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Abstract
Male-male social relationships in group-livingmammals vary from fierce competition to the formation of opportunistic coalitions
or the development of long-lasting bonds. We investigated male-male relationships in Guinea baboons (Papio papio), a species
characterized by male-male tolerance and affiliation. Guinea baboons live in a multi-level society, with units of one reproduc-
tively active “primary” male, 1–6 females, and offspring at the core level. Together with “bachelor” males, several units form a
party, and 2–3 parties constitute a gang. We aimed to clarify to which degree male relationship patterns varied with relatedness
and pair-bond status, i.e., whether males had primary or bachelor status. Data were collected from 24 males in two parties of
Guinea baboons near Simenti in the Niokolo-Koba National Park in Senegal. Males maintained differentiated and equitable
affiliative relationships (“strong bonds”) with other males that were stable over a 4-year period, irrespective of their pair-bond
status. Remarkably, most bachelor males maintained strong bonds with multiple primary males, indicating that bachelor males
play an important role in the cohesion of the parties. A clear male dominance hierarchy could not be established due to the high
degree of uncertainty in individual rank scores, yet bachelor males were more likely to be found at the low end of the dominance
hierarchy. Average relatedness was significantly higher between strongly bonded males, suggesting that kin biases contribute to
the social preferences of males. Long-term data will be needed to test how male bonds affect male tenure and ultimately
reproductive success.

Significance statement
Males living in social groups may employ different strategies to increase their reproductive success, from fierce fighting to
opportunistic alliance formation or the development of long-term bonds. To shed light on the factors that shape male strategies,
we investigated male-male social relationships in the multilevel society of Guinea baboons (Papio papio) where “primary”males
are associated with a small number of females and their offspring in “units” while other males are “bachelors.” Strong bonds
occurred among and between primary and bachelor males and strongly bonded males were, on average, more closely related.
Bachelor males typically had multiple bond partners and thus play an important role in the fabric of Guinea baboon societies.
Across primate species, neither dispersal patterns nor social organization clearly map onto the presence of strong bonds in males,
suggesting multiple routes to the evolution of male bonds.

Keywords Social bonds .Male-male relatedness . Kinship . Papio papio . Dominance rank .Multilevel societies

Introduction

Individuals living in social groups typically develop differen-
tiated relationships. Recurring affiliation and mutual support
can give rise to the development of “strong bonds,” which
have been defined as relationships that are stable over time,
equitable, and stronger (defined by more frequent or longer
lasting affiliative interactions) compared to other relationships
within the same group (Silk 2002). Long-term investments in
social relationships are believed to mitigate the costs of group-
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living (reviewed in Ostner and Schülke 2018; Thompson
2019) and have been shown to provide adaptive benefits, such
as increased longevity and offspring survival for females (e.g.,
baboons,Papio spp.: Silk et al. 2003, 2009, 2010; Archie et al.
2014; feral horses, Equus caballus: Cameron et al. 2009;
bottlenose dolphins, Tursiops sp.: Frère et al. 2010; reviewed
in Snyder-Mackler et al. 2020) and increased reproductive
success in males (e.g., Assamese macaques, Macaca
assamensis: Schülke et al. 2010; chimpanzees, Pan
troglodytes: Gilby et al. 2013).

Due to male competition over un-shareable fertilization, it
was initially argued that male bonds should occur only rarely
and, if so, exclusively among kin (van Hooff and van Schaik
1994). Thus, strong bonds between males were thought to
emerge due to indirect fitness benefits and be most likely in
three scenarios: (1) male philopatry, (2) joint dispersal with
kin (natal or secondary), or (3) preferential dispersal into
groups with resident kin (van Hooff and van Schaik 1994;
van Hooff 2000). However, bond formation among non-kin
males has by now been reported for several mammalian spe-
cies (e.g., African lions, Panthera leo: Grinnell et al. 1995;
chimpanzees: Langergraber et al. 2007; bottlenose dolphins:
Gerber et al. 2019; and Assamese macaques: De Moor et al.
2020). These findings indicate that such relationships can also
emerge through direct mutualistic benefits, where all contrib-
utors gain more than if they acted alone (Clutton-Brock 2002,
2009; Ostner and Schülke 2014).

While dispersal patterns have been recognized as factors in
shaping male-male relationships, fewer studies have consid-
ered the social organization of the species. Multi-level socie-
ties have been receiving increasing attention because of the
shift in the cost-benefit ratio of group living compared to uni-
level groups (Grueter et al. 2020). A multi-level social orga-
nization provides the benefits of larger groupings, such as
joint resource defense and minimizing predation risk, while
potentially decreasing the costs of living in large groups, such
as higher food competition, through breaking up into smaller
subgroups and using different areas during foraging (Grueter
et al. 2020).Multi-level societies occur across a broad range of
taxa, including elephants, zebras, and cetaceans (Grueter et al.
2020). “Core units,” also known as “harems” or “one-male-
units,” typically comprise one reproductively active male and
several females with their young. Several core units form
higher levels of aggregations (Grueter et al. 2020). Males that
are not reproductively active (“bachelor males”) may either be
integrated at different levels of the society or form separate all-
male groups (Grueter and Zinner 2004).

Prominent examples for a multi-level social organization in
the primate order are geladas (Theropithecus gelada),
hamadryas baboons (Papio hamadryas), Guinea baboons
(Papio papio ) , and golden snub-nosed monkeys
(Rhinopithecus roxellana) (reviewed in Grueter et al. 2017).
In geladas and hamadryas baboons, “leader” males benefit

from “leader-follower” associations in the form of longer ten-
ure, higher number of females, andmore offspring bornwithin
the unit (Snyder-Mackler et al. 2012; Chowdhury et al. 2015).
In golden snub-nosed monkeys, males of different core units
engage in cooperative defense of females against “satellite”
(bachelor) males to increase paternity certainty (Xiang et al.
2014). Kin-based alliances of bachelor males, in turn, jointly
attack unit males to obtain reproductive opportunities (Qi et al.
2017). Despite their similar social organization, hamadryas
and Guinea baboons differ from geladas and golden snub-
nosed monkeys in terms of their dispersal patterns: Guinea
and hamadryas baboons show female-biased dispersal
(Swedell et al. 2011; Kopp et al. 2014, 2015; Städele et al.
2015), while geladas are female-philopatric (Snyder-Mackler
et al. 2014) and golden snub-nosed monkeys display male-
biased dispersal (Chang et al. 2014; Huang et al. 2017).

Here, we investigate male-male relationship patterns in
Guinea baboons. Guinea baboons live in nested multilevel
societies where “units,” composed of one “primary” male,
one to six associated females, and immatures, comprise the
core level (Goffe et al. 2016). “Primary”males maintain large-
ly exclusive sexual relationships with the associated females.
Several units, together with “bachelor”males that are typically
not reproductively active, make up a “party.” Two to three
parties regularly aggregate into “gangs” and these gangs have
overlapping home ranges (Patzelt et al. 2014). Genetic analy-
ses provided evidence for female-biased dispersal (Kopp et al.
2015) with females transferring between units, parties, and
gangs (Goffe et al. 2016), while males are predominantly
philopatric. The social organization of Guinea baboons is sim-
ilar to that of hamadryas baboons; in terms of their multi-level
social organization, both species show intriguing parallels
with that of early human societies (Fischer et al. 2017;
Swedell and Plummer 2019).

Previous investigations ofmale-male relationships in Guinea
baboons showed that adult males maintain high levels of spatial
tolerance, engage in affiliative interactions, and support each
other in coalitions (Patzelt et al. 2014; reviewed in Fischer
et al. 2019). No correlation between the degree of affiliation
and relatedness between adult males was observed, but the
sample size in this initial study was small (Patzelt et al. 2014).
More importantly, at the time of the initial study by Patzelt and
colleagues, nothing was known about male-female association
patterns and the existence of primary and bachelor males. We
therefore specifically considered the distinct relationships pri-
mary and bachelor males may have, with the aim to clarify how
their relationship patterns compared to those of hamadryas ba-
boons and geladas. Our dataset comprised all large juvenile,
adolescent, and adult males (N = 24) living in two parties.

To characterize the relationships among males, we first
assessed whether male affiliative relationships fulfill the three
criteria used for identifying “strong bonds” (Silk 2002), name-
ly whether affiliative relationships among males of the same
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party are differentiated, equitable, and stable over time. We
paid particular attention to the relationships among primary
and bachelor males in order to clarify whether their relation-
ship patterns conform to a “leader-follower”model or whether
bachelor males rather formed sub-groups at the periphery of
the parties.

Second, we re-evaluated the dominance hierarchy among
males. In many species, rank relationships are central to pre-
dict interactions between subjects. In previous studies, we
failed to identify a clear rank hierarchy between males (e.g.,
Kalbitzer et al. 2015). There could be two reasons for this
absence of a linear rank hierarchy. One is that there is indeed
no clear hierarchy; the other is that the sampling was insuffi-
cient to detect it. We therefore used a larger dataset and ap-
plied a novel method (Sánchez-Tójar et al. 2018) that allows
for estimating the certainty with which a dominance hierarchy
can be assessed.

Third, we assessed the average genetic relatedness of males
with different bond strength and type. Kin selection theory
(Hamilton 1964) predicts that strongly bonded males, including
primary males and associated bachelor males, should be more
closely related compared to other male-male dyads. Yet, while
such patterns were reported in the similar societies of hamadryas
baboons (Städele et al. 2016), previous investigations failed to
find such a link in our study population. We here therefore set
out to re-examine this question with a larger data set.

Materials and methods

Field site and study subjects

Data for this study were collected over 19 months, from April
2014 to October 2015, at the Centre de Recherche de
Primatologie (CRP) Simenti field station in the Niokolo-Koba
National Park (PNNK), Senegal (described in Maciej et al.
2013). The Guinea baboon community in the area comprises
over 400 individuals, including five habituated parties in two
gangs, the Mare and the Simenti gang. We selected two parties
with the highest numbers of large juvenile, adolescent, and
adult males as our study groups (party 9 from the Mare gang
and party 6 from the Simenti gang). Party was used as the level
of analysis because males spend most of their time in spatial
proximity, and show higher rates of affiliation, ritualized greet-
ing behaviors, and coalition formation at the level of the party
(Patzelt et al. 2014; Fischer et al. 2017; Dal Pesco and Fischer
2018). Party size and composition varied during the study pe-
riod due to maturation, mortality, and immigration/emigration,
with an average of 44.5 individuals in party 6 (range 2014–
2015 = 40 to 48, average adult sex ratio: 0.89 males per female)
and 44.5 individuals in party 9 (range 2014–2015 = 38 to 51,
average adult sex ratio: 0.48 males per female; see supplemen-
tary Table S1.1a; all supplementary files are available in

Online Resource 1). We performed continuous behavioral ob-
servations of all large juvenilemales, small and large adolescent
males, and adult males. Each month, two independent ob-
servers determined developmental stages and assessed age cat-
egories using physical markers (see supplementary
Tables S1.2a, b). Males were introduced as focal subjects when
they reached the status “large juvenile male.” Three males dis-
appeared during the study period (likely due to predation),
while three males that transitioned to large juvenile status were
included later in the study. We observed a total of 24 individ-
uals (N = 14 in party 6, and N = 10 in party 9). The average
observation time per subject was 17 months (range = 3 to 19).
Additional data from two subsequent years (2016 and 2017)
were added to investigate male relationship stability and equi-
tability (see supplementary Tables S1.1a, b, S1.3 for detailed
information about data collection between 2014 and 2017).

Data collection

During 2014 and 2015, we conducted behavioral observations
during morning (6:30–12:30) and afternoon (15:00–18:00) ses-
sions for a total of 410 observation days (884 contact hours for
party 9 and 941 contact hours for party 6). All data were col-
lected on Samsung Note 2 handhelds using electronic forms
developed for our long-term data collection using the
Pendragon 7.2 software (Pendragon Software Corporation,
USA). It was not possible to record data blind because our study
involved focal animals in the field. We recorded demographic
changes (presence, birth, absence, or death), health status, and
female reproductive state on a daily basis (Goffe et al. 2016).
Aggression, displace/supplant, avoidance, unprovoked submis-
sion, coalitionary support, copulation and grooming were re-
corded ad libitum.We conducted focal follows (Altmann 1974)
of 20 min that were balanced between subjects and between
morning and afternoon sessions, with an average of seven fol-
lows per individual per month (2014–2015 total: 956 h and
2961 focal follows for both parties). The behavioral data col-
lection protocol included recording continuous focal animal
activity (moving, feeding, resting, and socializing) and all oc-
currences of social behaviors such as approaches (to within
1 m), grooming, contact-sitting, and ritualized greeting involv-
ing the focal animal (Dal Pesco and Fischer 2018). For all
grooming and contact-sit bouts, durations were additionally
recorded to the nearest second. Scan sampling (Altmann
1974) was used before and after each focal follow to record
all neighbors of the focal male within 10 cm, 1 m, 5 m, and
10 m (total number of proximity scans 2014–2015=5911).

Data analyses and modeling

All data and statistical analyses (including figure preparation)
were conducted using the R environment (version 3.4.4; R
Development Core Team 2018) in the RStudio interface
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(version 1.1.456; RStudio Team 2018). We ran general and
generalized linear mixed models using the R package “lme4”
(version 1.1.14; Bates et al. 2014). Detailed information about
sample size, data standardization/transformation, model struc-
ture, diagnostics (assumptions, collinearity, overdispersion,
model stability), and effect sizes can be found in the supple-
mentary section S2 and in each model table (supplementary
Tables S6.1a-S7.3b in supplementary sections S6 and S7).
p values were obtained from the likelihood ratio test per-
formed with the R function “drop1” with the argument “test”
set to “chisq” (Barr et al. 2013). Effect sizes were calculated
with the “r.squaredGLMM” function of the “MuMIn”R pack-
age (version 1.42.1; Burnham and Anderson 2002).
Additional specific functions and packages are mentioned in
each sub-section.

Genetic sampling, genotyping, and relatedness
analysis

We collected fecal samples of all large juvenile, adolescent,
and adult males (N = 24) belonging to our study parties and
characterized genetic variation by analyzing 24 polymorphic
autosomal microsatellite markers. Genetic sampling, storage,
DNA-extraction, and genotypingmethodologies are described
in detail in Dal Pesco et al. (2020). When DNA extracts from
tissue samples were available from previous studies (see
Patzelt et al. 2014), at least one additional fecal sample was
genotyped in order to cross-check individual identity. For all
other individuals, analyses were conducted on three indepen-
dent fecal samples to rule out identification errors during sam-
ple collection.

We calculated descriptive statistics for all 24 markers, es-
timated FIS, expected, and observed heterozygosity, and test-
ed for Hardy-Weinberg equilibrium (HWE) and null alleles
presence for all loci following the methodologies in Dal Pesco
et al. (2020). All loci were polymorphic with allele numbers
averaging 3.5 (range = 2 to 6). One locus (D1s548) showed
signs of null alleles and significant deviations from HWE and
was therefore excluded. Thus, a total of 23 loci were included
in the following relatedness estimation. All details regarding
the descriptive statistics of genetic markers can be found in the
supplementary Table S3.1.

We estimated dyadic relatedness for all 24 males belonging
to our study parties for a total of 134 within-party dyads using
the R package “related” (Pew et al. 2015; also seeWang 2011;
see methodological details in Dal Pesco et al. 2020). The
Wang estimator (Wang 2002) showed the highest correlation
coefficient between simulated relatives and genetic related-
ness estimates (0.83), and was therefore selected as the relat-
edness estimator. Pedigree reconstruction analysis was not
performed, as our genetic database is too recent to provide
information on mother-offspring pairs for large juvenile, ado-
lescent, and adult individuals.

Male-male social bonds: strength, equitability, and
stability

We measured the strength of dyadic affiliative relationships
within parties by computing the Dyadic Composite Sociality
Index (hereafter DSI; Silk et al. 2006b). This index ranges
from 0 to infinity and, for a given dyad, measures the devia-
tion in affiliative behavior compared to all other dyads in the
same party. The mean DSI value is 1, lower values represent
affiliative relationships weaker than average, and higher
values indicate stronger than average relationships. For each
male-male dyad, we calculated the DSI on a yearly basis
(January to December). The only exception was the analysis
of average dyadic relatedness andmale sociality, for which the
DSI was computed for the whole study duration (i.e., 2014
and 2015 combined). The following behaviors were included
in our index calculation (see supplementary Table S4.1):
grooming frequency (Gf) and duration (Gd), contact-sit fre-
quency (Cf) and duration (Cd), and frequency of approaches
to within 1 m (Af). Note that only approaches that were not
followed by social behavior (positive or negative) within 10 s
were considered in the DSI calculation to avoid redundancies
with the other behaviors. The DSI was calculated using the
following formula: DSI = [(Gfij/GfmeanX) + (Gdij/GdmeanX) +
(Cfij/CfmeanX) + (Cdij/CdmeanX) + (Afij/AfmeanX)]/5; where
terms containing ij always represent the dyadic behavioral
frequency/duration for a certain dyad ij and terms containing

meanX represent the mean frequency/duration for a certain be-
havior in party X. One requirement of the DSI is that the com-
ponents are correlating (Silk et al. 2006a, b). We therefore
assessed the correlation between all behavioral components
in our index performing a Kendall’s tau correlation test using
the “cor.test” function in the “stats” package (R Development
Core Team 2018). All behavioral components included in the
composi te index were posi t ively correlated (see
supplementary Table S4.2). Based on the methodology by
McFarland et al. (2017), the number of strong bonds per male
was based on the number of higher-than-average DSI values.

We calculated male-male relationship equitability within
parties by computing the Grooming Symmetry Index (GSI;
Silk et al. 2006a) over a 4-year period on a yearly basis
(January to December) for each male-male dyad. All males
present for at least 1 year were included in this analysis (N =
24). No gaps occurred between observation periods of individ-
ual males. The GSI measures how evenly grooming is balanced
within a dyad by considering the duration of grooming given
and received. The GSI ranges from 0 to 1, where 1 represents a
completely equitable relationship and 0 corresponds to a
completely unequitable relationship where one individual re-
ceived all the grooming and gave none. The GSI was calculated
using the following formula: GSI = 1 − abs[(Gdi→j/Gdi↔j)
− (Gdj→i/Gdj↔i)]; where Gd indicates grooming duration, →

indicates grooming directionality and ↔ represents the total
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grooming exchanged by a certain dyad ij (i.e., given and re-
ceived). Only dyads that exchanged at least four grooming
bouts per year were included in this calculation and the follow-
ing analysis. To investigate the link between male-male rela-
tionship strength and equitability we tested whether grooming
equitability (GSI) was significantly higher for dyads with great-
er dyadic relationship strength (DSI). We ran a general linear
mixed model with a Gaussian error structure (Baayen 2008)
with GSI as the response and DSI as the main predictor of
interest. We included year and party membership as fixed con-
trol factors, and male identities and dyad identity as random
intercepts. The following random slope components were in-
cluded in the model: DSI within ID1, ID2, and dyad identity.
To control for multiple membership of individuals (IDs) within
dyads, we ran the model 10,000 times, randomly assigning
dyad members to either ID1 or ID2.

We calculated male-male relationship stability using the
Partner Stability Index over a 4-year period (PSI; Silk et al.
2006a, 2013). The PSI measures variation in individual partner
preference based on each individual’s top partners across sev-
eral time periods. The PSI ranges from 0 to 1, where 1 is the
highest stability value, for individuals with the same top part-
ners over all periods, and 0 is the lowest stability value, for
individuals that changed top partners in every period. All males
present for at least two consecutive years (N = 23) were includ-
ed in this analysis, and no gaps occurred between observation
periods of individual males. Because for some males, no single
third top partner could be identified, we calculated all PSI
values using the top two partners. The PSI was calculated using
the following formula: PSI = [(ns − u)/(ns − s)]; where n is the
number of periods the individual was present in the study
group, s is the number of top partners considered in the analysis
(i.e., two), and u is the number of unique top partners the indi-
vidual had across periods. To test if the observed preference
patterns were different than those expected by chance, we com-
pared the observed PSI values for each individual male against
mean expected PSI values for random partner choice calculated
from 10,000 permutations (Silk et al. 2012; Kalbitz et al. 2016)
using an exact Wilcoxon signed-rank test (“wilcoxon.test”
function in the “stats” package R Development Core Team
2018; two-sided, paired, confidence level = 0.95).
Furthermore, we calculated the percentage of males with an
observed PSI value greater than 95% of permuted values by
computing the proportion of permuted values lower than the
observed value for each male and by assessing how many
males had a proportion greater than 95. To investigate the link
between male-male relationship strength and stability (Kalbitz
et al. 2016), we additionally tested if the PSI for eachmale’s top
two partners was different than the PSI for his third and fourth
strongest partners. Only the males that had unique third and
fourth partners for at least 2 years were included in this analysis
(N = 21). For each individual male, the PSI calculated based on
the top two partners was compared with the PSI calculated

based on the third and fourth partners using an exact
Wilcoxon signed-rank test (“wilcoxon.test” function in the
“stats” package R Development Core Team 2018; two-sided,
paired, confidence level = 0.95).

Male dominance hierarchy assessment

Ad libitum and focal data on male-male aggression (i.e.,
threats, lunges, chases, physical fights), displace/supplant,
avoidance, and unprovoked submission were used to assess
the dominance hierarchy among large juvenile, adolescent,
and adult males of the same party. Decided dyadic interactions
were used to compile a winner/loser matrix to determine dom-
inance relationships for each studied party. We excluded any
aggressive interaction that followed one or more polyadic in-
teractions within the same aggressive event (polyadic event).
When several interactions per dyad occurred within the same
aggression event, only the highest intensity interaction was
considered. We used the “aniDom” package (version 0.1.3;
Farine and Sánchez-Tójar 2017) to calculate the randomized
Elo-rating scores for males of each party (Sánchez-Tójar et al.
2018), as this method performed best for both intermediate
and low hierarchy steepness in a data simulation study
(Sánchez-Tójar et al. 2018). This method randomizes the or-
der in which interactions occur to avoid temporal biases and
produces several individual rank scores, allowing for the cal-
culation of mean individual ranks and the respective 95%
range of individual scores (Sánchez-Tójar et al. 2018). By
providing information about the scores’ distributions, this
method allows the estimation of the individual ranks’ uncer-
tainty. The use of this methodological approach also allowed
us to assess the hierarchy steepness and uncertainty indepen-
dent of group size and sampling effort.We assessed the degree
of hierarchy orderliness using the triangular transitivity index
(Shizuka and McDonald 2012). Compared to others, this in-
dex is not influenced by dataset sparseness or variation in
group size (Shizuka and McDonald 2012). For methodologi-
cal details and functions used in this analysis, see supplemen-
tary section S5a.

Male status and relationships among primary and
bachelor males

Data on female-male associations and male status (primary,
bachelor) were recorded daily. Female unit transfers were re-
corded and verified using copulations, grooming bouts,
contact-sit bouts, greetings, and aggression events from focal
and ad libitum data (see Dal Pesco and Fischer 2018). We
used male-male spatial proximity to identify association pat-
terns among males (following Chowdhury et al. 2015), so that
we could directly compare our results to those for hamadryas
baboons (Chowdhury et al. 2015). We first used a change
point analysis to detect discontinuities in the distribution of
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male-male approaches (within 1 m) including all large juve-
nile, adolescent, and adult males within-parties (R package
“changepoint”; version 2.2.2, Killick et al. 2016). Males were
classified as “associated males” when the approach rate was
above the change point threshold (see detai ls in
supplementary section S6a and supplementary Fig. S6.1).
For each primary male, we determined the number of associ-
ated bachelor males, i.e., associated males that were not pri-
mary males. To control for demographic changes and the var-
iation in male status, we calculated the number of associated
bachelor males per primary male as a yearly average weighted
by the duration of the association in days.

The role of kinship in male sociality

We tested whether the dyadic relatedness was significantly
higher on average for strongly bonded dyads versus non-
strongly bonded dyads, and for primary and their associated
bachelor males versus all other dyads. Male-male dyads were
characterized as strongly bonded if their DSI (calculated over
both years, 2014 and 2015) was above 1 and as primary/
associated bachelor males if they fell into this category at least
once during this period. We ran two general linear mixed
models with a Gaussian error structure (Baayen 2008) with
dyadic relatedness estimates (Wang estimator, Wang 2002) as
the response and relationship type 1 (strongly bonded versus
non-strongly bonded) and type 2 (primary and their associated
bachelor males versus other male-male dyads) as the main pre-
dictor, respectively. In both models, we included party mem-
bership as a fixed control factor and male identities as random
intercepts. To control for multiple membership of individuals
(IDs) within dyads, we ran bothmodels 10,000 times, randomly
assigning dyad members to either ID1 or ID2. Note that in this
analysis, the two study years were considered as a single study
period because the relatedness estimate is constant over time.

Results

Male-male social bonds: strength, equitability, and
stability

Male-male affiliative relationships were differentiated, equita-
ble, and stable over time. The distribution of the Dyadic
Composite Sociality Index (DSI) was highly skewed, indicat-
ing that relationships were differentiated (see Fig. 1,
supplementary Fig. S4.1). The DSI for the entire study period
(see supplementary Tables S4.3, S4.4 for yearly values)
ranged from 0.00 to 11.90 with a mean of 1 and a median of
0.10. Only 22.4% of dyads (30/134 dyads) had a DSI above
group average, and the top 10% of relationships had a DSI
above 3.27. To illustrate the variation in behaviors in relation
to DSI, average approach rates per hour were 0.11 for a DSI of

0.1, 0.49 for a DSI of 1, and 1.42 for a DSI of 5. The average
number of strong bonds per male (calculated as the number of
higher-than-average DSI values) was 2.50 (SD = 1.93;
range = 0 to 6): 3.29 for party 6 (SD = 2.13; range = 0 to 6;
N = 14) and 1.40 for party 9 (SD = 0.84; range = 0 to 3; N =
10). Average DSI across all strongly bonded male dyads was
3.93, indicating that these dyads affiliated almost four times as
often/long compared to the average of the party.

Across the 4 years, a total of 699 grooming bouts were ob-
served between males belonging to the same party. Of a total of
133 male-male within party dyads included in this analysis, 48
dyads exchanged at least one grooming bout, indicating that
males were selective in their choice of grooming partners. The
yearly Grooming Symmetry Index (GSI) considering only
dyads which exchanged at least four grooming bouts during a
given year (N = 30) was 0.59 (SD = 0.27; range = 0.00 to 0.98).
We found some (weak) evidence that dyads with higher DSI
values showed significantly higher GSI values (mean lmer esti-
mate ± SE = 0.08 ± 0.04, mean p = 0.050 [range: < 0.001 to
0.883] based on 10,000 permutations with 71% of models hav-
ing a p value ≤ 0.050; see supplementary Tables S7.1a, b).

Partner choice was not random and relationships were sta-
ble over time. The average observed Partner Stability Index
(PSI) was 0.72 (SD = 0.22; range = 0.25 to 1.00) with 69.6%
of males having observed PSI values greater than 95% of the
permuted values. The observed PSI values were significantly
higher thanmean permuted PSI values (Wilcoxon signed-rank
test: V = 271, N = 23, p < 0.001; Fig. 2), which averaged 0.35
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(SD = 0.06; range = 0.24 to 0.42). These results indicate that
our observed preference patterns were different from those
expected by chance, i.e., by random partner choice (see Fig.
2a, b). Stronger bonds were also more stable: the PSI values
based on the top two partners were higher compared to the PSI
values based on the 3rd and 4th ranked partners (Wilcoxon
signed-rank test: V = 85.5, N = 21, p = 0.040).

Male dominance hierarchy assessment

Out of 1026 within-party male-male aggressive interactions
recorded during 2014–2015, only 19.1% (196 interactions)
could be used to assess dominance because the others were
non-decided (42.7% of 1026), non-dyadic (59.7% of 1026), or
comprised repeated interactions within the same bout of ag-
gression. These 196 interactions were used in combination
with 209 displace/supplant, avoidance, and unprovoked sub-
mission interactions, for a total of 405 interactions, to deter-
mine the rank hierarchy. Both parties showed a hierarchy of
intermediate/low steepness with high variation in randomized
Elo-rating scores and great overlap between the 95% score
range for most males (Fig. 3). Those few individuals whose
scores did not overlap with those of the highest-ranking indi-
viduals were all large juvenile, adolescent, or old males for the
entire duration of the study (see Fig.3; also see supplementary
online material in Dal Pesco and Fischer 2018). Hierarchies
showed high transitivity, indicating high levels of orderliness.
Yet, due to the extremely low rate of aggression (Patzelt et al.
2014; Kalbitzer et al. 2015) and usable proportion of interac-
tions, our attempts to assess dominance yielded uncertain

estimates. Therefore, dominance could not be included as a
predictor in our analyses (see supplementary section S5b,
supplementary Fig. S5.1, supplementary Tables S5.1a, b for
detailed explanations).

Relationships among primary and bachelor males

The change point analysis determined that a total of 34 male-
male dyads should be classified as “associated male-male
dyads.” Associated dyads exchanged grooming and contact-
sit bouts at a mean (± SD) rate of 0.39 bouts/h (± 0.36); non-
associated dyads did so at a mean (± SD) rate of 0.01 (± 0.02)
bouts/h (see supplementary section S6a). Associated males
interacted at significantly higher rates with the unit females
(e.g., interaction rate per hour of focal observation; associated
males: mean ± SD = 0.21 ± 0.31; non-associated males: mean
± SD = 0.01 ± 0.05; see supplementary section S6b, supple-
mentary Fig. S6.2, and modeling supplementary
Tables S6.1a, b, c). While four of these male-male dyads in-
cluded two males with bachelor-status for the entire study
duration, the remaining 30 dyads included at least one male
that had primary status for part or all of the study. As male
status changed throughout the study period, dyad type varied
accordingly. Nevertheless, no associated dyads were com-
posed of two males that both had primary status for the entire
duration of the study and only nine dyads were composed of
two primary males for a limited duration (duration in days,
mean ± SD: 96 ± 111, range = 2 to 283 on 579 total days).

During the study period, 13 of the 17 primary males (76.5%)
were associated with at least one bachelor male. More than half
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of these primary males (8 of 13 males; 61.5%) were associated
with more than one bachelor male. The weighted average num-
ber of associated bachelor males per primary male was 1.65
(SD = 1 .47; range = 0.00 to 4.08): 2.56 (SD = 1.44; range =
0.00 to 4.08; N = 14) for party 6 and 0.62 (SD = 0.55; range =
0.00 to 1.43; N = 10) for party 9. Most bachelor males were
classified as either large juvenile/adolescent or late prime/old
(12 of 15 males: 80%). All bachelor males were associated with
at least one primary male and interacted with that primary
male’s females (also see supplementary section S6).
Remarkably, 66.7% of bachelor males (10 of 15 males) were
associated with multiple primary males (average number of
units 2.53 ± 1.36 SD; range = 1 to 5; median = 3.00.

Strong affiliative relationships between males were not re-
stricted to dyads consisting of one primary and one bachelor
male, however. Keeping into account demographic and status

changes, an average of 27.9% of strong bonds occurred be-
tween two primary males or two bachelor males (see Fig. 4).
Bachelor males did not associate in all-male groups nor form a
sub-group within the party. Instead, bachelor males were an
integral part of the party and were very well socially integrat-
ed, maintaining strong bonds with one or more primary males
as well as with other bachelor males (Fig. 4). We did not
observe bachelor males that were not affiliated with any pri-
mary male.

The role of kinship in male sociality

Relatedness estimates for male-male within-party dyads aver-
aged 0.06 (SD ± 0.24) and ranged from − 0.56 to 0.69 (medi-
an = 0.05). Strongly bonded males had significantly higher
average relatedness estimates than non-strongly bonded males
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(mean lmer estimate ± SE =− 0.21 ± 0.05, mean p < 0.001
[range: < 0.001 to 0.003] based on 10,000 permutations,
Fig. 5a, see supplementary Tables S7.2a, b). Note however
that the range of dyadic relatedness overlapped to a great
extent (strongly bonded: range = − 0.31 to 0.69; non-strongly
bonded: range = − 0.56 to 0.57). The same pattern was found
for primary males and their associated bachelor males, where
dyads composed of primary/associated bachelor males had
significantly higher average relatedness than all other male-
male dyads (mean lmer estimate ± SE = − 0.20 ± 0.05, mean
p < 0.001 [range: < 0.001 to 0.003] based on 10,000 permuta-
tions, Fig. 5b, primary/associated bachelor males: range = −
0.22 to 0.69; all other male-male dyads: range = − 0.56 to
0.57; see supplementary Tables S7.3a, b).

Discussion

Guinea baboonmales form highly differentiated and equitable
affiliative relationships with partner preferences being stable
over a 4-year period (and most likely longer). These findings
justify the claim that male Guinea baboons form strong social
bonds. Strong bonds have previously been reported between
females in female-philopatric baboons (Silk et al., 2006a, b,
2009) and between males in male-philopatric chimpanzees

(Mitani 2009) and in dispersing male Assamese macaques
(Kalbitz et al. 2016). Strong male-male bonds were found
both in uni-level groups (e.g., Barbary macaques, Macaca
sylvanus: Young et al. 2014; Assamese macaques: Kalbitz
et al. 2016), as well as in multi-level societies (e.g., Guinea
baboons: Patzelt et al. 2014; bottlenose dolphins: Connor and
Krützen 2015; Gerber et al. 2019). Given the variety of social
systems where strong bonds between males occur, neither
social organization (multi-level or uni-level) nor dispersal pat-
terns (female- or male-biased) are obvious predictors of the
occurrence of male-male bonds.

In Guinea baboons, primary males maintained strong
bonds both with other primary males and with bachelor males,
and strong bonds also occurred between bachelor males, indi-
cating that these bonds are not restricted to the unit level. With
few exceptions, most bachelor males were either large
juvenile/adolescents or late prime/old males, while males in
their prime generally had primary status. In our population,
similar to the findings for hamadryas baboons (reviewed in
Grueter et al. 2017), we did not see any all-male groups. In
contrast, in both snub-nosed monkeys and geladas, all-male
groups—also called “bachelor groups”—can be observed
(reviewed in Grueter et al. 2017). Furthermore, in our study
population, we did not observe bachelor males that were not
affiliated to any primary male (termed “solitary” in hamadryas
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baboons). Instead, bachelor males could simultaneously be
associated with multiple primary males. Our findings show
that in Guinea baboons, bachelor males are an integral part
of the group (“party”) and can be very well socially integrated.
This sets male Guinea baboons apart from male hamadryas
baboons and geladas. Inter-unit interactions are infrequent in
hamadryas baboons, with occasional affiliation between lead-
er males and follower/solitary males, but with interactions
between leaders limited to threats, avoidance, and stereotyped
greeting behavior (“notifying”; Kummer 1968; Schreier and
Swedell 2009). In geladas, leaders usually ignore each other
(Dunbar 1983) and male-male affiliation is restricted to all-
male (“bachelor”) groups (Pappano 2013) or rare interactions
between leaders and their followers, which most often stay at
the periphery of the unit (Dunbar and Dunbar 1975).

The occurrence of follower/bachelor males differs between
the three species. Most Guinea baboon primary males had at
least one associated bachelor male (76.5% versus 55.4% in
hamadryas baboons and 33.3% in geladas; Chowdhury et al.
2015; Snyder-Mackler et al. 2012, respectively), and most of
these males had more than one associated bachelor male
(61.5% versus 38.9% in hamadryas baboons; mean number
of bachelor/follower males per unit: 1.65 versus 0.80 in
hamadryas baboons; see Chowdhury et al. 2015). Note that

we differentiated between associated and non-associated
males using proximity at a much closer distance (1 m) than
that used in hamadryas baboon studies (5 m) (Chowdhury
et al. 2015). This was necessary as Guinea baboons are highly
gregarious, and preferred associations are difficult to discern
using larger distances (Goffe et al. 2016). Contrary to
hamadryas baboons, where follower males tend to associate
with a single leader male and further associations are short-
term and usually do not extend to females (Chowdhury et al.
2015); in Guinea baboons, bachelor males have multiple as-
sociations that may last several years and involve social inter-
actions with both primary males and their associated females.

In contrast to an earlier study with a smaller sample size
(Patzelt et al. 2014), we found here that the average related-
ness was significantly higher between strongly bonded males
and between primary males and their associated bachelor
males compared to all other dyads. These results suggest that
male-male relatedness plays a role in shaping relationship pat-
terns between males. Given the high mate fidelity of females
once they joined a unit (Goffe et al. 2016), infants born into
the same unit will most likely be paternal siblings. Thus, some
of the early peers are related. Observations from captive
Guinea baboons in the Chicago Zoo (Boese 1975) indicated
that males establish bonds already as juveniles; whether this
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pattern holds in the wild and whether males preferentially
recruit partners from their natal units can only be clarified
when long-term demographic data are available.

While individuals should bias their behavior toward closely
related partners due to indirect fitness benefits (Hamilton
1964), it is also possible that males establish bonds with
non-kin, if such bonds provide sufficient direct benefits
(Mitani et al. 2002; Krützen et al. 2003; Langergraber et al.
2007, 2009; Gerber et al. 2019; Sandel et al. 2019; De Moor
et al. 2020). Non-kin ties have been deemed crucial in vampire
bats, where they can result in food-sharing network expansion
and aid in dealing with the disappearance of key food-sharing
partners (Desmodus rotundus: Carter and Wilkinson 2015;
Carter et al. 2017). In the absence of pedigree information,
we are not able to assign the males in our study to specific
kin classes, nor are we able to identify male-male dyads that
are certain to be unrelated. Therefore, it is not yet possible to
decide to which degree kinship and/or familiarity via shared
unit membership, for instance, play a role in bond formation.

Corroborating and expanding earlier findings (Patzelt et al.
2014; Kalbitzer et al. 2015), we found that male hierarchies in
Guinea baboons were of intermediate/low steepness, individual
rank scores were highly variable with great overlap between
inter-individual score ranges and, most importantly, estimates
remained uncertain. Combined with past unsuccessful attempts
to establish a significant linear hierarchy (Patzelt et al. 2014;
Kalbitzer et al. 2015; also see supplementary online material in
Dal Pesco and Fischer 2018), our results reinforce the view that
steepness and linearity are not a key element of male domi-
nance in this species. The low levels of aggression and the
absence of an agonistically enforced hierarchy show that rank
is not a useful construct to predict interactions between males in
this population (see also supplementary section S5c).

Although the lack of a dominance hierarchy is striking,
these patterns are not uncommon in multilevel societies,
where male status (“leader”/“ non-leader” or “follower”) is
often used to define rank, with leaders being considered dom-
inant over non-leaders, the latter of which tend to be younger
males or older ex-leaders (e.g., Colmenares 1990; Bergman
et al. 2009; but see Zhang et al. 2008 for a linear hierarchy
between one-male-units in snub-nosed monkeys). We found a
similar effect of age in Guinea baboons, where the individuals
with the lowest rank scores were all large juvenile, adolescent,
and old males (also see supplementary online material in Dal
Pesco and Fischer 2018). Moreover, except in very rare cases,
all bachelor males were large juvenile, adolescent. or late
prime/old adult males, similar to observations in other multi-
level societies (e.g., Colmenares 1990; Bergman et al. 2009).
Hence, bachelor males can be found at the low end of the
dominance hierarchy.

The finding that male Guinea baboons form strong, equi-
table and stable bonds corroborates the view that male co-
residence and relatively low contest potential promote bond

formation. Following predictions from kin selection theory,
we found that strongly bonded males and primary and their
bachelor males were on average more closely related. Future
investigations should focus on the factors that promote male-
male bond formation and the adaptive benefits of strong bonds
between males, such as enhanced coalitionary support and/or
increased male reproductive benefits.
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