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Immature individuals may play an important role in group-level information transmission because they

learn socially more than adults. However, little is known about social learning during development,
particularly in nontool-using species. Our aim was to determine how immatures' social learning op-
portunities during foraging changed with age and differed between the sexes, and from whom imma-
tures had more opportunities to learn. Behavioural data on 53 immature wild chacma baboons, Papio
ursinus, were collected across 2 years, recording all behaviours associated with social learning in other
species: observing others while foraging, inspecting or eating food dropped by others, sniffing others’
mouths, stealing food from others, joining the same location that others are foraging and eating the
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. portunities to learn from individuals in proximity when they were young, but their learning opportu-
juvenile nities were limited to relatively more specific ‘demonstrators’ (that is, possible learning partners) when
Papio ursinus older. In general, immatures had relatively more opportunities to learn from grooming affiliates and
primate individuals of a similar age as themselves. Immature males had less opportunities to learn from

social information transmission
social learning opportunities

grooming partners compared with female peers. Finally, high-ranking immatures had greater oppor-
tunities to learn socially compared with low-ranking peers. The relatively greater social learning op-
portunities of immatures around weaning could improve their independent foraging competence before
being weaned. In addition, tolerance, through shared proximity and grooming, may be important in
determining from whom immatures have greater opportunities to learn. Baboons live in a matrilineal
society with a high degree of nepotism; thus, the greater opportunities of immatures to learn from
tolerant individuals may translate into a higher within-matriline versus across-matriline information
spread, which could limit group-level information transmission.
© 2026 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal
Behaviour. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).

Social learning is widespread in the animal kingdom (Allen,
2019). It is defined as acquiring information from other in-
dividuals or their artefacts (Laland, 2004) and potentially applying
and exploiting such social information (Carter et al., 2016). Gaining
information from others is advantageous because it can require
less energy (exploration time and effort) and have lower costs (e.g.
eating a toxic food) than acquiring it personally (Laland, 2004). The
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transmission of social information has been a major research focus
in animal behaviour because of its role on the formation of culture,
that is, socially learned behaviours shared by most members of a
group and maintained through time (Allen, 2019; Laland & Janik,
2006). Understanding the constraints on social information
transmission may be important because cultural differences can
produce variation in fitness (Marcoux et al., 2007; McComb et al.,
2001), with potential implications for population conservation
(Brakes et al., 2021).

Immature individuals could play a fundamental role in group-
level information transmission because they tend to learn so-
cially more than adults (Mesoudi et al., 2016; Whiten & van de
Waal, 2018). In experiments conducted in captivity and in the
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wild, juveniles learn socially more than adults across animal taxa,
such as smooth-coated otters, Lutrogale perspicillata (Ladds et al.,
2017), Australian skinks, Eulamprus quoyii (Noble et al., 2014),
and chacma baboons (Carter et al., 2014). This difference may be
due to the lack of experience of immatures with the environment,
leading them to have a different balance of costs and benefits of
asocial and social learning compared with adults. Given their lack
of experience, the costs of asocial learning could be higher for
immatures than for adults, thereby increasing the benefits of
learning from more experienced individuals (Laland, 2004). For
example, learning about predators from conspecific adults im-
proves the survival of juvenile Siberian jays, Perisoreus infaustus
(Griesser & Suzuki, 2017), and black-tailed prairie dogs, Cynomys
ludovicianus (Shier & Owings, 2007).

Considering that immatures are well tolerated by other group
members, they have wide opportunities to learn socially (meer-
kats, Suricata suricatta: Thornton, 2008; tufted capuchins, Sapajus
apella: Ottoni & Izar, 2008; and bottlenose dolphins, Tursiops
truncatus: Mann et al., 2007). Most studies focused on the acqui-
sition of foraging skills because the first challenges faced by young
immatures are learning where to find food, what food they can eat
and how to process it (Rapaport & Brown, 2008; Thornton &
Clutton-Brock, 2011). Apart from foraging skills, immatures learn
in other domains, such as nest building (e.g. Bornean orangutans,
Pongo pygmaeus, and Sumatran orangutans, P. abelii: Schuppli,
Meulman, Forss, Aprilinayati, van Noordwijk, & van Schaik,
2016), vocal communication (e.g. spider monkeys, Ateles geof-
froyi: Briseno-Jaramillo et al., 2018; meerkats: Hollén & Manser,
2006) and migratory routes (e.g. whooping cranes, Grus ameri-
cana: Mueller et al., 2013).

Although most studies in the wild are observational and, thus,
cannot quantify the role of social versus individual learning (but
see Hobaiter et al., 2014), studies conducted in the wild report
behaviours that may be indicative of social information acquisition
(e.g. proportional to foraging competence), application (e.g.
increasing individual exploration) and exploitation (e.g. affecting
foraging choices; Schuppli, Meulman, et al., 2016; Thornton &
Hodge, 2009). Experimental work has further confirmed that in-
dividuals exposed to social information are more likely to adopt
novel foraging skills (Thornton, 2008; Troisi et al., 2021). These
‘social learning behaviours’ include observing others while
foraging; inspecting or eating food gathered by others; sniffing
others' mouths, potentially obtaining olfactory information on the
food eaten; joining the same location that others are foraging and
eating the same food type (species) and item (part of a plant, that
is, coforaging; Rapaport & Brown, 2008; Thornton & Clutton-
Brock, 2011). These behaviours may entail social learning of
long-lasting skills (e.g. where to find food, what to eat and how to
process it) and the acquisition of ephemeral social information (e.
g. ephemeral patch location and patch quality; Bonnie & Earley,
2007; Rieucau & Giraldeau, 2011). Most of these social learning
occurrences may involve ‘simple’ processes, such as local or
stimulus enhancement (that is, the attraction towards the location
or part of an object used by another individual). In addition, social
learning behaviours may encompass different steps of social in-
formation use (Carter et al., 2016), ranging from information
acquisition (observing others, inspecting food and sniffing
mouths) to information exploitation (feeding on food gathered by
others and coforaging). Finally, for social species, particularly those
with extended juvenescence (Jones, 2011; Street et al., 2017), im-
matures' knowledge and skill acquisition involves a combination
of social and individual (asocial) learning, as individuals gather
information and improve their skills through practice and physical
maturation (e.g. motor development and dental eruption; Bray
et al., 2018; Landova et al., 2017).

Immatures’ propensity to learn from others may vary by age
and sex. In most cases, immatures must be nutritionally self-
sufficient by weaning because postweaning provisioning is rare
(Carvajal & Schuppli, 2022). For omnivorous species, the dietary
knowledge to be learned may be vast (Whiten & van de Waal,
2018): for example, yellow baboons, Papio cynocephalus, can
consume more than 250 types of food (Alberts, 2019). Neverthe-
less, adult-level dietary breadth and efficiency for most foods is
reached by weaning (Bray et al., 2018; Schuppli, Forss, Meulman,
Zweifel, Lee, Rukmana, Vogel, van Noordwijk, & van Schaik,
2016). Accordingly, social learning of foraging skills is more com-
mon in infants than in juveniles (orangutans: Mikeliban et al.,
2021; tufted capuchins: Gunst, Boinski, & Fragaszy, 2010; and
meerkats: Thornton & Hodge, 2009). During juvenescence,
learning from others may continue at relatively high levels up to
sexual maturity to include rare foods in the diet and refine certain
foraging skills, such as extractive foraging in banded mongooses,
Mungos mungo (Miller & Cant, 2010), predation in many
mammalian predators (Thornton & Clutton-Brock, 2011) and tool
use in bottlenose dolphins (Sargeant & Mann, 2009). Variation in
social learning may also occur depending on the sex of immatures.
In particular, juvenile females may have greater social learning
opportunities compared with male peers because they are better
integrated in the group’s social network (e.g. killer whales, Orcinus
orca: Weiss et al., 2021; female-philopatric primates: Amici et al.,
2019; Lonsdorf, 2017), which could translate to enhanced social
learning (van Boekholt et al., 2021; meerkats: Hollén & Manser,
2006).

Apart from the individual characteristics that can affect juve-
niles’ tendencies to acquire social information, immatures may
also learn from different demonstrators depending on their age
and sex. The demonstrators from whom immatures learn may
differ on the basis of their spatial associations within their social
group or other characteristics. Young immatures could be con-
strained in their choice of demonstrators by the proximity of close
kin, who provide care and protection (Bateson, 1994; Lehmann
et al.,, 2006). Consequently, immatures learn first from related
individuals who are more frequently in spatial proximity, pri-
marily the mother, and shift towards other group members later
during development (vervet monkeys, Chlorocebus pygerythrus:
Grampp et al., 2019; orangutans: Schuppli, Meulman, et al., 2016;
and bottlenose dolphins: Mann et al., 2007), when they expand
their social network beyond the maternal one (Roatti et al., 2023;
Tsai & Mann, 2013). Independently from spatial proximity, other
characteristics that could affect the suitability of individuals as a
demonstrator may include age, sex, affiliation and social rank
(Lonsdorf & Bonnie, 2010). Older, more experienced individuals
and the philopatric sex may be chosen because of their local
knowledge (white-faced capuchins, Cebus capuchinus: Barrett
et al., 2017; vervet monkeys: van de Waal et al., 2010; and bot-
tlenose dolphins: Mann et al., 2007). Social affiliates, including
close kin, and low-ranking individuals may be targeted because
their tolerance allows for close proximity and, thus, better learning
opportunities (chimpanzees, Pan troglodytes: Watson et al., 2017;
ravens, Corvus corax: Kulahci et al., 2016; and chacma baboons:
Marshall et al., 2015). Conversely, high-ranking individuals may be
preferred as demonstrators because they can access high-quality
food patches (vervet monkeys: Canteloup et al., 2020; chimpan-
zees: Kendal et al., 2015; and chacma baboons: Huchard et al,,
2013).

Immatures' social learning has been relatively understudied in
nontool-using species probably because of the difficulty of
assessing information acquisition in the absence of material ar-
tefacts (Schuppli & van Schaik, 2019; Whiten & van de Waal, 2018).
However, the growing knowledge on behaviours quantitatively
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associated with learning from others (Schuppli, Meulman, et al.,
2016) may allow the exploration of social learning in species with
no material culture (Grampp et al., 2019; Thornton & Hodge,
2009). Considering that the social learning behaviours recorded
were not directly linked to social information acquisition in this
study, the occurrence of these behaviours was referred to as ‘social
learning opportunities’.

In this study, we aimed to understand (1) how social learning
opportunities during foraging change throughout development
in a nontool-using species, the chacma baboon and (2) from
whom immature baboons have greater opportunities to learn
while they forage. A longitudinal approach was adopted in this
study, which allows the detection of developmental trends and
selective social attention at different age stages (Lonsdorf &
Bonnie, 2010; Mesoudi et al., 2016). Baboons are ideal models
to study social learning opportunities because they live in large
social groups (Cheney & Seyfarth, 2007; van Boekholt et al.,
2021), and their ability to learn socially has been confirmed by
experimental studies (Carter & Cowlishaw, 2021; Carter et al.,
2014, 2016). Baboons' multimale and multifemale social groups
are organized into matrilines, that is, social units formed by a
mother and her offspring (van de Waal et al,, 2012). Females are
philopatric, whereas males disperse after sexual maturity
(Cheney & Seyfarth, 2007). Given the broad and opportunistic
diet of baboons, learning from others may be fundamental to
advance immatures' acquisition of an adult-level foraging
competence (Alberts, 2019). Furthermore, identifying constraints
on immature baboons’ social learning opportunities may
contribute to understanding why baboons and similar group-
living, social-learning species show limited evidence of culture
compared with other nonhuman primates (hereafter referred to
as primates; Sapolsky, 2006) despite their propensity to learn
socially (Carter et al., 2014, 2016).

Building on the current literature, two hypotheses on social
learning opportunities during development in baboons were
tested. The first hypothesis (H1) stated that immatures' oppor-
tunities to learn socially change with age and differ by sex. We
had two predictions for H1. Considering that young immatures
need to acquire the necessary dietary knowledge to reach
foraging independence (Carvajal & Schuppli, 2022) and that they
are well tolerated by other group members (Rapaport & Brown,
2008), we predicted that (P1a) social learning opportunities
would increase during infancy and decrease during juvenile
years. We also predicted that (P1b) this decrease would be
greater in males than in females because of their lower sociability
compared with female peers (Lonsdorf, 2017). The second hy-
pothesis (H2) stated that immatures' social learning opportu-
nities would involve different demonstrators depending on their
own age and on the demonstrators' characteristics. We had three
predictions for H2. We predicted that (P2a) immatures' learning
opportunities from individuals in proximity would decrease with
age because these are restricted to relatively more specific
demonstrators when immatures are older (Grampp et al., 2019);
(P2b) immatures' opportunities to learn from older individuals
and the philopatric sex (females in baboons) would be relatively
greater because immatures prefer demonstrators who are
knowledgeable of local resources (Barrett et al., 2017; van de
Waal et al., 2010); (P2c) in chacma baboons' despotic society
(King et al., 2008), immatures' opportunities to learn from
demonstrators tolerant of immatures’ proximity, such as close
kin, grooming affiliates and low- or similarly ranked individuals
(Lonsdorf & Bonnie, 2010), would be relatively greater (King et al.,
2009).

METHODS
Study Site and Species

This research was carried out at the Tsaobis Baboon Project, a
long-term, individual-based study of a wild chacma baboon pop-
ulation (TBP, 2019). Tsaobis is a semidesertic area located on the
edge of the Namib desert, in central Namibia (22°22’ S, 15°44’ E).
The main features of the area are the ephemeral Swakop river and
its tributaries, bordered by dense patches of woodland and sur-
rounded by rocky hills with scarce vegetation (Cowlishaw &
Davies, 1997).

The study population was formed of two troops (J and L) that
range across the Tsaobis Nature Park and the surrounding farm-
land. The troops were habituated to the presence of observers on
foot, and the majority of the individuals were recognizable
through a unique combination of ear marks. Adult females give
birth to an infant approximately every 2 years (Dezeure, Baniel,
Carter, Cowlishaw, Godelle, & Huchard, 2021), and infants of
both sexes are weaned around 12—18 months of age at Tsaobis
(Carboni et al., 2022; Huchard et al., 2013). For the purposes of this
study, individuals aged <5 years were considered immatures, and
those aged <12 months were considered infants (Roatti et al.,
2023). Females undergo menarche around 5 years of age, and
they give birth to their first infant around 6 years old; males
develop secondary sexual characteristics around 6 years of age,
reaching full adult development after approximately 8 years old,
when they typically emigrate (Alberts & Altmann, 1995; Altmann
et al,, 1981; Cheney et al., 2004).

Data Collection and Manipulation

Behavioural observations

Observations were conducted on the two study troops during
two field seasons in 2021 (approximately 6 months) and 2022
(approximately 3 months), totalling 9 months of data collection
over the 2 years (Roatti et al., 2025). Baboons were followed daily
from dawn to dusk while collecting observational data using
CyberTracker (Liebenberg, 2022). A total of 59 and 64 individuals
were included in troop J and 72 and 79 individuals in troop L in
2021 and 2022, respectively (Supplementary material, section 1).
The proportion of recognizable individuals accounted for 1.0 in
2021 and 0.98 in 2022 (across both troops).

Our study focused on 53 immature study subjects (J: 24; L: 29),
born from 38 mothers (0—58 months of age; median = 30 + 33
months). Among these, 37 immatures (J: 15; L: 22) were followed
throughout the study period (in both years). In 2021, the sample
included all the individuals aged <4 years at the start of the field
season plus those born during the field season (34 females and 19
males), of which 23 were infants and 30 were juveniles when they
entered the study. The same individuals were observed in 2022,
except for 16 individuals who were no longer immature (eight),
who had died (four) or were not recognizable when they became
independent from their mother (four). The 2022 sample
comprised 23 females and 14 males, who were all juveniles, but
one of them was infant at the start of the field season.

To test our predictions, four different kinds of behavioural data
were collected (Altmann, 1974): focal observations on the social
behaviours of immatures, ad libitum grooming and dominance
interactions on all troop members, proximity scans on all troop
members and long-term data on age, sex and maternal relatedness
on all troop members. Interaction records included the identity of
the social partners and their directionality (given or received).
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Focal observations consisted of 20 min observations on a specific
focal individual included in the immature study subject sample. To
avoid bias towards the time of the day, observations per individual
were distributed evenly in four daily blocks of ~3 h each: (1) from
dawn until 1000 hours, (2) from 1000 to 1300 hours, (3) from 1300
to 1600 hours and (4) from 1600 h until dusk. In addition, to in-
crease data independence, each individual was observed as a focal
only up to twice per day in two different and nonconsecutive time
blocks (Supplementary material, section 2). Ad libitum grooming
and dominance interactions on all troop members were collected
while moving through the troops as part of other data collection
protocols. This approach minimized the bias towards recording
interactions on the individuals who were easier to find (Carter
et al,, 2016). Proximity scans on all troop members involved
recording the neighbours within 10 m of ‘target’ individuals cho-
sen from a randomized list of all troop members to ensure sam-
pling independence. Individuals who did not have a neighbour
within 10 m were recorded as alone. Target individuals and their
neighbours were not resampled within an hour if appearing again
in a list. During long resting periods when group membership did
not change, observations were ceased until the group moved (and
thus individuals mixed again). Young infants were included in the
list when they could move independently from their mothers since
before that point they share their mothers' networks (Carter et al.,
2016). Details on how these data contributed to the behavioural
variables tested are indicated below (Supplementary material,
section 3).

We adopted a longitudinal approach with repeated measures of
individuals within our sample. We divided the data into three time
periods of approximately 3 months each: two in 2021 (first and
second half of the 6-month field season) and one in 2022. These
time windows were selected because they fitted our data resolu-
tion and could capture developmental changes. Data of individuals
who were present for less than a month in each time period were
removed because these data may not be representative of the
whole time period (Farine & Whitehead, 2015). These individuals
were either born towards the end of a time period (seven), died
(three) or emigrated (one) at the beginning of a time period (social
network and focal data), or they were no longer followed among
immatures (one) because they became adult at the beginning of a
time period (focal data). One adult male emigrated between the
study troops in 2022, and he was present for about half of the time
in each of the two troops. The focal individuals included in a time
period had >7 h of observation in that time period.

Social learning behaviours

During focal observations, the frequency of six behaviours
indicative of social learning was collected during foraging (that is,
feeding or searching for food; Fig. 1), as described in other primate
species: ‘observe feed’, defined as peering for >3 s at another in-
dividual while the latter is foraging (Biro et al., 2003; Schuppli,
Meulman, et al., 2016); ‘inspect food’, defined as manipulating the
food accessed by another individual without eating it (Rapaport &
Brown, 2008; Schiel & Huber, 2006); ‘feed scraps’, defined as
feeding on the scraps dropped by another individual (Ottoni et al.,
2005; Tan et al., 2018); ‘sniff mouth’, defined as smelling the
mouth of another individual (Alberts, 2019; Gunst, Leca, Boinski, &
Fragaszy, 2010); ‘steal food’, defined as grabbing a generally diffi-
cult to gain food item in possession of another individual (Brown
et al.,, 2004; Mikeliban et al., 2021); ‘coforaging’, defined as
joining another individual in the same location and foraging on the
same food type (species) and item (part of a plant, e.g. pod or
berry) as the other individual, within 1 m of the latter (Jaeggi et al.,
2010; O'Mara & Hickey, 2012; see the Electronic Supplementary
Material for a video on social learning behaviours by A. C.).

The first five social learning behaviours (all but coforaging)
were defined as directed (by the immature focal individual) to-
wards one specific individual within a short distance (approxi-
mately 0—3 m). Coforaging could be directed towards more than
one individual because several individuals could be within 1 m of
each other in a patch. The relatively shorter distance threshold of
1 m was selected for coforaging to assess immature’s choice of a
specific place to forage based on the demonstrator’s behaviour and
not to simply reflect the preference in association partners
(Huchard et al., 2013; King et al., 2009).

For most social learning behaviours (all but ‘observe feed’), the
demonstrators could be present during the interaction, or they
could have just left (within approximately 10 s, seen by the
immature before leaving). Considering that chacma baboons live
in a highly hierarchical society (King et al., 2008), recording these
‘delayed’ learning opportunities allowed us to account for in-
stances in which an immature would not approach a more domi-
nant individual or a demonstrator left because a more dominant
immature approached.

The social learning behaviours of immatures were divided into
two categories based on the type of behaviour: (1) coforaging and
(2) other social learning behaviours, including the other five
learning behaviours (see above). Coforaging was more frequent
than all the other learning behaviours combined (proportion of
coforaging = 0.6; other social learning behaviours = 0.4), allowing
for separate analyses. To increase data independence, in each of
these two categories, observations of the same dyad within the
same 30 s were removed. To test our predictions (see below), a
binary variable (0 = absent; 1 = present) describing the presence
of coforaging and the other learning behaviours given by each
immature individual in each focal observation was created. In
addition, in each time period, the proportion of coforaging and the
other learning behaviours directed to each demonstrator chosen
by each immature individual was calculated.

Social networks

Social networks based on proximity and grooming interactions
may provide different information (Castles et al., 2014), and both
networks play a role in quantifying the association between the
immature study subjects and other troop members. Social net-
works were measured at the immature and troop level. Social
networks at the immature level were used to derive proximity and
grooming association values between each immature study sub-
ject and each other troop member through ego-networks (that is,
the vectors that correspond to the square matrix row of each
immature individual; Hobson et al., 2013; Turner et al.,, 2018).
Immatures’ proximity and grooming ego-networks were produced
for each time period within each troop. Both networks were
weighted (that is, the values indicate the presence and strength of
a social connection; Croft et al., 2011), and the grooming network
was directed. For the immatures' proximity ego-networks, the
scan samples performed every 5 min during the continuous focal
observations were used. During focal scans, the identities of all the
neighbours within 5 m of a focal individual and the activity of the
focal individual (that is, forage, groom, nurse, play, rest and travel)
were recorded. To ensure data independence, one scan was
randomly sampled per focal observation. Then, foraging ego-
networks were built from scans when the focal individual was
foraging. A simple ratio index (SRI, that is, the proportion of time
two individuals associated) was used to calculate dyadic weighted
connections through the package ‘asnipe’ (Farine, 2013) and the
function ‘get_network’. This index is recommended only when
individuals can be detected and identified correctly (Hoppitt &
Farine, 2018) as is the case at Tsaobis where group membership
is stable, and visibility is usually excellent due to low vegetation
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Figure 1. Social learning behaviours of wild immature chacma baboons, including (a—e) ‘observe feed’, (f) ‘inspect food’, (g—i) ‘sniff mouth’ and (i—1) ‘coforaging’. Photo: E.

Fernandez-Fueyo (b, d, f, g, i) and V. Roatti (a, ¢, e, h, j—I).

cover. For the immatures' grooming ego-networks, the frequency
of immatures' grooming interactions were recorded during focal
observations and ad libitum. To avoid pseudoreplication, a
grooming dyad was not recorded more than once within the same
half an hour (Carter et al., 2016). Then, the proportion of the total

counts of grooming given and received by a focal individual with
each other troop member was calculated.

Social networks at the troop level were used to derive in-
dividuals' proximity degree, that is, the number of social partners
in the proximity network (Sosa et al., 2021). Troop proximity
networks were produced from the proximity scan data collected
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on all troop members. Network graphs were created from prox-
imity SRI (see above) using the package ‘igraph’ (Csardi & Nepusz,
2006) and the function ‘graph_adjacency’. Then, individuals' de-
gree was derived using the ‘degree’ function from ‘igraph’. To make
values comparable across networks of different sizes, they were
standardized within each time period by mean-centring them
around zero with a SD of one through the function ‘scale’ (Wey
et al., 2008).

Dominance ranks

Dominance behaviours comprised displacements, supplants,
threats, chases and attacks (Huchard & Cowlishaw, 2011). These
behaviours were recorded during focal observations and ad libi-
tum. However, only one dominance interaction was collected to
avoid pseudoreplication, although this interaction involved several
dominance behaviours in sequence (Huchard & Cowlishaw, 2011).
Dominance ranks were determined for each troop member in each
time period using the ‘I & SI' method (Schmid & De Vries, 2013).
This method is suitable for linear dominance hierarchies (de Vries,
1995; Sanchez-Tojar et al., 2018) and is consistent with other

studies on this population (Huchard & Cowlishaw, 2011). Domi-
nance matrices were tested for triangle transitivity, which is a
measure of linearity for large social groups, using the package
‘compete’ (Curley, 2023) and the function ‘ttri’ (1000 permuta-
tions; Shizuka & McDonald, 2012). The resulting matrices were
strongly linear. Ordinal ranks were computed using the function
‘isi13’ from ‘compete’ (500 iterations; Sanchez-Tojar et al., 2018;
Vilette et al., 2020). Infants (<12 months old) were involved in
very few or no dominance interactions; thus, they were excluded
from the rank calculation and assigned one ordinal rank below
their mothers' (Lee & Cowlishaw, 2017). Absolute ranks were
standardized by controlling for group size using the formula 1 —
[(1 =)/ (1 —n)], where ris an individual’s absolute rank, and n is
the group size. Relative ranks range from ‘0’ (lowest) to ‘1’ (high-
est; Baniel et al., 2018).

Individual data

Age, sex and maternal kinship were determined for all troop
members using long-term data. Baboons' ages (in months) were
calculated from known and estimated dates of birth. The first case

Table 1
Models’ summary
Hypothesis Predictions Type Model Fixed Fixed controls Random factors Sample size/  Support
dependent predictors No.
variable observations
H1: Immatures’ P1a: Social learning GLMM 1: Presence/ Pla: Immatures’ Immatures’ 53 immatures Pla: Yes;
social learning  opportunities will binomial (link absence of Immatures' rank; time identities born from 38 P1b: No (immatures'
opportunities increase during infancy ‘logit’). immatures' age, age?; period, troop, nested in the  mothers; age?:sex not
change with age and decrease during coforaging P1b: Age:sex, observation mothers’ 4511 significant).
and differ by sex. juvenile years; given in each  age’:sex, sex. length. identities. observations.
P1b: This decrease will focal
be greater in males observation.
than in females.
2: Presence/ Pla: Partial
absence of (immatures' age? not
immatures’ significant);
other learning P1b: No (immatures’
behaviours age?:sex not
given in each significant).
focal
observation.
H2: Immatures’ P2a: Learning GLMM 3: Proportions P2a: Immatures’ Immatures’ 52 immatures P2a: Yes;
learning opportunities from binomial (link of immatures’ Immatures' rank, total identities born from 37  P2b: Partial (no effect
opportunities demonstrators in ‘logit’) with coforaging age, immature grooming nested in the  mothers; of demonstrators’
from different  proximity will decrease weights given to each —demonstrator amount, degree mothers' 142 sex);
individuals with immatures' age; (counts). demonstrator  dyads’ proximity; identities; demonstrators; P2c: Partial (no effect
depend on their P2b: Immatures will in each time proximity demonstrators’ demonstrators' 1508 of dyads' rank
own age and on prefer demonstrators period. foraging, age: availability identities. observations. difference).
the knowledgeable on local dyads’ (age); time
demonstrators’ resources (older proximity period, troop.
characteristics.  individuals and foraging;
philopatric females); P2b:
P2c: Immatures will Demonstrators'
prefer tolerant age and sex;
demonstrators P2c: Dyads’
(grooming affiliates, grooming
low- or similarly allocation, rank
ranked individuals). difference.

4: Proportions
of immatures’
other learning
behaviours
given to each
demonstrator
in each time
period.

53 immatures
born from 38

P2a: Yes;
P2b: No (no effect of

mothers; demonstrators' age
137 and sex);
demonstrators; P2c: Partial (no effect
991 of dyads' rank

observations. difference).

The summary of the models (1—4) used to test the predictions of hypotheses H1 and H2 includes the type of test used, dependent variable, models' fixed factors (predictors
and controls) and random factors, sample size and number of observations. The last column indicates whether each prediction was supported and, if not or only partially,
how. H1 models (1 and 2) were run as full models, whereas the variables of H2 models (3 and 4) were selected using an information-theoretic approach.
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was applied to births occurring during fieldwork. In the second
case, when births occurred in between field seasons, the dates of
birth were estimated on the basis of (1) the observation of infants’
coloration (Dezeure, Dagorrette, Baniel, Carter, Cowlishaw,
Marshall, Martina, Raby, & Huchard, 2021), (2) possible infants’
conception dates from consortship records (that is, mate-guarding
events at the peak of a female’s fertility; Alberts & Fitzpatrick,
2012) after which a female did not menstruate and assuming a
pregnancy duration of 6 months (Altmann et al., 1978), or (3) for
individuals not observed as infants (eight), dentition (molar
emergence and wear; Huchard et al., 2009). For all individuals, age
was calculated as the number of months at the date midpoint
(median) of each time period. Sex and the identity of an infant’s
mother were assigned when an infant was first identified through
direct observation (nursing). Maternal relatedness for each dyad
was represented by a three-level coefficient: ‘0’ for nonrelatives,
‘0.5’ for mother—offspring dyads and ‘0.25’ for half siblings
(Grampp et al., 2019). Other levels of maternal relatedness were
not considered in this study because the grandmothers' identities
were not available for a part of the individuals.

Data Analyses

Statistical models

Data analyses were performed using R 4.0.3 (R Core Team, 2022)
with a set at 0.05 (Chowdhury & Turin, 2020; Tredennick et al.,
2021). To test our predictions, generalized linear mixed-effect
models (GLMMs) with the function ‘glmer’ from the package
‘Ime4’ were used (Bates et al., 2015). A total of four binomial ‘logit’
models were built (see below and Table 1, including the sample size
and number of observations for each model), which are recom-
mended to fit dependent variables with <2 categories that are bi-
nary (H1) or proportions derived from counts (H2; Douma &
Weedon, 2019). R? values (coefficient of determination) were ob-
tained from the package ‘MuMIn’ (Barton, 2022) and the function ‘r.
squaredGLMM'. Before running the models, we checked for inde-
pendent variables' linear correlations by computing their Pearson’s
correlation coefficients (r; Thomas et al., 2015). Variables with r >
0.5 were not included in the same model (Dormann et al., 2013;
Suzuki et al., 2008; Supplementary material, section 4). In addition,
multicollinearity was assessed after running the models using
variance inflation factors (VIFs) with the package ‘car’ (Fox et al.,
2023) and the function ‘vif. In all cases, VIFs were <3, indicating
low collinearity (Dormann et al., 2013). Under or overdispersion
values were verified using the package ‘DHARMa’ (Hartig, 2022)
and the function ‘testDispersion’. In all cases, significant dispersion
values ranged from 0.7 to 2, indicating a normal degree of variation
for a binomial distribution (Thomas et al., 2015). The overall model
fit was also checked plotting simulated residuals with the function
‘simulateResiduals’ from ‘DHARMa’. When singular fits were ob-
tained, the problematic random factors were initially identified
using the function ‘rePCA’ from ‘lme4’, and then the results were
confirmed by rerunning the models without those random factors
(Burrow & Maerz, 2021; Oberpriller et al., 2022). For each model
variable, the odds ratios (OR) and the 97.5% CIs were obtained. OR
represents the strength of the association between an exposure
(independent variable) and an outcome (dependent variable).
When OR = 1 or CIs cross one, no relationship is found between the
exposure and the outcome (no change); when OR are <1 or >1 (and
CIs do not cross one), the exposure is associated with lower or
higher odds of the outcome, respectively (George et al., 2020;
Szumilas, 2010). The percentage change in OR per unit variation in
an independent variable was expressed as (OR — 1) x 100. In the
presence of an interaction, the main effects were interpreted as
conditional effects (Bauer & Curran, 2005; Brambor et al., 2006).

In all models, we controlled for the following independent
variables: considering that dominance rank may affect the op-
portunities to acquire social information (King et al., 2009;
Marshall et al., 2012), immatures' rank was included as a fixed
factor. To control for differences in food availability between years
and seasons, as well as for differences between the two troops, the
(categorical) time period (‘1° winter 2021; ‘2’ summer 2021; ‘3’
winter 2022) and troop (‘] and ‘L) were included as fixed factors
(<5 levels; Harrison et al., 2018). Our data have repeated measures
from the same individuals through time; thus, the immatures'
identity and the identity of their mothers were included as random
factors. Immatures' identities were nested within their mothers'
identities because maternal behaviour could affect the offspring’s
sociality (Maestripieri, 2018). Other independent variables specific
to each hypothesis were added to test the outlined predictions.
Model selection varied between H1 and H2 depending on the aim
of each hypothesis' test (see below).

Testing H1: Age and sex changes in learning opportunities

Two models were built to test our predictions for hypothesis
H1. The dependent variables included the binary outcome (0/1) of
the presence of either (model 1) coforaging or (model 2) other
social learning behaviours given by each immature in each focal
observation. Considering that most observations had either no
social learning behaviours or one behaviour, we opted for a binary
dependent variable instead of a count (Supplementary material,
section 5). Both models had the same independent variables as
fixed factors. To test for P1a, that is, social learning opportunities
increase during infancy and decrease during juvenile years, im-
matures’ linear age (continuous) and quadratic age (to model a
nonlinear relationship with learning presence) were included as
predictors using orthogonal second-degree polynomials (Thomas
et al., 2015). To test for P1b, that is, the decrease in social
learning opportunities with age will be greater in males than in
females, the interactions between age (linear and quadratic) and
sex (the latter was also added as a main factor) were added as
predictors. Apart from the abovementioned control variables, we
controlled for observation length as a continuous fixed factor.

For H1, we were interested in the effects of specific variables on
social learning opportunities (that is, age, sex and their interaction,
based on our predictions; rank, for its importance to baboon so-
ciety). Thus, ‘full models’ were presented: the models did not
undertake any a posteriori simplification procedure (Chowdhury &
Turin, 2020; Tredennick et al., 2021). The predicted values were
derived using the package ‘ggeffects’ (Liidecke, 2018) and the
function ‘ggpredict’. The differences in OR from one age (tp) to
another (t1) were expressed as increase/decrease percentages us-
ing the formula [(ORt; — ORtp [ ORtp)] x 100. Two age periods were
selected on the basis of the literature: (1) 1 year old, when infant
baboons are weaned or almost weaned (Huchard et al., 2013) but
still spent most of the time with the mother (Altmann, 1980; Roatti
et al., 2023), and (2) 4 years old, when immatures should be fully
foraging competent and have formed their own social relation-
ships (Johnson & Bock, 2004; Roatti et al., 2023). Cls were derived
using the function ‘confint.merMod’ from ‘lme4’ with the ‘Wald’
method.

Testing H2: Demonstrators’ choice

To test our predictions for hypothesis H2, another two models
were built. The dependent variables were (model 3) the proportion
of the number of coforaging events directed by each immature to
each demonstrator in each time period over an immature’s total
coforaging and (model 4) the proportion of the number of other
social learning behaviours directed by each immature to each
demonstrator in each time period over an immature’s total
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number of these learning behaviours. The total counts associated
with these proportions were included as weights (Thomas et al.,
2015). Both models had the same independent variables as fixed
factors. To test for P2a, that is, learning opportunities from in-
dividuals in proximity decreases with immatures' age, the inter-
action between immatures' age and the proximity foraging ego-
network value (SRI) correspondent to the
immature—demonstrator dyad (which were also included as a
main continuous factors) were included as predictors. To test for
P2b, that is, immatures prefer demonstrators who are knowl-
edgeable on local resources, such as older individuals and the
philopatric sex (females), the demonstrators' age (continuous) and
sex were included as predictors. To test for P2c, that is, immatures
prefer tolerant demonstrators, such as close kin, grooming affili-
ates and low- or similarly ranked individuals, a dyad’s grooming
(total) ego-network value (grooming allocation) and their relative
rank difference (4RR = immature’s rank — demonstrator’s rank)
were included as predictors. The latter served to check whether
the rank of the demonstrator tends to be relatively lower (4RR
positive) and for immature—demonstrator rank similarity (4RR
close to zero). For the last prediction (P2c), maternal relatedness
was not included because it was strongly and positively correlated
with the proportion of grooming total (Supplementary material,
section 4), in accordance with the preference of matriline mem-
bers to groom together (Charpentier et al., 2012; Kulik et al., 2015).
Therefore, we prioritized testing for learning from grooming af-
filiates, who include maternal kin and other closely bonded in-
dividuals. However, to control for the importance of within-
matriline bonds, the number of matriline members (that is, the
mother and maternal siblings) per time period was included as a
continuous fixed factor. In addition, we controlled for the
following variables as continuous fixed factors: immatures' total
amount (count) of grooming given and received in each time
period (because the overall grooming effort could influence the
dyadic grooming allocation), immatures' proximity degree in each
time period (because the number of proximity social partners may
affect the dyadic network association) and the proportion of in-
dividuals of a certain age in each troop/time period to control for
demonstrator availability. Finally, the demonstrators' identity was
included as a random factor to control for repeated learning from
the same individuals. Considering that immatures' sex was
correlated with the total amount of grooming (Supplementary
material, section 4), it was not included in the models. Thus, we
ran the models with a full dataset (both sexes, see below) and for
females and males separately to determine potential sex differ-
ences. The results of the sex-separated models were qualitatively
similar to those of the combined-sexes models (Supplementary
material, section 6). Whether our results on coforaging were
affected by circularity was further verified because coforaging is
defined as foraging within 1 m of another individual, and our
coforaging model included a dyad’s foraging proximity among the
predictors. We ran another model substituting foraging proximity
with the proximity outside of a foraging context (that is, during
grooming, playing, resting and travelling). The results of this
alternative model and the main coforaging model were qualita-
tively similar, indicating that circularity was not a concern (Sup-
plementary material, section 8).

For H2, we were interested in finding the ‘best model’ explaining
the distribution of immatures’ social learning opportunities to-
wards different individuals. Considering the great number of fac-
tors potentially involved in explaining immatures' choice of
demonstrators, we needed to select which variables to include in
the final models. Thus, we adopted an information-theoretic
approach (Chowdhury & Turin, 2020; Tredennick et al., 2021)
based on the Akaike’s information criterion (AIC; Anderson et al.,

2000). To compare the effects of different predictors, we first
standardized the models' independent variables with a mean of
zero and SD of 0.5 using the package ‘arm’ (Gelman & Su, 2022) and
the function ‘standardize’. Then, we used the function ‘dredge’ from
‘MuMIn’ to calculate the AICc values (corrected for small sample
size) and weights (that is, models' relative likelihood) for a set of
candidate models (Symonds & Moussalli, 2011; Thomas et al.,
2015). To compare the biologically plausible models (Burnham
et al., 2011), we constrained the model set to include fixed vari-
ables (that is, present in all models) and subset models that
included controls for specific variables. The fixed variables were
immatures' age (to control for the decrease in social learning with
age), adyad’s proximity during foraging (SRI; to test for the effect of
demonstrators' characteristics independently from association
patterns), immatures' proximity degree (the number of partners
being a control for dyads' SRI) and their number of matriline
members (to control for the effect of these bonds on social
learning), time period and troop. We additionally subset models
that included either one of immatures' rank or a dyad’s rank dif-
ference. The two variables could not be present together because
they were correlated with each other (Supplementary material,
section 4), but one of the two needed to be present to control for the
effect ofimmatures' rank on learning opportunities (Marshall et al.,
2012). Finally, we constrained the proportion of individuals of a
certain age and immatures' total grooming amount (controls) to be
present together with demonstrators' age and a dyad’s grooming
proportion, respectively (Supplementary material, section 7). Then,
we selected and averaged the best models, with AAICc < 7
(including those with a sum of weights of <0.95), using the func-
tions ‘get.models’ and ‘model.avg’ from ‘MuMIn’ (Burnham et al.,
2011). We interpreted the results derived from the full average
(that is, an estimate of zero is added in models where a variable is
absent) to determine which factors have the strongest effect on the
proportion of social learning (Grueber et al., 2011). Cls were
calculated using the function ‘confint.default’. We assessed the
relative importance of each independent variable (RVI) by sum-
ming its best models’ Akaike weights. RVI equals to 1 indicates that
the variable is present in all the best models, which explains a large
part of the variance in the dependent variable (Grampp et al., 2019).

Ethical Note

This study was strictly observational and dependent on
behavioural data collected noninvasively on animals well habitu-
ated to human observers. Our research procedures were evaluated
and approved by the Ethics Committee of the Zoological Society of
London and the Ministry of Environment and Tourism, Namibia
(MET Research/Collecting Permits: RPIV00392018). Our study was
conducted in accordance with the ASAB/ABS Guidelines for the
Treatment of Animals in Behavioural Research and Teaching.

RESULTS
Results H1: Age and Sex Changes in Learning Opportunities

To address our first hypothesis, we tested how immatures' so-
cial learning opportunities changed with (P1a) age and (P1b) sex
(Table 2; model 1, coforaging; model 2, other learning behaviours;
see Tables S13 and S14 in supplementary material, section 8, for
the full tables, including control variables). Our first prediction for
H1, Pla, was partially confirmed: coforaging significantly
increased up to weaning age and then decreased during juvenes-
cence (Fig. 2a); by contrast, the other social learning behaviours
significantly and linearly decreased with age, but the quadratic age
effect was not significant (Fig. 2b). Between 1 and 4 years old, the
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Table 2
Models’ results for hypotheses H1 (full models) and H2 (averaged models)

Model Variable Estimate SE z value P OR LCI ucl Percentage change

1 Age immature —11.3419 4.7092 —2.4085 0.016 0.00 0.00 0.46 —100.00
Age:Sex 1.1684 7.4901 0.1560 0.876 3.22 0.00 6.29E + 07 221.69
Age? immature —18.6803 3.9576 —4.7201 <0.001 0.00 0.00 0.00 —100.00
Age?:Sex 6.3010 6.2056 1.0154 0310 545.09 0.00 5.99E + 08 5.44E + 04
Rank immature 0.7648 0.2262 3.3805 <0.001 2.15 1.29 3.57 114.85
Sex immature 0.0116 0.1176 0.0987 0.921 1.01 0.78 1.32 1.17

2 Age immature —16.1940 3.7098 —4.3652 <0.001 0.00 0.00 0.00 —100.00
Age:Sex -11.8188 6.0851 —1.9422 0.052 0.00 0.00 6.17 —100.00
Age? immature —3.9443 3.4911 -1.1298 0.259 0.02 0.00 48.46 —98.06
Age?:Sex 1.6544 5.7195 0.2893 0.772 523 0.00 1.93E + 06 423.00
Rank immature 0.1907 0.1877 1.0159 0310 1.21 0.79 1.84 21.01
Sex immature —-0.0601 0.0932 —0.6456 0.519 0.94 0.76 1.16 -5.84

3 Age demonstrator —0.1238 0.0642 1.9275 0.054 0.88 0.79 0.96 —11.65
Age immature 0.5975 0.0652 9.1520 <0.001 1.82 1.60 2.07 81.75
Age:Proximity —0.5542 0.1050 5.2755 <0.001 0.57 0.47 0.71 —42.55
Groom. Allocation 0.5049 0.0417 12.1068 <0.001 1.66 153 1.80 65.68
Prox. Foraging 0.4776 0.0634 7.5235 <0.001 1.61 142 1.83 61.22
Rank immature —0.2752 0.0661 4.1609 <0.001 0.76 0.67 0.86 —24.06
Sex demonstrator 0.0191 0.0400 0.4759 0.634 1.02 0.95 1.16 1.92

4 Age demonstrator —-0.0059 0.0294 0.1992 0.842 0.99 0.84 1.10 —-0.58
Age immature 0.7488 0.0852 8.7773 <0.001 211 1.79 2.50 11145
Age:Proximity —0.5329 0.1539 3.4580 <0.001 0.59 0.43 0.79 —-41.31
Groom. Allocation 0.6557 0.0519 12.6292 <0.001 1.93 1.74 213 92.64
Prox. Foraging 0.1608 0.1067 1.5049 0.132 1.17 0.95 1.45 17.44
Rank difference —0.0329 0.0580 0.5669 0.571 0.97 0.82 1.07 -3.24
Rank immature —0.0220 0.0527 0.4171 0.677 0.98 0.83 1.09 -2.18
Sex demonstrator 0.0145 0.0489 0.2962 0.767 1.01 0.90 1.23 1.46

The variables of interest shown (depending on the model) include immatures’ linear (H1 and H2) and quadratic (H1) age; immatures' sex (male) and age—sex interactions
(‘’, H1); immatures' rank (H1 and H2); demonstrators' age and sex (male, H2); a (immature—demonstrator) dyad’s grooming (Groom.) allocation; proximity (Prox.) in the
foraging network and rank difference (H2). The estimate, SE, z value, P value, the odds ratios (OR), the lower (LCI) and upper (UCI) 97.5% Cls and the percentage change in the
odds of coforaging (models 1 and 3) and performing other social learning behaviours (models 2 and 4) at the increase of one unit (models 1 and 2) or SD (models 3 and 4) in
the independent variable are shown for each variable/model. The variables that have an effect on the response are shown in boldface.

odds of coforaging decreased by 41.8% and 35.6% in females and
males, respectively; the odds of performing other learning be-
haviours decreased by 41.6% and 58.6% in females and males,
respectively. Our second prediction, P1b, was not supported: the
interactions between age (linear and quadratic) and sex were not
significant in either model. Immature’s rank, which had a signifi-
cant effect only in the coforaging model, was the variable affecting
immatures' odds of coforaging the most, whereas age had the
strongest influence on immatures' odds of performing other
learning behaviours (Supplementary material, section 9). In
particular, high-ranking immatures were relatively more likely to
coforage with others (Fig. 2c): With the increase of one rank po-
sition, the odds of coforaging increased by 114.9%. The raw data
plot of a single social learning behaviour (Fig. 2d) shows that ‘sniff
mouth’ had a similar developmental pattern as coforaging,
increasing up to weaning age before decreasing, whereas all other
behaviours declined throughout immatures' growth. During and
after weaning, the most common behaviour was coforaging, fol-
lowed by ‘observe feed’ and ‘sniff mouth’ at much lower but
roughly equal frequencies.

Results H2: Demonstrators’ Choice

To address our second hypothesis, we tested whether imma-
tures preferred to learn from (P2a) individuals in proximity at
different ages, (P2b) older and philopatric (female) individuals,
(P2c) grooming affiliates and low- or similarly ranked individuals
(Table 2; model 3, coforaging; model 4, other learning behaviours;
see Table S15 in supplementary material, section 8, for the full
tables, including control variables). The best models comprised all
the predictors (that is, all fixed factors that were not already

constrained to appear in all candidate models) except for the rank
difference between the immature and the demonstrator, which
was included in the best models for the other social learning be-
haviours but not in the best models for coforaging. Among the
unconstrained variables, the interaction between immatures' age
and a (immature—demonstrator) dyad’s proximity during foraging
and a dyad’s grooming allocation were present in all of the best
models (RVI = 1), for coforaging and the other learning behaviours,
whereas the immatures' rank was present in all of the best
coforaging (but not the other learning behaviours) models
(Table 3).

The results of the (final) averaged models yielded variable
support to our predictions (Fig. 3). First, our P2a prediction was
confirmed: the odds of coforaging with and performing other
learning behaviours towards individuals in proximity decreased by
42.5% and 41.3%, respectively, with each increase in one SD in
immatures' age (approximately 16 months). In addition, imma-
tures' age had the strongest effect on the odds of learning from a
particular demonstrator in both models. For one SD increase in
immatures' age, the odds of coforaging with and performing other
learning behaviours towards a certain demonstrator increased by
81.8% and 111.5%, respectively. A dyad’s proximity during foraging
had an effect on the immatures' odds of coforaging but not on the
odds of performing other learning behaviours (Cls crossing 1). For
one SD increase in the proximity index (approximately 0.1) be-
tween an immature and a demonstrator, the odds of coforaging
increased by 61.2%. Second, our P2b prediction was partially sup-
ported: a demonstrator’s sex did not affect the immatures' odds of
coforaging or the odds of performing other learning behaviours; a
demonstrator’s age, which was included in most of the best
coforaging models (RVI = 0.9), only affected the immatures' odds
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Figure 2. Significant results of hypothesis H1 models for (a, c) coforaging and (b) other social learning behaviours. The results include immatures' age changes in the odds of (a)
coforaging and (b) performing other social learning behaviours for females (F) and males (M); (c) changes in the odds of coforaging with immatures' rank. Higher odds ratios
indicate a relatively higher likelihood of an event (y-axis variable) to occur. Ribbons represent 97.5% Cls. The last section (d) shows the age changes in learning behaviours
(arranged on the basis of their appearance on the y-axis) from raw data (behaviours summed across focal individuals in each time period). The weaning period is between 12 and

18 months of age.

Table 3
Relative importance of model variables
Model Variable RVI
3 Age demonstrator 0.89
Age immature 1.00
Age:Proximity 1.00
Groom. Allocation 1.00
Prox. foraging 1.00
Rank immature 1.00
Sex demonstrator 0.37
4 Age demonstrator 0.13
Age immature 1.00
Age:Proximity 1.00
Groom. Allocation 1.00
Prox. foraging 1.00
Rank difference 0.54
Rank immature 0.46
Sex demonstrator 0.30

The relative importance of the variables of interest (RVI), including immatures' age
and rank; demonstrators' age and sex (male); a (immature—demonstrator) dyad’s
grooming (Groom.) allocation; proximity (Prox.) in the foraging network and rank
difference, of hypothesis H2 averaged models (model 3: coforaging; model 4: other
social learning behaviours) is presented. The variables present in all best models
(RVI = 1) are shown in boldface.

of coforaging, with an opposite trend compared with what we
predicted. Indeed, the odds of coforaging with a certain demon-
strator decreased by 11.7% with an increase in one SD (approxi-
mately 50 months) in demonstrators’ age. Third, our P2c
prediction was partially supported. As predicted, a dyad’s groom-
ing allocation had an effect on both models: the odds of coforaging
and performing other learning behaviours increased by 65.7% and
92.6%, respectively, with a one SD increase (approximately 0.1) in
grooming allocation. However, a dyad’s rank difference had no
effect in either model, which does not support the second part of
our P2c prediction. Finally, high-ranking immatures were rela-
tively less likely to learn from a specific demonstrator, but rank
had an effect only for the coforaging model: the odds of coforaging
with a certain demonstrator decreased by 24.1% with an increase
in one SD (approximately 0.2) in immature’s rank.

DISCUSSION

In this study, we explored social learning opportunities during
foraging in wild immature chacma baboons. We found that
weaning-age immatures had more opportunities to learn from
others than older ones. In chacma baboons' despotic society, social
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Figure 3. Results of hypothesis H2 averaged models for (a) coforaging and (b) other social learning behaviours. The variables of interest (arranged on the basis of the effect size)
include immatures' age and rank; demonstrators' age and sex (male); a (immature—demonstrator) dyad’s grooming (Groom.) allocation; proximity (Prox.) in the foraging network
and rank difference. The points of the independent variables represent odds ratios, and the whiskers indicate 97.5% Cls. The points have different shapes depending on whether
their Cls overlap with 1 (the odds of learning from a certain demonstrator, that is, the response, do not change when the independent variable increases), they are <1 (the response
decreases when the independent variable increases) or they are >1 (the response increases when the independent variable increases).

affiliation, through spatial proximity and grooming, played an
important role in determining immatures’ social learning oppor-
tunities. Targeting tolerant individuals limited the learning
opportunities of low-ranking immatures more than those of high-
ranking ones. Here, we discussed our results and commented on
the potential implications of the observed patterns on social in-
formation transmission at the group level.

Age Changes in Immatures’ Social Learning Opportunities

We found that the social learning opportunities of immature
baboons heightened around the weaning period but decreased
during the juvenile years. Our results are consistent with the
current literature describing social learning changes during in-
fancy and juvenescence, thereby supporting the hypothesis that
young immatures learn from others more than older ones to reach
foraging independence when they cease to be nursed (Bray et al.,
2018; Carvajal & Schuppli, 2022). Infant baboons start to feed on
solid food when they are around 3 months old (Altmann, 1980) and
are weaned between 12 and 18 months at Tsaobis (Carboni et al.,
2022; Huchard et al., 2013). Accordingly, the odds of coforaging,
which involved the ingestion of solid food, were relatively low for
young infants, but they increased throughout infancy until
weaning age before declining. By contrast, the odds of performing
other social learning behaviours, which mainly represented op-
portunities to collect foraging-related information, were relatively
high from a young age, and they decreased steadily throughout the
immature period. Alternatively, or complementary, explanations
to our results may involve immatures' social connectedness and
social tolerance from other group members rather than social
learning. We discussed our results in light of these two possible
explanations (that is, social learning and other social aspects).
Nevertheless, the weaning-centred timing of baboons’ learning
behaviours indicates that the need of immatures to learn from
others at this transitional time in their lives may not be excluded
as an explanation of the observed patterns (Carvajal & Schuppli,
2022). Indeed, these behaviours were linked to social learning in
numerous studies (Schuppli & van Schaik, 2019; Whiten & van de
Waal, 2018).

In our sample, coforaging and sniffing others’ mouths increased
until weaning and decreased gradually during juvenescence.
Coforaging was the most common learning behaviour, followed by
sniffing others' mouths. The link between coforaging and social
information use (e.g. about patch location and patch quality) has
been supported by a wide range of empirical studies (Rieucau &
Giraldeau, 2011), including on this population (King et al., 2009;
Lee & Cowlishaw, 2017), where the use of social information when
coforaging was confirmed experimentally (Carter et al., 2016; Lee
& Cowlishaw, 2017). In addition, coforaging may aid the acquisi-
tion of a demonstrator’s (e.g. the mother) diet, independently from
encountering a similar food availability (Bornean orangutans:
Jaeggi et al., 2010; ring-tailed lemurs, Lemur catta: O'Mara &
Hickey, 2012). Sniffing others’ mouths is common in baboons
(Alberts, 2019; Cheney & Seyfarth, 2007), and this behaviour may
drive immatures' foraging choices. For example, dogs, Canis fa-
miliars (Lupfer-Johnson & Ross, 2007), and brown rats, Rattus
norvegicus (Galef & Wigmore, 1983), interacting with another in-
dividual who had previously been fed preferred to eat the food
with the same flavour as the one eaten by the first individual.

Immature baboons' observation of others during foraging, the
inspection of food items accessed by others and feeding on food
gained by others decreased gradually during development. The
observation of others during foraging, which can occur while in-
fants are still carried by their mothers, was higher than coforaging
until approximately 3 months of age, when baboons start to feed
on solid food (Altmann, 1980). Instead, the inspection of food items
accessed by others and feeding on food gained by others, in the
form of feeding on scraps or tolerated stealing (Brown et al., 2004),
were relatively uncommon in our study. The observation of others
has been related to how much immatures need to learn: obser-
vation increases with food processing complexity but decreases
with an item’s frequency in the diet and immatures' increasing
foraging competence, thereby increasing access to the same kind
of items or locations, independently from their availability in the
environment (eastern chimpanzees, P. t. schweinfurthii: Lamon
et al.,, 2018; orangutans: Schuppli, Meulman, et al., 2016; and
marsh harriers, Circus aeruginosus: Kitowski, 2009). Inspecting
food manipulated by others rapidly decreased in our study when
infant baboons started coforaging. Given that baboons do not use
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tools for foraging and difficult-to-access foods may be rare in their
diet (Cheney & Seyfarth, 2007) compared with species that regu-
larly process embedded food items (nut-cracking in capuchins:
Ottoni & Izar, 2008; and western chimpanzees, P. t. verus: Biro
et al.,, 2003), infant baboons may be more likely to feed on a
food item than inspect it. For the same reasons, immature baboons
fed on foods already acquired by others only for a small variety of
food types probably because of difficulty in gaining those food
types on their own (Supplementary material, section 10). These
‘food transfers’ have been related to the need of immatures to
learn rather than their nutritional requirements because they
occur mainly when the food is difficult to access, independently
from its quality, decrease with the increase of foraging compe-
tence (eastern chimpanzees: Mikeliban et al., 2021; orangutans:
Jaeggi et al, 2008) and may affect immatures' independent
foraging choices (golden lion tamarins, Leontopithecus rosalia:
Troisi et al., 2021; meerkats: Thornton, 2008).

The age changes in baboons’ social learning behaviours indicate
that immatures' social learning opportunities remained high after
weaning before they gradually decreased. Immature baboons’
learning from others may continue beyond the weaning period to
acquire the species' full dietary repertoire (Carvajal & Schuppli,
2022) and refine their knowledge of the characteristics indi-
cating profitable foraging patches (marsh harriers: Kitowski, 2009;
chacma baboons: Johnson & Bock, 2004). In particular, although
juvenile baboons may have acquired knowledge about the most
common food items before being weaned, because of their broad
and flexible diet, they may encounter rare or seasonal foods for the
first time only during juvenescence (Alberts, 2019). In addition,
our study population’s overall range covers an area of approxi-
mately 20 km?, with seasonal and year-to-year changes in area use
from both troops. Therefore, immatures may still learn about the
location of profitable foraging patches throughout juvenescence.
The relatively lower social learning levels during juvenescence
may foreshadow adults' lower reliance on social information
during foraging compared with immatures, although the use of
social cues to gauge food availability and quality remains an active
strategy throughout the lifespan (Danchin et al., 2004; Thornton &
Clutton-Brock, 2011).

Alternatively, or complimentary, an explanation for the wean-
ing-age—centred patterns of social learning behaviours observed
in this population could be that, at weaning age, individuals
experience social conditions that facilitate learning from others
(van Boekholt et al.,, 2021). Therefore, weaning-age immatures
may perform more social learning behaviours not because they are
actively acquiring, applying and exploiting social information but
because they ‘can’ perform these behaviours based on their young
age. Compared with older juveniles, infants and young juveniles
have more proximity associates (Roatti et al., 2023; Turner et al.,
2025; Vilette et al., 2022) and, hence, more individuals to whom
they direct learning behaviours. However, social connectedness
did not appear to drive the age changes in immatures' social
learning behaviours (Supplementary material, section 11), which
could indicate that younger immatures perform more social
learning behaviours than older ones because of their greater need
to learn. This finding was also supported by our results on the
effects of immatures’ sex and dominance rank. In addition,
considering that younger immatures are granted a higher social
tolerance from other group members (Pereira, 1988b; Tarnaud &
Yamagiwa, 2008), their opportunities to perform some social
learning behaviours may be higher than those of older juveniles.
For example, social tolerance may play an important role in
determining immature baboons' coforaging opportunities because
coforaging requires direct competition for or sharing of a resource,
thereby reducing demonstrators' feeding efficiency (Lee &

Cowlishaw, 2017; Marshall et al., 2015). Consequently, grooming
affiliation with a demonstrator and a younger demonstrator age
(promoting tolerance) could be more important in explaining
immatures' coforaging choices, rather than to whom they direct
other social learning behaviours, which mostly do not involve
direct resource competition. However, grooming affiliation with a
demonstrator and a younger demonstrator age were similarly
important in determining immatures' demonstrator preferences
both for coforaging and for the other learning behaviours. This
finding may indicate that familiarity with a demonstrator, whether
they are grooming partners or individuals of similar age (poten-
tially play partners), may promote social learning in a way that is
not exclusively dependent from social tolerance (Laland, 2004).
For example, deer mice, Peromyscus maniculatus, who previously
observed conspecifics adopting defensive responses to biting flies,
showed increased self-burying, during exposure to inactive biting
flies (mouth removed), when the ‘demonstrators’ observed were
familiar individuals compared with unfamiliar ones (Kavaliers
et al.,, 2005).

Immatures’ Choice of Demonstrators

Three main factors affected immature baboons' demonstrator
preferences: immatures' age, social affiliation with a demonstrator
and demonstrators' age. First, as predicted, learning opportunities
from individuals in proximity decreased with age, independently
from the number of partners with whom immatures associated; as
they aged, immatures’ learning opportunities shifted from a wide
range of individuals to specific demonstrators. Second, as pre-
dicted, immature baboons had relatively more opportunities to
learn from individuals who were closer in their proximity and
grooming networks. Third, contrary to our prediction, immatures
chose young over older, hypothetically more experienced,
demonstrators.

Infants and young juveniles tend to be constrained by the
proximity of caring figures for nurture and agonistic support when
their dominance rank is not yet established (Bateson, 1994;
Holekamp & Smale, 1991). Therefore, infants and young juveniles
may learn from anyone in proximity, which will usually be in-
dividuals from their mother’s network (vervet monkeys: Grampp
et al., 2019; long-tailed macaques, M. fascicularis: Tan et al,
2018), such as maternal kin (Holekamp et al., 1997; Silk et al.,
2010). The tolerance of close kin may allow youngsters to exploit
foraging resources that they could not access on their own
(Chapais & Belisle, 2001; Silk, 2009). For example, juvenile ba-
boons associating with their mother and father feed on relatively
higher quality patches and foods (olive baboons, P. anubis: Lynch
et al,, 2020; chacma baboons: Huchard et al., 2013). Conversely,
older juveniles may actively look for specific demonstrators apart
from their regular foraging associates (vervet monkeys: Grampp
et al,, 2019; bottlenose dolphins: Mann et al., 2007). Because,
compared with younger immatures, older juveniles tend to be less
bonded to maternal kin (Gibson & Mann, 2008; Roatti et al., 2023),
and their proximity may be less tolerated by others (Pereira,
1988a; 1988b), their learning opportunities may be limited to
fewer tolerant demonstrators (Lonsdorf & Bonnie, 2010).

Grooming affiliation was more important than spatial proximity
in determining immatures' choice of demonstrators across age
stages. Immature baboons had relatively more opportunities to
learn from their grooming partners, irrespective of how much
grooming they gave and received. Considering that grooming can
be traded for tolerance by primates living in despotic societies
(Borgeaud & Bshary, 2015; Marshall et al., 2012), sharing strong
grooming bonds may enable immatures to access better learning
and foraging opportunities independently from their kinship and
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dominance relationships (long-tailed macaques: Tan et al., 2018;
tufted capuchins: Coelho et al., 2015). The adult chacma baboons
from our study population coforage with close grooming partners,
regardless of kin bonds (King et al., 2009, 2011); and grooming
affiliation reduces the agonism received by low-ranking baboons
during foraging (Marshall et al., 2015). Concurrently, some
grooming tolerance may derive from nepotism (Chapais & Belisle,
2001; Silk, 2009) because, in matrilineal societies, close maternal
relatives preferentially groom together (Charpentier et al., 2012;
Kulik etal.,2015). Immatures' grooming allocations were positively
correlated with maternal relatedness (Spearman rank correlation:
rs= 0.4, N= 2780, P < 0.001). These results are consistent with the
hypothesis that social tolerance enhances social information
transmission (Bonnie & de Waal, 2006; Pasquaretta et al., 2014),
which was also supported by our findings on demonstrators’ age.

Immature baboons had relatively more opportunities to learn
from other immatures and young sub/adults, independently from
their shared proximity and grooming associations. Considering
that the distribution of the immature—demonstrator age differ-
ences peaked around zero, with most values within a 60-month
age difference (Supplementary material, section 6), the preferred
demonstrators included the younger age classes independently
from their availability in the troop. We expected that, when
gathering social information, immatures would choose older
demonstrators, who are knowledgeable about the local food re-
sources (Lonsdorf & Bonnie, 2010). However, considering that
baboons do not need extensive experience in food processing skills
(Cheney & Seyfarth, 2007), immatures may not target older
demonstrators as in species that regularly extract embedded foods
(long-tailed macaques: Tan et al., 2018; tufted capuchins: Coelho
et al,, 2015). Instead, immatures could choose demonstrators of
their age because they are among their play partners (Cheney,
1978; Owens, 1975) and are, thus, more tolerant towards them
(Shimada & Sueur, 2017). Social play, which, in primates, decreases
with age as grooming increases during the immature years, may
have the same social bonding function as grooming for juveniles
(Shimada & Sueur, 2014, 2017), especially for males (Amici et al.,
2019; Lonsdorf, 2017).

Effects of Immatures’ Sex and Dominance Rank

The sex and dominance rank of immature baboons affected
their social learning opportunities and their choice of demon-
strators. Although all similarly aged immatures may have an equal
need to learn (Carvajal & Schuppli, 2022), sex and rank differences
may translate into greater or fewer social learning opportunities.
However, our results indicate that male and low-ranking imma-
tures at least partially overcome their phenotypical constraints by
being relatively more active in looking for suitable demonstrators,
as they have similar social learning opportunities as their female
and high-ranking peers. First, considering that baboon females
and males are weaned at similar ages at Tsaobis (Carboni et al.,
2022), both sexes may need to collect foraging information at
the same pace to reach independence (Carvajal & Schuppli, 2022).
Although infants of both sexes have a similar social centrality, in
female-philopatric species, juvenile males become relatively less
integrated in the grooming network and less bonded to their
matriline with age (Roatti et al., 2023; Vilette et al., 2022). This
change could limit males' choice of tolerant demonstrators from
grooming affiliates and maternal kin in proximity, thereby
reducing their overall social learning opportunities (Hollén &
Manser, 2006). Compared with females, the amount of groom-
ing males shared with an individual was less important in
determining their social learning opportunities, and the decrease
in learning opportunities from individuals in proximity with age

was more prominent. Nevertheless, the absence of significant sex
differences in immatures’ social learning opportunities in both
models indicates that immature males compensate by looking for
different kinds of tolerant demonstrators. In particular, consid-
ering that juvenile males engage in more social play than female
peers (Amici et al.,, 2019; Lonsdorf, 2017), they may learn rela-
tively more from play partners, who could constitute a source of
affiliates comparable to grooming partners (Shimada & Sueur,
2014, 2017).

Considering the strict hierarchical society of chacma baboons
(King et al., 2008; Silk et al., 2017), dominant immatures may
have better social learning opportunities because of their greater
competitive abilities: they can receive greater agonistic support
(Holekamp et al., 1997; Pereira, 1989), which could work as a
deterrent against them being attacked (Horrocks & Hunte, 1983;
Prud’'Homme & Chapais, 1993). Dominant immatures coforaged
with others more than low-ranking peers, and, independently
from their age and their number of proximity associates, high-
ranking immatures had relatively more coforaging partners.
The advantage of having a high rank was evident only for
coforaging. Unlike the other social learning behaviours, cofor-
aging involves the depletion of another individual’s patch,
leading to agonistic competition (Lee & Cowlishaw, 2017,
Marshall et al., 2012). Given their ‘protected’ social status, high-
ranking immatures may be able to coforage relatively more
opportunistically from any available demonstrator (Chapais,
1988; Markham et al., 2015). Conversely, low-ranking peers
could benefit relatively more from selecting closely bonded
demonstrators, from whom they are less likely to receive ago-
nism during foraging (Borgeaud & Bshary, 2015; Marshall et al.,
2015). In a low-competition scenario (other learning behaviours),
low-ranking immatures could have had similar social learning
opportunities as high-ranking peers by actively searching for
more tolerant demonstrators, but this strategy may have been
insufficient to offset for their lower social status in a high-
competition scenario (coforaging). Similarly, low-ranking
chacma baboons in this population maintained stable foraging
levels in low- but not in high-competition artificial foraging
patches despite their tendency to coforage with grooming affil-
iates in both cases (Marshall et al., 2015).

Our results could have implications on group-level social in-
formation transmission and on the formation of culture in wild
social groups. As mentioned, the high propensity of immatures to
learn from others could play a fundamental role in the spread of
group-level information (Mesoudi et al., 2016). When a behaviour
is acquired by most members of a social group and is maintained
through time, creating a within-group behavioural conformity, it
forms a local culture (Laland & Janik, 2006). However, the presence
of social clusters can limit the spread of social information to the
whole group. For example, in vervet monkeys, immatures pay
more attention to matriline members than to individuals outside
their matriline (Grampp et al., 2019; van de Waal et al., 2014).
Consequently, behaviours conform at the matriline level rather
than at the group level, leading to the formation of ‘matrilineal
cultures’ as opposed to group cultures (van de Waal et al., 2012). In
this baboon population, proximity and grooming associations play
the most important role in determining immatures' social learning
opportunities, indicating that matriline members, who associate
and affiliate together (Holekamp et al., 1997; Silk et al., 2010),
could be important sources of social information. Therefore, the
strong nepotistic biases (Silk et al., 2010) of chacma baboons may
limit the transmission of group-level social information and the
formation of culture, which is traditionally defined as a group-
level phenomenon (Pasquaretta et al., 2014; van de Waal et al.,
2012).
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