal group, there were 18 animals without mothers
in the group (see Table I), and absence of mother
associated significantly with juveniles not emigrating
(w1

2 5 53.1, Po.0001). Although absence of mother
was unusual, it was not abnormal: six had mothers
that died of old age, five had mothers that emigrated
after their infants were independent, and seven had
mothers that had died (two electrocuted, others
found dead with identifying collar). Overall, there
were six female juveniles that were philopatric (four
without mothers) and eight male juveniles that were
philopatric (seven without mothers) (see Table I).
Less than 6% of animals born in these groups (14 out
of 270) were philopatric.

Age of Emigration

Mean age of emigration for the 125 emigrating
animals was 2.47 years, SD 5 0.93, and r 5 1.5–6.5.
There were no significant differences in age of
emigration by adult male composition, but there
was a significant difference by sex (F2,116 5 4.4,
Po.02). There were no differences between males
and females, but there was a significant difference
with animals that remained unsexed at the time of
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dispersal (male: m 5 2.5, SD 0.9, r 5 1.5–5.5; female:
m 5 2.6, SD 1.0, r 5 1.5–6.5; unsexed: m 5 2.0, SD
0.6, r 5 1.5–2.5). For animals of known sex (n 5 99),
there was a statistically significant difference in age
of emigration if the mothers were present or not
(F1,95 5 6.5, Po.02). Animals without mothers in the
group that emigrated left at a later age (males 5 3.5,
SD 5 0.0, r 5 3.5; females 5 3.6, SD 5 1.7, r 5 2.5–6.5)
than animals with mothers (males 5 2.5, SD 5 0.9,
r 5 1.5–5.5; females 5 2.6, SD 5 0.9, 1.5–5.5).

DISCUSSION

We can say with confidence that most juveniles
emigrate from their natal groups. Average age of
emigration is later than we reported previously for
males [Clarke & Glander, 1984], but this more
extensive data set indicates that both sexes of
mantled howlers emigrate at about the same age as
red howlers [Crockett & Rudran, 1987; Crockett &
Pope, 1993]. There is variation in age of emigration,
but most animals left after 1.5 years, but before 4.0
years, of age. Nonrelated opposite sexed adults chase
and harass juvenile/subadults as part of the emigra-
tion process, an event closely tied to the appearance

of adult genitalia [Clarke & Zucker, 1989; Clarke
et al., 2007]. Once howlers emigrate, they experience
a solitary phase of up to several years before joining a
new group as full adults [Clarke & Glander, 1984,
2004; Glander, 1980]. The younger they emigrate,
the longer they are solitary, a variation that could
affect an individual’s survival and success at joining
a new group. Indeed, we have argued previously that
juvenile monomorphy is a strategy to prolong natal
group membership to reduce the length of the
solitary phase [Clarke et al., 2007].

The limited number of animals that were
philopatric were significantly more likely to be
motherless, and motherless animals were tolerated
as group members until a later age. Motherless
juveniles do exhibit behavioral profiles that mimic
adults [Clarke & Glander, 1981; Clarke et al., 1996],
and motherless juveniles behaving like an adult
might be less threatening. The three philopatric
animals that had mothers in the group had mothers
of high, medium, and low rank, suggesting no
association with maternal rank.

This is obviously a different situation than in
red howlers, although it still could be a case of ‘‘an
available place’’. In red howlers, the presence of the

TABLE I. Natal Dispersal

Group Birth year Name Sex Mother
Emigration

year
Age

emigrates

Mother gone, emigrate
2 1993 Toups F Tulip 99–00 6.5
7 1980 Skipper F Yellow 83 3.0
7 1991 Linus M Lemon 94–95 3.5

18 1992 Venice F Volta 94–95 2.5
18 1993 Alberta F Amazon 96–97 3.5
19 1987 Topper M Topaz 90–91 3.5
19 1992 Onyx F Jade 94–95 2.5

Mother gone, philopatric
1 1996 Calliope F Trinka
2 1992 Orf M JQ
7 1982 Roddy M GreenRed
7 1993 Pelican F Purple

19 1984 Roo M Ruby
19 1989 Jose M Jade
33 1990 Nino M Neptune
33 1993 Schwep F Sherry
33 1993 Julio M Lana
33 1999 Manuel M Cindy
33 2002 Cosima F Cindy

Mother there, emigrate
All 57 females m 5 2.6

42 males m 5 2.5
26 unknown sex m 5 2.0

Mother there, Philopatric
2 2000 Agate F Azalea
7 1972 Bonnie F DogCollar
7 1971 Able M WhiteRed
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mother, combined with three or fewer adult females,
creates a situation where a female offspring can stay
in her natal group [Crockett & Eisenberg, 1987;
Crockett & Janson, 2000; Crockett & Pope, 1993].
There still could be ‘‘an available place’’ in a mantled
howler group, but the dynamics are different than
red howlers. A motherless female could take her
mother’s place, but she risks mating with her father,
and the situation is rare as it occurred in o2% of the
animals (4 of 270) born during this time. A mother-
less male, however, would not only be unrelated to
group females, but could also form an alliance with
his father: Older males have been observed forming a
coalition with an incoming male which is associated
with the younger male successfully taking over the
group [Clarke, 2005]. The pattern of the philopatric
natal male resembles that of the male that returns to
take over his natal group, but with the advantage of
skipping the solitary phase. Eliminating the solitary
phase not only reduces inherent risks for an animal
living alone, but it presumably would allow the male
to begin mating sooner and share some reproductive
success with his resident father, with no risk of
incest. As both males and females emigrate, the
chances of mating with an unfamiliar relative in a
new group might be higher for a motherless male
than if it stayed in its natal group of nonrelatives.
Philopatry is still an unusual pattern in howlers, but
it occurs more frequently in motherless males (n 5 7)
than motherless females (n 5 4).

These occasional ‘‘exceptions to the rule’’ are
thought provoking because of the association with
maternal loss, and it is unfortunate that we do not
have the data to undergo rigorous hypothesis testing
for effects of competition, both for resources and
social status. Despite this limitation, this analysis,
based on many years of data in six different social
groups, does indicate that natal males and females
emigrate at an age similar to those reported for other
howler species, and does not alter the overall species-
specific pattern of male and female natal dispersal in
mantled howlers.

ACKNOWLEDGMENTS

We thank the multitude of students who have
worked with us over this long-term study, many
Earthwatch teams, School for Field Studies, and
numerous other volunteers. Funding support has
come from the National Science Foundation, the
NIH base grant to Tulane Primate Center, National
Geographic Research Grants, The Explorer’s Club,
Duke University, Newcomb College of Tulane Uni-
versity, Latin American Studies of Tulane Univer-
sity, Loyola University, and Johns Hopkins Medical
School. All fieldwork was carried out under approved
protocols from Tulane, Duke, and Johns Hopkins
Universities. Specific individuals to be thanked for
field support include Werner Hagnauer, the late Lily

Hagnauer, Vreni Hagnauer, Antonio Leigh, Fernan-
do Estrada, Paulina Calvo, Alfredo Chacon, Mark
Teaford, Richard Nisbett, Timothy Keith-Lucas,
Evan Zucker, the late Molly Glander, Douglas Arden,
Kathrine Phillippi, Andre Fernandez, and Nathanial
Dominy. We thank Leslie Digby, Linda Fedigan and
anonymous reviewers for comments on this manu-
script. A previous version of this analysis was
presented at the Annual Meetings of the American
Association for Physical Anthropologists, Kansas
City MO, 2001.

REFERENCES

Anderson Bell, ABSTAT 7.0, 1989.
Brockett RC, Horwich R, Jones CB. 2000. Female dispersal in

the Belizean black howling monkey (Alouatta pigra).
Neotrop Primates 8:32–33.

Calegaro-Marques C, Bicca-Marques JC. 1996. Emigration
in a black howling monkey group. Int J Primatol 17:

229–238.
Clarke MR. 1990. Behavioral development and socialization of

infants in a free-ranging group of howling monkeys (Alouatta
palliata). Folia primatol 54:1–15.

Clarke MR. 2005. Testing the model for male-male coalitions:
data from male mantled howling monkeys. Am J Phys Anth
126:87.

Clarke MR, Glander KE. 1981. Adoption of infant howling
monkeys (Alouatta palliata). Am J Primatol 1:469–472.

Clarke MR, Glander KE. 1984. Female reproductive success in
a group of free-ranging howling monkeys (Alouatta palliata)
in Costa Rica. In: Small MF, editor. Female primates:
studies by women primatologists. New York: Alan R. Liss.
p 111–126.

Clarke MR, Glander KE. 2004. Adult migration patterns in the
mantled howlers of La Pacifica. Am J Primatol 62(Supp
1):87.

Clarke MR, Zucker EL. 1989. Social correlates of timing of
sexual maturity in free-ranging howling monkeys (Alouatta
palliata). Am J Primatol 18:140.

Clarke MR, Zucker EL, Phillippi Falkenstein K. 1996. Activity
and proximity patterns of juvenile howling monkeys with
and without mothers in free-ranging social groups. Six-
teenth Congress of the International Primatological Society,
Madison WI, August 11–16.

Clarke MR, Collins DA, Zucker EL. 2002a. Adaptations
to deforestation in a free-ranging group of mantled howlers
(Alouatta palliata) in Costa Rica. Int J Primatol 23:365–381.

Clarke MR, Crockett CM, Zucker EL, Zaldivar M. 2002b.
Mantled howler population of Hacienda La Pacifica, Costa
Rica from 1991 to 1998: effects of deforestation. Am J
Primatol 56:155–163.

Clarke MR, Zucker EL, Harrison RM, Ford RT. 2007. Behavior
and endocrine values do not distinguish sex in monomorphic
juvenile howlers (Alouatta palliata). Am J Primatol 69:
477–484.

Crockett CM, Eisenberg JF. 1987. Howlers: variations in
group size and demography. In: Smuts BB, Cheney DL,
Wrangham RM, Struhsaker TT, editors. Primate societies.
Chicago: University of Chicago Press. p 54–68.

Crockett CM, Janson CH. 2000. Infanticide in red howlers:
female group size, male composition, and possible link to
folivory. In: van Schaik CP, Janson CH, editors. Infanticide
by males and its implications, Cambridge: Cambridge
University Press. p 75–98.

Crockett CM, Pope T. 1993. Consequences of sex difference in
dispersal for juvenile red howler monkeys. In: Pereira M,
Fairbanks L, editors. Juvenile primates: life history devel-

Am. J. Primatol. DOI 10.1002/ajp

198 / Clarke and Glander



opment and behavior. New York: Oxford University Press.
p 104–118.

Crockett CM, Rudran R. 1987. Red howler monkey birth data
II: interannual, habitat and sex comparisons. Am J Primatol
13:369–384.

Glander KE. 1980. Reproduction and population growth in
free-ranging mantled howling monkeys. Am J Phys Anth
53:25–36.

Glander KE. 1992. Dispersal patterns in Costa Rican mantled
howling monkeys. Int J Primatol 3:415–436.

Glander KE, Fedigan LM, Fedigan L, Chapman C. 1991. Field
methods for capture and measurement of three monkey
species in Costa Rica. Folia Primatol 57:70–82.

Harcourt AH, Stewart KS, Fossey D. 1976. Male emigration
and female transfer in the wild mountain gorilla. Nature
263:226–227.

Heltne PG, Turner DC, Scott NJ Jr. 1976. Comparison of
census data on Alouatta palliata from Costa Rica and
Panama. In: Thorington RW, Heltne PG, editors. Neotropi-
cal primates: field studies and conservation. Washington,
DC: National Academy of Sciences.

Holdridge LR. 1967. Life zone ecology. Costa Rica: Tropical
Science Center.

Horwich RH, Brockett RC, Jones CB. 2000. Alternative male
reproductive behaviors in the Belizean black howler monkey
(Alouatta pigra). Neotrop Prim 8:95–98.

Isbell LA, VanVuren D. 1996. Differential costs of locational
and social dispersal and their consequences for female
group-living primates. Behaviour 133:1–36.

Izawa K, Lozano H. 1991. Social change within a group
of red howler monkeys (Alouatta seniculus). III Field
Stud New World Monkeys La Macarena Colombia 5:
1–16.

Jack KM, Fedigan LM. 2004. Male dispersal patterns in
white-faced capuchins, Cebus capucinus Part 2:
patterns and causes of secondary dispersal. Anim Behav. 67:
761–769.

Marsh CW. 1979. Female transference and mate choice among
Tana River red colobus. Nature 281:568–569.

Mendes SL. 1989. Estudio ecological de Alouatta fusca
Primates (Cebidae) na estacao biologica de Caratinga MG.
Rev Nordestina Biologia 6:71–104.

Moore J. 1992. Dispersal, nepotism and primate social
behavior. Int J Primatol 13:361–378.

Rosenberger AL, Strier K. 1989. Adaptive radiation of the
ateline primates. J Hum Ev 18:717–750.

Rumiz DI. 1990. Alouatta caraya: population density and
demography in northern Argentina. Am J Primatol
21:279–294.

Scott NJ Jr, Malmgren L, Glander KE. 1979.
Grouping patterns and sex ratio in mantled howling
monkeys. In: Chivers DJ, Herbert J, editors. Recent
advances in primatology. London: Academic Press.
p 183–185.

Strier K. 2000. From binding brotherhoods to short-term
sovereignty: the dilemma of male Cebidae. In: Kappeler P,
editor. Primate males. New York: Cambridge University
Press. p 72–83.

Am. J. Primatol. DOI 10.1002/ajp

Natal Emigration of Mantled Howlers / 199



A
p

p
en

d
ix

S
ee

T
a
b

le
A

1
.

T
A

B
L

E
A

1
.

C
o

n
ta

c
t

H
is

to
ry

fo
r

L
a

P
a

c
ifi

c
a

H
o

w
le

r
G

ro
u

p
s:

J
u

v
e
n

il
e

E
m

ig
ra

ti
o

n
D

a
ta

Y
ea

r
G

ro
u

p
1

G
ro

u
p

2
G

ro
u

p
7

G
ro

u
p

1
8

G
ro

u
p

1
9

G
ro

u
p

3
3

1
9

7
0

S
ep

t
D

O
1

9
7

1
1

9
7

2
A

u
g
–
D

ec
D

O
1

9
7

3
J
a
n

–
J
u

n
e

D
O

1
9

7
4

J
u

n
e

C
T

1
9

7
5

F
eb

,
A

u
g

C
T

1
9

7
6

J
a
n

,
J
u

l
C

T
1

9
7

7
M

a
r,

N
o
v

C
T

1
9

7
8

M
a
y
,

N
o
v
–
D

ec
D

O
1

9
7

9
W

h
o
le

y
ea

r
D

O
N

o
v

C
T

1
9

8
0

J
a
n

–
S

ep
t

D
O

A
u

g
C

T
1

9
8

1
M

a
r,

A
u

g
C

T
M

a
r,

A
u

g
C

T
1

9
8

2
M

a
r,

N
o
v

C
T

M
a
r,

N
o
v

C
T

1
9

8
3

S
ep

t
C

M
A

p
r

C
T

,
S

ep
t

C
M

S
ep

t
C

M
1

9
8

4
J
u

ly
P

S
J
u

ly
P

S
D

O
J
u

ly
P

S
,D

O
J
u

ly
P

S
J
u

ly
P

S
,

D
O

1
9

8
5

A
u

g
C

M
J
u

ly
D

O
,

A
u

g
C

M
J
u

ly
D

O
,

A
u

g
C

M
1

9
8

6
A

u
g

C
M

A
u

g
D

O
,

C
M

M
a
r

C
T

,
A

u
g

C
M

A
u

g
C

M
M

a
r

C
T

,
A

u
g

C
M

1
9

8
7

J
u

ly
C

T
,

A
u

g
C

M
J
u

ly
D

O
J
u

ly
C

T
A

u
g

C
M

1
9

8
8

J
u

ly
,

A
u

g
D

O
F

eb
,

A
u

g
C

T
F

eb
,

J
u

ly
C

T
1

9
8

9
A

u
g
–
D

ec
D

O
J
u

ly
C

T
,

C
M

A
u

g
–
D

ec
D

O
A

u
g
–
D

ec
D

O
A

u
g
–
D

ec
D

O
1

9
9

0
A

ll
y
ea

r
D

O
J
u

ly
–
A

u
g

D
O

,
C

M
A

ll
y
ea

r
D

O
A

ll
y
ea

r
D

O
A

ll
y
ea

r
D

O
1

9
9

1
J
u

ly
P

S
,

a
ll

y
r

D
O

J
u

ly
P

S
,

D
O

J
u

ly
P

S
,

a
ll

y
ea

r
D

O
J
u

ly
P

S
J
u

ly
P

S
,

a
ll

y
ea

r
D

O
J
u

ly
P

S
,

a
ll

y
ea

r
D

O
1

9
9

2
A

ll
y
ea

r
D

O
J
u

ly
,

A
u

g
D

O
A

ll
y
ea

r
D

O
J
u

ly
C

M
A

ll
y
ea

r
D

O
A

ll
y
ea

r
D

O
1

9
9

3
F

eb
C

M
,

J
a
n

–
A

u
g

D
O

F
eb

C
M

,
J
u

ly
D

O
F

eb
,

C
M

,
J
a
n

–
A

u
g

D
O

F
eb

C
M

,
J
u

ly
D

O
F

eb
C

M
,

J
a
n

–
A

u
g

D
O

F
eb

C
M

,
J
a
n

–
A

u
g

D
O

1
9

9
4

F
eb

,
J
u

ly
C

M
J
u

n
e

D
O

F
eb

C
M

,
J
u

n
e

D
O

F
eb

C
M

,
J
u

n
e

D
O

F
eb

,
J
u

ly
C

M
,

J
u

n
e

C
T

F
eb

,
J
u

ly
C

M
,

J
u

n
C

T
1

9
9

5
J
u

ly
–
A

u
g

D
O

F
eb

C
M

,
J
u

ly
–
A

u
g

D
O

J
u

ly
–
A

u
g

D
O

F
eb

C
M

,
J
u

ly
–
A

u
g

C
T

F
eb

C
M

1
9

9
6

J
u

ly
C

M
J
u

n
D

O
J
u

n
D

O
,

J
u

ly
C

M
J
u

n
D

O
J
u

n
C

T
,

J
u

ly
C

M
J
u

ly
C

M
1

9
9

7
J
u

ly
D

O
J
u

n
–
J
u

ly
D

O
J
u

ly
D

O
J
u

n
e

D
O

J
u

ly
D

O
J
u

ly
D

O
1

9
9

8
F

eb
,

J
u

ly
C

M
A

u
g

P
S

A
u

g
P

S
,

D
O

F
eb

,
J
u

ly
C

M
,

A
u

g
P

S
F

eb
C

M
,

A
u

g
P

S
,

D
O

F
eb

,
J
u

ly
C

M
,

A
u

g
P

S
F

eb
C

M
,

A
u

g
P

S
1

9
9

9
F

eb
,

J
u

ly
C

M
J
u

n
–
J
u

ly
D

O
J
u

l
C

M
J
u

n
C

T
J
u

n
C

T
,

J
u

ly
C

M
J
u

ly
C

M
2

0
0

0
J
u

n
C

T
M

a
r

C
M

,
J
u

n
–
J
u

ly
D

O
J
u

n
–
J
u

ly
D

O
J
u

n
C

T
F

eb
,

C
M

,
J
u

n
–
J
u

ly
D

O
J
u

n
C

T
2

0
0

1
F

eb
C

M
,

J
u

n
–
J
u

ly
D

O
,

C
M

F
eb

C
M

,
J
u

n
–
J
u

ly
D

O
F

eb
C

M
,

J
u

n
–
J
u

ly
D

O
,

C
M

F
eb

C
T

F
eb

C
M

,
J
u

n
–
J
u

ly
D

O
,

C
M

F
eb

C
M

,
J
u

n
D

O
,

C
M

2
0

0
2

A
p

r
C

T
A

p
r,

J
u

n
C

T
A

p
r

C
T

A
p

r,
J
u

n
C

T
A

p
r

C
T

2
0

0
3

F
eb

C
T

,
C

M
F

eb
C

T
,

C
M

F
eb

C
M

F
eb

C
T

,
C

M
F

eb
C

M
2

0
0

4
F

eb
C

T
,

C
M

,
J
u

l
C

T
J
u

l
D

O
F

eb
C

T
,

C
M

F
eb

,
J
u

l
C

T
F

eb
C

T
,

C
M

2
0

0
5

M
a
r

C
M

M
a
r

C
M

,
M

a
y

D
O

M
a
r

C
M

,
M

a
y

C
T

M
a
r

C
M

,
M

a
y

C
T

M
a
r

C
M

S
h

a
d

ed
a
re

a
s

in
d

ic
a
te

y
ea

rs
u

se
d

in
a
n

a
ly

si
s.

D
O

,
d

a
il

y
o
b

se
rv

a
ti

o
n

s;
C

T
,

g
ro

u
p

co
u

n
t;

P
S

,
p

o
p

u
la

ti
o
n

su
rv

ey
;

C
M

,
ca

p
tu

re
/m

a
rk

.

Am. J. Primatol. DOI 10.1002/ajp

200 / Clarke and Glander


