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Immigration costs for female chimpanzees and male protection
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In chimpanzees, Pan troglodytes, females transfer from their natal group shortly after sexual maturity to per-
manently join another group. A conflict of interest exists between female and male residents over the im-
migration of new females: additional females increase female feeding competition but provide new mating
opportunities for males. Resident females express their interests by directing high rates of aggression to-
wards immigrants, and males could protect their interests by intervening in these conflicts. We studied
the Kanyawara chimpanzee community in Kibale National Park, Uganda over 10.5 years to assess whether
(1) resident female aggression is costly to immigrants, (2) males are effective in protecting immigrants from
aggression and (3) immigrants seek out male protective services. Results showed costs of resident aggres-
sion on two levels. Immigrants held low dominance ranks and experienced higher physiological stress
than natal residents, as indexed by urinary cortisol. Males were found to be effective protectors for immi-
grants. They intervened aggressively to curtail female conflicts, more often when conflicts involved immi-
grants and occurred during periods of heightened female competition. When intervening, males nearly
always supported immigrants over residents. As a result, females, especially immigrants, experienced
less intrasexual aggression in the presence of males than when males were absent. Immigrants took advan-
tage of male protective services. They associated with males more often than resident females and, unlike
residents, did not greatly decrease their level of association outside of oestrus. We suggest male protection
is an important strategy used by immigrants to integrate themselves into their new group.
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At all long-term chimpanzee, Pan troglodytes, study sites,
most females disperse from their natal multimaleemultife-
male communities shortly after reaching sexual maturity
(Pusey 1979; Pusey et al. 1997; Boesch & Boesch-Achermann
2000; Nishida et al. 2003; Sugiyama 2004). By contrast,
males almost never leave their natal communities. This
pattern of female-biased dispersal is relatively common in
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primates (Strier 1994), unlike most mammals in which dis-
persal is male-biased (Greenwood 1980). While there are nu-
merous influences on dispersal (e.g. Nagy et al. 2007),
a particularly important factor for chimpanzees is that
male affiliation and cooperation are critical for defence of
the community feeding range, the size of which affects the
reproductive rates of resident females (Williams et al.
2004). The benefits of maleemale affiliation possibly pro-
mote philopatry, requiring females to leave their natal com-
munities in order to avoid inbreeding (Pusey 1979, 1980;
Clutton-Brock 1989; Constable et al. 2001).

In addition to experiencing costs of departure, such as
loss of familiarity with foods and community members,
dispersing females also suffer costs of arrival. Femalee
female aggression is rare in chimpanzees (Muller 2002),
dy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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but immigrants regularly receive aggression from resident
females in their new community (Pusey 1980, 1990; Nish-
ida 1989; Boesch & Boesch-Achermann 2000; Townsend
et al. 2007; Kahlenberg et al. 2008; Pusey et al. 2008). Ag-
gression ranges from casual threats to coalitionary attacks
that can result in wounding, infanticide and/or the depar-
ture of the immigrant to a different community. Resis-
tance to incoming females is thought to reflect female
competition over space. Within communities, females oc-
cupy specific feeding ranges or ‘core areas’, which overlap
extensively and vary in quality. Higher-quality core areas
have higher densities of preferred foods (ripe fruit), which
have been linked to improved ovarian cycling, higher
birth rates and higher infant survival (Emery Thompson
et al. 2007). Because fidelity to core areas is high (Williams
et al. 2002b; Emery Thompson et al. 2007), female compe-
tition is most intense when immigrants attempt to settle
(Kahlenberg et al. 2008).

Whereas resident females are generally hostile towards
immigrants, resident males are not (Pusey 1980). This is
striking because females, particularly those with young in-
fants, are sometimes attacked by males from neighbouring
communities (Wilson & Wrangham 2003; Williams et al.
2004). Females commonly display sexual swellings when
they first immigrate; thus, it has been hypothesized that
swellings can function as ‘social passports’ that advertise
a female’s sexual receptivity to what might otherwise be
hostile males in a foreign community (Nishida 1979;
Wallis 1992; Deschner & Boesch 2007).

In chimpanzees, the arrival of a new immigrant there-
fore promotes a conflict of interest between resident
females (who suffer from increased feeding competition)
and resident males (who benefit from increased mating
opportunities). Such conflicts are widespread in polygy-
nous mating systems (Davies 1989). In many birds, for ex-
ample, males can increase their reproductive success by
recruiting secondary females to their territory; however,
primary females can suffer as a result because paternal ef-
fort must be shared (e.g. European starling, Sturnus vulga-
ris: Smith & Sandell 1998; blue tit, Cyanistes caeruleus:
Kempenaers 1995). Intersexual conflict over female immi-
gration is sometimes expressed behaviourally as resident
females directing aggression towards incoming females
and males attempting to curb this aggression by physically
intervening in female fights (e.g. cichlid fish, Lamprologus
ocellatus: Walter & Trillmich 1994; Neolamprologus multi-
fasciatus: Schradin & Lamprecht 2000; longnose filefish,
Oxymonacanthus longirostris: Kokita & Nakazono 2001; Eu-
ropean starling: Eens & Pinxten 1996; mountain gorilla,
Gorilla beringei beringei: Watts 1991, 1992).

Although chimpanzees have been extensively studied in
the wild, little is known about immigration events, largely
because they are rare. In this paper, we use 10.5 years of
data from a long-term study of the Kanyawara chimpan-
zee community in Kibale National Park, Uganda, to
investigate three questions, as follows.

(1) What are the costs to females associated with joining
another community? We previously found that Kanya-
wara immigrants receive the highest rates of intrasexual
aggression in their community, with long-term residents
being the main aggressors (Kahlenberg et al. 2008). Here,
we examine whether (a) immigrants are low ranking, since
low rank in female chimpanzees is associated with higher
foraging costs, lower-quality core areas, poorer body con-
dition, and lower reproductive success (Pusey et al. 1997,
2005; Murray et al. 2006, 2007a; Kahlenberg et al. 2008).
We also examine urinary cortisol levels to test whether
(b) immigrants experience higher levels of physiological
stress than resident females.

(2) Can males (as they are universally dominant to
females; Goodall 1986) influence the aggressive behaviour
of resident females towards immigrants? It has previously
been suggested that male chimpanzees protect immi-
grants from hostile resident females (Pusey 1980; Wrang-
ham 1986; Nishida 1989; Boesch & Boesch-Achermann
2000). Male chimpanzees are known to intervene in con-
flicts among females (Boehm 1994). There is also anec-
dotal evidence of males intervening on behalf of
immigrant females (Pusey 1980; Nishida 1989; Boesch &
Boesch-Achermann 2000; Townsend et al. 2007; Pusey
et al. 2008). However, no study has tested whether males
specifically favour immigrants over residents or whether
interventions into female conflicts are effective in deter-
ring female aggression. We examine the hypotheses that
males (a) intervene more often in conflicts between resi-
dent females and immigrants than in conflicts involving
only resident females and (b) more frequently support
immigrants over residents during interventions. If male
interventions are an effective deterrent to female aggres-
sion, then (c) male presence should be associated with
lowered aggression rates. Chimpanzees show flexible
association patterns typical of animals with fissionefusion
social organization. Individuals spend some time alone
and some time with others in subgroups or ‘parties’ that
vary in size and composition (Goodall 1986). We test
hypothesis c by comparing rates of aggression in parties
that contain adult males with rates in parties containing
only females.

(3) Do immigrants use male protection as a counterstrat-
egy against intrasexual aggression? If resident female
aggression is costly to immigrants and male presence
lowers femaleefemale aggression, immigrants may associ-
ate closely with males to take advantage of their protective
services. We test this hypothesis by comparing association
patterns with males between immigrants and resident
females, predicting closer association for the former.
METHODS
Study Site and Population
Our subjects were from the Kanyawara chimpanzee
community in Kibale National Park, Uganda, a population
that has been studied continuously since 1987. The
community occupies a home range of approximately
32 km2 (Wilson 2001) that consists mainly of moist decid-
uous forest with areas of swamp, grassland, pine planta-
tion and forest that was selectively harvested in the late
1960s (Chapman & Wrangham 1993). Our study incorpo-
rates data from 28 464 observation hours from January
1996 to June 2006. The community consisted of 47
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chimpanzees at the beginning of the study (including 11
adult males and 17 adult females) and 52 individuals at
the end of the study (including 10 adult males and 16
adult females). Five females immigrated into the commu-
nity during this period (Table 1).

In our analyses, we considered only adult individuals.
Males were considered to be adults at 15 years of age and
females were considered to be adults after experiencing
their first maximally tumescent sexual swellings (Goodall
1986). All immigrants displayed maximal swellings either
when first observed or shortly thereafter. Years that indi-
vidual females spent in the community as adults are given
in Table 1. We considered females to be recent immigrants
(hereafter ‘immigrants’) from the month in which they
were first observed until the month in which they first
conceived. Although female AL immigrated before the
study period, she did not conceive until September
1996, so was considered an immigrant for part of the
study. Conception dates were approximated by subtract-
ing 230 days from the day of parturition, or when possible
Table 1. Female subjects and sample sizes

Female Years in community Immigration Urine samples Mix

Immigrants
AL* 1996 Apr 1994 i.d.
NL* 1997e1999 Apr 1997 40
WA 2004e2006 Nov 2004 34
QT 2005e2006 Jun 2005 34
WL 2005e2006 Oct 2005 36
HH 2006 Feb 2006 7

Natal residents
NE 1997e1999 d 3
BR 1998e2000 d 7
LR* 2000e2004 d 135
AS 2001e2002 d 8
JK 2005e2006 d i.d.
OK 2006 d 41

Resident mothers
AL* 1997e2006 Apr 1994 d
AR 1996e2006 <1983 d
BL 1996e2006 <1983 d
EK 1996e2006 <1983 d
FG 1996e1998 <1983 d
GO 1996e2001 <1983 d
JO 1996e2001 <1983 d
KL 1996e2000 <1983 d
LP 1996e2004 <1983 d
LR* 2004e2006 d d
MU 1996e2006 <1983 d
NG 1996e1997 <1983 d
NL* 2000e2006 Apr 1997 d
OU 1996e2006 Dec 1992 d
PE 1996e2006 <1983 d
PU 1996e2003 <1983 d
TG 1996e2006 May 1993 d
UM 1996e2006 Dec 1995 d

i.d. ¼ Insufficient data, sampling of this condition did not meet minimum
1983, when monitoring of the Kanyawara first began, were assigned im
party composition scans; hours were approximated by dividing scans by
equal total hours for oestrous and nonoestrous observations because the
female-only and mixed-sex observations only count associations with m
*Females sampled in more than one female class based on changes in re
by endocrine diagnostics (i.e. abrupt, sustained increases
in ovarian hormone levels, or pregnancy test kits, see Em-
ery Thompson 2005). No female in our study immigrated
with dependent offspring. Two immigrants (AL and NL)
were observed before and after conception, and we consid-
ered them resident mothers after they gave birth (Table 1).
Among resident females, we distinguished between natal
females (those born in the community) and mothers
(non-natal long-term residents). One of the six natal fe-
males (LR) did not transfer and eventually reproduced in
the community. We considered her a resident mother after
she gave birth, and a natal female prior to conception
(Table 1).
Behavioural Observations
Given the nature of our hypotheses, data collected over
many years were needed. A team of observers, typically
two to three long-term field assistants accompanied by
Observation hours

ed-sex parties Female-only parties Oestrous Nonoestrous

i.d. i.d. 404 151
1405 161 842 972
1074 i.d. 756 602
919 120 287 1032
773 51 265 791
258 i.d. 59 202

684 200 240 722
612 69 342 378

1794 423 1029 1466
383 76 196 283
60 i.d. i.d. i.d.

654 341 477 747

5363 1469 937 6969
2109 1136 220 3995
3049 685 189 4050
2845 306 245 3132
895 215 i.d. 1784
578 i.d. 214 422
569 i.d. 92 391

1440 236 275 1936
4593 1130 126 7172
2159 288 i.d. 2977
559 67 i.d. 490
i.d. i.d. 34 i.d.

3753 1560 594 5143
6901 2339 917 9539
274 i.d. 29 i.d.
861 105 i.d. 952

5459 2225 405 8706
653 i.d. 53 498

data requirements (see Methods). Females that immigrated prior to
migration dates of <1983. Observation time was taken from 15 min
four. Total hours for female-only and mixed-sex observations do not
se data come from slightly different time periods (see Methods) and
ultiple females present.
productive state (see Methods).
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graduate students or research scientists (including all of
the study’s authors at one time or another) recorded
chimpanzee behaviour on a daily basis. Confidence in
the accuracy of behavioural data collection by field
assistants comes from tests documenting close agreement
between data independently collected by researchers and
field assistants (Muller et al. 2007).

Chimpanzees were located by following their tracks,
listening for calls and waiting near fruiting trees. When-
ever possible, observations were conducted from the time
that chimpanzees awoke in the morning until they
constructed their night nests. Observers identified all
individuals present in a focal party at 15 min intervals
throughout the day. A party was defined as all chimpan-
zees within 50 continuous metres of another. Observers
also detailed the behaviour of individual party members
during 10 min focal sessions. Focal targets consisted of
all ageesex classes, and were randomly selected through-
out the day from observable party members. Observers
attempted to record all overt submissive vocalizations
(pant-grunts) and behaviours, and any aggression that
occurred within the party, including the identities of the
actors. Aggression was defined as any directed charge,
chase or attack involving physical contact (see Muller
2002 for definitions). These aggression types are accompa-
nied by exaggerated movements and loud vocalizations
such as screams by victims, making them highly conspic-
uous to observers. Thus, sampling of aggression is equiva-
lent to all-occurrence sampling (Altmann 1974).

Observers also used a simple scale to record the degree
of tumescence of the sexual swelling for each female in
a party. Females with sexual skins that were completely
detumescent received scores of 1. Females with sexual
skins that were partially inflated (i.e. soft and/or wrinkled
rather than tense and shiny) received scores of 2. Females
with sexual skins that were maximally tumescent (i.e.
tense and shiny with no drooping) received scores of 3.
Oestrous females were defined as having maximally
tumescent swellings. Nonoestrous females were those
with partially or fully detumescent swellings.
Urine Collection and Measurement of Cortisol
When a chimpanzee urinated from a tree, one of us or
a field assistant trapped urine in a disposable plastic bag
attached to a 2 m pole. If a bag could not be placed in
time, then urine was pipetted from leaves in the ground
layer of vegetation. Immediately after collection, the iden-
tity of the chimpanzee, the date and the time of urination
were recorded. To minimize the risk of sample cross-con-
tamination, urine was collected from vegetation only
when it was clear that multiple individuals had not uri-
nated in the same area. Care was also taken to avoid col-
lecting urine contaminated with faeces (see Muller &
Wrangham 2004a for additional details on the validation
of sample collection procedures). The number of urine
samples per female (immigrants and natal residents only,
see below for explanation) is given in Table 1.

Within 1e14 h of collection, urine samples were stored
in a propane-powered freezer (�18 �C). Frozen samples
were transported to the Reproductive Ecology Laboratory
at Boston University, U.S.A., where M.E.T. performed en-
zyme immunoassay for urinary cortisol. Nunc Maxisorp
immunoplates were pretreated with cortisol antiserum
R4866 (C. J. Munro, Clinical Endocrinology Laboratory,
University of California, Davis, U.S.A.). Urine samples
(50 ml diluted 1:100 in 0.1 M phosphate buffer), urine con-
trols and standards (Steraloids, Inc., Newport, RI, U.S.A.)
were assayed in duplicate with horseradish-perioxidase-la-
belled cortisol competitor. After 2 h of incubation at room
temperature, plates were washed, developed with 40 mM
ABTS substrate solution and incubated for another 30e
60 min before optical scanning with 405 and 620 nm fil-
ters (see also Muller et al. 2007). Cortisol measurements
were corrected for urine concentration by assessment of
creatinine (Taussky 1954). Intra- and interassay coeffi-
cients of variation were 5.4 and 11.5%, respectively, for
high controls and 9.5 and 14.4% for low controls. Recov-
eries of cortisol in a urine sample added in duplicate to
a series of eight standards were 105 � 23%. Parallelism
was examined by comparing the regression curves of per-
centage binding on log-transformed cortisol dose for the
standard curve (Y ¼ �0.34X þ 1.06) versus serial dilution
of a urine sample (Y ¼ �0.38X þ 1.23); the slopes of these
curves were not significantly different (t12 ¼ �0.688,
P ¼ 0.50).
Analyses
Statistical analyses were conducted using SPSS 16.0
(SPSS Inc., Chicago, IL, U.S.A.) and, because of small
sample sizes, exact testing was used (see Mundry & Fischer
1998). Results indicate means � SE unless otherwise
noted. The significance level was set at 0.05 and all P
values were two tailed. We applied a post hoc Bonferroni
correction when two comparisons involved the same
data set; the adjusted significance level for these analyses
was 0.025.

Dominance rank
We assessed female dominance rank using the direction

of pant-grunts and outcomes of decided, dyadic aggres-
sion. Aggression was considered decided when the target
responded with immediate submissive behaviour (often
screaming or flight). We calculated rank scores using the
probabilistic scaling method of Jameson et al. (1999),
which ranks individuals according to the proportion of
dominance interactions won or lost, and the relative suc-
cess of opponents faced. Females with higher scores were
considered dominant to those with lower scores (Jameson
et al. 1999).

To examine the dominance status of immigrants in
relation to residents, we calculated female ranks for two
immigration periods: (1) April 1997eJune 1999, when
a single female (NL) immigrated, and (2) November
2004eMay 2006, when four females (HH, QT, WA, WL)
immigrated. Female dominance interactions are rare in
chimpanzees (e.g. Murray 2007), so some rank relationships
cannot be worked out even with a 1e2 year data period.
Thus, ranks could only be assigned to 55% of females during
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the first immigration period. Ninety per cent of females
could be ranked in the second period; that, and the presence
of four new immigrants allowed us to statistically evaluate
their ranks relative to resident females. Rankings in this pe-
riod were based on 63 pant-grunts and 123 cases of decided,
dyadic aggression. We also used the 2004e2006 rankings,
which included all the immigrants, to evaluate the effects
of age versus tenure on dominance status. Female ages
were known for natal females and estimated for immigrants
and mothers by G. Isabirye-Basuta (early 1980s) and R. W.
Wrangham (late 1980sepresent) based on their relative
physical characteristics, number and estimated ages of de-
pendents, and locomotor patterns.

Stress
To quantify physiological stress, we measured cortisol

excretion in urine samples collected opportunistically
from individual females over more than 8 years. Although
short-term increases in glucocorticoid secretion represent
an adaptive response, chronic activation of the stress
response diverts energy from processes such as growth
and reproduction, and is associated with numerous pa-
thologies, including muscle wasting and immunosuppres-
sion (Sapolsky 2002). For this reason, glucocorticoids have
been widely used in animal studies to assess the physio-
logical costs of behavioural interactions or resource fluctu-
ation (e.g. van Schaik et al. 1991; Alberts et al. 1992;
Goymann et al. 2001; Muller & Wrangham 2004b; Beeh-
ner et al. 2005; Muller et al. 2007).

Glucocorticoid levels can differ between and within
females according to reproductive status; for example,
levels may be elevated during lactation and pregnancy
because energetic demands are especially high (e.g. van
Schaik et al. 1991; Goymann et al. 2001; Beehner et al.
2005). We controlled for reproductive state by limiting
our cortisol analysis to immigrants and natal residents,
classes that were similar in age and both nulliparous. Cor-
tisol concentrations in chimpanzee urine show significant
circadian fluctuations, with high levels in the morning
and a decline throughout the day (Muller & Lipson
2003). Because sample collection times varied, we applied
a correction procedure to standardize cortisol concentra-
tions for time of day. We calculated for each adult female
(N ¼ 27) the average cortisol concentration obtained from
urine samples collected during each hour of the day. We
then calculated a regression of mean cortisol concentra-
tion (in ng/mg creatinine) across females against time of
day (Y ¼ 10.823X þ 239.24). We report the residuals of
this regression as a time-adjusted cortisol value. AL (while
an immigrant) and JK were excluded from cortisol analy-
ses because we obtained no urine samples from the former
female and only one from the latter (Table 1).

Male influence on femaleefemale aggression
Aggression analyses come from data collected between

January 1997 and May 2006. For each femaleefemale
conflict that occurred in a mixed-sex party (�1 adult
male present), we consulted written field descriptions to
determine whether a male intervened in the conflict. We
considered male interventions to occur whenever one or
more adult males directed aggression towards one or more
females who were involved in an ongoing conflict. If it was
clear from field descriptions, we also coded the identity of
the female targeted by the intervening male. Male support
was considered to be given to a female if he directed
aggression towards the female with whom she was fight-
ing. To calculate a male intervention percentage for
residenteresident and residenteimmigrant conflicts, we
tallied the number of interventions into either conflict
type and divided by the total number of conflicts observed
in the presence of males.

We examined the effect of adult males’ presence on
rates of femaleefemale aggression in two ways. First, we
compared overall rates of femaleefemale aggression in
mixed-sex versus female-only (no adult males present)
parties that were matched for the number of females
present. Overall aggression rates (OAR) were calculated for
each female party size as

OARi ¼ Ai=Hi ð1Þ

where Ai is the sum of all femaleefemale aggressive acts
that occurred when i adult females were present and Hi

is the total hours that i adult females were observed to-
gether. Hours were approximated by dividing the number
of 15 min party composition scans with i adult females by
four. Only party sizes with two or more females were con-
sidered, since these were the ones where female aggression
was possible. Female party sizes included in this analysis
were observed at least 100 h in mixed-sex (me-
dian ¼ 1431 h, range 143e3251 h, N ¼ 8 party sizes) and
female-only (median ¼ 711 h, range 137e2388 h, N ¼ 5
party sizes) conditions. Controlling for female party size
was necessary because overall rates of femaleefemale ag-
gression increased with the number of females present
(see Results); therefore, a difference in aggression rates be-
tween mixed-sex and female-only parties could be ex-
plained by differing female party sizes. In our second
analysis, we conducted a within-female comparison of re-
ceived aggression rates in mixed-sex and female-only
parties. Individual aggression rates (IAR) were calculated as

IARi ¼ Ai=Hi ð2Þ

where Ai is the sum of aggressive acts that female i re-
ceived from other adult females and Hi is the total hours
that female i was observed with at least one other adult fe-
male. Hours were approximated by dividing the number
of 15 min party composition scans containing female i
and at least one other adult female by four. Females in-
cluded in this analysis were observed for at least 50 h in
mixed-sex (median ¼ 907 h, range 60e6901 h, N ¼ 28 fe-
males) and female-only parties (median ¼ 288 h, range
51e2339 h, N ¼ 21 females) (Table 1). For each female,
we subtracted her IAR in mixed-sex parties from her IAR
in female-only parties to calculate a difference between
these two conditions, then compared these differences be-
tween immigrants and resident females. Differences in fe-
male party size could potentially affect this analysis (e.g. if
female-only parties containing immigrants were larger);
however, we were unable to calculate IARs at varying fe-
male party sizes because observations in female-only
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parties were limited for many females (Table 1). We in-
stead tested for female party size differences by calculating
the median number of female associates that each female
had in mixed-sex and female-only parties, then compar-
ing these values among female classes.

Patterns of maleefemale association
We examined association patterns with males for each

female by dividing the number of 15 min party composition
scans that she was observed with at least one adult male by
the total number of scans that she was observed (data: Jan-
uary 1996eJune 2006). We then calculated a percentage
by multiplying values by 100. This was repeated separately
for oestrous and nonoestrous periods. All females included
in these analyses were observed for at least 100 h during
nonoestrous periods (median ¼ 972 h, range 151e9539 h,
N ¼ 27 females) and 25 h during oestrous periods (me-
dian ¼ 265 h, range 29e1029 h, N ¼ 25 females) (Table 1).
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Figure 1. Relationship between female rank and age during two time

periods when new immigrants were in the community: (a) April

1997eJune 1999 and (b) November 1994eMay 2006. Points are in-

dividual females: immigrants (þ), natal residents (>), resident
mothers (¤). In (b), the natal female that remained in the commu-

nity is depicted by a grey diamond.
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A single female (NL) immigrated into Kanyawara in
April 1997. During the period from immigration to first
conception, NL ranked lowest of the 11 females that could
be ranked, including two younger natal females (Fig. 1a).
During a second period from November 2004eMay
2006, four females (HH, QT, WA, WL) immigrated into
Kanyawara. These immigrant females also occupied low
dominance ranks and ranked lower than resident females
(natal þmothers; ManneWhitney U test: U ¼ 3, NI ¼ 4,
NN,M ¼ 12, P ¼ 0.008).

Because dominance rank was positively correlated with
age (Spearman rank correlation: 1997e1999: rS ¼ 0.43,
N ¼ 11, P ¼ 0.19; 2004e2006: rS ¼ 0.70, N ¼ 16, P ¼
0.002; Fig. 1), we used partial correlations to examine
whether immigrants’ low rank was because they were
new to the community or because they were young.
Among females with known immigration dates (N ¼ 9,
Table 1), immigration order was correlated with rank after
age was partialled out (Pearson partial correlation:
r ¼ �0.85, P ¼ 0.008; 2004e2006 rankings), meaning
that, regardless of age, females who immigrated earlier
outranked females who immigrated later. Age, by contrast,
was not correlated with rank after immigration order was
partialled out (r ¼ �0.51, P ¼ 0.19). Thus, tenure appeared
to be a stronger predictor of rank than age. In agreement
with this finding, natal residents and immigrants were
close in age, but natal females were generally higher rank-
ing (Fig. 1). In fact, the natal female who did not transfer
(LR) was the third-highest-ranking female in the commu-
nity after she gave birth (Fig. 1b).
Immigrants Natal residents

Figure 2. Urinary cortisol values for immigrants and natal females
Stress

after adjustment for collection time (see Methods for details).
Means were calculated for each female and bars represent

means � SE. Number of urine samples per female ranged 7e40

(median ¼ 34) for immigrants and 3e135 for natal females
(median ¼ 8) (Table 1).
Time-adjusted cortisol was elevated for immigrants
relative to natal residents (ManneWhitney U test: U ¼ 3,
NI ¼ NN ¼ 5, P ¼ 0.056; Fig. 2). Among immigrants, those
who immigrated in close succession (HH, QT, WL, WA)
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had higher cortisol levels than NL and also experienced
three times higher rates of intrasexual aggression
(0.031 � 0.013 acts/h) than NL (0.014 acts/h). At Kanya-
wara, there are distinct periods of high and low food avail-
ability, and these are expected to have an impact on
female cortisol levels (Muller & Wrangham 2004b; Emery
Thompson & Wrangham 2008). Our comparison inte-
grated many months of sample collection, so any effect
of seasonal fluctuations should be equally represented in
both immigrant and resident samples. However, to test
for such an effect we compared time-adjusted cortisol
within 5 months in which samples from both natal fe-
males (N ¼ 1) and immigrants (N ¼ 3) were available. In
every month, immigrants had higher average values
than the natal female (immigrants: 70.6 � 12.3; natal fe-
male: 12.3 � 12.9), suggesting that the difference in corti-
sol was not due to seasonal effects.
0.05 r
at

e (b)
Male Influence on FemaleeFemale Aggression
0

0.01

0.02

0.03

0.04

Immigrants Natal residents Resident mothers

D
if

fe
re

n
ce

 i
n

 r
ec

ei
ve

d
 a

gg
re

ss
io

n
(f

em
al

e-
on

ly
 −

 m
ix

ed
-s

ex
) 

Figure 3. Effect of male presence on rates of received intrasexual ag-

gression for immigrant and resident females. (a) Overall rates of fe-

maleefemale aggression in mixed-sex and female-only parties with

varying numbers of females present. (b) The difference (female-
only parties minus mixed-sex parties) in rates of aggression that

individual females received by their residential classification. Rate

calculations are detailed in Methods. Points are means � SE of indi-

vidual differences per class.
Of the 251 female conflicts that were recorded in mixed-
sex parties, males intervened in 57 (23%). All interven-
tions abruptly ended the conflict. During interventions,
males supported one female over the other 54% of the
time. In the remaining interventions, males directed
aggression towards both (or all) of the involved females,
or it was unclear from the field description which female
was targeted. When males supported one female, it was
almost always the lower-ranking one (88%). These females
were targets of aggression 92% of the time that they were
supported by males.

Overall, there was a nonsignificant tendency for males
to intervene more often when residents and immigrant
females fought (28%, 34 of 122 conflicts) than when
residents fought (19%; 23 of 123 conflicts; chi-square test:
c1

2 ¼ 2.9, P ¼ 0.098). However, when there were four im-
migrants in the community and resident aggression to-
wards immigrants was especially high (see above), males
intervened significantly more often in conflicts between
residents and immigrants (30%; 34 of 112 conflicts)
than in conflicts only involving residents (14%; 10 of 74
conflicts; c1

2 ¼ 7.0, P ¼ 0.008). When males supported
only one party during interventions into residenteimmi-
grant conflicts (N ¼ 17), they supported immigrants 94%
of the time and residents 6% of the time, which was signif-
icantly different from that expected by chance (c1

2 ¼ 8.2,
P ¼ 0.013).

Overall rates of femaleefemale aggression were posi-
tively correlated with the number of females present
(Spearman rank correlation: rS ¼ 0.95, N ¼ 9 party sizes,
P ¼ 0.001). When we controlled for female party size,
overall aggression rates were consistently lower in
mixed-sex parties than in female-only parties (Wilcoxon
signed-ranks test: Tþ ¼ 15, N ¼ 5 party sizes, P ¼ 0.062;
Fig. 3a), even though mixed-sex parties typically con-
tained more females (mixed-sex: median ¼ 3 females,
range 1e11 females, N ¼ 62 699 scans; female-only: me-
dian ¼ 2 females, range 1e9 females, N ¼ 31 546 scans;
data from 1997e2006). Within-female comparisons also
showed an effect of male presence on femaleefemale ag-
gression. Individual females received less intrasexual
aggression when they were in mixed-sex parties compared
to when they were in female-only parties (all female clas-
ses combined; mixed-sex parties: 0.007 � 0.003 acts/h;
female-only parties: 0.019 � 0.006 acts/h; Wilcoxon
signed-ranks test: Tþ ¼ 190, N ¼ 21 females, P ¼ 0.0007).
This reduction in aggression rates occurred even though
females had more female associates in mixed-sex parties
(median ¼ 4 females, range 3e7 females) than in female-
only parties (median ¼ 2 females, range 1e4 females; Wil-
coxon signed-ranks test: Tþ ¼ 231, N ¼ 21 females, P <
0.001). Although residents (natal females and mothers)
and immigrants experienced reduced aggression in
mixed-sex parties, the magnitude of the reduction varied
(KruskaleWallis test: c2

2 ¼ 11.0, P ¼ 0.004) and was great-
est for immigrants (Fig. 3b). This effect could not be
explained by variation in female party size (e.g. if
female-only parties containing immigrants were larger),
since immigrants and residents had similar numbers of fe-
male associates both in mixed-sex parties (immigrants:
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median ¼ 5 females, range 3e6 females; natal females:
median ¼ 5 females, range 3e7 females; mothers: me-
dian ¼ 4 females, range 3e4 females; KruskaleWallis
test: c2

2 ¼ 1.7, P ¼ 0.44) and in female-only parties (immi-
grants: median ¼ 4 females, range 2e4 females; natal fe-
males: median ¼ 2 females, range 1e4 females; mothers:
median ¼ 2 females, range 1e3 females; c2

2 ¼ 2.9,
P ¼ 0.24).
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Figure 4. Time spent with adult males for immigrants (N ¼ 6) and

two classes of resident females (natal females: N ¼ 5; mothers:
N ¼ 14, 16) during oestrous and nonoestrous periods. Bars indicate

means � SE per female class.
On average, immigrants were with adult males
94 � 1.6% of the time that they were observed (N ¼ 6 fe-
males; see Table 1 for observation hours). This was more
often than resident mothers (80 � 2.6% of observations,
N ¼ 16; ManneWhitney U test: U ¼ 11, NI ¼ 6, NM ¼ 16,
P ¼ 0.004) and natal females (80 � 3.4%, N ¼ 5; U ¼ 2,
NI ¼ NN ¼ 6, P ¼ 0.009) were with males. There was no dif-
ference in time spent with males between resident
mothers and natal females (U ¼ 40.5, NN ¼ 6, NM ¼ 16,
P ¼ 0.60).

Female chimpanzees are known to spend more time
with males when sexually receptive (Goodall 1986; Matsu-
moto-Oda 1999; Otali & Gilchrist 2005), so perhaps the
differences in association rates could be explained if
immigrants simply spent more time in oestrus than other
females. Indeed, immigrants were observed with maxi-
mally tumescent sexual swellings more frequently than
were resident mothers (immigrants: 41 � 8.6% of observa-
tions, mothers: 8 � 2.0%; U ¼ 3, NI ¼ 6, NM ¼ 16,
P < 0.001). However, differences in cycling patterns are
not sufficient to explain increased association between
immigrants and males because natal residents were in oes-
trus just as often as immigrants (39 � 3.7%; U ¼ 15,
NI ¼ 6, NN ¼ 5, P ¼ 1.0) and more often than mothers
(U ¼ 1, NN ¼ 5, NM ¼ 16, P < 0.001). While all three clas-
ses of females tended to spend less time with males out-
side of oestrous periods (Wilcoxon signed-ranks tests:
natal residents: Tþ ¼ 15, N ¼ 5, P ¼ 0.062; resident
mothers: Tþ ¼ 78, N ¼ 12, P < 0.001; immigrants:
Tþ ¼ 19, N ¼ 6, P ¼ 0.094), immigrant females still spent
more than 90% of their time with males (Fig. 4). This
rate of association during nonoestrous periods was signif-
icantly greater for immigrants than for natal residents
(ManneWhitney U test: U ¼ 0, NI ¼ 6, NN ¼ 5,
P ¼ 0.004) or resident mothers (U ¼ 11, NI ¼ 6, NM ¼ 16,
P ¼ 0.005). During oestrous periods, immigrants spent
the same amount of time with males as did natal residents
(U ¼ 6.5, NI ¼ 6, NN ¼ 5, P ¼ 0.14) and resident mothers
(U ¼ 32, NI ¼ 6, NM ¼ 14, P ¼ 0.30).

Because chimpanzee communities range in dispersed
parties over large home ranges, there is an inherent bias
towards locating larger, noisier parties, which often are
those containing males or oestrous females. This bias
might be exaggerated for immigrant females if they are
less habituated to human observation than residents.
Thus, the finding of a higher percentage of association
time between immigrants and males could result if we
were less likely to observe these females in smaller parties.
This does not seem to be the case. Overall monthly
observation frequencies did not differ significantly be-
tween immigrants (86.5 � 11.3 h/month) and either resi-
dent mothers (43.9 � 7.9 h/month; ManneWhitney U
test: U ¼ 26, NI ¼ 6, NM ¼ 16, P ¼ 0.12) or natal females
(107.1 � 51.4 h/month; U ¼ 10, NI ¼ 6, NN ¼ 5, P ¼
0.43). Similarly, all classes of females were observed at sim-
ilar rates when not in oestrus (immigrants: 54.0 � 13.0 h/
month, mothers: 43.9 � 7.9 h/month; U ¼ 35, NI ¼ 6,
NM ¼ 16, P ¼ 0.37; natal females: 65.6 � 31.4 h/month;
U ¼ 14, NI ¼ 6, NN ¼ 5, P ¼ 0.93). This result suggests
that sampling bias cannot account for greater association
with males by immigrants.
DISCUSSION
Immigration Costs
Previous work has shown that, like many species in
which females transfer between social groups, chimpanzee
females face relatively high levels of aggression from
resident females in their new groups (Pusey 1980, 1990;
Nishida 1989; Boesch & Boesch-Achermann 2000; Town-
send et al. 2007; Kahlenberg et al. 2008; Pusey et al.
2008). We found that immigrants were also low ranking
within their new communities (see also Nishida 1989).
In chimpanzees, low-ranking females suffer various feed-
ing and fitness disadvantages (Pusey et al. 1997, 2005;
Kahlenberg 2006; Murray et al. 2006, 2007a; Kahlenberg
et al. 2008). Positive correlations between age and female
rank have been reported in chimpanzees without taking
community tenure into account (Pusey et al. 1997; Wittig
& Boesch 2003; Murray et al. 2006). We found that tenure
predicted rank better than age, suggesting both immediate
costs to immigration itself and accruing benefits of social
or foraging experience within the new community. A
strong effect of tenure on female dominance rank has
also been found in other species with female dispersal
(horses, Equus caballus: Monard & Duncan 1996; moun-
tain gorillas: Robbins et al. 2005).

In addition to being low ranking, immigrant females
showed higher levels of urinary cortisol excretion than
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natal residents, indicating elevated physiological stress.
The proximate cause of this difference is not clear because
cortisol production can be related to energetic stress,
psychosocial stress, or both (e.g. Muller & Wrangham
2004b). Feeding costs associated with low rank could con-
tribute to higher cortisol levels in immigrants, as could the
higher rates of intrasexual aggression they experience
(Kahlenberg et al. 2008). Furthermore, female chimpan-
zees in mixed-sex parties maintain longer day ranges
than when alone (Williams et al. 2002a); thus habitual as-
sociation with males by immigrants probably results in in-
creased travel costs, which could contribute to elevated
cortisol production. Although immigrants appear to be
more physiologically stressed than natal residents, resi-
dent mothers at Kanyawara also experience high levels
of stress (Muller et al. 2007). The sources of stress for im-
migrants and mothers appear to differ, however. Whereas
the potential causes of heightened stress among immi-
grants ultimately relate to intrasexual competition, stress
in mothers has been attributed to male sexual coercion
(Muller et al. 2007).

Given that in the majority of study sites, more than
90% of female chimpanzees eventually transfer (Pusey
1979; Pusey et al. 1997; Boesch & Boesch-Achermann
2000; Nishida et al. 2003; Sugiyama 2004; Kibale Chim-
panzee Project, unpublished data), the benefits to females
of leaving their natal community must ultimately out-
weigh the costs. Because females tend to rise in rank the
longer they are in the community, any fitness disadvan-
tages experienced while low ranking may be offset by ad-
vantages gained while high ranking. However, there were
several Kanyawara females who remained low ranking
throughout their lives (see Fig. 1), suggesting that not all
females acquire these long-term benefits. Since core areas
are established shortly after females immigrate (Williams
2000) and rarely change, this variation may largely be ex-
plained by differences in the quality of the core areas to
which females gain access (Emery Thompson et al. 2007).
Male ‘Policing’ of Female Aggression
While the arrival of immigrant females increases com-
petition for resident female chimpanzees, male residents
benefit from increased mating opportunities. As has been
observed in other species, we found that Kanyawara males
influenced this intersexual conflict of interest in their
favour by aggressively intervening when resident females
directed aggression towards immigrants. Males intervened
more often in these conflicts than in those involving only
residents, particularly during periods when immigrants
experienced high rates of aggression. During interventions
into residenteimmigrant conflicts, males nearly always
supported immigrants over residents. Interventions ap-
peared to be an effective deterrent to female aggression,
since females, particularly immigrants, experienced lower
rates of intrasexual aggression when males were present in
the party than when males were absent. This situation
contrasts with other socioecological contexts, such as in
some facultatively polygynous species, where the outcome
of the intersexual conflict over additional females favours
resident females. In blue tits (Kempenaers 1995), pied fly-
catchers, Ficedula hypoleuca (Slagsvold et al. 1992, 1999),
European starlings (Sandell 1998) and filefish (Kokita
2002), for example, femaleefemale aggression seems to re-
duce settlement of secondary females, meaning that fe-
males are able to defend a monogamous mating system.

There are certain circumstances when ‘policing’ by
chimpanzee males is not effective in protecting immi-
grants from resident females. For example in Budongo,
Uganda, 13 new females (including several mothers)
joined the Sonso chimpanzee community over a period
of 5 years, abruptly changing the male:female sex ratio
from 1:1 to 1:3 (Townsend et al. 2007). Male attempts to
intervene in residenteimmigrant aggression were unsuc-
cessful, possibly because males were substantially out-
numbered by females (Townsend et al. 2007).
Ultimately, resident females killed infants belonging to
two immigrants during sustained attacks. In another
case at Gombe, Tanzania, a female returned to her natal
community after her attempted transfer was thwarted by
severe aggression from resident females in a neighbouring
community (Pusey et al. 2008). Thus, resident females
may sometimes retain considerable power despite male
policing.

Our data indicate that policing occurred in less than
one-quarter of female conflicts, but this is probably an
underestimate because we considered only physical in-
terference, and not subtler signals, such as threatening
vocalizations (Boehm 1994; Watts et al. 2000). Although
direct male behaviour played a role in lowering femalee
female aggression, some of this effect may be due to
females’ past experiences with male policing. It is also
probable that decreased rates of femaleefemale aggression
in mixed-sex parties resulted from resident mothers
allocating time to activities other than intrasexual compe-
tition. Within communities, male chimpanzees can be
aggressive to females in contexts other than policing
(Goodall 1986; Muller et al. 2007) and sometimes kill
infants (Arcadi & Wrangham 1999; Murray et al. 2007b).
Therefore, in mixed-sex parties, mothers may be especially
vigilant against potentially aggressive males. In support of
this hypothesis, Otali & Gilchrist (2005) found that
Kanyawara mothers were closer to their offspring when
males were present in the party than when males were
absent. Females may also forgo competition to engage in
affiliative interactions with males. At Kanyawara, females
groom males more often than they do other females
(Wrangham et al. 1992), probably because their relation-
ships with males are more valuable than their relation-
ships with females.

Secondary transfer by females is common in species
such as mountain gorillas (Sicotte 2001); however, in
chimpanzees, once a female gives birth within a new com-
munity, she is unlikely to transfer again (but see Nishida
et al. 1985; Emery Thompson et al. 2006) because she risks
infanticide by both males and females (Nishida 1989; Wil-
son & Wrangham 2003; Townsend et al. 2007). It has been
suggested that male policing behaviour functions as
a male strategy to prevent females at a competitive disad-
vantage from leaving the group (Watts et al. 2000). Nullip-
arous chimpanzee females are known to transfer
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temporarily and sometimes return to their natal commu-
nities to give birth (Pusey 1980; Pusey et al. 2008). Thus,
perhaps from a male’s perspective, new immigrants are
the females most likely to desert the community and, con-
sequently, may be the most important to buffer against
intrasexual competition.
Male Protection as an Immigrant
Counterstrategy
Immigrant females spent more time with adult males
than did resident females and, unlike resident females,
continued to travel with male companions even when
they were not sexually receptive. This result agrees with
Pusey’s (1990) finding that an immigrant female at
Gombe spent nearly all her time with adult males, regard-
less of her oestrous state, whereas a natal female often
travelled alone or in all-female groups both inside and
outside of oestrus. Given the role that males play in con-
flict intervention, it is likely that immigrants associate
with males as a counterstrategy against the high rates of
aggression they receive from resident females. Because
the long-term data at Kanyawara provide information on
changes in party composition but not on which individ-
uals were responsible for these changes, we cannot say
whether immigrants or males were responsible for main-
taining associations. However, a recent field study found
that maleefemale associations at Kanyawara were primar-
ily initiated by females and terminated by males, suggest-
ing females are responsible for maintaining mixed-sex
associations (E. Otali, R. W. Wrangham, G. Isabirye-Basuta
& J. S. Gilchrist, unpublished data). Of course, there may
be benefits besides protection that immigrants derive
from these associations, including the establishment of
mating relationships and transmission of information
about the new community, such as the location of food
resources and territorial boundaries.

Strategic association appears to be a common means for
immigrating females to facilitate integration into
new groups, although different species vary in how they
accomplish this. Like our Kanyawara chimpanzees, immi-
grating females in mountain gorillas (Watts 1991, 1992)
and mountain zebra, Equus zebra zebra (Penzhorn 1984)
remain close to the male(s) in their new social group. In
other species (e.g. horses: Monard & Duncan 1996),
however, immigrant females form close social bonds
with a closely related female or an unrelated female of
similar age and rank. This may also happen to a limited
extent in chimpanzees; in Kanyawara, when multiple
females immigrated around the same time, they occasion-
ally formed coalitions with each other against resident
females (Kahlenberg et al. 2008; K. Wild, unpublished
data). Experiences during immigration may explain why
in the Ta€ı Forest in Ivory Coast, where femaleefemale
bonds are apparently stronger than at other chimpanzee
study sites, female alliance partners are often of similar
age and rank (Boesch & Boesch-Achermann 2000). There
is no evidence among chimpanzees of resident females
supporting immigrants, unlike congeneric bonobos, Pan
paniscus, in which immigrant females form an affiliative
relationship with a senior resident female who may serve
as a protector (Idani 1991). There is also no evidence as yet
to suggest that female coalitions are effective in deterring
femaleefemale aggression. Mature chimpanzee males are
universally dominant to females (Goodall 1986) and
thus may make better protectors. In bonobos, older
females may be more effective allies because they wield
considerable power over adult males (Furuichi 1989;
Kano 1992; Parish 1994, 1996; White & Wood 2007).

Our finding that, relative to resident females, immi-
grants associated more closely with males is also signifi-
cant because it sheds light on the factors underlying
variation in female grouping patterns within chimpan-
zees’ fissionefusion society. Wrangham (2000) noted that
Kanyawara mothers were less gregarious than nullipares,
and suggested that this was because mothers face higher
costs of scramble competition. He argued that mothers
are at a disadvantage in large parties because they travel
more slowly than either males or nullipares (Hunt 1989;
Williams et al. 2002a), both because they carry infants
(Wrangham 2000) and are responsible for juveniles, who
have shorter day ranges because of their small body size
(Pontzer & Wrangham 2006). It has also been proposed
that mothers spend less time with males because they
are avoiding male aggression (Otali & Gilchrist 2005).
While mothers probably do suffer costs by associating
with males, our results suggest that parity alone cannot ac-
count for variation in female association patterns. We re-
port a closer association with males for immigrants than
for natal residents, even though neither female class had
dependent offspring. This finding emphasizes that the
benefits as well as the costs of grouping shape female rang-
ing decisions.
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