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SUMMARY

Social learning, which is a mechanism that allows an individual to acquire skills
from other individuals, occurs in a social context. Therefore, factors that influence
social context, like social structure, will impact social learning opportunities. This
review explores how features of social structure affect social learning opportu-
nities in primates, either through their relationship with social tolerance or
through the number of social learning models. Features that are investigated in
this review and that we hypothesize affect social learning opportunities are
parental investment, dominance hierarchy, nepotism, social bonds, dispersal,
group size, fission-fusion dynamics, and sex ratio. For most of these features
we find evidence, but support varies. Of all primate species, only humans show
all the requirements of an optimal social structure to promote social learning.
Future research into social learning and culture should not overlook the social
context in which it takes place.

INTRODUCTION

Social learning is an important mechanism used widely by individuals of multiple taxa, ranging from social

insects to primates, to acquire skills already exhibited by others (for a review see: Allen, 2019). By using social

learning, defined as ‘‘learning that is influenced by observation of, or interaction with, another animal or its

product’’ (Heyes, 1994), individuals can circumvent the costs associated with asocial learning (Griffin, 2004;

van Schaik and Burkart, 2011). Social learning is used over a wide range of behaviors, such as locating food

(Frisch, 1946), mate selection (White, 2004), migration routes (Mueller et al., 2013), and tool-use (Whiten

et al., 1999). In addition, it is an essential mechanism for the transmission of innovations and of culture,

and it allows individuals to increase the number of skills they can possess in a lifetime (Aplin, 2016; van Schaik

and Burkart, 2011; Schuppli and van Schaik, 2019). At the same time, social learning also increases asocial

learning skills due to high overlap of cognitive mechanisms (Heyes, 1994; van Schaik and Burkart, 2011).

Interest in social learning has recently intensified, and research has focused on strategies that individuals

use to select when and from whom to socially learn (Kendal et al., 2018), the cognitive mechanisms behind

social learning, and the adaptive utility of social learning as a driving force behind the diffusion of innova-

tions (Aplin, 2016). However, less attention has been devoted to the social context promoting social

learning.

Individuals who use social learning learn by observing or interacting with another individual. The cognitive

mechanisms behind social learning range from simple stimulus enhancement to emulation (Whiten, 2000).

Through social learning, the knowledge of one individual is altered by another individual, thus social

learning is in essence an interaction between a minimum of two individuals. Social transmission of knowl-

edge can occur in different pathways: the most common one is vertical social transmission (i.e., parent to

offspring), but it can also be oblique (i.e., adult to unrelated juvenile) or horizontal (i.e., between peers of

the same generation). Social learning does not occur in every interaction between individuals; neverthe-

less, every interaction can be an opportunity for social learning. The probability of social learning actually

occurring depends upon both the quantity and quality of the social learning opportunities and the

complexity of the behavior to be learnt. An increase in the quantity of social learning opportunities will

lead to more social learning in general. This can be achieved by simply increasing the number of potential

social learning models in a group (van Schaik and Pradhan, 2003). The number of social learning models is
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hereby defined as the number of conspecifics with which an individual interacts within a group. The quality

of a social learning opportunity can be defined by the social tolerance between the individuals involved

(Coussi-Korbel and Fragaszy, 1995; van Schaik, 2003). Social tolerance is hereby defined as the average

time and proximity of each interaction between two individuals and, therefore, the quality of their interac-

tions. High levels of social tolerance correlate with high-quality opportunities for social learning. Both the

prolonged time and close proximity of these interactions provide higher chances of social learning (Coussi-

Korbel and Fragaszy, 1995; van Schaik, Deaner andMerrill, 1999; Rapaport and Brown, 2008; Perry, 2009). In

addition, more complex behaviors will require more or longer observations to learn and may be linked to

the quality of the social learning opportunities. However, the context promoting social learning of more

complex behavior will not be systematically addressed, as we find it difficult to determine how complex

a learned behavior is. It is only mentioned when explicitly addressed in a study. Therefore, in this review

we will focus on the opportunities to socially learn as determined by the number of social learning models

and social tolerance, to gain a greater understanding of the social contexts promoting social learning. Both

the number of social learning models and the social tolerance depend on the social structure an individual

is part of.

We limit this review in several ways. First, there are many different features of social structure (Mitani et al.,

2012), so here we review only the features that most likely influence social learning opportunities, due to

their effect on the number of social learning models, on social tolerance, or a combination of both. On

the basis of our ideas and findings, we propose a conceptual framework of how social structure can influ-

ence opportunities for social learning. Second, identifying what features of social structure promote or limit

opportunities for social learning sets the stage for future research that may explore their evolutionary link.

The need for social learningmay select for specific social settings, yet, alternatively, social settings resulting

from other evolutionary pressures may favor social learning. In this article, the potential for these different

evolutionary connections is only shortly addressed in the discussion. Third, although social learning is wide-

spread taxonomically, we limit this review to the order of primates, because there is substantial information

available on both their social structure and social learning. Furthermore, primates show impressive varia-

tion in their social structure (Mitani et al., 2012). Last, many diurnal and group-living primates possess

very similar capacities, like good vision and manual dexterity, making them comparable to each other.

We review several features of social structure and argue which of these may affect social learning opportu-

nities through either their effect on the number of social learning models or their effect on social tolerance.

First, we propose that parental investment will have a positive influence on social learning opportunities

through the high levels of social tolerance between parent(s) and offspring. Second, we hypothesize that

dominance hierarchy and nepotism will have a negative influence on social learning opportunities through

low levels of social tolerance, whereas social bonds show an opposite effect. Third, we argue that dispersal

will have a positive influence on social learning opportunities through an increase in the number of social

learning models. Fourth, we propose that group size will have a conflicting influence on social learning op-

portunities by having a contrasting effect on the number of social learning models and social tolerance,

whereby larger groups have more social learning models but lower social tolerance. Fifth, we hypothesize

that fission-fusion dynamics will have a positive influence on social learning opportunities through

increased levels of social tolerance. Last, we argue that different facets of group composition, such as

sex ratio, will influence social learning opportunities through varying levels of social tolerance. Because

this review aims to investigate the influence of social structure on social learning opportunities and not

on social learning itself, we do not consider the mechanisms behind social learning. Furthermore, we will

mainly focus on socially learned behavior in the physical realm, because the results of social learning in

the physical realm, as opposed to the social realm, are rather unambiguous and have been well studied.

Examples of behaviors in the physical realm are tool-use, foraging, or food extracting behaviors. When

clear examples of socially learned social behaviors are available, we do mention them. Finally, we indicate

interesting directions for future research focusing on the social context of social learning. To conclude, we

will summarize these components of social structure and hypothesize what forms an ideal social structure to

promote social learning opportunities.
LEARNING FROM PRIMARY CARETAKERS

Mothers and other caretakers

Social learning is most likely to take place when themodel is tolerant and available for a long period of time,

and primary caretakers (e.g., mothers) fit these requirements. Indeed, primate infants adhere to this, as they
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have slow life histories in which offspring spend a long time in close proximity to their mother (Whiten and

van deWaal, 2018). One extreme case is that of Sumatran orangutans (Pongo abelii), which can spend up to

10 years with their mother (Wich et al., 2004). But even in less extreme cases, primate infants still spend a

relatively long period, often several years, close to their mother (Lonsdorf et al., 2014). In addition to this

long association time, mother and offspring typically show high levels of social tolerance (Japanese ma-

caques, Macaca fuscata: Belisle and Chapais, 2001; gorillas, Gorilla gorilla: Maestripieri, Ross and Megna,

2002; chimpanzees, Pan troglodytes: Lonsdorf et al., 2014; review: Whiten and van de Waal, 2018). There-

fore, it is likely that mother-infant dyads show high levels of social learning, also called vertical social trans-

mission (Bebko and Russon, 2015). This will result in mother and infant showing high overlap in their learned

skills.

As expected, many examples of infants learning from their mothers (review: Whiten and van deWaal, 2018)

are found of which we will mention a few here. Mantled howler monkeys (Alouatta palliata) learn to avoid

toxic mature leaves by co-feeding with their mother (Whitehead, 1986). Furthermore, both Bornean orang-

utans (Pongo pygmaeus) and vervet monkeys (Chlorocebus pygerythrus) show food preferences similar to

their mother (Jaeggi et al., 2010; van de Waal, Borgeaud and Whiten, 2013). Similarly, chimpanzees learn

the use of tools from their mother (Boesch, 1991; Lonsdorf, 2006). The long association time and the high

levels of social tolerance may be particularly important for learning complex behavior, especially when this

behavior cannot be learned instantaneously, but requires repeated observations at close proximity.

Indeed, the complex behavior of nut cracking, where chimpanzee and capuchin infants attend to their

mother’s behavior, can take several years to master (Inoue-Nakamura and Matsuzawa, 1997; tufted capu-

chin monkey, Sapajus apella: Resende et al., 2008). These are just a few examples of infants learning from

their mother.

When the social tolerance between caretakers and offspring is high, having multiple caretakers greatly in-

creases the social learning opportunities (Enquist et al., 2010). In most primate species, rearing is mostly

done by mothers (Mitani et al., 2012). However, in callitrichids, fathers predominantly carry the offspring,

reducing the role of the mother (Fernandez-Duque et al., 2012), and other genetically related individuals

help taking care of the infant, forming a cooperative breeding system (Mitani and Watts, 1997; Burkart

and van Schaik, 2016). In addition to carrying infants, callitrichid allocaretakers also provide infants with

food and allow scrounging (Feistner and Price, 1991; Price and Feistner, 1993; Ruiz-Miranda et al., 1999).

Because of the higher number of social learning models that show high levels of social tolerance, species

that live in cooperative breeding systems are expected to show high levels of social learning. Indeed,

studies show that infants learn about novel food from their provisioning allocaretakers (Rapaport, 1999;

Rapaport and Brown, 2008; Voelkl, Schrauf and Huber, 2006; for a review see: Snowdon, 2001).

Overall, mothers form an ideal social learningmodel because of the long association time and high levels of

social tolerance. Accordingly, offspring learn many and also very complex behaviors from their mother. In

addition, social systems with allocaretakers show oblique social transmission and provide additional

important models to learn from.
Creating learning opportunities

The evolutionary importance of infant social learning from their primary caregivers may also set the stage

for primary caretakers and/or offspring to actively create social learning opportunities. Although social

learning can be achieved by just being near a social learning model, actively creating a social learning op-

portunity increases the chance of social learning to occur. Active creation of a social learning opportunity is

defined as an individual changing its behavior in such a way that it enhances the possibility of learning. The

active creation of a social learning opportunity can be initiated by both primary caretakers and infants.

Many examples of caretakers actively creating social learning opportunities can be found (Rapaport and

Brown, 2008). For example, caretakers can create social learning opportunities by transferring food to their

offspring, where they supply novel food more often than familiar food (Rapaport, 1999; Jaeggi, van Noord-

wijk and van Schaik, 2008). Chimpanzee mothers facilitate nut-cracking learning opportunities for their in-

fants by supplying them with the right tools at the right location (Boesch, 1991). An even more active

approach on the caretakers’ side is teaching or tutoring (Thornton and Raihani, 2010). Teaching is hereby

defined as an individual modifying its behavior only in the presence of a naive observer, without receiving

any immediate benefit, and as a result, the naive observer will acquire knowledge or a skill quicker than it
iScience 24, 102117, February 19, 2021 3



Figure 1. An infant vervet monkey (Xinji, 2y, male) actively creating a social learning opportunity for novel food

by peering at his mother (Xian, 8 years, female) eating a stick insect (Phasmatodea)

Photograph was taken by Lukas Schad at the Inkawu Vervet Project, South Africa.
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would otherwise (Caro and Hauser, 1992; Thornton and Raihani, 2010). Although rare, occurrences of teach-

ing have been seen in chimpanzees (Boesch, 1991; Musgrave et al., 2016) and golden-lion tamarins (Leon-

topithecus rosalia: Rapaport and Ruiz-Miranda, 2002).

Infants can also create social learning opportunities. Infants can do this by peering, which is defined as:

‘‘Directly looking at the action of another individual [.] at a close enough range that enables the peering

individual to observe the details of the action’’ (Schuppli et al., 2016, Figure 1). Infant peering has been re-

ported in multiple species (Maestripieri, Ross and Megna, 2002; Fragaszy and Visalberghi, 2004; Schiel and

Huber, 2006; Schuppli et al., 2016). Infants often peer more at novel food or novel situations than familiar

situations, thereby creating new social learning opportunities (Voelkl, Schrauf and Huber, 2006; Jaeggi

et al., 2010). Another way in which infants can create social learning opportunities is by begging. Especially

when begging is done for novel or difficult-to-process food items, the potential information gain is large

(Brown et al., 2004). This pattern has been seen in multiple primate species (orangutans: Jaeggi, van

Noordwijk and van Schaik, 2008; chimpanzees: Nishida and Turner, 1996; golden lion tamarins: Ruiz-

Miranda et al., 1999).

In conclusion, both caretakers and infants actively create social learning opportunities.
VARIATION IN SOCIAL TOLERANCE

The nature of the average interaction between individuals, and thereby tolerance, is determined by the

relationship of these two individuals. These relationships are considered from three different perspectives:

dominance, nepotism, and social bond. These perspectives are based on, respectively, agonistic interac-

tions, relatedness, and affiliative interactions; however, additional social patterns may also affect tolerance.
Dominance hierarchy

The hierarchical style of the dominance hierarchy in a group affects both social tolerance and learning op-

portunities. The formation of a dominance hierarchy in a group is a way that primates avoid intragroup

competition (Bernstein et al., 1974; de Waal, 1986; Sapolsky, 1983). Social tolerance has been linked to

the steepness of the dominance hierarchy (Thierry, 2007). Primates show great variation in the hierarchical

style of their dominance hierarchy, ranging from extremely steep in despotic societies to substantially less

steep in egalitarian societies (Thierry, 2000; Mitani et al., 2012). In despotic societies there is on average

more intense aggression, little counter-aggression, and lower average proximity between individuals

compared with egalitarian societies (Sterck, Watts and van Schaik, 1997; Matsumura, 1998; Thierry,

2000). More despotic societies also show lower levels of social tolerance between individuals (Thierry,

2000, 2007). Lower levels of social tolerance will lead to less social learning opportunities (Coussi-Korbel

and Fragaszy, 1995; van Schaik, 2003).

As far as we are aware, no study has yet investigated the impact of different hierarchical styles on social

learning. However, studies have revealed that more egalitarian societies perform better at cooperation
4 iScience 24, 102117, February 19, 2021
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tasks than despotic species, which may be a proxy for social learning (Hare et al., 2007; Joly et al., 2017).

Another proxy for social learning is tool-use. Most primate species that show the use and manufacturing

of tools are relatively egalitarian (Tonkean macaque, Macaca tonkeana: Anderson, 1985; tufted capuchin

monkey: Ottoni, de Resende and Izar, 2005; orangutan: van Schaik et al., 2003; lion-tailed macaque,

Macaca silenus: Westergaard, 1988; chimpanzee: Whiten et al., 1999; for a review see Bentley-Condit

and Smith, 2010). However, tool-use also exists in a subspecies of the despotic long-tailed macaques

(Macaca fascicularis aurea: Malaivijitnond et al., 2007).

Although strong despotism in dominance hierarchies decreases the levels of social tolerance, this effect is

not equally strong for all individuals. In despotic societies, aggression is asymmetrical, meaning that lower-

ranked individuals receive more aggression (Sterck, Watts and van Schaik, 1997; Thierry, 2000). Moreover,

lower-ranked individuals are more often displaced and are forced more toward the periphery of the group

(van de Waal, Borgeaud and Whiten, 2013; Carter, Ticó and Cowlishaw, 2016; Tan et al., 2018). Conse-

quently, lower-ranked individuals also have fewer social learning opportunities compared with higher-

ranked individuals.

Indeed, in the despotic Japanesemacaque, only higher-ranked females managed tomanufacture tools in a

feeding experiment (Tokida et al., 1994). In the famous example of potato-washing, also in Japanese ma-

caques, adolescent males were the last to pick up the behavior as they resided more at the periphery of the

group (Kawai, 1965) and had fewer learning opportunities. In chacma baboons (Papio ursinus), lower-

ranked individuals, which are on the periphery of the group, are not able to socially learn from others

compared with the more central higher-ranked individuals (Carter, Ticó and Cowlishaw, 2016).

In conclusion, societies with more pronounced and despotic dominance hierarchies are expected to show

less social learning because of their reduced social tolerance. However, there is some evidence indicating

that tool-use, an important outcome of social learning, although prominent in egalitarian societies, also

occurs in despotic societies. In addition, dominance hierarchies create an asymmetry in both social toler-

ance and opportunities to learn from models decreasing with rank, with lower-ranked individuals at the

bottom. Accordingly, lower-ranked individuals learn fewer behaviors socially.

Nepotism

Along with the hierarchical style of the dominance hierarchy, there are other features that cause a variation

in the levels of social tolerance. Nepotism, which is inter-related with despotic societies (Thierry, 1990;

Sterck, Watts and van Schaik, 1997; Matsumura, 1998), is one of them. In nepotistic societies, individuals

from the same matriline are more closely ranked compared with individuals of different matrilines. Nepo-

tistic societies often show lower levels of social tolerance between matrilines than within matrilines (Belisle

and Chapais, 2001; Smith, 2014). Nepotism can promote vertical social transmission, whereas it inhibits hor-

izontal (between peers) and oblique (between unrelated individuals) social transmission, except for hori-

zontal social transmission between siblings. Therefore, social learning opportunities are numerous within

matrilines, but less common between matrilines.

Indeed, in Japanese macaques wheat-washing is prevalent in some matrilines, but almost absent in other

matrilines from the same group (Kawai, 1965). This effect may be more pronounced in complex behaviors

that require high levels of social tolerance. Indeed, the development of tool-use in long-tailed macaques

(Tan et al., 2018) and the cleaning method of food in vervet monkeys (van de Waal et al., 2012) is more

similar within than between matrilines. This effect is even visible in a social behavior of chimpanzees, in

which the grooming style converges within matrilines, but not at the level of the group (Wrangham

et al., 2016), suggesting social learning of social behavior. Altogether, nepotism promotes social learning

within matrilines, but inhibits social learning between matrilines. Accordingly, socially learned traditions

can be limited to only one or a few matrilines.

Social bonds

Although the hierarchical style of the dominance hierarchy and nepotism explain a large part of the varia-

tion in social tolerance, they do not explain all the variation. They both fail to identify affiliative behaviors

between non-kin, which can be differently distributed (Lehmann and Ross, 2011). Unrelated individuals that

show many affiliative interactions are considered to have a strong bond (Silk, 2002; Massen, Sterck and De

Vos, 2010). Bonded individuals also show close proximity and high social tolerance (Silk, 2002). Moreover,
iScience 24, 102117, February 19, 2021 5
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individuals with many bonds have access to increased numbers of social learning models. Therefore, more

social learning opportunities will occur between individuals with strong bonds and that have many bonds,

promoting both horizontal and oblique social transmission.

Indeed, in common squirrel monkeys (Saimiri sciureus), individuals with a higher number of bonds had a

higher chance of socially learning a new behavior during an experiment than those with few bonds (Clai-

dière et al., 2013). Similarly, long-tailedmacaques are more likely to learn tool-use frommodels they groom

relatively often (Tan et al., 2018). However, tufted capuchin monkeys show no correlation between bond

strength and social learning bias (Coelho et al., 2015), yet this may be due to the overall high levels of social

tolerance in capuchin monkeys (Fernandez-Duque et al., 2012).

Altogether, individuals with strong bonds and with a high number of bonds are expected to share more

social learning opportunities, because of increased levels of social tolerance. However, although this effect

may be limited to despotic societies, systematic empirical data linking dominance hierarchy, nepotism, and

bonds are still lacking.
Additional variation in social tolerance

Although dominance, nepotism, and social bonds are recognized to structure social interactions, other fea-

tures may also affect social interactions, such as additional patterns identified by social network analyses

(SNA) and leadership. SNA is an important tool for recognizing social structure in relationships different

from dominance, nepotism, or bonds (Kasper and Voelkl, 2009; Lehmann and Ross, 2011). Moreover, it

can identify individual (e.g., centrality), dyadic (e.g., vertex strength), and group-level patterns (e.g., den-

sity) (Kasper and Voelkl, 2009). In addition, SNA has already successfully been used to show that some of

these additional patterns can reflect social learning (Claidière et al., 2013).

In addition, leadership may form an additional phenomenon that structures social learning. Leadership has

been assigned to individuals with specific competences (Chapais 2015) that indicate lines of action (Ver-

mande and Sterck 2020) and, in addition to dominance and affiliation, may structure social behavior (Ver-

mande and Sterck 2020). In humans, leaders are readily copied (Henrich and Gil-White, 2001). Thus,

behavior of leaders might be preferentially copied. However, research on primate leadership is in its in-

fancy, and an empirical connection to social learning remains to be established.
DISPERSAL

Immigrating individuals

An individual has more social learning opportunities when it encounters a larger number of social

learning models in its life, and dispersing does just that. In many primate species one or both sexes

disperse from their natal group to another group (Strier, 1994; Mitani et al., 2012). Dispersal can occur

to avoid incest, infanticide, feeding competition, or mating competition (Moore, 1984; Sterck, Watts

and van Schaik, 1997; Sterck and Korstjens, 2000). The goal of dispersing individuals is to immigrate

into another group. Although this new group can show an overlap in behavior with the previous group,

there are also good chances that this group will have different socially learned traditions compared with

the origin (natal or non-natal) group (van Schaik and Knott, 2001; Luncz and Boesch, 2014; Tan et al.,

2015; van de Waal, 2018). Consequently, members of this new group form new potential social learning

models for the immigrant individual. By dispersing, an individual will have access to a larger group of

learning models and a larger variety of socially learned behaviors. Because natal individuals disperse

without their mother, dispersal inhibits vertical social transmission. However, it does promote horizontal

and oblique social transmission by increasing the pool of potential social learning models available for

the immigrant.

Indeed, immigrating individuals are able to adopt new behaviors present in the group, showing behavioral

flexibility (Whiten and van de Waal, 2018). Immigrating vervet monkeys adopt the food preference in a

group, even when it is the opposite of their own preference (van de Waal, Borgeaud and Whiten, 2013).

In chimpanzees, transferring females adapt to local social customs (Nakamura and Uehara, 2004), and, in

addition, complex behaviors, like tool-use, are also adopted by immigrating females (Luncz and Boesch,

2014). However, whether dispersing individuals have a broader learned repertoire than resident individuals

has not yet been studied.
6 iScience 24, 102117, February 19, 2021



ll
OPEN ACCESS

iScience
Review
In conclusion, by dispersing, an individual increases the number of social learning models it encounters in

its life, potentially increasing the variety of learned behaviors. Accordingly, immigrating individuals show

that they can adopt novel behavior from these new social learning opportunities.
Resident individuals

Dispersal not only enhances the learning opportunities for the dispersing individual but also increases the

social learning opportunities for resident individuals. After all, new immigrants may have different tradi-

tions compared with residents of their new group. Therefore, immigrants can form a new social learning

model for resident individuals through both oblique and horizontal social transmissions and can spread

new behaviors between groups (Nunn et al., 2009).

Although rarely seen, two potential examples of this have been reported for chimpanzees. A group of chimpan-

zees seems to have learned how to crack a newly introduced species of nut from one female who immigrated

from a group in which that particular nut species was cracked habitually (Biro et al., 2003). In another group of

chimpanzees, a new female that immigrated into the group may have introduced a tool-assisted ant-fishing

technique into a group where this behavior had been absent for several decades (O’Malley et al., 2012).

Altogether, dispersal allows resident individuals to encounter new social learningmodels and thus increase

the variety of possible socially learned behaviors. However, evidence is still rare. Although it has already

been demonstrated that the immigrating individual adopts traditions of the residents, we suggest that so-

cial learning from migrants may best be documented when experimentally tested.
GROUP SIZE, FISSION-FUSION DYNAMICS, AND GROUP COMPOSITION

Group size

Group size can affect both the number of social learning models and their tolerance. When a larger number

of social learning models is encountered, more social learning opportunities will arise, and one way of

achieving this is by increasing group size. Therefore, group size should have a positive influence on social

learning opportunities. Indeed, in theoretical models group size does have a positive influence on social

learning (van Schaik and Pradhan, 2003; Nunn et al., 2009). In contrast, in one meta-analysis of 116 species

of primates, no link was found between group size and social learning (Reader and Laland, 2002). This sug-

gests that there are more forces at play not included when only considering group size. Within species, the

degree of tolerance may depend on group size.

The level of food competition in a group of a particular size may affect tolerance. Food availability is one of

several factors that influence group size in a species (van Schaik, 1983; Janson and Goldsmith, 1995).

Increasing the size of a group, when food availability stays the same, will increase within-group feeding

competition (Chapman et al., 2012). This increase in within-group competition will decrease social toler-

ance between individuals (Sterck, Watts and van Schaik, 1997; van Schaik, 2003), and this will have a nega-

tive effect on the social learning opportunities (Coussi-Korbel and Fragaszy, 1995). So, due to increased

within-group food competition, a larger group size will have a negative influence on social learning. We

propose that the interaction between social tolerance and the number of social learning models will

lead to an optimal group size that maximizes social learning opportunities (Figure 2). At the optimal group

size the benefits of having more social learning models will balance with the disadvantage due to the

decreasing social tolerance caused by within-group feeding competition. The slope of the lines and where

they meet will depend on different ecological and social factors. The opposing effects of group size may

explain the failure of themeta-analysis to find an average effect of group size on social learning (Reader and

Laland, 2002). In addition, the optimal group size may differ between species, such that in more tolerant

species larger optimal group sizes can be reached.

As far as we are aware, no study has separated these opposing, but tied, effects of group size and toler-

ance, thus we urge researchers to test it experimentally.
Fission-fusion dynamics

Social learning is expected to increase if individuals are able to circumvent the negative effect of group size

on social tolerance, and fission-fusion dynamics is one way of achieving this. Social groups have fission-

fusion dynamics when they consist of one large pool of individuals that form smaller parties that have no
iScience 24, 102117, February 19, 2021 7



Figure 2. Hypothetical figure showing the influence of group size on number of social learning models (dotted

line) and social tolerance (dashed line)

This has consequences for the social learning opportunities (solid line). When group size increases, the number of social

learning models will increase as well. At the same time, social tolerance will decrease due to within-group food

competition. These opposing effects will lead to an optimal group size for the maximum amount of social learning

opportunities. The slopes of the lines and the resulting optimal group size will depend on different ecological and social

factors.
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fixed membership (Nishida, 1968; Aureli et al., 2008; Watts, 2012). By splitting up into temporary parties,

individuals can reduce within-group competition (Chapman, Chapman and Wrangham, 1995; Boesch

and Boesch-Acherman, 2000; Asensio et al., 2008) while maintaining the number of encountered social

learning models. In addition, this reduction in within-group competition will increase social tolerance

and, therefore, increase social learning opportunities (Coussi-Korbel and Fragaszy, 1995; Sterck, Watts

and van Schaik, 1997; van Schaik, 2003).

Indeed, chimpanzees and bonobos (Pan paniscus), which are well-known examples of species with fission-

fusion dynamics, showoneof the highest levels of social learning found in primates (Whiten et al., 1999; Hoh-

mann and Fruth, 2003). Moreover, spider-monkeys (Ateles geoffroyi), which are the other genus of primates

known to show clear fission-fusion dynamics, possess multiple traditions, for example, customary drinking

habits, resulting from social learning (Santorelli et al., 2011a, 2011b). In fission-fusion societies, most socially

learnedbehaviors are foundwhen individuals have high encounter rateswith conspecifics (van Schaik, 2003).

In conclusion, fission-fusion dynamics seems to increase socially learned behavior by decreasing within-

group competition while maintaining a relatively large number of social learning models. Accordingly,

the few primate species that show fission-fusion dynamics exhibit high levels of social learning.

Group composition

When different classes of individuals show different levels of social tolerance, then the relative presence of these

different classes of groupmembers influences social learning opportunities. These classes may concern kin, sex,

orage (Silketal., 2006;Widdigetal., 2001). Inanepotistic society, thesocial learningopportunitiesof an individual

dependon thedistributionof kin versusnon-kin individuals in a specificgroup. The sexof the learningmodelmay

also influence social tolerance. In primate societies, the sex ratio in groups of the same species can vary consid-

erably, as well as the average sex ratio between different species (Kappeler and van Schaik, 2002; Mitani et al.,

2012). If the sexes consistently show a different level of social tolerance, the sex ratio in a group or species will

influence social learning opportunities. Similarly, the age of the learner or model may influence social tolerance.

Juveniles of different primate species across the taxa receive higher levels of close proximity and social tolerance

from all other group members compared with older primates, which can lead to more social learning opportu-

nities (vervet monkeys: Fairbanks, 1993; long-tailed macaques: van Noordwijk et al., 1993; muriquis, Brachyteles

arachnoides: Strier, 1993; great apes: Watts and Pusey, 1993). Groups that are composed of more juveniles will

therefore have more social learning opportunities.

Although kinship affects tolerance, group effects of different degrees of relatedness on social learning

have not been studied. In addition, as far as we are aware, no study has found a difference in social toler-

ance dependent on the sex of the model that is not explained by kinship, dominance, or dispersal (Lons-

dorf, 2005; van de Waal et al., 2010). Furthermore, although no study has looked at the effect of the group

composition of juveniles in relation to social learning, studies have shown that innovations can diffuse via
8 iScience 24, 102117, February 19, 2021



Figure 3. General overview of the different features of social structure that influence social learning

opportunities via the number of potential social learning models and social tolerance

Features are grouped (dashed lines) along the subsections of the article. Pluses and minuses stand for a, respectively,

positive or negative correlation. Arrows are empty (no evidence), lightly filled (only modeling evidence), darker filled

(mixed empirical evidence), or fully filled (supporting empirical evidence) depending on the empirical evidence

supporting the correlation.
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juveniles using social learning (Kawai, 1965) and that younger individuals are more influenced by social in-

formation (Barret et al., 2017).

Altogether, group composition may influence social learning opportunities if social tolerance varies be-

tween different classes. However, data to test this proposition are lacking.
DISCUSSION

This review explores how different features of social structure can influence the social learning opportu-

nities present for an individual that is part of that social unit. The review highlighted that social learning

opportunities can indeed be influenced by two important factors: the number of social learning models

(quantity) and social tolerance (quality). The number of social learning models an individual has access

to in its lifetime is characterized by group size and dispersal. Simultaneously, the social tolerance an indi-

vidual will encounter in its lifetime is influenced by many factors: primary caretakers, dominance hierarchy,

nepotism, social bonds, group size, fission-fusion dynamics, and group composition (Figure 3). Although

for some predictions empirical data are lacking, the data presented in this review in general do support

the proposal that social structure influences social learning opportunities. Features of social structure

that resulted in a higher number of social learningmodels and/or higher levels of social tolerance were con-

nected to more socially learned behaviors, indicating more social learning opportunities.

This review showed that some social structures facilitate more or better social learning opportunities

compared with other social structures. Two possible pathways can explain how these social structures

evolved over time. One pathway could be that the selection pressure for increased social learning pushed

for social structures that promote social learning. Another neutral pathway assumes that social structures

evolved by selection pressures unrelated to social learning and an increase in social learning was a conse-

quence of this evolution. These pathways are not mutually exclusive, and some interplay between both

pathways is possible. To determine if increased social learning was a consequence or cause of the evolution

of certain social structures, studies need to combine data about social structure, social learning, and phy-

logenetics. Currently, not enough systematic data are available for such an exercise.

The examples in this review are drawn from a wide variety of studies when exploring the effect of features of

social structure on social learning opportunities. Still, this review has several limitations. First, most exam-

ples are only available for a few species. Most studies were conducted with a limited number of species,
iScience 24, 102117, February 19, 2021 9
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namely, great apes, capuchins, or marmosets, whereas most other species were overlooked (Hopper et al.,

2013). To better understand the effect of social structure and to fill the gaps, social learning in more species

needs to be studied. Second, although this review focused on primates, these connections are most likely

not limited to primates. Social learning and variation in social structure are found in several taxa (Allen,

2019). Thus, the influences discussed in this review can be extended to other taxa. Third, we did not focus

on the content or the mechanism of social learning. Different mechanisms of social learning may be differ-

ently influenced by features of social structure. Fourth, most comparisons made in this review are between

different species. Therefore, the effect of genetics or ecology as a confounding variable cannot be ignored.

To exclude the effect of genetics or ecology, different groups within a species should be studied. Different

groups within the same population often show some variation in their social structure (Sapolsky and Share,

2004; Wikberg et al., 2013; van de Waal, 2018). Research on the behavioral variation between neighboring

groups of a species has been neglected and is needed to grasp the diversity of socially learned behavior

within a population (McGrew et al., 2011; van Leeuwen et al., 2012; Luncz and Boesch, 2015; van de Waal,

2018). This review conceptualizes a new framework that explores the influence of social structure on social

learning opportunities, but more systematic research is needed.

For some of the presented features of social structure the evidence for an effect on social learning oppor-

tunities is clear, whereas for others, like group size and composition, studies are scarce or the findings are

more ambiguous. To fully explore the relationship between social structure and social learning we suggest

that further research needs to be conducted in four different directions. The first direction is to look at how

variation in social tolerance affects social learning. Some studies have focused on social learning based on

the rank of the model (Horner et al., 2010; Kendal et al., 2015; Botting et al., 2018; Canteloup, Hoppitt and

van deWaal, 2020), but did not look at the effect of the dominance hierarchy system itself on the amount of

social learning. This field is of extra interest, because the small amount of evidence present has conflicting

outcomes, e.g., by showing that both despotic and egalitarian societies can possess tool-use. Systematic

data on the effect of nepotism and social bonds are lacking as well. A second interesting direction for future

research is testing the effect that group size has on social learning opportunities, as so far only theoretical

models have explored this. This effect couldbe studied at the species level, as group size can vary a lotwithin

a population (Mitani et al., 2012; van de Waal, 2018). Studies in captivity could test this experimentally by

actively changing group size or tolerance due to food availability and testing the influence on social

learning. In addition, studies in wild populations could use the effect of seasonality on food availability

and social tolerance, to test its influence on social learning. The third interesting direction for future research

is studying effects of group composition like sex ratio on social learning. Several studies have showed that

the sex of an individual has an effect on its learning opportunities and tolerance (Lonsdorf, Eberly and Pusey,

2004; Kulik et al., 2015; Bono et al., 2018; Watson et al., 2018). However, no study as yet has looked at the

effect of the sex and age of the model on the social tolerance between model and observer. The fourth di-

rection is to look at other possible group structures. Although this review treated fission-fusion dynamics as

a social system promoting social learning opportunities, it is not the only way a group can organize itself.

One other group structure of possible interest would be the multi-level society of, for example, geladas,

where core units are small but total group size is large (Grueter, Chapais & Zinner, 2012; Kawai et al.,

1983). Individuals that are part of these enormous groups can potentially observe a lot of different individ-

uals, which may lead to more social learning. Therefore, it would be of interest to study whether individuals

are able to socially learn from individuals not part of their core unit. One promising tool that can aid in study-

ing these four directions is social network analysis, which can quantify both elements of social structure and

social learning (Claidière et al., 2013; Hoppit and Laland, 2011; Kasper and Voelkl, 2009). Social network an-

alyses, in particular Network-Based Diffusion Analysis and Bayesian dynamic learning models, have already

been successfully used to explore the relationship between social structure and social learning both with

primates (Barret et al., 2017; Canteloup, et al., 2020; Carter et al., 2016) and other taxa (Aplin, 2016). In these

four directions, substantial progress can be made, as they have eluded the focus of any previous research.

In addition, we did not systematically address the effect of the number of learningmodels and tolerance on

the complexity of the learned behavior. However, this is an interesting avenue of research. We expect that

prolonged access to a learning model is required to learn complex behavior. This would predict that rather

than the number of learningmodels encountered, the tolerance shown by learningmodels is most relevant.

However, groups with a rich cultural repertoire probably need both multiple models and high tolerance

from these models. How these two are intertwined and affect social learning of complex behavior requires

further attention. To do this, future studies need to define how to determine the complexity of a learned
10 iScience 24, 102117, February 19, 2021
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behavior. This definition needs to address the multiple components of behavior that can increase its

complexity. Potential components of interest that we suggest are the presence of a temporal component,

if the behavior is sequential in nature, or if it requires a broad array of knowledge.

When combining all the features of social structure discussed in this review that promote social learning

opportunities, it is possible to theorize what kind of social structure would support the maximum social

learning opportunities and at the same time allow for all the possible social transmission pathways (i.e., ver-

tical, oblique, horizontal) to occur. First of all, in this optimal social structure parental investment should be

high, preferably including allocaretakers. Second, it should be an egalitarian society without any nepotism

but with many social bonds. Third, dispersal should be common and, to increase the exchange of behavior

evenmore, not limited to one sex. Fourth, the group size would be such that the benefits of increased social

learning models and the cost of within-group competition are balanced, which may be optimal when a

group has fission-fusion dynamics. Of all possible primate species there is only one species that shows

all requirements of the optimal social structure: humans (parental investment and allocare, Larke and

Crews, 2006; Burkart, Hrdy and Van Schaik, 2009; Hrdy, 2009; van Schaik, 2015; egalitarian, Dyble et al.,

2015; Erdal et al., 1994; Hill and Dunbar, 2003; Hill et al., 2011; van Schaik, 2015; dispersal by both sexes,

Dyble et al., 2015; Hill et al., 2011; van Schaik, 2015; large group size, Hill and Dunbar, 2003; van Schaik,

2015; fission-fusion dynamics,Marlowe, 2005). So, the human social structure maximizes our social learning

opportunities. These combined human social features may have allowed the evolution of or may even have

been selected for promoting human social learning abilities.

This review shows that social learning does not take place in a vacuum. Although social learning is, in its

essence, an interaction between at least two individuals, the quality and quantity of social learning oppor-

tunities are shaped by the social structure these individuals live in. Future research into social learning and

culture should not overlook the importance of the social context in which it takes place.
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