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 Abstract 

 Dominance relationships are common among primates, and are usually the result 
of resource competition. Adult male chimpanzees have pronounced dominance rela-
tionships, and can be ranked relative to one another in dominance hierarchies. Adult 
male chimpanzees achieve, and maintain, high rank through a combination of physical 
size, strength and political ability. Dominance in male chimpanzees has very real ben-
efits as high-ranking males have priority access to resources and potential mates, and 
father more offspring than do low-ranking conspecifics. Previous research has suggest-
ed that adolescent male chimpanzees do not have dominance relationships with each 
other. Here, I report the first evidence of decided dominance relationships and a linear 
dominance hierarchy in adolescent male chimpanzees from an unusually large commu-
nity of wild chimpanzees at Ngogo, Kibale National Park, Uganda. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Dominance relationships are common among primates and were one of the ear-
liest behaviors recognized by primate ethologists. Dominant primates are those in-
dividuals with the ability to elicit subordinate behaviors from one or more conspecif-
ics [Kummer, 1971] resulting in priority access to contested resources [Seyfarth, 
1976]. It can be difficult to determine ranks between dyads, but researchers are typ-
ically able to identify high- and low-ranking individuals and are often able to iden-
tify alpha animals (e.g.  Pan troglodytes  [Goodall, 1986],  Alouatta palliata  [Wang and 
Milton, 2004]).
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  Dominance relationships in male primates are typically the result of competi-
tion over resources, especially estrous females [Fedigan, 1983]. Competition over 
estrous females among adult male chimpanzees typically results in decided domi-
nance relationships where subordinate group members consistently direct pant 
grunts to dominant conspecifics [de Waal, 1982; Goodall, 1986]. One of the striking 
elements of pant grunts is that subordinate individuals will often produce them in 
a preemptive manner, without provocation from the dominant individual [pers. ob-
servation]. In some instances, males can be ranked in a linear hierarchy, relative to 
one another [Goodall, 1986; Nishida and Hosaka, 1996; Boesch and Boesch-Acher-
mann, 2000; Mitani et al., 2002; Muller and Wrangham, 2004]. Chimpanzee com-
munities usually have a clear alpha male, and most males can be assigned to ‘high’, 
‘middle’ and ‘low’ classes [Goodall, 1986; Newton-Fisher, 2004]. High-ranking 
males are more successful at acquiring copulations [Tutin, 1979; de Waal, 1982; 
Watts, 1998; Boesch and Boesch-Achermann, 2000; Watts, 2002] and have greater 
reproductive success than low-ranking males [Constable et al., 2001; Vigilant et al., 
2001].

  Three variables seem to be especially important for achieving and maintaining 
high rank among adult male chimpanzees: fighting ability, ability to form coalitions 
and alliances, and individual motivation [de Waal, 1982; Goodall, 1986; pers. obser-
vation]. As male chimpanzees mature, they gain muscle mass and confidence in their 
fighting abilities, resulting in their displaying to intimidate others, which in turn 
results in their acquiring a higher rank [de Waal, 1982; Pusey, 1990; Nishida and Ho-
saka, 1996]. Males can achieve an even higher rank if they are successful in forming 
coalitions with other males [de Waal, 1982; Nishida and Hosaka, 1996]. Individual 
drive to achieve high rank is not obviously quantifiable and is beyond the scope of 
this analysis.

  Body size appears to influence adult male rank in many chimpanzee communi-
ties [de Waal, 1982; Goodall, 1986; Nishida and Hosaka, 1996; pers. observation] but 
to what extent is unclear [Pusey et al., 2005]. Males that are relatively large tend to be 
high ranking regardless of their ability to form coalitions or alliances [de Waal, 1982; 
Goodall, 1986; Nishida and Hosaka, 1996; pers. observation]. However, in an analy-
sis of the long-term data from Gombe, Pusey et al. [2005] did not find a correlation 
between body size and dominance rank among males. Large males who become 
dominant have a difficult time maintaining rank and cannot typically hold on to the 
alpha position for an extended period of time without at least one ally [de Waal, 1982; 
Goodall, 1986; Nishida and Hosaka, 1996; Ngogo, unpubl. data]. Once again the ex-
ception to this pattern comes from Gombe, where Frodo was able to maintain his 
position as alpha for 6 years, despite not having a reliable ally [Pusey, pers. commun.]. 
Taken together, these results reconfirm that in chimpanzees much variation exists 
in status competition strategies. To what extent body size and political ability impact 
a male’s ability to attain high rank is still not clear.

  Chimpanzees have long periods of immaturity, even relative to most other non-
human primate species [Goodall, 1986; Watts and Pusey, 1993; Fragaszy and Bard, 
1997; Boesch and Boesch-Achermann, 2000; Pusey et al., 2005]. Male chimpanzee 
reproductive immaturity lasts at least 9 years [Leigh, 1996], and it typically takes 12 
years or more before males begin gaining limited access to estrous females [Goodall, 
1986; Pusey, 1990] and often 16 years or more before they successfully compete with 
other males, and can acquire high percentages of copulations.
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  Upon reaching adolescence, males become independent of their mothers [Pusey, 
1990] and make concerted efforts to associate with adult and other adolescent males 
[Goodall, 1986; Pusey, 1990]. During adolescence, male chimpanzees begin to inte-
grate themselves into the adult male social network and to form social bonds with 
other males [Hayaki et al., 1989; Pusey, 1990]. They begin to assert themselves, first 
over females, and then over other males [Goodall, 1986; Pusey, 1990]. Adolescent 
males are typically subordinate to all adult males [Bygott, 1974; Goodall, 1986] but 
there is variation in their abilities to move up the male dominance hierarchy and to 
begin to dominate adult males [Goodall, 1971; Sherrow, in prep.].

  Given that adult male chimpanzees in captivity and the wild have decided dom-
inance relationships, it would not be surprising to find that adolescent males have 
similar social relationships, especially if higher-ranking males achieve greater access 
to a limited resource like food or estrous females. Despite attempts by adolescent 
males to compete over females, their success rates are typically low, and earlier stud-
ies have not found strong evidence for decided dominance relationships in adoles-
cent male chimpanzees. In the only study that explicitly addressed this question, 
Hayaki et al. [1989] found that adolescent males at Mahale did not have decided 
dominance relationships with each other. Adolescent males rarely directed pant 
grunts to each other and there were numerous dyads in which neither male pant-
grunted to the other [Hayaki et al., 1989].

  Similar results have been reported for Gombe [Bygott, 1974; Goodall, 1986] and 
Tai [Boesch and Boesch-Achermann, 2000]. At Gombe, adolescent males were not 
considered part of the male hierarchy [Goodall, 1986]. Bygott [1974] found that larg-
er, older immature (juvenile and adolescent) males were able to dominate smaller, 
younger immature males, but that signs of dominance typically occurred at the end 
of play sessions. In contrast to adult males, subordinate immature males did not use 
pant grunts as a way to recognize the rank of dominant males and preempt aggres-
sion. Further, pant grunts were inconsistent and rare among immature males [By-
gott, 1974]. At Tai, males were reported to join the adult social hierarchy at the age 
of 15 [Boesch and Boesch-Achermann, 2004], a full 5–6 years after entering adoles-
cence. Before that they were not reported as part of the adult male hierarchy, and no 
reference was made as to their ability to dominate one another [Boesch and Boesch-
Achermann, 2004].

  Preliminary results [Sherrow, 2004] suggested that adolescent males at Ngogo 
have decided dominance relationships with each other that are like those of adult 
males, something that may distinguish them from age peers at other sites. Here, I 
present data on dominance relationships between adolescent male chimpanzees at 
Ngogo, Kibale National Park, Uganda, which confirms that adolescent males at Ngo-
go have decided dominance relationships with each other and that they can be 
ranked in a linear dominance hierarchy.

  Methods 

 The Ngogo study area is in the center of the Kibale National Park in western Uganda. 
The study area is approximately 1,350 m above sea level and is comprised of primary and sec-
ondary rain forest. Rainfall averages about 1,600 mm/year and usually falls during two rainy 
seasons [Struhsaker, 1997]. The Ngogo chimpanzee community is the largest on record and 
during the study period had approximately 140–150 members, including 25 adult males, 17 
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adolescent males and 40–50 adult females. In 1995, Watts and Mitani began a long-term study 
of the Ngogo chimpanzee community, and since that time the chimpanzees at Ngogo have 
been observed continuously.

  I used focal, ad libitum and all-occurrence methods [Altmann, 1974] to record data on 
agonistic interactions between 14 adolescent males that were present and adolescent for at least 
3 of my 4 different field seasons: May to August 2000, July to August 2002, July to December 
2003 and July to December 2004. I complied with protocols approved by Yale University’s ani-
mal care committee and adhered to the legal requirements of Uganda. I recorded data on ago-
nistic interactions between these males in all contexts, including when an estrous female was 
in a party. Adolescent males had descended testicles, were fully independent of their mothers, 
but were still growing in mass and linear dimensions [Sherrow, 2008]. To determine if males 
were still growing, I used independent assessments by myself, Professors David Watts and John 
Mitani, and the four Ngogo Chimpanzee Project field assistants reported once a year on each 
of the young males in the community. I then combined the results of those assessments and used 
a best-fit model to determine if a particular male was still growing. Relative body size was esti-
mated by independent comparisons by myself, the two PIs on the project and the four Ngogo 
field assistants of dyads of males when they were in proximity to one another. I then combined 
the results of those assessments and used a best-fit model to determine relative body sizes of 
adolescent males.

  Agonistic behaviors included, but were not limited to, supplant, charge, chase and avoid, 
pant grunt and flee. While supplants, charging and chasing are very informative about domi-
nance relationships within dyads, pant grunts are the most reliable indicators of dominance 
relationships among chimpanzees. Pant grunts are always directed from a subordinate to a 
dominant animal [de Waal, 1982; Goodall, 1986], and I used them in this study to determine 
dominance relationships. I recorded behaviors of my focal animals continuously while they 
could be observed and took 30-min scans of the entire party during which I recorded the iden-
tities of all individuals present and their general behaviors (e.g. resting, feeding).

  I constructed a pant grunt matrix for all adolescent males and used MatMan 1.1 to calcu-
late Kendall’s coefficient of linearity (K), Landau’s index and the index of linearity (h’). Each 
index varies from 0 (absence of linearity) to 1 (complete linearity). h’ is based on h and takes 
into account the existence of unknown relationships. All analyses were based on 10,000 permu-
tations and all tests were two-tailed.

  Results 

 Adolescent males at Ngogo directed pant grunts to each other in a unidirec-
tional (directional consistency index = 0.939) and linear (h’ = 0.56; K = 0.46; pr  = 
 0.002; pl = 0.998) manner. As a result, I placed the adolescent males in a linear 
dominance hierarchy using the refit for linear hierarchy function in MatMan 1.1 
( table 1 ). I recorded 99 pant grunts between adolescent males. There were only 2 
instances when members of one dyad pant-grunted to each other and the domi-
nance relationship of that dyad appeared to be in flux. On multiple occasions GZ 
and WB failed to clearly dominate each other and instead exchanged pant grunts. 
This continued for two field seasons and the two males often avoided each other. 
However, by the end of my study WB consistently pant-grunted to GZ in a unidi-
rectional manner.

  Dominance ranks among adolescent males tended to correlate with age catego-
ry. However, there were 2 cases in which smaller, and presumably younger, males (GZ 
and CA) were higher ranking than expected, based on their body size. Both males 
were higher ranking than several other males that were bigger, and presumably old-
er, than they were. There were also 2 cases in which larger and presumably older 
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males were lower ranking than expected, based on their body size (GT, WA). Both of 
these males were lower ranking than males that were smaller, and presumably 
younger, than they were.

  Discussion 

 Adolescent male chimpanzees at Ngogo had decided dominance relationships 
and could be ranked relative to one another in a linear dominance hierarchy. While 
the stability and strength of the linear hierarchy was not particularly high (h’ = 0.56) 
that was probably due to unknown relationships between males. Despite the un-
known aspect of some relationships, the adolescent males at Ngogo could still be 
ranked relative to one another in a linear hierarchy, indicating that this is a real ef-
fect. This result contrasted with the findings of Hayaki et al. [1989] regarding domi-
nance relationships among adolescent males at Mahale. Hayaki and colleagues 
ranked the adolescent males relative to one another, but they recorded few pant 
grunts and stated that adolescent males at Mahale did not have regular dominance 
relationships.

  There are several possible reasons for the differences in observed adolescent male 
dominance relationships at Mahale and Ngogo, including differences in study meth-
odologies, differences in community demographics and differences in adolescent 
male social relationships. My methods differed slightly from those used by Ha yaki et 
al. They collected data on pant grunts primarily through ad libitum techniques and 
their study was shorter than mine, which could have led to smaller sample sizes, re-

Table 1.  Adolescent male age categories and dominance ranks 
based on pant grunt matrices

Code Age category Dominance rank

DX late adolescent 1
GZ late adolescent 2
RN late adolescent 3
WB late adolescent 4
TA late adolescent 5
RO late adolescent 6
BD late adolescent 7
RI late adolescent 8
CA middle adolescent 9
MU middle adolescent 10
GT middle adolescent 11
WA late adolescent 12
SA early adolescent 13
JA early adolescent 14
CS early adolescent 15
SP early adolescent 16
HH early adolescent 17
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sulting in few pant grunts observed. Despite these differences, the data do not support 
the idea that the methodological variation led to differences in results. Hayaki et al. 
[1989] observed 415 pant grunts between males and, even though they were focusing 
on adolescent males, most were given by adolescent and young adult males to prime 
adult males. I recorded 99 pant grunts between adolescent males during my study and 
while the adolescent males at Ngogo pant-grunted to adult males quite often they 
pant-grunted frequently and independently to each other.

  Community size and demographic composition differed between Mahale and 
Ngogo. The difference in the number of males in the two communities could have 
impacted the number of pant grunts observed during the two studies. Ngogo is an 
unusually large community with approximately 150 members, including approxi-
mately 25 adult and 17 adolescent males. Mahale, on the other hand, had approxi-
mately 100 group members, with 10 adult and 9 adolescent males [Hayaki et al., 
1989]. There were almost twice as many adolescent males in the Ngogo community 
as in the Mahale community during the study of Hayaki et al. [1989]. Further, repro-
ductively viable males in the Mahale community made up approximately 1/6 of the 
total community population, while at Ngogo that ratio was nearly 1/3.

  An alternative to the possibility of differences in methodology is that adolescent 
males at Ngogo had qualitatively different relationships with each other than adoles-
cent males at Mahale did. Dominance relationships should form when the potential 
for contest competition is high, high rank provides individuals with priority of access 
or the ability to monopolize resources, and priority of access or monopolization leads 
to fitness advantages. The formation of dominance hierarchies among immature 
males in response to resource competition is not unprecedented among non-human 
( Macaca mulatta  [Bernstein et al.,1993],  Cercocebus  spp. [Gust, 1995]) or human 
[Pellegrini and Bartini, 2001; Geary et al., 2003] primates or other mammals (e.g. 
 Crocuta crocuta  [Engh et al., 2005]).

  In all chimpanzee communities, adolescent males compete with not only adult 
males, but also each other, for access to estrous females [Watts, 1998] and, poten-
tially, other males [Watts, 2000]. In chimpanzee communities other than Ngogo, 
adolescent males compete with between 10 and 15 other males for access to estrous 
females. At Ngogo, each male must compete with between 35 and 40 others. While 
access to estrous females provides potential fitness payoffs through reproductive 
success [Vigilant et al., 2001], adolescent males are typically less successful at acquir-
ing copulations than most adult males [Constable et al., 2001]. Despite their limited 
success, adolescent males continue to compete with each other, and adult males, over 
access to estrous females [pers. observation].

  Access to male social partners may provide adolescent males with fitness payoffs 
through coalitionary support or the opportunity to use adult males as behavioral role 
models during development. Adolescent males at Ngogo do not regularly receive co-
alitionary support from adult or other adolescent males [Sherrow, 2008]. As a result, 
competition over coalition partners cannot be considered a selective force in the for-
mation of dominance hierarchies. However, high rank may provide adolescent males 
with priority access to adult males who make good role models for behavioral devel-
opment [Sherrow, in preparation].

  The data presented here suggest that, like other immature primate males, ado-
lescent male chimpanzees at Ngogo formed decided dominance relationships with 
each other in response to competition over resources. Adolescent males at Ngogo ap-
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pear to face intense competition for access to estrous females [Watts, 1998] and, po-
tentially, access to other males [Sherrow, in preparation] resulting in those males 
developing dominance relationships as part of their competitive strategies.

  Larger and presumably older adolescent males tended to be higher ranking than 
smaller and presumably younger adolescent males. However, there were 4 males who 
did not conform to the pattern observed in the other males. Two of those males (CA 
and GZ) were higher ranking than expected, dominating males that were larger, and 
presumably older, than they were. If these were adult males, it would not be particu-
larly surprising that some smaller males were higher ranking than larger males. 
Adult males have extensive coalitions and alliances that strongly impact their ability 
to dominate others [de Waal, 1982; Nishida and Hosaka, 1996]. As a result, the high-
est-ranking males in a chimpanzee community are not always the largest or stron-
gest [pers. observation]. For example, at Gombe Pusey et al. [2005] found no correla-
tion among adult males between dominance rank and body size. However, as ado-
lescent males do not regularly form coalitions with each other or adults and appear 
to largely acquire rank through individual power and fighting ability, the relatively 
high ranks of CA and GZ remain unexplained.

  Two males were lower ranking than expected, acting submissively to males that 
were smaller, and presumably younger, than they were. Interestingly, both of those 
males were limited in their physical abilities due to snare injuries they suffered while 
young. GT had a rope snare on his left hand and was small for his presumed age. While 
he was eager to take part in competitions with other males, often joining in displays, 
GT was limited by his handicap and often retreated from smaller males when he was 
confronted. WA was missing his left hand and was apprehensive around other males. 
He would often take measures to avoid conflicts between males and rarely displayed. 
Snare injuries are not uncommon among the Ngogo chimpanzees, with approximate-
ly 25% of the adult community bearing the scars of snares [unpubl. data]. Injuries from 
snares and other factors have been shown to impact dominance in chimpanzees at 
Gombe [Goodall, 1986] and probably impacted the dominance ranks of GT and WA.

  The results presented here indicate that adolescent male chimpanzees at Ngogo 
had decided dominance relationships and could be ranked in a linear hierarchy rel-
ative to one another. A linear hierarchy among adolescent males indicates that they 
competed with each other over access to resources. Future analyses will focus on 
competition between adolescent males over access to estrous females and adult males 
and the influence of adolescent male social effort and adult male rank on adolescent 
male dominance rank.
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