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CHAPTER 1: GENERAL INTRODUCTION 

 

Reproductive success in light of sexual selection theory 

Reproduction is a major property of living organisms. Sexual reproduction with gene 

recombination allows organisms not only to exist over long periods of time, but also to 

modify by producing new forms and adapting to changing environmental conditions. As 

proposed by Darwin’s theory of evolution (1859, 1871), the major force of such evolutionary 

processes is competition between individuals for access to limited resources. Competition for 

reproduction among individuals is the subject  of sexual selection (Darwin, 1859, 1871) 

which refers to “the differences in reproduction that arise from variation among individuals in 

traits that affect success in competition over mates and fertilizations” (Andersson, 1994). The 

strength of sexual selection is usually higher in males than in females, since, as a consequence 

of anisogamy, energetic investment in offspring production is lower, and thus potential 

reproductive rate higher, in males compared to females. Therefore, male reproductive effort is 

generally oriented towards increasing quantity of mates and thus offspring, while reproductive 

effort of females, in contrast, is more oriented towards increasing offspring quality (see 

Andersson, 1994). The majority of anisogamic species are characterized by polygamy, where 

males try to fertilize as many females, as possible, whilst females are more choosy in 

selecting a mating partner. Consequently, females represent the limited sex (Trivers, 1972)  

and reproductive success among males varies to a considerably higher extent than among 

females (Bateman, 1948).  

Concerning males, reproductive success of an individual depends much on its ability 

to compete with other males over fertile females. There are several mechanisms of inter-male 

competition (i.e. scrambles, endurance rivalry, contests, mate choice and sperm competition – 

see Andersson, 1994), the relative importance of which, however, differs according to 

ecological conditions and the social structure of a particular species.  For example, scramble 

competition is especially important for species (e.g. elephants) in which males and females 

are dispersed over a large territory and high energetic costs are required from males to find a 

female. Endurance rivalry is important for seasonally-reproducing species with a restricted 

breeding territory, such as fur seals, in which harem males do not forage over the whole 

reproductive period in order to guard their females. Sperm competition is especially important 
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for promiscuous species (e.g. many spiders), in which fertile females mate with multiple 

males.  

Male reproductive success, however, can be influenced not only by inter-male competition, 

but also by female choice (Darwin, 1971; Small, 1989). Females can be differentially 

attracted by some males over others. Females might be attracted by different male traits, e.g. 

bright coloration, loud songs,  long courtship etc.. As a result of female choice, not only 

female reproductive success might be affected, but reproductive success among males might 

be skewed to a certain degree. Female choice, as well as inter-male competition might 

influence male reproductive success on both pre-copulatory (influencing male mating 

success) and post-copulatory (influencing translation of mating into reproductive success) 

levels.  

For the majority of vertebrate species the relative importance of inter-male 

competition and female choice for male reproductive success is, however, poorly understood. 

Below I will consider the major factors influencing male reproductive success in multimale-

multifemale group living species. 

 

Factors influencing male mating and reproductive success in multimale-multifemale 

group living species 

 

Inter-male competition 

Species living in multimale-multifemale groups are usually characterized by sexual 

dimorphism, suggesting that contest competition between males plays an important role in 

determining male mating success (Plavcan, 1999). As a consequence of this form of direct 

competition, males of many species have developed sexually dimorphic traits (e.g. large size, 

heavy weight, weaponry), which help to improve male fighting ability and facilitate 

acquisition of a high dominance rank in a group. In species which have developed a 

hierarchical social organization, dominance rank (a formalized form of male contest ability) 

has been generally shown to be a reliable determinant of male mating success for a variety of 

vertebrate species (Dewsbury, 1982; Cowlishaw and Dunbar, 1991; Ellis, 1995). Particularly, 

mating success has been shown to be higher in dominant than in subordinate males, although 

this relationship is not exclusive. Besides direct contest competition, endurance rivalry (based 
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on ability to mate with high frequency over a long period of time)  and post-copulatory (i.e. 

sperm competition, infanticide) forms of inter-male competition might significantly influence 

reproductive success of males in bisexual group living species. Mating frequency and sperm 

quality are especially important for promiscuous species, in which males are not able to 

monopolize females during the fertile period when conception is possible. The proximate 

(physiological) mechanisms underlying the different forms of inter-male competition and 

their relationship to mating and reproductive success are poorly understood. However, 

spermatogenesis is known to be stimulated by androgens (Marshall et al., 1986; Weinbauer et 

al., 1988; Michael & Zumpe, 1993) and, at least in some species, androgens are also 

important for facilitating male sexual and aggressive behavior (Silver et al., 1979; Beach, 

1970; Feder, 1984; Borg, 1994). Glucocorticoids, on the other hand, are able to exert  a 

suppressive effect on male testicular function (Munck et al., 1984; Sapolsky, 1992). 

Therefore, both groups of hormones are potentially important physiological correlates 

underlying inter-male competition and  may have a significant impact on mating and 

reproductive success in male vertebrates. Thus, some evidence on possible relationships 

between endocrine state, dominance rank, mating behavior and finally reproductive success in 

males has been collected (Fig. 1), the most of these relationships turned out to be inconsistent 

in different vertebrate taxa (see below). More detailed knowledge in this area is therefore 

required for better understanding the impact of social and endocrine parameters on male 

competitive ability for achieving reproductive success in each particular species. 

 

                              Reproductive success 

 

    

            Mating behavior   

 

 

         Endocrine state      Dominance rank  

 

Figure 1. Possible interrelationship between endocrine state, dominance rank and mating behavior underlying 

male reproductive success in multimale-multifemale group living species.   

 

Among the studies investigating interaction between social and endocrine parameters in 

group-living species, the possible relationship between endocrine state and male dominance 
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rank has received particular attention. The findings to date, however, have revealed a 

contradictory picture (reviewed by Bouissou, 1983; Whitten et al., 1998; Creel, 2001; Abbott 

et al., 2003). For example, dominant males have been shown to have higher androgen levels 

in cichlid fish (Oliveira et al., 1996), green anole lizards (Greenberg & Crews, 1990), song 

sparrows (Wingfield & Soma, 2002), rats (Hardy et al., 2002), red deer (Lincoln et al., 1972), 

Verreaux’s sifakas (Kraus et al., 1999; Brockman et al., 2001) and talapoin monkeys 

(Eberhardt et al., 1980). In contrast, no rank-related differences in androgen levels were 

reported for male brown and brook trout (Cardwell et al., 1996), tree lizards (Knapp & Moore, 

1995), jungle (Parker et al., 2002) and domestic (Mench & Ottinger, 1991) fowls, wolves 

(Seal et al, 1987; Asa et al., 1990), sheep (Davant et al., 1974), redfronted lemurs (Ostner et 

al., 2002) and Japanese macaques (Barrett et al., 2002). The results on rank-related variations 

in glucocorticoids are even more contradictory, since in different studies either dominant or 

subordinates or neither group of individuals have been reported to show higher glucocorticoid 

output. For example, studies on rainbow trout (Sloman et al., 2002), white-throated sparrows 

(Schwable et al., 1988), rats (Popova and Naumenko, 1972; Hardy et al., 2002), olive baboons 

(Sapolsky, 1982), long-tailed macaques (van Schaik et al., 1991) and talapoin monkeys 

(Keverne et al., 1982) have demonstrated significantly lower glucocorticoid levels in high-

ranking compared to low-ranking individuals. In jungle fowls (Parker et al., 2002), guinea 

pigs (Sachser, 1994), captive wolves (McLeod et al., 1996),  common marmosets (Saltzman et 

al., 1998) and gorillas (Robbins & Czekala, 1997) no rank-dependant variation in 

glucocorticoid levels was found. Finally, in scrub jays (Schoech et al., 1991), marmots 

(Arnold and Dittami, 1997), wild wolves (Sands and Creel, 2004), squirrel monkeys (Coe et 

al., 1979) and rhesus macaques (Barrett et al., 2002) high-ranking males have been reported to 

have higher glucocorticoid levels than subordinate males.  

  Several reasons may account for these inconsistent findings. Firstly by the use of 

invasive methods such as blood hormone measurements for assessing male endocrine status is 

likely to be responsible for at least some of the variation obtained. The procedures of 

handling, restraint, and venipuncture are all well known as potential factors affecting (also 

rank-dependently) testicular and adrenal hormone output (e.g. Sapolsky, 1985) with the 

consequence that the natural differences in physiological  status between dominant and 

subordinate animals can be  obscured.  
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 Secondly, inconsistencies in defining social rank and application of the term 

dominance may also have accounted for the varied findings conserning dominance rank and 

endocrine status. Despite the helpful predictive and explanatory value of the concept of 

dominance, the definition of dominance induced many debates (Bernstein, 1981; McKenna, 

1982). Various criteria were used to determine dominance rank (e.g. direction of 

displacement, grooming, submissive gestures or vocalisations, initiation of aggression, 

outcome of aggressive encounters, access to resources etc.), however, these often do not 

correlate with each other (e.g. Dixson, 1980; Vervaeke, 2000). Analysis of the dominance 

concept allowed Drews (1993) to give an essential structural definition for dominance as “an 

attribute of the pattern of repeated, agonistic interactions between two individuals, 

characterized by a consistent outcome in favor of the same dyad member and a default 

yielding response of its opponent rather than escalation”. According to Drews definition, 

dominance is a complex social phenomenon, which may involve a range of specific behaviors 

performed and received. Therefore, any relationship between hormones and dominance rank 

should be determined by relationships between hormones and rank-associated specific 

behaviors, an approach which so far however has rarely been used. Since rank-associated 

behaviors are known to be species- and context- specific (Sapolsky 1993; Virgin and 

Sapolsky, 1997), the relationship between rank and endocrine level may also vary 

correspondingly. Thus, inconsistency concerning the concept of dominance may alone lead to 

variability in the apparent relationship between hormones and dominance rank.  

Last but not least, another possible reason for the inconsistent relationship between 

hormones and dominance rank concerns finding that hormone – behavior relationships are 

flexible and species- (Crews, 1984) or even individual-specific (Rhen & Crews, 2002). Until 

now it has been commonly assumed that direct relationships between hormones and certain 

behaviors are fixed and widely applicable. This probably has a historical background, since 

detailed information on hormone – behavior interactions was initially obtained on just a few 

laboratory species, particularly rodents, in which it was found that androgens exert a direct 

stimulatory effect  upon both sexual (e.g. Beach & Holz-Tucker, 1949; Beach, 1970; 

Malmnäs, 1973; Larsson, 1979; Ogawa et al., 1996) and aggressive (e.g. Rose et al., 1974; 

Leshner and Moyer, 1975; Brain, 1979; Ogawa et al., 1996) behaviors. The growing evidence, 

however, does not support the idea of conservatism in hormone-behavior interactions and 
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studies in several species have now shown that androgens and rates of sexual (e.g. Crews, 

1984; Barrett et al., 2002) or aggressive (e.g. Ostner et al., 2002; Pinxten et al., 2003) 

behaviors are not necessarily related. Glucocorticoid response under the same social situations 

might also differ between species (Mendoza and Mason, 1986).  

Flexibility of hormone-behavior relationships may have different causes. Firstly, 

interactions between a particular hormone and its  target tissues (e.g. certain brain areas, 

genitals etc.) depend not only on concentration of the hormone itself, but also on 

concentration of binding proteins, hormone receptors and other intra-cellular factors (Norris, 

1997). Secondly, some internal (e.g. age) or environmental factors (e.g. light/dark cycle, 

ambient temperature or presence of social stressors) may interfere and mask a hormone-

behavior relationship, unless it is strong enough. Thirdly, the target cells or tissues of a 

particular hormone are not exactly the same between different species and may differ even 

within the same individual over time. Fourthly, a relationship between a certain hormone and 

a certain behavior could be indirect, i.e. via a third parameter. Thus, compilation of additional 

comparative data on different species and different contexts are needed for better 

understanding the variability in hormone-behavior relationships. In this respect, application of 

non-invasive methods for endocrine assessment could overcome the problems associated with 

blood hormone measurements (see above) and should provide a more natural and reliable 

picture of an animal’s endocrine state and its interrelationship to dominance rank and rank-

associated behaviors as well as reproductive success.  

 

Female choice  

 Apart from inter-male competition, females are potentially able to influence male 

mating and reproductive outcome by exhibiting their own mating preferences. Indeed, 

evidence has now accumulated that female mating preferences may result in mating bias 

amongst males (e.g. Janson, 1984; Small, 1989; Manson, 1995). Even in species in which 

male mating success is strongly related to male aggressive abilities, a prolonged period of 

female receptivity (common in group living primate species) enables a female to escape from 

male monopolization throughout the whole receptive period and gives her the opportunity to 

mate with multiple males and/or actively select a mating partner (van Schaik, 1999). For 

example, a female can actively solicit or passively accept copulations with a certain male 
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during the fertile days of the ovarian cycle, while in the non-fertile period may display such 

behaviors also to other males. As a consequence, females can influence the relationship 

between dominance rank and reproductive success in males. Information on the extent to 

which female choice actually influences male reproductive success is, however, limited since 

this requires knowledge of individual male mating success in relation to the time of ovulation. 

Due to the lack of appropriate non-invasive methods to reliably determine the day of 

ovulation this has been difficult to obtain until recently. With the development of urinary and 

faecal hormonal analysis techniques it is now possible to more easily assess the time of 

ovulation (for review see Whitten et al., 1998) which in turn enables investigations on the 

existence of female mate choice during the fertile period. In addition, the criteria 

(physiological, behavioral) by which females select their mating partners may also be 

examined, a question which has not yet been adequately addressed.  

 Given the limited data available, the relative importance of female choice and inter-

male competition upon male reproductive success is poorly understood and more data on this 

topic are required. Furthermore, more data are needed to better understand how mating 

success translates into reproductive success in males of different species.  To this end, 

knowledge about the relative importance of different forms of inter-male competition and 

their physiological correlates, on the one hand, and impact of female choice on male mating 

success, on the other, is important for better understanding the proximate mechanisms of male 

reproductive success in each particular species. 

 

In the present study factors influencing male mating and reproductive success were 

studied in the common chimpanzee (Pan troglodytes), a species which lives in multimale-

multifemale social groups and is characterized by a considerable degree of reproductive 

competition between males (see below). Moreover, female of this species seem to have a real 

opportunity to exhibit mate preferences and thus manipulate male reproductive success, since 

their period of receptivity is prolonged and greatly exceeds the fertile phase of ovarian cycle 

(see below). This provides a good opportunity to study the relative importance of inter-male 

competition and female mate choice upon male reproductive success and to elucidate the 

significance of social and endocrine factors underlying male reproduction in the most closely 

related to human primate species.    
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Common chimpanzee 

 

General biology 

The common chimpanzee (Pan troglodytes) is an anthropoid primate species of the 

family Hominidae. Together with the bonobo (P. paniscus), the second representative of the 

genus Pan, the common chimpanzee is considered to be the most closely related species to 

human. Pan troglodytes includes 3 subspecies (P.t.verus, P.t.schweinfurthii and P.t.verus), 

which are hardly distinctive in appearance from each other. Common chimpanzees are 

characterized by intersexual dimorphism, which is predominantly expressed in canine size  

and body weight (40-60 kg in males versus 32-47 kg in females, Rowe, 1996). Wild 

chimpanzees live in woodland savanna, grassland and tropical rain forest in the equatorial 

region of Africa (Rowe, 1996). Their diet consists of mainly fruit (45-76%), supplemented by 

leaves, flowers, seeds and animal prey (mostly insects, but occasionally also birds and 

mammals) (Goodall, 1986). The social unit represents a multimale-multifemale community 

which lives on a territory of around 1250 ha (Wrangham, 1977) in a fission-fusion dynamic 

system (e.g. Goodall, 1986; Nishida et al., 1990). A community consists of 2-16 adult males, 

7-27 adults females and their offspring (Moore, 1984; Boesch and Boesch-Achermann, 2000). 

Males spend their time predominantly in a group and patrol the territory, while females spend 

more time out of the group compared to that of  males (Wrangham, 1977). In contrast to most 

social mammals, in chimpanzees only females transfer between communities, whereas males 

remain in the natal group (Goodall, 1986; Nishida et al., 1990). Agonistic interactions 

between group members are rather frequent, males dominate females and exhibit a dominance 

hierarchy among themselves (Takahata, 1990). Chimpanzee’s natural life span covers 40-45 

years, whilst reproductive span covers about 30 years (Boesch and Boesch-Achermann, 2000) 

starting with reproductive maturation at about 9 years of age (Tutin, 1996). In both, natural 

and captive conditions animals give birth throughout the year, although in the wild the 

number of births shows a moderate elevation during October and November (Goodall, 1986). 

The average female ovarian cycle lasts about 36 days (Tutin, 1979; Dahl et al., 1991), 

gestation length is 7.9 months, the weaning period lasts about 4 years and the inter-birth 

interval after successful weaning is around 5-6 years (Boesch and Boesch-Achermann, 2000; 

Rowe, 1996). The female ovarian cycle is accompanied by appearance of a conspicuous 
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anogenital swelling, which covers about 50% of the cycle length and includes the relatively 

short (about 3 time shorter than swelling period) fertile phase when conception is most likely 

to occur (Deschner et al., 2003; Emery and Whitten, 2003).  

 

Mating and reproductive success of male chimpanzees: state of investigation   

 Male and female sexual behaviors are closely related to the period of female 

anogenital swelling (Wallis, 1982; Goodall, 1986; Matsumoto-Oda 1999). Females generally 

mate with several males during the period of female swelling (Tutin, 1979; Hasegawa and 

Hiragawa-Hasegawa, 1983; Boesch and Boesch-Achermann, 2000). Males exhibit several 

mating patterns (Tutin, 1979): a) opportunistic, non-competitive mating, when a female may 

be mated by all males of the community; b) mate guarding, or possessiveness, when a male 

forms a special short-term relationship with a female and tries to prevent low-ranking males 

from copulating with her; and c) consortships, when a male and a female leave the group and 

remain alone, actively avoiding other chimpanzees. The existence of these different mating 

patterns suggests that both contest and non-contest forms of inter-male competition for 

reproductive success are probably operating in chimpanzees.  

Although many males might mate with a female during her swelling period, several 

studies have shown that mating success is overall higher in dominant compared to subordinate 

males (e.g. Takasaki, 1985; Nishida, 1983). It is, however, not clear, if the same bias is also 

apparent when only reproductively relevant mating during the female fertile phase are 

considered, since information on rank-related mating success in relation to the time of 

ovulation is not available. In a recent study on wild chimpanzees, it was found that the timing 

of the fertile phase within the anogenital swelling period is rather variable (Deschner et al., 

2003), but it is not known to date, whether female and male chimpanzees are able to detect the 

female fertile phase and whether females are able to manipulate male mating and hence 

reproductive success. The effect of dominance rank on reproductive success in male 

chimpanzees is less clear compared to that on  mating success, and the data that do exist are 

equivocal. Two studies in captive chimpanzees have demonstrated a positive relationship 

between male rank and paternity outcome (Ely et al., 1991; Takenaka et al., 1993), whereas a 

third study concluded that no association exists (Meier et al., 2000). In the only published 
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study on wild chimpanzees, the authors inferred a positive relationship, although the data 

presented are not compelling (Constable et al., 2001).  

 Thus, the relative importance of male dominance rank and female mate choice on 

actual male reproductive success still needs to be clarified for chimpanzees as for many other 

species. Furthermore, it is not clear, to what extent endocrine parameters are related to 

reproductive success in male chimpanzees and how they interrelate with social factors which 

are also important for reproduction (i.e. dominance rank, agonisitc and sexual behaviors). In 

this respect, there are only two studies that have investigated the relationship between 

androgen level and dominance rank in chimpanzees. In both studies a tendency for dominant 

males to have elevated androgen levels have been reported, but the data are inconclusive. One 

of the studies was restricted to only two individuals (Clark and Birch, 1945), and in the other, 

despite a generally positive relationship between dominance rank and urinary testosterone 

output, there was a large overlap in testosterone levels between males of different ranks and 

quite a high number of reversals (Muller and Wrangham, 2004). Furthermore, despite the 

finding that individual rates of aggression are not closely related to urinary testosterone 

excretion (Muller and Wrangham, 2004), neither study addressed the link between androgen 

concentrations and rates of other specific behaviors (such as agonistic and sexual) associated 

with dominance in any detail. The topic concerning glucocorticoid levels and social 

parameters has been addressed in only one recent study in wild chimpanzees (Muller and 

Wrangham, 2004), where it has been reported that dominant males have higher glucocorticoid 

levels than subordinate males, probably as a result of increased energy expenditure due to 

higher rates of aggression. Apart from energetic expenditure, however, it remained unclear, 

whether behaviors such as received aggression induced a stress reaction reflected in a 

glucocorticoid increase or whether some animals used  specific coping mechanisms in order 

to reduce or avoid an increase in glucocorticoid production. To what extent glucocorticoid 

level is related to testicular function in individual chimpanzee males was also not examined. 

 

Aims of the study 

 Against the background described above, the overall aim of the present thesis was to 

provide more detailed data about social and endocrine parameters of inter-male competition 

and the impact of female choice upon mating and reproductive success in male chimpanzees. 
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In order to achieve this aim, a combined approach was applied, which included detailed 

behavioral observations, non-invasive endocrine monitoring and genetic paternity analyses of 

subjects from two captive multimale-multifemale chimpanzee populations.  

The specific objectives of this thesis were to study the following aspects:  

 

1. Relative importance of male dominance rank and female choice upon male mating and 

reproductive success:   

- to investigate patterns of male and female socio-sexual activities in relation to female 

swelling and reproductive stages;  

- to investigate female proceptive behavior, inter-male aggression and male socio-sexual 

activities during the female fertile phase in relation to male rank; 

- to examine the relationship between male dominance rank and the number of offspring 

sired;  

 

2. Endocrine correlates of male dominance rank and socio-behavioral parameters: 

- to investigate the relationship between urinary androgen levels and dominance rank and 

specific rank-associated (agonistic and sexual) behaviors; 

- to investigate the relationship between urinary glucocorticoid output and dominance rank 

and social behaviors (received aggression and affiliation); 

- to examine possible causal directions of hormone-behavior relationships; 

 

3. Relationship between testicular endocrine function (as assessed by urinary testosterone 

output) and adrenal endocrine function (as determined by urinary glucocorticoid output) in 

individual chimpanzee males. 

 

Towards this end, I initially examined the relationship between male dominance rank, 

female mate choice and male mating and reproductive success in chimpanzees under captive 

housed conditions (chapter 2). Thereafter, I investigated endocrine correlates of socio-

behavioral parameters which may be related to inter-male competition over reproduction in 

chimpanzees. In this respect, in chapter 3 data on urinary testosterone levels and in chapter 4 

data on urinary glucocorticoid levels both in relation to socio-behavioral parameters in male 
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subjects are reported. The latter chapter also provides data on the relationship between 

testicular and adrenal endocrine output in individual males.   
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ABSTRACT 

Mating and consequently reproductive success in male vertebrates are predominantly 

determined by inter-male competition and female mate choice. The relative importance of 

these two factors, however, is still poorly understood. In the present study, we investigated the 

interrelationship between male dominance rank (a formal indicator of male competitive 

ability), female mate choice and male mating success in a multi-male-multi-female group of 

captive chimpanzees. In addition, we examined the relationship between male dominance 

rank and reproductive success determined by genetic paternity analysis over a 13 year period 

in the same captive population. We related the frequencies of socio-sexual behaviors to the 

female anogenital swelling stage and female fertile phase as determined by urinary and fecal 
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progestogen analysis. We found that rates of behaviors of both sexes increased with 

increasing intensity of female swelling, but were not influenced by the timing of the fertile 

phase. Male mating success was clearly related to male dominance rank, with high-ranking 

males performing the overwhelming majority of copulations. This was mainly due to both 

rank-related rates of male soliciting behavior and inter-male aggressiveness during the period 

of well-developed female anogenital swelling. Although females solicited copulations mainly 

from the high-ranking males and thus expressed a matechoice based on rank, their overall 

contribution in initiating copulations and thus influencing male mating success was low. The 

data on paternity from the population which always contained 4 adult males revealed that α-

males sired the majority (65%) of offspring. We conclude, therefore, that male dominance 

rank is an important determinant of male mating and reproductive success in captive (and 

presumably wild) chimpanzees and that female mate choice is of minor importance in 

modulating male reproductive outcome. 

 

Key Words: Pan troglodytes, dominance rank, reproductive success, female choice, fertile 

phase 

 

INTRODUCTION 

Inter-male competition has been the primary focus of studies investigating the factors 

influencing mating and reproductive success in male vertebrates (Fedigan, 1983; Ellis, 1995). 

In general, these studies have shown that dominant males have a higher mating success than 

subordinate males, although this relationship is not exclusive (Dewsbury, 1982; Ellis, 1995; 

Cowlishaw and Dunbar, 1991). This also applies to primates, in which a positive correlation 

between rank and mating success has been found in a number of studies, while some others 

have failed to confirm that dominant males experience a mating advantage (Dixson, 1998; 

Cowlishaw and Dunbar, 1991; Berard, 1999; Bercovitch, 1986). Furthermore, the data 

indicating how mating success translates into reproductive success in terms of number of 

offspring sired are far from being consistent; in some species high male rank leads to a higher 

reproductive outcome, whereas in others this is not the case (Dixson, 1998, for review). The 

reasons for these inconsistent findings are probably numerous and may not be surprising in 

view of the diversity of primate social and mating systems as well as the variety of factors 
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acting on male monopolization abilities (see Berard et al., 1994; Bercovitch, 1986; Dunbar, 

1988; Paul, 1997). However, given ample evidence for the influence of female choice in 

animal species (Anderson, 1994), female mate choice has been considered as the second 

major factor interacting with male-male competition to generate mating outcomes in primates 

(Small, 1989). Indeed, evidence has now accumulated that female primates living in multi-

male groups exhibit mate choices resulting in mating bias amongst males (e.g. Janson, 1984; 

Small, 1989; Manson, 1995; Soltis et al., 1997a,b; Keddy, 1986). However, given the limited 

data available in this area of research, the relative importance of female mate choice and male 

dominance rank upon male mating success and particularly paternity outcome in primates is 

still poorly understood (Dixson, 1998; Soltis et al., 1997a,b). More data on this topic are 

required and it is particularly important to investigate mating patterns as a function of the 

female reproductive state (i.e. in relation to the precise time of ovulation) since effects of 

dominance rank and female mate choice should have the highest impact on a male´s mating 

success and reproductive outcome during times when conception is most likely.  

Towards this end, we have investigated the impact of inter-male competition and 

female mate choice on male mating and reproductive success in captive chimpanzees (Pan 

troglodytes). The species lives in multi-male-multi-female groups with a dominance hierarchy 

among males  (Takahata, 1990)). Females have a mean cycle length of about 36 days (Tutin 

1979; Dahl et al., 1991), which is accompanied by a cyclic appearance of a conspicuous 

anogenital swelling (Tutin, 1979; Deschner et al., 2003). Female receptivity and male sexual 

behavior are closely related to the period of well-developed swelling (Goodall, 1986; Wallis, 

1982; Matsumoto-Oda, 1999), which covers about 50% of the menstrual cycle, and includes 

the relatively short fertile phase when conceptions are most likely to occur (Emory and 

Whitten, 2003). To date, there are, however, no data for chimpanzees, showing whether the 

rates of female and male sexual activities are influenced by the degree of anogenital swelling 

alone or by the actual female reproductive state (i.e. the fertile phase). Although females 

generally mate with several males during a swelling period (Tutin, 1979; Hasegawa and 

Hiraiwa-Hasegawa, 1983; Matsumoto-Oda 1999; Boesch and Boesch-Achermann, 2000), 

several studies have shown that dominant males have an overall higher mating success than 

subordinate males during the female´s well-developed swelling phase (e.g. Takasaki, 1985; 

Nishida, 1983). However, due to alternative mating strategies [i.e. opportunistic mating and 



 

 

16 

consortships (Tutin, 1979)]) subordinate males do also have a real chance to copulate with a 

receptive female, reducing the effect of dominance rank on mating success (Hasegawa and 

Hiraiwa-Hasegawa, 1990; Tutin and McGinnis, 1981). Nothing is known whether females 

conceal the fertile phase during the anogenital swelling period and manipulate male mating 

and hence reproductive success. 

The effect of male dominance rank on actual reproductive success is less known and 

the data that do exist are equivocal. Two studies in captive chimpanzees have demonstrated a 

positive relationship between male rank and paternity outcome (Ely et al., 1991; Takenaka et 

al., 1993), whereas a third study concluded that no association exists (Meier et al., 2000). In 

the only published study on wild chimpanzees, the authors inferred a positive relationship, 

although the data presented are not compelling (Constable et al., 2001). Thus, to what extent 

dominance rank influences male reproductive success in chimpanzees remains to be clarified. 

Furthermore, the relative importance of inter-male competition and female mate choice 

(Matsumoto-Oda, 1999) in modulating male reproductive success requires further 

investigation. In the present study we therefore aimed to investigate the relationship between 

dominance rank and reproductive success in male chimpanzees and the behavioral 

mechanisms underlying it. Using the chimpanzee group of Arnhem Zoo, the Netherlands 

specifically, our aims were: i) to investigate patterns of male and female socio-sexual 

behaviors in relation to female swelling and reproductive stages, ii) to investigate female 

proceptive behavior, inter-male competition and male socio-sexual activities during both well-

developed swelling and fertile phase in relation to male rank,  and iii) to provide longitudinal 

information on the relationship between male rank and reproductive success as determined by 

genetic paternity analysis. 

In order to achieve our aims we adopted two approaches. To examine behavioral 

mechanisms underlying male mating success, we carried out a 3-month study on patterns of 

male and female socio-sexual behavior in relation to male dominance rank and combined 

these with data on female anogenital swelling changes and reproductive status as determined 

by fecal and urinary progestogen analysis. For investigating the relationship between 

dominance rank and male reproductive success, we determined paternity outcome in relation 

to male rank over a 13 year period in the same population. 
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METHODS 

Study 1. Sexual activity, male dominance rank and female mate choice 

 

Animals and housing conditions 

We conducted behavioral observations in the Arnhem zoo between December 27, 

2001 and April 9, 2002. The study group consisted of 4 adult males (12-26 years), 2 

adolescent males (7-8 years), 17 adult females (9-45 years), 4 adolescent females (7-8 years) 

and 7 infants/juveniles of both sexes (< 6 years) and thus had a composition comparable to 

that reported for naturally reproducing chimpanzee groups in the wild (Boesch and Boesch-

Achermann, 2000), although the latter usually contain a higher number of adult males (see 

also Wrangham, 2000). Of the 17 adult females, 5 displayed a cyclic pattern of anogential 

swelling indicating cyclic ovarian activity, while the remaining adult females in the group did 

not cycle due to either lactation (n=4) or contraception (n=8). Since it is known that adult 

male  chimpanzees  typically  focus  their  sexual  and  reproductive  interest   to  adult  parous  

 

Table 1. Demographic data on subjects of study 1  
 

Name  Date of birth 

Male rank
* 

during study 1/ 

female parity 

 

Rearing 
Number of 

cycles studied 

Jelle 6.11.1986 1 parent - 

Jing 22.03.1981 2 parent - 

Fons 18.08.1975 3-4F parent - 

Giambo 25.01.1989 3-4G parent - 

Dandy
**

 ~ 1965  unknown - 

Tarzan
**

 20.06.1976  parent - 

Mama 5.01.1957 parous unknown 2 

Moniek 7.06.1977 parous parent 2 

Gaby 28.01.1984 parous unknown 1 

Tesua 14.04.1986 parous unknown      2
***

 

Morami 7.02.1987 parous parent 2 

 
*
    males with identical  numerical indices were similar in ranks 

**    
both males were subjects only in study 2 

***
 reproductive stages could only be determined in one of the two cycles due    to infrequent samples in the 

second cycle  
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females (Hasegawa and Hiraiwa-Hasegawa, 1990; Wrangham, 2002), we focussed our 

behavioral analysis to this group of animals. Specifically, the 4 adult males and the 5 parous 

females exhibiting a swelling cycle during the study period served as subjects (Table 1).  

During the behavioral observations, animals were maintained together in one 

enclosure either indoor (250 m
2
) or outdoor (700 m

2
), depending on the weather conditions. 

Adult males were separated alone at night, whereas the rest of  the animals either stayed 

together or were separated in smaller matrilineal groups. Animals were fed three times per 

day with fruits and vegetables and received milk and supplemented mineral pellets once a 

day, while water was available ad libitum. 

 

Scoring of female anogenital swelling 

For scoring of female anogenital swelling stage, we applied the classification of Dahl 

et al. (1991), with the exception that we omitted Dahl´s category 1/2 (labial occlusion) 

because this was difficult to observe and could thus not be reliably assessed. The categories 

sensu Dahl et al. (1991) were thus as follows: 0 – complete detumescence (minimum mass of 

swelling), 1/4 - partial tumescence (some increase in labia minora, but no change in perianal 

tissues), 3/4 - pronounced tumescence (increase/decrease in perianal tissues and labia minora), 

4/4 – maximum tumescence (maximum size of labia minora and perianal tissues, all tissues 

are taut and exhibit a well developed -luster). Anogenital swelling of categories 3/4 and 4/4 

we term “the well-developed swelling period” for some parts of the later analysis“. 

 

Hormonal sampling and analysis 

In order to assess female reproductive state and determine the presumed day of 

ovulation, we collected almost daily fecal and, in some cases, urine samples from the 5 

females during a total of 9 ovarian cycles (Table 1). Sample collection occurred in the early 

morning from the night cages of the animals, before they were released into either the indoor 

or outdoor enclosure. All samples were frozen at –20°C within an hour after collection and 

stored at this temperature until hormone analysis.  

Prior to hormone analysis, we lyophilised and pulverized the fecal samples and 

removed undigested material before we extracted an aliquots (approx. 0.05g) of the fecal 

powder with 3 ml 80% methanol in water according to Heistermann et al. (1995). We 
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measured urine samples directly, without hydrolysis and extraction (Deschner et al., 2003). 

We analyzed fecal extracts and urine samples for concentrations of immunoreactive 

pregnanediol glucuronide (PdG) using a validated microtitreplate enzyme immunoassay 

procedure described in detail by Deschner et al. (2003). Assay sensitivity at 90% binding was 

6.25 pg/well. Inter-assay coefficients of variation were 7.2 % (n=13) for high and 12.7 % 

(n=13) for low concentrated quality controls. Intra-assay coefficient of variation were 4.8 % 

(n=17) and 10.2 % (n=17) for high and low concentrated quality controls, respectively.  

 

Timing of ovulation, probability of conception and definition of female reproductive 

stages 

We used the pattern of fecal or urinary PdG excretion to assess the time of ovulation in 

each individual ovarian cycle. In one of the 9 cycles, however, timing of ovulation was not 

possible due to infrequent sampling during the peri-ovulatory period. We took the sustained 

rise in excreted PdG levels above a defined threshold value (two standard deviations (SD) 

above the mean of the preceding five baseline values) to indicate the onset of the post-

ovulatory phase of each ovarian cycle, a procedure widely used to reliably assess female 

reproductive status and timing of ovulation in primates (e.g. Strier and Ziegler, 1997; Carosi 

et al., 1999; Reichert et al., 2002; Engelhardt et al., 2004), including the chimpanzee 

(Deschner et al., 2003). Based on the finding that i) in humans a urinary PdG increase of 2 SD 

above the mean of the follicular phase levels usually occurs on the second or third day after 

the serum luteinizing hormone (LH) peak (Goebelsmann et al., 1969; Murno et al., 1991), and 

ii) the interval between the LH peak and ovulation is usually 12-18 h (e.g. Collings, 1983; 

Pausterstein C.J. et al, 1978), we defined the most likely day of ovulation as the second day 

before urinary PdG increased at least 2 SD´s above the mean of the preceding five daily 

follicular phase values. Given a time lag of about one day between urinary and fecal 

progestogen excretion in primates (e.g. Heistermann et al., 1996), in terms of fecal 

measurements we defined the presumed day of ovulation as the third day prior to the 2SD 

increase in fecal PdG levels. Because of the possible variability in the temporal relationship 

between ovulation and the post-ovulatory progestogen increase, our data on timing of 

ovulation may include an error of ± 1 day.  
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Data from humans (Wilcox et al., 1995) revealed that the period of an ovarian cycle in 

which copulation can lead to conception (fertile period) comprises the day of ovulation and 

the 5 preceding days. However, within this 6 day period, the probability of conception clearly 

differs, with the period covering the day of ovulation and the two preceding days having an 

almost 2-4 times higher probability than the first 3 days of the fertile phase (Wilcox et al., 

1995). Based on this finding, we defined for each cycle 3 “reproductive stages” differing by 

their probabilities of conception as follows: Stage 1: comprises the defined day of ovulation 

and the 2 preceding days (high probability of conception), stage 2: corresponds to days 3-6 

before the day of ovulation and 1 day thereafter (low, but non-zero probability of conception) 

and stage 3: corresponds to the swelling days scored with 4/4 and 3/4, which were not 

included into stage 1 and 2 (zero probability of conception). In the following, we define the 

combined stages 1 and 2 as the “fertile phase”. 

 

Behavioral observations 

Behavior observations were performed by E.K. during a total of 432 hours. All adult 

males were observed simultaneously as focal subjects for usually 4-7 hours per day. 

Behavioral observations (all occurrences sampling; Altmann, 1974) were focused on 

registering agonistic (aggressive and submissive), socio-sexual behaviors performed by or 

directed to the focal subjects. Socio-sexual behaviors recorded included copulation with 

intromission, mounting without intromission, ejaculation, sexual following (a male 

successively moves within a distance of one arm length with a receptive female and shows 

persistent attention to her), male inspections of the female´s genitalia and elements of female 

soliciting behavior (dorsal presentation, pressing genitals to male genital area, manual 

manipulation of male genitalia) and male soliciting behavior (gain attention, glaring, 

beckoning, male presentation). For a detailed definition of the behavioral elements see van 

Lawick-Goodall (1968) and van Hooff (1973). 

We noted the identity of the performer and receiver for each interaction. We recorded 

the behavioral data using “The Observer” programme of Noldus Information Technology 

(Base Package for Windows and Support Package for the Psion Workabout - Version 3.0).  
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Categorisation of behavioral data 

A series of repetitive occurences of a certain behavior directed by one individual to 

another performed within a given time interval was considered belonging to the same 

behavioral event. This time interval was determined by analyzing the frequency distribution 

function for the certain behaviors, with behavioral events considered to be independent when 

they were evenly distributed in time. Thus, for sexual following the interval was 900 sec., for 

genital inspection - 60 sec., for combinations which may include different proceptive 

behaviors, mountings and copulations - 150 sec. 

 

Female sexual activity: initiation of sexual interactions and acceptance of male sexual 

solicitations 

We calculated sexual interactions between the sexes initiated by any element of female 

soliciting behavior in rates per hour. We considered male soliciting behavior to be accepted 

by a female if a sexual interaction was initiated by any element of male soliciting behavior 

and ended by any element of female soliciting behavior or copulation. We calculated accepted 

male solicitations as a percentage of the total number (at least 4) of solicitations of a particular 

male.    

 

Male sexual activity: solicitations, sexual following and genital inspection 

For each of these behaviors, we calculated hourly rates by dividing the number of 

corresponding events observed by the number of observation hours. For rare behavior events 

(in particular female solicitation) the cases in which observation time was insufficient to 

detect an average behavior rate were excluded from analysis.   

 

Copulation rates 

We analyzed only full copulations (i.e. including at least one intromission, Tutin, 

1979). The occurring of ejaculation could not be always reliably determined. Since in our 

study the minimal interval between two ejaculatory copulations of the same male was 260 sec 

which compares well with the finding reported by Allen (1981), we considered successive 

intromissions occurring within this time interval to belong to the same copulation. We 



 

 

22 

obtained copulation rates by dividing the number of copulation events by the number of 

observation hours. 

 

Comparison between female and male solicitation rates 

 In order to compare solicitations rates between males and females in well-developed 

swelling period, for each female we counted the number of solicitation she performed towards 

all males and for each male the number of solicitations he performed towards any female and 

expressed these in rates per hour. 

 

Determination of male dominance rank 

We assessed dominance ranks among males by the direction of “rapid oh-oh” 

vocalisations (Noe et al., 1980), a submissive behavior that is uni-directionally displayed by 

subordinate individuals towards more dominant ones. For more details see Klinkova et al. 

(2004). 

 

Statistical analysis of behavioral data 

We applied non-parametric statistical tests (Friedman ANOVA, Wilcoxon matched pair test, 

Spearman rank correlation test, Chi-square test) by using the program Statistica 5.1 (StatSoft 

Inc., Tulsa, USA, 1998). The overall α-level of significance was set at 0.05. In case of 

multiple comparisons, we adjusted the α-level according to the procedure described by Holm 

(1979), i.e. α-levels of successive comparisons were {α/n, α/(n-1), …, α/1}, where n is the 

overall number of comparisons. 

 

Socio-sexual activities of females and males in relation to female swelling and reproductive 

stages  

In order to examine whether females and males increase their socio-sexual activities 

with a) increasing swelling intensity and b) increasing probability of conception, we 

compared the rates of female solicitations to all males, the percentages of accepted initiation 

from all males; the rates of male solicitations, male followings of the female and genital 

inspections as well as copulation rates directed to a receptive female between the different a) 
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swelling and b) reproductive stages within the same female cycle. Friedman ANOVA and 

post hoc one-tailed Wilxocon matched pair test were applied for these comparisons. 

 

Influence of female sexual initiations on copulation rates 

In order to test, if copulation rates are influenced by the rates of female sexual 

initiations, for each female we carried out a Spearman rank correlation test between daily 

rates of female sexual initiations and daily rates of copulations performed with all males 

during the well-developed swelling period.  

 

Female sexual behavior in relation to male dominance rank 

For testing if females solicit more often the higher ranking males, we compared males 

of different ranks by the rates of female solicitations they received during both well-

developed swelling period and fertile phase within the same ovarian cycle. For this 

comparison we used Friedman ANOVA and post hoc one-tailed Wilxocon matched pair test.  

 

Male behaviors in relation to male rank 

In order to examine the influence of rank on frequency of male following behavior, male 

solicitations and genital inspections, within each ovarian cycle we compared between the 

males the rates of a given behavior performed separately for well-developed swelling period  

and female fertile phase. Friedman ANOVA and post hoc one-tailed Wilcoxon matched pair 

test were used for this purpose. We also compared, if  the amounts of initiated aggression 

towards other males were equally distributed among the males using the Chi-square test 

(observation time was similar for all males).  

 

Male mating success in relation to male dominance rank 

In order to test, if high-ranking males have a higher mating success than low-ranking 

males, we compared rates of copulation they performed during both well-developed swelling 

period and fertile phase within each ovarian cycle using Friedman ANOVA and subsequent  

post hoc one-tailed Wilcoxon matched pair test.  
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Study 2. Male dominance rank and male reproductive success 

 

Animals and housing conditions 

We investigated the relationship between dominance rank and reproductive success in 

males of the Arnhem chimpanzee group for the 13 year period between 1988 and 2003 (due to 

the lack of data on male dominance rank in the years 2000 and 2001 no data were available 

for these two years). During the study period the group always contained 4 potentially 

reproductive males (ages 7-28 years, Table 1) and a various number of females. Housing 

conditions of the animals were similar to those described for Study 1 (see above).  

 

Genetic sampling and paternity analysis 

We assessed male reproductive success by determining the number of offspring sired. 

In total, we investigated the paternities of 21 offspring. We performed the genetic analyses 

predominantly on blood and tissue samples and, in some cases, hair samples collected from 

the offspring, its mother and all potential father candidates.  

For extraction of nuclear DNA from blood and tissue samples, we used a standard 

method described by Sambrook et al. (1989) and from hair samples followed a protocol of the 

QIAamp DNA Stool Mini Kit (Quiagen, Hilden, Germany). We carried out PCR 

amplifications in a total volume of 50 µl consisting of 3-8 µl of DNA template, 1xTaq buffer 

(20 mM Tris-HCl pH 8.0, 100 mM KCl, 1.5 mM Mg
2+

), 0.2 mM dNTPs, 50 pmol each primer 

(forward primers were fluorescently labelled) and 2.5 U Taq polimerase (Eppendorf). We 

used primers of nine microsatellite loci originally described for humans and successfully 

applied on chimpanzees (Reinartz et al., 2000; Vigilant et al., 2001). Six loci consisted of 

tetranucleotide repeats (D2S1329, D11S2002, D12S66, D2S1326, D5S1470, D7S817) and 

three loci (FABP, Pla2a1, D9S910) consisted of trinucleotide repeats. Amplification 

conditions on “Mastercycler gradient” (Eppendorf) were: denaturing at 94°C for 3 minutes; 

30-35 cycles for blood and tissue extracts and 50 cycles for hair extracts which included 30 s 

of denaturing at 94°C, 30 s of primer annealing at 52-60°C and 30 s of elongation at 72°C; 

final elongation at 72°C for 10 minutes. DNA extracts were stored at 4°C. PCR products were 

separated and sized relative to a fluorescent labelled standard (LI-COR STR marker 800) in 

10% acrylamide gel using LI-COR 4000 DNA laser sequencer (MWG-Biotech). We scored 
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genotypes using the Microsoft Photoshop software. Depending on the amount of DNA 

available, in case of homozygous alleles and any parent-offspring allele mismatch, we 

performed up to 4 independent PCRs to confirm the findings.  

We based determination of paternity on exclusion, i.e. all except of one male had to be 

excluded as putative fathers because of allele mismatches with an offspring in at least one 

locus tested. Thus, offspring were required to share one allele at each locus with the mother 

and the second allele with the putative father.   

 

Determination of male dominance ranks 

Male dominance ranks were determined in the same way as in Study 1 (see above). 

We obtained the data on male dominance ranks during the period when conceptions occurred 

in spring 2002 by our own behavioral observations (see Study 1) and for the period between 

1988 and 1999 took the data recorded in several diploma theses of students from Utrecht 

University. 

 

Relationship between male dominance rank and reproductive success 

To assess the number and identity of males as potential fathers, we estimated the 

conception dates by subtracting 232 days (average gestation length) from the date of birth. We 

considered all adult males present in the group one month before to one month after this date 

as potential fathers (Meier et al., 2000). We performed analysis of rank-related reproductive 

success only when during the period of presumed conception none of the males was separated 

from the group for scientific experiments, medical treatment or any other reason. We 

complemented our own paternity data with those on 6 additional offspring born in the 

Arnhem chimpanzee group and analyzed by Meier et al. (2000). Four of these six offspring 

were born in 1989, immediately preceding our own study period while the remaining two 

were born in 1994/1995 (Table 4). In these six additional cases of paternity analysis, the 

conditions described above were fulfilled, i.e. all adult males that lived in the group were all 

time present during the period when conceptions occurred (see above).  

We used the Chi-square test to compare the observed distribution of reproductive 

success between males of different ranks vs. an equal distribution (expected if no influence of 
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rank would exist). In the case, when two males were similar in ranks, we assigned 50% of the 

paternity to each rank. This was applied to one of the 24 offspring analyzed (see below).  

 

RESULTS 

Study 1. Sexual activity: impact of male dominance rank and female mate choice 

 

Timing of ovulation in relation to swelling stage 

According to the pattern of PdG excretion, ovulation occurred in each of the 9 cycles 

studied either during swelling stages 3/4 (n=4, 44%) or 4/4 (n=5, 56%), i.e. within the well-

developed swelling period. The timing of ovulation in relation to the day of detumescence 

was variable, with ovulations occurring from 5 days before to one day after detumescence. 

 

Female and male behavior in relation to female anogenital swelling and reproductive 

state 

In both females and males, the frequency of all socio-sexual behaviors analyzed 

increased significantly with the degree of female anogenital swelling (Fig. 1a). Specifically, 

females solicited males significantly more often during the well-developed swelling period 

than during the period when swelling was minimal (stage 1/4) or absent (stage 0; Table 2).  

In addition, females accepted a higher proportion of male solicitations during the well-

developed swelling period compared to the combined stages 1/4 and 0 (median values: 4/4: 

58%; 3/4: 46%; 1/4 and 0: 26%), although the difference did not reach statistical significance 

(χ3
2
=4.80, NS). Changes in male behavior rates were similar to those of females, with sexual 

solicitations, following a female and inspecting female genitalia all being performed 

significantly more often according to increase in anogenital swelling (Table 2). In addition, 

the rates of copulation differed significantly between all swelling stages, with highest rates 

being recorded for the maximum swelling stage (Fig.1a, Table 2).  

During the well-developed swelling period, high-ranking males (rank 1 and 2) 

solicited females on average 4 times more often than vice versa, while solicitation rates of the 

low-ranking males were in the same range as those performed by the females (Table 3).  

In contrast to the significant changes in behavior rates seen in males and females when 

related to female anogenital swelling stages, neither males nor females showed a significant 
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change in any of the behaviors tested in relation to female reproductive stage (Fig. 1b). 

Specifically, ANOVA revealed the following results: female solicitations (χ6
2
=0.96, NS), 

male solicitations  (χ6
2
=4.75, NS),   sexual following (χ6

2
=5.56,   NS), genital inspections 

(χ6
2
=0.42, NS) and copulations (χ6

2
=1.61, NS). In addition, there were no significant 

differences in the proportion of accepted male solicitations during the three reproductive 

stages (median values: stage 1: 61%, stage 2: 58%, stage 3: 45%, χ5
2
=0.86, NS). 
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Figure 1. Median values of female and male sexual and socio-sexual behaviors in relation to female a) 

swelling and b) reproductive stages (see Methods for definitions). 

 

 

   



 

 

 

 

Table 2. Female and male behaviors in relation to female swelling stage: results of Friedman ANOVA and Wilcoxon matched pair test (P-values of significant 

differences are marked in bold) 

 

ANOVA Wilcoxon test 
Performer Sexual Behavior 

Overall 4/4 > 3/4 4/4 > 1/4 4/4 > 0 3/4 > 1/4 3/4 > 0 1/4 > 0 

Female Female solicitations 
χ6

2
=19.68 

P<0.001 

T6=5 

NS 

T6=0 

P=0.009 

T6=3 

P=0.009 

T7=2 

P=0.013 

T8=1 

P=0.005 

T7=6 

NS 

Male solicitations 
χ6

2
=23.09 

P<0.001 

T8=4 

P=0.014 

T8=0 

P=0.006 

T8=0 

P=0.004 

T8=0 

P=0.004 

T8=0 

P=0.004 

T8=4.5 

P=0.016 

Following 
χ6

2
=16.59 

P<0.001 

T8=3 

P=0.018 

T8=0 

P=0.006 

T8=0 

P=0.008 

T8=2 

P=0.021 

T8=1 

P=0.009 

T8=10 

NS 
Male 

Genital inspections 
χ6

2
=16.55 

P<0.001 

T8=18 

NS 

T8=0 

P=0.004 

T8=0 

P=0.004 

T8=2 

P=0.008 

T8=3 

P=0.010 

T8=3 

P=0.018 

Both sexes Copulations 
χ6

2
=19.68 

P<0.001 

T8=3 

P=0.011 

T8=0 

P=0.004 

T8=0 

P=0.004 

T8=3 

P=0.018 

T8=0 

P=0.009 

T8=3 

P=0.032 
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Influence of female sexual initiations on copulation rates 

Within the well-developed anogenital swelling period, daily rates of sexual 

interactions initiated by a female were not related to daily copulation rates (Spearman rank 

correlation test: R12-23=-0.28 − 0.25, NS) except for one female (Mama: R15=0.68, p=0.004).  

 

Table 3. Rates of solicitations in females and males during the well-developed swelling period 

 

Sex Animal 
Solicitation rate 

(N/hour) 

Tesua 0.11 

Moneak 0.69 

Morami 0.14 

Mama 0.24 

Female 

Gaby 0.17 

Jelle 0.81 

Jing 0.71 

Fons 0.16 
Male 

Giambo 0.06 

 

 

 

Male behavior in relation to male dominance rank 

During the period of well-developed female swelling male solicitation rates differed 

significantly between individuals (χ6
2
=14.62, P=0.002). Particularly, the two high-ranking 

males solicited females at a significantly higher rate compared to the two low-ranking males 

(Fig. 2a).  

The results of the Wilcoxon matched pair test are as follows: rank 1 vs. rank 2 (T8=22, 

NS); rank 1 vs. rank 3-4F (T8=3, P=0.018); rank 1 vs. rank 3-4G (T8=0, P=0.006); rank 2 vs. 

rank 3-4F (T8=4, P=0.014); rank 2 vs. rank 3-4G (T8=0, P=0.004).  

A similar pattern was found for solicitations during the female fertile phase (; Fig. 2b), 

although statistically, the rank-effect was less significant (χ5
2
=9.41, P<0.024). Wilcoxon 

matched pair test: rank 1 vs. rank 2 (T7=17, NS); rank 1 vs. rank 3-4F (T7=8, NS); rank 1 vs. 

rank 3-4G (T7=5, NS); rank 2 vs. rank 3-4F (T7=0, P=0.009); rank 2 vs. rank 3-4G (T7=0, 

P=0.009).   
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Figure 2. Male solicitations in relation to dominance rank during a) well-developed swelling period and b) 

fertile phase. Solicitation rates of different males to a certain female were expressed as percentages of the total 

number of solicitations of all males to this female. 

 

Rates of male following a receptive female were independent of rank, with no 

statistical difference being found either during the period of well-developed swelling (median 

rates per hour: rank 1: 0.21, rank 2: 0.07, rank 3-4F :0.19, rank 3-4G :0.06; χ6
2
=6.74, NS.), or 

the fertile phase (median rates per hour: rank 1: 0.05, rank 2: 0.04, rank 3-4F: 0.09, rank 3-4G: 

0.02; χ5
2
=2.66, NS). 

The amount of aggression initiated towards other males was rank-dependent, with the 

two high-ranking males initiating the majority of aggressive interactions during both the well-

developed swelling period (rank 1: n=44, rank 2: n=50, rank 3-4F: n=20, rank 3-4G: n=3; 

χ2
2
=48.64, p<0.000001) and the fertile phase (rank 1: n=29, rank 2: n=29, rank 3-4F: n=15, 

rank 3-4G: n=3; χ2
2
=24.84, p<0.0001).  

The amount of aggressive behavior against the female shown by males during 

initiation of sexual interactions was equally small for all males. The proportions of male 
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initiated sexual interactions in which males performed aggressive behavior were: 2.7% (from 

totally 365 interactions) for rank 1; 1.7% (from 295 interactions) for rank 2; 4.1% (from 246 

interactions) for rank 3-4F and 1.2% (from 248 interactions) for rank 3-4G. 

 

Female sexual behavior in relation to male dominance rank 

Females performed solicitations significantly more often to the two high-ranking 

males during both the period of well-developed swelling (χ5
2
=13.39, P=0.004; Fig. 3a) as well 

as during the fertile phase (χ5
2
=14.77, P=0.002; Fig. 3b). The results of the Wilcoxon matched 

pair test are as follows: during well-developed swelling period: rank 1 vs. rank 2 (T8=16, NS); 

rank 1 vs. rank 3-4F (T8=3, P=0.018); rank 1 vs. rank 3-4G (T8=1, P=0.018); rank 2 vs. rank 3-

4F (T8=0, P=0.006); rank 2 vs. rank 3-4G (T8=0, P=0.006); during fertile phase: rank 1 vs. rank 

2 (T7=6, NS); rank 1 vs. rank 3-4F (T7=1, P=0.014); rank 1 vs. rank 3-4G (T7=0, P=0.014); 

rank 2 vs. rank 3-4F (T7=0, P=0.009); rank 2 vs. rank 3-4G (T7=0, P=0.009). 
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Figure 3. Female solicitations to males of different dominance ranks during a) well-developed swelling period 

and b) fertile phase. Solicitation rates of a certain female to different males were expressed in percentages of the 

total number of solicitations performed by this female. 
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Male mating success in relation to male dominance rank 

In general, females copulated with more than one male during the period of well-

developed swelling and the fertile phase, however, copulation rates differed between males 

(well-developed swelling period χ6
2
=18.74, P<0.001; fertile phase χ5

2
=14.66, P=0.002).. 

Copulation frequencies were significantly higher for both high-ranking males compared to 

those of lower rank when the period of well-developed swelling was considered, whereas 

during the fertile phase only the second ranking male displayed significantly elevated 

copulation frequencies (Fig. 4a,b). The statistical results of Wilcoxon matched pair test are as 

follows: swelling stage: rank 1 vs. rank 2 (T8=20, NS); rank 1 vs. rank 3-4F (T8=0, P=0.006); 

rank 1 vs. rank 3-4G (T8=0, P=0.009); rank 2 vs. rank 3-4F (T8=0, P=0.006); rank 2 vs. rank 3-

4G (T8=0, P=0.006); fertile phase: rank 1 vs. rank 2 (T7=8, NS); rank 1 vs. rank 3-4F (T7=0, 

NS); rank 1 vs. rank 3-4G (T7=0, NS); rank 2 vs. rank 3-4F (T7=0, P=0.009); rank 2 vs. rank 3-

4G (T7=0, P=0.009).  

 

Study 2. Male reproductive success in relation to male dominance rank 

 Of the 21 offspring for which paternity analysis was attempted in this study, we could 

made an assignment of paternity for 18. All assigned fathers had no mismatch and for none of 

the 18 offspring were multiple unexcluded males found. The other potential fathers tested 

were excluded by mismatches at an average of 3 of the 9 loci compared. There was only one 

case in which an excluded male mismatched at only one locus. In two of the three cases in 

which paternity could not be assessed, this was due to several mismatches between the 

offspring and the mother (suggesting that genetic samples were confused), while in the third 

case one mismatch of the most likely father (all other males had at least 6 mismatches) could 

not be resolved.  

The results of the 13 year paternity analysis in relation to male dominance rank are 

shown in Table 4, including the 6 cases taken from the study of Meier et al. (2000, see 

Methods). 

Paternity was distributed among 6 males. Of the 24 offspring analyzed, 65% were 

sired by the respective α-male (4 different males), 6% by males of rank 2, 17% by males of 

rank 3 and 12% by males of rank 4. Thus, reproductive success was highly biased towards the 

most dominant male (Chi-square test: χ2
2
= 20.6, P<0.0001), which, on average, sired about 4 
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times more offspring than a male of  any  other  rank.  Among  the  α-males, however, there 

were clear differences in the success rates between individuals, with rates ranging from 44.4% 

(Jing, 4/9 offspring sired during α-position) to 100% (Jelle, 3/3 offspring sired during α-

position until end of the study).  
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Figure 4. Male mating success in relation to male dominance rank during a) well-developed swelling period 

and b) fertile phase. For each female copulation rates with different males were expressed in percentages of the 

total number of copulations performed by this female. 

 

 



Table 4. Paternities in relation to male dominance rank in the Arnhem chimpanzee population during a 13 year period.  The  assigned  father  of  each  offspring  is  

marked  in  bold 

Date of birth Offspring (ARKS-Nr.) Mother Father candidates (dominance rank*) Source 

25.01.1989 Giambo (4056) Gorilla Dany (1) Tarzan (2) Fons (3) Jing (4) Meier et al., 2000 

28.06.1989 Tutu (4132) Tepel Dany (1) Tarzan (2) Fons (3) Jing (4) Meier et al., 2000 

27.11.1989 Roani (4182) Roos Dany (1) Tarzan (2) Fons (3) Jing (4) Meier et al., 2000 

16.12.1989 Zombie I (4188) Zola Dandy (1-2) Tarzan (1-2) Fons (3) Jing (4) Meier et al., 2000 

05.10.1991 Avanti (4405) Amber Fons (1) Dandy (2) Jing (3) Ajo (4) Present study 

21.02.1992 Tushi (4439) Tepel Fons (1) Dandy (2) Jing (3) Ajo (4) Present study 

10.04.1992 Mercury (4470) Moniek Fons (1) Dandy (2) Jing (3) Ajo (4) Present study 

25.06.1993 Zouly (4713) Zaira Fons (1) Dandy (2) Jing (3-4) Ajo (3-4) Present study 

15.10.1993 Goya (4774) Gabi Fons (1) Dandy (2) Jing (3-4) Ajo (3-4) Present study 

24.02.1994 Zedonja (4868) Zwart Fons (1) Dandy (2) Jing (3) Ajo (4) Present study 

10.05.1994 Raviola (4927) Roos Fons (1) Dandy (2) Jing (3) Ajo (4) Meier et al., 2000 

01.03.1995 Mirante (5082) Moniek Fons (1) Jing (2) Ajo (3) Jelle (4) Meier et al., 2000 

01.08.1996 no name (5383) Marka Jing (1) Fons (2) Ajo (3) Jelle (4) Present study 

29.11.1996 Rafiki (5430) Roos Jing (1) Fons (2) Ajo (3) Jelle (4) Present study 

21.01.1997 no name (5449) Zizwa Jing (1) Fons (2) Ajo (3) Jelle (4) Present study 

14.04.1997 Mowgli I (5510) Morami Jing (1) Ajo (2) Fons (3) Jelle (4) Present study 

02.11.1997 Gantzi (5663) Gaby Jing (1) Ajo (2) Fons (3) Jelle (4) Present study 

20.12.1997 Zarno (5694) Zola Jing (1) Ajo (2) Fons (3) Jelle (4) Present study 

14.04.1998 Hermientje (5764) Zaira Jing (1) Ajo (2) Jelle (3) Fons (4) Present study 

27.12.1998 Allity (5887) Amber Jing (1) Ajo (2) Jelle (3) Fons (4) Present study 

09.02.1999 Thijssa (5904) Tepel Jing ( 1) Ajo (2) Jelle (3) Fons (4) Present study 

23.11.2002 Anthe (61409) Amber Jelle (1) Jing (2) Fons (3-4) Giambo (3-4) Present study 

20.03.2003 Zyann (610649) Zaira Jelle (1) Jing (2) Fons (3-4) Giambo (3-4) Present study 

13.02.2003 Ghizee (610560) Gaby Jelle (1) Jing (2) Fons (3-4) Giambo (3-4) Present study 

*
 males with identical  numerical indices were similar in ranks 
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DISCUSSION 

Combining a 3 month behavioral study on male and female socio-sexual activities 

with a longitudinal 13 year study on male reproductive success, we show that in a population 

of captive chimpanzees, male mating and reproductive success are clearly rank-related, with 

high-ranking (particularly α-) males being most successful. Our behavioral data indicate that 

this is due mainly to rank-related differences in male solicitations and competitive ability , 

rather than to the influence of female mate choice. Our data also demonstrate that socio-

sexual behaviors are influenced by the degree of female anogenital swelling, but not by the 

timing of the fertile phase. 

 

Female and male behavior in relation to swelling and reproductive state 

In our study females all ovulations occurred within the well-developed anogenital 

swelling period (c.f. Nadler et al., 1985; Emery and Whitten, 2003), although timing of 

ovulation within this period was found to be highly variable, as recently reported for wild 

chimpanzees by Deschner et al. (2003). The variability in timing of ovulation within the 

anogenital swelling phase provided us with the opportunity to test the effects of swelling stage 

and timing of the fertile phase upon male and female behaviors separately from each other. 

We found that for both males and females the rates of all behaviors tested increased 

significantly with the degree of swelling intensity. Thus, our data are consistent with those 

reported previously for other chimpanzee groups, both in captivity (e.g. Wallis, 1992, 

Shefferly and Fritz, 1992) and in the wild ; (e.g. Tutin and McGinnis, 1981, Goodal, 1986) 

and are also in line with data from other primate species, in which female attractivity, 

proceptivity and receptivity have been shown to be related to the degree of swelling of female 

anogenitalia (e.g. in tonkean macaques, Aujard et al., 1998; bonobos, Reichert et al., 2002). 

Using hormonal information on the timing of ovulation to provide a measure of the 

probability of conception in our study females, we could provide the first direct evidence that 

socio-sexual behaviors of both sexes are not further influenced by female reproductive status 

(i.e. likelihood of conception). With respect to females, our results are similar to those in the 

related bonobo (Reichert et al., 2002), but differ to those reported for long-tailed macaques, 

where females increase the rates of proceptive behaviors during their fertile phase (Engelhardt 

et al., submitted.). Concerning males, our data compare well with recent findings in a group of 
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wild chimpanzees, in which the α-male appeared also not able to detect the female fertile 

phase (Deschner et al., 2004). 

Under such circumstances, a graded increase in male chimpanzee following behavior, 

performance of genital inspections, sexual solicitations and copulations in response to the 

gradual increase in female anogenital swelling (as shown by the males of our study group) 

appears therefore be the best strategy on which a male should base his mating decisions. This 

would make perfect sense, given that in chimpanzees female swelling patterns appear to carry 

reliable but not precise information on how close the female is to ovulation (Deschner et al., 

2004; Emery and Whitten, 2003; this study). Since the frequency of copulatory behavior was 

unrelated to the rate of female solicitations, the influence of female (proceptive) behavior on 

male mating efforts seem to be of relatively minor importance in our study group. Whether 

this does also apply to wild groups of chimpanzees or is mainly a result of constraints of 

captivity that may limit female choice is not clear (see also below). 

 

Male mating success, female choice and inter-male competition in relation to male 

dominance rank  

Mating success of the males in our study was rank-related in that the performance of 

copulations was clearly biased in favor of the two high-ranking males. The findings are in 

accordance with most other studies on chimpanzees, both in captivity (de Waal, 1998) and in 

the wild (Watts, 1998; Takasaki, 1985; Nishida, 1983), thus confirming that dominance rank 

is an important determinant of . male mating success in the chimpanzee. The relative 

importance of the two sexes (female mate choice and inter-male competition) in contributing 

to this rank-related mating success,  however, is not clear. In our study, females solicited 

high-ranking males at significantly higher rates and therefore showed a matechoice based on 

male rank as also reported for other primate species (Janson, 1984; Keddy, 1986). Whether 

this reflects true female preferences is difficult to say since females may not be completely 

free in their decisions, given the potential for physical punishment from dominant males if a 

female solicits (and copulates with) a low-ranking male (Manson, 1994). Since, however, the 

rates of female solicitations were low in comparison to those of the high-ranking males the 

significance of female choice in influencing male mating success in our study group appears 

to have been of only minor importance. Whether this also applies to the situation in the wild, 
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where due to the more dispersed ranging patterns, females might have more freedom to select 

a mating partner, is not clear. For example, an element of female choice in the establishment 

of consortships (Tutin, 1979) in the wild has been reported in that females seem to prefer 

males who direct high levels of affiliative behavior towards them (Hasegawa and Hiraiwa-

Hasegawa, 1983). More recently, it has also been reported that under conditions of high levels 

of opportunistic matings females tend to choose high-ranking adult males as mating partners 

(Matsumoto-Oda, 1999).  

According to our data, it appears that the higher mating success of the dominant males 

was mainly the result of rank-related differences in male solicitation rates since high-ranking 

males solicited females at least 5 times more often than their subordinate counterparts. Given 

that i) females were equally attractive to subordinate males as to high-ranking males as 

indicated by rank-unrelated rates in male following behavior, and ii) dominant males initiated 

inter-male aggression at least twice as often as subordinate males during times when ovulation 

occurred, it appears that high-ranking males were able to prevent low-ranking males from 

soliciting and copulating. Our data would thus clearly suggest that in our study group of 

captive chimpanzees, rank-related differences in male mating success are predominantly 

based on the male contribution rather than on a female´s influence. Whether this is also the 

case in wild chimpanzee groups, in which, as mentioned above, females have presumably 

more options to exert mate choice is unclear. It has been reported, however, that also in the 

wild male chimpanzees solicit females at a much higher rate than vice versa (Matsumoto-Oda, 

1999) and do compete over parous females during times when ovulation is likely (Watts, 

1998; Muller and Wrangham, 2004). 

 

Male reproductive success in relation to male dominance rank 

The present study also clearly suggests that the mating advantage of high-ranking 

males translates into a higher reproductive success. Since, generally, the α-male was not the 

eldest male in the group, it is unlikely that age is the predominant factor determining 

chimpanzee male reproductive success, although it is known to have an influence on male 

copulatory patterns, particularly with estrous females (Hasegawa and Hiraiwa-Hasegawa, 

1990). Whether and to what extent there are differences in reproductive success among lower 

(non-α-) ranking males is not clear due to the relatively small number of offspring sired by 
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these males in our study. Nevertheless the results do indicate that low ranking individuals are 

not completely excluded from paternity.  

Our finding that in captive chimpanzees high ranking males have a reproductive 

advantage is consistent with data reported by Ely et al. (1991) and Takenaka et al. (1993) and 

is also in line with findings from a number of other primate species, both in captivity (e.g. 

Bauers and Hearn, 1994; Wickings et al., 1993) and in the wild (de Ruiter et al., 1994; 

Altmann et al., 1996; Launhardt et al., 2001). The contention of Meier et al. (2000) that no 

direct association between male rank and reproductive success exists (in the same group) does 

not necessarily contradict our data, since such a relationship would not to be expected 

(statistically) in a case where paternity is highly biased towards only one (the most dominant) 

male [as found in our study and the study of Takenaka et al. (1993)]. Furthermore, our finding 

of a roughly similar proportion of offspring sired by males of rank 2-4 would suggest that a 

direct (linear) relationship between rank and reproductive success in chimpanzees might not 

exist. Although limited, data from wild populations are in line with the present findings in 

captivity in showing that high-ranking (particularly α-) males also appeared to have a higher 

reproductive success than lower-ranking individuals (Constable et al. (2001; Boesch, pers. 

comm.). The relationship between male rank and reproductive success in wild populations 

could, however, be weakened compared to the captive situation since animals in the wild are 

more dispersed, making monopolization efforts of high-ranking males more difficult, 

especially when the number of males and simultaneously receptive females is high. Under 

such conditions, female mate choice and differing male reproductive tactics (Tutin, 1979; 

Morin, 1993) might be more pronounced and might have a greater influence than in captivity 

in modulating male reproductive success. More data are, however, needed to clarify the 

significance of the different factors potentially influencing reproductive success in wild male 

chimpanzees.  

In conclusion, our study provides evidence that male reproductive success in captive 

chimpanzees is clearly biased towards the α-male and suggests that this is mainly a 

consequence of a higher competitive ability of high-ranking males in terms of soliciting 

oestrous females. Although there was also evidence for female mate choice in favor for high-

ranking males, it did not have a major influence in determining male mating success and 

influencing paternity outcome. Whether similar behavioral mechanisms are also operating to 
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determine differential male reproductive success in wild chimpanzee groups, in which the 

operational sex ratio is usually higher than that of our study group and animals are more 

dispersed, await further investigation. 
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ABSTRACT 

Studies investigating relationships between social parameters (such as dominance rank, 

rates of aggressive and sexual behaviors)  and androgen (in particular testosterone) levels in 

male primates have yielded inconsistent results. In the present study we address the 

relationship between androgens, male dominance rank and rank-associated behaviors in two 

groups of captive chimpanzees, a species characterized by a pronounced dominance hierarchy 

between adult males. By combining behavioral observations with urinary testosterone (T) 

measurements, we found that the differences in T concentrations between males were small 

and not obviously related to their dominance rank. T levels were not related to the rates of 

initiated aggression and copulatory behavior, but a significant negative relationship between 

male T level and the rates of strong aggression received was apparent. Our findings, 
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combined with those of others, suggest that any relationship between dominance rank and T 

depends upon the extentd to which individual rank-associated behaviors (e.g. 

aggressive/sexual) are themselves related to T. Overall, our data contribute to the growing 

evidence for flexibility in the relationship between social parameters and T in primate species. 

 

Key words: urinary testosterone, dominance rank, aggressive behavior, copulatory behavior, 

males, chimpanzee, Pan  troglodytes 

 

INTRODUCTION 

The possible relationship between endocrine state and male dominance rank has been 

of particular interest in studies investigating endocrine correlates of social parameters in 

group-living primate species. In general the findings have been inconsistent, some studies 

reporting a relationship between androgens (usually testosterone) and male dominance rank, 

others not (reviewed by Bouissou, 1983; Whitten, 1998). For example, dominant males have 

been shown to have higher androgen levels in mouse lemurs (Perret, 1992), Verreaux’s 

sifakas (Brockman et al., 2001; Kraus et al., 1999) and talapoin monkeys (Eberhardt et al., 

1980), whereas no rank-related differences in androgen levels were reported for red-fronted 

lemur (Ostner et al., 2002), and stumptail (Nieuwenhuijsen et al., 1987) and Japanese 

macaques (Barrett et al., 2002). 

 Although the reasons for such variation are not fully clear, a number of factors may 

contribute towards an explanation. Dominance is a complex social phenomenon, involving a 

range of specific behaviors performed and received. Thus, any relationship between hormones 

and dominance rank should be determined by relationships between hormones and rank-

associated specific behaviors. Since such behaviors are known to vary in both a species- and 

context-specific manner (Virgin Jr. and Sapolsky, 1997; Sapolsky, 1993), the relationship 

between rank and androgen level may also vary accordingly. Moreover, the definition of 

dominance itself is inconsistent within the literature (Bernstein, 1981; McKenna, 1982, Drews 

1993) and hierarchies based on various assessments of dominance ranks (e.g. direction of 

grooming, displacement, aggression, submission, access to resources etc.) often do not 

correlate with each other (Dixson, 1980; Vervaecke et al., 2000; Green et al., 1972).  
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Another possible reason for the inconsistent relationship between androgens and 

dominance rank might be that hormone – behavior relationships are more flexible (Crews, 

1984) than is commonly assumed, based on early rodent data clearly showing androgens to 

exert a direct stimulatory effect upon both sexual and aggressive behaviors (e.g. Beach, 1970; 

Malmnäs, 1973; Leshner and Moyer, 1975; Brain, 1979). More recent evidence, however, 

does not support the idea of conservatism in hormone-behavior interactions and studies in 

several species, including primates, have now shown that androgens and rates of both sexual 

(e.g. Barrett et al., 2002; Crews, 1984) and aggressive (e.g. Ostner et al., 2002; Pinxten et al., 

2003) behaviors are not necessarily related. In fact, flexibility in hormone-behavior 

relationships may not be surprising, given the range of factors that are known to affect 

hormone-target tissue interactions (such as binding protein/receptor concentration, target 

cell/tissue type, age, external environment), many of which are themselves subject to species–

specific variation.  

Finally, endocrine methodology may also have contributed to the variability in results 

obtained. Historically, most of the data derive from measurement of hormones in blood. 

Procedures of handling, restraint and venipuncture, however, can exert (in some cases rank-

dependently) effects on adrenal and testicular hormone output which are difficult to both 

recognize and control for. Consequently, any natural differences in endocrine status between 

dominant and subordinate animals may either be exaggerated or obscured (Sapolsky, 1985).  

In the present study we address the relationship between androgens, male dominance 

rank and rank-associated behaviors in the chimpanzee (Pan troglodytes). Chimpanzees live in 

multi-male-multi-female social groups, where males exhibit obvious dominance over females 

(Takahata, 1990a) and a dominance hierarchy among themselves (Takahata, 1990b). This 

species belongs to the non-seasonal breeders (Martin et al., 1977), in which males restrict 

sexual behavior to the period when the female has a monthly anogenital swelling (during 

which ovulation usually occurs), with high ranking individuals usually having mating 

advantages over low ranking males (de Waal, 1998; Morin, 1993; Klinkova et al., 2004). 

Although chimpanzees have been studied extensively in terms of social organization and 

behavior, very little is known about if and how endocrine states are related to dominance rank 

and social behaviors. The only two previous studies indicated a tendency for dominant males 

to have elevated androgen levels, but the data are inconclusive. One of the studies was 
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restricted to two individuals (Clark and Birch, 1945), and in the other, despite a generally 

positive relationship between dominance rank and T, there was a large overlap in T levels 

between males of different ranks and a quite high number of reversals (Muller and 

Wrangham, 2004). Furthermore, despite the finding that individual rates of aggression are not 

closely related to urinary T excretion (Muller and Wrangham, 2004), neither study addressed 

in more detail the link between androgen concentrations and rates of specific behaviors, (such 

as agonistic and sexual) associated with dominance. 

The aims of our study therefore were to examine: i) the relationship between androgens 

and both dominance rank as well as rank-associated (agonistic and sexual) behaviors and ii) 

the causal directions of these hormone-behavior relationships. Androgen levels were 

determined by a newly validated non-invasive methodology based on specific testosterone 

measurements in urine. Animals from two different groups were studied under captive (zoo 

maintained) conditions, their group compositions being similar to that reported for the wild. 

 

METHODS 

Animals and housing conditions 

The study was performed on males of two groups of chimpanzees, housed in the zoos of 

Amersfoort and Arnhem, the Netherlands. The Amersfoort group consisted of 4 adult males 

(ages: 10-36 years), 11 adult females (9-37 years), 3 of which displayed a cyclic pattern of 

ovarian activity, and 7 infants/juveniles (< 6 years). The Arnhem group consisted of 4 adult 

males (ages: 12-26 years), 2 adolescent males (7 and 8 years), 17 adult females (9-44 years), 5 

of which displayed a cyclic pattern of ovarian activity, 4 adolescent females (7 and 8 years) 

and 7 infants/juveniles (< 6 years). During behavior observations, animals were maintained 

together in one enclosure (Amersfoort: outdoor, Arnhem: indoor/outdoor, depending on the 

weather conditions). At night, Amersfoort animals also stayed together, whereas in Arnhem 

adult males were separated from the rest of the group. In both zoos, animals were fed three 

times daily with fruit and vegetables (in Amersfoort also with gruel), supplemented with 

mineral pellets and water was available ad libitum. 
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Behavioral observations 

Behavioral observations were conducted from 26.06.01 to 10.09.01 (total 295 hours) at 

Amersfoort  and from 27.12.01 to 09.04.02 (total 432 hours) at Arnhem. In each group, all 

adult males were observed simultaneously as focal subjects (Table 1) for usually 4-7 hours 

per day.  

 

Table 1. Focal subjects of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 
*
at the onset of the study 

 

In the Arnhem group one of the males (Jelle) was treated 3 times (i.e. once per month) 

with trilafone, an antipsychotic drug, to prevent him from being overaggressive. As a result, 

Jelle’s level of aggressiveness was “normalized” (i.e. was comparable to that of the α-male(s) 

in Amersfoort), and rates of received aggression in Arnhem males were in the same range as 

those recorded for Amersfoort males (see Fig. 1). However, since the treatment caused some 

side effects, such as trembling and impaired locomotion during 2-6 days post-treatment, as a 

rule all males were separated from the group and no observations were conducted during this 

time. 

Behavioral observations (all occurrences sampling, Altmann, 1974) focussed on 

registering agonistic (aggressive and submissive) and copulatory behaviors performed by or 

directed to the focal subjects. Specific behaviors recorded were based on the ethogram 

described by van Lawick-Goodall (1968) and van Hooff (1973). Aggressive elements were 

categorized into two groups of weak (mainly distant or weak contact aggressive acts: threat, 

charging display, chase, grasp, push, throw an object) and strong aggression (contact 

aggressive acts which potentially hurt or injure the recipient: kick, hit, jump, stamp, drag, lift, 

Zoo Name 
Age (years, 

months)
*
  

Rearing 

Mike ~ 36Y unknown 

Drum 21Y, 3M parent 

Cees 22Y, 4M parent 
Amersfoort 

Utta 10Y, 4M parent 

Jelle 15Y, 2M parent 

Jing 20Y, 9M parent 

Fons 26Y, 4M parent 
Arnhem 

Giambo 12Y, 11M parent 

 



 

 

45 

tug hair, bite). The elements of submissive behavior included scream, grin, crouch, rapid oh-

oh vocalizations and fleeing. 

The identity of the performer and receiver was noted for each interaction. Behavioral 

data were recorded using “The Observer” program of Noldus Information Technology (Base 

Package for Windows and Support Pakage for the Psion Workabout - Version 3.0).  

 

Behavioral analyses 

Agonistic interactions 

We defined the onset of an agonistic interaction as the first occurrence of agonistic 

behavior (aggressive or submissive) directed to a particular animal. Agonistic interactions 

were considered to be independent if they were evenly distributed in time. According to this, 

elements of agonistic behaviors performed within a time interval of 240 sec. were considered 

belonging to the same agonistic interaction.  

 

Assessment of dominance ranks 

Dominance ranks were assessed by direction of rapid “oh-oh” vocalizations, a 

submissive behavior that is uni-directionally performed by subordinate individuals to the 

more dominant ones and is usually accompanied by submissive crouching (Noe et al., 1980). 

At least 10 “oh-oh” performances within a particular dyad had to be registered in order to 

assign dominance rank. In 3 out of 12 dyads, in which fewer than 10 “oh-oh” performances 

were observed, an assessment of dominance rank was complemented with the data on the 

outcome of dyadic agonistic interactions (performance of any kind of submissive displays 

after receiving displays of aggression).   

 

Aggressiveness  

Aggressiveness was defined as initiation of an aggressive interaction and the animal 

which first performed an aggressive behavior during a social context (aggression for food was 

not taken into account) was considered to be the initiator of aggression. If more than two 

animals were involved in an agonistic interaction, it was split into dyadic ones.  
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Copulatory behavior 

For each male all copulations with intromission were analyzed. Successive copulations 

were considered to belong to the same copulatory event when occurring within a post-

ejaculatory interval of 260 sec, which was in our study the minimal interval between two 

ejaculatory copulations (detected by semen on male or female genitalia), a finding in line with 

that reported by Allen (1981). 

 

Urine collection 

During the study period morning urine samples were collected from the focal males, 

except Jelle, whose T level might have been affected by the trilafone treatment (see above). In 

general, three samples per week were collected from the males in Amersfoort, while daily 

samples were usually obtained from each focal male in the Arnhem group. Early morning 

urine samples were collected from the night cages of the animals (Arnhem) or following 

short-term separation of the males in a previously cleaned part of their indoor cage 

(Amersfoort). All samples were frozen at –20°C within an hour after collection and stored at 

this temperature until hormone analysis. 

 

Hormone analysis 

Prior to hormone measurements, urine samples were hydrolyzed and extracted with 

diethylether according to the method described by Heistermann et al. (1997). Following 

ether/water separation and evaporation of the ether phase, the extract was reconstituted in 

70% ethanol. Combined efficiency of the hydrolysis and extraction step, determined by the 

recovery of ³H-pregnanediol-glucuronide (5000 cpm) added to each individual sample prior to 

hydrolysis, was 82.3±7.2 % (mean±SD, n=379).  

Urinary extracts were measured for concentrations of immunoreactive testosterone (iT) 

by a microtitreplate enzymeimmunoassay (EIA), previously validated for assessing testicular 

endocrine function in male chimpanzees by Möhle et al. (2002). The EIA uses an antibody 

raised in a rabbit against testosterone-3-CMO-BSA and biotinylated testosterone as a label.  

Duplicate 50µl aliquots of diluted extract were taken to assay along with 50µl aliquots 

of T reference standard in doubling dilutions over the range of 0.15-40 pg/well. Sensitivity of 

the assay at 90% binding was 0.2 pg. Inter-assay coefficient of variation was 11.2% (n=21) 
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for high and 10.6% (n=21) for low concentrated quality controls. Respective figures for intra-

assay coefficients of variation were 6.0% (n=16, high) and 7.9% (n=16, low).  

In order to compensate for variations in the volume and concentration of the voided 

urine, creatinine (Cr) concentrations were measured in each urine sample as described by 

Bahr et al. (2000) and all hormone values are expressed as mass/mg Cr. In a few cases, when 

two or more morning urine samples were collected on the same day from a particular male, 

the median T concentration was used in statistical analysis.  

 

Statistical analysis 

Inter-group differences in male T levels were tested using the SAS program (1999-

2001, SAS Institute Inc., Cary, NC, USA), all other statistical analyses were carried out using 

the software package Statistica 5.1 (1984-1998, StatSoft Inc., Tulsa, OK, USA). Since part of 

the data were not normally distributed, nonparametric tests were used for all analyses. All 

tests were two-tailed, with the α-level of significance set at 0.05.  

 

Inter-group and inter-individual differences in T levels in relation to male dominance rank  

The presence of a possible inter-group difference in male urinary T levels was tested by 

2-way nonparametric ANOVA, where factor individual (random) was nested under factor 

group (fixed). The Kruskal-Wallis test was used to test for inter-individual differences in male 

urinary T concentrations within each group.  

 

Relationship between male T levels and individual behavior rates 

For examining the overall relationship between urinary T concentrations and certain 

behavior rates, we initially tested for correlations between the individual median hormone 

values (calculated over the entire study period) and the overall rates of individual behaviors 

(calculated as the total number of certain behavior events divided by the total hours of 

observation). Secondly, we examined a possible cause-effect relationship between T levels 

and certain behaviors on a daily basis (done for those days in which the total observation time 

of a particular male exceeded 4 hours). In order to test whether hormone concentrations 

affected the rate of a certain behavior, we examined for correlations within each male the T 

concentration and the rates of the various behaviors of that day. For testing whether changes 
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in certain behavior rates influenced male T levels, we tested for correlations between the 

difference in behavior rates on days 1 and 2 of any consecutive 3-day window and the change 

in T (expressed as ratio) on days 2 and 3 of the same window. Since such a procedure 

required daily samples, it was performed only for males from the Arnhem group. All 

correlations were carried out using the Spearman rank correlation test.  

 

Male copulatory activity and T level in relation to the female reproductive state 

In order to examine the relationship between female reproductive state and copulatory 

activity, we compared copulatory rates between periods in which no female showed any signs 

of anogenital swelling (non-swelling period, i.e. complete detumescent, 17 days for 

Amersfoort group, 10 days for Arnhem group) and those in which at least one female showed 

signs of swelling, irrespective of its degree (swelling period, 54 days for Amersfoort, 74 days 

for Arnhem). Copulatory rates were calculated by dividing the number of copulatory events 

by the total hours of observation within each of the two swelling periods. In order to assess 

the relationship between female reproductive state and male T level, we compared median T 

values of individual males between the swelling and non-swelling periods. All comparisons 

were carried out using the Wilcoxon matched pairs signed ranks test.  

 

RESULTS 

Inter-group and inter-individual differences in T levels in relation to male dominance 

rank 

Male dominance ranks are shown in Table 2. In each group, two males shared the same 

rank, since no clear dominance/subordinate relationships were found between them (Table 2). 

Urinary T concentrations did not differ significantly between groups, (nested ANOVA: 

F1=1.26, n=293, p=0.26), but differed significantly between males within groups (Kruskal-

Wallis test: Amersfoort: H3=26.26, n=107, p<0.0001, Arnhem: H2=11.38, n=186, p=0.003), 

although these differences were  small and not obviously rank related (Table 2). 
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Table 2. Urinary T levels in relation to dominance rank for Amersfoort and Arnhem group males  

Zoo 
Male dominance 

rank 

Median  

T-level
*
  

T-range 

(5-95%)
* 

1-2D 158 (n=22) 106-307 

1-2M 103 (n=28) 68-182 

3 140 (n=35) 66-199 
Amersfoort 

4 98 (n=22) 71-139 

2 113 (n=69) 75-200 

3-4F 89 (n=61) 60-162 Arnhem 

3-4G 105 (n=56) 58-205 

 
*
values are given in ng/mg Cr 

 

Relationship between aggressiveness, aggression received and T level 

We did not find any significant relationship between male median T level and overall 

level of aggressiveness (R=-0.21, n=7, p=0.64). Moreover, in individual males, daily levels of 

T did not significantly affect daily levels of aggressiveness nor did daily changes in 

aggressiveness influence daily changes in T levels (data not shown). 

 

All types of aggression received (N/hour)

iT
 (

n
g
/m

g
 C

r)

80

100

120

140

160

0,0 0,1 0,2 0,3 0,4

a)
1-2D

3

2

1-2M
3-4G

3-4F

4

Strong aggression received (N/hour)

iT
 (

n
g

/m
g

 C
r)

80

100

120

140

160

0,00 0,01 0,02 0,03 0,04 0,05

1-2D

3-4F

1-2M

2

3

3-4G

4

b)

 

 

Figure 1. Relationship between median T level and overall rate of a) all types of aggression received (R=-

0.43, p=0.34) and b) strong aggression received (R=-0.82, p=0.02) in the Amersfoort (   ) and Arnhem (   ) 

males. The numbers indicate dominance ranks. 

 

The relationship between male median T level and overall rate of aggression received 

was not significant when all types of aggression were taken into account for analysis (R=-
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0.43, n=7, p=0.34; (Fig. 1a). However, when only the rate of strong aggression received was 

considered, a significant negative relationship was found (R=-0.82, n=7, p=0.02, Fig. 1b).  

On a daily basis, there were no significant relationships between changes in the rate of 

overall aggression received and subsequent changes in T levels (data not shown). The 

relationship between changes in the rate of strong aggression received and subsequent 

changes in T concentrations was also found to be non-significant for two of the three males 

tested. For the third male (Jing), a statistically significant, but weak correlation was obtained 

(R=0.32, n=56, p=0.02).  

 

Interrelationship between copulatory activity, female reproductive stage and T level 

Since copulations were usually performed by the males only with females showing 

anogenital swelling (see below), we tested the relationship between male copulatory rate and 

median T level only for this period. Results revealed no significant relationship between the 

two variables (R=0.14, n=7, p=0.76; Fig. 2a). Also, despite the fact that males copulated on 

average 5 times more frequently during the swelling period compared to the non-swelling 

period (T=0, n=7, p=0.02; Fig. 2b), male median T level did not differ significantly between 

the two periods (T=6, n=7, p=0.18; Fig. 2c).  

We also investigated a possible cause-effect relationship between T levels and 

copulatory rates in individual males on a daily basis. We did not found a significant 

correlation between the two variables, neither for the impact of T concentrations on 

copulation frequency, nor vice versa (data not shown).  

 

DISCUSSION 

Here we use a non-invasive methodology for assessing male testicular function based 

on the measurement of T in urine, an approach which has previously been applied to 

monitoring male gonadal function in a number of primate species (Whitten et al., 1998), 

including the chimpanzee (Muller and Wrangham, 2004). The particular assay used in our 

study has previously been shown to be specific for T and to provide reliable information on 

testicular endocrine function in the chimpanzee (Möhle et al., 2002). The results indicate that 

inter-male differences in immunoreactive T levels are small, with no obvious relationship to 

dominance rank. On the other hand, Muller and Wrangham (2004) reported an overall 
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positive correlation between dominance rank and urinary T concentrations in free-ranging 

chimpanzees, but this was a much larger group (11 vs. 4 adult males) living in a completely 

different environment from that provided by a zoo. In both studies, however, the relationship 

between dominance rank and urinary T levels was inconsistent in so far as low-ranking males 

often displayed similar or even higher T levels than their higher-ranking conspecifics. Given 

that other factors (e.g. prenatal and pre-pubertal androgen levels, age, sensitivity to 

environmental changes etc.) can also influence T level and behavior in adult male vertebrates 

(Breedlove and Hampton, 2002; von Holst, 1989)), inter-individual variation in the 

dominance rank – T relationship is to be expected.  
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Figure 2. Relationships between female reproductive state, copulatory activity and T level of individual males 

of the Amersfoort (   ) and Arnhem    (   ) groups: a) overall copulatory rates in relation to median T level during 

the swelling period, b) copulatory rates in the swelling vs. the non-swelling period, c) median T levels in the 

swelling vs. the non-swelling period. 

 

Since dominance is not a trait per se but refers to a complex of specific behaviors 

performed and received, any relationship between dominance rank and T should be based on 

the relationship between T and individual rank associated behaviors. Although the nature of 
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these behaviors varies between species, in many of them, males of different ranks differ in 

terms of the rates of aggressive and sexual behaviors they perform and receive; and there is 

also evidence that these behaviors can be related to the level of T in primate (Michael and 

Zumpe, 1993) and non-primate species (Silver et al., 1979; Borg, 1994). In our study on male 

chimpanzees, we did not find any evidence that T was related to the rates of sexual behavior 

performed. Furthermore, despite the fact that in the presence of anogenitally swollen females,  

males increased their copulation rates about 5-fold, this was not accompanied by an increase 

in T levels. Thus, it appears that T concentration in male chimpanzees does not change in 

response to the performance of sexual behavior and/or presence of female cues as was shown 

for rodent species (e.g. Wood and Swann, 2000). Concerning the effect of T on copulatory 

behavior there is evidence from different mammal species (including primates) that 

copulation performance may or may not differ as a function of circulating T concentrations,  

depending on the species (Baum, 2002; Crews, 1984). Our data in the chimpanzee suggest 

that either adult male sexual behavior is not affected by T at all or, intact males exceed a 

threshold T concentration required to activate and maintain copulatory behavior so that 

further T increase is not necessary. The latter suggestion was also made from similar findings 

in stumptail macaques (Nieuwenhuijsen et al., 1987). It is thus likely that the inter-male 

differences in copulation rates reported for chimpanzees (e.g. Nishida, 1983; Klinkova et al., 

2004) reflect a pure behavioral, rather than a T-related phenomenon.  

We found that T was also unrelated to the level of aggressiveness by individual males. 

Similarly, no significant correlation was found between individual aggression rates and 

urinary T concentrations in free-ranging chimpanzee males studied by Muller and Wrangham 

(2004). These data for the chimpanzee are in line with those reported for several other primate 

species (Michael & Zumpe, 1993; Dixson, 1980),  but are in contrast to the positive 

relationship between T and aggressiveness in males which has been demonstrated in the 

majority of non-primate species (Archer, 1991). Generally, it appears that aggressiveness in 

adult males is less related to the level of T and more to the social context and previous 

experience in primates compared to non-primate species (Dixson, 1980). On the other hand, T 

levels were significantly correlated (negatively) with the overall rate of strong aggression 

received,  a finding similar to those reported for other primate species, such as pigtail 

(Bernstein et al., 1979) and long-tailed macaques (Clarke et al. 1986 ) and talapoin monkeys 
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(Eberhart et al., 1980). Since we did not find that changes in rates of received aggression (all 

types and strong) caused changes in T level on a daily basis, we suggest that, rather than 

physical harm per se, fear of being severely attacked based on a previous experience, is 

responsible for reduced T levels in males who are often the target of aggression (Sapolsky, 

1995). Given that subordinate individuals usually receive more aggression than dominant 

ones (such a tendency was also apparent in our study, see Fig. 1) and these rank-related 

differences are usually more pronounced in unstable vs. stable social hierarchies, our findings 

would be in line with the hypothesis of Sapolsky (1993), that rank-related T concentrations in 

primates should be more pronounced during unstable situations. Our data  further suggest  

that suppression of T in subordinates due to elevated rates of received aggression might be the 

key element linking T and dominance rank, rather than increased T leading to higher levels of 

aggression in dominant individuals. In this respect, it appears that in chimpanzees, received 

aggression alters neuroendocrine mechanisms that promote stimulation of the testes and T 

production.  Since it is likely that the social environment (animals living on a small territory 

in captivity vs. dispersed individual distribution in the wild) affects the way in which 

individual males are aggressive to one another, the overall positive relationship between male 

rank and T found in free-ranging chimpanzees by Muller and Wrangham (2004) might be the 

result of a more pronounced unpredictability or severity of strong aggression received by 

subordinate individuals.  

 

In conclusion, our data show that in both chimpanzee groups the differences in levels of 

urinary T among adult males were small and not obviously linked to their dominance rank. 

Among the behaviors usually associated with  rank in primates, the rates of strong aggression 

received were negatively related to T, while aggressiveness and rates of sexual behavior were 

unrelated to T. Our data, combined with findings of others, thus suggest that any relationship 

between dominance rank and T depends upon the extent to which individual rank-associated 

behaviors (e.g. aggressive/sexual) are themselves related to T. It seems also that the 

association between dominance rank, certain behaviors and hence T in primates might differ 

depending on the social environment in which the animals live.  
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ABSTRACT 

Glucocorticoid hormones in vertebrates play an important role for mobilisation of 

energetic resources, maintenance of homeostasis and stress response. The secretion of 

glucocorticoids is known to be influenced by a variety of endogenous and exogenous factors. 

Among great apes, however, little information exists on the effect of social variables on 

glucocorticoid output and thus adrenal function. Here, using a combination of behavioral 

observations with urinary glucocorticoid measurements, we investigated the effect of 

dominance rank, received aggression and affiliative behavior on glucocorticoid excretion in 8 

captive chimpanzee males housed in two multimale-multifemale groups. Furthermore, we 

examined the relationship between glucocorticoid and androgen output in these males. Our 

data show that basal glucocorticoid excretion was unrelated to male dominance rank and 
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frequency of received aggression, but negatively affected by amount of affiliative interactions 

with conspesifics, suggesting that performance of affiliative behavior might be used as a 

potential coping mechanism in stressful situations. In addition, we found in one group a 

marked increase in glucocorticoid excretion over time, presumably as a result of external 

influences. Finally, we show that basal androgen levels were not negatively affected by basal 

levels of glucocorticoids. The data, therefore, clearly show that rank-related reproductive 

success reported in captive chimpanzee males is not a result of rank-related differences in 

adrenal function, but rather of pure behavior differences. Collectively, the information 

generated helps to better understand the factors associated with adrenal function in male 

chimpanzees, and, by doing so, provides also a basis to better assess animal well-being and 

thus help to improve the captive management of the species.  

 

Key words: glucocorticoids, testosterone, urinary sampling, dominance rank, aggressive 

behavior, affiliative behavior, males, chimpanzee, Pan troglodytes 

 

INTRODUCTION 

Glucocorticoid hormones in vertebrates are important for mobilisation of energetic 

resources (activation of carbohydrate, protein and fat metabolism (Sapolsky, 2002; von der 

Ohe and Servheen, 2002)) and maintenance of homeostasis. In primates, as in many other 

mammals, high physical or psychological loads are usually associated with an increase in 

glucocorticoid concentration via activation of the hypothalamo-pituitary-adrenal (HPA) axis. 

While short-term elevations of glucocorticoids are part of a mechanism to maintain 

homeostasis, a long-term and sustained increase in glucocorticoid secretion (as usually caused 

by prolonged exposure to different stressors) can lead to exhaustion of energetic resources 

and, as a result, can impede certain physiological functions (e.g. reproduction) or result in 

pathology (e.g. ulcer, heart diseases, immune dysfunction; Sapolsky, 2002). 

The secretion of glucocorticoids is known to be influenced by a variety of endogenous 

and exogenous factors. For example, glucocorticoid output is higher at the beginning of daily 

activity than before sleep (e.g. Muller and Lipson, 2003; Coe and  Levine; Weitzman et al., 

1971), is elevated during situations of increased body demands, such as starvation or illness 

(von der Ohe and Servheen, 2002) and can also be affected by social parameters. Regarding 
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the latter, received aggression can increase glucocorticoid secretion (Wallner et al., 1999), 

while social positive interactions (such as social support or affiliation) with conspecifics tend 

to normalise elevated secretion of glucocorticoids (DeVries et al., 2003; Abbott et al., 2003). 

The impact of social factors upon glucocorticoid production, however, varies considerably 

between species. For instance, amongst primates the relationship between glucocorticoid 

levels and certain social factors, in particular dominance rank, is inconsistent even between 

closely related species (Abbott et al., 2003), and monogamous and polygynous species can 

show contrasting glucocorticoid response under the same social situations (Mendoza and 

Mason, 1986). Identifying the factors influencing glucocorticoid output is thus important not 

only for better understanding stress physiology in a particular species, but is also of practical 

value in terms of assessing animal well-being, which is particularly relevant for captive 

housed individuals.  

Among the great apes, little information exists about the factors influencing 

glucocoricoid levels. A likely reason for this lack of information is that blood samples for 

endocrine assessment in this group of animals are difficult to obtain. In a few recent studies 

on great apes, however, non-invasive methods have been applied to measure glucocorticoids 

excreted into urine and faeces of males. These studies focused mainly on validation of 

measurement techniques (Bahr et al., 2000), effect of time of day on glucocorticoid excretion 

(Czekala et al, 1994; Robbins and Czekala, 1997; Stoinski et al., 2002; Muller and Lipson, 

2003; Anestis and Bribiescas, 2004) or age-related developmental effects (Stoinski et al., 

2002; Robbins and Czekala, 1997; Maggioncalda et al., 2002). Concerning the relationship 

between social factors and glucocorticoid secretion, data are more limited and since only 

rough social parameters such as dominance rank (Robbins and Czekala, 1997; Muller and 

Wrangham, 2004) or group composition change (Jurke et al., 2000) were investigated, the 

results on the effect of social parameters on adrenal function are inconclusive. Which specific 

behaviors are related to glucocorticoid changes and, thus, responsible for rank or group 

composition effects remain to be clarified. It is also not clear, whether high glucocorticoid 

levels affect reproductive (i.e. testicular) function in male great apes, a finding that has been 

reported for males of other primate taxa, including macaques (e.g. Hayashi and Moberg, 

1987) and baboons (e.g. Sapolsky, 1985). 
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In the present study on captive male chimpanzees, we investigate the relationship 

between glucocorticoid levels and specific social factors on the one hand and between 

glucocorticoid and androgen levels on the other hand. The topic has been addressed in only 

one recent study in wild chimpanzees (Muller and Wrangham, 2004), where it was reported 

that dominant males tended to have higher glucocorticoid levels than subordinate males 

probably as a result of increased energy expenditure due to higher rates of aggression. Apart 

from energetic expenditure, however, it was not clear, whether behaviors such as received 

aggression induce a stress reaction reflected in a glucocorticoid increase or whether some 

animals use specific coping mechanisms in order to reduce or avoid an increase in 

glucocorticoid production. To what extent glucocorticoid level is related to testicular function 

in individual chimpanzee males was also not examined. Furthermore, compared to the wild 

where multimale-multifemale chimpanzee communities live under a fission-fusion system, 

chimpanzee groups in captivity are held on a restricted territory where socio-behavioral 

factors (e.g. received aggression) are differently pronounced and might influence 

glucocorticoid level and affect reproductive physiology differently and/or to a greater extent. 

Acquiring knowledge about factors associated with glucocorticoid secretion in captive 

chimpanzees might therefore not only be of scientific interest, but also help to improve the 

welfare and reproductive management of this species in captivity. The aims of our study 

therefore were to investigate under conditions of captivity: 1) if and how glucocorticoid levels 

are related to socio-behavioral parameters (dominance rank, rates of received aggression and 

affiliation) and 2) whether a relationship between glucocorticoid and androgen levels exists.  

 

METHODS 

Animals and housing conditions 

We studied two groups of chimpanzees, housed in the Amersfoort and the Arnhem 

zoos, the Netherlands. The Amersfoort group consisted of 4 adult males (10-36 years), 11 

adult females (9-37 years) and 7 infants/juveniles of both sexes (< 6 years). The Arnhem 

group consisted of 4 adult males (12-26 years), 2 adolescent males (7-8 years), 17 adult 

females (9-45 years), 4 adolescent females (7-8 years) and 7 infants/juveniles (< 6 years).  

 Chimpanzees in the Amersfoort zoo could use a 150 m
2
 indoor cage and a 500 m

2
 

outdoor enclosure; in the Arnhem zoo the animals were held in either a 250 m
2
 indoor or 700 
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m
2
 outdoor enclosure. During the day and hence behavioral observations, the animals were 

maintained together in one enclosure (Amersfoort: outdoor; Arnhem: indoor (mostly) and 

outdoor (when temperatures exceeded 8 ° C). At night, Amersfoort animals stayed together, 

whilst in Arnhem the subject males were housed alone and remaining animals stayed together 

or were separated in smaller matrilineal groups. In both zoos animals were fed three times per 

day with fruits and vegetables (in the Amersfoort zoo also gruel) and with mineral pellets 

once a day, while water was available ad libitum.      

 During the study on the Arnhem group one of the males (Jelle) was treated 3 times 

(monthly) with trilafone, an antipsychotic drug, to prevent him from being overaggressive. 

Since the treatment caused side effects (trembling and impaired locomotion) during 2-6 post-

treatment days, no data collection was conducted during this time and, as a rule, all males 

were separated from the group.    

 

Behavioral observations 

Behavioral observations were conducted in the Amersfoort zoo from 26.06.01 to 

10.09.01 (totally 295 observation hours) and in the Arnhem zoo from 27.12.01 to 9.04.02 

(totally 432 observation hours). All adult males, and in the Arnhem group also one adolescent 

male, were observed simultaneously as focal subjects (Table 1) for usually 4-7 hours per day.   

Agonistic events (aggressive and submissive behaviors) were registered by all 

occurrences technique and affiliative behavior by scan sampling with 20 min intervals 

(Altmann, 1974). Aggressive elements included threat, charging display, chase, grasp, push, 

throw an object, kick, hit, jump, stamp, drag, lift, tug hair, bite. Registered elements of 

submissive behavior were scream, grin, crouch, rapid oh-oh vocalizations and fleeing. 

Affiliative behavior was defined as involvement in grooming or playing interactions with one 

or more other animals. Detailed definitions of the behavioral elements are described by van 

Lawick-Goodall (1968) and van Hooff (1973). For each social interaction, we noted the 

identity of the performer and the receiver. Behavioral data were recorded using “The 

Observer” program of Noldus Information Technology (Base Package for Windows and 

Support Package for the Psion Workabout – version 3.0). 
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Table 1.  Focal males of the study 

Zoo Name 
Age (years, 

months)* 

Dominance 

rank** 
Rearing 

Mike ~ 36Y 1-2M unknown 

Drum 21Y, 3M 1-2D parent 

Cees 22Y, 4M 3 parent 

A
m

er
sf

o
o

rt
 

Utta 10Y, 4M 4 parent 

Jelle 15Y, 2M 1 parent 

Jing 20Y, 9M 2 parent 

Fons 26Y, 4M 3-4F parent 

Giambo 12Y, 11M 3-4G parent 

A
rn

h
em

 

Zouly 8 Y, 6M 5 parent 

 

* at the onset of the study 

** Males with identical numerical indices were similar in ranks 

 

Behavioral analysis 

Agonistic interactions 

We defined the onset of an agonistic interaction as the first occurrence of agonistic 

behavior directed to a particular animal. Agonistic interactions were considered to be 

independent if they were evenly distributed in time. According to this, elements of agonistic 

behaviors performed within a time interval of 240 sec. were considered belonging to the same 

agonistic interaction (Klinkova et al., 2004a).  

 

Assessment of dominance ranks 

Dominance ranks among males were assessed as described in detail by Klinkova et al. 

(2004a) and were usually based on direction of rapid “oh-oh” vocalizations, a submissive 

behavior that is uni-directionally performed by subordinate individuals to the more dominant 

ones and is usually accompanied by submissive crouching (Noe et al., 1980).  
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Rates of received aggression 

The overall (over the entire study period) and daily rates of received aggression were 

calculated as the number of agonistic interactions in which a particular male was a subject of 

aggression of any other individual divided by the number of observation hours. Daily rates of 

received aggression were calculated only for those days in which the total observation time of 

a particular male exceeded 4 hours.   

 

Proportion of affiliative behavior  

The overall (over the entire study period) and daily proportions of affiliative behavior 

were calculated as the number of scans in which a particular male was involved in affiliative 

interactions divided by the total number of scans. Daly proportion of affiliative behavior were 

calculated only for those days in which 16 or more scans were made. 

 

Urine collection and hormone analysis 

Urine samples were collected around 8:00 a.m. from all focal males, except of Jelle, 

whose hormonal levels might have been affected by the trilafone treatment (see above). The 

samples were collected from previously cleaned cages where males spent their night 

(Arnhem) or where they were shortly separated as part of their morning routine (Amersfoort). 

All samples were frozen at –20°C within an hour after collection and stored at this 

temperature until hormone analysis.    

Since native cortisol is quantitatively of only minor importance in the urine of primates, 

including the chimpanzee (Bahr et al., 2000), all urine samples were analysed for 

immunoreactive 5ß-androstane-3α,11ß-diol-17-one (i3α,11ß-dihydroxy-CM), which 

represents a group-specific measurement of more abundant 3α, 11ß-dihydroxylated cortisol 

metabolites (Ganswindt et al., 2003). The glucocorticoid assay has been shown to reliably 

detect increased urinary and fecal glucocorticoid output following an ACTH challenge in 

various primates (Heistermann, unpubl. data) and has also recently been successfully applied 

to study adrenal endocrine function in the douc langur (Heistermann et al., 2004). In order to 

assess the biological validity of the assay in reflecting adrenocortical activity in the 

chimpanzee, an ACTH challenge test was performed on one chimpanzee male, by injecting 

intramuscularly 25 IU of a long-acting slow-release ACTH preparation (Synacthen Depot, 
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Novartis, Switzerland) and measuring the adrenal response with our urinary glucocorticoid 

assay. Urine samples were collected prior to the ACTH injection to indicate baseline (control) 

levels until 48 h following injection to measure adrenal endocrine response. As shown in Fig. 

1, a 5-fold increase in urinary i3α, 11ß-dihydroxy-CM levels was recorded following the 

ACTH administration, indicating that our glucocorticoid assay reliably detects the expected 

enhanced adrenocortical activity. Furthermore, HPLC analysis of urine samples showed that 

>90% of the immunoreactivity measured was associated with a single peak co-eluting at the 

position of authentic 5ß-androstane-3α,11ß-diol-17-one (Fig. 1b), indicating that the 

glucocorticoid measurement was also highly specific. In addition, immunoreactive 

testosterone (iT) in urine samples was measured in an androgen  assay validated by Möhle et 

al. (2002).    
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Fig. 1. Profiles of immunoreactive 3α, 11ß-dihydroxy-CM concentrations measured (a) in urine samples 

following an i.m. administration of ACTH and (b) in HPLC fractions following chromatographic separation of 

hydrolysed urine. Arrows in (b) indicate elution positions of authentic cortisol (Co) and 5ß-androstane-3α, 11ß-

diol-17-one (3α,11ß) standards. 

 

Prior to hormone measurements, urine samples were hydrolyzed and extracted with 

diethylether according to the method described by Klinkova et al. (2004a). Urinary extracts 

were diluted in assay buffer and 50µl measured for concentrations of i3α,11ß-dihydroxy-CM 

and iT by microtitreplate enzymeimmunoassay (EIA) procedures as described in detail by 

Heistermann et al. (2004) and Klinkova et al. (2004a), respectively. Sensitivity of the 

glucocorticoid assay at 90% binding was 1 pg. Inter-assay coefficients of variation were 9.7% 
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(n=33) for high and 16.7% (n=31) for low concentrated quality controls. Respective figures 

for intra-assay (n=16, low). Sensitivity and coefficients of variation of the androgen assay are 

described in Klinkova et al. (2004a). 

In order to compensate for variations in the volume and concentration of the voided 

urine, creatinine (Cr) concentrations were measured in each urine sample as described by 

Bahr et al. (2000) and all hormone values are expressed as mass/mg Cr.  

 

Statistical analysis 

  

Statistical analyses were carried out using the software package Statistica 5.1 (1984-

1998, StatSoft Inc., Tulsa, OK, USA). Since we did not assume a normal distribution for our 

data, we applied nonparametric tests for all analyses. All tests were two-tailed with the overall 

α-level of significance set at 0.05.  

 

Glucocorticoids and dominance rank 

Inter-male differences in glucocorticoid values were tested by Kruskal-Wallis 

ANOVA with post-hoc pairwise multiple comparisons using the  Mann-Whitney U test in 

which α-level was adjusted according to the Holm-procedure (Holm, 1979).    

 

Glucocorticoids and received aggression 

We tested for an overall correlation between median glucocorticoid value and overall 

rates of received aggression using all males. We also examined whether daily changes in 

received aggression rates caused changes in glucocorticoid values in individual males. For 

this, we tested for correlations between the difference in received aggression rates on days 1 

and 2 of any consecutive 3-day window and the change in glucocorticoid values (expressed in 

ratio) on days 2 and 3 of the same window. This analysis was performed only for males from 

the Arnhem group, since such a procedure required daily urine samples. The Spearman rank 

correlation test was used for both approaches.     
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Glucocorticoids and affiliative behavior 

 Similarly as for received aggression we tested for correlations between proportion of 

affiliative behavior and glucocorticoid levels on an overall (using data from all males) and 

daily basis (within individual males). The influence of affiliative behavior upon 

glucocorticoid changes was again tested only for males from the Arnhem group. In addition, 

we tested on a daily basis within each male whether glucocorticoid level affected amount of 

affiliative behavior by correlating morning glucocorticoid values with the proportion of 

affiliative behavior performed by the individual on the same day. All correlations were carried 

out using the Spearman rank correlation test. 

 

Glucocorticoid synchronisation between males 

In order to test whether glucocorticoid levels were synchronized between males during 

the course of the study, we tested for correlations between smoothed glucocorticoid values of 

male group members. Pairwise Spearman rank correlation tests were used for this purpose 

with α-levels adjusted according to Holm-procedure (Holm, 1979).  

 

Glucocorticoid and androgen levels 

  In order to test whether glucocorticoid levels affected androgen levels, we tested 

overall for the 8 study subjects a correlation between median urinary glucocorticoid and 

androgen values. In addition, within each male of the Arnhem group, we also tested for a 

correlation between daily fluctuations of glucocorticoids and androgens .  

 

RESULTS 

The relationship between glucocorticoid levels and dominance rank 

In both groups of chimpanzees, glucocorticoid concentrations differed significantly 

between males (Amersfoort: H3=49.43, N=107, P<0.0001; Arnhem: H3=11.36, N=235, 

P=0.01). Post-hoc analysis indicated that in the Amersfoort group all males and in the 

Arnhem group two males differed significantly from each other by their glucocorticoid values 

(Fig.2a, b). However, these differences were not obviously rank-related. Among the ten dyads 

where male dominance ranks differed  from  each  other,  in  three  the  more  
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Fig. 2. Inter-male differences in glucocorticoid levels in relation to dominance rank for Amersfoort (a) and 

Arnhem (b) males. Number of urine samples from each male is indicated in brackets. Asterisks indicate 

significant differences in male glucocorticoid levels as determined by multiple pairwise comparisons using 

Mann-Whitney U test.  

 

the opposite effect was found and in the remaining four cases there were no significant 

differences in glucocorticoid levels between males of different rank.  

 

The relationship between received aggression and glucocorticoid levels 

Overall, for the 8 study subjects, the relationship between median rate of aggression 

received and median urinary glucocorticoid level was not significant (R=0.33, n=8, NS). 

Looking at a day-to-day basis within individual males (only tested for Arnhem animals, see 

Methods), there was also no significant relationship between the two variables (R = -0.12 - 

0.21, N=33 – 55, NS). 
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The relationship between glucocorticoids and affiliative behavior 

Overall, for the 8 males, no significant relationship between median glucocorticoid 

level and proportion of affiliative behavior performed was obtained (R=0.43, n=8, NS). 

Within males (only tested for Arnhem group), on a day-to-day basis, however, increasing 

amount of affiliative behavior was significantly related to the following decrease in 

glucocortioid output in the next morning sample in 2 of the 4 males (R=-0.41, N=33, P=0.02 

and R=-0.34, N=39, P=0.03); whilst in the other 2 individuals, this relationship was non-

significant (R= -0.09 –  -0.16, N=36 - 50, NS). In addition, in one male, high morning 

glucocorticoid levels were significantly positively related to high frequencies of affiliative 

behavior shown on the same day (R = 0.51, N=19, P=0.03), while in the remaining 7 males, 

no significant relationships were found (R = -0.24 – 0.27, N=13 - 62, NS).  

 

Correlation between glucocorticoid levels of different males 

 In the Arnhem animals, glucocorticoid output of all males was highly correlated (R = 

0.88 - 0.99; N=52 - 68; P<0.000001) and showed a continuos increase during the course of 

the study (Fig. 3a). In contrast, in the Amersfoort animals glucocorticoid levels were not 

correlated between any two males (R = -0.20 – 0.45, N=10 - 16, NS) and did not 

systematically change during the course of the study (Fig. 3b).     

 

The relationship between glucocorticoid and androgen levels 

Overall, for the 8 males studied, median glucocorticoid and androgen levels were not 

significantly related to each other (Fig. 4). Moreover, the increase in glucocorticoid level in 

the Arnhem group during the course of the study was not accompanied by similar changes in 

urinary testosterone concentrations (Fig. 3a). However, within individuals daily 

glucocorticoid and androgen fluctuations significantly correlated with each other in Arnhem 

males (R = 0.32 – 0.60, N=55 - 78, P=0 - 0.004). 
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Fig. 3. Smoothed curves of urinary glucocorticoid and androgen changes during the course of the study in the 4 

males of a) the Arnhem and b) the Amersfoort group.  
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Fig. 4. Relationship between individual glucocorticoid and androgen levels in the 8 study males (R=0.38, N=8, 

P=0.35). 
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DISCUSSION 

 In both groups of chimpanzees we found significant differences in glucocortioid 

values between individual males. Traditionally, it was assumed that in socially living species, 

individual differences in glucocorticoid levels should be associated with differences in 

dominance rank, and that subordinate individuals should have higher glucocorticoid levels 

than dominants (e.g. Bronson, 1973; Manogue, 1995). However, the results of several recent 

studies have not confirmed this view, in so far as glucocorticoid values in subordinate 

individuals from many species were actually lower than those in dominants (Creel, 2001; 

Sapolsky, 1993; Goymann and Wingfield, 2004; Abbott et al., 2003). Two major reasons may 

account for this. Firstly, depending on the species and/or context, either dominant, or 

subordinate or both groups of individuals might experience high energetic pressure and thus 

enhanced adrenal function (McEwen and Wingfield, 2003). Secondly, social interactions 

helping to overcome stressful situations and thus elevations in glucocorticoid output (e.g. 

social grooming) might or might not be rank-dependent (Sapolsky et al., 1997; Abbott et al., 

2003). In our captive chimpanzees, the inter-male differences in glucocorticoid levels were 

not obviously rank-related, a finding in line with that of a recent study on wild male 

chimpanzees in which no rank-related differences in urinary glucocorticoid values were 

obtained when morning samples were measured (Muller & Wrangham, 2004). Interestingly in 

the same study, a positive correlation was found between male rank and glucocorticoid values 

when afternoon samples were analysed. Given a time lag of about 4-5 hours between cortisol 

secretion into the blood and its peak excretion into the urine (Bahr et al., 2000), 

glucocorticoid levels in afternoon samples are more likely to be influenced by short-term 

changes in adrenal function as a result of daily activity while levels measured in morning 

samples can be assumed to more reliably reflect basal glucocorticoid production. In this 

respect, our results on captive chimpanzees together with those obtained from the free-ranging 

animals would thus suggest that dominance rank does not significantly affect basal 

glucocorticoid secretion in males, whereas it appears to be predictive for short-term 

glucocorticoid changes associated with social interactions during day life.  

Irrespective of whether a relationship between glucocorticoid level and dominance 

rank exists, high rates of received aggression especially over prolonged periods of time might 

nevertheless lead to physiological stress and be reflected in increased glucocorticoid output as 
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demonstrated for Barbary macaques by Wallner et al. (1999). The results of our study found 

no such relationship in captive chimpanzees, either when compared over all males, or within 

individual males on a day-to-day basis. This would suggest, that the level of aggression 

received by individual males (0.04 – 0.4 N/hour, Klinkova et al., 2004a) was probably not 

sufficient to induce a considerable change in adrenal function and glucocorticoid secretion, 

although species differences in adrenocortical response to this behavior can not be excluded. 

Interestingly, in our previous study we found a negative relationship between amount of 

received aggression (in particular strong aggression) and male urinary testosterone 

concentrations (Klinkova et al., 2004a). Since no correlation between glucocorticoids and 

received aggression was found in this study, our data now clearly indicate that the testosterone 

suppression in male chimpanzees which are subject to high levels of aggression are not 

mediated by elevated basal levels of glucocorticoids.  

The absence of a relationship between received aggression and elevated glucocorticoid 

concentrations might also be due to the performance of coping strategies. In this respect, there 

is evidence suggesting that affiliative behaviors or social support in agonistic interactions are 

capable of reducing stress response in primates (Abbott et al., 2003; Sapolsky et al., 1997). 

Our finding of a negative relationship between amount of affiliative behavior (i.e. social 

grooming and playing) and subsequent glucocorticoid levels in some of our study males, on 

the one hand, and a positive relationship between glucocorticoid values and amount of 

subsequent affiliative behavior in one male, on the other, would suggest that such a 

mechanism may also operate to cope with potential stressful situations in chimpanzees.  

Interestingly, there was a continuous increase in glucocorticoid values over the course 

of the study in Arnhem, which was apparent in all males. The reason for this change in 

adrenal function is not clear, but since all males were affected in the same way, it is likely that 

the factor(s) mediating the rise in glucocorticoid output was not of a social, but of an 

environmental nature. It is known from studies in other primates that glucocorticoid 

production can be affected by seasonal changes in metabolic profiles and, thus, can have a 

circannual pattern (e.g. Strier et al., 1999; Romero and Remage-Healey, 2000). It seems thus 

possible that changes in glucocorticoid secretion in association with seasonal changes in 

metabolic rates also exist in chimpanzees, and may thus account for the rise in glucocorticoid 

excretion seen in the Arnhem males. The extent to which seasonal changes in adrenocortical 
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activity occur in captive chimpanzees, however, has to be clarified in future studies 

addressing this topic in more detail.  

 The increases in glucocorticoid values from the beginning to the end of the study in 

Arnhem males was not accompanied by changes in androgen levels. Furthermore, no 

relationship between median glucocorticoid and androgen levels was apparent when tested 

over all males. These findings suggest that baseline glucocorticoid output did not influence 

testicular function in these males. Similarly, a lack of correlation between overall 

glucocorticoid and androgen levels was reported in other primate species, such as rhesus 

macaques (Bercovich and Clarke, 1995), long-tailed macaques (van Schaik et al., 1991) and 

muriquis (Strier et al., 1999), all of which were studied in their natural environment. In 

contrast, in laboratory rats, glucocorticoids were reported to decrease the production of 

testicular androgens by a direct action on the Leydig cells (Stalker et al., 1989) and in male 

rhesus macaques, chronic glucocorticoid treatment resulted in testosterone suppression 

(Hayashi and Moberg, 1987). It seems, therefore, that the duration and dosage of 

glucocorticoid exposure are crucial for its potential suppressing effect on testicular endocrine 

function in primates. On the other hand, we found a synchronous change in daily 

glucocorticoid and testosterone fluctuations within individual males on a day-to-day basis, a 

finding also reported for male gorillas (Stoinski et al., 2002). Although the physiological 

mechanisms underlying this relationship are not clear, a short-term synchronization of 

glucocorticoid output and androgen production might be beneficial for male reproduction 

(Bercovitch and Ziegler, 2002) for example by causing a glucocorticoid-stimulated activation 

of energetic resources and an androgen-mediated activation of sperm production.  

 Concerning reproduction, in a previous study we could show that in the Arnhem group 

dominance-related reproductive success (Klinkova et al., 2004b) was not accompanied by 

rank-related differences in male androgen output (Klinkova et al., 2004a). As shown here, 

rank-dependent reproductive success was also not accompanied by corresponding differences 

in basal glucocorticoid levels. Based on our endocrine findings we would instead suggest that 

the rank-dependent reproductive success in captive male chimpanzees is mainly achieved by 

rank-related differences in agonistic and reproductive behaviors (see Klinkova et al., 2004b). 

 In conclusion, the present study provides insight into social and possibly 

environmental factors influencing glucocorticoid excretion in captive male chimpanzees and 
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the relationship between glucocorticoids and androgens. Specifically, we have shown that 

basal glucocorticoid excretion was unrelated to male rank and frequency of aggressive 

behaviors received, but was, at least in some animals, negatively affected by amount of 

affiliative behavior, suggesting that performance of this behavior is a potential coping 

mechanism which might be used in stressful situations. In addition, we found that 

glucocorticoid excretion changed over time in one study group, presumably as a result of 

external influences. Finally, we have provided evidence that basal androgen levels in our 

study males were not negatively affected by basal levels of glucocorticoids and that rank-

related reproductive success in captive chimpanzees was not a result of rank-related 

differences in adrenal function, but rather modulated by behavioral mechanisms. The 

information generated helps to better understand the factors influencing adrenal function in 

male chimpanzees, and, by doing so, provides also a basis to better assess animal well-being 

and thus help to improve the captive management of the species. 
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CHAPTER 5: GENERAL DISCUSSION 

 

The social and physiological parameters of male reproductive success in multimale-

multifemale living species are poorly understood and existing data are contradictory. The 

present thesis was aimed at providing a better understanding about social and endocrine 

factors influencing male reproductive success in the common chimpanzee, as an example of a 

primate species living in multimale-multifemale groups. The differential reproductive success 

among individuals of the same sex is a product of sexual selection, of which within-sex 

competition and mate choice are the major components (Darwin, 1871). For the majority of 

species however little information about the impact of each of these components upon final 

reproductive success exists. The first main objective of the present study on chimpanzee was 

therefore to assess the relative importance of inter-male competition (predominantly male 

dominance rank) and female choice upon male mating and reproductive outcome. The results 

on this topic are discussed in the first part of this chapter. Having shown that male dominance 

rank is an important determinant of mating and reproductive success in the male chimpanzee, 

the second main objective of the thesis was to provide information on the proximate 

(physiological) mechanisms underlying dominance and rank-related mating and reproductive 

outcome in the study subjects.  The results of investigations on the endocrine correlates of 

dominance rank, other socio-behavior parameters and the possibility of rank-related 

suppression of testicular function in male chimpanzees are discussed in the second part of this 

chapter.  

 

Inter-male competition, female choice and male reproductive success 

One of the main factors influencing the degree to which male reproductive success is 

determined by inter-male competition is male ability to concentrate mating efforts to the 

period of the female cycle when conception can take place, i.e. fertile phase. Primate females 

use a variety of morphological, behavioral or olfactory cues to signal their receptivity around 

the time of ovulation (e.g. Dixson, 1998). In the majority of old world primate species living 

in multimale-multifemale groups the period of female receptivity is advertised by a specific 

morphological trait, the swelling of the anogenital region, the duration of which, however, 

usually greatly exceeds the length of the fertile phase (Dixson, 1983). Since there is evidence 
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that males of many primate species, including the chimpanzee (Goodall, 1986), use female 

anogenital swelling to adjust their mating activities (Dixson, 1998), the prolonged period of 

swelling might complicate the precise assessment of the female fertile phase by males and 

makes female monopolization a more difficult task. This provides the opportunity for female 

mate choice and paternity confusion among males, which could be beneficial for females, for 

example, in terms of reducing infanticide risk as was hypothesized for hanuman langurs 

(Heistermann et al., 2001). The ability of males to detect the female fertile phase seems, 

however, to differ between species. Thus, in hanuman langurs (Heistermann et al., 2001) and 

bonobos (Reichert et al., 2002) males appear not to be able to discern the fertile phase within 

the prolonged swelling period, whereas in tonkean (Aujard et al., 1998) and long-tailed 

(Engelhardt et al., 2004) macaques males seem to be able to do so. In case of long-tailed 

macaques male ability to discern  female fertile phase was achieved due to orientation on 

female proceptive behavior, the rates of which increased during fertile days (Engelhardt et al., 

2004). For chimpanzees, previous studies have shown that anogenital swelling is not a precise 

indicator of the timing of the female fertile phase, which is about 3 times shorter than the 

swelling period (Emery and Whitten, 2003) and shows a rather variable timing within it 

(Deschner et al., 2003). Using hormonal information on the timing of ovulation, this study 

(chapter 2) provided the first direct evidence that the rates of socio-sexual behaviors of both 

chimpanzee sexes are related to swelling size but are not further influenced by female 

reproductive status (i.e. likelihood of conception). In the absence of ability to directly discern 

the female fertile phase, orientation of male socio-sexual behaviors (following a female, 

genital inspections and sexual solicitations) on the degree of female anogenital swelling 

appears to be the appropriate strategy on which a male should base his mating decisions,  This 

makes sense, since changes in swelling size although do not provide precise information on 

the timing of ovulation but are a rough indicator of the probability of ovulation (Deschner et 

al., 2003; Emery and Whitten, 2003; this study).  

 Although a number of studies provided evidence for female mate preferences and 

choice in different animal taxa (see reviews of Bateson, 1983; Small, 1993), for most of them 

it remains unclear to what extent females actually do influence male reproductive outcome. In 

other words, the relative importance of inter-male competition and female choice on male 

reproductive success is poorly understood. In the present study (chapter 2) we addressed this 
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question in captive chimpanzees. The results have shown that mating success of chimpanzee 

males was significantly affected by inter-male competition. Although females were equally 

attractive to dominant and subordinate males (as indicated by rank-unrelated rates in male 

following behavior during both well-developed swelling period and fertile phase), male 

mating success was clearly rank-related in favor of dominant males. According to our data, 

the higher mating success of dominant males was mainly the result of inter-male competition, 

since dominant males initiated inter-male aggression at least twice as often and solicited 

females at least 5 times more often than subordinate males. Females, in turn, also showed a 

mating preference in favor of dominant males in so far as they solicited them at significantly 

higher rates than subordinate males. Examination of the relative importance of inter-male 

competition and female choice for contributing to the rank-related mating success revealed, 

however, that the impact of female choice was of only minor importance, since rates of 

female solicitations were low in comparison to those of high-ranking males (the result found 

also in wild chimpanzees, Matsumoto-Oda, 1999) and male copulatory behavior rates were 

unrelated to the rates of female solicitations. Whether female choice influences male 

reproductive success on a post-copulatory level remains unknown. If such mechanisms do 

exist, however, they do not seem to prevent high-ranking males from gaining the highest 

reproductive success since, as shown by the long term paternity data (chapter 2), the highest 

proportion of offspring was sired by the highest ranking male, although low ranking males 

were not completely excluded from reproduction. The mating advantage of dominant males 

thus seems to translate directly into a reproductive advantage. Whether there are differences 

in reproductive success among lower (non-α-) ranking males is not clear due to the relatively 

small number of offspring sired by these males in the present study. Although limited, data 

from the wild also showed that high-ranking male chimpanzees (particularly α-males) appear 

to have a higher reproductive success than their lower-ranking conspecifics (Constable et al., 

2001; Boesch, pers. comm.). The relationship between male rank and reproductive success in 

wild populations could, however, be weakened compared to situations in captivity since 

animals in the wild are more dispersed, making monopolization efforts of high-ranking males 

more difficult, especially when the number of males and simultaneously receptive females are 

high. Under such conditions, alternative male reproductive tactics such as opportunistic 

mating, male guarding or consortships (Tutin, 1979; Morin, 1993) might have a higher 
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influence in modulating male reproductive output than in captivity. More data, therefore, are 

needed to clarify the significance of the different factors influencing male reproductive 

success in wild chimpanzees.       

The low level of female mate choice as found in captive chimpanzees in this study is 

probably not applicable to all multimale-multifemale living species. Generally speaking, 

females might select mates according to different criteria (dominance rank, provided 

resources, parental care etc., Small, 1989). However, if females prefer those males which have 

higher competitive abilities than the others and solicit mating by themselves (as in case of 

chimpanzees), females probably have no need to spend much energy in order to actively 

select these males as mating partners. Therefore, it seems logical to expect more pronounced 

female choice in those species in which females favor the mates which are not very successful 

in  inter-male competition. 

 

Endocrine correlates of male dominance rank and selected socio-behavioral parameters 

As shown in this study, male dominance rank is an important predictor not only of 

mating, but also reproductive success in male captive chimpanzees. Although this finding 

seems to apply to a number of multimale-multifemale living species (e.g. Dewsbury, 1982; 

Ellis, 1995), the proximate mechanisms underlying dominance and its relationship to mating 

success remain poorly understood. In this study on chimpanzees, endocrine states of 

individual males were further examined in order to assess how they relate to dominance rank, 

the expression of specific rank-associated behaviors and other selected socio-behavioral 

parameters. Since there is evidence in some vertebrate species for a stimulating effect of 

androgens (e.g. Marshall et al., 1986; von Holst, 1989) and a suppressive effect of 

glucocorticoids (e.g. Munck et al., 1984) on male testicular function and rank-associated 

behaviors (i.e. agonistic and sexual), these hormones were examined as possible physiological 

correlates of dominance and male reproductive success in chimpanzees. The results presented 

in chapters 3 and 4 indicate that inter-male differences in urinary testosterone levels were 

small and not obviously related to dominance rank. Urinary glucocorticoid levels differed 

between group males, but were also unrelated to rank. Since dominance is not a trait per se 

but refers to a complex of specific behaviors performed and received, any relationship 
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between hormones and dominance rank should be based on the relationship between 

hormones and rank associated behaviors, such as sexual, agonistic and affiliative. 

Although it has been traditionally assumed that testosterone is related to performance 

of sexual behavior in vertebrates (e.g. Malmnäs, 1973; Silver et al., 1979; Feder, 1984), no 

significant relationship between testosterone and copulatory behavior rates was found in the 

present study (chapter 3). Moreover, although a dramatic increase in male copulation rates in 

the presence of anogenitally swollen females was observed, this was not accompanied by an 

increase in testosterone levels. The data probably suggest, that intact male chimpanzees 

exceed a threshold testosterone concentration required to activate and maintain copulatory 

behavior so that further testosterone increase is not necessary. The same suggestion was also 

made for stumptail macaques (Nieuwenhuijsen et al., 1987), in which similar findings of no 

relationship between testosterone and sexual behavior were reported. However, the option that 

adult male sexual behavior is not directly activated by testosterone as found in some 

vertebrate species, e.g. red-sided garter snake (Crews et al., 1984) or big brown bat (Mendoca 

et al., 1996) could also not be excluded. More detailed studies are therefore needed to 

elucidate the reason for the absence of a relationship between testosterone and copulatory 

behavior in male chimpanzees as well as other species.    

Since aggressive behavior usually underlies the performance and maintenance of 

dominance, endocrine correlates of aggressive behavior performed and received were 

examined in this study. The results demonstrated that testosterone in male chimpanzees was 

unrelated to rates of aggressive initiations. This finding is in line with that reported for several 

other primate species (Michael and Zumpe, 1993; Dixson, 1980), but is in contrast to findings 

in the majority of non-primate species, in which a positive relationship between 

aggressiveness and testosterone in males has been found (Archer, 1991). Generally, it appears 

that in primate compared to non-primate species, a male’s testosterone level is more closely 

related to the social context and previous experience, than to the level of aggressiveness 

(Dixson, 1980). The present study on chimpanzees, however, revealed a significantly negative 

correlation between the overall rates of aggression (particularly strong aggression) received 

and individual testosterone levels. This finding is in line with the hypothesis of Sapolsky 

(1993), that rank-related differences in testosterone concentrations should be more 

pronounced during unstable situations (when subordinate individuals receive more aggression 
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than dominant ones) and suggests that received aggression rather than aggressiveness might 

be the key element linking testosterone and rank in primates and possibly other mammals. 

Interestingly, no correlation between glucocorticoids and received aggression was found in 

this study (chapter 4), suggesting that received aggression alters testosterone production 

directly and not via a suppressive effect caused by elevated glucocorticoid levels. If such 

phenomenon exists also in some other species and what are the neuroendocrine mechanisms 

underlying it remain to be further investigated.  

The absence of a relationship between received aggression and elevated glucocorticoid 

values might be explained by the existence of coping strategies (Koolhaas et at., 1999). In this 

respect, there is evidence from a number of studies suggesting that affiliative behaviors or 

social support in agonistic interactions are capable of reducing a stress response (Abbott et al., 

2003; Sapolsky et al., 1997). Our finding of a negative relationship between the amount of 

affiliative behavior (i.e. social grooming and playing) and subsequent glucocorticoid levels in 

some of our study males, on the one hand, and a positive relationship between glucocorticoid 

values and amount of subsequent affiliative behavior in one male, on the other, would suggest 

that such a mechanism may also operate to cope with potential stressful situations in 

chimpanzees.  

In contrast to the socio-behavioral parameters, which seem to have rather subtle 

effects on androgen and glucocorticoid changes, the data presented in chapter 4 indicate that 

external (environmental) factors may have a more obvious influence on chimpanzee 

glucocorticoid output. In particular, glucocorticoid values increased  continuously over the 

course of the study in Arnhem. Since all males were affected in the same way, it seems that in 

the Arnhem males some external factors induced changes in glucocorticoid excretion. It was 

shown, that  glucocorticoid production was affected by seasonal changes in studies on some 

primate species (e.g. muriquis, Strier et al., 1999) or other vertebrates (e.g. starlings, Romero 

and Remage-Healey, 2000). Thus, it is likely that in the Arnhem chimpanzee males 

glucocorticoid changes were also caused by any seasonal factors. The exact nature of these 

factors and the mechanisms of their action are, however, unknown and have to be clarified in 

future studies addressing the topic in more detail.       

The systematic changes in glucocorticoid values in the Arnhem males were not 

accompanied by changes in androgen values. Moreover, no relationship between median 



 

 

78 

glucocorticoid and androgen levels was apparent when tested over all males. These findings 

suggest that baseline glucocorticoid output did not influence testicular function, a finding in 

line with results reported for several primate species studied in their natural environment (e.g. 

van Schaik et al., 1991; Bercovich and Clarke, 1995; Strier et al., 1999).  In contrast, the 

addition of various natural and synthetic glucocorticoids to primary culture of testicular rat 

cells decreased testosterone production in a dose- and time-related manner (Bambino and 

Hsueh, 1981).  Compared to occasional elevation of glucocorticoids chronic elevation of 

glucocorticoids in rhesus macaques, produced by ACTH or cortisol administration, 

suppressed basal LH level and attenuated the response of testosterone to GnRH (Hayashi and 

Moberg, 1987). The different findings between studies performed in wild and captivity 

therefore suggest that amongst others duration and dosage of glucocorticoid exposure are 

crucial for inducing a suppressing effect of testicular function. On the other hand, 

synchronous changes were revealed in daily glucocorticoid and testosterone fluctuations 

within individual males, similar to findings reported in gorillas (Stoinsky et al., 2002). This 

short-term synchronization of glucocorticoid and androgen output might be beneficial for 

male reproduction (Bercovich and Ziegler, 2002) by causing a glucocorticoid-stimulated 

activation of energetic resources and an androgen-mediated activation of sperm production. 

 

In conclusion, the present study provides evidence that reproductive success in male 

captive chimpanzees is clearly rank-related with high-ranking (particularly α-males) being 

most successful. Detailed behavioral observations showed that this was mainly the 

consequence of a higher competitive ability of high-ranking males in soliciting and mating 

estrus females, rather than of female choice. Although there was evidence for female choice 

in favor of high ranking males, this influence was of only minor importance compared to that 

of inter-male competition.  

Although dominance rank is thus an important determinant of male mating and 

reproductive success, endocrine parameters (androgen and glucocorticoid levels) were 

independent from male rank. Among specific behavioral parameters, the rates of strong 

aggression received were negatively related to testosterone, while aggressiveness and rates of 

sexual behavior were unrelated to testosterone concentrations. Basal glucocorticoid levels 

were unrelated to the rates of aggressive behavior received, but in some animals were 
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negatively affected by the amount of affiliative behavior, suggesting that performance of this 

behavior represents a potential coping mechanism which might be used to reduce over-

production of glucocorticoids in stressful situations. Additionally, it was found that external 

environmental factors (presumably related to seasonality) might considerably alter basal 

glucocorticoid production in chimpanzee males. Last but not least, the data of this study show 

that basal androgen levels were not affected by basal glucocorticoid levels, whilst the short-

term fluctuations of both hormones were positively synchronized.  

Taken together, rank-related mating and reproductive success in male captive 

chimpanzees seems not to be the result of rank-related differences in adrenal and testicular 

function, but be primarily modulated by behavioral mechanisms underling inter-male 

competition (i.e. rank-associated agonistic and reproductive behaviors). A similar situation 

might probably apply to a number of vertebrate species living in multimale-multifemale 

groups similar to that of chimpanzees. In more solitary or dispersed living species 

physiological (in particular endocrine) suppression of reproductive function might be a more 

widespread form of inter-male competition (e.g. Schilling et al., 1984; Brown, 1985). How 

the different forms of inter-male competition depend on different aspects of the species social 

life might, however, be a subject of another thesis.  

 

The information generated in the present study will hopefully stimulate further 

research on behavioral endocrinology and reproductive biology in apes, which until now are 

poorly understood. Specific questions could be addressed about neuroendocrine mechanisms 

underlying hormone-hormone and hormone-behavior relationships found in chimpanzee 

males. Whether the relative importance of inter-male competition and female choice upon 

male reproductive success in the wild is similar to that in captivity remains also for further 

investigation. In order to assess male reproductive success in the life history perspective, not 

only the number of offspring sired, but also offspring mortality should be taken into account. 

Finally, comparative data on different taxa would help to understand which social and 

physiological factors might be important for male reproductive success and how each of them 

is related to social structure and phylogeny on any particular species.  
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CHAPTER 6: SUMMARY 

 

Ekaterina Klinkova 

 

The impact of social and endocrine parameters upon reproductive success of male 

chimpanzees (Pan troglodytes). 

 

Based on a combination of detailed behavioral observations, non-invasive assessment 

of endocrine status and genetic determination of paternity, this thesis provides information on 

factors influencing male reproductive success in the chimpanzee, as an example of multimale-

multifemale group living primate species. Since in terms of sexual selection theory male 

reproductive success is determined by inter-male competition and female mate choice, the 

relative importance of these two components upon reproductive success of male chimpanzees 

was examined in this study. The subjects of the study were two multimale-multifemale groups 

of captive chimpanzees held under zoo conditions. Results demonstrated that rates of male 

and female socio-sexual behaviors increased significantly with increasing degree of a female 

specific morphological trait, anogenital swelling, but were unrelated to the timing of the 

fertile phase within it. This suggests, that male chimpanzees are not able to precisely discern 

the female fertile phase. Copulatory  rates  were significantly higher in dominant compared to 

subordinate males, mainly as a result of rank-related rates of male soliciting behavior and 

aggressiveness to other males. Although females directed solicitations significantly more to 

dominant males, their contribution to initiating copulations was low, since females solicited 

high-ranking males on average 4 times less often than vice versa and daily female solicitation 

rates were not related to daily copulation rates. The results on male dominance rank and male 

reproductive success analyzed over a 13 year period in one of the study groups showed that 

rank-related male mating success translated into reproductive success in so far as in a group of 

4 adult males the most dominant male sired the majority (65%) of offspring. Having shown 

that male dominance rank is an important determinant of reproductive success in male 

chimpanzees, a further objective of this thesis was to provide information on possible 

proximate (physiological) mechanisms underlying dominance and reproductive behavior. 

Endocrine parameters, in particular urinary androgen and glucocorticoid levels, were 
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examined in relation to male dominance rank, since these hormones have been shown to 

influence spermatogenesis and to correlate with male dominance rank and reproductive 

behaviors in a number of other vertebrate species. The results of the present study have shown 

that in captive male chimpanzees neither androgen, nor glucocorticoid levels were related to 

male dominance rank. When looking in more detail at specific behaviors, however, the rates 

of strong aggression received correlated negatively to testosterone levels, while 

aggressiveness and copulatory rates were unrelated to testosterone concentrations. Basal 

urinary glucocorticoid levels were unrelated to basal androgen levels, suggesting that 

androgen production in captive chimpanzee males is not suppressed by elevated 

glucocorticoid levels as has been reported for some other vertebrate males. Basal 

glucocorticoid levels of chimpanzee subjects were also unrelated to the rates of aggressive 

behavior they received, but in some individuals were negatively affected by the amount of 

affiliative interactions with conspecifics. The performance of affiliative behavior, therefore, 

appears to represent a potential coping mechanism which might be used to reduce 

overproduction of glucocorticoids in chimpanzees under stressful conditions. In comparison 

to social factors, it was found additionally that external environmental factors (presumably 

related to seasonality) might considerably alter basal glucocorticoid production in captive 

chimpanzees.  

Taken together, mating and reproductive success in favor of high-ranking males in 

captive chimpanzees seem not to be the result of rank-related differences in endocrine 

testicular and adrenal function, but to be primarily modulated by behavioral mechanisms 

underlying inter-male competition (i.e. rank-associated aggressive and sexual behaviors). 

Whether similar mechanisms modulate male reproductive success in other multimale-

multifemale living species remains to be investigated.   
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CHAPTER 7: ZUSAMMENFASSUNG 

 

Ekaterina Klinkova 

 

Der Einfluss sozialer und endokriner Parameter auf den Reproduktionserfolg 

männlicher Schimpansen  (Pan troglodytes). 

 

Basiert auf der Anwendung von detaillierten Verhaltensbeobachtungen, nicht-

invasiven Hormonanalysen und genetisch determinierten Vaterschaftsanalysen liefert die 

vorliegende Arbeit Informationen zu Faktoren, die den Reproduktionserfolg bei männlichen 

Schimpansen (als Beispiel einer Mehrmännchen-Mehrweibchen-Gruppen lebenden 

Primatenart) beeinflussen. Gemäß der Theorie der sexuellen Selektion ist der männliche 

Reproduktionserfolg einerseits von zwischenmännlicher Konkurrenz anderseits von 

weiblicher Partnerwahl abhängig. In dieser Studie wurde die relative Bedeutung dieser zwei 

Komponenten der sexuellen Selektion für den Reproduktionserfolg männlicher Schimpansen 

untersucht. Die Untersuchungen wurden an zwei in Menschenobhut gehaltenen 

Mehrmännchen-Mehrweibchen-Gruppen von Schimpansen durchgeführt. Die Ergebnisse 

haben gezeigt, dass die Frequenzen sozio-sexueller Verhaltensweisen signifikant mit 

zunehmendem Grad des weibchen-spezifischen Merkmals, der anogenitalen Schwellung, 

zunahmen, jedoch unabhängig waren von der Zeit der fertilen Phase während der 

Schwellungsperiode. Dies lässt darauf schließen, dass männliche Schimpansen die weibliche 

fertile Phase nicht präzise detektieren können. Kopulationsfrequenzen waren signifikant höher 

bei dominanten in Vergleich zu subordinierten Männchen. Das Ergebnis ließt sich 

hauptsächlich durch rang-abhängige Frequenzen im männlichen sexuellen Präsentationen und 

aggressiven Verhalten gegenüber anderen Männchen erklären. Obwohl die Weibchen 

ihrerseits sexuelle Präsentationen häufiger gegenüber dominanten Männchen richteten, war 

ihr Beitrag zu Kopulationsinitiationen niedrig, da durchschnittlich 4-mal weniger präsentieren 

als die Männchen und die Frequenzen weiblichen Präsentierens unabhängig von der 

Kopulationsfrequenzen waren. Die Ergebnisse zum Zusammenhang vom Dominanzrang und 

Reproduktionserfolg bei Männchen, der über einen 13-jährigen Zeitraum in einer der beiden 

Schimpansengruppen untersucht werden konnte, haben gezeigt, dass sich der rang-abhängige 
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Paarungserfolg in einen rang-abhängigen Reproduktionserfolg transformiert, da in der 

Population mit 4 erwachsenen Männchen das höchst-rangige Individuum die Mehrheit (65%) 

der Nachkommen zeugte. Nachdem gezeigt werden konnte, dass beu Schimpansen der 

Dominanzrang eines Männchens ein determinierender Faktor seines Reproduktionserfolgs ist, 

war ein weiteres Ziel dieser These, Informationen zu möglichen proximaten (physiologischen) 

Mechanismen zu liefern, die Dominanz und Reproduktionserfolg zu Grunde liegen. Hinzu 

wurden endokrine Parameter, im Besonderen urinäre Androgen- und 

Glukokortikoidkonzentrationen in Bezug zu männlichem Dominanzrang getestet, da eine 

Reihe von Studien an anderen Wirbeltieren gezeigt haben, dass diese Hormone einen Einfluss 

auf Spermatogenese ausüben und mit Dominanzrang und Reproduktionsverhalten bei 

Männchen korrelieren können. Die Ergebnisse dieser Studie zeigten, dass bei im 

Menschenobhut lebenden Schimpansenmännchen weder Androgen- noch 

Glukokortikoidsekretion mit dem männlichen Dominanzrang assoziiert sind. Es zeigte sich 

jedoch, dass in spezifische Verhaltensweisen die Frequenzen von emfangener starker 

Aggression signifikant mit den Testosteronkonzentrationen korrelierten, obwohl Aggressivität 

und Kopulationsfrequenzen vom Testosteronniveau unabhängig waren. Des weiteren wurde 

gefunden, dass die basalen Glukokortikoidtiter unabhängig von den basalen 

Androgenkonzentrationen waren. Das ließt den Schluss zu, dass die Androgenproduktion bei 

in Menschenobhut lebenden Schimpansenmännchen wie auch bei einigen anderen 

Wirbeltierarten nicht durch erhöhte Glukokortikoidsekretion unterdrückt wird. Die basale 

Glukokortikoidproduktion war auch unabhängig von den Frequenzen der empfangenen 

Aggression, wurde in einigen Individuen aber negativ beeinflusst von der Menge der 

affiliativen Interaktionen mit Artgenossenen. Affiliatives Verhalten bei Schimpansen stellt 

deswegen einen potenziellen Mechanismus zur Reduzierung einer erhöhten 

Glukokortikoidproduktion unter Stress-Bedingungen dar. Im Vergleich zu sozialen Faktoren, 

wurde in dieser Arbeit auch gefunden, dass externe, umweltbedingte Faktoren 

(möglicherweise Saisonalitätsabhängige) die Glukokortikoidproduktion bei Schimpansen 

deutlich beeinflussen können. 

 Zusammenfassend hat die Studie gezeigt, dass bei in Menschenobhut lebenden 

männlichen Schimpansen ein rang-abhängiger Paarungs- und Reproduktionserfolg vorliegt, 

dass dieser aber nicht die Folge von rang-abhängigen Unterschieden in der endokrinen Testes- 
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und Nebennierenfunktion zu sein scheint, sondern eher von Verhaltensmechanismen der 

zwischenmännlichen Konkurrenz (z.B. rang-abhängiges Aggressions- und Sexualverhalten) 

moduliert wird. Ob ähnliche Mechanismen den männlichen Reproduktionserfolg bei anderen 

in Mehrmännchen-Mehrweibchen-Gruppen lebenden Arten modulieren, bleibt weiter zu 

untersuchen.        
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