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Online supplement of Methods section 298 

 299 

 300 

Study population and field site 301 

 Baboons are large cercopithecine primates that form relatively permanent multimale-302 

multifemale groups consisting of 10 to 200 individuals. Breeding and births regularly occur in all 303 

months of the year.  Both males and females exhibit linear dominance hierarchies, and adult 304 

males are dominant to all other age-sex classes.  Infants are born after six months gestation, and 305 

inter-birth intervals are approximately two years. Adolescence lasts from about six to eight years 306 

of age for males, after which time males reach full adulthood, experience dispersal from their 307 

natal group, and rapidly rise in dominance rank (S1). Adult males weigh approximately 25 kg, 308 

about double the weight of adult females. By approximately 10-12 years of age, males begin to 309 

decline in rank, in testosterone levels, and in offspring production. Secondary dispersal by males 310 

is common throughout adulthood (S2-S6).  311 

 The Amboseli basin, Kenya, is a semi-arid open grassland savannah with scattered trees 312 

2º40’ south of the equator. The region experiences a predictable five-month dry season (June-313 

October) that is essentially devoid of rain, and a wet season (November-May) in which an 314 

average of 350mm of rain falls per year (S7-S9). Some months are also characterized by high 315 

ambient temperature, with maximum daily air temperatures in the shade sometimes exceeding 316 

baboons’ normal core body temperature of 38°C (S9). Individuals in the Amboseli baboon study 317 

population are monitored on a near-daily basis. Life-history and behavioral data have been 318 

collected since 1971, weather data since 1976, and noninvasive fecal sampling since late 1999 319 

(S10).  320 

 321 
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Hormone data 322 

Fecal sample collection, storage, and extraction were performed as described previously 323 

(S11, S12). The samples were then assayed for glucocorticoid (fGC) and testosterone metabolites 324 

(fT) using radioimmunoassays (S6, S8-S10). For this study we used all fGC and fT data for adult 325 

males from January 2000 through December 2008.  326 

 327 

Dominance ranks and rank stability 328 

Male dominance rank was determined monthly for each male by creating matrices of 329 

wins and losses using outcomes of dyadic agonistic encounters between males (S13). We then 330 

ordered the rows and columns to minimize occurrences below the main diagonal. Constructing 331 

the hierarchy this way on a monthly basis results in a ranking that is linear and transitive and a 332 

dominance matrix with very few ‘reversals’, i.e entries below the main diagonal (S3). Each male 333 

was then assigned an ordinal dominance rank starting with the highest ranking or alpha male as 334 

1, the beta male as 2, and the lowest ranking male as the number of males higher than him +1. 335 

For each group, the male dominance hierarchy for each month was then categorized as stable 336 

or unstable. Definitions of dominance stability have not always been explicit in the literature and 337 

where they have been, no consistent definition has been used. Here, we considered a measure of 338 

stability similar to the one used by Setchell (S14) and Bergman (S15) who used change in rank 339 

as their measure of stability, but we extended this change in rank to the top three positions 340 

instead of only the rank 1 (S14) or rank 1 and 2 males (S15). We chose three males in particular 341 

because the top three ranking males in a social group account for nearly 70% of conceptions in a 342 

group on average (S16), indicating that they are monopolizing the majority of the reproductive 343 
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opportunities in the group. A month was considered to be stable if males in each of the top three 344 

positions were the same as month before and the month after.  345 

One study group, Omo, had fewer than three adult males for part of the study (Jan 2000 346 

through Jan 2004, and in Mar and Apr 2004); we excluded samples for those months for that 347 

group. Using the stability criterion previously described, approximately 46% of our study months 348 

were stable (223 stable, 262 unstable); mean duration of stable periods was three months (range 349 

1- 15). We note that findings reported here were similar if we use even more stringent stability 350 

criteria, such as five or six months without change in the top three rank positions rather than 351 

three months (results not shown). 352 

 353 

Agonism (aggressive-submissive), challenges (reversals), grooming received, and 354 

consortships (mate-guarding episodes) 355 

As part of our regular monitoring of each study group, dyadic agonistic encounters 356 

between adult males were recorded ad libitum throughout the six-hour observation sessions on 357 

each group several days per week, primarily by three long-term observers (total of 58 observer-358 

years experience) (S10). Because sampling was ad libitum, the overall number of agonistic 359 

encounters observed in any month and group may vary. However, because of the observer 360 

movement patterns and experience, and because of Amboseli’s open savannah habitat, we are 361 

confident that we were not less likely to observe interactions involving the beta male, when they 362 

occurred, than we were to observe interactions involving the alpha male. Consequently, 363 

comparisons of agonistic behavior for alpha and beta males were based on pairing individuals by 364 

group and month. For each alpha and beta male, we calculated the sum of all records of his 365 

agonistic encounters with other adult males (including both wins and losses) for each month. 366 
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Data for multiple months for the same alpha-beta pair were then averaged so that each pair 367 

contributed only a single value in the analysis. Pairs that persisted for at least three months of 368 

observation were included unless no male-male agonisms were observed for either member of 369 

the pair during that time. The result was data for 54 alpha-beta pairs. 370 

The proportion of challenges to alpha and beta males was also determined using the 371 

agonism data. Using the dominance ranking determined for each month, we then calculated the 372 

number of agonistic encounters each alpha or beta male won or lost each month against the three 373 

nearest lower-ranking males (S17). For each alpha-beta pair, the proportion of challenges was 374 

then calculated as the proportion of total agonistic interactions that alpha and beta males lost 375 

against the three nearest lower-ranking males (S17). Pairs that persisted for at least three months 376 

of observation were included unless neither member of the male pair had a reversal during that 377 

time. The result was data for 29 alpha-beta pairs.  378 

Because we calculate dominance rankings on a monthly basis rather than over several 379 

months as in some other studies (S17, S18), many reversals or ‘challenges’ that occur (wins by a 380 

lower ranking male against a higher ranking opponent) appear in our data as rank changes that 381 

occur from month to month. That is, when one member of a pair of adjacently ranked males  382 

wins the majority of that pair's agonistic interactions in a given month, we typically designate 383 

him as having attained rank over the other member of the pair that month. Consequently, less 384 

than 4% of the total interactions among adult males in our analysis appear as instances in which 385 

the lower ranking member of a pair won an interaction with the higher ranking member but 386 

remained the lower ranking of the two.  We incorporated our definition of "stability" (rank 387 

changes among the top three males) in our GLMM, and we incorporated reversals or 388 

’challenges’ (instances in which the lower ranking member of a pair won an interaction with the 389 
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higher ranking member but remained the lower ranking) in our comparison of alpha and beta 390 

males. By doing so, we capture the major, distinct features of "stability" as defined by several 391 

other authors (S14, S15, S17).  392 

Grooming episodes given to adult males by adult females were recorded  ad libitum 393 

(S10); we are confident that we were as likely to observe the alpha male when he was being 394 

groomed as we were to observe the beta male when he was being groomed, i.e., that observers 395 

were not biased towards observing either the alpha or beta male. Consequently, comparisons of 396 

grooming received by alpha and beta males, like comparisons of agonistic interactions, were 397 

based on pairing individuals by group and month. For each alpha and beta male, we calculated 398 

the sum of all records of grooming by adult females for each month and then calculated an 399 

average within each alpha-beta pair as for the other behavior analyses. Pairs that persisted for at 400 

least three months of observation were included unless neither member of the male pair was 401 

observed being groomed during that time. The result was data for 53 alpha-beta pairs. 402 

Sexual consortships are easily observable mate-guarding episodes during which an adult 403 

male maintains close spatial proximity to, follows, grooms, and mates with an estrous female 404 

while also keeping other males away from the female (S3, S13, S19). Consortships are 405 

energetically costly for the male because they reduce foraging and resting time
 
(S20, S21). As 406 

part of our regular monitoring of each study group, all occurrences of sexual consortships were 407 

recorded (S10, S20-S22). Each record includes the onset and termination of the consortship (or, 408 

for censored bouts the start time and end time of the day’s observations). For each alpha and beta 409 

male in each month we calculated the total monthly time spent in consortship by adding the 410 

duration of all consortships for that male. Observation time is equal for all males in the same 411 

group in a given month; as with the agonism data, consort time was examined in a paired 412 
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analysis comparing alpha and beta males in the same group during the same month. Data for 413 

multiple months for any alpha-beta pair were averaged so that each pair contributed only a single 414 

value in the analysis.  Pairs that persisted for at least three months of observation were included 415 

unless no consortships were observed for either member of the pair during that time. The result 416 

was data for 53 alpha-beta pairs. 417 

 418 

Data Analyses 419 

 420 
Hormone values were log transformed to approach normality. Because fecal samples 421 

were collected ad libitum (no more than 1/day/male, total 4543 samples for 125 males), sample 422 

numbers were variable across males and months. To reduce the effect of uneven sampling, we 423 

first calculated for each male an average fGC and fT level within each month, resulting in 2432 424 

monthly values (mean 19 monthly values per male, range 1-69); we then used month as the 425 

temporal unit in our analyses. Second, we built General Linear Mixed Models (GLMM), one for 426 

fGC and another for fT using SPSS 17.0. Dominance rank and rank stability, the variables of 427 

focus, were entered as fixed factors as was an interaction between rank and rank stability. Based 428 

on the form of the distribution, non-linearity was evaluated by using a binary rank variable 429 

alpha/other ranks. In addition, environmental factors (wet/dry season and cool/hot month) and 430 

age were included as fixed factors in each model based on literature for diverse species and on 431 

our recent results for this population (S9). In each GLMM model, baboon identity and group 432 

membership were included as random factors. Factors that were not significant for either 433 

hormone were dropped from the final models. For fixed factors, this was the case for the 434 

interaction between rank and rank stability; for random factors, this was the case for group. 435 

Because results were not affected by inclusion of factors that were significant for just one 436 

hormone (e.g., temperature), we retained these for both hormones to facilitate comparison.  437 
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 Graphic depiction of a particular variable’s effect, such as the effect of dominance rank, 438 

is provided in the figures following the common (but inexact) technique of using the residual 439 

values given by a reduced GLMM in which that parameter was not included. Note that such 440 

visualizations are not a substitute for the full statistical model results. The exact values for the 441 

effects are found in the full statistical model reported in Table 1. Plots such as Figs 1&2 that are 442 

focused on visualizing the effects of a single variable (rank in our case) are included because 443 

almost all readers other than statisticians find them a more intuitive and satisfying way of getting 444 

a feel for the statistical results of the model. Graphing residuals from a reduced model is the 445 

overwhelmingly common, albeit imperfect, method for creating such visuals, and we have done 446 

so here because the underlying structure of the variables in our case results in graphs that retain 447 

the major features of the statistical relationships even though the exact model values will not be 448 

identical to the residual ones. 449 

The paired comparison of alpha vs. beta males for the four behavioral measures 450 

(proportion of challenges, frequency of being groomed, agonism rate and consort time) were 451 

performed using the non-parametric Wilcoxon Signed rank-test.  452 
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