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Abstract 14 
 15 
Many species exhibit the capacity for social learning. However, the importance of social learning for wild 16 
individuals’ daily lives and its role in the emergence of animal culture remains to be uncovered. As 17 
observing conspecifics may provide a relatively safe and efficient means of learning, visual species may 18 
use observational learning to acquire various types of information from others. However, identifying 19 
precisely when social observation leads to information transmission can be challenging. A behaviour known 20 
as “peering” (i.e., “close-range and sustained observation of the activities of conspecifics”) is being studied 21 
increasingly frequently across primate species in the wild as a potential indicator of social learning. 22 
Growing individual-level observational datasets of peering behaviour and its contexts present unique 23 
opportunities to study if and how peering leads to learning. However, to determine whether peering leads 24 
to observational social learning, researchers must systematically and carefully validate whether peering 25 
events facilitate information transmission between individuals, and do not solely serve social functions 26 
unrelated to learning. In this piece, we outline key predictions and limitations associated with identifying 27 
learning through peering, and provide concrete recommendations for the collection and analysis of data to 28 
evaluate our predictions. Despite focusing primarily on primates, our predictions and recommendations can 29 
be applied to any visual species that acquires parts of their cultural repertoire via observational social 30 
learning.  31 
 32 
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 66 
1. Introduction 67 

 68 
Over half a century of research has revealed that non-human animals (henceforth animals) create and 69 
maintain their own local cultures in the wild. Whilst there are several definitions of culture in the literature, 70 
one of the most common and inclusive definitions classifies culture as: “all behaviours and knowledge that 71 
are acquired and passed on within and between generations through social learning” (Boyd & Richerson, 72 
1985). Despite decades of research, the importance of culturally transmitted skills and knowledge to wild 73 
animals’ survival and evolution continues to be an open question (Whiten, 2021; Boyd & Richardson 2024). 74 
Furthermore, the dynamics through which these cultures emerge at the proximate and ultimate levels remain 75 
debated.  76 
 77 
To identify culture in wild animal populations, researchers have classically focused on cultural elements 78 
that are conspicuous and often elaborate, such as technical foraging behaviours, including tool use (e.g., 79 
Mann et al., 2012; Biro et al., 2003), animal songs and/or vocalisations (e.g., Slater & Ince, 1979; Garland 80 
& McGregor, 2020), migratory and large-scale movement patterns (e.g., Sasaki & Biro, 2017; Jesmer et 81 
al., 2018), and social behaviours (e.g., van Leeuwen & Hoppit, 2023). However, a large proportion of the 82 
skill and knowledge repertoires that animals acquire during their lives consists of “simpler” behaviours 83 
across different contexts, as well as basic information on ecological and social resources (Whiten & van 84 
Der Waal, 2018; Whiten et al., 2021; Schuppli & van Schaik 2019). How these behaviours are acquired 85 
remains largely understudied. Given that many species are capable of social learning under experimental 86 
conditions, and the adaptive benefits of social learning (Harrison et al., 2024: Kendal et al., 2025; van 87 
Schaik et al., 2011: Rendell et al., 2010 but see Feldman et al., 1996; Laland and Williams, 1998; Nocera 88 
et al., 2006 for discussions on the costs of social learning), the next step is understanding to what extent 89 
species use social learning to acquire aspects of their behavioural repertoires (see Box 1 and Heyes, 1994; 90 
Galef & Laland, 2005, van Schaik 2010). So far, animal culture research has focused a lot on supposed 91 
know-how elements of culture (see Tennie, 2023 and Box 1) even though, just as in human culture, animal 92 
culture is likely composed of socially learned elements containing different information types (e.g., know-93 
when, know-where, etc. see Box 1). Grasping the true extent of naturally-occurring animal cultures (i.e., 94 
those which spontaneously emerge as part of habitual behaviours of wild individuals, rather than due to 95 
experiments in captive or wild settings) requires mapping all socially transmitted behavioural elements in 96 
wild populations, irrespective of their salience, complexity, or type of transmitted information. Only then 97 
can researchers evaluate the true extent to which culture shapes wild animals’ daily lives. 98 
 99 
Detecting naturally-occurring cultures in wild populations is challenging. One of the most commonly 100 
adopted methods to study animal culture so far has been “the method of exclusion”, which infers social 101 
learning via observed variation in behavioural repertoires between populations (also called the ethnographic 102 
method; Whiten et al., 1999; Whiten & Boesch, 2001; Krützen et al., 2011; Santorelli et al., 2011; Robbins 103 
et al., 2016). As such, the method of exclusion attempts to identify the results of social transmission and 104 
thus i) utilizes indirect evidence of social learning and ii) can only capture social learning if it results in 105 
group-level variation. 106 
 107 
However, it is becoming increasingly clear that this method cannot robustly rule out confounding factors 108 
that may also lead to the emergence of behavioural variations (e.g., genetic and environmental differences, 109 
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which are often not systematically controlled for because of feasibility constraints; see Humle, 2006). As a 110 
consequence, the method of exclusion can lead to inferring social learning when it is not present (i.e., false 111 
positive inferences, see Galef, 1992; Laland & Janik, 2006; Laland & Galef, 2009; Motes-Rodrigo & 112 
Tennie, 2021; Acerbi et al., 2022). Equally, not all social learning results in population-level behavioural 113 
variations, and social learning itself often has genetic and ecological correlates (van Schaik & Burkart, 114 
2011; Acerbi et al., 2012). In other words, the method of exclusion may overlook some socially transmitted 115 
behaviours as well (i.e., leading to false negative inferences). Therefore, whilst a valuable proof of principle, 116 
the method of exclusion can both over- and underestimate the size of cultural repertoires (Schuppli & van 117 
Schaik 2019). Furthermore, because the method of exclusion assesses culture at the population level, it 118 
offers only limited insight into the factors that facilitate or hinder individuals from social learning, and 119 
cannot distinguish between types of social learning, and thus provides only limited understanding of cultural 120 
dynamics. 121 
 122 
To gain a comprehensive understanding of animal culture, including the breadth of culturally 123 
transmitted information and the dynamics that underlie social transmission, we need to 124 
systematically study direct incidences of naturally occurring social learning at the individual level. 125 
Incidents of social learning have previously been studied from the spread of new behaviours through social 126 
groups (e.g., Biro et al., 2003; Mann et al., 2012; Hobaiter et al., 2014; Lamon et al., 2017). However, this 127 
requires witnessing the origin(s) of innovation and its subsequent spread (or at least the early phases 128 
thereof), which is bound to be rare in wild settings. Social learning can also be detected through linking 129 
behavioural indicators of this type of learning—i.e., identifiable behaviours suggesting that an individual 130 
is obtaining information through social interactions or observations—with contexts in which learning is 131 
predicted supported by evidence of behavioural change  (e.g., Schuppli et al., 2016a; Musgrave et al., 2016; 132 
Estienne et al., 2019a,b). Among the currently available methods used to assess animal culture, studying 133 
social learning via its behavioural indicators has the potential to yield comprehensive catalogues of 134 
candidate socially-learned behaviours (regardless of the form of social learning being adopted; Schuppli & 135 
van Schaik, 2019).  136 
 137 
Studying behavioural indicators of social learning requires knowledge of how information is transferred 138 
between individuals. In visual species, close-range visual observation of conspecifics provides 139 
opportunities for social learning (of various know-x types; see also Zentall, 2012; Carcea & Froemke, 2019). 140 
Learning through observing conspecifics (henceforth called “observational social learning”) allows animals 141 
to focus on relevant information whilst largely circumventing some of the risks of unguided individual 142 
exploration (e.g., injury, poisoning, or predation; van Schaik & Burkart 2011, Forss et al., 2017, Montrey 143 
& Shultz 2020). Learning through observation also avoids potentially risky direct physical contact with 144 
conspecifics, which is required in interactive forms of social learning (e.g., food sharing) but can elicit 145 
aggression or facilitate disease transmission (Lohele, 1995, Craft, 2015). Furthermore, through observing 146 
social partners, animals may acquire various types of information, including know-where, know-when, 147 
know-what, and know-why information (see Box 1). Thus, the ability to learn through social observation 148 
may hold various fitness benefits (Shier and Owings, 2007, Sheppard et al., 2018; Harrison et al., 2024; 149 
Kendal et al., 2025; but see Feldman et al., 1996; Laland and Williams, 1998; Nocera et al., 2006). 150 
Therefore, it is possible that observational social learning underlies the acquisition of important parts of 151 
visual species’ behavioural repertoires. However, this prediction remains to be tested.   152 
 153 
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Behavioural indicators of observational social learning have, until recently, been understudied in animals, 154 
primarily because such behaviours are generally rare. Moreover, observing a conspecific’s behaviour does 155 
not always result in learning. In the wild, many animals rely on social observation for a myriad of other 156 
functions such as collective vigilance, assessing the condition of conspecifics, or anticipating the behaviours 157 
of association partners (Hare et al., 2000, Fernández-Juricic et al., 2005, Watts 1998, Blois-Heulin 1999, 158 
Blois-Heulin & Girona 1999). It is also very difficult, without conducting controlled targeted experiments, 159 
to confidently determine what types of information wild animals acquire during social observation (e.g., 160 
what know-x information), nor track how this information is processed in the brain. These challenges 161 
highlight the need for tools and predictive frameworks that allow researchers to parsimoniously infer 162 
learning via the contexts social observations take place in and/or the behavioural changes that follow them. 163 
Emerging long-term data from the wild can help researchers overcome these barriers by enabling 164 
quantitative analyses of how and when animals engage in social observations across contexts, including if 165 
and when instances of social observation are indicative of learning. 166 
 167 
Insert Table 1 here 168 
 169 
Table 1. Example studies of peering in wild primates. Bold words across the findings of these studies 170 
highlight the diverse ways in which peering behaviours are reported in the existing literature (e.g., Peering, 171 
Visual attention, Social attention, Visual monitoring, (Social) Staring). The supported function describes 172 
the suggested function of peering in the context of each study (as discussed by the authors); however, hardly 173 
any studies have examined whether peering fulfils similar or different function across behavioural contexts. 174 
 175 
Many long-term studies of wild animal social learning focus on the behaviours of primates, perhaps due to 176 
humans’ close phylogenetic relationship with other primates (e.g., chimpanzees (Pan troglodytes) and 177 
bonobos (Pan paniscus)), and their resultant behavioural similarities providing a unique window through 178 
which we can study the evolution of humans’ cultural capacities (Kalan et al., 2020). In the following 179 
sections, we discuss how to validate an increasingly frequently studied behavioural indicator of 180 
observational social learning in wild primates, called peering (Matsuzawa et al., 2001, Schuppli et al., 181 
2016a, van Schaik et al., 2016, Berdugo et al., 2024; Nodés-Langlois et al., 2025, Revathe et al., 2025, see 182 
Box 1). We aim to generate testable predictions that can be broadly used to link instances of peering and 183 
learning across primates, thus offering a toolkit to researchers for identifying observational social learning. 184 
Studies on peering in primates are rapidly increasing, as reflected in the growing number of recently 185 
published peer-reviewed papers and preprints (Table 1). Our recommendations aim to help streamline this 186 
emerging field and facilitate future comparisons across study systems. We anticipate that from this case 187 
study of primate peering, many predictions can be translated and adapted to other visually-learning species 188 
(see below).  189 
 190 
 191 

Box 1: Glossary 
 
Knowledge: Any and all information possessed by an individual (regardless of whether it influences an 
individual’s behaviour), including all cases of know-x information.  
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Skill: Any behaviour where learnt information shapes how the behaviour is performed (regardless of whether 
this information is learnt socially or individually). 
 
Social Learning: “The learning about other agents, or the inanimate world, that is influenced by the observation 
of, or interaction with, another individual or its products” (Heyes, 2012).  
 
Observational Learning: Learning that involves visual observation of an individual and/or the materials of a 
behaviour (both those involved in the process of the behaviour, and artefacts) and leads to the transmission of 
any type of information. Below we list different types of knowledge and how it can be socially acquired. 
However, note that these knowledge types can also be individually acquired by wild animals.  
 
Know-how: Information about the actions and/or steps of a behaviour, and how they should be organized in 
time and/or space (Tennie, 2023). This type of information may be socially acquired through processes such as 
certain types of “imitation”, “copying”, or “program-level imitation”,” (Heyes, 1994; Byrne & Russon, 1998; 
Byrne, 2005; Tennie, 2023. Note that this differs from processes such as social contagion).  
Know-what: Information about the objects associated with a behaviour (e.g., which materials are required for 
the behaviour: Tennie, 2023). This type of information is often argued to be socially acquired through processes 
such as “stimulus enhancement” (Heyes, 1994). 
Know-when: Information about the temporal relations of a behaviour (e.g., when certain fruit is available; 
Tennie, 2023). This type of information can also be socially acquired via “broad-scale emulation” (Heyes, 1994). 
Know-where: Information about where a behaviour should be performed  (e.g., where productive fruit trees are 
located; Tennie 2023). This type of information can be socially acquired through forms of “local enhancement” 
(Heyes, 1994). 
Know-who: Information about the subjects involved in a behaviour (e.g., which individuals to attend to; Heyes, 
1994; see also literature on “social learning biases”, e.g.,  Kendal et al., 2009). 
Know-why: Information about the goals or intentions behind a behaviour (e.g., which may be acquired socially 
through processes such as “goal emulation”; Tennie, 2023) and/or understanding of the world (e.g., causal 
understanding; Tennie, personal communication). 
 
Peering: “Attentive and sustained close-range [observation] of the behaviours of a conspecific from a close 
enough distance to see the details of the behaviour” (Schuppli et al., 2016a). Note however that the definition of 
close-range will depend on the species under observation (as some species are more socially tolerant or live in 
environments more suitable for close interactions). 
 
Peerer: The individual that is performing close-range observation of a conspecific’s behaviour (sometimes also 
referred to as “pupil” or “apprentice” when described in the context of learning, see Matsuzawa et al., 2001).  
 
Peering target(s): The individual(s) whose behaviour is the focus of the peerer’s observation (when in assumed 
learning contexts, sometimes also referred to as “role model”, “master” or “demonstrator”: see also Matsuzawa 
et al., 2001). 
 

 192 
 193 
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1.1 Studying peering to infer social learning 194 
 195 

Whilst peering (see Table 1 and Fig. 1) has been studied in several primate species over many decades, it 196 
is becoming increasingly common for researchers to use peering as a behavioural indicator of observational 197 
social learning in wild primate research. Peering (or any sustained, close-range social observations which 198 
meet the criteria for peering) has, so far, been studied in chimpanzees (Matsuzawa et al., 2001, Biro et al., 199 
2003, Humle et al., 2009, Lonsdorf 2005, Peter et al., 2022, Berdugo et al. 2024, Nodés-Langlois et al., 200 
2025,  Slania et al., 2025 in review); bonobos (Furuichi 1989; Idani 1995; Stevens et al., 2005), capuchins 201 
(Sapajus spp.; Ottoni et al., 2005, Coelho et al. 2015, 2024); mountain gorillas (Gorilla beringei beringei; 202 
Watts 1991, 1998, Yamagiwa 1992); vervet monkeys (Chlorocebus spp.; van de Waal et al., 2010, Grammp 203 
et al. 2019); moustached guenons (Cercopithecus cephus cephus), Campbell's monkeys (Cercopithecus 204 
campbelli), and red-capped mangabeys (Cercocebus torquatus torquatus; Querouil & Blois-Heulin 1998, 205 
Blois-Heulin 1999, Blois-Heulin & Girona 1999), long-tailed macaques (Macaca fascicularis; Tan et al., 206 
2018) and, perhaps most extensively, in wild orangutans (Pongo spp.; Kaplan & Rogers 2002, Jaeggi et al., 207 
2010, Schuppli et al., 2016a, Schuppli et al., 2017, Schuppli & van Schaik, 2017,  Ehmann et al., 2021, 208 
Mörchen et al., 2023; 2024, Kukofka et al., 2025, Permana et al., 2025, Howard-Spink et al. 2025, Revathe 209 
et al., 2025). 210 
 211 

 212 
Figure 1. Examples of peering in foraging contexts across different primate species. Examples of 213 
peering at foraging using tools: (a) West African chimpanzees (Pan troglodytes verus; photo: T. 214 
Matsuzawa). An immature female (left) and an immature male (right) peer at their mother (center) cracking 215 
oil-palm nuts (Elaeis guineensis) using stone tools during a long-term naturalistic field experiment at 216 
Bossou, Guinea. (b) Sumatran orangutans (Pongo abelii; photo: G. Duvot). An immature orangutan peers 217 
at their mother performing extractive foraging using a stick tool. Examples of peering at foraging without 218 
tools: (c) Bonobos (Pan paniscus; photo: B. Fruth). (d) Chacma baboons (Papio ursinus; photo: E. 219 
Fernàndez-Fueyo). (e) Vervet monkeys (Chlorocebus pygerythrus; photo: L. Schad). (f) Panamanian white-220 
faced capuchin monkeys (Cebus imitator; photo: B Barrett). 221 
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 222 
Whilst peering seems to constitute some form of attendance to social information, it is challenging to 223 
confidently demonstrate that peering is being used for learning. Indeed, for some species—such as in 224 
bonobos and gorillas—empirical data suggest that peering can be used for a number of functions unrelated 225 
to learning (see Table 1 & Box 2). These findings highlight the importance of more precisely establishing 226 
whether peering is indeed associated with learning, as opposed to, for example, facilitating social 227 
behaviours.  228 
 229 
Orangutans are the species in which peering has been most extensively studied in relation to learning. Long-230 
term data collected on wild orangutans support the role of peering in guiding learning by examining (1) the 231 
situations in which peering occurs and (2) how it influences individuals’ subsequent behaviours. Wild 232 
orangutans have been estimated to peer up to 40,000 times during their lifetimes (based on observed and 233 
extrapolated peering rates across individuals’ lives; Schuppli & van Schaik 2019), with the highest rates 234 
occurring during developmental stages associated with skill and knowledge acquisition (Schuppli et al., 235 
2016a, Kukofka et al., 2025). Young orangutans primarily peer at their mothers, but as they age, they not 236 
only have greater access to other individuals (non-maternal adults and immatures) but also preferentially 237 
peer at them rather than at their mothers. (Schuppli et al., 2016a). This shift is accompanied by sex 238 
differences in peering target selection, which may help individuals learn sex-specific behavioural strategies 239 
for success in adulthood (Ehmann et al., 2021). Peering has significant effects on immatures’ long-term diet 240 
development (Howard-spink et al., 2025, Revathe et al., 2025). Moreover, peering is selectively used by 241 
adult males following migration to new areas, and males selectively peer at resident individuals who are 242 
likely more knowledgeable about available foods (Mörchen et al. 2024). Both immatures and migrant males 243 
peer more frequently when their association partners are eating food items that require more processing 244 
steps or are rarely encountered, compared to when association partners are eating items that require fewer 245 
processing steps or are more commonly encountered (Schuppli et al., 2016a, Mörchen et al., 2024). Despite 246 
extensive research on peering in orangutans, attempts to identify the specific types of information 247 
transmitted through peering are only just beginning (Permana et al., 2025).  248 
 249 
Notably, several of these aspects of peering have also been identified in studies of other primate species, 250 
suggesting that peering may be used for learning across species (see Table 1). Yet, to date, a systematic 251 
predictive framework of how peering data should be analysed to test whether it is associated with learning 252 
is missing. Growing long-term data sets on peering—which include the contexts in which peering is 253 
performed—therefore offer important opportunities to systematically assess the contribution of peering to 254 
learning across primate species. To leverage the opportunities provided by these growing data sources, we 255 
offer predictions and recommendations for studying whether and how peering is used by wild primates for 256 
learning. 257 
 258 
 259 

Box 2: The motivations to peer: learning and other potential drivers.  
 
Even in instances in which peering leads to learning, the performance of peering is has been argued to be 
motivated by a generalized interest in the activities of conspecifics, the objects they manipulate, or the 
desire to perform similar behaviours to specific individuals  (Matsuzawa et al., 2001; de Waal 2001). These 
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instances of peering can be scaffolded by dyadic dynamics such as through the peering target expressing 
tolerance towards the peerer. The motivation to attend to others is presumably shared across primates, 
particularly great apes, in which associations with mothers and other social partners are common 
throughout extended immature periods, potentially serving functions including the acquisition of survival-
relevant information; Ross et al., 1998; Schuppli et al., 2016b).  Indeed, in human children, it is not 
necessary for any learner to hold a conscious desire to learn, rather information can be acquired through 
being drawn to role models and attending to their behaviours (Bandura et al. 1977; Ledford et al. 2008). 

This generalized motivation for peering opens the door to several additional, adaptive functions. In many 
primate species, peering is most frequently performed by younger or subordinate individuals, and is 
performed while approaching older, or higher-ranking conspecifics (Biro et al., 2003, Furuichi, 1989, 
Grampp et al., 2019, Yamagiwa, 1992, Idani, 1995, Schuppli et al., 2016a, Coelho et al., 2015, 2024, 
Querouil & Blois-Heulin 1998, Ottoni et al. 2005). Thus, in some species, peering may be a useful 
behavioural mechanism for inducing tolerance in association partners during approach. Indeed, this 
alternative use of peering is supported by studies of bonobos (Idani, 1995; Vervaecke et al., 2000), where 
once in close proximity, peerers may either continue to engage in sustained close observation of the target’s 
behaviour (thus leading to the acquisition of visual information, and perhaps learning), or begin to engage 
in alternative social interactions, such as soliciting food or social services (e.g., grooming), sexual 
behaviours, or scrounging of items in close proximity (Furuichi, 1989; Idani, 1995; Stevens et al., 2005; 
also see Coelho et al., 2015 for scrounging behaviours associated with peering at tool-users in capuchin 
monkeys). Taken together, in addition to processes of information acquisition, peering may serve as a 
generalized cue of submission to dominant, target individuals. 

These additional possible functions of peering further intensify the need to identify the circumstances (if 
any) in which peering is being used as a means of observational social learning. Thus, it is paramount that 
researchers are equipped with a toolkit of predictions that identify these specific cases. These additional 
functions of peering may also confound our predictions about the interplay of peering and learning. 
Therefore, it is likely necessary that analyses of peering include control variables for these other potential 
functions when aiming to demonstrate learning. Including control variables may be challenging, especially 
when they have non-linear effects on peering. Furthermore, the additional utility of peering as a potential 
cue of submission, or method of inducing social tolerance in conspecifics, opens up questions surrounding 
how peering is perceived by target individuals and employed by peerers. This includes the extent to which 
peering is an indirectly informative behaviour (offering a cue to targets about the likely intentions of 
peerers) or if peering meets the criteria to be considered an additional gestural signal employed by 
primates, and perhaps other species (Stevens et al., 2005).  

 260 
2. Preconditions for inferring social learning of any know-x information through 261 

peering 262 

Whether learning occurs during or after peering, and whether such learning can be detected by human 263 
observers, depends on three main factors: 264 
 265 
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2.1.       How the observed information relates to what the peerer already knows. If the 266 
peerer is observing a conspecific performing a behaviour that is, in its exact form, already in the 267 
peerer’s behavioural repertoire, the act of peering will not transmit any new information and thus 268 
cannot lead to observational social learning. In these cases, we would hypothesise that peering is 269 
either serving an alternative purpose (e.g., an individual could be soliciting food or social services 270 
from the peering target, Kano 1980, Idani 1995, Stevens et al. 2005, Watts 1991), or that the peerer 271 
may simply be ascertaining that they already have knowledge of the behaviour (see Discussion and 272 
Box 2). Alternatively, if the peerer can perform the observed behaviour, but does so with lower 273 
proficiency, peering may assist in acquiring information needed to perfect the behaviour. 274 
Additionally, an individual could be peering at a novel variant of a behaviour that is already within 275 
its repertoire (e.g., distinct tool-using techniques, such as using two instead of one tool to reach the 276 
same end goal when harvesting underground honey, Gunasekaram et al., 2024). Understanding 277 
what the peerer already knows requires an a priori comprehensive knowledge of an individual’s 278 
behavioural repertoire (see Box 3).  279 

2.2.       Whether the peerer acts upon what they observed. Even though not all learning 280 
results in behavioural change, and not all behavioural change is reflective of learning, in 281 
observational studies, learning can currently only be detected through such changes (Kieffer and 282 
Coglan 1992, Alcock 2009, van Schaik 2010). If there is a noticeable and consistent change in an 283 
individual’s behavioural repertoire after a peering event, it is possible, though not certain, that 284 
observational learning occurred (see predictions IV & V below). A large body of literature on 285 
‘social learning biases’ reports that individuals preferably attend to and utilize social information 286 
from specific types of peering targets (e.g., high-ranking individuals, knowledgeable individuals 287 
and/or kin., etc; Coelho et al., 2015, 2024, Ottoni et al. 2005, Luncz et al., 2014; Watson et al., 288 
2018, Ehmann et al., 2021, Botting et al., 2018, van de Waal et al. 2010). Whether an individual 289 
decides to act upon observed information may depend on the skill difference between the peerer 290 
and the peering target, their relatedness, their age difference, the peerer’s absolute age (Watson et 291 
al., 2018), the difference in dominance status between the peerer and the peering target (which may 292 
change with age). Additionally, whether an individual changes its behaviour following a peering 293 
event may be influenced by characteristics specific to that individual. For example, an individual’s 294 
motivation can affect whether they are willing to modify its behavioural repertoire upon peering, 295 
particularly when the behaviour observed does not markedly improve the efficiency of existing 296 
behaviours or does not solve a novel problem for the peerer (Harrison & Whiten, 2018). Lastly, 297 
individual experiences (Bandini et al., 2025; Bohn et al., 2023), and personality traits (such as 298 
neophobia and curiosity, Forss et al., 2017; Forss & Willems, 2022) may also affect whether a 299 
newly observed behaviour will be adopted or not. 300 

2.3.   How feasibly the peerer can act upon the acquired information. Lastly, there are 301 
limiting factors on an individual's ability to learn through peering and subsequently adapt their 302 
behaviour. This includes whether the species has the capacity to process certain information, and/or 303 
the need for further development of cognition, physical strength, and dexterity before acquired 304 
information can be successfully incorporated into performed behaviours (Bründl et al., 2019, 305 
Malherbe et al., 2024). In terms of cognitive abilities, an individual’s behavioural flexibility may 306 
affect their ability to act upon acquired information (Claidière & Whiten 2012, Gruber, 2016). 307 
Furthermore, whether an individual adapts their behaviour based upon the observed information 308 
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also depends on whether environmental and social factors limit the performance of a behaviour 309 
recently after peering (e.g., van de Waal et al., 2013). For example, whether a peerer has access to 310 
the resources or objects needed to perform a behaviour, within a reasonable timeframe following 311 
peering, determines whether the peerer can explore the behaviour using relevant resources (know-312 
what information) and then practice implementing the know-how via individual attempts at 313 
producing similarly-formed behaviours. 314 

In sum, peering can only lead to detectable learning (1) if the peerers were naive to the peered at behaviour 315 
(or its exact form), (2) if the peering individuals incorporate the peered at behaviour (or elements/substrates 316 
of it) into their behavioural repertoire and, (3) if the peering individuals have the cognitive and physical 317 
prerequisites to act upon the information they obtained via peering.  318 

3. Predictions for inferring Social Learning through Peering 319 

The points discussed above highlight that not all peering leads to learning, and not all learning through 320 
peering can be detected with the methods that we have currently available. As a result, instances in which 321 
peering leads to learning are difficult to identify in the wild. In particular, inferring the type(s) of 322 
information that are transmitted (if any) during peering events is bound to be even more difficult (if not 323 
impossible, at times). Nonetheless, to equip researchers with a practical toolkit to address whether peering 324 
leads to learning or not, we propose a series of a priori predictions about peering patterns to test whether 325 
these events involve observational learning (of any know-x type of transmitted information) and 326 
highlight the necessary data to do so. These predictions can be translated into analyses of observational data 327 
to make more robust inferences surrounding primate observational learning through peering. 328 

I.  Contexts: We predict peering to be most frequent in learning-intense contexts. These 329 
contexts should be predicted based on the demands of the ecological and social 330 
environments of the study species. For example, in species that engage in limited social 331 
interactions but occupy cognitively demanding foraging niches—characterized by rare 332 
and/or ephemeral foods and those requiring dexterous or multi-step processing—we 333 
predict that individuals will peer more frequently in feeding contexts than in social ones 334 
(e.g., orangutans; Schuppli et al., 2016). Furthermore, we predict peering to occur most 335 
frequently in social settings that allow for knowledge transfer, particularly when there is a 336 
difference in knowledge between the peering target and the peerer. For example, we predict 337 
that individuals peer more frequently at those who are more experienced or who possess 338 
different behavioural repertoires than themselves (e.g., in vervet monkeys (van de Waal et 339 
al., 2010), capuchin monkeys (Coelho et al., 2015), orangutans (Schuppli et al., 2016a, 340 
Mörchen et al., 2023, Kukofka et al., 2025), and chimpanzees (Biro et al., 2003; Lonsdorf 341 
et al., 2005; Humle et al., 2009; Nodés-Langlois et al. 2025; Péter et al. 2022; see also 342 
prediction III).     343 
 344 
II.   Effects of complexity and rarity of information: if learning of underlies a peering 345 
event, we predict peering to be most frequent for behaviours that are difficult to learn, as 346 
information about a behaviour becomes increasingly difficult to discover independently. 347 
For example, we would predict higher rates of peering for feeding techniques that require 348 
more intensive pre-ingestive processing (such as multi-step food processing behaviours 349 
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including tool-use) compared to feeding techniques that require fewer steps (such as pick 350 
and eat techniques). This effect of complexity on peering has been reported in capuchin 351 
monkeys (feeding context: Perry and Ordonez Jiménez, 2006), orangutans (feeding 352 
context: Jaeggi et al., 2010, Schuppli et al., 2016a, Kukofka et al., 2025; nest building 353 
context: Permana et al., 2025), and chimpanzees (feeding context: Slania et al., (in review); 354 
Nodé-Langlois et al., 2025). Similarly, we predict rare behaviours to also elicit 355 
proportionately higher levels of peering compared to frequent ones because these 356 
behaviours are more salient due to their rarity, and individuals may have a higher incentive 357 
to utilize rarer learning opportunities. Thus, when encountering rare behaviours, immatures 358 
may engage in higher relative rates of peering than when encountering common behaviours 359 
once differences in overall exposure time are controlled for. For example, we would predict 360 
relatively more peering at individuals eating a fruit species that is available during short 361 
periods compared to a fruit species that is available all year around as it has been reported 362 
in capuchin monkeys (Perry and Ordonez Jiménez, 2006), orangutans (Schuppli et al., 363 
2016a, Kukofka et al., 2025), and chimpanzees (Slania et al., in review). Lastly, there may 364 
be some cases in which a behaviour is both rare and complex (e.g., orangutans use multi-365 
step stick tools use to feed on honey from bees’ nests which constitutes less than 0.02 366 
percent of their diet (Fox et al., 2004).  It may be possible to study the interactive effect 367 
between complexity and rarity on peering, provided that sufficient data are available. 368 
 369 
III.   Age/own competence: We predict peering to be most frequent at the age in which 370 
individuals are acquiring the majority of their skills and knowledge. For example, we 371 
predict peak peering rates to coincide with phases of pronounced behavioural repertoire 372 
expansion, increasing skill competence, and/or sensitive learning windows for specific 373 
behaviours (Biro et al., 2003, Schuppli et al., 2016a, Kukofka et al., 2025, Permana et al. 374 
2025). As the competence of the peerer increases, we predict peering to become more 375 
selective, targeting only behaviours that the individual does not yet know or cannot perform 376 
efficiently, such as learning-intensive skills (e.g., multi-step feeding techniques) or rarely 377 
encountered behaviours (e.g., eating a fruit species that is available during short periods). 378 
The effects of the complexity and rarity of observed behaviours on peering frequencies 379 
and/or durations may therefore depend on the peerer’s own behavioural competence. Note 380 
also that during skill learning ontogeny, focus on different aspects of the behaviour may 381 
change based on the peerer’s developmental stage (Inoue & Matsuzawa, 1997).  382 

 383 
While the predictions outlined in I-III do not provide direct evidence of learning, they suggest that the 384 
peerer is selectively attending to information. A parsimonious explanation for this targeted information 385 
seeking is that it serves some form of learning. This claim can be further strengthened by analyzing data 386 
describing potential behavioural indicators of learning:  387 
 388 

IV.   Performance or practice after peering: We predict peering individuals to engage 389 
in/with the observed activity and/or objects/substrates relevant to an activity (or attempt to 390 
do so) more frequently after peering compared to before (leading to so-called “peering 391 
practice cycles”, Schuppli et al., 2016a). For example, peerers may interact more frequently 392 
with objects (e.g., specific fruit, tools), or stimuli relevant to a behaviour (e.g., tree holes) 393 
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after compared to before peering—an effect observed in both orangutans and chimpanzees 394 
(Schuppli et al., 2016a, Mörchen et al., 2023, Berdugo et al., 2024, Permana et al. 2025). 395 
Whilst there are various factors that may limit whether peerers can engage in an observed 396 
behaviour or the objects/substrates involved in the behaviour following peering (see 397 
previous section 3. How feasibly the peerer can act upon the acquired information), 398 
augmented rates of behavioural practice (including exploration, individual learning, and 399 
successful behavioural performance) following peering strengthen the confidence with 400 
which peering can be linked to processes of learning (Revathe et al., 2025). The key 401 
difficulty in testing this prediction is defining the time frame in which performance and 402 
practice after peering are predicted (see section V below).   403 
 404 
In addition to potentially providing information on various aspects of new behaviours and 405 
the objects involved in them, learning through peering may also entail adapting an existing 406 
behaviour to be more similar to certain observed variants, or to become more goal-directed. 407 
Importantly, however, a peerer may require multiple peering and/or individual learning 408 
events before they can implement a new behaviour in its exact form. The degree of 409 
‘matching’ between the behaviours and the frequency with which the new behaviour is 410 
practised can all provide additional evidence on whether learning occurred and, potentially, 411 
what type of information was transmitted. For example, if a peerer is reported to manipulate 412 
the same (or a similar) object that the demonstrator was using during a peering event, but 413 
they do not go on to use the object in the same way (e.g., as a tool), then the peerer may 414 
have acquired know-what information on the behaviour (but not know-how information).  415 

In contrast to I-III, prediction IV (performance after peering) would suggest that some form of learning 416 
occurred during peering, and that the peerer was motivated and able to act upon the information that they 417 
observed. However, whilst socially induced practice can be a key indicator of learning in action, learning 418 
should ultimately entail a long-term change in the peerers’ behaviour, such as the incorporation of new 419 
behaviours in the peerer’s repertoire and/or a lasting increase in competence in performance (e.g., suitable 420 
know-what, know-where, know-when etc): 421 

 422 
V.   Increase in behavioural diversity and competence: If peering leads to long-term 423 
learning, we predict an individual’s own behavioural diversity and competence to increase 424 
following peering (even gradually over long time periods following successive instances 425 
of peering). This may manifest as an increase in the size of an individual’s behavioural 426 
repertoire—for example, by incorporating a new food item observed during peering into 427 
its diet (Visalberghi & Addessi, 2000, Howard-Spink et al., 2025, Revathe et al., 2025), or 428 
by adding a new item or tree species to its repertoire of nest construction materials 429 
(Guillette et al., 2016; Vistalli et al., 2023); or improved efficiency in performing specific 430 
tasks, for example faster food processing. These long-term behavioural changes might be 431 
more straightforward to assess for some behaviours than others and require competing 432 
explanations to be accounted for (see below). However, if a species’ peering dynamics 433 
have been observed to fulfil the requirements set by predictions I to IV, and instances of 434 
peering are also generally followed by tangible increases in behavioural diversity and 435 
competence, this can be taken as evidence that individuals of that species learn some 436 
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information on a behaviour through peering. Finally, entire knowledge repertoires can be 437 
quantified (e.g., diet-repertoire size) to test whether an individual attains a broader 438 
repertoire with the increasing use of peering opportunities (e.g., Revathe et al., 2025; see 439 
Fig. 2).  440 
 441 
For Predictions IV and V, a key challenge lies in defining the time frame within which 442 
performance, practice, or increases in behavioural diversity and competence are predicted 443 
to occur following peering. If learning indeed occurs during a peering event, successful 444 
performance may not occur immediately after, as learning triggered by peering often 445 
requires a period of socially induced individual practice—particularly for skills that are 446 
difficult to acquire (see also Whiten 2015; Schuppli et al., 2016a; Bandini & Tennie, 2017; 447 
Galef & Whiten 2017). If a behaviour is practiced, performed, or appears in a peerer’s 448 
repertoire following an extended period after it was last peered at, it is also possible that 449 
the behaviour predominantly emerged via gradual individual learning or as a result of the 450 
individual’s advancing overall physical and cognitive development rather than via 451 
observational social learning alone. Probabilistic modelling may allow for identifying the 452 
contributions of social learning through peering relative to non-socially induced individual 453 
learning, as well as baseline developmentally-induced behavioural changes (see Box 3).  454 
 455 

An increase in behavioural diversity and competence after peering constitutes more direct evidence of 456 
learning compared to I-IV. It also paves the way to pin down the types of information that are acquired 457 
during learning. In particular, understanding whether primates are able to acquire ‘know-how’ during social 458 
observation is a long-standing point of debate (Tomasello, 1996; Whiten et al., 2004; Byrne & Russon 459 
1998, Byrne, 2005; 2007; Tennie et al., 2009; Tennie, 2021). We provide a further prediction for identifying 460 
potential know-how learning through peering: 461 

 462 
VI. Duration of peering: If individuals peer to learn how to do things (know-how; as 463 
opposed to know-what or where or why, etc.), we predict peering events to be longer when 464 
they are directed at multistep behaviours that require specific actions and objects used in 465 
an exact sequence.  Multistep behaviours involve more actions (Whalen et al., 2015) and 466 
often the manipulation of a greater number of objects (Sanz & Morgan 2010), all of which 467 
must be understood, processed, and redeployed as functional behavioural sequences. 468 
Crucially, this prediction relies on controlling for the total duration of demonstrated 469 
behaviours as shorter behaviours are naturally limited in the total time over which they can 470 
be peered at. Additionally, the number of objects should also be controlled for, as more 471 
objects may elicit longer bouts of peering to obtain know-what information. An increase of 472 
peering per performance time could be indicative of potential know-how learning (but see 473 
considerations section). However, note that peering to obtain know-why information may 474 
also correlate with duration of peering, because peerers are waiting to observe end-states. 475 
This makes disentangling peering for know-how and know-why information particularly 476 
difficult in the wild.  477 
 478 
If peering was used to acquire information on know-what and know-where only, we would 479 
predict behaviours consisting of single and multiple steps to be peered at for comparable 480 
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proportions of their performance time. However, robust inferences about specific types of 481 
know-x learning likely require targeted experimental approaches, making controlled 482 
research in both captive and wild settings essential for understanding what information 483 
primates acquire through observational social learning (see Considerations section below). 484 

 485 
 486 
 487 

Box 3. Statistical approaches to analyse predictions on whether peering results in learning.  
 
Standard modelling approaches (e.g. (G)LM(M)s, GAMMs) can be used to investigate the above proposed 
predictions on whether peering leads to learning. These include hierarchical modelling at the population-level 
(Perry and Jimenez, 2006; Schuppli et al., 2016; Slania et al., 2025; see Fig 2A) or the individual-level 
(Revathe et al., 2025; see Fig 2B). However, for several of these predictions, standard approaches typically 
require setting specific thresholds to define the time window within which a behavioural change is predicted 
to emerge following peering, and for which a causal relationship can be assumed (i.e., what we subjectively 
refer to as "after peering” in predictions IV and V). These thresholds are inherently arbitrary and, therefore, 
would require sensitivity analyses which have their own limitations. An alternative approach to determining 
whether learning takes place during peering is through studying the time series of related actions across 
development (e.g. "peered at a behaviour", "performed the behaviour", "attempted the behaviour", "did 
nothing"; Lind et al., 2019, see Fig 2C). Using probabilistic associative reinforcement models (Rescorla and 
Wagner 1972), or hidden Markov models (Glennie et al., 2023), baseline rates of behavioural development 
can be estimated independently of any form of learning. These models can consider probabilities conditional 
on past events and disentangle the contributions of baseline developmental change and individual and social 
learning to behavioural change. This conditionality can, for example, be tackled using classical exponential 
decay functions (Ranc et al., 2021; Ye et al., 2024). By doing so, arbitrary thresholds are avoided, thus 
providing a more standardised and possibly comparable quantification of the dynamics of behavioural 
ontogeny across species.  
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Figure 2. Statistical approaches used to analyse whether peering results in learning.  Standard modelling 
approaches to A) test contextual predictions at the population level and B) link levels of peering with broad-
scale behavioural change at individual level, and C) mechanistic models to test if peering elicits fine-scale 
behavioural change during a peering event. 

 488 

489 
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4. Recommendations for data collection specifically targeting whether peering results 490 
in learning: 491 

 492 
With regards to the predictions made above, and the modelling approaches we propose in Box 3, we 493 
suggest that researchers interested in assessing the learning potential of peering events consult these 494 
general guidelines and collect the following types of data:  495 
 496 
General guidelines: 497 
  498 

1. Choosing the most appropriate study species: there is likely a trade-off between the number of 499 
individuals whose development can be studied within a given time period and the amount of 500 
socially learned behaviours those individuals are likely to acquire. Whilst shorter-lived species have 501 
developmental periods that are briefer (making data collection across the entirety of development 502 
more feasible), they also tend to have smaller and less learning-intense skill repertoires, and may 503 
thus be less reliant on social learning than longer living species like apes (van de Waal et al., 2010, 504 
Whiten, 2005; but see Deffner & McElreath 2020). In light of this trade-off, researchers will have 505 
to select species that seem most appropriate for their specific research questions.  506 
 507 

2. Ensure data reliability: For many study species, testing the proposed predictions requires collecting 508 
peering data over multiple years. Such long-term efforts inevitably involve multiple observers. To 509 
ensure data reliability, inter-observer reliability testing should be conducted regularly, with any 510 
resulting observer differences accounted for in the statistical models. Furthermore, video recordings 511 
can help analysing the details of peering events in a reproducible way.  512 
 513 

Data collection recommendations: 514 
 515 
For all predictions 516 
  517 

1.  Study sample. Demographic data should be collected for every individual included in the sample 518 
(age, sex, rank, relatedness, rearing history, social network data, neophobia and social tolerance 519 
levels). Due to the volume and type of data required to make robust inferences on whether 520 
learning underlies a peering event (see Box 3), we recommend systematic data collection that 521 
is as continuous as possible, even if it leads to a lower number of sampled focal individuals.   522 

2.   Overall frequency and duration of behaviours within the populations’ repertoire. These data 523 
will allow for estimating the opportunities that individuals have to peer at different behaviours 524 
in their population. This, in turn, enables predictions about the number of peering events and 525 
the relative length of peering required for individuals to develop a specific behaviour.   526 

  527 
For predictions I, II & IV 528 
  529 

3. Existing behavioural repertoires of individuals and the population. To understand a peerer’s 530 
existing repertoire, behavioural data should be collected from birth or the youngest age 531 
possible, across the entire developmental period and into adulthood. By comprehensively 532 
tracking the development of individuals’ behavioural repertoires, comparisons can be made 533 
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between the repertoires of peerers and their peering targets. Similarly, the form and efficiency 534 
of the behaviours being peered at can be compared with the existing behavioural form and skill 535 
level of the peerer (i.e. if the peerer indeed is incapable of, or naïve to, the behaviour they 536 
peered at). Data on the behaviours of adult individuals is indispensable for creating adult 537 
reference values, such as adult-like efficiency during skill performance, or adult-like breadth 538 
of particular knowledge repertoires.      539 

  540 
For predictions III, IV, V 541 
  542 

4. Average behavioural development across individuals and sensitive learning periods. This 543 
information can be used to predict when, during an individual’s lifetime, peering at specific 544 
behaviours is most likely to occur—for example, when the individual has developed the 545 
cognitive and physical capacities required to perform the behaviour, but not yet the behaviour 546 
itself. Furthermore, this will allow for predictions on when targeted practice after peering 547 
should occur (rather than just peering) and when increases in competencies are feasible. These 548 
data will also allow for understanding whether individuals who peer more than average have a 549 
faster skill acquisition trajectory than those who do not, therefore allowing for stronger 550 
inferences to be made on the learning resulting from these peering events.   551 

  552 
For prediction II and IV 553 
  554 

5.  General food/resource availability. These data are essential for examining opportunities to peer 555 
at, practice, or perform a behaviour, as if resources are limited or monopolised by conspecifics, 556 
opportunities to engage in peering will also be limited. Furthermore, information on the 557 
availability of certain resources will allow to further estimate the rarity of behaviours (also see 558 
point 2above).  559 

 560 
5. Considerations  561 

 562 
Above, we outline different conditions that should be met in order to infer that learning may be occurring 563 
during a peering event. However, even in cases in which these predictions are met, there are still some 564 
important considerations that should be taken into account.  565 
 566 
For example, at the neural level, information processing may change throughout the individual’s lifetime. 567 
Indeed, there is evidence that experience changes the forms of learning an animal can draw from, and how 568 
information acquired during learning bouts is processed. Previous experiences in human environments (e.g., 569 
training in “do-as-I-do” paradigms or enculturation) can alter the pathways of primates’ brains, allowing 570 
them to process information in ways not available to their non-enculturated and/or wild conspecifics (e.g., 571 
enculturated individuals can copy behaviours, an ability not yet identified in untrained, wild primates: 572 
Buttlemann et al., 2007; Hecht et al., 2013; Pope et al., 2018). While these are examples of extreme 573 
experiences, it is likely that even less-extreme experiences also have an effect on how animals attend to and 574 
process information, even in the wild (Bandini et al., 2025). For example, habituation in wild animals affects 575 
behaviour, alongside information processing (Bandini et al., 2025; Samuni et al., 2014; Costa et al., 2024). 576 
Therefore, even when it appears that learning is occurring from a purely observational standpoint, subtle 577 
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nuances in what learners observe, and how that information is being processed in the individuals’ brains is 578 
still opaque, and can even change over time and contexts (Matsuzawa, 2003, Matsuzawa et al., 2006; 579 
Myowa et al., 2012).  580 
 581 
Secondly, even when learning is identified as the most parsimonious function underlying a peering event, 582 
it will remain challenging, and in many cases impossible, to determine the type of information transmitted 583 
(e.g., know-what, where, when or how) from observational data alone. Whilst know-how learning is often 584 
inferred in these contexts, we argue that in most cases, the type of information being transferred can only 585 
be reliably determined via a combination of systematic and targeted observational (Permana et al., 2025) 586 
and experimental approaches (e.g., Tennie et al., 2009; Clay & Tennie, 2018; Neadle et al., 2021). Indeed, 587 
in captivity, it may be possible to associate increases in manipulation of novel objects of a behaviour after 588 
peering to a transfer of know-what and/or know-where information, if the naivety of the subjects is 589 
established, and their interactions with the objects before the peering event are known. Therefore, whilst 590 
peering is a promising avenue towards examining whether and when social learning of any type is 591 
happening in other species (if it meets the predictions we outline above), it is likely somewhat limited in its 592 
ability to inform on whether know-when, what, where or how information is being transferred between 593 
individuals.  594 
 595 
Thirdly, peering is only one way to acquire information about the environment, and alternative senses (such 596 
as taste, smell and hearing) can be used to acquire information from conspecifics without the need for 597 
observation. Indeed, many of these sensory systems are implicated during social learning of foraging-598 
relevant information in mammals (Galef & Giraldeau 2001); for example, chemical cues can provide 599 
information about the specific types of food available in the local environment (know-what). The relative 600 
importance of different senses for information acquisition will likely be a product of the affordances of a 601 
species’ own sensory systems (e.g., visual range and acuity, olfactory sensitivity, etc.) and the types of 602 
information which animals must learn (e.g., know-what information about available foods may be socially-603 
learnt through chemical cues, whereas know-how for food processing may require individual 604 
experimentation and/or social observation). Given these factors, studies of observational learning alone are 605 
bound to offer only a partial view of primate culture, and animal culture more broadly.  606 
 607 
Given these considerations, it is likely that solely studying peering in wild individuals will not provide a 608 
complete characterisation of the total breadth nor potential of primate social learning and culture, nor its 609 
precise cognitive underpinnings. Accordingly, integrative insights are required from field observations, 610 
field experiments, and controlled experiments in captivity (and should target potential instances of learning 611 
that involve diverse sensory systems). Each of these approaches offers unique opportunities for studying 612 
primate social learning, and combining them will generate a more comprehensive understanding of the 613 
scope of primate culture. 614 
 615 
Nevertheless, alongside these limitations, it is likely that studies of peering also have underutilized potential 616 
for understanding the scope of animal culture. In this piece, we focused on primate peering and culture, as 617 
primates are a visual species commonly studied long-term, with easily identifiable gaze direction due to 618 
their forward-facing eyes and highly binocular vision. However, other species also attend to–and likely 619 
learn through– visual information, especially amongst vertebrates (Galef & Giraldeau 2001). Indeed, there 620 
is evidence that other species also perform peering behaviours (see selected examples of reported social 621 
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observation in experimental studies of birds, e.g., Turner 1964, Chimento et al., 2024) although peering in 622 
these species is yet to be studied as systematically in wild individuals as in primates. Our methods and 623 
predictions are thus likely applicable to these species as well. We encourage researchers to study peering 624 
(or analogous behaviours) in other species as well, as this will likely enrich our overall understanding of 625 
how social observation contributes to the maintenance of animal culture at large. 626 
 627 

6. Conclusions 628 
 629 

1. Peering offers a rare potential window into observational social learning in non-human animals, 630 
providing insights into what and how animals learn socially and, as such, further clarity on the 631 
extent and nature of animal culture.  632 

2. Because peering may allow us to study social learning on the individual level, it would enable 633 
researchers to examine the immediate contextual and developmental factors that prompt 634 
individuals to engage in social learning. Understanding these individual-level dynamics of social 635 
learning is essential for uncovering the importance of social learning for individuals’ 636 
development, as well as proximate and ultimate drivers of culture.  637 

3. However, to generate robust inferences, we need to move away from a priori assumptions that 638 
all peering, or any other instance of individuals observing each other, necessarily constitutes 639 
learning. To this end, we have provided several key predictions (see predictions I - VI above) to 640 
help with identifying cases in which observational social learning is occurring during peering. 641 
Many of these predictions involve indirect indicators of learning (such as contextual evidence, 642 
Predictions I - II), and some indicators have alternative possible explanations which are not 643 
associated with social learning (Box 2). Therefore, claims that wild individuals learn from peering 644 
become increasingly stronger when progressively more of these predictions are supported.  645 

4. Identifying instances in which peering leads to learning brings us one step closer to understanding 646 
the true magnitude of animal cultures across the animal kingdom—and, in turn, their evolutionary 647 
origins and consequences—which is fundamental to understanding the most complex culture of 648 
all: human culture.   649 

 650 
 651 
 652 
 653 
 654 
 655 
 656 
 657 
 658 
 659 
 660 
 661 
 662 
 663 
 664 
 665 
 666 
 667 
 668 



 21 

Acknowledgements 669 
We are very grateful to Benjamin Robira for his helpful comments on an earlier draft of the manuscript, 670 
and in particular for his contributions to the modelling aspects. We also thank Carel van Schaik, Susan 671 
Perry, Andy Whiten, Claudio Tennie, Tetsuro Matsuzawa, Dora Biro, and Barbara Fruth, whose work laid 672 
the foundation for this paper and/or with whom we had fruitful discussions about peering in the past. 673 
Additionally, we are grateful to Tetsuro Matsuzawa, Claudio Tennie and Dora Biro for their helpful 674 
comments on an earlier draft of the manuscript. We thank all researchers who provided images - and 675 
permission for their use - for Figure 1. EB was supported by European Research Council (ERC) funded 676 
PRIMERS Starting Grant (project number: 101161975). TR was supported as a postdoc by the Marie 677 
Sklodowska-Curie Actions postdoctoral fellowship (project number: 101150646). EHS and CS were 678 
supported by the Max Planck Institute of Animal Behaviour. CS was also funded by the Volkswagen 679 
Foundation (Freigeist Fellowship).  680 
 681 
 682 
 683 
 684 
 685 
 686 
 687 
 688 
 689 
 690 
 691 
 692 
 693 
 694 
 695 
 696 
 697 
 698 
 699 
 700 
 701 
 702 
 703 
 704 
 705 
 706 
 707 
 708 
 709 
 710 
 711 
 712 



 22 

References  713 
 714 
Acerbi, A., Jacquet, P. O., & Tennie, C. (2012). Behavioral constraints and the evolution of faithful social 715 
learning. Current Zoology, 58(2), 307-318. 716 
  717 
Acerbi, A., Snyder, W. D., & Tennie, C. (2022). The method of exclusion (still) cannot identify specific 718 
mechanisms of cultural inheritance. Scientific Reports, 12(1), 21680. 719 
 720 
Alcock, J. (2009). Animal behaviour: An evolutionary approach. Sinauer associates, New York. 721 
 722 
Bandini, E., & Tennie, C. (2017). Spontaneous reoccurrence of “scooping”, a wild tool-use behaviour, in 723 
naïve chimpanzees. PeerJ, 5, e3814. 724 
  725 
Bandini, E., Girish, S., Barnes, P., Boot, M., Tennie, C. and Forss, S. (2025), The biases in captive 726 
chimpanzee cognitive research: First insights from the Ape Research Index (ARI) Database. Ethology, 131, 727 
133-141.  728 
 729 
Bandura, A. (1977). Social learning theory. Englewood Cliffs, New York. 730 
  731 
Berdugo, S., Cohen, E., Davis, A. J., Matsuzawa, T., & Carvalho, S. (2024). The ontogeny of chimpanzee 732 
technological efficiency. bioRxiv, 2024-07. 733 
 734 
Blois-Heulin, C. (1999). Variability in social visual attention in the red-capped mangabey (Cercocebus 735 
torquatus torquatus) and the grey-cheeked mangabey (Cercocebus albigena albigena). Folia 736 
Primatologica 70(5): 264-268. 737 
 738 
Blois-Heulin, C. & Girona, B. (1999). Patterns of social visual attention in the red-capped mangabey 739 
(Cercocebus torquatus torquatus) in the context of food competition. Folia Primatologica 70(3), 180-184. 740 
  741 
Bohn, M., Eckert, J., Hanus, D., Lugauer, B., Holtmann, J., & Haun, D. B. (2023). Great ape cognition is 742 
structured by stable cognitive abilities and predicted by developmental conditions. Nature Ecology & 743 
Evolution, 7(6), 927-938. 744 
  745 
Botting, J., Whiten, A., Grampp, M., & van de Waal, E. (2018). Field experiments with wild primates 746 
reveal no consistent dominance-based bias in social learning. Animal behaviour, 136, 1-12. 747 
 748 
Bründl, A. C., Tkaczynski, P. J., Nohon Kohou, G., Boesch, C., Wittig, R. M., & Crockford, C. (2021). 749 
Systematic mapping of developmental milestones in wild chimpanzees. Developmental Science, 24(1), 750 
e12988. 751 
  752 
Boyd, R., & Richerson, P. J. (2024). Cultural evolution: Where we have been and where we are going 753 
(maybe). Proceedings of the National Academy of Sciences, 121(48), e2322879121. 754 
  755 
Boyd, R., & Richerson, P. J. (1985). Mechanisms of cultural evolution. University of Chicago Press: 756 
Chicago. 757 
  758 
Buttelmann, D., Carpenter, M., Call, J., & Tomasello, M. (2007). Enculturated chimpanzees imitate 759 
rationally. Developmental science, 10(4), F31-F38. 760 
  761 



 23 

Biro, D., Inoue-Nakamura, N., Tonooka, R., Yamakoshi, G., Sousa, C., & Matsuzawa, T. (2003). Cultural 762 
innovation and transmission of tool use in wild chimpanzees: evidence from field experiments. Animal 763 
cognition, 6, 213-223. 764 
 765 
Byrne, R. W., & Russon, A. E. (1998). Learning by imitation: A hierarchical approach. Behavioral and 766 
brain sciences, 21(5), 667-684. 767 
 768 
Byrne, R. W. (2005). Detecting, understanding, and explaining imitation by animals. In: Perspectives on 769 
Imitation, Volume 1: From Neuroscience to Social Science - Volume 1: Mechanisms of Imitation and 770 
Imitation in Animals, Hurley, S., Chater, N (Eds). The MIT Press: New York. 771 
 772 
Byrne, R. W. (2007). Culture in great apes: using intricate complexity in feeding skills to trace the 773 
evolutionary origin of human technical prowess. Philosophical Transactions of the Royal Society B: 774 
Biological Sciences, 362(1480), 577-585. 775 
 776 
Carcea, I., & Froemke, R. C. (2019). Biological mechanisms for observational learning. Current opinion 777 
in neurobiology, 54, 178-185. 778 
 779 
Chimento, M., Alarcón-Nieto, G., & Aplin, L. M. (2024). Immigrant birds learn from socially observed 780 
differences in payoffs when their environment changes. PLoS biology, 22(11), e3002699. 781 
 782 
Claidière, N., & Whiten, A. (2012). Integrating the study of conformity and culture in humans and 783 
nonhuman animals. Psychological bulletin, 138(1), 126. 784 
 785 
Craft, M. E. (2015). Infectious disease transmission and contact networks in wildlife and livestock. 786 
Philosophical Transactions of the Royal Society B: Biological Sciences, 370(1669), 20140107 787 
 788 
Clay, Z., & Tennie, C. (2018). Is overimitation a uniquely human phenomenon? Insights from human 789 
children as compared to bonobos. Child development, 89(5), 1535-1544. 790 
 791 
Coelho, C. G., Falótico, T., Izar, P., Mannu, M., Resende, B. D., Siqueira, J. O., & Ottoni, E. B. (2015). 792 
Social learning strategies for nut-cracking by tufted capuchin monkeys (Sapajus spp.). Animal cognition, 793 
18, 911-919. 794 
  795 
Coelho, C. G., Garcia-Nisa, I., Ottoni, E. B., & Kendal, R. L. (2024). Social tolerance and success-biased 796 
social learning underlie the cultural transmission of an induced extractive foraging tradition in a wild tool-797 
using primate. Proceedings of the National Academy of Sciences, 121(48), e2322884121. 798 
  799 
Costa, R., Takeshita, R. S., Tomonaga, M., Huffman, M. A., Kalema-Zikusoka, G., Bercovitch, F., & 800 
Hayashi, M. (2024). The impact of tourist visits on mountain gorilla behavior in Uganda. Journal of 801 
Ecotourism, 23(3), 277-295. 802 
 803 
Deffner, D., & McElreath, R. (2020). The importance of life history and population regulation for the 804 
evolution of social learning. Philosophical Transactions of the Royal Society B, 375(1803), 20190492. 805 
  806 
Ehmann, B., van Schaik, C. P., Ashbury, A. M., Mörchen, J., Musdarlia, H., Utami Atmoko, S., ... & 807 
Schuppli, C. (2021). Immature wild orangutans acquire relevant ecological knowledge through sex-808 
specific attentional biases during social learning. PLoS Biology, 19(5), e3001173. 809 
  810 



 24 

Estienne, V., Cohen, H., Wittig, R. M., & Boesch, C. (2019a). Maternal influence on the development of 811 
nut‐cracking skills in the chimpanzees of the Taï forest, Côte d'Ivoire (Pan troglodytes verus). American 812 
Journal of Primatology, 81(7), e23022. 813 
  814 
Estienne, V., Robira, B., Mundry, R., Deschner, T., & Boesch, C. (2019b). Acquisition of a complex 815 
extractive technique by the immature chimpanzees of Loango National Park, Gabon. Animal Behaviour, 816 
147, 61-76. 817 
 818 
Farina, W. M., Grüter, C., & Díaz, P. C. (2005). Social learning of floral odours inside the honeybee hive. 819 
Proceedings of the Royal Society B: Biological Sciences, 272(1575), 1923-1928. 820 
 821 
Fernández-Juricic, E., Smith, R., & Kacelnik, A. (2005). Increasing the costs of conspecific scanning in 822 
socially foraging starlings affects vigilance and foraging behaviour. Animal Behaviour, 69(1), 73-81. 823 
 824 
Feldman, M. W., Aoki, K., & Kumm, J. (1996). Individual versus social learning: evolutionary analysis in 825 
a fluctuating environment. Anthropological Science, 104(3), 209-231. 826 
 827 
Furuichi, T. (1989). Social interactions and the life history of female Pan paniscus in Wamba, Zaire. 828 
International journal of Primatology, 10, 173-197. 829 
  830 
Forss, S., & Willems, E. (2022). The curious case of great ape curiosity and how it is shaped by sociality. 831 
Ethology, 128(8), 552-563. 832 
  833 
Forss, S. I., Koski, S. E., & van Schaik, C. P. (2017). Explaining the paradox of neophobic explorers: the 834 
social information hypothesis. International Journal of Primatology, 38, 799-822. 835 
 836 
Fox, E. A., van Schaik, C. P., Sitompul, A., & Wright, D. N. (2004). Intra‐and interpopulational differences 837 
in orangutan (Pongo pygmaeus) activity and diet: implications for the invention of tool use. American 838 
Journal of Physical Anthropology 125(2), 162-174. 839 
  840 
Galef, B. G. (1992). The question of animal culture. Human nature, 3, 157-178. 841 
 842 
Galef, B. G., & Giraldeau, L. A. (2001). Social influences on foraging in vertebrates: causal mechanisms 843 
and adaptive functions. Animal behaviour, 61(1), 3-15. 844 
  845 
Galef, B. G., & Laland, K. N. (2005). Social learning in animals: empirical studies and theoretical models. 846 
Bioscience, 55(6), 489-499. 847 
  848 
Garland, E. C., & McGregor, P. K. (2020). Cultural transmission, evolution, and revolution in vocal 849 
displays: insights from bird and whale song. Frontiers in psychology, 11, 544929. 850 
  851 
Glennie, R., Adam, T., Leos‐Barajas, V., Michelot, T., Photopoulou, T., & McClintock, B. T. (2023). 852 
Hidden Markov models: Pitfalls and opportunities in ecology. Methods in Ecology and Evolution, 14(1), 853 
43-56. 854 
 855 
Grampp, M., Sueur, C., van de Waal, E., & Botting, J. (2019). Social attention biases in juvenile wild 856 
vervet monkeys: implications for socialisation and social learning processes. Primates, 60(3), 261-275. 857 
 858 
Guillette, L. M., Scott, A. C., & Healy, S. D. (2016). Social learning in nest-building birds: a role for 859 
familiarity. Proceedings of the Royal Society B: Biological Sciences, 283(1827), 20152685. 860 
 861 



 25 

Gruber, T. (2016). Great apes do not learn novel tool use easily: conservatism, functional fixedness, or 862 
cultural influence? International Journal of Primatology, 37, 296-316. 863 
  864 
Gunasekaram, C., Battiston, F., Sadekar, O., Padilla-Iglesias, C., van Noordwijk, M. A., Furrer, R., ... & 865 
Migliano, A. B. (2024). Population connectivity shapes the distribution and complexity of chimpanzee 866 
cumulative culture. Science, 386(6724), 920-925. 867 
 868 
Hare, B., Call, J., Agnetta, B., & Tomasello, M. (2000). Chimpanzees know what conspecifics do and do 869 
not see. Animal Behaviour, 59(4), 771-785. 870 
 871 
Harrison, R. A., & Whiten, A. (2018). Chimpanzees (Pan troglodytes) display limited behavioural 872 
flexibility when faced with a changing foraging task requiring tool use. PeerJ, 6, e4366. 873 
 874 
Harrison, R. A., Dongre, P., van Schaik, C. P., & van de Waal, E. (2024). The forgotten adaptive social 875 
benefits of social learning in animals. Biological Reviews, 99(5), 1638-1651. 876 
 877 
Hecht, E. E., Gutman, D. A., Preuss, T. M., Sanchez, M. M., Parr, L. A., & Rilling, J. K. (2013). Process 878 
versus product in social learning: comparative diffusion tensor imaging of neural systems for action 879 
execution–observation matching in macaques, chimpanzees, and humans. Cerebral Cortex, 23(5), 1014-880 
1024. 881 
  882 
Helweg, D. A., Frankel, A. S., Mobley Jr, J. R., & Herman, L. M. (1992). Humpback whale song: Our 883 
current understanding. In Marine mammal sensory systems (459-483). Boston, MA: Springer US. 884 
  885 
Heyes, C. M. (1994). Social learning in animals: categories and mechanisms. Biological Reviews, 69(2), 886 
207-231. 887 
  888 
Heyes, C. (2012a). New thinking: the evolution of human cognition. Philosophical Transactions of the 889 
Royal Society B: Biological Sciences, 367(1599), 2091-2096. 890 
  891 
Heyes, C. (2012b). What's social about social learning? Journal of Comparative Psychology, 126(2), 193–892 
202.  893 
  894 
Hobaiter, C., Poisot, T., Zuberbühler, K., Hoppitt, W., & Gruber, T. (2014). Social network analysis shows 895 
direct evidence for social transmission of tool use in wild chimpanzees. PLoS biology, 12(9), e1001960. 896 
 897 
Howard-Spink, E., Tennie, C., Mitra Setia, T., Perawati, D., van Schaik, C., Barrett, B., Whiten, A., 898 
Schuppli, C. (2025). Culture is critical in driving orangutan diet development past individual potentials, 899 
Research Square.  900 
 901 
Hunt, G. R. (1996). Manufacture and use of hook-tools by New Caledonian crows. Nature, 379(6562), 902 
249-251. 903 
  904 
Humle, T. (2006). Ant dipping in chimpanzees: an example of how microecological variables, tool use, 905 
and culture reflect the cognitive abilities of chimpanzees. In: Cognitive Development in Chimpanzees (pp. 906 
452-475). Springer Tokyo: Tokyo. 907 
 908 
Humle T., Snowdon C., Matsuzawa T., (2009). Social influences on ant-dipping acquisition in the wild 909 
chimpanzees (Pan troglodytes verus) of Bossou, Guinea, West Africa. Animal Cognition, 12(Suppl 1), 37-910 
48. 911 
  912 



 26 

Idani, G. I. (1995). Function of peering behavior among bonobos (Pan paniscus) at Wamba, Zaire. 913 
Primates, 36, 377-383. 914 
 915 
Jaeggi, A. V., Dunkel, L. P., Van Noordwijk, M. A., Wich, S. A., Sura, A. A., & Van Schaik, C. P. (2010). 916 
Social learning of diet and foraging skills by wild immature Bornean orangutans: implications for culture. 917 
American Journal of Primatology: Official Journal of the American Society of Primatologists, 72(1), 62-918 
71. 919 
 920 
Janik, V. M. (2009). Whale song. Current Biology, 19(3), R109-R111. 921 
 922 
Kano, T. (1980). Social behaviour of wild pygmy chimpanzees (Pan paniscus) of Wamba: A preliminary 923 
report. Journal of Human Evolution, 9(4), 243-260. 924 
  925 
Kaplan & Rogers. (2002). Patterns of Gazing in Orangutans (Pongo pygmaeus). International Journal of 926 
Primatology, 23(3), 501-526 927 
 928 
Kalan, A. K., Kulik, L., Arandjelovic, M., Boesch, C., Haas, F., Dieguez, P., ... & Kühl, H. S. (2020). 929 
Environmental variability supports chimpanzee behavioural diversity. Nature communications, 11(1), 930 
4451. 931 
 932 
Kendal, R. L., Kendal, J. R., Hoppitt, W., & Laland, K. N. (2009). Identifying social learning in animal 933 
populations: a new ‘option-bias’ method. PLoS One, 4(8), e6541. 934 
 935 
Kendal, R. L., & Watson, R. (2025). 15 Adaptive social learning: Social learning strategies and their 936 
applications. Oxford Handbook of Cultural Evolution, 193. 937 
 938 
Kieffer, J.D., Colgan, P.W. (1992). The role of learning in fish behaviour. Reviews in Fish Biology and 939 
Fisheries 2, 125–143. 940 
  941 
Krützen, M., Willems, E. P., & Van Schaik, C. P. (2011). Culture and geographic variation in orangutan 942 
behavior. Current Biology, 21(21), 1808-1812. 943 
  944 
Kukofka, P., Young, R., Kunz, J. A., Nellissen, L., Alavi, S. E., Rahmaeti, T., ... & Schuppli, C. (2024). 945 
The development of social attention in orangutans: comparing peering behavior in wild and zoo-housed 946 
individuals. iScience 28(1). 947 
  948 
Lamon, N., Neumann, C., Gruber, T., & Zuberbühler, K. (2017). Kin-based cultural transmission of tool 949 
use in wild chimpanzees. Science Advances, 3(4), e1602750. 950 
 951 
Laland, K. N., & Williams, K. (1998). Social transmission of maladaptive information in the guppy. 952 
Behavioral Ecology, 9(5), 493-499. 953 
  954 
Laland, K. N., & Janik, V. M. (2006). The animal cultures debate. Trends in ecology & evolution, 21(10), 955 
542-547. 956 
  957 
Laland, K. N., & Galef, B. G. (2009). The question of animal culture. Harvard University Press: Harvard. 958 
 959 
Ledford, J. R., Gast, D. L., Luscre, D., & Ayres, K. M. (2008). Observational and incidental learning by 960 
children with autism during small group instruction. Journal of Autism and Developmental Disorders, 38, 961 
86-103. 962 
  963 



 27 

Lind, J., Ghirlanda, S., & Enquist, M. (2019). Social learning through associative processes: a 964 
computational theory. Royal Society open science, 6(3), 181777. 965 
 966 
Loehle, C. (1995). Social barriers to pathogen transmission in wild animal populations. Ecology, 76(2), 967 
326-335. 968 
 969 
Lonsdorf, E. V. (2005). Sex differences in the development of termite-fishing skills in the wild 970 
chimpanzees, Pan troglodytes schweinfurthii, of Gombe National Park, Tanzania. Animal Behaviour, 971 
70(3), 673-683. 972 
  973 
Luncz, L. V., & Boesch, C. (2014). Tradition over trend: Neighbouring chimpanzee communities maintain 974 
differences in cultural behaviour despite frequent immigration of adult females. American journal of 975 
primatology, 76(7), 649-657. 976 
  977 
Marino, S., Hogue, I. B., Ray, C. J., & Kirschner, D. E. (2008). A methodology for performing global 978 
uncertainty and sensitivity analysis in systems biology. Journal of theoretical biology, 254(1), 178-196. 979 
 980 
Malherbe, M., Samuni, L., Ebel, S. J., Kopp, K. S., Crockford, C., & Wittig, R. M. (2024). Protracted 981 
development of stick tool use skills extends into adulthood in wild western chimpanzees. PLoS Biology, 982 
22(5), e3002609. 983 
  984 
Mann, J., Stanton, M. A., Patterson, E. M., Bienenstock, E. J., & Singh, L. O. (2012). Social networks 985 
reveal cultural behaviour in tool-using dolphins. Nature communications, 3(1), 980. 986 
  987 
Matsuzawa, T., Biro, D., Humle, T., Inoue-Nakamura, N., Tonooka, R., & Yamakoshi, G. (2001). 988 
Emergence of culture in wild chimpanzees: education by master-apprenticeship. Primate origins of human 989 
cognition and behaviour, 557-574. 990 
 991 
Matsuzawa, T. (2003). Koshima monkeys and Bossou chimpanzees: Long-term research on culture in 992 
nonhuman primates. In: Animal social complexity: Intelligence, culture, and individualized societies (pp. 993 
374-387). Harvard University Press: Harvard. 994 
 995 
Matsuzawa, T., Tomonaga, M., & Tanaka, M. (2006). Development in chimpanzees. Springer: Tokyo. 996 
 997 
Mörchen, J., Luhn, F., Wassmer, O., Kunz, J. A., Kulik, L., van Noordwijk, M. A., ... & Schuppli, C. 998 
(2023). Migrant orangutan males use social learning to adapt to new habitat after dispersal. Frontiers in 999 
Ecology and Evolution, 11, 1158887. 1000 
 1001 
Mörchen, J., Luhn, F., Wassmer, O., Kunz, J. A., Kulik, L., van Noordwijk, M. A., ... & Schuppli, C. 1002 
(2024). Orangutan males make increased use of social learning opportunities when resource availability is 1003 
high. iScience, 27(2). 1004 
  1005 
Montrey, M., & Shultz, T. R. (2020). The evolution of high-fidelity social learning. Proceedings of the 1006 
Royal Society B, 287(1928), 20200090. 1007 
  1008 
Motes‐Rodrigo, A., & Tennie, C. (2021). The M ethod of L ocal R estriction: in search of potential great 1009 
ape culture‐dependent forms. Biological Reviews, 96(4), 1441-1461. 1010 
 1011 
Myowa-Yamakoshi, M., Scola, C., & Hirata, S. (2012). Humans and chimpanzees attend differently to 1012 
goal-directed actions. Nature communications, 3(1), 693. 1013 
  1014 



 28 

Musgrave, S., Morgan, D., Lonsdorf, E., Mundry, R., & Sanz, C. (2016). Tool transfers are a form of 1015 
teaching among chimpanzees. Scientific Reports, 6(1), 34783. 1016 
 1017 
Neadle, D. L., Chappell, J., Clay, Z., & Tennie, C. (2021). Even under majority influence, great apes fail 1018 
to copy novel actions. Open Science Framework; 1019 
https://mfr.osf.io/render?url=https://osf.io/ybrx2/?direct%26mode=render%26action=download%26mod1020 
e=render  1021 
 1022 
Nocera, J. J., Forbes, G. J., & Giraldeau, L. A. (2006). Inadvertent social information in breeding site 1023 
selection of natal dispersing birds. Proceedings of the Royal Society B: Biological Sciences, 273(1584), 1024 
349-355. 1025 
 1026 
Nodé-Langlois, O., Rolland, E., Girard-Buttoz, C., Samuni, L., Ferrari, P. F., Wittig, R. M., & Crockford, 1027 
C. (2025). Social tolerance and role model diversity increase tool use learning opportunities across 1028 
chimpanzee ontogeny. Communications Biology, 8(1), 509. 1029 
  1030 
Ottoni, E. B., de Resende, B. D., & Izar, P. (2005). Watching the best nutcrackers: what capuchin monkeys 1031 
(Cebus apella) know about others’ tool-using skills. Animal cognition, 8, 215-219. 1032 
 1033 
Péter, H., Zuberbühler, K., & Hobaiter, C. (2022). Well-digging in a community of forest-living wild East 1034 
African chimpanzees (Pan troglodytes schweinfurthii). Primates, 63(4), 355-364. 1035 
 1036 
Perry, S., & Ordonez Jiménez, J. (2006). The effects of food size, rarity, and processing complexity on 1037 
white-faced capuchins visual attention to foraging conspecifics. In: Hohmann, G., Robbins, M., Boesch, C 1038 
(Eds.). Feeding Ecology in Apes and other Primates (pp. 203-234). University Press: Cambridge.  1039 
 1040 
Permana, A.L., Permana, J.J., Nellissen, L. et al. (2025). Observational social learning of “know-how” and 1041 
“know-what” in wild orangutans: evidence from nest-building skill acquisition. Communications Biology 1042 
8, 890  1043 
 1044 
Pope, S. M., Taglialatela, J. P., Skiba, S. A., & Hopkins, W. D. (2018). Changes in frontoparietotemporal 1045 
connectivity following do-as-I-do imitation training in chimpanzees (Pan troglodytes). Journal of 1046 
cognitive neuroscience, 30(3), 421-431. 1047 
 1048 
Querouil, S., & Blois-Heulin, C. (1998). Social influence on feeding behaviour development in young 1049 
cercopithecines. Folia Primatologica, 69(6), 409. 1050 
  1051 
Ranc, N., Moorcroft, P. R., Ossi, F., & Cagnacci, F. (2021). Experimental evidence of memory-based 1052 
foraging decisions in a large wild mammal. Proceedings of the National Academy of Sciences, 118(15), 1053 
e2014856118 1054 
 1055 
Rendell, L., Boyd, R., Cownden, D., Enquist, M., Eriksson, K., Feldman, M. W., Fogarty, L., Ghirlanda, 1056 
S., Lillicrap, T. & Laland, K. N. (2010). Why copy others? Insights from the social learning strategies 1057 
tournament. Science 328(5975), 208–213. 1058 
  1059 
Rescorla, R.A. & Wagner, A.R. (1972) A theory of Pavlovian conditioning: Variations in the effectiveness 1060 
of reinforcement and nonreinforcement, Classical Conditioning II, A.H. Black & W.F. Prokasy (Eds). 1061 
Appleton-Century-Crofts: New York.  1062 
 1063 



 29 

Revathe, T., Weidling, M. T., Utami-Atmoko, S. S., Setia, T. M., Razik, I., van Schaik, C. P., … & 1064 
Schuppli, C. (2025). Eight years of social and asocial learning synergistically shape orangutan diet 1065 
profiles. bioRxiv, 2025-08. 1066 
  1067 
Robbins, M. M., Ando, C., Fawcett, K. A., Grueter, C. C., Hedwig, D., Iwata, Y., ... & Yamagiwa, J. 1068 
(2016). Behavioral variation in gorillas: evidence of potential cultural traits. PLoS One, 11(9), e0160483. 1069 
 1070 
Ross, C. (1998). Primate life histories. Evolutionary Anthropology: Issues, News, and Reviews: Issues, 1071 
News, and Reviews, 6(2), 54-63. 1072 
  1073 
Samuni, L., Mundry, R., Terkel, J., Zuberbühler, K., & Hobaiter, C. (2014). Socially learned habituation 1074 
to human observers in wild chimpanzees. Animal cognition, 17, 997-1005. 1075 
  1076 
Santorelli, C. J., Schaffner, C. M., & Aureli, F. (2011). Universal behaviors as candidate traditions in wild 1077 
spider monkeys. PLoS One, 6(9), e24400. 1078 
  1079 
Sanz, C. M., & Morgan, D. B. (2010). The complexity of chimpanzee tool-use behaviors. The mind of the 1080 
chimpanzee: Ecological and experimental perspectives, 127-140. 1081 
  1082 
Sasaki, T., & Biro, D. (2017). Cumulative culture can emerge from collective intelligence in animal groups. 1083 
Nature communications, 8(1), 15049. 1084 
 1085 
Sheppard, C. E., Marshall, H. H., Inger, R., Thompson, F. J., Vitikainen, E. I., Barker, S., ... & Cant, M. 1086 
A. (2018). Decoupling of genetic and cultural inheritance in a wild mammal. Current biology, 28(11), 1087 
1846-1850. 1088 
  1089 
Schuppli, C., Meulman, E. J., Forss, S. I., Aprilinayati, F., Van Noordwijk, M. A., & Van Schaik, C. P. 1090 
(2016a). Observational social learning and socially induced practice of routine skills in immature wild 1091 
orang-utans. Animal Behaviour, 119, 87-98. 1092 
  1093 
Schuppli, C., Graber, S. M., Isler, K., & van Schaik, C. P. (2016b). Life history, cognition, and the 1094 
evolution of complex foraging niches. Journal of Human Evolution, 92, 91-100. 1095 
 1096 
Schuppli, C., Forss, S., Meulman, E., Atmoko, S. U., van Noordwijk, M., & van Schaik, C. (2017). The 1097 
effects of sociability on exploratory tendency and innovation repertoires in wild Sumatran and Bornean 1098 
orangutans. Scientific reports, 7(1), 15464. 1099 
  1100 
Schuppli, C., & Van Schaik, C. P. (2019a). Animal cultures: how we've only seen the tip of the iceberg. 1101 
Evolutionary Human Sciences, 1, e2. 1102 
  1103 
Schuppli, C., & van Schaik, C. (2019b). Social learning among wild orangutans. Foundations of affective 1104 
social learning: conceptualizing the social transmission of value, 25. 1105 
 1106 
Shier, D. M., & Owings, D. H. (2007). Effects of social learning on predator training and postrelease 1107 
survival in juvenile black-tailed prairie dogs, Cynomys ludovicianus. Animal Behaviour, 73(4), 567-577. 1108 
  1109 
Slater, P. J. B., & Ince, S. A. (1979). Cultural evolution in chaffinch song. Behaviour, 71(1-2), 146-166. 1110 
  1111 
Slater, P. J. (1989). Bird song learning: causes and consequences. Ethology Ecology & Evolution, 1(1), 19-1112 
46. 1113 
  1114 



 30 

Stevens, J. M., Vervaecke, H., De Vries, H., & Van Elsacker, L. (2005). Peering is not a formal indicator 1115 
of subordination in bonobos (Pan paniscus). American Journal of Primatology: Official Journal of the 1116 
American Society of Primatologists, 65(3), 255-267. 1117 
 1118 
Tan, A. W., Hemelrijk, C. K., Malaivijitnond, S., & Gumert, M. D. (2018). Young macaques (Macaca 1119 
fascicularis) preferentially bias attention towards closer, older, and better tool users. Animal cognition, 21, 1120 
551-563. 1121 
 1122 
 1123 
Tennie, C., Call, J., & Tomasello, M. (2009). Ratcheting up the ratchet: on the evolution of cumulative 1124 
culture. Philosophical Transactions of the Royal Society B: Biological Sciences, 364(1528), 2405-2415. 1125 
  1126 
Tennie, C. (2021). Humans (but not other apes) frequently cumulate know-how. Current Anthropology, 1127 
62(2), 231-232. 1128 
 1129 
Tennie, C. (2023).  The earliest tools and cultures of hominins. In: Tehrani, J., Kendal, J., and Kendal, R. 1130 
(Eds.), Oxford Handbook of Cultural Evolution, Oxford Library of Psychology (2025; online edn, Oxford 1131 
Academic, 23 Feb. 2023) 1132 
  1133 
Turner, E. R. (1964). Social feeding in birds. Behaviour, 1-46 1134 
 1135 
Vervaecke, H., de Vries, H., van Elsacker, L., (2000). Dominance and its behavioral measures in a captive 1136 
group of bonobos (Pan paniscus). International Journal of Primatology 21, 47–68.   1137 
 1138 
 van Boekholt, B., van de Waal, E., & Sterck, E. H. (2021). Organized to learn: the influence of social    1139 
structure on social learning opportunities in a group. iScience, 24(2). 1140 
 1141 
van Leeuwen, E. J., & Hoppitt, W. (2023). Biased cultural transmission of a social custom in chimpanzees. 1142 
Science advances, 9(7), eade5675. 1143 
  1144 
van de Waal, E., Renevey, N., Favre, C. M., & Bshary, R. (2010). Selective attention to philopatric models 1145 
causes directed social learning in wild vervet monkeys. Proceedings of the Royal Society B: Biological 1146 
Sciences, 277(1691), 2105-2111. 1147 
 1148 
van de Waal, E., Borgeaud, C., & Whiten, A. (2013). Potent social learning and conformity shape a wild 1149 
primate’s foraging decisions. Science, 340(6131), 483-485. 1150 
 1151 
van Schaik, C. P., & Pradhan, G. R. (2003). A model for tool-use traditions in primates: implications for 1152 
the coevolution of culture and cognition. Journal of Human Evolution, 44(6), 645-664. 1153 
 1154 
van Schaik, C. P. (2010). Social learning and culture in animals. In: Animal behaviour: Evolution and 1155 
mechanisms (pp. 623-653). Springer Berlin Heidelberg: Berlin.  1156 
  1157 
van Schaik, C. P., & Burkart, J. M. (2011). Social learning and evolution: the cultural intelligence 1158 
hypothesis. Philosophical Transactions of the Royal Society B: Biological Sciences, 366(1567), 1008-1159 
1016. 1160 
  1161 
van Schaik, C. P., Burkart, J., Damerius, L., Forss, S. I., Koops, K., van Noordwijk, M. A., & Schuppli, C. 1162 
(2016). The reluctant innovator: orangutans and the phylogeny of creativity. Philosophical Transactions 1163 
of the Royal Society B: Biological Sciences, 371(1690), 20150183. 1164 
 1165 

https://doi.org/10.1023/A:1005471512788
https://doi.org/10.1023/A:1005471512788
https://doi.org/10.1023/A:1005471512788
https://doi.org/10.1023/A:1005471512788


 31 

Visalberghi, E., & Addessi, E. (2000). Seeing group members eating a familiar food enhances the 1166 
acceptance of novel foods in capuchin monkeys. Animal behaviour, 60(1), 69-76. 1167 
 1168 
Vistalli, S., Jäger, T., Aplin, L. M., & Wild, S. (2023). Tits (Paridae sp.) use social information when 1169 
locating and choosing nest lining material. Behavioural Ecology and Sociobiology, 77(1), 13. 1170 
  1171 
Jesmer, B. R., Merkle, J. A., Goheen, J. R., Aikens, E. O., Beck, J. L., Courtemanch, A. B., ... & Kauffman, 1172 
M. J. (2018). Is ungulate migration culturally transmitted? Evidence of social learning from translocated 1173 
animals. Science, 361(6406), 1023-1025 1174 
 1175 
Watson, S.K., Vale, G.L., Hopper, L.M. et al. Chimpanzees demonstrate individual differences in social 1176 
information use. Animal Cognition, 21, 639–650 (2018).  1177 
  1178 
Watson, S. K., Botting, J., Whiten, A., & van de Waal, E. (2018). Culture and selective social learning in 1179 
wild and captive primates. Evolution of primate social cognition, 211-230. 1180 
 1181 
Watts, D. P. (1991). Mountain gorilla reproduction and sexual behaviour. American Journal of 1182 
Primatology, 24(3-4), 211-225. 1183 
 1184 
Watts, D.P. (1998). A preliminary study of selective visual attention in female mountain gorillas (Gorilla 1185 
gorilla beringei). Primates, 39, 71-78.  1186 
 1187 
Whalen, A., Cownden, D., & Laland, K. (2015). The learning of action sequences through social 1188 
transmission. Animal cognition, 18, 1093-1103. 1189 
  1190 
Whiten, A., Goodall, J., McGrew, W. C., Nishida, T., Reynolds, V., Sugiyama, Y., ... & Boesch, C. (1999). 1191 
Cultures in chimpanzees. Nature, 399(6737), 682-685. 1192 
  1193 
Whiten, A., & Boesch, C. (2001). The cultures of chimpanzees. Scientific American, 284(1), 60-67. 1194 
  1195 
Whiten, A., Horner, V., Litchfield, C. A., & Marshall-Pescini, S. (2004). How do apes ape? Animal 1196 
Learning & Behavior, 32, 36-52. 1197 
 1198 
Whiten, A. (2005). The second inheritance system of chimpanzees and humans. Nature, 437(7055), 52-1199 
55. 1200 
  1201 
Whiten, A. (2021). The burgeoning reach of animal culture. Science, 372(6537), eabe6514. 1202 
 1203 
Whiten, A., Biro, D., Bredeche, N., Garland, E. C., & Kirby, S. (2022). The emergence of collective 1204 
knowledge and cumulative culture in animals, humans and machines. Philosophical Transactions of the 1205 
Royal Society B, 377(1843), 20200306. 1206 
  1207 
Yamagiwa, J. (1992). Functional analysis of social staring behavior in an all-male group of mountain 1208 
gorillas. Primates, 33, 523-544. 1209 
  1210 
Ye, F. X. F., Ma, Y. A., & Qian, H. (2024). Estimate exponential memory decay in hidden Markov model 1211 
and its applications to inference. Physica D: Nonlinear Phenomena, 460, 134053. 1212 
 1213 
Zentall, T. R. (2012). Perspectives on observational learning in animals. Journal of Comparative 1214 
Psychology, 126(2), 114. 1215 

  1216 



 1 

Table 1.  1217 

Common Name 
Scientific 

Name Context Study Summary of findings related to peering Potenital supported function 

Chimpanzees 
Pan troglodytes 

sspp. Foraging (tool-use) 
Matsuzawa et 

al., 2001 

A hypothesis for the development of chimpanzee tool-use behaviours, 
emphasizing the need for visual observation of role models, facilitated by 

roles models' high tolerance of learners, and driven by immatures' 
generalized interest in role models' behaviours (specifically, those of their 

mothers). Initial data for peering was collected during an outdoor 
experiment with wild chimpanzees at Bossou (see also Biro 2003). 

Learning 
Note: there is a complementary 
prediction by de Waal (2001) 

mentioned under the term 
“Bonding and identification-based 

observational learning” (BIOL)  

  Foraging (tool-use) 
Biro et al., 

2003 

Immature chimpanzees frequently observe adult chimpanzees cracking 
open nuts with stone tools, and immatures' mothers were the most 

frequent targets of observation. Infants were never observed by other 
individuals. Adults were the least likely to observe other individuals, and 

when doing so, usually observed other adults. Learning 

  Foraging (tool-use) 
Humle et al., 

2009 

Young chimpanzees exposed to higher frequencies of ant dipping 
(measured by frequency of mothers' ant dipping) observed mothers 

performing the behaviour more intensely from earlier ages, and developed 
higher tool-using efficiency faster (N=5-6). The duration of tool dips 
correlated between mothers and offspring on ant trails, but not nests. Learning 

  Foraging (tool-use) 
Lonsdorf 

2005 
The time young chimpanzees spent watching mothers termite fish 
correlated with learning termite-fishing behaviours at earlier ages. Learning 

  Foraging (water) 
Peter et al., 

2022 

A novel well-digging behaviour, introduced by an immigrant female 
chimpanzee, was reported in other members of the group, potentially 

spreading through a combination of peering and exploitation of produced 
wells. Learning 

  Foraging (tool-use) 
Berdugo et 
al., 2024 

The rate of social learning opportunities afforded to immature 
chimpanzees learning to crack nuts with stone tools - including through 

peering - predicted skill efficiency immediately following the skill 
acquisition. If peering targets were intolerant to peerers, peerers were less 

likely to exhibit high skill efficiency following learning. Learning 

  

Foraging 
(including tool-use) 

Nodes-
Langlois et 

al., 2025 

Throughout development, immature chimpanzees peer more often at 
tolerant individuals (often mothers, but also other role models later during 

development), and peer more frequently at complex food-processing 
tasks. Learning 

  

Foraging, Social 
interaction 

Slania et al., 
2025  

Chimpanzees peer at conspecifics in a wide range of behavioural 
contexts, including when peering targets were performing common, Learning & Social Signalling 



 2 

every-day skills. Peerers generally target older conspecifics, and whilst 
they frequently peered at their mothers, they also leveraged opportunities 
to peer at unrelated conspecifics from an early age. From seven years old, 

peerers began to increasingly target similarly aged individuals. Peering 
followed predicted dynamics for learning, however may also be a means 

to initiate social interactions (but was not used for begging to signal 
submission). 

Bornean orangutans 
Pongo 

pygmaeus sspp. Social 
Kaplan & 

Rogers 2002 

Rehabilitant orangutan juveniles spend more time gazing at social 
partners than younger infants and older adults. Unlike other apes, 

prolonged mutual gazing does not occur in orangutans. Field and zoo 
studies find patterns of gazing of both humans and other orangutans via 

sidewards glancing. Most attention during gazing is directed at other 
individuals' faces, however it is also directed at limbs and objects if the 

target individual is feeding. Learning & Social Monitoring 

  Foraging, Nesting 
Jaeggi et al., 

2010 

Immature bornean orangutans were considerably more likely to watch 
mothers when processing difficult to process foods, particularly 

embedded (difficult to extract) food items compared to non-embedded 
foods. Immatures also referred to their mothers' behaviours prior to 

consuming novel foods. Ultimately, immatures' diet repertoires 
overlapped heavily with those of their mother. Learning 

Bornean and Sumatran 
orangutans 

Pongo 
pygmaeus sspp. 

and Pongo 
abelii 

Foraging & Nest 
Building 

Schuppli et 
al., 2016 

Immature orangutans (Sumatran & Bornean) peered frequently in feeding 
contexts (particularly when foods were difficult to process) and nest-

building contexts. Food peering was associated with an increased 
likelihood of subsequent exploration of foods, indicating that it leads to 
selective practice of food processing. Immatures´ food peering at their 

mothers was increased for food items that required a larger number of pre-
ingestive processing steps or were rarer in the diet of their mothers. Nest 
peering was most frequently performed by immatures at the age at which 
immatures begin building their own nests, and was also associated with 
subsequent practice. Older immatures were more likely to peer at non-

maternal figures, whereas younger immatures were more likely to peer at 
their mothers. Learning 

  Foraging 
Schuppli et 

al., 2017 

As Sumatran orangutans at Suaq Balimbing are more sociable, immatures 
make use of more opportunities to peer than same-age immatures at a less 

sociable population of Bornean orangutans (Tuanan), including when 
association time was controlled for. Suaq orangutans were also more 

exploratory, and had more complex and diverse diets. Learning 



 3 

  All contexts 

Schuppli & 
van Schaik 

2019 

Orangutans peer many thousands of times across their lives (with 
populations & subspecies potentailly exhibiting considerable variation 

across lifetimes, on the scale of 10s of thousands of peering events). By 
requantifying cultural information on the basis of individual-level 

interactions (rather than the method of exclusion) social information & 
cultural inheritance in wild orangutans may be far greater than previously 

estimated Learning 

Sumatran orangutans Pongo abelii Foraging 
Ehmann et al., 

2021 

Older immature orangutans begin to peer more frequently at same-sex 
role models. Female immatures continue to direct social attention towards 

the mother, whereas male immatures begin to direct social attention at 
adult males. By the end of the dependency period, female immatures' diets 

are more similar to their mothers than male immatures' diets. Learning 

  Foraging 
Mörchen et 

al., 2023 

After migrating to a new area, adult male orangutans would peer at local 
individuals, particularly when consuming food items which were not 

eaten in the local diet of their previous population. Migrants were more 
likely to interact with novel foods following peering, suggesting that 

peering is a mechanism for post-dispersal learning. Learning 

  Foraging 
Mörchen et 

al., 2024 

Migrant adult males orangutans were more likely to peer when food 
availability was high. Additionally, males from the more sociable 

Sumatran population (Suaq) peered at conspecifics more frequently than 
males from the less sociable Bornean population (Tuanan), even after 

accounting for differences in food availability. 
Both environmental, and either intrinsic or developmental factors, likely 

influence migrants' propensity to peer at conspecifics. Learning 

  All contexts 
Kukofka et 

al., 2025 

When comparing peering behaviours in wild and zoo-housed Sumatran 
orangutans, both groups exhibited similar age trajectories for peering. 

Immatures universally preferred to peer at older individuals and in 
learning-intense contexts. However, zoo-housed immatures peered more 

often, and more frequently at non-maternal targets (including once 
opportunity was controlled for). Learning 

  Foraging 

Howard-
Spink et al., 

2025  

Biologically-calibrated agent-based simulations support that peering is 
critical for long-term diet development in immature orangutans. Without 
the influence of peering on development, adult-like diets do not emerge 

by the age immatures become independent from their mothers. Learning 

  Nesting 
Permana et 

al., 2025 

Immature orangutans were more likely to practice nest building after 
peering at individuals who were making nests, compared to when they 

were within peering distance but did not peer. Peering is most often Learning 
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performed when peering targets are constructing more complex nests. 
Mothers and offspring overlap heavily in the types of tree species they use 

for nesting, and once immatures become independent, they peer at a 
greater diversity of individuals, and expand their tree-nesting choices to 

reflect new observations. 

Bonobos Pan paniscus 
Foraging, Social 

interaction Kano 1980 

Staring behaviour was recorded in the context of food sharing bouts, in 
which individuals would stare intently into conspecifics faces to ellicit 

food sharing. Social signalling 

   Furuichi 1989 

Most peering is performed by younger female bonobos, and is directed at 
older females. Most peering behaviours were performed when target 

individuals were feeding; however, peering never led to food sharing or 
scavenging. Peering was occasionally followed by food begging, or 
solicitation of other social behaviours (e.g. genitogenital rubbing). 

Social monitoring (potentially 
signalling) 

   Idani 1995 

Peering is most often performed by younger female bonobos, and 
directed at older females. Male bonobos rarely peered. Peering appeared 

to lead to tolerance of younger (subordinate) individuals by older 
(dominant) individuals. Social signalling 

Mountain Gorillas 
Gorilla beringei 

beringei Social Interaction Watts 1991 
Social staring is frequently used by female gorillas when approaching 

males to initiate sexual behaviours. Social signalling 

  

Foraging, Social 
interaction 

Yamagiwa, 
1992 

In all-male gorilla groups, social staring occurred during diverse social 
contexts, as well as when feeding. Younger males often stared at older 
males, and staring may function differently based on the social context. 

When initiating non-antagonistic interactions, males rarely stared at each 
other, but when doing so, males could initiate play behaviours or 

homosexual interactions. Staring was also likely directed from younger to 
older males for greeting or appeasement. Social signalling 

  Social interaction Watts 1998 

Female gorillas perform sustained watching of males - likely to monitor 
their behaviour - and may leave feeding spots following watching. 

Similarly, female gorillas will watch other females with whom they have 
more agonistic relationships. Social monitoring 

Capuchin monkeys Sapajus spp. Foraging (tool-use) 
Ottoni et al., 

2005 

Younger capuchins who were less proficient in nut cracking using stone 
tools were more likely to observe conspecifics performing this behaviour. 

Observers would choose who to watch non-randomly, and exhibited 
preferences for more skilled tool-users. Learning 
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 Cebus imitator Foraging 

Perry and 
Ordonez 

Jimenez 2006 

Capuchins were peering more (i.e., showing more food interest) at 
conspecifics who were eating food items that were either rare in their diet, 

required more pre-intestive processing steps, or were larger. Learning 

  Foraging (tool-use) 
Coelho et al., 

2015 

Young capuchins watched older, more proficient, and dominant 
individuals during nut-cracking bouts. Monkeys with higher productivity 
rates were also more frequently watched, and were tolerant to scrounging. Learning 

  Foraging (tool-use) 
Coelho et al., 

2024 
During an open-ended diffusion task, naive capuchins were more likely to 

observe successful males than other individuals. Learning 

Guenons 
Cercopithecus 

spp. Foraging 

Querouil & 
Blois-Heulin 

1998 

For Cambell's monkeys and moustached guenons, the youngest immatures 
spent the most time looking at other individuals, and the likelihood of 
looking at other individuals decreased with age. Immatures were more 
likely to look at their mothers than other individuals, particularly when 

mothers were feeding. Potentially learning 

Vervet monkeys 
Chlorocebus 

spp. Foraging 
van de Waal 
et al., 2010 

During a social learning experiment on six groups of wild vervet 
monkeys, naive individuals were more likely to copy the precise solution 

to an experimental task if looking at a female demonstrator prior to 
attempting the task (due to sex-biased selective attention). Learning 

  Social 
Grammp et 

al., 2019 

Younger and orphaned vervet monkeys exhibited the highest rates of 
social attention. Juveniles payed specific attention to kin. However, 
higher ranked individuals were also more likely to be the object of 

attention than lower ranked individuals. This rank effect was stronger for 
younger females; the authors explain this sex-biased effect as being part 
of females' higher demands for knowledge for socialisation, as they are 

the philopatric sex. Learning 

Cercocebus mangabeys 
Cercocebus 

spp. Foraging 

Querouil & 
Blois-Heulin 

1998 

Immatures in the youngest age cartegory spent the most time looking at 
other individuals, and the likelihood of engaging in social observation 

decreased with age. Red-capped mangabeys were more likely to look at 
their fathers than other individuals, however payed specific attention to 

mothers when they were eating. Potentially learning 

  Foraging 

Blois-Heulin 
& Girona 

1999 

Red-capped mangabeys look at other individuals for extended durations if 
there is not high-value foods nearby; in such an instance they swap to 

rapid, quick glances at other individuals. For both behaviours, gazing of 
any kind at conspecifics is hypothesized to be important for monitoring 

conspecifics behaviours. Social monitoring 
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Note: the grey-
cheeked 

mangabey has 
now been 

reallocated to 
lophocebus. Social interaction 

Blois-Heulin 
1999 

Grey-cheeked mangabeys often glanced at social partners (short-duration 
looking), whereas red-capped magabeys looked at often other individuals 
for longer durations. This may reflect a greater need for social monitoring 

in red-capped mangabeys, where males exhibit higher levels of 
dominating behaviour than in grey-cheeked mangabeys. 

Social monitoring 

Long-tailed macaques 
Macaca 

fascicularis Foraging 
Tan et al., 

2018 

Immature and juvenile macaques were more likely to interact with tool-
users (including watching, scrounging and stealing food) than older 

individuals who could use tools. Infants in particular spent the most time 
watching tool-users and exploring objects. Younger individuals often 

watched conspecifics with whom they had positive social bonds. 
Immatures also frequently watched older individuals, and all individuals 

were more likely to watch tool users who were more productive. Learning 
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