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Abstract

How do male testosterone levels in wild chimpanzees relate to aggression, dominance, and mating behavior? This paper tested the challenge hypothesis, which asserts that aggression is more closely linked to competition for sexually parous females than to the sexual behavior itself. Experimentation involved observations of wild, habituated chimpanzees (Pan troglodytes schweinfurthii), establishment of dominance levels and ranks, urine and testosterone assays, and statistical analysis. The results showed that male testosterone levels increased in correlation with a parous female’s periovulatory period. The increase in testosterone during this period was associated with an increase in rates of male aggression. When in the presence of nulliparous females with maximal sexual swellings, there was no increase in male testosterone levels or aggression. Male chimpanzee copulation rates are equivalent when paired with nulliparous females vs. parous females. This provides evidence for the challenge hypothesis that the increase in testosterone is allied with aggression and competition for cycling parous females and not to aggressive competition for reproductive possession in general. Further, it was found that males of high-dominance rank were more aggressive than males of low-dominance rank, and that the high-ranking males produced the greatest amount of urinary testosterone. The results supported the challenge hypothesis.

Introduction

Chimpanzees form highly social groups consisting of a hierarchy based on dominance. All have a “place” within the complex hierarchy and compete with one another and with intruders for territory, resources, and breeding access. While females are most likely to be aggressive toward other females in competition for food, males are by far the more aggressive gender (Muller, 2002). It is theorized that male dominance and aggression result from the “fission-fusion nature of chimpanzee society” (Muller, 2002; Muller & Wrangham, 2004). That is, males often leave the group for hours, days, or sometimes weeks at a time. Such fragmentation can lead to bond forming or breaking amongst the males. The resulting instability requires the males to assert their dominance repeatedly as they rejoin the group. In particular, one might hypothesize that the highest-ranking male, or alpha male, has the most to lose, and therefore would display the most aggression and dominance. In order to understand the correlation between dominance and aggression, and how they relate specifically to mating behavior, an understanding of chimpanzee anatomy is necessary.

The reproductive anatomy of the male chimpanzee is similar to the reproductive anatomy of all mammals. The steroid hormone testosterone is involved in the formation of the penis, prostate, epididymus, vas deferens, and the seminal vesicle (Gilbert, 2003). Female chimpanzees have a very distinctive anatomy. Females experience an inflation of the skin of their genitalia during estrus. These swellings can vary in size and color, but are often pink and quite visible (Goodall, 2000). The swellings generally last about 10 days and then deflate. The degree of tumescence, or swelling, varies within this period, with the peak of sexual readiness occurring in what Jane Goodall calls the ‘POP,” or periovulatory period, which is the last 4 days of maximal tumescence (1986). Parous females (those having produced offspring), and nulliparous females (those not yet having reproduced) both exhibit tumescence. The sexual attractiveness of tumescent females increases markedly when compared to non-tumescent periods (Wrangham, 2002). Mating often occurs in a group setting and coupling is generally polygynous.

While some species such as birds are seasonal breeders, chimpanzees breed throughout the year. Despite this difference, both exhibit high testosterone levels during the mating season. Wingfield et al. has provided considerable data relating testosterone and breeding behavior in birds that he stressed “may also be equally applicable to all the vertebrate classes” (1990). At the non-breeding baseline (Figure 1a), testosterone levels circulating throughout the blood are low regardless of gonadal maturation, breeding, or gonadal regression. During the breeding season, testosterone increases to the breeding baseline (Figure 1b). At this level, testosterone can induce the development of secondary sex characteristics, spermatogenesis, and sexual behavior. Male-male interactions and the availability of sexually-receptive females can elevate testosterone to the physiological maximum, (Figure 1c). At this level, mate guarding may occur, such as is seen in chimpanzee society. Wingfield et al. states that the complex patterns and high circulating levels of T [testosterone] between levels (b) and (c) may be involved solely in male-male aggression” (1990).

The challenge hypothesis that was tested in the focal paper states that androgen levels should increase in all species during the mating season as males compete against one another to secure access to females. It is important to note that this hypothesis should only apply to social, non-monogamous organisms that utilize group-mating situations. In groups where there are two or more males and several adult females, the males may benefit from intimidating and harassing females (Clutton-Brock & Parker, 1995). Such tactics can help secure access to females. Clutton-Brock and Parker also report that forced copulation is a third strategy males use to gain access (1995). These types of sexual selection—intimidation, harassment, and forced copulation—reportedly increase the “cost” to females. The cost can be punishment, injury and sometimes death (Clutton-Brock & Parker, 1995). In monogamous species, there should be no need for competition with other males nor should there be a need to harass or force copulation with a female. In many species of birds this has been observed to be the case. While rare, females have been observed to employ aggressive behavior towards males. For example, in territorial red-backed salamanders, Plethodon cinereus, the females exhibited aggressive behavior (biting, threat displays) toward males who were polygynous during courtship (Prosen et al., 2003). 

In the paper by Muller and Wrangham, several assumptions about chimpanzee behavior are made in their formulation of a hypothesis. First, males should produce greater testosterone levels during a parous female’s periovulatory period. Second, aggression, and not necessarily copulation, should correlate with this rise in testosterone. In other words, aggression and copulation during a parous female’s POP are not necessarily associated. This also implies that nulliparous females will not increase male testosterone levels. Third, a relationship exists between testosterone levels and the dominance rank of males. Fourth, males high on the social hierarchy will express the greatest aggressive behavior and will have the highest levels of testosterone.

Methods

Fifty habituated chimpanzees were observed in Kibale National Park in Uganda from November 1997 through December 1998 (Table 1). These subjects are part of the Kanyawara study site and have been studied since 1987. Due to their habituation, it was possible to make observations of the 11 adult males, 15 parous females, and 2 nulliparous females at close range. The ages of the males were estimated from previous studies at the site and also from morphological characteristics such as missing teeth, wrinkles, sagging skin, and thin, brown or gray hair for older adults (> 35 years); thick, shiny dark hair, few wrinkles, and apes with teeth indicated younger males (15–20 years).

Males were followed from morning to night. Observations of group behavior were made during 40-minute periods, with a focus on one male in particular in order to establish individual rates of aggression. The number of aggressive acts committed by a male was divided by the total observation hours to determine the individual rate of aggression.

Observations of aggressive and submissive behavior outside of the focal group were also used to help establish dominance ranks (see below) but were not used in any calculations.

Degrees of tumescence for the females were recorded on a three-point scale: 1) No swelling, 2) Partial swelling (skin still somewhat wrinkled and saggy), and 3) Maximum swelling (tight, shiny skins with an absence of sagging or wrinkles).

Aggression was categorized in terms of charging displays (“exaggerated locomotion, piloerection, and branch shaking;” Muller and Wrangham 2004), chases (pursuing “a fleeing conspecific, who was generally screaming;” ibid), and attacks (“hits, kicks, or slaps delivered in passing, as well as extended episodes of pounding, dragging and biting;” ibid). Low-level aggression included charging displays, while high-level aggression included chases and attacks.

Dominance levels were defined as alpha, high, middle, and low based on pant-grunt vocalizations (Table 2). Males that successfully defeated an opponent (based on the Batchelder et al model, for which information was not found) and the opponent’s standing in the group were also considered in helping to assign dominance ranks.

Nulliparous females were analyzed independently from parous females because males treat them differently (males only mate-guard parous females and male-male agonistic encounters do not increase when around nulliparous females; Wrangham 2002). Two nulliparous females (NL and NE) and three parous females (AL, EK, GO) were observed at Kanyawara during estrus in 1998. Only one parous female (AL) was observed throughout her entire estrus cycle (14 days). As such, AL’s period of maximal tumescence, or POP, was clearly visible. This female was used to evaluate how aggression rates for males differed over the course of her cycle.

Urine samples were collected every morning, as chimpanzees routinely urinate upon awakening from their nests. During the day, samples were obtained whenever possible. Collection was obtained by containment in a plastic bag attached to a pole, or by pipetting from a leaf. Samples were immediately frozen. Two analyses of cross-contamination were performed: 1) dripping human urine on leaves and collecting via pipette, and 2) dripping water on leaves and following the same procedure. In both cases cross contamination was negligible. 

After pipetting, all chimpanzee urine samples were assayed for creatinine and testosterone. This method provided a way to standardize urinary concentration, as testosterone was indexed to creatinine. No significant difference was found for testosterone (r2 = 0.97, P < 0.0001) nor for creatinine (r2 = 0.93, P < 0.0001), and thus creatinine was a good indicator of testosterone secretion.

Morning and afternoon urine samples were analyzed separately, since it is known that testosterone is at its highest level in the morning; levels decrease thereafter.

Radioimmunoassay quantification of steroid levels and testosterone assays were also performed.

The Fligner-Policello rank-based test was used to measure differences between independent groups. The Agresti-Pendergrast rank-based test was used to make paired comparisons. Correlations in the study use Pearson’s product-moment correlation coefficient (r), and regression lines were fitted with the standard least squares procedure.

Results

In the presence of sexually receptive parous females, aggressive behavior by male chimpanzees increased (Figure 2). There was a 24% average increase in charging displays (low-level aggression) by males when in groups with maximally tumescent parous female as opposed to being in groups where they were absent. Chases and attacks (high-level aggression) showed an increase of 2.5 times when males were in the presence of cycling parous females as opposed to being in groups without such females. Individual rates are shown in Table 1. 

The observations of the estrus cycle of the single parous female AL showed that low-level aggression during the first 9 days of her cycle was insignificant (0.63 ( 0.22 observations/h, with an increase to 1.25 ( 0.44 observations/hour in the last 5 days of the 9-day period. (Zfp = -1.079, N1 = 7, N2 = 5, P = 0.28). High-level aggression, however, showed a significant increase during her periovulatory period. Chases and attacks averaged 0.67 ( 0.24 observations/h during the first 9 days of her cycle, with an increase to 2.0 ( 0.42 observations/h in the last 5 days of the 9-day period (Zfp = -4.8, N1 = 7, N2 = 5, P < 0.0001). (Figure 4)

During periods of mating, male testosterone levels increased significantly (40%) when in groups of maximally tumescent parous females than when in groups of nulliparous females (Figure 3). Similar results were found for the males in the group with AL, the parous female whose entire estrus cycle had been followed (Figure 4). Testosterone levels did not significantly increase when parous females were absent (Figure 3).

Dominance relationships among the males at the study site are shown in Table 2. At top left is MS, the alpha male. The male-male interactions are expressed as the number of times a male pant-grunted to / vs. the number of times he lost an aggressive round with the column male. Of the 89 pant-grunts being observed, 57 (64%) were directed at the alpha male, MS. Data from this table was used to assign the probability of dominance ranks in Table 3. Rank values ranged from –1 to 1, with 1 representing a high rank. 

The relationship between dominance rank and low-level (a) vs. high-level (b) aggression is depicted in Figure 5. During both mating and non-mating periods, high-ranking males were consistently more aggressive than low-level males. Male dominance rank correlated significantly with the frequency of aggressive behavior (r9 = 0.75, P = 0.008 for low level aggression, a; r9 = 0.71, P = 0.014 for high-level aggression, b). 

The alpha male, MS, was particularly aggressive. His high-level aggression was twice the average, and he threat displayed 4.5 times more. 

No significant relationship was found between mean morning testosterone levels and dominance rank (r9 = 0.20, P = 0.56) or dominance level (r9 = 0.28, P = 0.41). The alpha male, however, did show higher levels of mean morning testosterone than the other males (Table 3). In paired comparisons, mean morning testosterone levels for the alpha male showed a significant variance in contrast to the other males; the beta, AJ, and another male, ST, were the exceptions (Table 4).

In contrast to morning testosterone levels, mean afternoon testosterone levels demonstrated a significant relationship with dominance rank (r9 = 0.62, P = 0.04) and dominance level (r9 = 0.62, P = 0.04, Figure 6). Here again, the alpha male produced higher mean afternoon testosterone levels than the other males, while the analysis of pairwise comparisons proved inconclusive due to the limited collection of afternoon samples.

Low-level rates of aggression for individuals were not closely linked to urinary testosterone excretion (morning: r9 = 0.48, P = 0.13; afternoon: r9 = 0.21, NS). High-level rates of aggression for individuals also did not show a relationship to urinary testosterone excretion (morning: r9 = 0.60, P = 0.05; afternoon r9 = 0.05, NS).

Discussion

In groups with cycling, parous females, male aggression increased. This increase could have been in response to increased sexual behaviors or by male-male interaction and the ensuing competition for females. However, if sexual behavior alone contributed to an increase in aggression, than males would have also shown this when in the presence of nulliparous females (parous females absent). This was not the case and thus sexual behavior as a cause for increased aggression was not confirmed. These findings, therefore, support the challenge hypothesis, since testosterone levels were strongly allied with aggressive behavior and not sexual behavior.

Substantial increases in male aggression rates were found when in groups of maximally tumescent females. Based on the data from the single parous female, AL, the authors hypothesize that individual increases in aggression would likely occur if the periovulatory period for all females could have been evaluated. This thinking results from finding a significant increase in aggression rates when AL was in the later stages of her cycle (periovulatory). However, further experimental study with a larger sample size is needed to substantiate this hypothesis.

The physiological differences between Wingfield et al.’s studies on aggression in polygynous birds (1990) and the results from Muller and Wrangham’s study on chimpanzees are worth comparing. Chimpanzees do not have a breeding season, while birds do. During the avian breeding season, testosterone levels for polygynous birds remain near their physiological maximum. Thus, no further (or very little) increases in testosterone occur in response to agonistic interactions. Chimpanzees, on the other hand, maintain testosterone levels at the breeding baseline throughout the year. This may be due to a limited availability of parous females (on average, 13% were present in the Muller study), and relating to the time it takes to reach sexual maturation. The costs to sustain elevated levels of testosterone can be pricey for both males and females. High-level aggression can result in injury to both sexes and is presumably energetically exhausting. Wingfield (1990) found that a more effective strategy is to maintain lower levels of testosterone, as is the case for monogamous birds, and respond only when challenged by other males. Chimpanzees may be following this strategy, as their testosterone remains low until a cycling, parous female appears. They then use their elevated testosterone levels to mate guard and defend any challenges to females.

The assignment of dominance levels and ranks (Tables 2 and 3) seemed a bit arbitrary, although the authors did say they had difficulty with the assignment of dominance levels in particular.

With regards to testosterone levels, dominance rank and dominance levels in general, higher-ranking males were more aggressive than lower-ranking males. However, there was a statistical difference in morning and afternoon testosterone levels and male rank in that only the afternoon levels showed a strong correlation. The exception was found in the alpha male, who maintained consistently higher levels of testosterone than the other males, no matter the time of day. The population at Kanyawara remained stable throughout the study. Therefore dominance changes were not purported to be a factor in testosterone level variance. The authors hypothesized that “the fission-fusion nature of chimpanzee society,” as described in the introduction, may account for the link between afternoon testosterone levels and dominance rank. Perhaps the morning levels are not significant because the males are preoccupied with waking and feeding and are not engaged in social activity. During the afternoon they are more likely to encounter other chimpanzees and the frequency of agonistic bouts would likely increase. 

Conclusion

The challenge hypothesis was supported by the authors’ results. Testosterone levels for male chimpanzees increased when in the vicinity of maximally tumescent, parous females, and did not increase when in the presence of nulliparous, maximally tumescent females. Thus, there is a strong correlation between increasing testosterone levels and aggressive interactions as a result of sexually receptive, parous females being present, and it is not the sexual behavior itself that causes such increases.

Further, males with a higher rank generally exhibited more aggression than males with a lower rank. The alpha male consistently showed the highest levels of testosterone. It would be interesting to do a long-term study that explores whether male testosterone levels can be indicators of alpha male status. Further research into individual rates of aggression would be necessary, not only to clarify and corroborate the results from this focal paper, but also to achieve a better understanding of how testosterone relates to aggression in vertebrates. 

Other areas of research may include a more thorough, less ambiguous study of how dominance, testosterone levels, and aggression are associated. It would also be interesting to compare the results from these animal studies to those conducted with human subjects, for there appear to be many parallels in terms of courtship rituals, philanderous vs. monogamous behavior, and male-male vs. male-female aggression. While female aggression appears to be rare in all species, this area of research would also be a provocative subject to explore.
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