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Social Learning of Diet and Foraging Skills by Wild Immature Bornean
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Studies of social learning in the wild are important to complement findings from experiments in
captivity. In this field study, immature Bornean orangutans rarely foraged independently but
consistently followed their mothers’ choices. Their diets were essentially identical to their mothers’
even though not all mothers had the same diet. This suggests vertical transmission of diet by
enhancement. Also, immatures selectively observed their mothers during extractive foraging, which
increased goal-directed practice but not general manipulation of similar objects, suggesting
observational forms of learning of complex skills. Teaching was not observed. These results are
consistent with the reported presence of food traditions and skill cultures in wild orangutans. We
suggest that food traditions can develop wherever association commonly allows for social learning.
However, the capacity for observational learning, and thus more complex culture, is more likely to
evolve among extractive foragers with prolonged association between adults and immatures. Am. J.

Primatol. 72:62-71, 2010.
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INTRODUCTION

Traditions [Perry & Manson, 2003] can be
operationalized as ‘‘behavioral practices that are
inherited over generations through social learning.”
Culture can be defined in different ways [e.g. Galef,
1992; Whiten & van Schaik, 2007] and its presence
has been claimed for several animal taxa, including
bowerbirds [Madden, 2008], cetaceans [Kritzen
et al., 2005] and nonhuman primates [Perry &
Manson, 2003; van Schaik et al., 2003a; Whiten et al.,
1999]. As these claims were based on comparisons of
behavioral repertoires between populations while
ruling out ecological or genetic factors to explain the
differences, we need more direct evidence for social
learning in the wild to support claims of culture
[Laland & dJanik, 2006; van Schaik, 2009]. In the
following we adopt social learning definitions as in
Whiten [2000]. Convincing evidence for social learn-
ing in the wild has been provided by some cleverly
designed field experiments [Biro et al., 2003; Reader
et al., 2003], but many field studies must rely on
purely observational data. How then can social
learning be inferred in observational field studies?

Many young animals faced with the challenge of
finding food may use social information to optimize
their foraging and to avoid potential costs of
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individual exploration [Galef & Giraldeau, 2001].
Simple social learning mechanisms such as local or
stimulus enhancement (together: enhancement) are
widespread in the animal kingdom and generally
suffice to explain most instances of social acquisition
of diet in nature [ibid.]. For such information
transfer to work, immatures merely need to closely
associate with experienced conspecifics during fora-
ging, that is “co-forage’ [Rapaport & Brown, 2008].
Thus, local enhancement leads to discovery of the
same food patches (tree species) and stimulus
enhancement to the same items (fruits, leaves)
within a patch. In observational field studies,
enhancement can be inferred when individuals
acquire similar diets as the ones they associate with
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during foraging [Agostini & Visalberghi, 2005; Schiel
& Huber, 2006; Tarnaud, 2004]. If these differ from
the diets of other conspecifics for nonecological
reasons, they may be called food traditions.

Enhancement allows naive individuals to learn
where or what to eat, but not necessarily how [but
see Terkel, 1996]. Thus, it may not suffice in species
characterized by cognitively demanding foraging
skills not easily discovered individually. Infants
may acquire information about difficult-to-process
food items through food transfer [Brown et al., 2004].
Furthermore, they may acquire difficult skills, such
as tool use, in part through observational learning.
Field observations of tool-use development among
chimpanzees and capuchins have stressed the
importance of observing skilled individuals [Biro
et al., 2003; Lonsdorf et al., 2004; Ottoni et al., 2005].
Careful lab experiments, such as those using appa-
ratuses with two distinct solutions and models
trained on only one, have confirmed that observa-
tional forms of social learning (imitation or emula-
tion) are involved in faithful skill transmission
[Dindo et al., 2008; Whiten et al., 2004, 2007]. It is
reasonable to assume that similar mechanisms may
be at work in the wild for cognitively demanding
foraging skills. In observational field studies, their
presence could be inferred using two criteria: (1)
selective observation of a model for those tasks that
are difficult to acquire by individual learning and (2)
subsequent goal-directed practice of the same task,
using information gained from observation in a way
that cannot be explained by enhancement.

The most cognitively demanding foraging tasks
may not be acquirable without teaching [Boesch,
1991] and we therefore also looked for behavior
fitting the operational definition of teaching among
nonhuman animals [Caro & Hauser, 1992].

In this study, we tried to infer the learning
mechanisms involved in the acquisition of diet (what
to eat?) and foraging skills (how to eat?) by immature
Bornean orangutans (Pongo pygmaeus wurmbii).
Orangutans have been suggested to have cultures
[van Schaik et al., 2003a] and are well suited for a
developmental study of social learning for several
reasons. First, immatures spend years in -close
association with the mother, even after they begin
to move independently at around age three [van
Adrichem et al., 2006; van Noordwijk et al., 2009;
van Noordwijk & van Schaik, 2005]. Thus, imma-
tures have ample opportunity to learn vertically by
enhancement due to the extremely slow life history
[Wich et al., 2004] but, at least in Borneo, little or no
opportunity to learn from other models due to the
semi-solitary life style (<5% association for mothers
at Tuanan: van Noordwijk, unpubl. data). Second,
orangutans occupy a cognitively demanding foraging
niche, including many difficult-to-process items
and in some populations tool use [Jaeggi et al.,
2008; Russon, 2002; van Schaik et al., 1996], the
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acquisition of which may require more sophisticated
learning mechanisms such as imitation [Russon &
Galdikas, 1993].

In sum, we infer (1) social transmission of diet
(what to eat) by enhancement, if immatures (a) co-
forage with their mothers rather than indepen-
dently, (b) rarely try novel foods, and (c) eat the
same food items as their mothers even though the
mothers’ diets may differ for no ecological reason,
indicating that other food is available. Furthermore,
we infer (2) observational learning of foraging skills
(how to eat), if immatures (a) selectively observe the
mother during difficult tasks and (b) subsequently
practice these skills in a goal-directed way, thus
ruling out enhancement. Finally, we predict that (3)
teaching will be restricted to the most difficult skills.

METHODS
Subjects and Data Collection

This study was conducted at the Tuanan field
station (2°09’S, 114°26'E) in the Mawas Reserve,
Central Kalimantan, Indonesia [van Schaik et al.,
2005]. Focal animals were followed from their
morning to their night nest for at most 10 con-
secutive days. Offspring ages were estimated at the
onset of continuous research in 2003 based on body
size and locomotor skills and subsequently fine-
tuned by using time series of photographs. One
offspring, KON, was weaned shortly before the start
of this study. The activity of both mother and
offspring was recorded instantaneously every 2 min
[Martin & Bateson, 1993] using a standardized
protocol (www.aim.uzh.ch/orangutannetwork.html).
All social interactions were carefully described in the
field and later coded for analysis by A. J. Detailed
observations on rates of food interactions, that is
solicitation and watching, were made from March to
September 2005 totaling 1145 observation hours [see
Jaeggi et al., 2008 for solicitation and sharing rates].
In addition, data collected in 2006 were used for co-
foraging patterns, including one more subject born
February 10, 2006 and totaling another 813hr of
observation (see Table I). Observers were students
from the universities of Jakarta (UNAS), Utrecht
and Zurich as well as trained local assistants. On any
given follow at least two observers were present.
Jaeggi et al. [2008] provide details on inter-observer
reliability.

Definitions

A feeding bout is continuous feeding on the same
item in the same patch. Different items (fruits,
flowers, leaves, etc.) of the same plant species were
counted as distinct food items. Following Parker and
Gibson [1977], items were divided into embedded
and nonembedded food. Embedded items are pith,
inner bark (phloem and cambium), social insects
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TABLE I. Details on Subjects and Observation Times

2005 2006
Mother Offspring (Est.) Birth® Days Hours FBsP Days Hours FBs
JUN JIP, m February 10, 2006 13 124 284
JIN JER, m 12003 35 339 516 15 225 394
SUM SUS, f IT 2002 14 236 216 14 152 261
MIN MIL, f IT 2001 26 345 571 16 175 326
KER KON, f IT 1999 22 225 640 13 137 371
Total 97 1145 1943 71 813 1636

AT: first half of year; II: second half of year.
PFBs: Feeding bouts.

(ants, bees, termites) in nests and seeds of those
fruits that require additional processing after open-
ing the shell. Nonembedded items are all other fruits,
flowers and leaves. Food items were divided into high
or low quality and difficult or easy as in Jaeggi et al.
[2008]. Food solicitation is any attempt by the infant
to take food from the mother. Watching was recorded
whenever the offspring looked at the mother from
close distance (<2m) for at least 5sec, without
soliciting food, while the mother was feeding, that is
procuring, processing or eating food. Trying of food
refers to feeding attempts on novel items without
ingestion. An item was considered novel if it was
never recorded as eaten before and an item was
considered part of an individual’s diet if it was eaten
on more than one occasion or during more than one
2-minute scan [Bastian et al., 2009]. Practice is a
goal-directed but unsuccessful attempt at procuring
or processing an item. Object play, on the other hand,
is playful handling of any object without apparent
feeding purpose. Co-foraging is feeding in the same
patch and on the same item. Teaching was defined as
by Caro and Hauser [1992].

Analysis

Diet and home-range overlap

All food items eaten in the period from March to
September 2005 for more than two 2-minute scans
were compared. Items eaten by only one individual
were still counted as eaten by both if the other had
eaten it before the study period. The overlap was
calculated as the percentage of items eaten by both
from among all items eaten by the two combined. The
mean (4+SD) number of days between follows on
different females in the study period was 9.9 (+10.3)
days. As an indicator of similar food availability we
used the core home-range overlap of the females,
defined as the area in which they spent 50% of their
time, calculated using digitized 30-minute records of
each focal animal’s location with ArcView 9.x by
Wartmann [2008]. The mean core home-range over-
lap was 15.5% (+6.3). In addition, for the two females
with the most overlapping core area (JIN and SUM,
25.1%) diet overlap was calculated again using
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stricter criteria: To control for (1) temporal variation
in food availability, follows in a calendar month
during which the other mother was not sampled were
excluded; and to control for (2) spatial variation in
food availability, only follows were included when
they ranged within 200 m of the other’s location in
the same month. Thus, 20 and 17 follow days,
respectively, were used. The mean number of days
between follows on these two mothers thus compared
was 9.3 (+4.4) days. Hence, the same food items were
potentially available to these females.

Diet overlap was compared using Mann-
Whitney U tests in SPSS 17.0. P-values are two
tailed unless otherwise indicated. Exact P-values are
reported to avoid incorrect values for small sample
sizes [Mundry & Fischer, 1998]. A hierarchical
cluster analysis on diet similarity was performed
on 85 food items eaten by at least one individual
using the complete agglomerative nesting method
with manhattan metric in the ‘“cluster” package
[Maechler et al., 2005] for R 2.9.0. [2009].

Watching rates

Watching rates were calculated for each food item
eaten by a female as the proportion of maternal feeding
bouts in which watching by the offspring occurred at
least once. We also calculated a stricter watching rate,
excluding the possibility that watching was related to
food solicitation, as the proportion of maternal feeding
bouts in which watching but no food solicitation
occurred. The influence of the factors “embedded/
nonembedded,” “high/low quality” and ‘“difficult/easy”
on watching rates was analyzed by fitting generalized
linear mixed effect models [GLMM'’s, Bolker et al.,
20091, with quasi-binomial error distribution and logit
link function using the LME4 package [Bates et al.,
2008] for R 2.9.0 [2009]. Average feeding bout lengths
(£SD) were not significantly different neither for
embedded vs. nonembedded items (13.14+12.2 wvs.
15.9417.6 min, tg93 = —0.69, P = 0.49) nor for difficult
vs. easy items (17.7+18.5 vs. 13.7+17.6, #,83=1.57,
P=0.12), thus allowing for equal watching opp-
ortunities. Lengths did differ though for high- wvs.
low-quality items (18.64+18.4 vs. 7.6+9.7, tg93 = 4.25,



P <0.001), suggesting that higher watching rates for
high-quality items may simply be due to longer
opportunities for watching. GLMM’s were weighted
by the total number of feeding bouts on each food
item to control for sampling bias and subject ID was
included as a random factor to control for variation
among the immatures. Different GLMM’s were fitted
using each of the three factors separately or in any
combination, with or without interaction effects. No
interaction effect could be modeled for embed-
dedx*difficult, because embedded was almost a subset
of difficult. The different GLMM’s were then
compared for the amount of variance explained
to select the model with the best fit to the
data [Crawley, 2005; McCullagh & Nelder, 1989].
F-statistics and P-values from GLMM’s were calcu-
lated following Faraway [2006 and changes thereto].

Practice and object play

The distribution of practice and object play with
dead wood by two immatures within the three time
periods 1hr before the start of termite feeding, 1 hr
after this, and all remaining observation time was
compared using 3> “goodness of fit”’ tests. We tested
for the contingency of practice and object play,
respectively, on watching or food solicitation during
the previous feeding bout, by comparing their
frequency after feeding bouts with interactions to
feeding bout without interactions using the same
tests. As the numbers for this analysis were very
small, we report the corrected y? value and the
cumulative estimated P-value after a Monte Carlo
Simulation with 10 000 random samples.

This research adhered to the legal requirements
of Indonesia and was approved by the Indonesian
Institute of Science (LIPI).

Results
Social Transmission of Diet (What to Eat)

Co-foraging

Immatures up to weaning age co-foraged with
their mother in the great majority, about 90%, of
their feeding bouts, and only rarely foraged inde-
pendently (Fig. 1). In contrast, the one weaned
subject foraged more independently, but still largely
on the same food items. Hence 94% of the unweaned
offspring’s feeding time (425hr) was when the
mother was also feeding, and to over 96% on the
same food items. Thus, infants up to at least 4 years
of age in this population foraged mostly together
with the mother and only the one weaned immature
foraged more independently.

Independent exploration

Offspring ate an average of 3.5 food items that
were not recorded to be eaten by their mothers, that
is 5.9% of their dietary repertoire. However, there
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Fig. 1. The percentage of feeding bouts by the offspring that
were co-foraged, that is feeding in the same patch as the mother,
ranked in order of (estimated) age. Boxplots represent the
median and quartiles. Age classes 2 and 3 include two and three
subjects, respectively, whereas all other age classes include only
one subject each (see Table I). Based on a total of 3,579 feeding
bouts with full follow days as units (n = 168).

were only 18 feeding bouts on such items, as
compared with 1925 feeding bouts on food items
that were also eaten by the respective mother, that is
less than 1% of the offspring’s feeding bouts or 0.5%
of their total feeding time (634 hr). In addition, all
offspring combined tried novel food 10 times, but
none of these food items were ever fully eaten, tried
again or consequently included in any offspring’s
diet. Hence, it seems that items not eaten by the
mothers are hardly ever eaten, and individual
exploration rarely involved trying novel food.

Diet composition

High diet overlap between mother—offspring
pairs could reflect social learning, if other food was
potentially available. To test the latter, we compared
diet overlap among mothers with their home-range
overlap. If diet overlap among mothers was indepen-
dent of home-range overlap this suggests differential
selection among all potentially available food items,
despite similar availability. Furthermore, diet over-
lap among mothers could also reflect (past or
present) opportunities for social learning, if it is
related to association patterns. For this purpose, we
used a natural transplantation experiment: the
female SUM moved to the study site after most of
her former home range had been lost to forest fires.
She never associated with the other ‘resident”
females, despite sharing increasing parts of her
home range with them. On the other hand, the
resident females are known to be maternal relatives
(Arora, in preparation) and regularly associated.
Hence, we expected differences in diet between the
cluster of resident females and SUM.
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On average 55.5 items were eaten by both
mother and offspring in this period, whereas 3 and
3.5 items were eaten only by the mother or only the
offspring, respectively. Hence the overlap between
mother and offspring averaged 89.5%+2.9 SD
(Fig. 2), significantly higher than the average overlap
among the mothers (77.6% + 7.4 SD, Mann-Whitney
U test: ny =4, ng=6, Z=2.56, P=0.01). Diet over-
lap among mothers was not significantly correlated
with core home-range overlap (Spearman’s r; = 0.66,
N=6, P=0.16). Likewise, diet overlap among
immatures was not significantly correlated with core
home-range overlap of the mothers (r; = 0.14, N = 6,
P=0.79).

As expected, all females showed the lowest
overlap with SUM (mean involving SUM =
71.0% +2.0 SD, mean among resident females =
84.2%+0.5 SD, MWU: n;=3, n.=3, Z=1.96,
P=0.05 (one tailed), Fig. 2), and all immatures
showed the lowest overlap with SUM’s daughter SUS
(561.8%+1.2 SD vs. 84.3%+2.1 SD, MWU: n, =3,
ng=3, Z=1.96, P=0.05 (one tailed), Fig. 2), even
though there was no part of SUM’s home range that
was not used by other females during the period
considered here. This result is robust, because the
diet overlap between SUM and JIN (who had the
highest core home-range overlap) measured when
they foraged in the same area in the same period,
was still lower than that among all the other females
(79.2 vs. 84.2%+0.5 SD). Furthermore, a hierarch-
ical cluster analysis of diet composition confirmed
that SUM and SUS cluster on their own, whereas the
residents cluster together. The height difference
between the ‘“‘resident’” and ‘“‘immigrant” clusters
was more than half of the total tree height. Among
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Fig. 2. Diet overlaps (+SD) between mothers and offspring, the
three ‘“‘resident females’ belonging to the same matriline, their
offspring (“resident immatures’), the “immigrant’ female SUM
and the resident females and SUM’s daughter SUS and the
resident immatures. Clearly, all offspring followed their
mothers’ choices, whereas SUM ate different food items than
the other females and her daughter SUS ate different food items
than the other immatures. SUM originally came from a different
area and never associated with the resident females.
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the residents, mother—offspring pairs cluster to-
gether, with the exception of JIN and JER. On
average, items eaten by one female but not another
accounted for 2.29+2.5% of the total feeding time.
This percentage was significantly higher for dyads
including SUM (3.9+42.6%) than among the resident
females (0.66 +0.66%; t19 = 2.94, P<0.05).

These results suggest that (i) offspring inherited
the diet of their mothers through social learning
because the mothers’ diets did not include all
potential food items, and that (ii) diet overlap among
mothers also reflect opportunities for social learning,
as shown by the natural transplantation experiment
of the immigrant SUM.

Observational Learning of Extractive
Foraging (How to Eat)

Selective observation

There were 65 instances of watching on 16
different food items. The GLMM explaining most of
the variance in watching rates was the full model,
including all three factors. However, the factor
embedded/nonembedded alone explained most of
the variance (Fq g00=481.1, P<0.001, Fig. 3).
The interaction effect of embedded*high (¥ 900 =
45.27, P<0.001) as well as the factors high/low
quality (Fy 990 =43.18, P<0.001) and difficult/easy
(F1,200 = 5.96, P<0.05) also had significant but much
smaller influences. The random factor individual had
zero variance, indicating that all immatures behaved
in the same way. Running the same model again but
using the stricter definition of watching rate
(excluding bouts with food solicitation) yielded the
same results (embedded: Fp 500 =404.3, P<0.001;
high quality: Fy 900=119.2, P<0.001; embed-
dedsxhigh quality: F 200 =73.7, P<0.001; difficult:
Fy 900="1.1,P<0.01). As embedded had such a major
influence and the factors were not entirely indepen-
dent, the significance of the other factors could just
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Fig. 3. Mean watching rates (+SEM) for embedded/non-
embedded, (nonembedded) difficult/easy as well as (non-
embedded) high-/low-quality food items. Watching rates were
calculated as the percentage of feeding bouts by the mother
during which the offspring closely observed the mother without
soliciting food. Watching rates were significantly higher for
embedded items, but not for (nonembedded) difficult or high-
quality food.



be driven by embedded-difficult and embedded-
high-quality items. Hence, we fitted another model
with difficult/easy and high/low quality as factors
including only nonembedded items (Fig. 3). In this
model, difficulty still had a significant influence on
watching rates (Fq 165 = 15.7, P<0.001), but neither
quality (Fy 165 =0.15, P=0.7) nor the interaction
difficulty*quality (F1,165=0, P=1) did. If these
nonsignificant factors are further removed from the
model, the effect of difficulty also disappeared
(1,167 =0.17, P =0.7). The same results were found
using the stricter definition of watching rates (Model
with both factors: difficulty: Fy 165 = 11.7, P<0.001,;
quality: Fy 165 =0.01, P=0.9; difficulty*quality:
Fy 165 =0, P =1; Model with only difficulty: F1 167 =0,
P=1).

Practice

Orangutans at Tuanan eat termites out of nests
hidden in dead wood by biting it open and sucking
them out. Even adults have difficulties locating such
nests and immatures sometimes practiced this
foraging method by biting open dead wood and
looking at the opened patches just as if foraging for
termites. Playing with dead wood on the other hand
did not involve such goal-directed behavior. We
compared the occurrence of practice and object play
throughout the day and in particular in the 1-hour
period before and after the start of a mother’s
feeding bout on termites (IN = 80). We propose that
(i) if the behaviors are equally distributed, they
are not related to external stimuli, (ii) if they are
restricted to the termite foraging context, they are
related to environmental stimuli such as availability
of dead wood, @ii) if they are increased after
the mother’s termite foraging they are enhanced
by social stimuli (stimulus enhancement), (iv) if
goal-directed practice is increased more than non-
functional playing by these social stimuli, then
observational forms of learning could be responsible,
in particular (v) if goal-directed practice is contin-
gent on previous interactions such as watching and/
or food solicitation, but playing is not.

There were 19 well-described cases of “‘termite
foraging practice” by two different immatures, JER
and MIL. Three observations of practice fell into the
1-hour period before the start of a mother’s feeding
bout on termites (i.e. 3 in 80hr), 13 into the period
afterwards (13/80hr) and three fell outside both of
these periods (3/5624 hr). This distribution was not
different for the two immatures (Fisher’s exact
probability: P = 1.0), hence the data were pooled. (i)
Practice was distributed significantly differently
than expected by chance throughout the observation
time (Goodness of fit: y%=61.7, df =2, P<0.0001,
Fig. 4), suggesting the possibility of environmental
and social effects. In particular, (ii) both the amount
of practice within 1hr after termite feeding and 1 hr
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Fig. 4. Rates of termite foraging practice per hour, for the time
periods within one hour before (‘“1hr before’”’) and one hour
after the start of a mother’s feeding bout on termites (‘1 hr
after’’) as well as during the rest of the observation time
(“rest”’). The dashed line represents the average rate per hour.
The increase after a mother’s feeding bout suggests a social
effect on practice. ***=P<0.001, * =P <0.05.

before termite feeding were significantly different
from the rest of the observation period (%= 58.58,
df =1, P<0.0001; y®>=4.17, df = 1, P<0.05, Fig. 4),
suggesting some environmental effect. Furthermore,
(iii/iv) practice occurred significantly more often
within 1hr after the start of a maternal feeding
bout on termites compared with 1hr before
(x2=6.25,df = 1, P<0.05, Fig. 4), suggesting a social
effect. Finally, (v) was this increase contingent on
interactions during the previous feeding bout? For
one immature, JER, there was a clear trend in that
all instances of practice occurred after feeding bouts
with interactions (Interaction Bout “IB’’) and none
after feeding bouts without interactions (“NIB”): 7
vs. 0, 18 IB, 9 NIB, “Goodness of fit”’: corrected
y?=2.16, cumulative estimated probability after
10,000 random samples P=0.1. This trend is
consistent with observational learning. For the other
immature MIL there was no such trend (4 vs. 2, 33
IB, 20 NIB, y>=0, P=1).

There were 56 cases of playing with dead wood
by the same subjects, 5 and 10 of which, respectively,
fell into the period 1hr before and after a termite
feeding bout, whereas 41 fell outside both of these
periods (5/80, 10/80, 41/524 hr). Again, the distribu-
tion was not different for the two immatures
(Fisher’s test: P=1.0), allowing data to be pooled.
(i) Playing was not distributed differently than
expected throughout the observation time
(x*=2.27, df =2, P=0.32), suggesting no relation
to external stimuli. There was (ii) no significant
difference between 1hr after and 1lhr before a
feeding bout compared with the rest of the observa-
tion period, respectively, (x> = 1.29, df=1, P = 0.26;
2= 0.07, df =1, P=0.79), suggesting no environ-
mental effect and (iii/iv) no significant increase in
object play within 1hr after the start of a maternal
feeding bout compared with 1hr before (x?=1.67,
df =1, P = 0.3), suggesting no social effect. (v) playing
after termite feeding bouts was not contingent on
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previous interactions for one immature (JER 3 vs. 1,
18 IB, 9 NIB, =0, P=1) and there was even a
trend in the opposite direction for the other (MIL 1
vs. 5, 33 IB, 20 NIB, 3?=3.56, P=0.09). This
suggests that general handling of dead wood was
not increased by observation, or even decreased.

Thus, (i) practice but not playing seemed related
to external stimuli, in particular (ii) environmental
and (iii) social ones. Furthermore, (iv) goal-directed
practice was increased more than nonfunctional
playing by social stimuli, indicating that observa-
tional learning may have focused the immatures
learning attempts to the relevant tasks. Finally, (v) a
contingency on previous interactions such as watch-
ing and/or food solicitation could be shown for one
immature.

Teaching

We found no evidence of either (i) opportunity
teaching, (i) coaching or (iii) active teaching as
mothers (i) never changed their own behavior in
order to put their offspring in a position to learn, (ii)
neither discouraged nor encouraged intake of food
and (iii) never actively assisted their offspring’s
feeding attempts in any way.

DISCUSSION

We evaluated a number of predictions to test
whether immature orangutans acquired feeding-
related knowledge by learning socially from the
mother or independently, and whether observational
forms of learning were involved in the acquisition of
cognitively more demanding foraging skills. Un-
weaned immatures mainly co-foraged with their
mothers, spending the vast majority of their feeding
time near their mother, rather than alone (Fig. 1).
The drastic decline in co-foraging for the one weaned
subject may be explained by the fact that the mother
was being consorted by males during most of the
study period and that there were signs of parent—
offspring conflict, both of which led to increased
distance between the two [Jaeggi et al., 2008].
However, the offspring still ate largely the same
items, following the mother to food sources and diet
overlap only slightly decreased over time [Latscha,
2008]. Immatures did eat a few items not eaten by
their mothers, but such sampling of novel foods was
rare and seldom repeated. Similar to some other
primates [Krakauer & van Schaik, 2005; Ueno &
Matsuzawa, 2005; Voelkl et al.,, 2006], immatures
referred to the mother before ingesting novel food
items, even if they were easily processed and readily
available (e.g. MIL watching and soliciting from MIN
eating flowers of Garcinia bancana). This indicates
that immatures mainly relied on the mother to find
and identify edible food items, if they could.

The immatures’ dietary repertoire was essen-
tially identical to their mothers’, whereas the diets of
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adult females differed significantly (Fig. 2). However,
diet overlap among females was not related to similar
food availability, as it did not correlate significantly
with core home-range overlap. Instead, the natural
transplantation experiment of the immigrant SUM
showed that diet selection varies according to the
predicted patterns of different (geographical and
genetic) origin and (past and present) association.
SUM clearly had a different diet from all other
females, even though her home range lay within the
others’ ranges, and even when she foraged in the
same area at the same time. SUM’s daughter SUS
also clearly had a different diet from all other
immatures, thus indicating that she had inherited
the “foreign’ diet of her mother. This pattern was
confirmed by a hierarchical cluster analysis. In sum,
immatures mainly co-foraged with their mother and
ate the same food items, even though other edible
items were available, suggesting vertical transmis-
sion of food knowledge by social learning.

Cognitively more demanding foraging skills may
have to be acquired by other forms of social learning
and subsequent practice. All immatures observed the
mother more often when processing embedded food
(Fig. 3). Watching rates were comparable to those
reported for Coula nut cracking among Tai chim-
panzees for similarly aged offspring [Boesch &
Boesch-Achermann, 2000]. Embedded food items
require extractive processing and may be hard to
find (insects), seemingly unpalatable (some fruits)
and/or not easily recognizable as food (inner bark,
pith). Thus, repeated observation may be necessary
to learn how to recognize and process such food
items. Despite the significant interaction with food
quality, observation was not related to food solicita-
tion, as the results did not differ when bouts with
food solicitations were excluded. Other difficult items
such as tough-shelled fruits only rarely increased
visual attention (Fig. 3), which can be explained by
the fact that they were hard for immatures to open
for lack of strength, but in principle simple to
recognize and to process. Thus observation seems
to be specific to those food items that are hard to find
and require extractive processing, that is those skills
that are not easily learned independently.

To test whether immatures put the information
gained from social stimuli into practice, we compared
the occurrence of termite foraging practice and
playing with dead wood. Exposure to the mother’s
termite foraging significantly increased the imma-
tures’ goal-directed practice of the same task (Fig. 4),
but not general manipulation of similar objects, that
is playing with dead wood. The slight increase in
playing, which may become significant in a larger
sample, indicates that stimulus enhancement may
explain some of this increase. However, the fact that
goal-directed practice was increased more than
nonfunctional playing hints at observational forms
of learning, allowing the offspring to focus their



attempts on the relevant tasks. A contingency of
practice on watching and/or food solicitation during
the previous feeding bout could be shown for one
immature. Although these results have to be inter-
preted with caution due to the small number of
observations, they are consistent with observational
learning. Furthermore, the same selectivity of
watching and a contingency of practice on previous
watching has now been demonstrated in another
population [Forss, 2009]. In sum, the combined
evidence of selective watching and subsequent goal-
directed practice, possibly contingent on previous
social interactions, suggests observational forms of
learning beyond enhancement for some extractive
foraging skills.

Teaching was never observed in over 1,000
observation hours, suggesting that mothers only
rarely, if ever actively support their offspring’s
learning in the context of food selection or foraging
skills in this population. This is consistent with
studies on skill development in chimpanzees, which
mostly report a passive role of the mother [Hirata &
Celli, 2003; Lonsdorf, 2006; Matsuzawa et al., 2001].
Only the most difficult or dangerous skills may
require some teaching [Boesch, 1991; Humle, 2009].

Our results necessarily suffer from the con-
straints of small sample size but are nonetheless
consistent with other work. Rijksen [1978] showed
that adult orangutans were novelty averse and only
ate novel food if they saw a con-specific do so.
Rehabilitant orangutans are slow to expand their
diet breadth by independent exploration but eager to
learn from others [Russon, 2002, 2006]. This sug-
gests that orangutans rely on social information to
find food, if they have a choice. Taken together, the
picture emerges of orangutans as preferably relying
on (i) social information to acquire the main bulk of
their diet, (ii) food transfers to learn about the
composition of difficult-to-process items [Jaeggi
et al., 2008], and (iii) an interplay of observation
and practice to acquire some extractive foraging
skills. Further studies at other sites seem to confirm
this [Forss, 2009]. Although individual learning may
become more important for independent juveniles, a
general reliance on social learning could explain
some differences in diet and feeding techniques
found within and between sites [Bastian et al.,
2009; van Schaik et al., 2003b; van Schaik & Knott,
2001] and the development of different cultures in
orangutans [van Schaik et al., 2003al].

The results of this study provide suggestions for
the conditions in which to expect food traditions and
foraging skill cultures among other animals. Young
animals should prefer social information to focus
their foraging and to avoid the risks and difficulties of
independent exploration [Galef & Giraldeau, 2001;
van der Post & Hogeweg, 2006], but their opportu-
nities to do so might vary across taxa. Immatures of
species with slow-paced life histories, spending more
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time in close association with parents or caregivers,
engage less in independent exploration, as social
influences on learning are unavoidable [Elephants:
Lee & Moss, 1999; Dolphins: Mann & Sargeant, 2003;
Primates: Rapaport & Brown, 2008]. Thus, these are
also the taxa in which we expect food traditions, if
diet breadth allows for individual variation.

Additional forms of social learning may be
necessary to learn how to process food items when
this is not easily discovered individually, in the form
of food transfers [Brown et al., 2004] or through
selective observation [Biro et al.,, 2003; Lonsdorf
et al., 2004; Ottoni et al., 2005; Perry & Ordonez
Jimenez, 2006]. In the wild, selective observation
alternating with practice may go on for years before
immatures fully master the cognitively most de-
manding skills [Boesch & Boesch-Achermann, 2000;
Lonsdorf et al., 2004; Matsuzawa et al., 2001].
Similar patterns may be present in cetaceans and
elephants [Boran & Heimlich, 1999; Lee & Moss,
1999]. Thus, we suggest that species relying on
cognitively demanding foraging skills need to use
observational forms of learning and are thus more
likely to develop culture sensu Galef [1992]. Regular
teaching may evolve only where the benefits to the
pupil, and hence indirectly to the teacher, are
unusually large [Thornton & Raihani, 2008], as in
cooperative breeders [Burkart et al.,, 2009; van
Schaik & Burkart, 2009].

In conclusion we suggest that (1) prolonged close
association and high tolerance between adults and
immatures may lead to suppressed independent
exploration and thus the development of food
traditions due to social learning of diet [Galef &
Giraldeau, 2001], and that (2) a reliance on cogni-
tively demanding foraging skills favors the evolution
of observational learning [Byrne, 2007] and thus
culture sensu Galef [1992].

ACKNOWLEDGMENTS

We are grateful to the Director General at
PHKA, T. Mitra Setia and S. S. Utami-Atmoko of
the Universitas Nasional Jakarta, BKSDA Palang-
karaya, the directors and staff of BOS-Mawas, the
Departamen Dalam Negri and LIPI for supporting
our research in Indonesia. We thank all the students
and local assistants who helped with the data
collection and E. R. Vogel for help and support in
the field. Research at Tuanan was financially
supported by the A. H. Schultz Foundation, the
Leakey Foundation, the National Geographic Society
and the Netherlands Organization for Scientific
Research (NWO). Finally, we thank F. Wartmann
for assistance with ArcView, and G. Anzenberger,
M. Bastian, J. M. Burkart, K. Isler and M. Kriitzen
for comments and discussion. This research complied
with the animal care regulations and national laws of
Indonesia.

Am. J. Primatol.



70 / Jaeggi et al.

REFERENCES

Agostini I, Visalberghi E. 2005. Social influences on the
acquisition of sex-typical foraging patterns by juveniles in
a group of wild tufted Capuchin monkeys (Cebus nigritus).
Am J Primatol 65:335-351.

Bastian ML, Zweifel N, Vogel ER, Wich SA, van Schaik CP.
2009. Diet traditions in wild orangutans? Am J Phys
Anthropol; in review.

Bates D, Maechler M, Dai B. 2008. The LME4 package:
linear mixed-effects models using S4 classes: http://www.
R-project.com.

Biro D, Inoue-Nakamura N, Tonooka R, Yamakoshi G, Sousa C,
Matsuzawa T. 2003. Cultural innovation and transmission of
tool use in wild chimpanzees: evidence from field experiments.
Anim Cogn 6:213-223.

Boesch C. 1991. Teaching among wild chimpanzees. Anim
Behav 41:530-532.

Boesch C, Boesch-Achermann H. 2000. The chimpanzees of
the Tai forest: behavioural ecology and evolution. Oxford:
Oxford Univ Press. viii, 316p.

Bolker BM, Brooks ME, Clark CJ, Geange SW, Poulsen JR,
Stevens MHH, White J-SS. 2009. Generalized linear mixed
models: a practical guide for ecology and evolution. Trends
Ecol Evol 24:127-135.

Boran JR, Heimlich SL. 1999. Social learning in cetaceans:
hunting, hearing and hierarchies. In: Box HO, Gibson KR,
editors. Mammalian social learning: comparative and ecolo-
gical perspectives. Cambridge: Cambridge University Press.
p 282-307.

Brown GR, Almond REA, Van Bergen Y. 2004. Begging,
stealing, and offering: food transfer in nonhuman primates.
Adv Stud Behav 34:265-295.

Burkart JM Hrdy SB, van Schaik CP. 2009. Cooperative
breeding and human cognitive evolution. Evol Anthropol;
in press.

Byrne RW. 2007. Culture in great apes: using intricate
complexity in feeding skills to trace the evolutionary origin
of human technical prowess. Phil Trans R Soc B 362:577-585.

Caro TM, Hauser MD. 1992. Is there teaching in nonhuman
animals? Q Rev Biol 67:151-174.

Crawley MJ. 2005. Statistics. an introduction using R.
Chichester UK: Wiley.

Dindo M, Thierry B, Whiten A. 2008. Social diffusion of novel
foraging methods in brown capuchin monkeys (Cebus
apella). Proc R Soc Lond B Biol Sci 275:187-193.

Faraway JJ. 2006. Extending the linear model with R. London:
Chapman & Hall.

Forss SIF. 2009. Social learning and independent exploration
in immature orangutans Pongo abelii. Zurich: University of
Zurich.

Galef B. 1992. The question of animal culture. Hum Nat
3:157-178.

Galef BG, Giraldeau LA. 2001. Social influences on foraging in
vertebrates: causal mechanisms and adaptive functions.
Anim Behav 61:3-15.

Hirata S, Celli ML. 2003. Role of mothers in the acquisition of
tool-use behaviours by captive infant chimpanzees. Anim
Cogn 6:235-244.

Humle T. 2009. The ant and the chimpanzee: new insights into
cultural primatology. Folia Primatol 80:107.

Jaeggi AV, van Noordwijk MA, van Schaik CP. 2008. Begging
for information: mother-offspring food sharing among wild
Bornean orangutans. Am J Primatol 70:533-541.

Krakauer E, van Schaik CP. 2005. Independent and social
learning in the development of aye-aye tap-foraging skills.
Am J Phys Anthropol Suppl 40:132-133.

Kriitzen M, Mann J, Heithaus MR, Connor RC, Bejder L,
Sherwin WB. 2005. Cultural transmission of tool use in
bottlenose dolphins. Proc Natl Acad Sci USA 102:8939-8943.

Laland KN, Janik VM. 2006. The animal cultures debate.
Trends Ecol Evol 21:542-547.

Am. J. Primatol.

Latscha M. 2008. Development of ecological competence in
juvenile Bornean orangutans. Zurich: University of Zurich.

Lee PC, Moss CJ. 1999. The social context for learning and
behavioural development among wild African elephants. In:
Box HO, Gibson KR, editors. Mammalian social learning:
Comparative and ecological perspectives. Cambridge:
Cambridge University Press. p 102-125.

Lonsdorf EV. 2006. What is the role of mothers in the
acquisition of termite-fishing behaviors in wild chimpanzees
(Pan troglodytes schweinfurthii)? Anim Cogn 9:36-46.

Lonsdorf EV, Eberly LE, Pusey AE. 2004. Sex differences in
learning in chimpanzees. Nature 428:715-716.

Madden JR. 2008. Do bowerbirds exhibit cultures? Anim Cogn
11:1-12.

Maechler M, Rousseeuw P, Struyf A, Hubert M. 2005. Cluster
analysis basics and extensions. Version 1.11.13.

Mann J, Sargeant B. 2003. Like mother, like calf: the ontogeny
of foraging traditions in wild Indian ocean bottlenose
dolphins (Tursiops sp.) In: Fragaszy DM, Perry S, editors.
The biology of traditions: models and evidence. New York:
Cambridge University Press. 456p.

Martin P, Bateson P. 1993. Measuring behaviour. An intro-
ductory guide. Cambridge: Cambridge University Press.

Matsuzawa T, Biro D, Humle T, Inoue-Nakamura N, Tonooka R,
Yamakoshi G. 2001. Emergence of culture in wild chimpan-
zees: education by master-apprenticeship. Primate origins of
human cognition and behavior. Tokyo: Springer. p 557-574.

McCullagh P, Nelder JA. 1989. Generalized linear models.
London: Chapman & Hall.

Mundry R, Fischer J. 1998. Use of statistical programs for
nonparametric tests of small samples often leads to
incorrect P values: examples from animal behaviour. Anim
Behav 56:256-259.

Ottoni EB, de Resende BD, Izar P. 2005. Watching the best
nutcrackers: what capuchin monkeys (Cebus apella) know
about others’ tool-using skills. Anim Cogn 8:215-219.

Parker ST, Gibson KR. 1977. Object manipulation, tool use
and sensorimotor intelligence as feeding adaptations in
Cebus monkeys and great apes. J Hum Evol 6:623-641.

Perry S, Manson JH. 2003. Traditions in monkeys. Evol
Anthropol 12:71-81.

Perry S, Ordonez Jimenez JC. 2006. The effects of food
size, rarity, and processing complexity on white-faced
capuchins’ visual attention to foraging conspecifics. In:
Hohmann G, Robbins MM, Boesch C, editors. Feeding
ecology in apes and other primates: ecological, physical and
behavioral aspects. New York: Cambridge University Press.
p 203-234.

R Development Core Team. 2009. R: A language and
environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing.

Rapaport LG, Brown GR. 2008. Social influences on
foraging behaviour in young nonhuman primates:
learning what, where and how to eat. Evol Anthropol 17:
189-201.

Reader SM, Kendal JR, Laland KN. 2003. Social learning of
foraging sites and escape routes in wild Trinidadian
guppies. Anim Behav 66:729-739.

Rijksen HD. 1978. A field study on Sumatran orang
utans (Pongo pygmaeus abelii Lesson 1827): ecology, be-
haviour and conservation. Wageningen, The Netherlands:
H. Veenman and Zonen B.V. 420p.

Russon AE. 2002. Return of the native: cognition and site-
specific expertise in orangutan rehabilitation. Int J Primatol
23:461-478.

Russon AE. 2006. Acquisition of complex feeding skills in
juvenile and adolescent orangutans (Pongo pygmaeus):
developmental influences. Aquat Mam 32:285-295.

Russon AE, Galdikas BMF. 1993. Imitation in free-ranging
rehabilitant orangutans (Pongo pygmaeus). J Comp Psych
107:147-161.



Schiel N, Huber L. 2006. Social influences on the development
of foraging behavior in free-living common marmosets
(Callithrix jacchus). Am J Primatol 68:1150-1160.

Tarnaud L. 2004. Ontogeny of feeding behavior of Eulemur
fulvus in the dry forest of Mayotte. Int J Primatol
25:803-824.

Terkel J. 1996. Cultural transmission of feeding behavior in
the black rat (Rattus rattus). In: Heyes CM, Galef BG,
editors. Social learning in animals: the roots of culture.
San Diego: Acadamic Press.

Thornton A, Raihani NJ. 2008. The evolution of teaching.
Anim Behav 75:1823-1836.

Ueno A, Matsuzawa T. 2005. Response to novel food in infant
chimpanzees—do infants refer to mothers before ingesting
food on their own? Behav Process 68:85-90.

van Adrichem GGdJ, Utami SS, Wich SA, van Hooff J,
Sterck EHM. 2006. The development of wild immature
Sumatran orangutans (Pongo abelii) at Ketambe. Primates
47:300-309.

van der Post DJ, Hogeweg P. 2006. Resource distributions and
diet development by trial-and-error learning. Behav Ecol
Sociobiol 61:65-80.

van Noordwijk MA, Sauren SEB, Nuzuar Abhulani A,
Morrogh-Bernard H, Utami-Atmoko SS, van Schaik CP.
2009. Development of independence: Sumatran and Bornean
orangutans compared. In: Wich SA, Utami-Atmoko SS,
Mitrasetia T, van Schaik CP, editors. Orangutans: geo-
graphic variation in behavioral ecology. Oxford: Oxford
University Press. p 189-203.

van Noordwijk MA, van Schaik CP. 2005. Development of
ecological competence in Sumatran orangutans. Am J Phys
Anthropol 127:79-94.

van Schaik CP. 2009. Geographic variation in the behavior of
great apes: is it really cultural? In: Laland K, Galef B,
editors. The question of animal culture. Cambridge, MA:
Harvard University Press.

van Schaik CP, Ancrenaz M, Borgen G, Galdikas B, Knott CD,
Singleton I, Suzuki A, Utami SS, Merrill M. 2003a.
Orangutan cultures and the evolution of material culture.
Science 299:102-105.

Social Learning Among Wild Orangutans / 71

van Schaik CP, Burkart JM. 2009. Mind the gap: cooperative
breeding and the evolution of our unique features.
In: Kappeler PM, Silk J, editors. Mind the gap: tracing the
origins of human universals. Berlin, Heidelberg, New York:
Springer; in press.

van Schaik CP, Fox EA, Fechtman LT. 2003b. Individual
variation in the rate of use of tree-hole tools among wild
orang-utans: implications for hominin evolution. J Hum
Evol 44:11-23.

van Schaik CP, Fox EA, Sitompul AF. 1996. Manufacture
and use of tools in wild Sumatran orangutans—impli-
cations for human evolution. Naturwissenschaften 83:186-188.

van Schaik CP, Knott CD. 2001. Geographic variation in tool
use on Neesia fruits in orangutans. Am J Phys Anthropol
114:331-342.

van Schaik CP, Wich SA, Utami SS, Odom K. 2005. A simple
alternative to line transects of nests for estimating
orangutan densities. Primates 46:249-254.

Voelkl B, Schrauf C, Huber L. 2006. Social contact influences
the response of infant marmosets towards novel food. Anim
Behav 72:365-372.

Wartmann F. 2008. Seasonality in spatio-temporal behaviour
of female orangutans. Zurich: University of Zurich.

Whiten A. 2000. Primate culture and social learning. Cognitive
Science 24:477-508.

Whiten A, Goodall J, McGrew WC, Nishida T, Reynolds V,
Sugiyama Y, Tutin CEG, Wrangham RW, Boesch C. 1999.
Cultures in chimpanzees. Nature 399:682-685.

Whiten A, Horner I, Litchfield CA, Marshall-Pescini S. 2004.
How do apes ape? Learn Behav 32:36-52.

Whiten A, Spiteri A, Horner V, Bonnie KE, Lambeth SP,
Schapiro SJ, de Waal FBM. 2007. Transmission of multiple
traditions within and between chimpanzee groups. Curr
Biol 17:1038-1043.

Whiten A, van Schaik CP. 2007. The evolution of animal
“cultures” and social intelligence. Phil Trans R Soc B
362:603-620.

Wich SA, Utami-Atmoko SS, Setia TM, Rijksen HD,
Schurmann C, van Schaik C. 2004. Life history of wild
Sumatran orangutans (Pongo abelii). J Hum Evol 47:385-398.

Am. J. Primatol.



