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ABSTRACT
Growing evidence from studies on primates and other taxa has shown that the maintenance
of long-term affiliative patterns influences fitness. Thus, understanding how individuals
regulate social interactions in response to environmental and social factors contributes to
our understanding of the evolutionary basis of sociality. We investigated the durability of
affiliation patterns in chimpanzees across three 3-month periods of varying social
uncertainty depending on the degree of stability in the male hierarchy, with a 2-yr gap
between each period. Periods were unstable (no clear alpha male), recently stable (new
alpha male just established) and stable (alpha male in place for two years). We focused on
three features of social exchange shared by human and non-human primates: consistency of
exchanges across periods, durability of preferred partners, and degree of reciprocity in each
period. We compared male-to-male, female-to-female, male-to-female and female-to-male
grooming patterns. Overall, more grooming was exchanged in the stable period. Grooming
patterns were not consistent across the three periods, but were only consistent between the
recently stable and stable periods for female-to-female and male-to-female dyads. As
predicted from the opportunistic nature of male relationships, male-to-male grooming was
least likely to be correlated across all periods and males had relatively fewer durable (i.e.,
preferred partners in all periods) same-sex partners than females. Our predictions that
grooming reciprocity would be less likely during the unstable period and in male-male
dyads were only partially supported. We found grooming reciprocity in all periods for
female-female dyads but only in the stable period for male-male and female-male dyads.
Although long-term affiliative patterns are well studied in primates, this is the first study to

investigate the association between social uncertainty and durability of affiliative patterns.
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Our findings suggest social uncertainty influences social exchange and highlight the

importance of considering group instability in studies of social relationships.

Key words: social uncertainty; exchange; long-term; primate

INTRODUCTION

Recently, empirical research demonstrating a direct link between social
relationships and fitness has been accumulating across a range of taxa, e.g. primates
(Lehmann et al., 2016; Schilke et al., 2010; Silk et al., 2003, 2009), horses (Cameron et al.,
2009), dolphins (Stanton & Mann 2012), rodents (Wey et al., 2013), and birds (Royle et al.,
2012). Therefore, investigating how individuals manage their social relationships in
response to environmental and social factors can shed light on the evolutionary basis of
sociality (e.g. Dunbar & Shultz, 2010; Kutsukake 2009). Long-term studies are recognized
as providing a wealth of data for a variety of analyses (Kappeler & Watts, 2012). For
example, long-term data have provided the opportunity to focus on affiliation patterns over
time. Among non-human primates the most frequently used measures of affiliation are
spatial proximity and grooming exchanges between group members (Cords, 1997; Dunbar,
1991). Using these measures, long-lasting affiliation patterns have been documented in
several non-human primate species, such as baboons (Papio sp., e.g. Silk et al., 2006; 2010;
2012), rhesus macaques (Macaca mulatta, Weinstein & Capitanio, 2012; Massen & Sterck,
2013), Japanese macaques (M. fuscata, Nakamichi & Yamada, 2007) and bonobos (Pan
paniscus, Moscovice et al., 2017). Changes in group membership, and thus partner

availability, can create social instability (e.g. Beisner et al., 2015) which has been shown to
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have negative health consequences e.g. in rodents (Rattus norvegicus, Herzog et al., 2009;
Heterocephalus glaber: Clarke & Faulkes 1997) and primates (M. mulatta, Capitanio &
Cole 2015; M. fascicularis, Manuck et al., 1983). Two earlier studies have explored the
effect of rank reversals in the male hierarchy on relationships within a primate group (de
Waal 1989; Perry 1998) but none so far have explicitly considered the impact of social
uncertainty on the durability of affiliation patterns in non-human primates, and the role of
social uncertainty on durability of human social relationships is poorly understood
(Bukowski et al., 1998). Chimpanzees (Pan troglodytes) are a suitable species to examine
the role of social uncertainty on the durability of affiliation patterns as enduring affiliation
patterns have been reported between males and between females (Gilby & Wrangham,
2008; Langergraber et al., 2009; Lehmann & Boesch, 2009; Koski et al., 2012; Mitani,
2009), and males are known to engage in flexible social interactions which may depend on
social uncertainty (e.g. Nishida, 1983).

Affiliation between male chimpanzees is high both in the wild and in captivity
(reviewed in Muller & Mitani, 2005). Males are the philopatric sex, are more gregarious
and spend more time grooming one another than females do (e.g. Boesch & Boesch-
Achermann, 2000; Goodall, 1986; Nishida, 1979). Previous research has emphasized the
opportunistic nature of male-male social interactions (e.g. Nishida, 1983; de Waal, 1989;
Newton-Fisher, 2002), however, affiliation patterns in some male-male dyads have been
found to be durable for up to 10 years in the wild (Mitani, 2009).

Chimpanzee females have been often described as having weak social relationships
with one another due to their dispersal from the natal group limiting opportunities to

interact with kin, and the lack of a need to form coalitions (Nishida, 1979; Goodall, 1986;
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Wrangham, et al., 1992; Arnold & Whiten 2003). However, more recent findings reveal
that females can form long-term cooperative relationships and opportunistic female-female
coalitions (Boesch & Boesch-Achermann, 2000; Newton-Fisher, 2006; Lehmann and
Boesch, 2008, 2009; Langergraber et al., 2009; Wakefield, 2013; Foerster et al., 2015). The
potential for female chimpanzees to form strong relationships was first documented in
captivity (de Waal 1984, 1989; Baker & Smuts, 1994), and subsequent captive studies have
continued to provide evidence that females can form high-quality relationships with each
other (e.g. Fraser et al., 2008; Koski et al., 2012). Only one study so far has assessed
temporal durability in female grooming patterns (Lehmann & Boesch, 2009). While the
majority of females had at least one same preferred association partner (association being
defined as being in the same subgroup) for three of four consecutive years, only a fifth of
all adult females maintained a long-term female grooming partner and only 5% of dyads
were classified as long-term grooming partners.

Fewer studies have focused on affiliative exchanges between females and males in
chimpanzees. In the wild levels of proximity and grooming are lower in female-male dyads
than in male-male dyads but higher than in female-female dyads (Langergraber et al., 2013;
Machanda et al., 2013). In captivity, there appears to be less variation in affiliation between
dyads of different sex-combinations (Fraser et al 2008). Both wild and captive studies
report that females form coalitions with males (de Waal, 1994; Kahlenberg et al., 2008).
There is also some evidence that interaction patterns between females and males are
maintained across time as indices of female-male association in the same subgroup during

two periods three years apart were highly correlated (Langergraber et al., 2013).



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

Koyama 6

Thus, there is growing evidence for the existence of durable affiliation patterns
between males, between females and between females and males, but no study so far has
examined the impact of social uncertainty on the durability of grooming patterns. Gilby &
Wrangham (2008) compared association preferences between periods with different alpha
males, but omitted the replacement period from their analyses. Two studies have examined
how affiliation patterns vary depending on social instability but they did not compare the
consistency of dyadic affiliation patterns across periods differing in social uncertainty (de
Waal, 1984; Hemelrijk & Ek, 1991).

The gradual change in alpha male that began at the start of our study provided a
unique opportunity to investigate how social uncertainty affected the durability of
affiliation patterns in chimpanzees. We identified three periods of varying social
uncertainty depending on the degree of stability in the male hierarchy (unstable, recently
stable and stable) spanning four years. We focused on three features of social exchange that
are shared by human and non-human primates (e.g. Krappman, 1998; Massen, et al., 2010;
Silk, 2002; Vigil, 2007): the consistency of exchanges across periods, the durability of
preferred partners and the degree of reciprocity in each period.

We examined these three features by investigating grooming exchanges in male-
male, female-female and female-male dyads. If social relationships were not affected by
social uncertainty, we expected grooming to be exchanged consistently over time and
therefore be correlated across the three periods (Prediction 1). If grooming exchanges were
disrupted by the lack of a clear alpha male, we expected consistency only between the
recently stable and stable periods (Prediction 2). Due to the opportunistic nature of male-

male relationships, especially during periods of uncertainty such as dominance instability,
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we expected male-male grooming patterns to be the least likely to be correlated across all
periods (Prediction 3). We also expected differences in the durability of preferred grooming
partners, with a relatively smaller number of preferred partners maintained across all three
periods for male-male dyads than for female-female and female-male dyads (Prediction 4).
Similarly, we expected grooming reciprocity to be less likely during the unstable period
(Prediction 5). This pattern is expected especially for male-male dyads (Prediction 6), as
males are expected to shift their exchange of grooming for grooming to grooming for

potential support during unstable periods when alliances may be shifting.

METHODS
Subjects and housing

The study group was well established and consisted of 20 adults (5 males and 13
females), two adolescent females and nine immature individuals. Females were considered
as adult after they were observed with sexual swellings and mating with males. Adult males
were between the ages of 25 and 34 years at the start of the study but we also include M1,
who was 13.5 years old in this age category due to his successful challenge for the alpha
male position. All five adult males and 12 adult females (one female aged 53years that
never groomed was excluded) were selected as subjects. Using pedigrees, we considered as
kin those maternally related individuals with 0.125<r < 0.5. A total of seven kin adult
dyads (one male-male, one female-male and five female-female dyads) were present in the
group.

The group was housed at Chester Zoo, UK in an enclosure containing a 143-mz?, 12-

m high round indoor yard, and a 2000-m? outdoor area covered in grass (Caws et al., 2008).
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The outdoor area contained a variety of bushes and shrubs and 50 vertical poles with
interconnecting ropes and nets for enrichment purposes whilst the indoor enclosure
contained a 9m high complex metal tower with platforms, ropes and nets and an artificial
termite-fishing area. The chimpanzees had access to these two areas during the day and an
off-show area during the night. Water was freely available indoors and outdoors, nesting
material was provided daily and the chimpanzees were fed 2-3 times a day on fruit,
vegetables and pellets.

In 2000 the incoming alpha male (M1) ceased to greet the outgoing alpha male
(M2) with pant-grunts, the typical submissive signal in chimpanzees (Nog et al., 1980).
This was the start of a gradual rank reversal (or inside takeover) process (Teichroeb & Jack,
2017) until M1 was established by the end of 2002 (Wehnelt et al., 2006). From September
2002, the remaining males consistently greeted with pant-grunts the new and not the former
alpha, and female pant-grunt greetings switched to be given at a higher rate to the new
rather than former alpha. Based on the consistency and rate of pant-grunts among adult
males, we labeled the 2000 period with an unclear alpha male as the unstable period; the
2002 period with the recent settlement of the alpha male dispute as the recently stable
period; and the 2004 period with a clear alpha male for at least two years as the stable
period. Of the remaining three males only one male could be clearly and consistently
positioned at the bottom of the hierarchy (M5) and the remaining two males were ranked
equally (M3 and 4) as no pant-grunt greeting was observed between them. It was not
possible to construct a dominance hierarchy for females due to the scarcity of dominance-

related interactions between females.
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Data collection
Observations were collected by a trained research assistant and KR in three periods
from October to December in 2000, 2002 and 2004 on weekdays between 10.00 and 16.00.
The research assistant trained KR to ensure inter-observer reliability. Instantaneous scan
sampling with a minimum of 15-minute intervals was carried out on each subject to record
the identity of grooming partners and whether grooming was given or received. As in some
previous studies (e.g. Lehmann & Boesch, 2009) mutual grooming was recorded as two

separate grooming events (i.e. A grooms B and B grooms A).

Statistical analyses

As females’ attractiveness can influence grooming interactions with males (e.g.
Anderson et al., 2006; Koyama et al., 2012; Mastumoto-Oda et al., 1998; Slater et al.,
2008) we analyzed data from females when they did not have the ano-genital area swollen,
i.e. not sexually attractive to males. There were days in which some individuals were not in
the group, resulting in an uneven number of scans across dyads. The range of scans per
dyad was 306-339 in the unstable period, 335-381 in the recently stable period, and 284-
315 scans in the stable period. First, we tested for differences in the percentage of scans
spent grooming between periods at the individual level with a repeated measures ANOVA,
with Dunn-Sidak-corrected pair-wise comparisons, for each dyad type (female-female,
male-male, male-female and female-male). Then, we constructed matrices of the
percentage of scans spent grooming given (and of grooming received) for each dyad type
for each period and carried out Kendall’s (tw ) rowwise matrix correlation tests (de Vries,

1993, Hemelrijk et al., 1990), a variant of the Mantel test (Mantel, 1967), using Matman™
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1.1 (de Vries et al., 1993). Matrix correlation methods avoid problems arising from the non-
independence of dyadic data as the same individuals are present in multiple dyads and have
been used widely in previous studies in chimpanzees (de Waal & Luttrell, 1988;
Langergraber et al, 2009; Newton-Fisher & Lee, 2011; Stumpf & Boesch, 2010; Wakefield,
2013). Kendall’s (Tw) rowwise matrix correlation test accounts for the presence of
individuals in more than one dyad by running the correlations within rows.

To find out if grooming exchanges were consistent across the three periods
(Prediction 1-2) depending on the dyadic sex combination (Prediction 3), we ran Kendall’s
(Tm) rowwise matrix correlation tests of grooming given between the unstable and the
recently stable period, between the recently stable and the stable period and between the
unstable and the stable period, for male to male grooming, male to female grooming and
female to male grooming. As five of the total 66 female-female dyads (8 females) included
close kin we used partial matrix correlation tests (twxy.z) that controlled for the effect of
kinship while the correlation between grooming in the two years was calculated. We did
not control for proximity across dyads as in captivity group members are always relatively
close to one another, in contrast to the fluid party membership seen in the wild (Goodall,
1986; Nishida, 1979).

We ran 10,000 iterations for each rowwise matrix correlation test and report exact
two-tailed p values, adjusting our level of significance using the sequential Bonferroni
technique (Holm, 1979) to reduce the likelihood of Type 1 errors. As there were separate
matrices for each dyadic sex combination (female-female, male-male, female-male and
male-female) we treated each combination as a subset of k tests for the Bonferroni

correction.
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We evaluated the durability of preferred grooming partners depending on the dyadic
sex combination (Prediction 4) by identifying the preferred grooming partners as those that
were groomed above an individual’s dyadic mean in each of the three periods: unstable,
recently stable and stable. Durable preferred grooming partners were those individuals that
were preferred grooming partners in all periods.

To assess patterns of reciprocity (Prediction 5-6) based on partner choice (Schino &
Aureli, 2017) across dyads within each period, we correlated grooming given matrices with
grooming received matrices for each sex combination of dyads, partialling out kinship for
the female-female dyads. In addition, to examine whether subjects exchanged grooming
bouts more reciprocally with durable preferred grooming partners than with other grooming
partners, we calculated a reciprocity index (Mitani, 2009 rescaled from Nishida, 1988) for
each dyad:

1 - [9ne/(gae + gea) - gea/(gae + gea)]
where gag is the percentage of scans A spent grooming B, gsa is the percentage of scans B
spent grooming A. We calculated a mean reciprocity index for each individual with its
durable preferred grooming partners and the remaining grooming partners for each period.
We used a paired t-test to investigate differences between these mean reciprocity indexes at
the individual level for females only, due to sample size constraints. We used SPSS 20.0
(SPSS Inc., Chicago, IL, U.S.A.) to analyze differences between periods.

At the time of the study, observational, noninvasive animal research did not require
approval of the university ethics committee. The study adhered to U.K. legislation and to

the American Society of Primatologists' Principles for the Ethical Treatment of
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Primates. Chester Zoo approved the research protocols used in this study and gave

permission to conduct the study.

RESULTS

Female-female grooming patterns

Grooming was observed in around two-thirds of all dyads in each period (Table 1). Females
groomed other females differently across the three periods (F22.=47.4, P<0.001, with a
higher percentage of scans spent grooming in the stable period (mean+SD: 7.3£2.7) than in
the unstable (2.1+1.2; P<0.001) and recently stable period (1.9+1.1; P<0.001). There was

no difference between the unstable and recently stable period (P=0.9).

*Table 1 here*

Consistency across periods. Female-female grooming patterns showed some
consistency over the four years (Table 2) with positive correlations between the unstable
and recently stable periods and between the recently stable and stable periods. However,
there was no correlation between the unstable period and the stable period (Table 2),

indicating an overall shift in grooming patterns over time.

*Table 2 here*
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Durable preferred grooming partners. In each period the majority of females
groomed a selected number of preferred partners but they groomed an even smaller number
of preferred partners in all three periods (Table 3). Nine of 12 females had at least one
durable preferred grooming partner, i.e. the same preferred partner in each of the three
periods. Of the three females without durable preferred partners, one did not groom any
other females in two of the three periods and two groomed preferred partners consistently
in only two of the three periods. Six of the nine females with durable preferred partners had
kin in the group, but two females with kin in the group did not have durable preferred
partners. When we excluded Kin, six of the 12 females had at least one durable non-kin

preferred grooming partner.

Reciprocity. Grooming given and received within each period was positively
correlated indicating grooming reciprocity (Table 2). The mean (xSD) reciprocity index
with durable preferred partners was not significantly higher than that with other grooming
partners in the unstable (durable= 0.36+0.2, other= 0.17+0.2; Ts=1.37, P=0.23) and recently
stable (durable= 0.57+0.29, other= 0.33+0.23, Tg=1.7, P=0.14) periods, and not
significantly different in the stable period, although close to the alpha level (durable=

0.84+0.16, other=0.70+0.18, Ts=2.3, P=0.054).

*Table 3 here*

Male-male grooming patterns
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Males groomed other males differently across periods (F28=7.6, P=0.014), with a higher
percentage of scans spent grooming in the stable period (3.4£2.1) than in the recently stable
period (1.2+0.9; P=0.048). There was no difference between the unstable period (1.4 £0.9)

and the recently stable (p=0.9) or stable (P=0.2) periods.

Consistency across periods. Grooming given by males to other males was not

overall consistent across the three periods, although there was a correlation in grooming

given between the unstable period and the recently stable period (Table 4).

Durable preferred grooming partners. Three of the five males had at least one

durable preferred grooming partner (Table 3); the durable preferred grooming partners were

all non-kin. These three males were the new alpha male M1, M4 and M5.

Reciprocity. Reciprocity of grooming given and received was only found in the

stable period (Table4).

*Table 4 here*

Grooming patterns between the sexes

Females groomed males differently across the three periods (F1.3,143=15.0, P<0.001), with a

higher percentage of scans spent grooming in the stable period (4.4+2.9)) than in the



318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

Koyama 15

unstable (1.5£1.4; P=0.008) and recently stable period (1.1+0.7; P=0.004). There was no
difference between the unstable and recently stable period (P=0.6). There was no difference
in the percentage of scans spent by males grooming females among the three periods

(unstable: 5.0£4.4; recently stable: 3.7 £1.8; stable: 7.7£2.7; F14=2.1, P=0.2).

Consistency across periods. There was some consistency in male grooming given
to females across the three periods (Table 5). Males who groomed females in one period
were more likely to groom them in the next period although these relationships shifted over
the course of the study from the unstable to the stable period. There was a correlation in
female grooming given to males only between the unstable period and the recently stable

period (Table 5).

*Table 5 here*

Durable preferred grooming partners. Four of the five males had at least one
durable preferred female partner across the three periods (Table 3). The new alpha male,
M1, preferentially groomed three female (non-kin) partners across all periods. The
outgoing alpha male, M2, and M4 had two females as durable preferred partners, whereas
M3 had only one durable preferred female partner. The lowest ranking male, M5, did not
have any durable preferred female partner.

In contrast, only five of the 12 females had durable preferred non-kin male
grooming partners (Table 3): two females had one durable preferred male partner (the

outgoing alpha M2) and three females had two durable preferred male partners (M2 and M3
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for one female and M3 and M4 for two females). None of the females had the new alpha

male M1 or the lowest ranking male M5 as a long-term preferred male grooming partner.

Reciprocity. Similar to the male-male dyads, reciprocity of grooming given and

received in male-female dyads only occurred in the stable period (Table 3).

DISCUSSION

We examined six predictions about how social uncertainty may affect the durability
of affiliation patterns in chimpanzees by focusing on three features of social exchange: the
consistency of exchanges across time, the durability of preferred partners and the degree of
reciprocity. We did so by comparing grooming exchanges in male-male, female-female and
female-male dyads across three periods differing in social uncertainty based on the degree
of stability in the male dominance hierarchy. Prediction 1, that grooming was exchanged
consistently over time, was not supported as no dyad type showed a correlation between the
unstable and the stable period which were 4 years apart. Prediction 2, that consistency in
grooming patterns occurred only between the recently stable and stable periods, was
partially supported. A correlation between these two periods was found only for females
grooming other females and males grooming females, but not for males grooming other
males and females grooming males. Prediction 3, that male-to-male grooming was the least
likely to be correlated across all periods, was overall supported, although female-to-male

grooming was correlated only between two periods. Prediction 4 was supported as the
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number of preferred partners maintained across all three periods was relatively smaller for
male-male dyads than for female-female and female-male dyads. Interestingly, within the
female-male dyads the number of such preferred partners was relatively higher for males
grooming females than for females grooming males. Prediction 5, that grooming reciprocity
was less likely during the unstable period, was partially supported because there was
reciprocity in female-female dyads during this period, whereas there was no reciprocity in
the other dyad types during the unstable and the recently stable periods. Prediction 6, that
grooming reciprocity was less likely during unstable periods in male-male dyads than in the
other dyad types, was not fully supported as reciprocity was demonstrated in all periods in
female-female dyads, but reciprocity could be shown only in the stable period in female-
male dyads, like in male-male dyads. Overall, our findings support previous studies, as the
majority of individuals appeared to maintain at least one durable partner, and add to a
growing body of research on the durability of affiliation patterns in primates (e.g. Massen
& Sterck, 2013; Mitani, 2009; Moscovice et al., 2017; Silk et al., 2010, 2012).

Similar to recent studies from the wild (e.g. Lehmann & Boesch, 2009; Foerster et
al., 2015) and captivity (e.g. Fraser et al., 2008; Koski et al., 2012) we found evidence for
durability of grooming patterns between chimpanzee females. They showed consistency
between adjacent periods, but females shifted partner preferences between the unstable and
stable periods, which were 4 years apart. This shift provides evidence for flexibility in
female-female grooming patterns depending on changes in male dominance hierarchy. As
chimpanzee females may be less sociable when they have a young infant (e.g. Otali &
Gilchrist, 2006), one could argue that our findings may due to differences in the number of

females with a young infant across periods. In our study, there was only one female with an
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infant in the unstable period and two females with an infant in the stable period. Contrary to
what expected based on infant presence, we found more female grooming in the stable
period than in the other two periods. All but one of the females maintained at least one
preferred partner across all three periods, indicating resilience of some relationships
through periods of dominance instability and social uncertainty. These durable preferred
partners were kin and non-kin, and some females with female kin in the group had non-kin
as durable preferred grooming partners.

There was overall little evidence for durability in females grooming males. We
found only a correlation between the unstable and the recently unstable period. Only five of
the 12 females had durable preferred male grooming partners. Interestingly, these partners
were the outgoing alpha male and the middle ranking males, and no female preferentially
groomed the new alpha male across periods. Female support for the outgoing alpha male
has been previously reported; however, such support was later transferred to the new alpha
male, highlighting the flexibility in females’ relationships with males (de Waal, 1986). In
our study, the durability of female preferences for male partners across periods of male
dominance instability may be related to the gradual process of changing the alpha male.
Similarly, the lack of a correlation between the unstable and stable period supports the
flexibility in females grooming males.

Few studies have examined males’ affiliation patterns with females with somewhat
contrasting results (Langergraber et al., 2013; Machanda et al., 2013). Similar to the
grooming patterns between females, we found males showing consistency in grooming
females between adjacent periods. All males, except the lowest ranking male, had durable

preferred female grooming partners, highlighting the importance of females as long-term
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partners for males. These findings support the observations of females playing an important
role in mediating male-male interactions in captive chimpanzees (de Waal 1982). Males
changed their partner preferences between the more distant periods (i.e., the unstable and
stable periods), supporting the importance of flexibility in affiliation patterns depending on
the social context.

As expected based on previous studies (Nishida, 1983; Goodall, 1986; Mitani et al.,
2000; Newton-Fisher, 2002), we found little evidence for durability in patterns of grooming
between males, and only two of the five males had durable preferred male grooming
partners. Male-male grooming patterns were correlated only between the unstable and
recently stable periods, suggesting that after the male dominance hierarchy had stabilized
grooming patterns shifted. These differences across periods could reflect flexible
adjustments to patterns of support among males given that interactions between males are
often opportunistic and related to shifting temporary alliances (Nishida, 1983; de Waal,
1989).

In line with previous reports (e.g. de Waal, 1984; Hemelrijk & Ek, 1991; Boesch &
Boesch-Achermann, 2000; Watts, 2000; 2002) grooming reciprocity based on partner
choice was detected but there was a striking contrast between females and males. Female-
female grooming reciprocity was found within all three periods, consistent with Hemelrijk
& Ek (1991). However, in all dyads involving males, grooming was reciprocated only
during the stable period when the male hierarchy had been stable for two years. Previous
studies have reported grooming reciprocity based on partner choice between males (e.g.
Hemelrijk & Ek ,1991; Watts, 2002) including during periods without a clear alpha male.

Whether our findings regarding male reciprocity reflect differences in social uncertainty,
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the lack of extensive kinship between males (Mitani, 2009), or the small number of males
in the study group, requires further research, although it should be noted that we found the
same pattern in female-male dyads.

The gradual alpha male replacement that occurred over two and a half years in our
study is unusual. Data from the wild suggest that most replacements occur more rapidly
lasting from one day (Kaburu et al., 2013) to several months (Riss & Goodall, 1977,
Nishida, 1983, Newton-Fisher 2002, Muller 2002), although there may be variability within
the same species depending on group composition (Teichroeb & Jack 2017). Alpha male
replacements in captivity occur over a similar time frame to the wild, from two (Seres et al.,
2001) to several months (de Waal, 1986). Thus, the longer replacement period in this study
is not necessarily an artefact of captive conditions and may have been due to group
dynamics. The formation of effective alliances with other adult males has been considered
crucial in determining the outcome of the dominance challenge and the fate of defeated
alpha males (Uehara et al., 1994; Hasegawa & Kutsukake, 2015). In our study, the
incoming alpha male maintained durable preferred grooming partnerships with one male
and two females, whereas the outgoing alpha male maintained such partnerships with four
females. These differences may reflect the strategies adopted by each male (e.g. de Waal,
1989; Foster et al., 2009).

Our findings shed light on an understudied aspect of primate sociality, that is
durability of affiliation patterns throughout social uncertainty, and contribute to our
understanding of durability and flexibility of human and non-human social relationships.
Social uncertainty in humans is associated with an increased probability of supporting a

friend contrary to local rules, given the strong correlation between a composite index of
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economic, social and political instability and individuals’ willingness to lie to help a friend
(Hruschka, 2010). This finding highlights the importance of considering social uncertainty
when investigating individuals’ investment in social relationships. It is tempting to exclude
periods of social uncertainty from analyses of the durability of interaction patterns (e.g.
Gilby & Wrangham, 2008), but including them can draw attention to the relative patterns of
flexibility and durability of social relationships and contribute to our understanding about
their relative importance in the social arena. In this respect, our study contributes to the
understanding of sex differences in chimpanzee behavior by examining the role social
uncertainty in them. Overall, we found greater consistency in female-female than male-
male grooming patterns, which is in agreement with previous research on sex differences.
Our study also emphasizes the importance of maintaining long-term partners through
periods of instability with more consistent grooming patterns for females and more flexible
grooming patterns for males. Further research is needed to investigate the maintenance of
durable relationships by means of social interactions other than grooming and across
different types of social uncertainty. Our findings also illustrate that captive studies can
provide ideal settings to examine the details for potential flexibility of social interactions in
response to factors external to the interacting individuals, such as the gradual replacement

of the alpha male.
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Period
unstable recently stable

stable
% of dyads in which all dyads 60.3 66.2 69.1
grooming was observed female-female dyads 43.9 60.6 69.7
male-male dyads 80.0 90.0 70.0
male-female dyads 75.0 88.3 66.7
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Table 2. Correlations between periods for female-to-female grooming dyads.

Grooming given between years Reciprocity in grooming
Periods Twxyz P Periods Twxyz P
unstable & recently stable 0.23 0.006* unstable 0.23 0.004*

recently stable & stable 0.21 0.008* recently stable  0.28 0.001*

unstable & stable 0.13 0.1 stable 0.67 0.0002*

Partial Kendall rowwise correlations (twxvz) for female-to-female grooming dyads (with kinship
held constant) between periods with varying stability in the male hierarchy (unstable, recently
stable, and stable period) and reciprocity within each period. * Significant p values after sequential

Bonferroni correction.
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Table 3. Number of same-sex and different-sex durable preferred grooming partners for

females and males.

Same-sex Different-sex

no. no. related mean no. no. related mean
subject  durable long-term (#SD) no.  durable long-term (£SD) no.
S preferre preferred preferred  preferre preferred preferred
d partners/no.  grooming d partners/no.  grooming

partners  close kinin  partners per partners  close kiniin  partners per

group period group period
F1 3 - 5615 0 - 40+£10
F2 0 - 23140 0 -11 3.3+0.6
F3 2 12 3315 1 - 47+06
F4 2 172 3.7+06 0 - 2.3+0.6
F5 1 1/1 40+£10 0 - 1.3+£0.6
F6 2 1/1 47+15 2 - 43106
F7 0 -1 3.3+0.6 2 - 47+06
F8 2 - 53+12 0 - 43+12
F9 0 - 3.3+0.6 2 - 43+12

F10 1 0/1 53+1.2 0 - 500
F11 1 1/1 27x15 1 - 40x1.0
F12 1 1/1 23112 0 - 3.7+0.6
M1-D 1 - 300 3 0/1 57121
M2-B 0 - 2.7+0.6 2 - 3.0+1.0
M3-N 0 -1 0.3+0.6 1 - 43+06
MA4-F 1 0/1 33106 2 - 47+06
M5-W 1 - 3.3+0.6 0 - 3.7+0.6

F=females; M=males; numbers following F and M serve to identify the 12 female and 5

male subjects.
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790  Table 4. Correlations between periods for male-to-male grooming dyads.

791
Grooming given between years Reciprocity in grooming
Periods Tw P Periods Tw P
unstable & recently stable 0.47 0.003* unstable 0.37 0.03
recently stable & stable 0.22 0.15 recently stable 0.28 0.12
unstable & stable 0.11 0.33 stable 0.81 0.0007*

792  Kendall rowwise correlations (tw) for male-to-male grooming dyads across periods with varying
793  stability in the male hierarchy (unstable, recently stable, stable) and reciprocity within each period.

794  * Significant p values after sequential Bonferroni correction.
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795  Table 5. Correlations between periods for male-to-female and female-to-male grooming

796  dyads.
797
Grooming given between years Reciprocity in grooming

Periods Tw P Periods Tw P
Male grooming females:
unstable & recently stable 0.31 0.007* unstable -005 04
recently stable & stable 0.38 0.001* recently stable 0.02 0.4
unstable & stable -0.01 05 stable 0.71 0.0005*
Female grooming males:
unstable & recently stable 0.30 0.011* unstable 0.11 0.2
recently stable & stable 0.16 0.09 recently stable -0.17  0.09
unstable & stable 0.14 0.1 stable 0.56 0.0005*

798  Kendall rowwise correlations (tw) for male-to-female and female-to-male grooming dyads across

799  periods with varying stability in the male hierarchy (unstable, recently stable, stable) and reciprocity

800  within each period.* Significant p values after sequential Bonferroni correction.



