
Behaviour 157 (2020) 267–287 brill.com/beh

Both aggressive and affiliative behaviour facilitate
resource access in high-ranking female long-tailed

macaques (Macaca fascicularis)

Anne M. Overduin-de Vries a,b, Han de Vries a, Marjolijn M. Vermande c,

Albert H.A. Reijntjes c,d and Elisabeth H.M. Sterck a,b,∗

a Animal Ecology, Utrecht University, Utrecht, The Netherlands
b Biomedical Primate Research Centre, Rijswijk, The Netherlands

c Education and Pedagogy, Utrecht University, Utrecht, The Netherlands
d Developmental Psychology, Utrecht University, Utrecht, The Netherlands

*Corresponding author’s e-mail address: e.h.m.sterck@uu.nl

Received 17 May 2019; initial decision 14 September 2019; revised 20 January 2020;
accepted 20 January 2020; published online 4 February 2020

Abstract
Access to limited resources may be achieved by dominance as well as by high rates of aggressive
and affiliative behaviour. We investigated the relative effectiveness of dominance rank and aggres-
sive and affiliative behaviour in accessing three material and three social resources. Aggressive
and affiliative behaviour of 24 female long-tailed macaques was scored along with their success in
resource access. Path models revealed that high-ranking individuals have more access to resources
than low-ranking ones through their employment of both aggressive and affiliative behaviour. Phys-
ical aggression was effective in accessing two material resources (food and enrichment). Affiliative
behaviour was effective in accessing one material (co-drinking) and one social (tolerance) resource.
In conclusion, since aggressive behaviour was effective in accessing two material resources, while
affiliative behaviour increased access to both a material and a social resource, affiliative behaviour
is at least as important as aggressive behaviour for high-ranking individuals to access resources.
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1. Introduction

Access to scarce resources within a group of animals is very often skewed.
This is especially the case in hierarchically structured groups, where high-
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ranking individuals typically access more limited resources than low-ranking
ones (e.g., chickens: Banks et al., 1979; crayfish: Herberholtz et al., 2007; re-
viewed in: Huntingford & Turner, 1987). Resource access may depend on the
rate with which social behaviours are performed. In primates, more aggres-
sive animals typically have more access to food (e.g., Wilson, 1975; Drews,
1993), and individuals which maintain friendships receive more social ben-
efits (e.g., protection: Palombit et al., 1997). Similarly, developmental psy-
chologists have shown that children can increase their access to resources,
such as video watching, through the use of aggressive and/or affiliative be-
haviour (Charlesworth, 1996; Hawley, 1999; Pellegrini, 2008). Recent stud-
ies among children found that bistrategic individuals, i.e., children that show
high rates of both aggressive and affiliative behaviour, are most successful
in accessing resources (e.g., Hawley, 2003; Olthof et al., 2011; Roseth et al.,
2011). Such dual use of both aggressive and affiliative behaviour may also
be present in animals. However, in animals the influence of aggressive and
affiliative behaviours on resource access are typically investigated separately.

Different types of social behaviour may increase access to different types
of resources. The distinction made in child studies (Charlesworth, 1996;
Hawley, 2003) between material resources (e.g., food), and social resources,
(e.g. friends and allies) may also be useful when studying non-human pri-
mates. Indeed, aggression can be a successful way for an animal to gain
access to food and other material resources (Janson, 1985; Boccia et al.,
1988; Isbell, 1991; Sterck & Steenbeek, 1997), while it may be more ef-
fective to employ affiliative behaviour when soliciting for grooming or other
social resources such as being tolerated near food sources (Tiddi et al., 2011)
or handling of infants (Henzi & Barrett, 2002). Thus, different types of so-
cial behaviour may lead to resource access, yet a particular type of social
behaviour may have more influence on access to a particular type of resource
than other types of social behaviour.

An animal’s aggression rate increases its access to material resources (ca-
puchin monkeys, Cebus apella: Janson, 1985; bonnet macaques, Macaca
radiata: Boccia et al., 1988; comparative research: Isbell, 1991; long-tailed
macaques, M. fascicularis and Thomas langurs, Presbytis thomasi: Sterck
& Steenbeek, 1997), yet there is mixed evidence whether it also helps to
access social resources. Males may gain mating access by forcing females
(orangutans, Pongo pygmaeus: Mitani, 1985; chimpanzees, Pan troglodytes,
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Muller et al., 2011; Sonso group: Kaburu et al., 2015), yet other studies re-
port that the relationship between aggression and mating is a by-product of
proximity (Japanese macaques, M. fuscata: Soltis et al., 1997) or males may
groom females to gain mating access (chimpanzees, M group: Kaburu et al.,
2015). In addition, aggression may lead to grooming (Japanese macaques:
only non-kin group members: Schino et al., 2005; Barbary macaques, M.
sylvanus: Carne et al., 2011), yet more often the converse relationship is as-
sumed and the effect of grooming on aggression is explored. These studies
report that grooming may reduce aggression (long-tailed macaques: Gumert
& Ho, 2008) or may not affect aggression (Japanese macaques: Schino et al.,
2005; Ventura et al., 2006). Moreover, the effect of aggression may depend
on the type of aggression. Aggression comprises both physical aggression
and the mere threat of aggression. Physical aggression will in particular be
useful to monopolize material resources, since other individuals will not at-
tempt to access resources if they risk being physically attacked. Aggression
exerted via threat behaviour is less costly than overt aggression (Cant &
Young, 2013). Primates are proficient in resolving conflicts with threat be-
haviour rather than physical fights (van Staaden et al., 2011). Particularly
females, more often than males, resolve conflicts by means of threat be-
haviour rather than physical aggression (Cant & Young, 2013) and may thus
use threats to access resources. In short, it is predicted that both types of
aggression lead to access to material resources, while the link with social
resources requires further exploration.

Traditionally, affiliation has been studied in relation to gaining support in
conflicts. Indeed, significant positive correlations between affiliation given
and support received in a dyad are typically found (meta-analysis primates:
Schino, 2007). Yet the benefits of affiliation may be broader, as suggested by
the fitness benefits of affiliative behaviour (primates: Silk, 2002; Massen et
al., 2010; Seyfarth & Cheney, 2012; other mammals and social birds: Frei-
din et al., 2017). Affiliation, expressed as friendly or neutral approaches and
grooming behaviour (ring-tailed lemurs, Lemur catta: Kulahci, et al., 2018),
may result in receiving benefits such as others tolerating this affiliative in-
dividual near valuable resources (capuchin monkeys: Tiddi et al., 2011), or
sharing of resources such as food (Japanese macaques: Ventura et al., 2006;
Barbary macaques: Carne et al., 2011; review primates: Cronin, 2012; rhe-
sus macaques, M. mulatta: Snyder-Mackler et al., 2016; barn owls, Tyto alba:
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Roulin et al., 2016) and at drinking locations (rhesus macaques: Balasubra-
maniam & Berman, 2017) or reciprocating of friendly behaviour (Freidin et
al., 2017) and accepting reconciliation (review: Aureli et al., 2002; rhesus
macaques: Kempes et al., 2009). In this way, tolerance is a social resource
that can be provided by the individual that receives affiliation. Therefore, it
is predicted that affiliation leads to access to both material and, in particular,
social resources, such as being tolerated close to food.

Animals with high dominance status typically have better access to mo-
nopolizable resources (Huntingford & Turner, 1987) and higher reproduc-
tive success (review primate males: Alberts, 2012; review primate females:
Pusey, 2012). Dominant individuals can gain access to a material resource
because others avoid them or defer voluntarily (Schaub, 1995). In addition,
dominant individuals can receive social beneficial behaviours like groom-
ing, because others prefer to be in their proximity to gain access to resourses
or receive support (Seyfarth, 1977; Kummer, 1978; Schino & Lasio, 2018).
Thus, dominance rank may be directly related to resource access, irrespec-
tive of the behaviour performed by the dominant individual, or indirectly,
because high-ranking individuals are less constrained to deploy their social
behaviour than low-ranking ones (c.f., Seyfarth, 1977). Therefore, it is pre-
dicted that higher dominance rank leads to more access to resources both
directly (through their dominance position) and indirectly (through their be-
haviour).

Currently, the relative effectiveness of aggressive and affiliative be-
haviour on resource access requires further attention. Several studies indicate
that both aggressive and affiliative behaviour may operate simultaneously
(Japanese macaques: Schino et al., 2005; Ventura et al., 2006; long-tailed
macaques: Gumert & Ho, 2008; Barbary macaques: Carne et al., 2011).
Individuals may differ in the rate with which they perform these types of
behaviour and high dominance rank may promote an individual’s potential
to use both aggressive and affiliative behaviour. Therefore, it is important to
study aggressive and affiliative behaviours at the same time and control for
each other’s effects on resource access (human children: Vermande et al.,
2018), as well as for the possible effect of dominance rank. In addition, it
is unknown how the relative effectiveness of these types of social behaviour
may differ across different types of resources (material or social).

The current study addresses the effect of dominance and individual be-
havioural tendencies in expressing different types of social behaviour on
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resource access in captive group-living long-tailed macaques. In macaques,
females are philopatric and they inherit their dominance rank through ma-
ternal support (Kawai, 1958a, b), forming a linear dominance hierarchy. The
long-tailed macaques are considered quite intolerant (class 2: Thierry, 2007)
and wild females have been shown to compete for food (van Noordwijk &
van Schaik, 1987; van Schaik & van Noordwijk, 1988). In particular, this
study aims to evaluate the possible effects of dominance rank, aggressive be-
haviour (differentiating between physical aggression and threat behaviour)
and affiliative behaviour (differentiating between neutral/friendly approaches
and grooming given) on access to different types of resources: material re-
sources (i.e., food and non-food), and social resources (i.e., tolerance and
grooming received). To this end, we employ path models in which we ex-
amine the effects of the factors dominance and the two different types of
social behaviour on resource access. These models allow us to differenti-
ate between direct effects of these factors on resource access and indirect
effects, such as dominance influencing behaviours, which in turn influence
resource access. This gives us information about the relative importance of
dominance and social behaviours for getting access to specific resources. We
expect that aggression is effective in accessing material resources and that
physical aggression and threat behaviour are equally successful. In addition,
we expect that affiliative behaviours are more effective in accessing social re-
sources than aggressive behaviours. Finally, although we expect dominance
rank to have an effect on resource access, we have no a priori expectations
as to whether this effect remains significant after controlling for the effects
of the social behaviours.

2. Methods

2.1. Subjects

Two social groups of long-tailed macaques (Macaca fascicularis) with a nat-
uralistic composition were studied in their home enclosure at the Biomedical
Primate Research Centre, Rijswijk, The Netherlands. Female group com-
position resembled that of wild females, since husbandry mimics natural
demographic processes and allows females to remain in their natal groups
and form matrilines, males are removed around puberty and adult males are
replaced around every 5 years to avoid inbreeding. The first group, the ‘Roza
group’, was studied from March until July 2014, the second group, the ‘Haas
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group’, was studied between February and June 2015. For our analyses we
only selected females, since social behaviour differs between the sexes (Cant
& Young, 2013), like it does in children (Roseth et al., 2011). Moreover, mo-
tivation to access resources may differ between the sexes, since females’
access to food limits their reproductive output, while male reproductive out-
put depends mostly on access to mates (Pusey & Schroepfer-Walker, 2013).
We studied 24 female long-tailed macaques ranging from 2.5 to 24 years of
age; 13 from the ‘Roza group’ and 11 from the ‘Haas group’.

Subjects were able to walk freely between an interconnected indoor
(108 m2, 3 m high) and outdoor enclosure (209 m2, 3 m high). During the
enrichment experiment (see below) the inside compartments were closed off
to prevent the monkeys from taking the resource out of view of the outside
observer. Food was provided twice a day: in the morning monkey chow and
in the afternoon apples (the food experiment), other fruit, or bread. Water
was available ad libitum.

Dominance rank was established on the basis of dyadic unprovoked sub-
missive behaviour (cf. Angst, 1974; i.e., bared-teeth display, make room and
give ground). Note that this way of dominance rank determination neither
includes aggressive behaviour nor any measure of resource access. The dom-
inance hierarchy was established within both groups (Roza and Haas group,
respectively) using MatMan (de Vries et al., 1993) and was significantly
linear (h′ = 0.51,0.83; p = 0.001,0.0001; directional consistency index =
0.90, 0.98) (de Vries, 1995, 1998). The lowest ranking female got rank 0
and higher-ranking ones were given subsequent integers (Roza: to rank 12;
Haas: to rank 10). In other words, the social rank of a female is the number
of females dominated within each group.

2.2. Social behaviour

We determined individual behavioural tendencies of all subjects by record-
ing aggressive and affiliative behaviour during observations of the subject’s
spontaneous behaviour within their home group. The two observers were
trained by the same expert and did an interobserver reliability. The IOR
was reasonable (point behaviours: K = 0.670, p < 0.0005, N = 151; dura-
tion behaviours: Spearman: ρ = 0.753, p < 0.0005, N = 26). Two different
observation methods (Altmann, 1974) were used: (1) the focal animal sam-
pling method, in which each subject was followed during 15 minute samples
in a randomized order and balanced over the day while all aggressive and
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affiliative behaviours displayed by the focal individual were recorded; and
(2) the all occurrence observations, consisting of one hour observations dur-
ing which all occurrences of aggressive behaviours of all individuals were
recorded. This dual method enabled us to monitor both frequent behaviours
in the focal animal sampling method, as well as infrequent behaviours in the
all occurrence observations. We collected 7.5 h of focal sampling for each fo-
cal individual. For each all occurrence observation, the observer conducted
observations in a semi-random order in the outside or the inside enclosures,
to achieve a balanced data set, and constantly recorded the presence of all
individuals in the observed enclosure. In both groups 80 h of all occurrence
observations resulted in a mean 38 ± 3.9 and 57 ± 2.3 h of observation per
individual, in the Haas and Roza group, respectively. All scored behaviours
for a particular individual were divided by the time that the individual was
observed.

Social behaviour was recorded when it occurred between one of our fe-
male focal animals and their group members: males and females from 2.5 to
24 years old. We distinguished between two types of aggressive behaviours
that differed in the severity of aggression: physical aggression and threat
behaviour. Physical aggression included behaviours that may possibly have
direct physical consequences for the recipient, such as injury or weariness:
chase, slap, push and pull (cf., Angst, 1974). Threat behaviour does not have
such direct consequences: open mouth, stare, point and lunge (cf., Angst,
1974). We included two affiliative behaviours: grooming given: the time
spend grooming another individual (cf., Angst, 1974); and neutral/friendly
approaches: the number of approaches to other individuals within an arm’s
reach and included neutral proximity or affiliation (lip-smacking, lifting or
grooming; Angst, 1974) from the approaching individual to the approached
individual, but excluded approaches accompanied by aggressive interactions.

2.3. Measures of resource access

Three material resources (food, enrichment, drink) and three social resources
(tolerance received during feeding time, tolerance received during enrich-
ment situations, and grooming received) were examined. The material re-
sources, having a limited availability, were familiar to and appreciated by
the monkeys (Vernes & Louwerse, 2010).

Behaviour during exposure to five of these resources (a–e) was recorded
with a video camera (JVC HD Everio). Access to the resources was scored
afterwards from the videos.
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(a) Food: Within each group, apples were given, one piece of apple at a time,
by one and the same animal caretaker twice a week, with a total of 20
times. The food experiment uses the daily feeding routine in a restricted
location of the indoor cage, while the animals still had access to the full
enclosure. We registered how many apple pieces each monkey obtained.

(b) Enrichment: Five times per group, about once every two weeks, an en-
richment object, viz., a phone book, was provided in one piece in the
outside enclosure and was soon torn apart. This non-food enrichment
object generated the interest of all group members. We registered for 30
min how much time each monkey spent manipulating one of the two
largest pieces of the phone book. After this time typically no large parts
remained.

(c) Drink: The lemonade co-drinking experiment (cf., de Waal, 1986; Amici
et al., 2012) has been conducted twenty times for each group, with a
frequency of about three times a week. Two bottles filled with lemonade
were hung in the wire of the outside enclosure at a height of 120 cm
and with an interspace of 74 cm. For 30 min we recorded how long each
focal animal spent touching the drinking nipple of either bottle.

During the Food and Enrichment situations we measured from the videos
how much each monkey was tolerated by other monkeys that had access to
material resources.

(d) Tolerance received (food): During feeding time, we counted the number
of times a monkey was allowed to be within arm’s length of a monkey
receiving a piece of apple.

(e) Tolerance received (enrichment): During provisioning of enrichment, we
calculated the total duration a monkey was allowed within arm’s length
of a monkey possessing one of the two largest pieces of enrichment.

(f) Grooming received: During the focal observations (see above), the total
duration of grooming received by the focal animal was recorded.

Note that social behaviour (physical aggression; threat behaviour; neu-
tral/friendly approaches and grooming given) and one resource (grooming
received) were measured during observations of each of the two groups out-
side of the experiments.
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2.4. Data-analysis

For each of the six resource measures a path model was fitted to the data. Path
analysis, a particular form of structural equation modelling (Schumacker &
Lomax, 2010), is a suitable method to estimate the effects of predictors on
a response variable when the direction of the predictive relationships, the
assumed causal linkages among predictors and the response variable can
be specified at forehand. The estimated path coefficients (standardized lin-
ear regression coefficients) indicate the unique effect of each predictor on
the response variable, controlled for the direct and indirect effects of the
other predictors on the response. In each of the six path models we included
the paths from dominance rank to four social behaviours: physical aggres-
sion (N /h), threat behaviour (N /h), neutral/friendly approaches (N /h) and
grooming given (duration/h). The paths from dominance rank and from each
of these four social behaviours to the specific resource were included. These
paths were included because we expected the presence of these causal effects
(see Introduction). Moreover, two bidirectional paths (between physical ag-
gression and threat behaviour, and between neutral/friendly approaches and
grooming given) were included as well, to obtain a sufficient fit of the model.
Other bidirectional paths were not included because inclusion did not result
in a better fit. All six path models fitted sufficiently well, as indicated by
the following five criteria (Hooper et al., 2007): Root Mean Square Error of
Approximation (RMSEA) index = 0, Tucker-Lewis Non-Normed Fit Index
(NNFI) = 1, Bentler Comparative Fit Index (CFI) = 1 and Standardized Root
Mean Square Residual (SRMR) < 0.062, while the model Chi-square was
not significant (X2 = 2.48, df = 3, p = 0.48) for each of the fitted models.

In each of the six path models, the effect of aggression (physical ag-
gression and threat behaviour) and socio-positive behaviour (neutral/friendly
approaches and grooming given) on the access to each of the resources is
corrected for the direct and indirect effects of dominance rank through these
social behaviours on the resource access. Moreover, these effects of the so-
cial behaviours (aggression and affiliative behaviour) on accessing resources
are also corrected for each other’s indirect effects on resource access. Statis-
tical significance of these effects was determined in the following way. All
variables of both groups were standardized per group, to control for differ-
ences in mean and variance of the variables for the two groups. Since not
all variables were normally distributed, a permutation method was applied
to obtain P values of the estimated beta’s (the path coefficients), based on
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10 000 random permutations, where the individual values of each variable
are being permutated within each group separately. In addition to these path
analyses, we tested the linear correlation between dominance rank and each
of the six resource measures using similar permutation tests. All tests were
two-sided, with the critical p-level set at 0.05. Analyses were performed in
R version 3.2.3 using the package sem (Fox et al., 2013) to compute the co-
efficients of the path models and a custom-written R script to execute the
permutation procedure for computing p values of the coefficients.

2.5. Ethical approval

All applicable international, national, and/or institutional guidelines for the
care and use of animals were followed. All procedures performed in stud-
ies involving animals were in accordance with the ethical standards of the
institution or practice at which the studies were conducted.

3. Results

3.1. Effect of social behaviour on resource access

When controlling for the direct and indirect effects of dominance rank on
resource access, as well as for the indirect effects of the social behaviours
on resource access, using path analysis, we found significant direct effects
of social behaviours on access to resources (Figure 1). Individuals with
higher rates of physical aggression, while controlling for the other effects,
received more food in the experiment (β = 0.49, p = 0.037, Figure 1a) and
longer lasting access to enrichment (β = 0.75, p = 0.002, Figure 1b). In
contrast, individuals which threatened more often had less access to enrich-
ment (β = −0.76, p = 0.002, Figure 1b) and spent less time co-drinking
(β = −0.63, p = 0.01, Figure 1c) and were tolerated less often near en-
richment (β = −0.75, p = 0.003, Figure 1e). Individuals which generally
showed higher rates of neutral/friendly approaches were able to spend more
time co-drinking (β = 0.76, p = 0.001, Figure 1c), tended to have longer
access to enrichment (β = 0.46, p = 0.051, Figure 1b); they were tolerated
more often nearby monkeys which were handling enrichment (β = 0.81,
p = 0.0007, Figure 1e), and were groomed less by their group members
(β = −0.78, p = 0.0006, Figure 1f). None of the other behaviours had a
significant direct effect on resource access (Figure 1).
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The amount of variance in resource access that could be explained by each
model varied between the six different resources examined for food (R2 =
0.50), enrichment (R2 = 0.75), co-drinking (R2 = 0.83), tolerance received
during feeding (R2 = 0.08), tolerance received during handling enrichment
(R2 = 0.80) and grooming received (R2 = 0.40). The low explanatory value
of the model on tolerance received during feeding shows that access to this
resource is not explained by the variables in the model (Figure 1d).

3.2. Effect of dominance rank on resource control

With regard to the effect of dominance rank of the females on the rates of
the social behaviours and on access to the six resources the following re-
sults were found (see Figure 1). Dominance rank was significantly correlated
with physical aggression (β = 0.66, p < 0.001), threat behaviour (β = 0.61,
p = 0.001) and neutral/friendly approaches (β = 0.74, p < 0.001), but there
was no significant correlation between dominance rank and grooming given
(β = −0.25, p = 0.24). Rather surprisingly, when controlling for the ef-
fects of the social behaviours on resource access, dominance rank had no
significant direct effect on resource access for any of the six resources
(−0.14 < β < 0.29; p > 0.23) (see the direct arrows from rank to each
of the six resources in Figure 1). In contrast, the simple, non-partial linear
correlations between dominance rank and each of the six resources were
significant for four out of six resources (p-values obtained via permuta-
tion tests): namely for food (r = 0.62, p = 0.001); enrichment (r = 0.59,
p = 0.003); co-feeding (r = 0.58, p = 0.002); and tolerance received during
feeding (r = 0.05, p = 0.83); while the correlations were not significant for
tolerance received during handling enrichment (r = 0.48, p = 0.014); and
grooming received (r = −0.18, p = 0.42).

4. Discussion

We investigated whether aggressive and affiliative behaviour in female long-
tailed macaques facilitated access to three material and to three social re-
sources. In five of the six path models variance in resource access could be
assigned to predictors included in the model. We found that resource access
was achieved through aggressive and affiliative behaviour and not merely by
having a high position in the dominance rank. Rather, it seems likely that the
high dominance rank of an animal promotes its potential to deploy physi-
cal aggression and threat behaviour as well as neutral/friendly approaches
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Figure 1. Path model diagrams: values above or to the right of the arrows indicate β values
corrected for the indirect paths. The width of the arrows corresponds to the significance of the
effect: the boldest black arrows indicate significant effects, an intermediate sized black arrow
indicates a trend, thin grey arrows indicate insignificant effects. Diagrams (a)–(c): effects on
material resources; diagrams (d)–(f): effects on social resources. Note that low rank scores
refer to low dominance rank: positive correlations between rank and a behaviour indicate that
high-ranking individuals perform this behaviour more often than low-ranking individuals.

of others. Individuals with high rates of aggressive behaviour had better
access to material resources, but not to social resources. Individuals with
high rates of neutral/friendly approaches had better access to one material
resource (co-drinking) and one social resource (tolerance during handling of
enrichment). This suggests that the behaviour that may be expected from an
individual, based on typically shown rates of behaviour, can predict resource
access. Therefore, like results found for children (Charlesworth, 1996; Haw-
ley, 1999; Pellegrini, 2008), both aggression and affiliative behaviour facili-
tate resource access, but each gives access to different types of resources.

In our study, dominance rank did not have a direct effect on resource
access, but an indirect effect via its correlation with aggression and neu-
tral/friendly approaches. Increased expression of overt aggression in high-
ranking individuals is reported in many species, including humans (Benen-
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son, 2013), and was also found in the present study. In contrast, dominant
individuals have generally lower levels of affiliative behaviour (humans:
Guinote et al., 2015; non-human primates: Seyfarth & Cheney, 2003; Sapol-
sky, 2005). In this study however, we found that high-ranking individuals
showed high levels of neutral/friendly approaches. Thus, a high dominance
rank allows a female long-tailed macaque to deploy multiple social be-
haviours for accessing different resources. This simultaneous effect of both
strategies implies a possible benefit for so-called bistrategic individuals (cf.,
human children: Hawley, 2003; Roseth et al., 2011). Future studies with a
person-centred instead of variable-centred analysis may reveal the relative
success of predominantly aggressive, predominantly socio-positive (affilia-
tive) and bistrategic individuals.

Aggressive behaviour was not equally effective for all material resources:
while it led to better access to food and enrichment, it did not predict more
access to co-drinking. This observation may be related to the dispersal of
resources, since the influence of aggressive behaviour on resource access
will decrease when resources are more dispersed (Isbell, 1991; Sterck &
Steenbeek, 1997; Pellegrini et al., 2007; Pellegrini, 2008). In our setting,
the material resources differed in their spatial distribution. Food was handed
out at one location, while for co-drinking always two items were available.
Indeed, the effect of physical aggression was stronger for the spatially con-
centrated food than for the more dispersed co-drinking (Figure 1a and 1c).
Likewise, affiliative behaviour may be most effective when resources are
more dispersed, since individuals may be able to seek partners that tolerate
them. Indeed, affiliative/neutral approaches resulted in co-drinking, but not
in more access to food. Regarding the enrichment, the phone book started
as one item and after being torn to pieces became very dispersed. Therefore,
this resource had a varied distribution. Here, both physical aggression in-
creased and neutral/friendly approaches tended to increase access. This find-
ing suggests that for resources with a varied distribution both aggressive and
affiliative behaviours may result in better access. The opposed distribution-
dependent effects of aggression and affiliative behaviour are interesting and
intuitively make sense. In our study, the variation in dispersion within the
material resource category was limited and its relationship with the use of
social strategies requires further scrutiny.

We expected that physical aggression and threat behaviour would have
an equally strong effect on resource access. This expectation was based on
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the premise that threat behaviour signals an individual’s attack tendency.
Accordingly, we indeed found that high-ranking individuals show both more
physical aggression and threat behaviour than low-ranking individuals. The
two behaviours are also strongly correlated (r = 0.77). Yet, path modelling
showed that physical aggression increased access to the material resources
food and enrichment, whereas threat behaviour did not enhance resource
access (Figure 1a) and had an opposite effect on both access to enrichment
and co-drinking (Figure 1b). This counterintuitive result indicates that the
use of threat, when controlled for the direct and indirect effects of the other
predictors on the response, is not effective and actually seems a signal that
reduces access to resources. This remains to be explored further.

In contrast to material resources, high-ranking individuals do not have
more access to social resources than low-ranking individuals. Nor was there
an indirect effect of dominance rank through aggression on social resources.
The only effect of dominance rank on social resources was its indirect effect:
individuals with a higher dominance rank more often showed affiliative/neu-
tral approaches; and individuals showing more affiliative/neutral approaches
received more tolerance during handling enrichment. Tolerance near a re-
source may be beneficial, since the tolerated individual may gain access to
the resource (Ventura et al., 2006; Carne et al., 2011; Snyder-Mackler et al.,
2016; Balasubramaniam & Berman, 2017). This indicates that receiving tol-
erance is crucial for access to social resources. In addition, the outcomes on
grooming received contrast with the literature on dominant individuals re-
ceiving more grooming (for a review, see Schino, 2001). Here the level of
analysis becomes important. Our analyses focused on the individual differ-
ences in characteristic patterns of behaviour and indicate how an individual
typically behaves, similar to the individual-centred approach in personality
research (John & Gosling, 2000; Koski, 2011). Alternatively, access to some
social resources may not depend on how an individual typically behaves but
may rather concern dyadic measures, that is, how it typically treats particular
individuals, such as higher-ranking individuals (Seyfarth, 1977; for a review,
see Schino, 2001). These dyadic interactions may concern attraction to kin
(Schino, 2001), or affiliative behaviour such as grooming may be exchanged
for support (Schino, 2007) or for itself (Barrett et al., 1999, 2000). Indeed,
preferential grooming of more dominant individuals is often found in primate
female grooming networks (meta-analysis: Schino, 2001; several macaques
species: Ventura et al., 2006; Gumert & Ho, 2008; Carne et al., 2011; Xia et
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al., 2012; Snyder-Mackler et al., 2016). Yet our analysis indicates that this
grooming up the hierarchy within a dyad does not translate into dominant
individuals receiving overall higher rates of grooming. This outcome can be
reconciled with the proposed grooming patterns (Seyfarth, 1977), since it
is expected that preferred grooming partners are close in dominance rank.
As a result, the preferred grooming partner will differ between individuals
and grooming is directed to many individuals in the group. Summarizing,
affiliative behaviour and not aggression facilitates access to social resources.
Yet, not all social resources may be accessed by overall socio-positive be-
haviour and may depend on dyadic exchanges. The relative contribution to
resource access of the individual rate and dyadic distribution of social be-
haviour should be further explored.

The amount of tolerance received during feeding could not be explained
by any of the factors included in our model. The best predictor for access
to food was physical aggression and aggression levels are typically higher
during feeding times (Theil et al., 2017). Possibly, the elevated occurrence
of aggression during feeding regimes hampered the monkeys to sit with their
preferred neighbours. This indicates that in certain situations aggression may
impede affiliative behaviour.

This study is to our knowledge the first to investigate the relative impor-
tance of aggressive and affiliative behaviour on access to different types of
resources in a primate group. We can conclude that dominance rank exerts
its influence on resource access indirectly via both aggressive and socio-
positive behaviours. Hence, not dominance rank as such facilitates resource
access, but dominance rank allows animals to use aggressive and socio-
positive behaviour, which in turn facilitates resource access. Moreover, the
relative effectiveness of both types of social behaviour depends on the type
of resource. This implies that possessing the social skills for employing both
types of behaviours comprises the best strategy for resource access. Although
it became clear that social resources are less effectively accessed through ag-
gressive behaviour and more effectively through socio-positive behaviour,
there may still be other factors determining access to social resources.
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