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ABSTRACT We analyzed patterns of paternity and
male dominance rank in the Sonso community of wild
East African chimpanzees (Pan troglodytes schweinfur-
thii) in the Budongo Forest, Uganda. Our major objective
was to determine whether and how social rank influenced
paternity success. We successfully genotyped 52 individu-
als at up to nine microsatellite loci, using DNA extracted
from fecal samples. Of 24 offspring analyzed, we identi-
fied sires for 21. Paternity success was significantly
correlated with social rank, with alpha males siring a dis-
proportionate number of offspring. However, both middle-
and low-ranking males also fathered offspring, and the
priority-of-access model provided a relatively poor predic-
tion of which males would be successful and under what
circumstances. The concentration of paternities among
only seven males and the tendency for high-ranking

males to sire offspring of multiparous females suggest
that both individual variation in male quality and the
resource value of particular females may be mediating
factors. In comparison with other chimpanzee studies, our
results support the hypothesis that larger male cohort
size reduces the ability of the alpha male to monopolize
females, though within our study, male number did not
affect the success of the alpha. Successful sires were not
necessarily those who achieved the highest mating suc-
cess with the females whose offspring they sired, but
were those who demonstrated higher investment by
spending significantly more time in association with these
females. Finally, we estimate extra-group paternity at 0–
5%, supporting other evidence that the community serves
as the primary reproductive unit in chimpanzees. Am J
Phys Anthropol 142:417–428, 2010. VVC 2009 Wiley-Liss, Inc.

Male reproductive success is limited primarily by
access to fertile mates (Trivers, 1972). Male–male
aggressive competition is thought, therefore, to have a
chief objective of increasing mating success: either
directly, via access to individual copulation opportuni-
ties, or indirectly, via competition over social rank
(Hausfater, 1975; Smuts, 1987). Among primates, how-
ever, there is considerable diversity in how male compe-
tition affects sexual access. In species with single-male
mating systems, competitive success gives a male prefer-
ential, if not exclusive, long-term access to social and
sexual partners (e.g., Papio hamadryas: Kummer, 1968;
hylobatids: Leighton, 1987; Leontopithecus rosalia:
Baker et al., 1993; Gorilla gorilla and G. beringei:
Robbins et al., 2004). In multimale species, males with
high-dominance rank typically earn a greater share of
copulations, though the degree of skew varies consider-
ably (e.g., Cowlishaw and Dunbar, 1991; Hager, 2003;
Kutsukake and Nunn, 2006). The priority-of-access
model (Altmann, 1962) presents a basic hypothesis for
how both copulations and paternities should be distrib-
uted in such species if rank is the primary determinant
of mating access. The expectation is that the alpha male
can monopolize access to a single sexually receptive
female, but that additional males, according to their
rank, gain opportunities for sexual access when multiple
estrous females are present.
The priority-of-access model proves to be a strong pre-

dictor of mating success in some species and contexts
and an insufficient model in others. For example, male
chacma baboons (Papio ursinus) pursue copulations in

the context of lengthy dyadic spatial associations and
the priority-of-access model closely fits observed mating
patterns (Bulger, 1993; Weingrill et al., 2000). Depar-
tures from the model’s predictions are still found, how-
ever, because, for a variety of reasons, high-ranking
males often pursue less-persistent mating strategies and
may not be able to effectively thwart mating attempts by
competitors. A number of studies support the tug-of-war
model, which predicts that a higher number of male
competitors reduces the alpha male’s ability to control
mating behavior (Macaca sylvanus: Paul et al., 1993;
P. cynocephalus: Alberts et al., 2003; Pan troglodytes:
Watts, 1998; Boesch et al., 2006; interspecific compari-
sons: Cowlishaw and Dunbar, 1991; Kutsukake and
Nunn, 2006). A larger cohort can make policing of
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competitors more costly or less comprehensive and may
increase the success of alternative tactics, such as sur-
reptitious and coalitionary mating behavior (e.g., P. cyno-
cephalus: Noë and Sluijter, 1990; Alberts et al., 2003;
Macaca mulatta: Berard, 1999; P. troglodytes: Constable
et al., 2001). Tenure and rank stability are also impli-
cated in altering male success relative to purely rank-
based predictions (Lemur catta: Koyama, 1988; P. cynoce-
phalus: Alberts et al., 2003, 2006). In some species,
female choice can have important mitigating effects on
male competition for sexual access (L. catta: Koyama,
1988; M. mulatta: Chapais, 1983; Macaca fuscata:
Huffman, 1991, 1992; Takahata et al., 1999). Finally,
some studies suggest that former or future alpha males
have higher success than expected for their current
rank, perhaps due to inherent competitive abilities or
female preferences (Macaca mulatta: Smith, 1981 Man-
drillus sphinx: Wickings et al., 1993; P. troglodytes:
Boesch and Boesch-Achermann, 2000; Pongo abelii:
Utami et al., 2002).
A second major issue for the priority-of-access model is

that, in an absence of complete monopolization, mating
success may not correlate with paternity success. In par-
ticular, variation in fecundity of both male and female
partners can affect the value of particular matings. In a
range of species, mating investment, particularly by
high-ranking males, is more intense during the most fer-
tile period of the cycle and during cycles of higher con-
ceptive potential (P. cynocephalus: Bercovitch, 1989;
Alberts et al., 2006; Gesquiere et al., 2007; Macaca fasci-
cularis: Engelhardt et al., 2004; Semnopithecus entellus:
Ostner et al., 2006; Papio hamadryas anubis: Higham
et al., 2009; P. troglodytes: Deschner et al., 2004; Emery
Thompson, 2005; Emery Thompson and Wrangham,
2008). High-ranking males may also bias mating invest-
ment toward particular females, usually older ones, who
offer the highest probability of successful reproduction
(G. beringei: Robbins, 1999; P. troglodytes: Tutin, 1979;
Muller et al., 2006; review: Anderson, 1986). Finally,
sperm competition or other postcopulatory mechanisms
can affect the fertilization potential of males (Harvey
and Harcourt, 1984; Small, 1988; Eberhard, 1998; Møl-
ler, 1998). It is perhaps for the above reasons that alpha
males in some studies sire a greater proportion of off-
spring than would be expected based on their share of
matings alone (M. fascicularis: de Ruiter et al. 1994;
Pan paniscus: Gerloff et al., 1999).
Chimpanzees present a number of challenges for eval-

uating the importance of rank for male reproductive suc-
cess: the existence of alternative mating tactics and com-
plex coalitional behavior, within the context of a fission–
fusion social system, violate some of the heuristic
assumptions of the priority of access model. Females
actively pursue a promiscuous strategy, spreading the
probability of paternity over a typically large male
cohort (Wrangham, 2002; Watts, 2007), but they also dis-
play varying levels of proceptivity and resistance to par-
ticular males (Stumpf and Boesch, 2005, 2006; Pieta,
2008). The fission–fusion social system, characterized by
temporary associations of varying sizes, makes it diffi-
cult for males to continuously monitor the reproductive
condition and mating behavior of females. Females usu-
ally cycle multiple times before conception and the pe-
riod of sexual receptivity, marked by sexual swelling,
extends for an average of 10–12 days (Wallis, 1997;
O’Hara, 2005; Emery Thompson, 2005). Thus, complete
monopolization of matings with a female is not feasible.

Two or three males can form coalitions to guard females
and share mating access, but even these efforts are not
always successful (Watts, 1998). A male may instead
attempt the high-risk strategy of luring a female away
from other group members to retain exclusive sexual
access (‘‘consortship’’) for days or even weeks (Tutin,
1979; Goodall, 1986). Males may also use coercive aggres-
sion as a strategy to constrain female promiscuous behav-
ior (Muller et al., 2007). However, social bonds among the
males in a community seem to promote a degree of mating
tolerance (Goodall, 1986), perhaps as a currency to garner
agonistic support (Duffy et al., 2007). In fact, most mating
contexts involve opportunistic copulations by multiple
males (Hasegawa and Hiraiwa-Hasegawa, 1983; Goodall,
1986; Boesch and Boesch-Achermann, 2000), and the
large testes size of males further suggests that sperm
competition is a likely mediator of paternity success in
this species (Harvey and Harcourt, 1984; Møller, 1988).
Extra-group males also sire a small proportion of off-
spring, despite intense efforts by community males to
exclude rivals (Boesch et al., 2006).
Thus far, paternity studies provide a mixed view of

dominance and reproductive success in chimpanzees. As
might be expected, while alpha males in the Gombe pop-
ulation of East African chimpanzees (P. t. schweinfurthii)
sire a disproportionate share of offspring, alternative
mating tactics granted lower-ranking males greater suc-
cess than predicted by the priority-of-access model (Con-
stable et al., 2001; Wroblewski et al., 2009). Similarly,
among chimpanzee of M-group in Mahale, two alpha
males sired five of the 10 offspring tested, with remain-
ing paternity distributed across five other males—
although only two of these were low ranking (Inoue et
al., 2008). At Bossou, Guinea (P. t. verus), however, a sin-
gle adult male was apparently not able to control repro-
ductive access, although information on overlap in
female’s maximal swelling periods was not given
(Sugiyama et al., 1993). In contrast to these findings, a
direct test of the priority of access model using data
from the Taı̈ population of chimpanzees (P. t. verus)
found that paternity success conformed to the model’s
predictions with an effect of male cohort size on alpha
male success (Boesch et al., 2006).
Here, we present a new dataset on paternity in wild

chimpanzees (P. t. schweinfurthii) in the Sonso commu-
nity of Budongo Forest Reserve, Uganda. In light of
these recent findings from Taı̈ (Boesch et al., 2006), we
examine the distribution of paternity with respect to
male rank and the predictions of the priority-of-access
model. Our analysis also considers male lifetime rank,
size of the adult male cohort, and differential investment
in parous versus nulliparous mates as potential causes
for departures from the model. We additionally examine
whether paternity success reflects relative mating
investment, as reflected in copulation frequency and spa-
tial association during conception periods.

METHODS

Study site and behavioral observations

We studied the Sonso community of chimpanzees in
the Budongo Forest Reserve, 428 km2 of moist semide-
ciduous tropical forest in western Uganda (Eggeling,
1947). The Budongo Forest Project (BFP; now Budongo
Conservation Field Station) has conducted ongoing
observations of the Sonso community since 1990
(Reynolds, 2005). Behavioral observations for this study
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were conducted between 1994 and 2004, after identifica-
tion and habituation of most study subjects and
standardization of observation techniques. A mix of full
(nest-to-nest) and partial-day follows of individuals and
parties have been used throughout this period, totally at
least 600–1300 hrs per year. Data were recorded collabo-
ratively by observation parties typically consisting of two
to three observers, drawn from two to four Ugandan field
assistants and one to four students or senior scientists.
Chimpanzees were located either at a known nest site,
at fruiting trees or by following vocalizations or other
signs. Party composition and female swelling stage (on a
0–4 scale) were recorded on first identification of each
chimpanzee party, with subsequent changes in party
membership and all sexual behaviors recorded ad libi-
tum. Individual chimpanzees vary in their ranging
habits and gregariousness (e.g., Pepper et al., 1999;
Wrangham, 2000; Williams et al., 2002; Emery Thomp-
son et al., 2007), and chimpanzee studies typically show
a tendency for observation bias toward larger, noisier
groups, and more centrally ranging individuals. This
bias complements the purpose of this study, however, as
female with maximal sexual swellings, and particularly
those in conceptions cycles, typically associate with large
numbers of males (e.g., Newton-Fisher, 2000; Emery
Thompson and Wrangham, 2006, 2008). Male–female
pairs forming exclusive consortships are difficult to
locate, however, and so we lack data on any mating
behavior that would have occurred in these contexts
(although consortships do occur at Sonso: Newton-Fisher,
personal observations; O’Hara, 2005; Reynolds, 2005).
Between 1994 and 2004, the Sonso community varied

in size between 48 and 66 individuals (12–17 adult and
adolescent males, 15–23 adult and subadult females, and
16–31 immature individuals). Ages of all community
members were estimated using the appearance of the
individual when first identified, together with the timing
of subsequent developmental stages, changes in body
size, behavioral characteristics, and signs of aging (par-
ticularly graying hair in males). Male chimpanzees were
considered adolescents at the age of 10, based on mor-
phological and social development, and this in combina-
tion with a report of a siring by a Taı̈ chimpanzee at the
estimated age of 10 years (Boesch et al., 2006) led us to
test all males 9 years and older as potential sires.

Genotyping and paternity

Fresh fecal samples weighing �5 g were collected in
the field from chimpanzees of known identity and stored
either in tubes containing silica gel desiccant, RNAlater
(Ambion) solution, or ethanol and, subsequently, silica as
previously described (Nsubuga et al., 2004). Extraction
of DNA using the QIAamp DNA Stool kit (Qiagen) using
either �100 mg of dried feces or 2 mL of feces-RNAlater
solution followed manufacturer’s instructions. Quantita-
tive PCR was performed on extracts as described by
Morin et al. (2001) to estimate concentrations of amplifi-
able nuclear DNA. Extracts were genotyped at a total of
nine microsatellite loci originally identified in humans
following methods previously used in studies of chimpan-
zees (Bradley et al., 2000; Vigilant et al., 2001). To avoid
mistyping caused by allelic dropout, contamination, or
errors, all heterozygous genotypes were considered final
only when each allele had been observed from a mini-
mum of two independent PCRs. Homozygous genotypes
were confirmed by replicating results according to the

‘‘multiple tubes’’ guidelines established previously (Morin
et al., 2001). As samples might be misidentified, either
in the field or subsequently, we required that the geno-
types from known mother-offspring pairs be compatible
with the allele-sharing pattern expected from normal
Mendelian inheritance, and, in the case of any mis-
matches, we analyzed additional independently collected
samples. For males or individuals without known rela-
tives in the group, we required that genotypes from two
independently collected samples agree.

Paternity assignment. Two candidate males (CH and
MO) could not be genotyped due to a lack of sample ma-
terial. CH was a low-ranking adult male who disap-
peared (presumed dead) in 1997, whereas MO was an
adult, of unknown rank, who disappeared in early 1994.
Paternity analysis was carried out for group members
born between 1982 and 2002. As additional unknown
males might have been present during that period, par-
ticularly in the 1980s–early 1990s, when using the CER-
VUS program for paternity assignment (see below) we
conservatively used 90% as the proportion of males
sampled.
Two complementary approaches were used to assign

fathers to offspring. In the first, assignment by exclu-
sion, the genotypes of offspring were first compared with
those of their mothers (when available) to determine the
alleles that must have been contributed by the fathers.
The genotype of each candidate father was then exam-
ined to see whether he could have contributed the pater-
nal alleles, or if he was excluded by one or more mis-
matches. We used the program CERVUS (Marshall et
al., 1998) as a second method of paternity assessment.
This program considers the frequencies of the alleles in
the population when determining the male with the
highest combined likelihood of providing the paternal al-
leles. However, because this program always indicates a
best father from the candidates available for each off-
spring, some assignments may involve mismatches
between a putative father and offspring. We combined
the information from each paternity assessment
approach so that for each offspring, the assigned father
had both no mismatches to the offspring and had the
highest paternity likelihood according to CERVUS
analyses.
For each assignment, the paternity exclusion probabil-

ity was calculated using allele frequencies from the
entire population as is appropriate for a study including
multiple generations and both unrelated and related
individuals (Vigilant et al., 2001). This calculation pro-
vided a statistical measure of confidence in the assign-
ment based upon the chance that a randomly chosen
male from the population would be excluded as the
father.

Behavioral data

The dominance rank of potential sires was determined
using the frequencies and directionality of male aggres-
sion and ‘‘pant-grunt’’ vocalizations (data on frequencies
of these interactions and the linearity of the hierarchy is
reported elsewhere: Newton-Fisher, 2004, 2006; Emery
Thompson et al., in preparation). Ranks were initially
assessed for 1994–1995, the earliest period for which
detailed interaction data were available (Newton-Fisher,
1997, 2004). Long-term BFP records (data collected
under the direction of V. Reynolds) and the reports of
research projects conducted since 1995 were inspected to
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determine changes in male rank from the 1994–1995
values (Fawcett, 2000; Arnold, 2001; Oliver, 2002;
Notman, 2003; O’Hara, 2005; Newton-Fisher, unpub-
lished data). These sources revealed small changes in
the hierarchy, due primarily to the disappearance or
known death of some individuals and the maturing of
others. Small shifts near the top of the hierarchy were
identified by the change in directionality of pant-grunt
vocalizations. All ranks are ordinal and follow conven-
tion in assigning a rank of one to the alpha male.
Conception dates were determined from observed or

estimated birth dates for all individuals born in 1993 or
later. Birth dates were taken from BFP long-term
records as determined by the date of first infant observa-
tion, size of the infant, and last date the mother was
observed without an infant. These criteria provided a
range encompassing all possible birth dates. We then
calculated a probable conception window based on the
average chimpanzee gestation period of 230 days (Yerkes
and Elder, 1937; Yerkes, 1943; Martin et al., 1978;
Shimizu et al., 2003). Periods of maximal sexual swelling
[as defined by Dahl (1991)] nearest to or within the ‘‘con-
ception window’’ dates were identified in the long-term
records, and conception was assigned to the most recent
of these periods. The maximal swelling period is the
time during which the vast majority of chimpanzee copu-
lations occur (Hasegawa and Hiraiwa-Hasegawa, 1983;
Goodall, 1986), and endocrine data from wild individuals
define conceptive windows almost exclusively within
the maximal swelling period (Deschner et al., 2003; Emery
Thompson, 2005). In a test of this method, we found that
it consistently identified the correct conception cycles for
the recent pregnancies for which endocrine analysis and
pregnancy testing could provide independent verification of
conception [as in Emery Thompson (2005); n.b. genetic
data not yet available for these recent pregnancies].

Rank of sires. Paternal rank was determined for each
conception. We tested two general predictions of the pri-
ority-of-access model: (1) that there should be a strong
positive correlation between rank and number of off-
spring sired and (2) that there should be a negative cor-
relation between the rank of sires and the number of
females simultaneously showing maximal swellings,
illustrating increased access for lower-ranking sires
when the alpha male cannot monopolize all reproductive
opportunities. We determined the number of females
whose maximal swelling condition overlapped with that
of the conceiving female, though we note that females’
maximal swelling periods rarely overlapped completely.
In addition, we compared the observed distribution of

paternities by rank to the expected distribution specifi-
cally generated from the priority-of-access model. We cal-
culated expected values following Boesch et al. (2006).
The number of maximally swollen females during each
conception window determined the number of male com-
petitors who were assigned a probability of expected pa-
ternity. This was assigned in strict rank order, but di-
vided equally across qualifying males. Thus, when three
females were maximally swollen, males of alpha, beta,
and gamma ranks (1, 2, and 3 in the ordinal ranking)
were each assigned an expected probability of paternity
of 0.33; all other males were assigned a probability of
0.00. With only two receptive females, the alpha and
beta males were each assigned a probability of 0.50, the
gamma and lower ranked males receiving 0.00 (Boesch
et al. 2006). These probabilities were summed across all

conceptions for which we had paternity data to generate
expected share of paternities according to rank. Follow-
ing previous suggestions that alpha males are less effec-
tive at controlling reproductive access when they have
more competitors (Boesch et al., 2006; Kutsukake and
Nunn, 2006), we examined the correlation between com-
petitor number and rank of sire.
It was possible to assign highest lifetime rank to all

sires in the study, as they have subsequently died. Those
who did not reach alpha status were either too young to
have held higher rank prior to the study period, or, in
the case of two beta males, were observed to move up
the hierarchy to that rank, making it unlikely that they
previously held the alpha rank. Thus, in addition to our
consideration of current rank, we examined whether pa-
ternity success was related to the achievement of high
rank during the male’s lifetime.

Paternity, rank, and infant birth order. In chimpan-
zees, males show reduced sexual attraction to nullipar-
ous females, which may be because these females experi-
ence many nonconceptive cycles (Tutin, 1979; O’Hara,
2005; Muller et al., 2006). Studies at Mahale also indi-
cate that the use of possessive mating strategy is pri-
marily restricted to parous females (Takasaki, 1985),
suggesting that parity may affect the applicability of the
priority-of-access model. To investigate whether the rela-
tionship between male rank and paternity was mediated
by parity, we examined whether the paternity distribu-
tion differed for the offspring of primiparous versus mul-
tiparous mothers and recalculated the expected pater-
nity distribution based on the conception periods and
maximal swelling overlap of parous females only.

Relation of paternity to mating success and
strategy. Tutin (1979) found that the amount of time
individual chimpanzee males spent with maximally swol-
len females was correlated with their use of possessive
mating tactics. Thus, we examined rates of association
between males and maximally swollen females, where
association is defined as membership of the same party
[see Newton-Fisher (1999)], as a proxy for mating invest-
ment and probable mate-guarding effort. We determined
the amount of time each male spent in association with
the female during her conceptive sexual swelling phase
as a percentage of the time she was observed during this
phase. We had behavioral measures of association for 10
conceptions, and we used a Wilcoxon matched-pairs
signed-rank test to compare, across conceptions, the
association rate of the sire with the average association
rate of other males during the conception window.
To determine whether copulation frequency was

related to paternity, we totaled, for each female, the
number of copulations with each adult or adolescent
male during maximal swelling tumescence of her concep-
tion cycle. In the figures, this is standardized for the
hours of observation of each female. We additionally
determined the dyadic copulation rate, which was calcu-
lated by dividing the number of copulations by the num-
ber of hours that the target male spent in association
with the female. Some chimpanzee females continue to
display a maximal sexual swelling long after conception
occurs (Wallis, 1982; Wallis and Goodall, 1993); in cases
where the sexual swelling lasted longer than 2 weeks,
copulation rates were calculated only until the last day
of swelling on which a copulation was observed. We had
copulation data for the conception periods of eight
infants. The Wilcoxon matched-pairs test was used to
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compare the copulation rate of each sire with the aver-
age copulation rate of other males for the same concep-
tion window.

RESULTS

Genotyping and paternity assignment

A total of 52 individuals were successfully genotyped
at up to nine microsatellite loci. One individual was gen-
otyped at six loci, two at seven loci, and four at eight
loci, so that the overall dataset was 97.6% complete.
Sires were assigned to 21 of the 24 offspring analyzed

(Table 1). In the three unassigned cases, all tested males
were excluded by two or more mismatches. In all but
two assigned cases, the assigned male was the only
tested individual without two or more mismatches to the
offspring. For each of those two offspring (ZG and RE),
CERVUS supported assignment of the paternities to one
of two nonexcluded males with high (95%) confidence,
and the other nonexcluded males each turned out to be
paternal half-siblings of the two offspring in question.
CERVUS confidence levels were 95% for all assignments
but one (HW), which was supported at the ‘‘relaxed’’
level of 80%. The reduced confidence level in that case
was due to the high-likelihood score assigned to the sec-
ond-best candidate male (MA), despite the mismatches
between the genotypes of MA and HW. The paternity
exclusion probabilities were [0.99 for the 17 assigned
offspring for which a mother’s genotype was available.
For the other four assigned offspring, paternal alleles
could not be specified and so the paternity exclusion
probabilities ranged from 0.91 to 0.98.

Extra-group paternity. Extra-group paternity did not
appear to be a frequent occurrence at Sonso during the
sampled period. Although paternity could not be
assigned for three individuals, these were offspring from
the early to mid-90s for which all possible Sonso fathers
could not be tested and excluded. However, in one case
(ZL), only one candidate sire was missing from the anal-
ysis. Although observed in Sonso parties from 1992 to
the present, the mother of this infant is one of the least
frequently encountered residents at Sonso, and it is
therefore at least feasible that she may make contact
with other groups. If this infant is the result of extra-
group paternity, the rate of EGP is estimated at 4.5%.

Paternity and male social rank

Age and rank of sires. Seven males were collectively
responsible for fathering 21 infants. With one possible
exception, adolescents failed to father offspring: our in-
dependent age estimates of sire and offspring suggest
that NJ may have fathered ZF at an age of 14. However,
this birth occurred several years before the start of
observations, and we assume an error of 65 years for
the age of NJ (66 months for the age of ZF). On the
other hand, old males did succeed in fathering offspring.
In 2001, MA, clearly the eldest male in the group, fath-
ered an offspring at an estimated age of 43 years (65
years). A former alpha male, MG, fathered an offspring
(ZG) while estimated to be at least in his late thirties,
and it is notable that he was responsible for fathering
offspring over a span of at least 15 years (1982–1997).
The father’s rank at conception could be determined

for 13 of the 14 offspring conceived from 1994 onward
(the exception is ZL, whose sire could not be assigned).
The alpha male sired four of these 13 infants (31%),

while two were sired by a beta-ranked male (15%).
Detailed dominance hierarchies were not available
before 1994, although the male (MG) who was deposed
from alpha rank in that year was the most successful
sire (40%) in the earlier portion of our dataset (the 10
offspring conceived before 1994).
Due to the success of the alpha male, there was a sig-

nificant relationship between higher dominance rank
and the number of offspring sired between 1994 and
2002 (rs 5 0.68, n 5 12 ranks, and P 5 0.02; excluding
alpha: rs 5 0.57, n 5 11 ranks, and P 5 0.07), but low-
ranking males were successful at siring offspring (see
Fig. 1).
Excluding one female who was not observed during

her probable conception window, all female conception
periods examined from 1994 to 2002 overlapped with the
maximal swelling periods of at least two other females,
raising the possibility that the spread in paternity was
achieved under conditions when priority-of-access
opened to a wider range of males. However, in contrast
to the general prediction of the priority-of-access model,
sire’s rank at conception was not correlated with the
number of maximally swollen females at that time (rs 5
0.15, n 5 12, P 5 0.64; number of max. swollen females:
median 5 4; range 5 3–6; Fig. 2). Conceptions by the
alpha male occurred at both the minimum number
(three) and the maximum number (six) of overlapping
maximally swollen females. Sire’s rank was also unre-
lated to the number of male competitors (rs 5 20.06, n
5 13, P 5 0.84; number of competitors: median 5 12;
range 5 8–14; Fig. 2).
We compared these results to the predictions of the

priority-of-access model (see Fig. 3). Given the consider-
able overlap between females’ maximal swelling periods,
the alpha male’s success at siring offspring was approxi-
mately as predicted by the model. However, other high-
ranking males (beta, gamma) did less well than pre-
dicted (31 vs. 53%) and low-ranking males that were not
predicted to gain any fertilization opportunities (ranks
71) actually sired 3 of the 13 offspring (23%).

Paternity and maximum lifetime rank. We could
determine highest achieved lifetime rank for all seven
known fathers of the 21 offspring we genotyped, as all
sires have subsequently died. The male who most
recently held the alpha rank (DN) sired five offspring,
including one conceived �5 years before he reached that
rank. A previous alpha male (MG) also sired five off-
spring, including one conceived �2 years after he was
deposed. Two males that reached beta rank (BK, MA)
sired five total offspring. Thus, at least 71% of pater-
nities were achieved by males who at one time held
alpha or beta rank.
Nevertheless, some males with high current or lifetime

rank appeared to have had relatively poor reproductive
success. One male (VN) held alpha rank for \1 year and
beta rank for 4 years but sired none of the offspring for
which we have genetic data; the subsequent beta male
(MA) sired only one of these offspring. In a previous
report, VN had the lowest copulation rate of any adult
male at Sonso (Newton-Fisher, 2004). Similarly, MA had
lower copulation rates than expected for his rank (Emery
Thompson, unpublished data). It is difficult to determine
whether these males truly had lifetime reproductive suc-
cess as low as suggested by this sample, because not all
Sonso offspring have been genotyped and these males
were old enough to have reproductive careers before the
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onset of study at Sonso. It is interesting, however, that
during the period 1995–2002, when VN and MA succes-
sively held beta rank and the majority (59%) of all off-
spring were genotyped, only one offspring could be
assigned to the beta male.

Paternity, rank, and infant birth order. Of the 13
offspring sired by a Sonso male between 1994 and 2002,
five were first births for the mother. Only two (25%) of
these were sired by high-ranking males, one by the
alpha male and one by a beta male (mean 6 S.E. rank of
sire 5 5.2 6 2.0). In contrast, of the eight offspring born
to parous females, six (75%) were fathered by high-rank-
ing males, including three by the alpha male and one by
a beta male (mean rank 5 3.3 6 1.1, Fig. 1). This trend
suggests that high-ranking males may focus greater

mating investment in parous females, allowing lower-
ranking males to gain reproductive opportunities with
nulliparous females. However, at this sample size, the
distribution of paternities with respect to male rank
(alpha, beta, and gamma vs. other) and female parity
(primiparous vs. multiparous) was not statistically dis-
tinguishable from chance (Fisher’s exact test, P 5 0.29).
Controlling for parity did not improve the applicability
of the priority-of-access model. When we considered only
multiparous mothers and overlapping parous maximally
swollen females in a modified priority-of-access model,
alpha and beta males were less successful, and mid- and
low-ranking males more successful than expected (see
Fig. 4).

Behavior and conception success. Relative mating
success was not a strong predictor of which male sired
the offspring. Sires did not copulate at higher rates with
conceiving females, per hour of time spent together dur-

Fig. 1. Proportion of offspring sired as a function of male
rank and female parity in Sonso chimpanzees. Black bars 5
females’ first-born offspring, white bars 5 females’ second or
subsequent offspring.

Fig. 2. Plot of sire’s rank at conception against number of maxi-
mally swollen females (circles) and adult male competitors (triangles).

Fig. 3. Plot of predicted proportion of paternity achieved
from the priority-of-access model against observed male success
for the Budongo (Sonso) community. Males ranked eight or
lower are grouped together based on an expectation of no pater-
nity. Gray bars, observed distribution; solid circles, expected dis-
tribution. Expected values are calculated as detailed in the
Methods section: Rank of Sires, and follow Boesch et al. (2006).

Fig. 4. Comparison of the observed paternity distribution in
relation to the priority-of-access model if only births to multipa-
rous mothers, and the number of simultaneously receptive
parous females, are considered. Gray bars, observed distribu-
tion; solid circles, expected distribution. Expected values are cal-
culated as detailed in the Methods section: Rank of Sires and
follow Boesch et al. (2006).
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ing the conception period, than did other males (dyadic
copulation rate: Wilcoxon matched-pairs test: z 5 20.56,
N1 5 N2 5 8, P 5 0.58 vs. nonsire adult males; z 5
20.70, P 5 0.48 vs. nonsire adults and adolescents).
However, sires did spend significantly more time in the
same party with mothers during their conception periods
than did the other males (z 5 22.31, N1 5 N2 5 9, P 5
0.02 vs. adult males; z 5 22.07, P 5 0.04 vs. adults and
adolescents, Fig. 5); in those cases, when the alpha male
succeeded in siring offspring, his rates of association
with conceptive females were particularly high (see Fig.
6) although subsamples were too small to test for signifi-
cant differences in strategy between alpha and non-
alpha males.
If sires did not copulate at higher rates per hour of

association, they may have spent more time in associa-
tion as a means to gain absolutely more copulations
than other males. However, we did not find that sires
copulated more frequently than nonsires overall (Wil-
coxon matched-pairs test: z 5 21.18, N1 5 N2 5 8, P 5
0.24 vs. adult males, z 5 21.40, P 5 0.16 vs. adults and
adolescents, Fig. 5). In only two of eight cases did the
male who was observed to copulate the most sire the
infant; this is unremarkable because in both cases this
was the alpha male, who copulated significantly more
than other males generally (z 5 21.96, N1 5 N2 5 8, P
5 0.05, vs. adult males; z 5 22.10, P 5 0.04 vs. adults
and adolescents, Fig. 6).
In three cases, females were not observed with maxi-

mal swellings during their probable conception windows,
suggesting the possibility that conceptions occurred in
the context of exclusive consortships. However, we were
not able to definitively assign any fertilization to the
consortship context, because female absence coincided
with low-observation frequencies for males other than
the sire or because the female’s own observation rate
was very low, even during the probable conception
period.

DISCUSSION

Dominance rank is expected be crucial to male repro-
ductive success among wild chimpanzees given the fre-
quency of dominance interactions and the influence of
relative rank on priority of mating access to females

(Nishida, 1997; Muller, 2002; Newton-Fisher, 2004). Our
results from the Sonso chimpanzees of the Budongo For-
est indicate that dominance rank confers a significant
reproductive advantage for males, but that the distribu-
tion of paternity does not conform readily to the expecta-
tions of the priority-of-access model. It is likely that the
mating context of chimpanzees is more complex and var-
ied than the assumptions of this model allow.
In our sample, alpha males fathered the largest share

of infants. Studies at Gombe suggest that alpha males
were the only males successful in implementing the pos-
sessive mating strategies assumed by the priority-of-
access model (Tutin, 1979; Constable et al., 2001). In ac-
cordance with that observation, the alpha male’s share
of paternity in our study was close to that predicted
from the model, whereas the remaining paternities were
distributed much more widely than expected. The rank
distribution of paternity in Sonso chimpanzees was simi-
lar to that found at Gombe (Constable et al., 2001;
Wroblewski et al., 2009), but unlike that at Taı̈, where
the priority-of-access model had high predictive value
(Boesch et al., 2006). Our data also failed to support the
more specific prediction that the rank of the sire should
be related to the number of maximally swollen females
available during that particular conception period. In
addition, three offspring in our study were sired by
males whose rank should never have granted them
reproductive access under the queuing conditions
assumed by the model. More complex models are needed
to describe the acquisition of paternity in this species,
particularly to explain paternity outcomes among males
other than the alpha.

Fig. 6. Comparison of alpha and non-alpha male behavior
when they were successful sires (gray bars) or non-sires (white
bars).

Fig. 5. Association with maximally swollen females, but not
copulation rates, predicted conception success in Sonso chim-
panzees: comparison of copulation rates and time spent with
mother (% of females’ total observation time during conception
maximal swelling phase) by sires (black bars) and non-sire
(white bars) adult males.
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In interspecific comparisons of multimale mating, the
number of male competitors exerts a significant impact
on the degree of reproductive skew (Kutsukake and
Nunn, 2006). Despite this, we did not find a relationship
between the number of competitors at the time of con-
ception and the rank of the sire. Our group was rela-
tively stable in size, however, so it is possible that this
may be an important effect across larger scales of varia-
tion, like that seen between chimpanzee communities.
There is general conformity to this prediction: with the
largest number of potential sires (12–17 males aged 10
and older), the Sonso alpha males had slightly lower suc-
cess (31% of offspring sired) than Gombe alpha males
(36%) with slightly fewer competitors (10–14 potential
sires, Constable et al., 2001). Taı̈ alpha males had only
marginally better success (38%) under conditions with
five to nine males and considerably higher success (67%)
under conditions with only two to three males (Boesch et
al., 2006). More studies under a broader range of demo-
graphic conditions would allow for a better test of this
effect and rule out the influence of particularly success-
ful or unsuccessful individuals.
We were able to assign paternities to 21 offspring born

over a period of 21 years. It was therefore surprising
that only seven males out of more than 19 potential sires
fathered these offspring. In particular, it was notable
that alpha males were successful at siring offspring both
before and after holding high rank, which accords with
reports from other studies of chimpanzee (Constable et
al., 2001; Vigilant et al., 2001; Wroblewski et al., 2009).
In contrast, some males that rose to very high rank had
little or no evidence of paternity success despite being
potential sires to most offspring in the dataset. It is fea-
sible, therefore, that in addition to the influences of cur-
rent rank, individual male success may be related to
long-term factors such as variation in sperm quantity
and quality (Møller, 1988; Anderson and Dixson, 2002;
Snook, 2005), female-preferred traits (Small, 1993), apti-
tude at alliance formation (Duffy et al., 2007), or the
ability to successfully implement mating tactics with
females of high fecundity (Emery Thompson and Wrang-
ham, 2008); some of these traits may correlate with male
competitive success.
On average, the sires of first-born infants in our study

were lower-ranking than those of later-born infants.
Although a larger dataset is needed to confirm that this
distribution differs from chance, this trend conforms to
observations that male-mating investment is relatively
more intense and more restrictive with older females
(Tutin, 1979; Takasaki, 1985; Wrangham, 2002; Muller
et al., 2006), who have prior maternal experience, are
higher-ranking (Nishida, 1989; Pusey et al., 1997; Wittig
and Boesch, 2003; Kahlenberg et al., 2008a,b), and expe-
rience fewer cycles to conception (Wallis, 1997; Deschner
and Boesch, 2007). If male-mating effort is stratified in
relation to female quality, male chimpanzees may experi-
ence ‘‘tiered’’ competition, wherein multiple high-ranking
males compete for access to the most desirable female(s),
leaving lower-ranking males increased opportunities for
fertile mating with less desirable females. This would
represent a critical violation of the main assumption of
the priority-of-access model, which may then be re-
stricted to the competition between high-ranking males;
findings from Gombe (Constable et al., 2001; Wroblewski
et al., 2009) suggest low-ranking males can achieve pa-
ternity through nonpossessive strategies such as consort-
ship.

How did males achieve paternity at Sonso? We first
examined the influence of mating frequency, as rank is
often correlated with copulation frequency chimpanzee
populations (Matsumoto-Oda, 1999; Duffy et al., 2007).
We found no significant difference in either the absolute
frequency or the rate (per hour of association) with
which sires and nonsires were observed to copulate with
mother during their conception window. Only alpha-
male sires achieved paternity by securing the largest
share of copulations. A number of studies of primates
and other mammals also report that mating success is
not necessarily a good predictor of paternity outcomes
(e.g., Cervus elephus: Pemberton et al., 1992; Helichoerus
gryphus: Amos et al., 1993; Macaca fuscata: Inoue et al.,
1993; M. sylvanus: Paul et al., 1993; M. fascicularis: de
Ruiter et al., 1994).
We found instead that sires spent significantly more

time in association with the mothers during the maximal
swelling period of their conception cycles than did non-
sires. Prior findings in chimpanzees indicate that
increased association is correlated with the use of
possessive mating tactics (Tutin, 1979). This fits with
our finding of particularly high rates of association
between the alpha male and females whose offspring
he successfully sired. Close association with maximally
swollen females could have a number of other potential
advantages, which are not possible to distinguish in the
scope of this study. Males in close association may have
better access to information about timing of ovulation
[as suggested by Emery Thompson and Wrangham
(2008)], find opportunities to copulate covertly, engage in
social investment [e.g., grooming (Tutin, 1975)] to
increase female cooperation in mating, gain her toler-
ance through persistence, or exert coercive control over
her mating behavior via aggression or intimidation
(Muller et al., 2007).
Finally, our data do not support a prominent role for

extra-group paternity in Sonso chimpanzees. This is con-
sistent with the absence of extra-group mating observa-
tions in this population and with the low rates of con-
firmed EGP at other chimpanzee sites. There is no
genetic evidence for EGP at Gombe, even though low
rates of female transfer increase the risk of inbreeding
when mating within the community (Constable et al.,
2001; Wroblewski et al., 2009). At Taı̈, EGPs accounted
for 7.1 and 10.5% of conceptions (Vigilant et al., 2001;
Boesch et al., 2006). Female chimpanzees may have little
to gain and much to risk by seeking extra-group copula-
tions. Male territorial behavior influences this in two
ways: first, community males can aggressively exclude
rival males from access to females within the territory,
particularly when they have a numerical advantage
(Watts and Mitani, 2001; Wilson et al., 2001), which, in
turn, may increase females’ search costs; second,
females, particularly those with dependent infants, may
risk injury or infanticide from aggressive males when
entering another territory to seek extra-group mating
(Goodall, 1986; Wilson and Wrangham, 2003; but see
Emery Thompson et al., 2006; Boesch et al., 2008). Our
genetic findings support the general expectation that the
community functions as the reproductive unit in
chimpanzees, indicating that cooperative territoriality
functions at least in part as an effective reproductive
strategy for male chimpanzees. Furthermore, our data
indicate that, while reproduction is skewed towards
high-ranking individuals, lower-ranking males have real-
istic opportunities for direct reproductive benefits that
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may promote their participation in territorial behavior
[as suggested by Watts and Mitani (2001)].
In conclusion, our results are consistent with other

genetic studies in chimpanzees and in multimale groups
of primates more generally, in demonstrating a signifi-
cant influence of rank on the reproductive success of
males. Our results suggest that alpha rank, in particu-
lar, may function to increase paternity success via prior-
ity-of-access to fertile females (Altmann, 1962), but that
the priority-of-access model is not adequate to explain
the distribution of paternities across males, with neither
the number of maximally swollen females (Altmann,
1962) nor the number of male competitors (Cowlishaw
and Dunbar, 1991; Kutsukake and Nunn, 2006) a signifi-
cant predictor of the sire’s rank. Our data lend initial
credence to the role of individualistic male traits, as well
as variation in the mate quality of particular females, as
mediating factors in the relationship of rank to reproduc-
tive success and suggest that high-investment mating
strategies may produce the highest fitness rewards.
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