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Abstract
We argue that the study of social complexity can follow two different approaches, based on how it is seen from the outside or on
how it is experienced from within. Recent focus has been on the former with social complexity emerging from the interactions of
group members. Here, we take the view from within and deal with the social complexity that individual group members may
experience, exploring complexity arising from aspects of the social structure and social organization. We review a variety of
sources of social complexity in terms of variation between and within social relationships, variation in opportunities to interact
with different group members, and the role of third parties.We then examine how individuals can cope with the social complexity
they face. We conclude that a refined view of social relationships at different levels is needed to study the social complexity faced
by individual group members and emphasize the potential contribution of the view from within to the study of social complexity
and cognition.

Significance statement
Animals may experience different degrees of complexity in their social groups. Instead of viewing social complexity as an
emergent property of the interactions exchanged by group members, we focus on the social complexity individual group
members may experience. We examine how aspects of social structure and social organization, such as the variation between
and within social relationships, the variation in opportunities to interact with different group members, and the role of third
parties, could create challenges and sources of complexity for individual group members. We then evaluate how emotions and
cognitive abilities could be used by animals of different species to navigate the social complexity they experience and make
appropriate decisions. We show that there are neglected sources of social complexity related to social relationships that derive
from them changing over time and consisting of different components. We conclude by emphasizing that a change in perspective
is needed to study how cognition is linked to the social complexity individual group members may experience.
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Introduction

Although there is no generally accepted definition of com-
plexity (Chu et al. 2003; Kappeler 2019, topical collection
on Social complexity), there is a general consensus across
disciplines that complexity emerges from the interaction of
non-complex elements, which are non-identical and interact
in different ways, often following simple rules (Nadel and
Stein 1991; Bascompte and Solé 1995; Chialvo 2010;
Johnson 2009). Social complexity can be viewed in a similar
way, although this is not often explicitly stated (Freeberg et al.
2012). For example, the coordinated movements of bird flocks
and fish schools and the impressive nests built by social in-
sects are interpreted as complex emergent properties of simple
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individual actions (Shaw 1970; Bonabeau et al. 1997; Parrish
and Edelstein-Keshet 1999; Ballerini et al. 2008).
Computational models have been used to capture these ob-
servable emergent properties and the self-organizing nature
of social groups giving rise to social complexity (Reynolds
1987; Ramos-Fernandez et al. 2006; Hemelrijk 2013; Storms
et al. 2019, topical collection on Social complexity).

This approach to the study of social complexity emphasizes
the emerging outcome. It is like the scientist viewing a primate
group, an ungulate herd, a bird flock, or a fish school, and
being intrigued by its seemingly complex features. But does
the single individual monkey, deer, starling, or herring view it
the same way? It is unlikely, as they are part of the emergent
complexity. In the same way, we cannot appreciate the overall
outcome of a crowd moving if we are part of the crowd. Thus,
the social complexity emerging from the interactions between
group members is not the same social complexity experienced
by the individuals interacting. There is therefore a social com-
plexity that can be viewed from the outside and a social com-
plexity that can be experienced from within (cf. Fischer et al.
2017; Lukas and Clutton-Brock 2019; Weiss et al. 2019, top-
ical collection on Social complexity). These two ways of
viewing social complexity are complementary, and none of
them is inherently better than the other, much as Tinbergen’s
(1963) four Bquestions^ provide complementary approaches
to the interpretation of biological phenomena. Viewing the
same phenomenon from the individual perspective or from a
more global perspective is common practice. For example,
parasitology studies of the selective pressures imposed by
parasites emphasize the individual-level consequences of be-
havioral variation, whereas epidemiological studies of disease
spread and prevalence emphasize the population-level conse-
quences in terms of population growth and extinction risks
(Altizer et al. 2003). An example regarding complexity is that
of ant colonies in which more complex societies are charac-
terized by lower individual complexity (Anderson and
McShea 2001). Thus, in the case of social complexity, there
are very valid reasons to study the emergent complexity
viewed from the outside, as several of the contributions to this
special issue highlight (e.g., Fuentes-González and Martins
2019; He et al. 2019; Storms et al. 2019, all in topical collec-
tion on Social complexity). However, here, we take the view
from within and deal with the social complexity that a single
individual may experience.

Recently, Freeberg et al. (2012) defined complex social
systems as those in which individuals frequently interact in
many different contexts with many different individuals, and
often repeatedly interact with many of the same individuals
over time. Although this definition focuses on the complexity
of the emergent social system, it underlines several elements
that individual group members face within the social system.
The definition emphasizes aspects, such as Bfrequently,^
Bdifferent,^ and Bmany,^ that may be critical for the individual

group member’s perspective. A more overt stance toward the
individual perspective of social complexity was made by
Bergman and Beehner (2015). In their quest for a measure
of social complexity meaningful in the context of social cog-
nition, Bergman and Beehner (2015) proposed that social
complexity should be measured as the number of differentiat-
ed relationships that individuals have. We develop this per-
spective further.

There are many social groupings in which membership is
highly variable and the number of members is so large, that it
is impossible for a single member to recognize each of the
others (e.g., loose herds of wildebeest: Talbot and Talbot
1963). Still, simple rules followed by individual members in
these groupings may result in emergent social complexity
(Gueron and Levin 1993). The situation is likely very different
when the social grouping is based on demographically stable
membership and individual recognition by each member of all
other members. These characteristics allow group members to
develop social relationships that can be beneficial (cf. individ-
ualized societies: de Waal and Tyack 2003; bonded social
systems: Dunbar 2012). Under these circumstances, individ-
uals may tune their social behavior in relation to the identity of
some or all partners with whom they interact. This possibility
permits differentiation among the social relationships an indi-
vidual has, with social decision-making becoming more de-
manding, the more her social relationships are differentiated.

Let us use dominance as an example. We can infer the
dominance hierarchy of a group by the patterning of the dom-
inance relationships between group members, which are based
on the patterning of the dominance interactions (e.g., aggres-
sion, spatial displacements, submission, avoidance) between
each pair of individuals (Hinde 1978). In this respect, the dom-
inance hierarchy is an emergent property of the social interac-
tions between group members, being a good example of social
complexity viewed from the outside. But what about the view
from within? Do individual group members face complexity
when they interact within a dominance hierarchy? The answer
is not straightforward as it depends on the elements on which
individuals make their decisions about interacting. If individ-
uals simply interact submissively toward a given set of group
members (the Bdominants^) and assertively toward another set
of group members (the Bsubordinates^), there is not much
differentiation among their social relationships. However, if
individuals interact with different group members in relation
to their relative position in the dominance hierarchy (e.g., they
groom others in relation to their dominance rank: Schino
2001), the degree of relationship differentiation is higher and
the assessment is more demanding, as it requires a finer tuning
of behavior and the recognition of the relative rank positions of
the group members (Bergman et al. 2003). Furthermore, if
individuals take into account the possibility that third parties
may intervene in aggressive interactions (Harcourt and de
Waal 1992), and even consider the potential supporters’
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dominance rank relative to the opponent’s dominance rank
before engaging in a competitive interaction and recruiting
supporters (Silk 1999; Perry et al. 2004; Schino et al. 2006),
individuals face an even more demanding assessment. Under
these circumstances, each individual’s behavior in the compet-
itive interaction would be affected not only by the partner’s
behavior, but also by other group members’ previous and cur-
rent behavior. Such social environments are regarded as com-
plex adaptive systems that produce distinct selective pressures,
which cannot be observed in species with unstable groupmem-
bership (Kutsukake 2009).

As an extreme example of the differences between social
complexity as viewed from the outside and social complexity
as viewed from within, i.e., from the individual group member,
we can consider the eusocial insects. Their societies are often
presented as extremely complex (Kapheim 2019; Kappeler
2019, both in topical collection on Social complexity). We
believe that this is true when we use the view from the outside.
However, the individual bee, wasp, or ant has only to differen-
tiate among a few castes in order to make appropriate social
decisions, while the identity of individual group members is
irrelevant (although some species are capable of individual rec-
ognition: Sheehan et al. 2014). Viewed from within, a bee,
wasp, or ant society must be relatively simple.

The degree of differentiation of social relationships is thus
the critical aspect that defines social complexity as seen from
within. Here, we take this view and examine the social com-
plexity that a single individual may experience. We follow
Kappeler and van Schaik’s (2002) definitions of the compo-
nents of social systems, in which the term Bsocial structure^
refers to the pattern of social interactions and the resulting
relationships between group members, and the term Bsocial
organization^ refers to the size, sexual composition, and spa-
tiotemporal cohesion of the group (see also Kappeler 2019,
topical collection on Social complexity). We explore com-
plexity arising from aspects of the social structure and from
aspects of the social organization. First, we review a variety of
sources of social complexity in terms of variation between and
within social relationships, variation in opportunities to inter-
act with different group members, and the role of third parties.
Second, we examine how individuals can cope with the social
complexity they face. Finally, we propose that a dynamic view
of social relationships at different levels is needed to study the
social complexity faced by individual group members and
emphasize the potential contribution of the view from within
to the study of social complexity and cognition.

Aspects of social structure relevant to social
complexity

Hinde’s (1976, 1979) framework highlights that social struc-
ture is an emergent property. In this framework, the observable

components are the social interactions, which can be de-
scribed in terms of content (what behavior is exchanged,
e.g., grooming, play, or aggression) and qualifiers (the way
the behavior is exchanged, e.g., rapidly, gently, or intensive-
ly). When two individuals have a series of interactions, any
one interaction may affect the subsequent ones and their
unique history of interactions forms their social relationship.
According to this view, social relationships are emergent phe-
nomena derived from the patterning of interactions between
individuals across time (Aureli et al. 2012), and social struc-
tures are emergent phenomena derived from the patterning of
social relationships between individuals.

According to Hinde’s (1976, 1979) framework, a social
relationship can be described in terms of the content and the
qualifiers of the interactions and the relative frequencies and
patterning of those interactions over time. For example, two
individuals that groom each other often and attack each other
little have a different relationship from two individuals that
groom each other rarely but attack each other often. However,
the relative frequencies of the interactions are not sufficient to
distinguish types of relationships. Two individuals may have
exchanged grooming frequently last week and exchanged at-
tacks frequently this week. This relationship would however
differ from one with the same frequencies of the two types of
interactions, but characterized by each attack being followed
by a grooming bout (i.e., a different patterning). Furthermore,
not only is a social relationship between two individuals af-
fected by the interactions they exchange, but their interactions
are affected by the relationship. As the previous history of
interactions between two individuals affects the subsequent
interactions, their social relationship constrains the way they
interact with each other (Hinde 1983a). For example, two
individuals interact in a given way in a competitive context
depending on their dominance relationship.

Each participant in a relationship also interacts with other
group members, and thus has relationships with them. The
relationships that two individuals have with other group mem-
bers affect the relationship that they have with each other
(Hinde 1976, Hinde 1983a). Hence, each relationship is part
of a network of relationships, i.e., the emergent social struc-
ture, which can be described in terms of the properties of the
constituent relationships and how these relationships are pat-
terned. In turn, the social structure affects the constituent rela-
tionships. For example, a new immigrant individual would
form more clear-cut dominance relationships in a group with
a stricter dominance hierarchy than in a group with a
shallower dominance hierarchy.

As explained above, Hinde’s (1976, 1979) framework un-
derscores the potential for variation across social relationships
and the factors possibly affecting it. We argue the degree of
such variation is one of the two main contributors to the com-
plexity an individual faces within a given social structure (the
other being variation within social relationships). In the next
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section, we review evidence of variation across social relation-
ships an individual has with different partners and how such a
variation can be a source of complexity.

Variation across social relationships

Animals that live in groups with stable membership can inter-
act in different ways with different group members. When this
variation shows temporal consistency and extends across sev-
eral types of social interactions, animals can be said to have
differentiated social relationships (Bashaw et al. 2007). The
study of differentiated relationships has been a prominent top-
ic for primatologists (Hinde 1983b), but differentiated rela-
tionships are not exclusive to primates (e.g., Reinhardt and
Reinhardt 1981; Durrell et al. 2004). The way individuals
interact with other group members depends on a variety of
characteristics. Some of the most studied characteristics are
age, sex, kinship, and dominance rank. For example, in lions
(Panthera leo), head rubbing (an affiliative interaction) occurs
mostly among males and licking (another affiliative interac-
tion) mostly among females; the latter is strongly influenced
by kinship (Matoba et al. 2013).

The degree of complexity individuals face regarding rela-
tionship differentiation depends on how individuals take into
account the relevant variable. For example, Guilhem et al.
(2000) reported that yearling mouflons (Ovis gmelini) rest
preferentially in proximity with age-peers. Relationship dif-
ferentiation, in this case, could be based on a simple binary
discrimination (peers vs. non-peers) without the need to dis-
tinguish between finer age categories. The situation would be
more complex if individuals need to differentiate the way they
interact with other group members based on a continuous
variable or on multiple (ordered) categories of a variable, such
as the different degrees of kinship they share with group mem-
bers. For example, adult Japanese macaque (Macaca fuscata)
females support juvenile group members during aggressive
interactions depending on their degree of kinship, with only
mothers, grandmothers, and great-grandmothers giving sup-
port to their juvenile kin, whereas aunts, grandaunts, and cous-
ins do not (Chapais et al. 2001; cf. Schino et al. 2007).
Similarly, spotted hyaenas (Crocuta crocuta) respond to cub
vocalizations in relation to their degree of kinship with the cub
(Holekamp et al. 1999). Also, a meta-analysis of cooperative
breeding in mammals and birds showed that helping is related
to the degree of kinship between the individuals involved
(Griffin and West 2003).

These examples illustrate that if individuals use continuous
or ordinal assessment with multiple sets (i.e., more than two
categories) to categorize group members according to a key
characteristic, the degree of complexity individuals face while
making decisions about interacting is higher than if they sim-
ply categorize group members into two sets. The situation is
even more complex when individuals need to take into

account not only one (e.g., kinship), but multiple characteris-
tics of other group members (e.g., age, sex, kinship, and dom-
inance rank) for effective social interaction. The study of con-
flict management has shown that a variety of relationship
characteristics can affect the likelihood different behavioral
mechanisms would take place in the aftermath of an aggres-
sive interaction (Aureli and Waal 2000). For example, the
friendly reunion between former opponents soon after an ag-
gressive interaction (labeled reconciliation by de Waal and
van Roosmalen 1979) is more likely between kin than nonkin,
between individuals that support one another more often, and
between group members that exchange affiliation at higher
rates (Aureli et al. 1989; Mason et al. 2004; Watts 2006:
Palagi et al. 2008; Romero et al. 2009).

Starting from the study of conflict management, Cords and
Aureli (2000) proposed a conceptual framework to identify
components of relationship quality. This framework is based
on how the social interactions exchanged by two individuals
can capture the quality of their social relationship. Thus, in-
stead of examining whether kinship or relative dominance
rank explains the distribution of social interactions, such as
aggression, grooming, coalitions, and reconciliation, across
group members, this framework focuses on the emergent
relationship quality based on the patterning of social
interactions, which may itself be correlated with factors such
as the degree of kinship or relative dominance rank. Cords and
Aureli (2000) proposed three components of relationship
quality: (1) value, which reflects the benefits afforded by the
relationship; (2) compatibility, which reflects the degree of
tolerance between partners; and (3) security, which reflects
the predictability or consistency of interactions between part-
ners over time. These three are not necessarily the only pos-
sible components, and they can be replaced or other compo-
nents can be added to thoroughly illustrate relationship quality
in different species (see Silk et al. 2013 for additional
components).

To obtain components of relationship quality, we need to
start from the social interactions exchanged between group
members. Studies of mother-infant relationships pioneered
such an approach by using principal component analysis
(Simpson and Howe 1980; Schino et al. 1995). Fraser et al.
(2008) were the first to apply this approach to social relation-
ships among adult group members. Such an approach in-
volves entering indices based on social interactions (e.g., ag-
gression rates, proportion of time spent in proximity, coeffi-
cient of variation of time spent in association, likelihood of
support, or food sharing) into a principal component analysis
(Aureli et al. 2012). The components extracted by this analysis
have loadings for each interaction index, which facilitate la-
belling of a component (e.g., the label Bcompatibility^ for a
component with low loadings for aggression rates and high
loadings for the proportion of time spent in proximity), and
each dyad entered in the analysis has a value for each
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component, which allows one to test whether the component
is correlated with certain relationship characteristics (e.g., kin-
ship and relative dominance rank). Since Fraser et al.’s (2008)
research on a zoo group of chimpanzees, this approach has
been successfully used for primate and nonprimate species
both in captivity and in the wild. For example, similar com-
ponents were extracted for hand-reared ravens (Corvux corax)
housed in a large aviary (Fraser and Bugnyar 2010) and in
wild Geoffroy’s spider monkeys (Ateles geoffroyi: Busia et al.
2017).

Identifying multiple components of relationship quality
based on social interactions emphasizes the challenge individ-
uals may face when making decisions about with whom and
how to interact in their group. The challenge depends on the
degree of variation across social relationships with other
group members and on whether the variation is based on
one, a few, or several components of relationship quality.
Still, variation not only exists across social relationships.
There is also an important source of variation that is within
each social relationship.

Variation within social relationships

Social relationships can change over time. It is useful to dis-
tinguish between predictable (developmental) changes and
unpredictable changes. The most obvious (and most studied)
example of predictable changes in social relationships comes
from the development of mother-infant relationships. In ma-
caques and baboons, for example, mothers and newborn in-
fants spend almost 100% of their time in close body contact,
but this percentage decreases as the infant grows older and the
mother plays an active role in promoting infant independence
(Hinde and White 1974; Altmann 1980). These predictable
developmental changes are not free from conflicts between
the individuals involved, as the interests of mothers and in-
fants are not perfectly aligned (Trivers 1974). For our pur-
poses, the main point relevant to social complexity to be em-
phasized is that a mother cannot adopt a fixed behavioral
strategy toward her infant, but has to constantly adapt to the
changing behavior of the infant, progressively promote its
independence, and deal with the conflicts that arise because
of the mismatch between her own and the infant’s interests,
especially during the weaning period.

A less studied example of predictable change in social re-
lationship is the formation of social relationships between ini-
tially unfamiliar individuals. The pioneering studies of
Kummer (1975) showed how geladas (Theropithecus gelada)
that meet for the first time go through a predictable series of
interactions, from aggression to presentation and then to affil-
iation. Similar predicable sequences have been observed in
other experimental studies (Ganslosser 1993; Baker and
Aureli 2000). The establishment of clear-cut dominance rela-
tionships seems to play a critical role in the establishment of

more amicable relationships. Uncertainty about dominance
could hinder the possibility of affiliative interactions (de
Waal 1986; Schino et al. 1990). In the wild, new relationships
are formed whenever an individual immigrates into a new
group, but this process of relationship formation is much more
difficult to study and the available information is sparse. This
difficulty derives from the scientists generally missing the first
phase of the process when the immigrant individual is mostly
peripheral to the study group. This first phase is usually char-
acterized by aggression against the immigrant by residents,
especially residents of the same sex of the immigrant. For
example, in Geoffroy’s spider monkeys in which females are
the dispersing sex, resident females are aggressive to newly
immigrant females (Asensio et al. 2008; Riveros et al. 2017).
If the immigrant female is successful in integrating into the
new group, aggression against her declines over time (Riveros
et al. 2017). Given that females are interested in other females’
young infants and direct friendly interactions toward the
mother (Slater et al. 2007), the integration is likely completed
after an immigrant female has had her first infant. Again, the
main point relevant to social complexity to be emphasized
here is the necessity for animals to adapt to the changing
nature of their relationships. Every step in the development
of the relationship with an initially unknown individual im-
plies a possible change in how the other individual will behave
and in how the subject will respond to the behavior of the
other individual.

In the examples above, social relationships changed fol-
lowing a relatively predictable pattern. This predictability
may make it easier to deal with changes as specific responses
to predictable changes can be shaped by natural selection. For
example, given the relevant fitness consequences of maternal
care, it is likely that selection has provided mothers with a
predisposition to progressively modify their behavior toward
infants, these progressive modifications being triggered by
hormonal changes and by the changes in the physical stimuli
provided by the growing infant.

Unpredictable, and often abrupt, changes in social relation-
ships can also occur. For example, major rises or falls in the
dominance hierarchy imply correspondingly major changes in
the social relationships of the individuals involved. These
events are rare, but whoever has observed any dominance-
oriented species for a sufficiently long period can remember
a few examples. Nevertheless, detailed reports are rare in the
literature. One of the best examples comes from the struggles
for dominance among males in zoo chimpanzees (de Waal
1982). Major changes in a dominance hierarchy are often
associated to changes in the affiliative network, but the extent
to which changes in affiliation cause or are caused by changes
in dominance is generally unknown and is probably variable
(Chapais et al. 1995). The unpredictability and relative rarity
of these events make their systematic study difficult. In the
context of this review, unpredictable changes make the social
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environment more difficult to navigate as the animal may have
neither previous experience of similar events, nor inborn spe-
cific responses that had been shaped by natural selection to
adapt rapidly to major social changes. As a consequence,
groups in which dominance hierarchies change frequently
(e.g., among chacma baboon males, Papio hamadryas
ursinus: Palombit et al. 2000) may exemplify a social envi-
ronment that is perceived by group members as more complex
than that of more stable groups (e.g., among capuchinmonkey
males, Sapajus nigritus: Janson et al. 2012).

Do third parties influence dyadic relationships?

A further layer in the social complexity perceived by the in-
dividual animal is added by the influence third parties can
have on the social relationship between two individuals.
Active interference in the social interactions between other
group members has been reported in a number of species. In
primates and in other animals, the most studied of such inter-
ferences are interventions (both aggressive and peaceful) into
ongoing aggressive interactions, supporting either the victim
or the aggressor (Harcourt and de Waal 1992; Petit and
Thierry 1994; Smith et al. 2010). For example, juvenile ma-
caques and spotted hyenas rise in rank as they approach sexual
maturity thanks to the coalitionary support they receive from
their kin (Kawai 1958; Chapais 1988; Holekamp et al. 2007).
Kin, and especially mothers, are therefore instrumental in the
acquisition of dominance rank, and other groupmembers have
to take into account the mother’s behavior in their interactions
with juveniles.

Less well studied is third party interference into the
affiliative interactions between group members (Mondragón-
Ceballos 2001). Although the phenomenon has been docu-
mented in a number of species (Seyfarth 1980; Aureli et al.
1992; Massen et al. 2014; Mielke et al. 2017; Schneider and
Krueger 2012), little is known about its role in shaping social
relationships between other individuals. For example, can sys-
tematic interference in the affiliative interactions of a new
immigrant prevent the formation of a friendly relationship
with the resident animals? Overall, this is a largely neglected
topic. Recent evidence, however, seems to indicate that inter-
ference in grooming interactions in mandrills can contribute to
generate the pattern of rank-related access to dominant indi-
viduals that is commonly observed in a variety of primate
species (Schino and Lasio 2018; cf. Seyfarth 1977).

Generally speaking, at least in some species of group-living
animals, individuals need to take into account the behavior of
third parties when making decisions about social interactions.
For example, weaker animals are unlikely to be attacked if
they are protected by a stronger ally, and attractive social
partners cannot be easily accessed if there is interference by
dominants.

Aspects of social organization relevant
to social complexity

According to Kappeler and van Schaik (2002), social organi-
zation refers to the size, sexual composition, and spatiotem-
poral cohesion of the group. Studies of social complexity have
focused mainly on group size (Kappeler 2019, topical
collection on Social complexity). Here, we deal with the de-
gree of fission-fusion dynamics, which relates to spatiotempo-
ral cohesion and the temporary changes in size and composi-
tion. The term fission-fusion was introduced to describe the
grouping patterns of species that fission into subgroups as a
temporary adjustment to food availability and then fuse back
again (Kummer 1971). A reconsideration of this concept
made it broader, encompassing the three aspects of social or-
ganization. Accordingly, fission-fusion dynamics are consid-
ered as a characteristic of any social system (Aureli et al.
2008). Individuals in rather cohesive groups have a low de-
gree of such dynamics. In contrast, individuals in groups with
a high degree of fission-fusion dynamics are rarely all togeth-
er, as they frequently fission and fuse in subgroups of variable
membership, or show high temporal variation in spatial cohe-
sion (Aureli et al. 2008). The critical aspect of fission-fusion
dynamics for social complexity is that such dynamics influ-
ence the opportunity group members have to interact with one
another because of changes in spatial cohesion, subgroup size
and composition, introducing uncertainty about their social
relationships, and the social context in which they interact
(Ramos-Fernandez et al. 2018).

In this respect, fission-fusion dynamics are a modulator of
social intercourse. For example, two individuals may have a
prolonged separation when they spend extended time in dif-
ferent subgroups. The absence of interaction between them
can be challenging with respect to maintaining their relation-
ship (see below). The absence of some individuals can also be
challenging when making decisions about interacting if cer-
tain partners are preferred for certain tasks (e.g., cooperation:
Melis et al. 2006; Weidt et al. 2014). Both situations may be
sources of uncertainty as the individuals cannot interact as
usual, but they need to flexibly adapt to the changing situa-
tions. A high degree of fission-fusion dynamics can also in-
crease social complexity when considering exchanges based
on the biological market theory (Noë and Hammerstein 1995)
as an individual’s value in terms of what she can provide to
others in a given context depends on her value relative to that
of others. In highly cohesive groups, each individual’s relative
value is rather stable, but in groups with a high degree of
fission-fusion dynamics, each individual’s relative value de-
pends on who else is around. This situation makes beneficial
exchanges more flexible and uncertain, and the decision pro-
cess more complex.

The change in subgroup composition due to fission-fusion
dynamics affects the social environment where two
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individuals interact. As third parties may influence the inter-
actions between two individuals (see above), the way an indi-
vidual interacts with another may depend on who else is in the
subgroup. For example, an individual may be less tolerant
toward a group member if a long-term ally of that group
member is not present in the subgroup. Similarly, variable
subgroup composition influences audience effects (Zajonc
1965; McGregor 2005). For example, spider monkey males
tend to reduce the affiliation they exchange with each other if
at least one more male is present in the subgroup (Saldaña
Sánchez et al. unpublished data).

Hence, the degree of fission-fusion dynamics modulates
how group members interact with one another because the
presence of potential partners, potential supporters, and poten-
tial eavesdroppers is variable depending on subgroup compo-
sition and spatial cohesion. The degree of fission-fusion dy-
namics therefore contributes to the complexity that individuals
face because of variation within the same relationship and
across relationships with different group members by adding
a shorter-term source of variation. This source of variation
applies to the same relationship depending on how the two
partners adjust their interactions with respect to how long they
have been separated and who else is present in terms of po-
tential supporters and eavesdroppers. Similarly, the potential
changes in their own and each partner’s relative value depend-
ing on the presence of others is a source of short-term variation
across social relationships.

How individuals cope with social complexity

The social complexity highlighted above leads to problems
individuals need to solve to function effectively in their social
environment. Before addressing these problems, we need to
clarify an issue related to Hinde’s (1976, 1979) conceptuali-
zation of social relationships as emerging from the patterning
of interactions between individuals over time. It has been ar-
gued that the temporal component introduces a prospective
element in which individuals are motivated to cultivate social
relationships for future benefits (Henzi and Barrett 2007).
Henzi and Barrett (2007) claimed that as prospective reason-
ing is beyond the abilities of animals other than humans, the
concept of social relationships is superfluous in understanding
animals’ social decision-making. Contrary to this argument,
we believe Hinde’s (1976, 1979) framework does not imply
that animals are motivated by anticipated benefits or are con-
scious of the long-term outcome of their actions. In fact, as
animals interact with others based on their history of interac-
tions, the temporal component deals with the past, and not the
future (Aureli et al. 2012; Seyfarth and Cheney 2012).

Being able to respond appropriately to the actions of their
partners based on their past interactions (i.e., their social rela-
tionships) clearly facilitates social intercourse. Given the

variations within and across social relationships highlighted
above, individuals need to modify their behavior according to
the quality of their relationships with potential partners in a
particular context. Thus, it is critical for animals to assess the
quality of their social relationships. We have suggested that
animals base this assessment on the information contained in
the various interactions previously exchanged with each of
their partners (Aureli and Schaffner 2002; Aureli et al.
2012). They then need to integrate information about the fre-
quency, duration, and consequences of different types of in-
teractions with each of their partners, convert it into some kind
of common currency, and update this information across time.
This kind of bookkeeping seems rather demanding. There are
two broad categories of mechanisms animals may use to
achieve this task and cope with problems related to the social
complexity they experience in their groups. In the next sub-
sections, we address each of them. Note that although emo-
tions and cognitive abilities are clearly interlinked, here, we
treat emotional mediation and cognitive enhancement sepa-
rately to facilitate their description.

Emotional mediation

Emotions can provide individuals with a timely relationship
assessment to guide social decisions (Aureli and Schaffner
2002; Schino and Aureli 2009). Such assessment can be
achieved by considering the mediating role of emotions im-
plicit in the concept of intervening variable (Hinde 1972;
Aureli and Whiten 2003). A particular emotional state (with-
out implying subjective feeling) would lead the individual to
take a particular motivational stance, which constrains
decision-making and influences behavior in a way that is ap-
propriate to the situation (Aureli and Whiten 2003). The emo-
tional experience of an individual is certainly affected by the
types, frequencies, and patterning of previous interactions
with other group members (Aureli and Schaffner 2002;
Aureli and Whiten 2003; Schino and Aureli 2009; Seyfarth
and Cheney 2012). Emotional states may then provide a cru-
cial integration of the information contained in the various
interactions between two partners and may change over time
depending on the interactions exchanged. Although the neu-
roendocrine mechanisms underlying the modulation of these
partner-specific emotional states are largely unknown, recent
evidence points to a role for oxytocin, which has been shown
to be released in association with the exchange of friendly
interactions (grooming and food sharing) in chimpanzees
(Pan troglodytes) (Crockford et al. 2013; Wittig et al. 2014).

The resulting partner-dependent emotional state can there-
fore be functionally equivalent to the processes of bookkeep-
ing mentioned above, which is needed for continuous relation-
ship assessment (Aureli et al. 2012). For example, the anxiety
former opponents experience after an aggressive interaction is
affected by the quality of their relationship (Aureli 1997;
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Kutsukake and Castles 2001; Cooper et al. 2007; Koski et al.
2007). Such anxiety may then be the proximate mechanism
for reconciliation between former opponents, which is more
likely to occur between individuals with certain types of rela-
tionships (e.g., kin, supporters, partners with higher affiliation:
see above). Thus, these partner- and context-dependent emo-
tional states can be at the core of the individual assessment of
the variation within and across social relationships and be
instrumental in the successful navigation of the social com-
plexity thus generated.

Cognitive enhancement

Although emotional mediation can provide solutions to most
problems due to the complexity individuals face in relation to
variation across and within their social relationships, there are
problems posed by the social environment that may require
greater degrees of cognitive sophistication.

A first set of such problems is posed by the varied influ-
ences that third parties can have on social relationships. One
example is the process of rank acquisition in juvenile ma-
caques and hyaenas described above. Group members have
to learn that a given juvenile cannot be attacked despite her
small size and low physical power because her high-ranking
mother can come to help her. The learning is likely based on a
discrimination process. Group members learn to interact sub-
missively toward juveniles with higher-ranking mothers and
to act as dominant toward juveniles with lower-ranking
mothers.

In species characterized by low degrees of fission-fusion
dynamics, the continuous presence of the mothers makes
learning how to interact with different juveniles a relatively
straightforward process that can be based on simple discrim-
ination. In species characterized by a higher degree of fission-
fusion dynamics, or that live in environments with lower vis-
ibility, group members may use conditional discrimination to
learn to interact submissively with the offspring of higher-
ranking mothers only when the mother is present/nearby.
Macaques, though living in rather cohesive groups, seem to
be able to take advantage of the possibilities offered by the
temporary absence of the mother. Chapais’ (1988) experimen-
tal studies showed how juveniles separated from their mother
fall rapidly in rank below adult females that would never dare
to attack them in their mother’s presence. It is unknown
whether in species living in less cohesive groups the process
of rank acquisition is less influenced by the mother’s interfer-
ence. In principle, individuals living in groups characterized
by a high degree of fission-fusion dynamics are expected to be
particularly good at solving problems of conditional discrim-
ination, because the varying presence of third parties is a char-
acteristic of their social environment. Another ability that
should be enhanced in such groups is self-control (MacLean
et al. 2014) as individuals should refrain from interacting as

usual when they are reunited with other group members after
subgroup fusion. Given the change in the social environment
after fusion, it is beneficial for individuals to inhibit prepotent
responses, assess the new social situation and flexibly adjust
their interactions (Aureli et al. 2008). There is experimental
evidence that individuals of species characterized by a higher
degree of fission-fusion dynamics show more inhibitory con-
trol and more effective flexible responses in the physical and
social domains than individuals of species characterized by a
lower degree of fission-fusion dynamics (Amici et al. 2008,
2009, 2018), although whether these species also excel in
solving problems of conditional discrimination is currently
unknown.

In fact, variable subgroup composition is likely to pose
several problems that may require specific cognitive adapta-
tions. The mere need to behave consistently toward group
members may be made more difficult by their potentially long
absence from the immediate social surroundings. For exam-
ple, two animals sharing an amicable relationship may remain
separated for several days and thus may not have any oppor-
tunity for exchanging grooming or other affiliative interac-
tions. On meeting again after subgroup fusion, they need to
be able to resume a friendly intercourse, which may require
both specific greeting ceremonies (e.g., embraces in spider
monkeys: Aureli and Schaffner 2007) and enhanced
Bmemory.^ We are using quotation marks here because what
is really needed is an increase in the time during which past
positive interactions retain their influence on the attitude
shown toward a partner. To be able to do so may imply en-
hanced episodic or semantic memory (Schacter and Addis
2007; Eysenck 2012) as well as longer-lasting emotional con-
sequences (for emotional mediation: see above; cf. Aureli
et al. 2008). Prolonged separation could also pose a challenge
in the reciprocation of cooperative interactions (Schino 2007;
Schino and Aureli 2008). In addition to enhanced Bmemory,^
animals may cope with this challenge by shortening the
timeframe of social exchange to reduce the likelihood of errors
(Barrett et al. 1999).

Given the influence third parties can have on social inter-
actions, species characterized by a high degree of fission-
fusion dynamics may take advantage of their variable pres-
ence by making active decisions about subgroup membership.
For example, one can speculate that an individual might de-
cide to join the subgroup including individual A in order to
attack it, but to avoid joining that subgroup if individual B (an
ally of A’s) is also present. There is evidence for subgroup
membership preference when subgroups fission. For example,
spider monkeys fission into the same subgroup with group
members with whom they have a relationship characterized
by higher levels of compatibility and value and lower levels of
insecurity (Busia et al. 2017). Thus, we can further speculate
that it could be advantageous for individuals to engineer sub-
group membership (Aureli et al. 2008). For example, they can
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select to be in subgroups with the strongest and more commit-
ted group members who can protect them or can prefer sub-
groups with the weakest group members, so to be the best
protection provider and thus receive a disproportionate
amount of services (e.g., grooming or mating opportunities)
in exchange (Noë and Hammerstein 1995; Barrett et al. 2003).
Note that this kind of hypothetical strategies would require
some form of planning, and it is therefore possible that a high
degree of fission-fusion dynamics may require cognitive abil-
ities related to planning (Aureli et al. 2008), although it is
unclear whether such dynamics may select for these cognitive
abilities or whether a high degree of fission-fusion dynamics is
only possible in species that already have such abilities.

We have been concerned with how animals perceive com-
plexity in their own social relationships, and with how they
deal with this complexity. A separate set of questions relates to
how (and if) animals deal with complexity in the social rela-
tionships between other group members, and to how they deal
with this complexity. As we argued that the extent of social
complexity is linked to relationship differentiation (cf.
Bergman and Beehner 2015), these latter questions have been
addressed in a number of other reviews (e.g., Seyfarth and
Cheney 2012; see Bond et al. 2003 and Grosenick et al.
2007 for examples of nonprimate species) and we refer the
interested reader to such reviews. Here, we only note that in
species that do take into account the relationships between
others in their interacting, the extent to which this impacts
the complexity faced by individuals depends again on the
degree of differentiation of these social relationships.

Conclusions

The approachwe took in our review of various sources of social
complexity provided a fresh look at several issues. The first
issue is that, although the views of social complexity from the
outside and from within are complementary, they may some-
times reach opposite conclusions. For example, viewed from
the outside, a social structure comprising multiple clusters, each
consisting of one matriline, would appear more complex than a
social structure without such clusters. However, the relative
complexity of the two structures may be reversed when we take
the individual group member’s perspective. In the clustered
social structure, an individual could categorize other group
members into the various clusters (e.g., matriline A, matriline
B, matriline C) or simply into two sets (e.g., individuals belong-
ing to her own matriline and individuals belonging to the other
matrilines). In contrast, in the non-clustered social structure,
individuals may need to differentiate their relationships with
other group members based on the degree of kinship they share
with each of them. The latter is clearly more challenging for the
decision-making process as it would impose a higher degree of
complexity to the individual because the relationship

differentiation would be based on the degree of kinship as a
continuous variable or on multiple (ordered) categories of kin,
instead of being simply based on a dichotomous distinction.

A second issue is that there has recently been a certain
amount of emphasis on the stability of social relationships
(Silk 2007). It is certainly important to remark that there are
some relationships that are stable for extended periods of time
(Connor et al. 2001; Silk et al. 2006; Mitani 2009; Stanley
et al. 2018), but this emphasis may also overshadow what the
typical situation is. Following Hinde’s framework, social re-
lationships are dynamic and can change over time. Thus, sta-
bility can be considered to be more the exception than the
norm. For the purpose of our paper, dealing with stable rela-
tionships is clearly less complex for a given group member
than dealing with social relationships that change over time.

A third issue is related to the overall approach of the out-
standing work done in the last 15 years documenting the fitness
benefits of social relationships in a variety of species (e.g., Silk
et al. 2003; Cameron et al. 2009; Schülke et al. 2010; Riehl and
Strong 2018). It is certainly challenging to extract meaningful
measures of the quality of social relationships from long-term
datasets, as the detail and intensity of data collection has likely
changed over time. Thus, most studies addressing fitness ben-
efits of social relationships have combined a handful of mea-
sures of social interactions in one single index. Using this kind
of index has made the analysis of the impact of relationship
quality on various fitness metrics easier because there was only
one measure representing social relationships. Still, what we
have reviewed in this paper shows that this approach oversim-
plifies the nature of social relationships (Schweinfurth et al.
2017). When we do not combine different social interactions
ourselves into arbitrary metrics, but we use statistical tools to
combine them (e.g., principal component analysis), the general
outcome is not a single measure, but multiple components of
relationship quality (Cords and Aureli 2000; Fraser et al. 2008).
This is a critical aspect for studying social complexity as it
means that the degree of relationship differentiation does not
vary along a single axis. Therefore, the problems individuals
face are more complex because social relationships are multi-
faceted. It remains also to be assessed how the different com-
ponents of social relationships relate to reproductive success
and thus to the fitness benefits of sociality.

A fourth issue has to do with how to study the link be-
tween social complexity and cognition. As we mentioned,
there is a great emphasis in understanding how social com-
plexity emerges from individuals following simple rules (e.g.,
He et al. 2019; Kappeler 2019; Storms et al. 2019, all in
topical collection on Social complexity). However, this view
of social complexity from the outside does not seem appro-
priate to study the implications of complexity for cognition. If
we are interested in which cognitive abilities may be en-
hanced because of social complexity, we need to take the
individual group member’s perspective into account and
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examine the degree of complexity the individual faces and
what cognitive abilities the individual can use to successfully
solve the problems posed by a given social context.
Recognizing the differences between the view from the out-
side and the view from within would substantially contribute
to identifying the critical variables of social complexity and
cognition to use, instead of relying on generic proxies (e.g.,
group size: S.D. Healy pers. comm.).

In conclusion, we recommend researchers to be aware of
the two possible views that can be adopted when studying
social complexity, and to continue with the view they previ-
ously used only after evaluating whether it is the most appro-
priate for their research question (e.g., not to follow the view
from outside if the research question entails understanding
how animals perceive and deal with social complexity). In this
respect, we expect a shift from the predominant view from the
outside to the view from within when more appropriate. We
therefore propose that a refined view of social relationships is
needed to study the social complexity faced by individual
group members. This view needs to take into consideration
variation within and between social relationships, their dy-
namic and multifaceted nature, and the possible role of third
parties. We also emphasize the potential contribution of the
view from within to the study of social complexity and cog-
nition. For a real appreciation of social complexity, we need
more studies on a variety of taxa using similar terminology
and approach (cf. Kappeler 2019, topical collection on Social
complexity). These studies would provide evidence about the
extent of similarities across taxa and allow phylogenetically
controlled comparative analyses (e.g., Fuentes-González and
Martins 2019, topical collection on Social complexity) to ex-
amine the evolution of key sources of social complexity.
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