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Ecological, social, and intrinsic 
factors affecting wild orangutans’ 
curiosity, assessed using a field 
experiment
Caroline Schuppli 1,2,3*, Lara Nellissen 3,4,5, Luz Carvajal 3,6, Alison M. Ashbury 7,8, 
Natalie Oliver‑Caldwell 3, Tri Rahmaeti 1,9, Isabelle Laumer 1 & Daniel Haun 10

The readiness to interact with and explore novel stimuli—i.e., curiosity—is the cornerstone of 
innovation. Great apes show broad and complex innovation repertoires. However, little is known 
about the factors that affect curiosity in wild apes. To shed light on wild apes’ curiosity, we measured 
the reactions of wild Sumatran orangutans (Pongo abelii) to an experiment apparatus. Overall, 
individuals were reluctant to touch the apparatus. However, compared to adults, immatures showed 
higher tendencies to explore (measured through looking durations and the probability of touching 
the apparatus) and to approach (measured through approach latencies and approach distances) the 
apparatus but were more likely to show behavioral signs of agitation. The presence of conspecifics 
who approached the apparatus increased visual exploration and approach tendencies. Prevailing 
habitat food availability positively affected visual exploration but had a negative effect on approach 
tendencies. These findings indicate that intrinsic, social, and ecological factors affect reactions to 
novelty in wild orangutans and suggest that exploration, neophobia and neophilia are independently 
regulated. Because reactions to novelty can be an essential pathway to innovation, our results suggest 
that factors acting on different elements of curiosity must be considered to understand the evolution 
of innovative tendencies.

Although novel objects and situations are rare in undisturbed natural habitats, where they do occur, they may 
afford important learning opportunities. Encountering and reacting to novel objects is, among others, one 
of the main pathways leading to innovations1–6. Individuals’ reactions to novel objects reflect their behavio-
ral disposition7 and show how well they implement learning opportunities and how likely they are to make 
innovations8–13. Individuals who are more prone to interact with and explore novel stimuli, and thus are more 
likely to engage with learning opportunities, may develop adaptive skills and knowledge at a higher rate than 
more reluctant individuals. Skills and knowledge gained through innovation may increase an individual’s sur-
vival and reproduction by enabling the exploitation of a novel resource or the use of a current resource more 
efficiently9,14–21. Therefore, how well individuals realize learning opportunities may ultimately affect their fitness 
but see22,23, and see below.

Reacting to novel stimuli includes two major elements: the readiness to interact with the stimuli (determined 
by the interplay of one’s novelty responses) and the means used to investigate the stimuli (exploration). Novelty 
responses include neophilia, i.e., the spontaneous attraction to novel stimuli, and neophobia, i.e., the spontaneous 
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aversion towards it4,24. Exploration describes the intensity and diversity of actions used to gather information 
about a stimulus through manipulation, visual examination, or other investigation4,25,26. Multiple lines of evidence 
from a range of taxa suggest that neophobia, neophilia and exploration are different mechanisms that are inde-
pendently regulated and selected for4,13,25,27–31. This means that a single animal, given a single novel stimulus, can 
exhibit both a neophilic response (e.g., approaching the stimulus) and also a neophobic response (e.g., making 
threat vocalizations towards the stimulus) and may or may not, also explore the stimulus (e.g., visual exploration 
via focused starting, or manipulate the stimulus in various ways).

The interplay of novelty responses and exploration is used to study curiosity in animals, i.e., the motivation 
to know, learn and understand what is so far unknown8,32–35. Highly curious animals are more likely to exhibit 
neophilia and are more likely to explore novel stimuli than less curious animals (who are likely to, instead, exhibit 
neophobia). Whereas high levels of curiosity likely enhance the acquisition of fitness-relevant knowledge and 
skills, they also come with costs. Exploration is time intensive (which leads to opportunity costs) and poten-
tially dangerous (as it reduces vigilance), just as high levels of neophilia bear a high risk of injury, poisoning, 
or predation1,4,13,14,31,36,37. These costs may outweigh the benefits of curiosity in most conditions and life stages. 
Accordingly, some studies have found negative effects of innovation ability on fitness e.g.23. Identifying the 
conditions which minimize the costs of exploration, neophilia or innovativeness in general will increase our 
understanding of how intrinsic curiosity can evolve. Ultimately, this may shed light on how selection can act on 
cognitive potential and thus on the evolution of cognition and innovation ability.

Investigating curiosity in non-human great apes (henceforth great apes) can lend particular insight to our 
understanding of the evolution of complex cognition, including human cognition, as they are humans’ closest 
relatives and have demonstrated high cognitive performance across different domains [e.g.38–41]. Furthermore, 
great apes show broad and complex innovation repertoires in the subsistence and comfort domains42–44. Sev-
eral studies have looked at novelty responses and exploration in captive apes, but most focused on comparing 
species7,45,46. Only a few studies have investigated factors that affect within-species variation in curiosity: In 
chimpanzees and orangutans, social interactions and social cues lead to lower levels of neophobia and increased 
exploratory tendencies46–48. Whereas in orangutans, human contact and social housing positively affect indi-
viduals’ exploratory tendencies8,49, in chimpanzees, human demonstrators do not affect novelty responses50. In 
chimpanzees, exploratory tendency decreases with increasing age51.

Even less is known about great apes’ novelty responses and exploration in socially and ecologically relevant 
contexts, i.e., in the wild. Studies that have compared wild and captive great apes’ responses to novelty revealed 
striking differences between the two settings37,52, suggesting that captive studies may have limited validity when 
it comes to understanding the underlying processes on the evolutionary level [see also results on other species, 
e.g.35,53]. Kalan and colleagues54 assessed novelty reactions of wild African great apes and found that chimpan-
zees showed stronger looking impulses towards camera traps (novel stimuli) compared to bonobos and gorillas. 
Furthermore, among these three species, immature individuals, compared to adults, and solitary individuals, 
compared to those with association partners, spent more time looking at the camera traps54, which is in line with 
the finding that juvenile chimpanzees are most likely to explore novel food items55. In terms of environmental 
factors, evidence from experiments with wild chimpanzees suggests that individuals are more likely to explore a 
novel foraging problem when they have a low, rather than high, energy balance56. Observational studies of wild 
great apes’ natural, everyday exploratory behavior show that immatures have the highest exploration rates57,58. 
Furthermore, wild orangutans’ exploration is socially induced on the developmental and proximate-immediate 
levels59,60, and more sociable populations tend to show higher exploration rates and more extensive innovation 
repertoires59,61.

These previous studies suggest that species, age, energy balance and social contexts can influence great apes’ 
curiosity in the wild. However, to fully comprehend the effects of these factors on novelty responses and explora-
tory tendencies, comprehensive testing of wild individuals is needed. Here, we aimed to experimentally test the 
impact of intrinsic and extrinsic factors on curiosity in wild orangutans. Specifically, we tested for differences 
between age-sex classes (intrinsic factor), the effects of association partners that approached the experiment appa-
ratus (extrinsic social factor) and prevailing habitat food availability (extrinsic ecological factor). Orangutans are 
especially suitable for this question because of their semi-solitary lifestyle and slow development, which allows for 
testing individuals of different ages in different social settings. We developed a novel experiment apparatus and 
deployed it in the wild to test wild habituated orangutans’ reactions to novelty, including neophobia, neophilia, 
and exploration. We aimed to measure reactions to novelty in a naturalistic context, using naturalistic materi-
als which resemble the types of novelty that individuals may encounter in their natural habitat. Based on past 
studies of curiosity in captive apes, novelty reactions in wild African apes, and naturally occurring exploration 
behavior in wild orangutans, we predicted that:

	 I)	 Immature orangutans show higher exploratory tendencies, levels of neophilia and lower levels of neo-
phobia than adults.

	 II)	 The presence of association partners who themselves approach the apparatus reduces levels of neophobia 
and increases levels of neophilia and exploratory tendencies.

	 III)	 Low prevailing habitat food availability leads to increased exploratory tendencies, decreased neophobia 
and increased neophilia.

Methods
Data collection.  We collected data at the Suaq Balimbing monitoring station in the Gunung Leuser National 
Park in South Aceh, Indonesia during two study periods: from June 2013 until March 2014 (first study period) 
and from February 2019 until March 2020 (second study period). If an individual participated in testing during 
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both study periods, only trials from the first study period (i.e., the individual’s first testing period) were included 
in our analysis, as that is when we can assume that the test apparatus (henceforward called “experiment appara-
tus”) was novel to them and this avoids potentially confounding effects of a multi-year time gap between trials.

We conducted a total of 170 trials during individuals’ first testing periods, across 23 focal individuals, includ-
ing 10 immatures (aged from 3 to 14 years), 5 mothers, and 8 unflanged males (i.e., adult males without secondary 
sexual characteristics). All focal individuals were already habituated to human observers, as part of long-term 
orangutan observation at the study site. Each individual participated in 1–27 trials (mean = 7.4 trials per indi-
vidual). We excluded the data on immatures that were present during test trials but below the age of three years 
from the analysis, because they do not have the locomotor independence to approach the experiment apparatus 
on their own and are thus limited in how they can react to it. Furthermore, to ensure that we captured true novelty 
responses, the data on immatures that were present during the 2013–2014 study period and excluded because 
of their age, were also excluded from the 2019–2020 study period, even though they had by then reached the 
required age (N = 1).

The trials took place during full day focal animal follows. We waited to conduct the first trial until after 
the first extended feeding period of the day, which at Suaq usually happens within an hour after an orangutan 
leaves its night nest. The experiment apparatus (Fig. 1) was installed 5–20 m away from the focal animal while 
the focal animal was resting or feeding in a relaxed state. The initial distance between the focal orangutan and 
the experiment (exposure distance) was largely dependent on finding suitable spots to install the experiment 
apparatus in the canopy and was estimated by the observers (which were all trained in distance estimations as 
part of the ongoing behavioral data collection at the site, see www.​aim.​uzh.​ch/​de/​orang​utann​etwork.​html). Each 
trial began when the apparatus was installed in the canopy. To minimize the effect of the human observers on 
the focal individuals, we did not actively end trials by removing the apparatus when the focal individual was 
still in the vicinity of the experiment. Instead, trials ended when the focal individual retreated to more than 30 
m from the apparatus (after which we never saw a subsequent approach). The average trial duration was 32 min 
(SD = 25, range = 6–145 min). Throughout the duration of these trials, when not directing their behavior towards 
the apparatus, the focal indiviudals were mostly resting or feeding. Furthermore, on days when the experiment 
was performed with multiple individuals (see below), there were never any signs of agitation or agonism between 
these indiviudals. Because we find and follow the orangutans opportunistically, we could not conduct the experi-
ments on a predetermined timeline, and experimental trials were conducted opportunistically as well. However, 
to control for their potential confounding effects, we control for the number of previous trials and the exposure 
distance in our statistical models (see below).

Previous studies have shown that wild orangutans are highly neophobic and hardly ever approach objects 
that are made of foreign materials52. Therefore, in contrast to most classic novelty studies, we chose natural 
material for our experiment apparatus and a familiar food reward: The experiment apparatus was a ca. 65cm-
long wooden log with a natural tree hole, which we filled with locally harvested forest honey. We additionally 
attached honeycombs to the outside of the apparatus, to increase the focal individuals’ interest in the apparatus. 
The apparatus was hung from a branch in the canopy using a green plastic rope. To install the apparatus, we shot 
a stone, attached to a fishing line that was attached to the green rope, up over a tree branch using a hand-held 
wooden slingshot; the fishing line, and then green rope, were then pulled over the branch until the apparatus 
was well up into the canopy (10–20 m high). Once the apparatus was secured in place, the observers retreated 
several meters to make sure that nobody stood directly below the experiment apparatus.

Because the trials were conducted in the trees, visibility was sometimes restricted. We therefore had three 
separate observers collecting data during the trials whenever possible: One observer filmed the focal animal, a 
second observer watched and narrated what they saw (which was recorded on the same or an additional camera 
that was used by the first observer, depending on the distance between the filming and narrating observer), and 
a third observer noted all measured parameters on a data sheet. All measured parameters were later obtained 

Figure 1.   Experiment apparatus and set up. Experimental trial with the set-up experiment apparatus and two 
focal orangutans in the background.

http://www.aim.uzh.ch/de/orangutannetwork.html
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directly from the video, and missing elements were filled-in using the narration and/or, when needed, the data 
sheet.

Variables.  To quantify individuals’ reactions to the apparatus, we measured 6 parameters, which served as 
response variables in our statistical models:

A)	 Looking duration: as a measure of visual exploration30,54,62, measured as the number of seconds a focal was 
looking at the experiment apparatus during a trial.

B)	 Approach latency: as a measure of neophilia6,8, measured as the time between when the experiment apparatus 
was in place and when the focal individual started to approach it.

C)	 Approach distance: as a measure of neophilia52,63, measured as the distance over which the focal individual 
moved to approach the experiment apparatus which was calculated by subtracting the closest distance from 
the initial exposure distance. By including the exposure distance as a control variable in our statistical model, 
we analyzed the distance change relative to the exposure distance (see below).

D)	 Agitation: as measure of neophobia4,8,64, measured by the presence of behavioral indicators of agitation, namely 
scratching 65,66, as well as “kiss squeak,” “grumble”, “grunt”, “crying”, and “grumph” vocalizations67; see aim.
uzh.ch/de/orangutannetwork/orangutancallrepertoires.html for details on these vocalizations.

E)	 Touch: as a measure of exploration68,69, measured by whether the focal individuals touched or did not touch 
the apparatus (or the honeycombs, via direct body contact or by using tools).

F)	 Latency to leave the vicinity of the experiment: as a measure of neophobia54,63, measured as the time between 
the start of the experiment and when the focal individual retreated to a distance of 30 m from the experiment 
apparatus.

To determine the factors that affected individuals’ reactions to the apparatus, we investigated:

1.	 the focal individuals’ age-sex class (divided into immatures, mothers, and unflanged males),
2.	 the presence of an approaching party member (i.e., at least one association partner who decreased its distance 

to the apparatus during the trial, whereby orangutans of all age-sex classes within 50 m of the focal individual 
were considered as party members), and

3.	 the current habitat food availability. Food availability was quantified monthly via the percentage of trees bear-
ing fruit in an established phenology plot in the study area which consisted of approximately 1000 marked 
trees (see70 for details on the food availability data collection method).

We included these three factors as predictor variables in our statistical models (see below).
To control for possible confounding external effects that could not be held constant, we included the initial 

exposure distance (i.e., the distance between the focal individual and the experiment apparatus when it was set 
up), and the trial number (i.e., the individual-specific order of trials) as fixed control effects.

When multiple individuals were present during the experiment, data was collected on all of them (i.e., they 
were all considered as focal individuals in their own experimental trial and as association partners in the others’ 
experimental trials at the same time).

Statistical analyses.  We analyzed and visualized the data using the R programming language71, and 
RStudio72. To investigate the effects of the independent variables on the four dependent variables, we used linear 
mixed effect regression models (LMER) with a Gaussian family distribution (for the models with continuous 
response variables, i.e., looking duration, approach latencies, and approach distances) and a generalized linear 
mixed model (GLMM) with a Binomial family distribution (for the model with a binary response variable, 
i.e. the presence of signs of agitation), as implemented in the lme4 package73. Upon visual inspection of the 
distribution of each continuous response variable, we log transformed all three; looking duration (log(looking 
duration + 1)), approach latency (log(approach latency + 1), and approach distance (log(distance change + 1)). 
We explored the most suitable random effect structure for our models using model selection via likelihood ratio 
tests with the anova function74,75. Model selection indicated that we should use models with no random inter-
cepts or random slopes. However, most focal individuals contributed to multiple data points (i.e., participated 
in multiple trials, see above) and thus, to avoid pseudo replication issues, we included the focal individual as a 
random intercept in all our statistical models. Following this procedure, all models converged, and none had 
singularity issues.

For each of the six models, we first tested the overall fit of the model by comparing the full model (includ-
ing all predictor variables and random effect) with the null model (including only random effect and control 
variables) using a likelihood ratio test with the anova function74,75. For the full models that were supported, we 
assessed the significance of the predictor variables via their p-values in the full model (in the case of the GLMM 
with a Gaussian family distribution, the p-values were computed with the cf-test function from the multcomp 
package76). We investigated differences between the age-sex classes using posthoc tests as implemented in the 
glht function of the multcomp package76.

We visually examined all model fits to assess whether they satisfied model assumptions (for the LMERs this 
included normally distributed model residuals, homogeneity of the variance, and normally distributed random 
effects) and to check for the presence of influential observations77. For the Binomial GLMMs, we tested for 
overdispersion and zero inflation as implemented in the DHARMa package78. We checked all models for mul-
ticollinearity with the check_collinearity function of the performance package65. We did not find any evidence 



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:13184  | https://doi.org/10.1038/s41598-023-39214-2

www.nature.com/scientificreports/

for multicollinearity issues in our models (variance inflation factors ranged from 1.01 to 1.21 across the models 
and factors).

To assess the overall goodness-of-fit of the models, we used model R2 values, which we retrieved via the 
r2glmm package79 following80. We assessed the stability of all our mixed models on the level of the random 
effects by dropping levels one-by-one. We found that the direction of the effects of the predictor variables on the 
response variables were consistent across model recomputations.

For the plots, we used the ggplot2 and cowplot packages81,82, and calculated the marginal effects of each 
predictor variable (while holding all other variables at their means) from each corresponding model using the 
ggeffects package83. For plots based on models with log transformed response variables, we back transformed 
the predictions so that the y-axes are on the original scale of the measured variable rather than on the log scale.

Ethics statement.  All our research protocols were approved by the Ministry of Research, Technology and 
Higher Education (RISTEKDIKTI; Research Permit No.: 54/E5/E5.4/SIP/ 2019 and following) and adhered to 
the legal requirements of Indonesia.

Results
General model fits.  Model comparison showed that five of the six full models fitted the data better than 
their respective null models, indicating an overall effect of the predictor variables on the response variables 
(LRTs full model versus null model: looking duration (model A): Chi-square = 26.842, P < 0.001; approach 
latency (model B): Chi-square = 19.396, P < 0.001, distance change (model C): Chi-square = 52.506, P < 0.001; 
agitation (model D): Chi-square = 9.397, P = 0.052; touch: Chi-square = 9.184, P = 0.057 (model E). For the model 
on the time to leave the vicinity of the experiment the full model did not fit the data better than the null model: 
Chi-square = 4.393, P = 0.355 (model F). Therefore, we did not analyze model F in more detail (but see Figs. 2F, 
3F, and 4F for the according plots).

Differences between age‑sex classes in reactions to experiment apparatus.  We found that 
immature individuals looked significantly longer at the experiment apparatus than mothers and unflanged 
males, and that mothers looked significantly longer at the apparatus than unflanged males (Table  1—model 
A, Fig. 2A; the mean looking duration of immatures was 233 s, of mothers 103 s, and of unflanged males 34 s). 
There was no statistically significant difference between the age-sex classes in the probability to touch the experi-
ment apparatus (Table 1 model E). However, four immatures and two mothers touched the apparatus in a total 
of 14 trials (see discussion for more details Fig. 2E), whereas no unflanged male ever touched the apparatus. 
Immature individuals had significantly shorter latencies to approach the experiment apparatus than mothers 
and unflanged males and there was a trend for mothers to approach the apparatus faster than unflanged males 
(Table 1—model B, Fig. 2B; the mean approach latency of immatures was 3.4 min, of mothers 8.6 min and of 
unflanged males 19.9 min). There was a trend for immatures to approach closer to the experiment apparatus 
(measured by distance change towards the apparatus and controlled for initial exposure distance) than moth-
ers but no evidence for differences in approach distances between the other age-sex classes (Table 1—model C, 
Fig. 2C). Immatures also had a higher probability of showing signs of agitation during the experimental trials 
compared to unflanged males, while there were no differences in agitation probability between the other age-sex 
classes (Table 1—model D, Fig. 2D).

Effects of association partners on reactions to the experiment apparatus.  In 93 of the 170 tri-
als, association partners who approached the apparatus were present. Their presence had a significant positive 
effect on focal individuals’ looking durations at the experiment apparatus (Table 1 – model A, Fig. 3A). There 
was no statistically significant effect on the presence of association partners who approached the apparatus on 
the probability that the focal touched the apparatus (Table 1—model E). However, in 11 of the 14 trials in which 
individuals touched the apparatus, an association partner who approached the apparatus was present (Fig. 3E). 
Association partners who approached the apparatus had no effect on their latencies to approach the apparatus 
(Table 1—model B, Fig. 3B). Furthermore, individuals approached significantly closer to the experiment appa-
ratus (measured by distance change towards the apparatus controlled for the initial exposure distance) when 
there was a party member present who also approached the apparatus (Table 1—model C, Fig. 3C). The prob-
ability that the focal individual showed signs of agitation was not affected by the presence of party members who 
approached the apparatus (Table 1—model D, Fig. 3D).

Effects of food availability on reactions to the experiment apparatus.  Habitat food availability 
had a significant positive effect on looking durations at the experiment apparatus (Table 1—model A, Fig. 4A). 
There was no statistically significant effect of habitat food availability on the probability that the focal individuals 
touched the experiment apparatus (Table 1—model E, Fig. 4E). There was a positive effect of food availability 
on latencies to approach the experiment apparatus (Table 1—model B, Fig. 4B). Habitat food availability had no 
effect on how closely individuals approached the experiment apparatus (measured by distance change towards 
the apparatus controlled for initial exposure distance, Table 1—model C, Fig. 4C), and no effect on the prob-
ability that the focal individual would show signs of agitation during the experimental trial (Table 1—model D, 
Fig. 4D).
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Figure 2.   Differences between age-sex classes in reactions to the experiment apparatus. (A) Looking durations at the experiment 
apparatus, (B) latencies to approach the experiment apparatus, (C) approach distances towards the experiment apparatus, (D) the 
probability of signs of agitation during the experimental trial, (E) the probability of touching the apparatus, and (F) the latency to 
leave the vicinity of the experiment apparatus for immatures, mothers and unflanged males. For panels (A–C) and (E), each data 
point represents one experimental trial on one focal individual with colors referring to different individuals. The grey boxes show the 
interquartile ranges, the whiskers extend to the maximum and minimum data points that are within 1.5 times the interquartile range 
from the upper and lower quartiles, and the grey horizonal lines represent the medians. For panels (D) and (F), the grey columns 
represent the average proportion of trials with agitation/touch for each age-sex class (with the number of trials with agitation/
touch over the total number of trials per age-sex class indicated under each grey bar) and the data points each show one individual’s 
proportion of trials with agitation; the size of each data point represents the number of trials for that individual. In all panels, the thick 
black horizontal lines represent mean model predictions when holding all other predictor variables at their means and the data points 
with black borders depict the first trial of each individual.
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Figure 3.   Effects of association partners on reactions to the experiment apparatus. (A) Looking durations at the experiment 
apparatus, (B) latencies to approach the experiment apparatus, (C) approach distances towards the experiment apparatus, (D) the 
probability of signs of agitation during the experimental trial, (E) the probability of touching the apparatus, and (F) the latency to 
leave the vicinity of the experiment apparatus when there was no association partner (party) approaching the experiment apparatus 
versus when there was. For panels (A–C) and (F), each data point represents one experimental trial on one focal individual with colors 
referring to different individuals. The grey boxes show the interquartile ranges, the whiskers extend to the maximum and minimum 
data points that are within 1.5 times the interquartile range from the upper and lower quartiles, and the grey horizonal lines represent 
the medians. For panels D and E, the grey columns represent the average proportion of trials with agitation/touch for each age-sex 
class (with the number of trials with agitation/touch over the total number of trials per age-sex class indicated under each grey bar) 
and the data points each show one individual’s proportion of trials with agitation; the size of each data point represents the number 
of trials for that individual. In all panels, the thick black horizontal lines represent mean model predictions when holding all other 
predictor variables at their means and the data points with black borders depict the first trial of each individual.
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Figure 4.   Effects of food availability on reactions to the experiment apparatus. (A) Looking durations at the experiment 
apparatus, (B) latencies to approach the experiment apparatus, (C) approach distances towards experiment apparatus, 
(D) the probability of signs of agitation during the experimental trial, (E) the probability of touching the apparatus, 
and (F) the latency to leave the vicinity of the experiment apparatus as a function of habitat food availability. For panels 
(A–C) and (F), each data point represents one experimental trial on one focal individual with colors referring to different 
individuals, and shape showing their age-sex class (square = immature, circle = mother, triangle = unflanged male). The 
thick black lines represent mean model predictions across food availability values for significant effects, when holding 
all other predictor variables at their means and the data points with black borders depict the first trial of each individual. 
For panels D and E, the data points each show one individual’s proportion of trials at that food availability value with 
agitation/touch; the size of each data point represents the number of trials for that individual at that food availability value. 
Note that points in panels D and E have been slightly jittered horizontally, to ensure that all points are visible.
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Table 1.   Effects of age-sex class of the focal individual, habitat food availability, the presence of party members 
who approached the apparatus on A) looking duration, B) approach latency, C) approach distance and D) 
probability of agitation (i.e., the presence of signs of agitation), controlled for the initial exposure distance, trial 
number (i.e., the individual-specific trial order). Including estimate, standard errors, and p-values, analyzed 
with GLMMs with a Gaussian (models A, B, C) or Binomial (models D, E) family distribution. Looking 
durations, approach latencies and distance changes were log transformed (log(x + 1)). Significant p-values of 
the predictor variables at the 5% level are bolded and trends at the 8% level are underlined. R2 values were: 0.38 
for model A, 0.27 for model B, 0.38 for model C, 0.13 and for model D.

Model Response Factors Factor Type Estimate Std. Error P-Value

A Looking duration

Intercept Intercept 3.769 0.807  < 0.001

Age-sex Class

Predictor
Immatures—Mothers − 1.444 0.595 0.031

Immatures—Unfl. Males − 2.902 0.602  < 0.001

Mothers—Unfl. Males − 1.457 0.679 0.032

Food availability Predictor 0.178 0.068 0.009

Party approached Predictor 0.653 0.294 0.027

Exposure distance Control − 0.052 0.032 0.107

Trial number Control − 0.014 0.026 0.573

Individual Random

B Approach Latency

Intercept Intercept − 0.775 0.562 0.168

Age-sex Class

Predictor
Immatures—Mothers 0.580 0.253 0.044

Immatures—Unfl. Males 1.230 0.300  < 0.001

Mothers—Unfl. Males 0.650 0.337 0.054

Food availability Predictor 0.100 0.051 0.049

Party approached Predictor 0.013 0.248 0.957

Exposure distance Control 0.033 0.023 0.154

Trial number Control 0.047 0.017 0.006

Individual Random

C Approach distance

Intercept Intercept 0.143 0.387 0.711

Age-sex Class

Predictor
Immatures—Mothers − 0.572 0.243 0.056

Immatures—Unfl. Males − 0.277 0.262 0.581

Mothers—Unfl. Males 0.295 0.290 0.581

Food availability Predictor 0.017 0.033 0.611

Party approached Predictor 1.096 0.139  < 0.001

Exposure distance Control 0.047 0.015 0.002

Trial number Control 0.006 0.012 0.623

Individual Random

D Agitation

Intercept Intercept 2.167 1.182 0.067

Age-sex Class

Predictor
Immatures—Mothers − 0.840 0.619 0.321

Immatures—Unfl. Males − 2.189 0.895 0.043

Mothers—Unfl. Males − 1.349 0.962 0.321

Food availability Predictor − 0.121 0.105 0.232

Party approached Predictor 0.211 0.434 0.628

Exposure distance Control − 0.087 0.049 0.077

Trial number Control − 0.116 0.043 0.007

Individual Random

E Touch

Intercept Intercept 0.662 2.524 0.793

Age-sex Class

Predictor
Immatures—Mothers − 1511 1.605 1

Immatures—Unfl. Males − 18.927 4954 1

Mothers—Unfl. Males − 17.416 4954 1

Food availability Predictor − 0.268 0.212 0.207

Party approached Predictor 1.449 0.918 0.114

Exposure distance Control − 0.196 0.118 0.096

Trial number Control 0.082 0.059 0.169

Individual Random
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Discussion
This study aimed to investigate how intrinsic and extrinsic factors affect curiosity, i.e., novelty responses and 
exploratory tendencies in wild orangutans. In contrast to classic studies on novelty reactions, we relied on a 
naturalistic design using natural materials. Our results showed that age, the presence of association partners 
that approached the apparatus, and food availability significantly affected levels of neophobia, neophilia, and 
visual exploration shown towards a novel experiment apparatus. However, overall, individuals were reluctant to 
directly interact with the apparatus.

Overall, we found that the focal orangutans showed interest in the experiment apparatus as in most trials 
they visually explored (i.e., looked at) the apparatus (68% of all trials) and approached the apparatus (64% of 
all trials). In the trials in which visual exploration occurred, individuals spent on average 12% (range: 0.2–88.2) 
of the trial duration watching which corresponds to an average watching duration of 3 min (range: 2–900 s). In 
24% of all trials the focal orangutan showed signs of agitation, which speaks against high levels of neophobia 
towards the apparatus. In 88% of all trials in which visual exploration occurred and 69% of all trials in which 
agitation occurred, it started within the first minute of the beginning of the trial (range 0–9 min for agitation 
and, suggesting that these reactions were primarily directed at the experiment apparatus. In 64% of all trials, 
the individuals approached the experiment and in 66% of these cases to 0–5 m. However, in only 8% of all tri-
als, individuals touched the apparatus which suggests that they were hesitant to interact with the apparatus. In 
43% of the cases in which individuals touched the apparatus, the touch was indirect via a tool. Tool use allows 
for investigating objects without physically touching them and thus reduces potential risks of injury that novel 
objects may present. The fact that the orangutans in our study used tools to interact with the experiment appa-
ratus suggests that the focal individuals perceived the apparatus as a novel object and underlines their reluctance 
to physically interact with it.

We found that immatures spent significantly more time visually exploring the experiment apparatus than 
adults (Fig. 1A, Table 1) and showed higher levels of neophilia (i.e., significantly shorter approach latencies and 
a trend for approaches to closer distances) than adults. This is in line with findings on exploratory tendency and 
neophilia from a variety of species tested in captivity and the wild, including primates, bats, dogs, hyaenas, and 
several bird species9,25,51,63,84–91; but see30,45,92). Furthermore, in wild African great apes, immatures show stronger 
looking reactions to novel camera trap devices54 and are more likely to explore novel food items than other age 
classes55. On the proximate level, higher exploratory tendencies and neophilia in immatures can be explained 
by the Free-Time Hypothesis (also referred to as Spare-Time Hypothesis), which posits that youngsters have 
more free time available because they experience reduced environmental stress (such as the need to find food 
or to be vigilant, which are usually taken care of by their caregivers and/or other group members) and social 
distractions (such as the ones resulting from mating and reproduction)14,30,35,36,93,94. However, in our study, 5 
of the 10 immature focal individuals were independently ranging juveniles tested without their mothers. These 
independent juveniles need to sustain their growing bodies. At the same time, they range largely on their own or 
in small playful peer groups, and thus likely experience increased environmental stress and social distractions. 
Therefore, for juveniles, risks of exploration are particularly pronounced95. However, from an evolutionary per-
spective, it stands to reason that immatures have an innate disposition to be exploratory and neophilic because 
they need to learn about their environment to develop their skill and knowledge repertoires [Needing to Learn 
Hypothesis:96]. For young individuals, the whole world is novel, and thus having temporary mechanisms in place 
that ensure they can learn about the world is certainly adaptive13,97. Higher exploratory and neophilic tendencies 
in immatures enable them to learn about resources and thus to sustain themselves, which is also in line with 
the Necessity Hypothesis, which sees ecological needs as the biggest drivers of innovation (see below)1,4,89,94.

Interestingly and against our initial prediction, our findings showed that wild immature orangutans have a 
stronger neophobic reaction to the experiment apparatus than adults in that they were more likely to show signs 
of agitation during the experimental trials. If high levels of exploration and neophilia in immatures ensure that 
learning opportunities are realized, high levels of neophobia may protect them from potential dangers while 
doing so4,37,45. A certain level of agitation/excitement and alertness when exploring novel stimuli may minimize 
risks of predation and injury. At the same time, the heightened/excitement-induced awareness may also improve 
memory retention and ultimately increase connection formation and therefore learning [reviewed by98]. Accord-
ing to the Dangerous Niche Hypothesis, species and individuals which are exposed to higher risks should show 
higher levels of neophobia4. The combination of small body size and semi-solitary lifestyle likely puts immature 
orangutans at increased ecological risk. However, from our results, it remains unclear if immature orangutans 
have an intrinsic tendency to be more neophobic than adults or if their neophobic reactions were triggered by 
them confronting the stimulus more closely (see above). Furthermore, we assessed neophobia via scratching and 
vocalizations generally associated with fear and agitation65–67 . However, scratching and several of the vocaliza-
tions that we used are exhibited in several contexts by wild orangutans and are thus not necessarily a definitive 
indicator of neophobia. High levels of neophobia in combination with high levels of neophilia and exploration 
have been suggested to be a great ape characteristic37. They have also been found in several bird species, includ-
ing corvids and psittacines which are among the most innovative bird taxa4,13,99.

In terms of the effects of social factors, we found that visual exploration, and to some extent neophilia 
(shown by approach distances but not by approach latencies), increased when at least one association partner 
was present that approached the experiment apparatus (Figs. 2A and C, Table 1). Consistent with these results, 
wild orangutans’ natural exploration behavior is positively affected by associations on the developmental and 
immediate proximate level59,60 and wild chimpanzees are more likely to explore novel objects when they are 
in larger associations100. Increased levels of neophilia through social effects are in line with a large number of 
findings across a variety of taxa whereby the effects range from social facilitation (i.e., the sheer presence of 
association partners increases, or in some taxa decreases, neophilia) to response facilitation (i.e., the behavior 
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of the association partners towards the novel stimuli elicits corresponding positive or negative reactions towards 
novel stimuli) [reviewed by13,37,101]. However, in contrast to our findings, African great apes show shorter visual 
exploration of novel stimuli with an increasing number of current association partners54. On the one hand, it 
may be that different ape species vary in their levels of curiosity and how curiosity is influenced by the pres-
ence of association partners, as suggested by the Social Curiosity Hypothesis34. On the other hand, this study54 
of African apes did not take the behavior of the association partners into account. Therefore, the seemingly 
contrasting results may imply that response-specific facilitation leads to increased visual exploration of novel 
stimuli but not general social facilitation. The Social Information Hypothesis states that individuals confronted 
with novel stimuli should rely on social cues to assess if the stimuli are worth it and safe to explore37,52. Forss 
et al.37 explain the innovation paradox, i.e., that large innovation repertoires are often found in slowly develop-
ing species that show a combination of high levels of neophobia and high exploratory tendency: high levels of 
innate neophobia can be overcome by social information obtained from experts. Our results suggest that rather 
than affecting neophobia per se, response facilitation leads to an increased likelihood that individuals approach 
and visually explore the stimuli.

As to environmental effects, we found that high food availability (and, thus, likely, high energy levels102–105) 
correlates with increased visual exploration of the experiment apparatus. However, we also found evidence for 
lower levels of neophilia (shown in longer latencies to approach the experiment apparatus) when food availability 
was high. In the innovation literature, there is an ongoing debate about whether necessity or opportunity is the 
mother of invention, i.e., whether individuals are more prone to innovate when they experience the ecological 
pressure to do so (e.g., during food shortages or periods of increased energetic stress), or when they encounter 
suitable ecological conditions and stimuli (e.g., the resources and materials needed for innovations) and have 
increased amounts of energy and time available56,94,106,107. In line with the Opportunity Hypothesis, and findings 
of other studies100, our results suggest that high energy levels increase time investment in gaining information 
about a novel stimulus. However, the adverse effect of food availability on neophilia (measured in approach 
latencies) may mean that it is during low energy periods when the stimulus is indeed approached, which then 
allows for subsequent detailed investigation. If an individual’s energetic state affects exploration and neophilia in 
different directions, novel stimuli are most likely turned into innovation at a certain optimal level of prevailing 
ecological pressure rather than at its extremes. Notably, for the Suaq Balimbing population, habitat food avail-
ability is generally higher than for most other orangutan populations108. The experienced food availability over 
the course of this study ranged from 5.8 to 14.0. For most orangutan populations, the lower part of this range is 
around or above the yearly maximum. Therefore, with our experiment, we are likely unable to properly assess the 
effects of food scarcity on wild orangutans’ curiosity. Furthermore, individuals’ hunger levels may change over 
the course of the day and between days. Detailed data on food intake over and between days may thus explain 
further variation in our data.

Our findings may have important implications for experimental behavioral testing of animals, including 
cognitive tests where it can be difficult to differentiate between low-level performance and a lack of motivation 
to interact with an experiment apparatus. This is particularly true in the wild, where long habituation periods 
are often impossible. When testing individuals, the first step is to get them to participate in the experiment. 
This includes overcoming their fear of the testing procedure and ensuring their motivation to interact with it37. 
Our results imply that individuals’ readiness to participate in behavioral experiments is likely affected by their 
age and social and environmental factors. These factors should thus all be taken into account when conducting 
behavioral experiments in the wild.

Across studies of novelty responses and exploration, there is not a clear consensus about which behavioral 
measures quantify exploration versus neophilia versus neophobia109,110. We measured exploration via looking 
durations and the probability with which the individuals touched the experiment apparatus, whereas other 
studies have used (or discussed) looking duration as a measure of neophobia63,111. Extended periods of watch-
ing suggest that the individual is trying to gain information about the novel object. Still, it may be that looking 
durations (especially shorter ones) are indeed an expression of neophobia. Commonly, exploration is assessed 
via manipulative actions of the stimuli. In our study, we were not able to analyze effects on manipulative actions 
with the apparatus because only six individuals touched the experiment apparatus in 14 out of 170 trials.

None of the predictors in the touch probability model showed any significant effects, most likely because 
touching was so rare and non of the unflanged males touched the apparatus. Larger sample sizes, including more 
cases in which the individuals touched the experiment apparatus, would allow for a more robust assessment of 
the potential predictors of individuals’ exploratory tendencies. The details of the trials in which focal individu-
als touched the apparatus are nevertheless interesting: In eight of the 14 trials in which individuals touched the 
experiment apparatus the focal individuals touched the experiment apparatus with their hands (or other body 
parts) and in six trials the focal individuals touched the apparatus with a tool (detached sticks, attached branches, 
and in one case, a liana). Using a tool to explore a novel stimulus may be less risky than direct body contact. 
In all trials in which direct physical touch occurred, the individuals that touched the apparatus proceeded to 
manipulate it via various actions, such as poking, hitting, spinning, and lifting. In all of these cases, the individu-
als ate from the honey.

Overall, the low rates at which individuals touched the apparatus provide further support that, despite being 
interested in the experiment apparatus (as evidenced by long looking durations and frequent approaches to 
close distances), wild orangutans are generally reluctant to directly engage with novelty, especially at their first 
encounter52. On the mechanistic, proximate level, this reluctance may be caused by high levels of neophobia 
and/or low levels of neophilia. However, strikingly, in only 24% of all trials we saw signs of actively expressed 
neophobia (i.e., signs of agitation). Furthermore, if neophobia levels were high, we would expect the orangutans 
to quickly move away from the experiment, but instead, the orangutans stayed in the vicinity of the apparatus 
for an average of 32 min (range: 6–145 min). On the ultimate level, the reluctance touch the apparatus suggests 
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that in orangutans, the benefits of interacting with novel stimuli do not outweigh its risks37. Novel objects and 
situations represent potential risks to wild animals, for example in the form of injuries, poisoning or predation 
[reviewed by4,37,112]. From an evolutionary perspective, environmental risks are more significant for long-lived 
(and slowly developing) species, which means that we expect higher levels of neophobia in long-lived species 
such as orangutans37. Interestingly, in a study on innovation in wild chimpanzees, individuals were exploring 
(i.e., observing from a close distance, sniffing and/or touching) artefacts of a novel foraging situation in around 
30% of their visits which are higher rates than we found for the orangutans100. This comparison suggests that 
chimpanzees are less reluctant to interact with novelty either because of lower neophbia or higher neophilia 
and/or exploration, either due to intrinsic or extrinsic effects, such as having more association partners nearby.

However, despite low rates of physical touch, twenty-one (21) of the 23 focal orangutans tested in this study 
approached the experiment apparatus in one or more trials, contrasting results from a similar study on the 
same population where novel objects were positioned on platforms in the canopy52. The difference in approach 
tendencies between the studies could be because our experiment apparatus was largely composed of natural 
materials, whereas the objects in52 were made of unfamiliar materials (e.g., colorful plastic). Our use of a novel 
object that is familiar in its materials but unfamiliar in its design and configuration, rather than an object made 
of unfamiliar materials, is an important difference between our study and most studies on novelty reactions, 
and this makes it difficult to directly compare our findings to findings in other species. However, notably, our 
experimental design is likely more representative of any type of novelty individuals may indeed encounter in 
their habitat under natural conditions. Therefore, our naturalistic experimental design may be more appropriate 
to test novelty reactions in an evolutionary and ecologically meaningful way compared to using objects made of 
unfamiliar materials. Furthermore, in our study, focal orangutans saw the experiment being installed by human 
experimenters, which likely played a role in attracting their interest49. Previous studies suggest that primates 
that are habituated to human presence are more ready to interact with novel stimuli than unhabituated indi-
viduals [Habituation Hypothesis, proposed by35]. Therefore, we cannot rule out that wild orangutans who are 
not habituated to human presence would have reacted differently to the experiment apparatus and procedure. 
In our study, the human observers moved away several meters from underneath the apparatus after installing 
it, and notably, the focal individuals approached, looked at, and uttered their vocalizations while facing the 
apparatus. However, we cannot assess to what extent orangutans’ reactions to the apparatus were influenced by 
the presence of human observers.

In our statistical models, we controlled for the effects of exposure distance and trial number because we 
expected that the variation in these variables would affect our response variables. The results of our models 
confirmed that with increasing exposure distance, approach distances significantly increased, and there were 
trends for a decrease in agitation probability and an increase in touch probability (figure S1). Thus, installing 
the apparatus closer to the focal orangutan increased the likelihood that they visually explored and approached 
it and increased neophobic reactions. Whereas many studies on novelty use one trial only to assess individual’s 
reactions to novelty, we here used multiple trials which is more representative of novelty encounters in nature. 
From the perspective of the individual, novelty arguably remains novel as long as it remains unexplored. Trial 
number had a significant positive effect on approach latencies and a negative effect on the likelihood that indi-
viduals would show signs of agitation (figure S2). As has been found in other species [reviewed by13], this shows 
that with increasing exposure to novel stimuli, individuals gradually become habituated to it and are less neo-
phobic; however, in the case of our study also less eager to approach. Habituation over time to novel stimuli paves 
the way for further exploration of, and learning about, these stimuli and is thus likely an important element of 
learning through novelty4.

Conclusion
Our results suggest that immature wild orangutans are neophilic and visually explore novel stimuli longer than 
adults. They are also more neophobic, a combination that likely allows them to learn safely about their environ-
ment. Furthermore, response facilitation through conspecifics increases visual exploration and neophilia in wild 
orangutans, despite their semi-solitary lifestyle. High energy levels lead to increased investment in gaining infor-
mation about a novel stimulus, but it may be during low energy periods when the stimulus is indeed approached, 
which then allows for potential subsequent detailed investigation. Overall, the age effects had larger effect sizes 
on our measures of curiosity than the effects of association partners or food availability. In other words, wild 
orangutans are most likely to realize learning opportunities presented by novel stimuli when they are young, 
while the presence of association partners that show a positive reaction to the stimuli and favorable ecological 
conditions may further increase their readiness to do so. Therefore, over evolutionary time, extended periods of 
immaturity, opportunities to depend on the knowledge of conspecifics, and favorable ecological conditions are 
likely to bring about positive responses to novelty and, thus, potentially high levels of innovativeness.

Data availability
All data analyzed during this study are included in the supplementary information files of this article (Table S1).
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