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Abstract: Understanding the species-specific behavioral needs of Bornean orangutans (Pongo pygmaeus) has led zoological 
gardens to focus on creating more natural and stimulating facilities. Studies have documented enhanced welfare through 
various methods, including environmental enrichment like mixed-species habitats, which could improve animal welfare. 
This study aimed to evaluate the behavioral adaption following the transfer to a new facility and the possible effects of 
environmental enrichment on an orangutan in captivity at Aalborg Zoo in Denmark. A newly arrived male was observed 
for analyzing behavioral changes in the weeks after relocation and introducing two small-clawed Asian otters (Aonyx 
cinereus) to the facility. Changes in behavior were analyzed using recorded behavior and an ethogram before and after the 
introduction of the otters. The expression of behaviors associated with stress and individual plasticity was analyzed, and the 
results indicated a change in the behavioral phenotype in response to the introduction of the otters. The study shows that 
behaviors associated with stress decreased after the introduction of small-clawed otters, suggesting that it had a positive 
effect on the behavior of the orangutan.
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INTRODUCTION

Optimization of animal welfare is an important is-
sue for zoological gardens, and numerous actions 
have been implemented to address this [1]. Natural 
behavior and natural stimulation are viable methods 
to improve the well-being of captive zoo animals [2]. 
Environmental enrichment can provide the stimuli 
necessary for an animal’s physical and psychological 
welfare [3]. Enrichment is also essential for all cap-
tive primates, including Bornean orangutans (Pongo 
pygmaeus), to ensure their natural behavioral activity. 
Thus, natural behavioral activity resembling their 
lifestyle in natural environments can reduce stress 
and stress-related behaviors by up to 50% [4]. In the 

wild, orangutans are a semi-solitary species, with 
only mother-infant pairs remaining together [5]. In 
captivity, orangutans will often socialize in larger 
groups where the opportunity for social learning is 
greater. Consequently, skills learned by one individual 
can more easily spread to others [6,7]. Furthermore, 
orangutans in captivity are less active compared to wild 
animals. Those in captivity spend more time resting 
than searching for food or being active since they do 
not need to spend time foraging [8]. Orangutans in 
captivity typically spend 10-15% of their day forag-
ing, while wild orangutans spend approximately 43% 
[8,9]. In the wild, orangutans spend on average 42% 
of their time resting, 14% in locomotion, and 2% on 
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other activities, including nest building and socializ-
ing [9]. However, the time spent on a given behavior 
can vary between individuals. The individual varia-
tion in behavior is displayed as a response to changes 
in environmental conditions over a lifespan. This is 
characterized by individual plasticity, which depicts 
changes in the behavioral phenotype [10]. Behavioral 
reaction norms can be used to describe an individual’s 
behavioral responses across an environmental gradient 
while also revealing how an animal reacts on average 
[11]. Phenotypic variance in behavior can be used to 
describe individual personalities within populations. 
Additionally, their phenotype will evolve in response 
to environmental changes [12]. To determine how in-
dividuals differ in their level of behavioral consistency 
over a gradient, the individual stability statistic (ISS) 
can be used. It makes it possible to estimate within-
individual behavioral stability [10].

Some specific behaviors can be used as indicators 
of impaired animal welfare. These behaviors may be 
expressed as inactivity and reduced foraging and lo-
comotion activity [13]. Some self-directed behaviors, 
such as grooming and scratching, are associated with 
stressful, anxious, or frustrating situations [14,15]. 
Behavioral issues in captivity may be a consequence 
of differences between their natural environment 
and the captive environment [16]. Poorly designed 
facilities without any features of variability or stimula-
tion can lead to low reproductive success, poor body 
condition, abnormal repetitive behavior, and, in some 
cases, death [17]. To increase the well-being of captive 
orangutans, enrichment can be used by improving the 
facility design. Facility designs that attempt to resemble 
the recognizable parts of the habitat, such as climbing 
ropes, nesting places, vegetation, etc., contribute to an 
increase in species-specific behavior in zoo-housed 
orangutans [18]. Furthermore, enrichment can be 
provided by introducing other species to the facility. 
Mixed-species facilities can offer the animals dynamic 
interaction between species, like in their natural envi-
ronments [19]. However, mixed-species facilities can 
also lead to stress and conflict for the animals involved 
[20]. Studies have shown that species from different 
ecological niches can be mixed to provide shelter and 
isolation for smaller or more vulnerable species [21,19].

In captivity, people can interact with the zoo-housed 
orangutans in various ways. Their effect on the animal 
can either be positive in the form of stimulation or 

negative in the form of stress or fear [22]. Human pres-
ence can act as enrichment if the interaction between 
humans and animals is considered beneficial to the 
participating individuals. In this way, positive inter-
actions between humans and animals could increase 
general animal welfare [23]. A tool used in zoological 
gardens to establish a series of positive interactions 
between the zookeeper and the animal is condition-
ing training with positive reinforcement [24]. This 
technique has several advantages, such as facilitating 
care procedures and making veterinary procedures 
safer for animals and humans [25,26].

This study examined a male Bornean orangu-
tan’s behavioral adaptation to a new facility and the 
potential effects of adding small-clawed otters to the 
environment as enrichment. It was expected that the 
orangutan would exhibit fewer behaviors associated 
with stress when exposed to environmental enrichment. 
Furthermore, the orangutan would express individual 
plasticity as a variation in behavior in response to 
environmental changes, including relocation and the 
effect of environmental enrichment.

MATERIALS AND METHODS

Ethics statement

This study was conducted in accordance with Aalborg 
Zoological Gardens’ welfare guidelines and was ap-
proved by Aalborg Zoological Gardens’ institutional 
ethics committee.

Participants and setting

The study took place at Aalborg Zoo in Denmark. 
The behavior of a newly arrived male orangutan was 
observed on selected days over 4 months from June 26 
to October 23, 2022. The orangutan (born on July 5, 
2010, in Zoo Aquarium de Madrid in Spain) arrived 
at Aalborg Zoo on June 21, 2022, just five days before 
the start of the observations. The orangutan facility 
in Aalborg included an area of approximately 303 m2 
separated into two large outdoor areas and four smaller 
indoor areas. The outdoor areas consisted of trees, 
bushes, ropes, swings, a small stream, concrete plat-
forms, and a frame of wired fence around and between 
the two areas. The indoor areas comprised trees, ropes, 
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swings, platforms, nests, steel doors, concrete floor, 
walls, and ceiling. Windows placed at one side of the 
indoor areas allowed visitors to observe and interact 
with the orangutan. The orangutan’s diet consisted of 
vegetables and was not given systemically throughout 
the day. In addition, the orangutan was given dried 
fruit and juice when interacting with the zookeepers 
throughout training sessions.

Data collection

The total observation time for the orangutan through-
out the 5-month period was 412.5 h distributed over 25 
different observation days. The observed time frame 
during each session was from 4:30 AM (UTC+1) to 
9:00 PM (UTC+1). Throughout the observation period, 
two Asian small-clawed otters (Anoyx cinereus) were 
introduced to the facility, one on August 24 and the 
other on August 30, 2022. The observation period was 
divided into two periods, referred to as BO before the 
introduction of otters and AO after the introduction 
of the otters. The orangutan had access to the indoor 
and outdoor areas on observation days. Construction 
work outside of the orangutan’s enclosures took place 
from September 5 to October 9, 2022. Data were col-
lected as recordings from cameras covering the outdoor 
(Milesight Mini PTZ Dome Network Camera) and 
indoor areas (Milesight AI 360° Panoramic Fisheye 
Network Camera). The behavioral observations were 
analyzed using an ethogram (Table 1). The observed 
behavior was noted at the specific time for how long 

the orangutan would spend on the observed behavior. 
Due to the camera angle, the behavior of the orangutan 
could not always be determined. Hence, this was noted 
as ‘Out of view’. Also, when the camera switched to 
night vision, it was noted as ‘Out of view’. 

Data analysis

Since the data were not normally distributed, non-
parametric statistical methods [28] were used for 
analysis. To ensure representative data, each behavior 
had to be observed a minimum of 5 times per day in the 
entire period to be included in the statistical analysis, 
otherwise it was excluded in the data analysis. Using 
the macro function in Microsoft® Excel version 2210 
(Microsoft®), the number of seconds during which a 
given behavior occurred was calculated.

Testing the differences between the period with 
and without otters

Median, interquartile range (IQR), skewness, and 
kurtosis were calculated for both periods, BO and AO, 
for each behavior using Microsoft® Excel version 2210. 
Differences between medians, skewness, and kurtosis 
were tested with a Mann-Whitney U-test using Past 
version 4.03 (Palaeontologia Electronica) to determine 
if the behaviors were significantly different between 
conditions. Bonferroni correction was used for multiple 
testing due to the high number of tests. The application 
of Bonferroni correction led to the derivation of a new 

Table 1. Ethogram with the ten behaviors and their descriptions used in this study [14,22,27].

Behavior Description

Locomotion

Walking, crawling, or climbing, also with objects in hands or feet.
Thinking breaks in movement should only be set as continued locomotion if there is less than 2 min 
when it is unclear whether he is standing up or not. If he stands up and is making arrangements to 
walk, locomotion should be continued if the walking arrangements last less than 2 min.

Inactive Sitting or lying down without a cover.
Inactive covered Sitting or lying down under a cover.
Foraging/Feeding Manipulating or ingesting freely available food or drinking.

Positive social interaction Interacting with each other in a positive manner, e.g., playing, grooming, or mating. Interaction with 
zookeepers was also included.

Self-directed behavior Cleaning or combing their hair and body with hands, feet, or mouth, e.g., scratching or licking on 
parts of their body, studying hands and feet. Eating own feces. Interacting with straw or licking gates.

Interaction with enrichment Using objects introduced to the environment for enrichment purposes, e.g., smoothies, food boxes.

Yawning Yawning is characterized by a powerful gaping of the jaw with deep inspiration, followed by a temporary 
period of peak muscle contraction with a passive closure of the jaw during expiration.

Out of view When the animal is out of view or it is too dark to observe its behavior (night vision). 
Other Urinating, defecating, or vocalizing.
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confidence interval (CI) to account for multiple tests 
due to the high number of tests performed. A similar 
approach was used for skewness and kurtosis to test if 
BO and AO are different based on symmetry [28,29].

Reaction norms 

For each behavior, a reaction norm was computed 
with medians, IQR, skewness, and kurtosis between 
the BO and AO periods. Slopes were calculated and 
compared across behaviors using χ2 tests to examine 
whether the behaviors were independent of each other 
[28]. Bonferroni correction was used to account for 
multiple testing [30]. The reaction norms, slopes, and 
χ2 were calculated in R-studio version 2022.07.2 (R 
Foundation for Statistical Computing) and Microsoft® 

Excel version 2210 (Microsoft®). Furthermore, the 
individual stability statistic (ISS) was calculated for 
the reaction norms for each behavior. This was done 
to describe the behavioral stability between t1 and t2, 
which correspond to BO and AO, as well as to describe 
the average behavior across all behaviors [12]. 

Time budget

By dividing the total time observed in BO and AO by 
the total amount of time spent on behavior in the given 
period, a time budget was compiled for the two periods 
based on the observed behaviors. Thus, the behavior 
is expressed as a percentage of each period [22]. The 
behavior ‘Out of view’ was excluded before data analysis. 

Daily cumulative distribution 

The cumulative values were calculated from the inter-
vals for each behavior for each day, and then cumula-
tive graphs were produced for each behavior in BO 
and AO. In addition, cumulative graphs were created 
for each behavior where all days in BO and AO were 
compared in one graph. This was done to compare the 
times as well as the intervals for a given performed 
behavior [29].

Rolling correlation

For each behavior, the correlation between all days 
in BO and AO for each behavior was examined using 
Rolling Correlation (Statology). This was done by 

dividing all intervals for the given behavior into half-
hour intervals for the given days. Here, six half-hours 
for a behavior from one day were compared with six 
half-hours for the same behavior from another day. 
A Rolling correlation was then created, where the six 
half-hours being compared were moved forward by 
half an hour. For this, R-studio version 2022.07.2 zoo 
package, rollapply function (R Core Team), was used. 
Since the time interval during the day was from 4:30 
AM to 9:00 PM, there are 33 half hours in a day’s ob-
servations. With a Rolling correlation of 6, this gives 
28 correlation coefficients for each day compared. 
All days were compared to each other, yielding 21 
comparisons in BO and 152 comparisons in AO. A 
graph of the correlation coefficients for each behav-
ior in BO and each behavior in AO was then made 
using Microsoft® Excel version 2210 (Microsoft®). In 
this way, the correlations of all the days with each 
other within a behavior were examined to see if there 
was a pattern for the behaviors during the day [28]. 
If the correlation coefficient is >±0.8, there is a very 
high association and thus very high repeatability. If 
the correlation coefficient is >±0.6 - ±0.8<, there is a 
high association and, therefore, high repeatability. If 
the correlation coefficient is >±0.4 - ±0.6<, there is a 
moderate association and hence moderate repeatability. 
If the correlation coefficient is <±0.4 there is a low 
association and thus low repeatability [29].

RESULTS

Comparison between the period with otters and 
without otters

For most behaviors, no significant difference was found 
in the medians, skewness, or kurtosis between BO and 
AO (P>0.002). However, the results show that skewness 
in AO is significantly higher than in BO (P≤0.002) for 
the behavior ‘Interaction with enrichment’ (Table 2).

Reaction norms testing for differences in 
behaviors between periods

Reaction norms for each behavior were established 
between BO and AO for median, IQR, skewness, and 
kurtosis (Fig. 1). Lines without slopes indicate that no 
individual plasticity and, thus, no variation in behavior 
in response to environmental change is present. Lines 
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with slope indicate individual plasticity in the 
orangutan [12, 28].

AO shows a decrease in reaction norms 
for median relative to BO for the behaviors 
‘Inactive’, ‘Inactive covered’, ‘Self-directed 
behavior’, ‘Interaction with enrichment’, 
‘Yawning’, and ‘Other’. However, the follow-
ing behaviors show an increase in activity 
between BO and AO: ‘Locomotion’, ‘Foraging/
Feeding’, ‘Positive social interaction’, and ‘Out 
of view’ (Fig. 1A).

The results for the reaction norms for IQR 
show that there was a decrease in the 50% 
middle values between BO and AO for the 
behaviors ‘Locomotion’, ‘Inactive’, ‘Inactive 
covered’, ‘Foraging/Feeding’, ‘Self-directed 
behavior’ and ‘Interaction with enrichment’. 
However, an increase is observed in the be-
haviors ‘Positive social interaction’, ‘Out of 

Table 2. Results of the Mann-Whitney U test.

Behavior No. of 
tests Median Skewness Kurtosis

Locomotion 1 ns ns ns
Inactive 1 ns ns ns
Inactive covered 1 ns ns ns
Foraging/Feeding 1 ns ns ns
Positive social interaction 0 - - -
Self-directed behavior 1 ns ns ns
Interaction with enrichment 1 ns (BO<AO)* ns
Yawning 1 ns - -
Out of view 1 ns ns ns
Other 0 - - -

The Mann-Whitney U test for medians, skewness (99.8% CI), and kurtosis (99.8% 
CI) between the period before the introduction of otters (BO) and the period after 
the introduction of otters (AO). ‘No. of tests’ showed the possible number of tests 
to calculate for each behavior in each statistical test. ‘ns’ indicates that there is no 
significance in the tested groups. ‘-’ indicates few observations and therefore no pos-
sibility to make statistical tests. In groups with significant differences, angle brackets 
indicate which of the periods has the highest value. Asterisk indicates different levels 
of significance. ‘*’ indicates P<0.002.

Fig. 1. Slopes for reaction norms between BO and AO for A – median, B – IQR, C – kurtosis, and D – skewness. The x-axis 
shows BO and AO, while the y-axis shows the time in seconds. For A) and B), the individual stability statistic (ISS) for each 
slope is shown. BO refers to the period before the introduction of otters, and AO refers to the period after the introduction 
of otters. 
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view’, and ‘Other’ between BO and AO. There is no 
slope in the behavior ‘Yawning’ (Fig. 1B) [28].

Kurtosis describes the degree of peakedness and 
the height of the distribution. All kurtosis values are 
positive, and therefore all data are mesokurtic or 
leptokurtic [28]. The results for the reaction norms 
for kurtosis show that there is a decrease in kurtosis 
between BO and AO for the behaviors ‘Locomotion’, 
‘Inactive’, ‘Yawning’, and ‘Out of view’. There is an 
increase in kurtosis between BO and AO for the be-
haviors ‘Inactive covered’, ‘Foraging’, ‘Positive social 
interaction’, ‘Self-directed behavior, ‘Interaction with 
enrichment’, and ‘Other’ (Fig. 1C).

Skewness describes the degree and direction of a 
tail in a distribution. All skewness values are positive; 
thus, all behaviors between BO and AO are skewed 
to the right. Distributions that have no skewness are 
symmetric [28]. The results from the skewness reac-
tion norms show a decrease in skewness between BO 
and AO for the behaviors ‘Locomotion’, ‘Inactive’, 
‘Self-directed behavior’, and ‘Out of view’. However, 
there is an increase in skewness between BO and AO 
for the behaviors ‘Inactive covered’, ‘Foraging/Feeding’, 
‘Positive social interaction’, ‘Interaction with enrich-
ment’ (P<0.002) and ‘Other’ (Fig. 1D).

The χ2-test tests whether the behaviors were in-
dependent of each other, and the results, therefore, 

indicated either the rejection or the 
acceptance of the null hypothesis. 
This means that if the P value was 
below 0.05, the null hypothesis could 
be rejected, and the behaviors were 
dependent on each other. In most of 
the results, the null hypothesis was 
therefore rejected, and behaviors 
were therefore dependent on each 
other (Table 3).

ISS values were calculated for 
the reaction norms for median and 
IQR. ISS is measured on the phe-
notypic behavior of an individual at 
times t1 and t2. Values below -500 
are observed for the median reaction 
norms for the behaviors ‘Inactive 
covered’, ‘Foraging/Feeding’, ‘Out 
of view’, and ‘Other’. In addition, 
values below -500 are observed for 

the IQR reaction norms for the behaviors ‘Inactive 
covered’, ‘Foraging/Feeding’, ‘Self-directed behavior’, 
‘Out of view’, and ‘Other’.

From the slopes of the median obtained by the 
reaction norms, a matrix was constructed to test the 
independence between all behaviors using χ2 tests. A 
confidence level of 0.002 was used, whereby values 
below this are not independent but rather depend-
ent on each other [28, 30]. A significance P<0.001 
and P<0.002 is observed between various behaviors 
(Table 3).

Time budget

The percentage time spent on each of the behaviors 
varied between the two periods, BO and AO. The oran-
gutan used more time (expressed in %) on the behavior 
‘Inactive covered’ than on the behavior ‘Inactive’ in 
both periods. Hence, the behavior inactive is decreas-
ing, and the behavior inactive covered is increasing 
between BO and AO. Nevertheless, inactive covered 
is still the most exhibited behavior in both periods. 
Other behaviors that show a decrease in time spent 
(%) from BO to AO are ‘Locomotion’, ‘Self-directed 
behavior’, and ‘Yawning’. On the other hand, behaviors 
that show an increase in time spent (%) from BO to 
AO are ‘Foraging/feeding’, ‘Positive social interaction’, 
‘Interaction with enrichment’, and ‘Other’ (Fig. 2).

Table 3. Matrix of independence.
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Locomotion ns ** ** ** ns ** ns ** **
Inactive ns ** ns ns ns ns ns ** *
Inactive covered ** ** ** ** ** ** ** ns **
Foraging/Feeding ** ns ** ns ns ns ** ** ns
Positive social interaction ** ns ** ns ns ns ns ** ns
Self-directed behavior ns ns ** ns ns ns ns ** **
Interaction with enrichment ** ns ** ns ns ns * ** ns
Yawning ns ns ** ** ns ns * ** **
Out of view ** ** ns ** ** ** ** ** **
Other ** * ** ns ns ** ns ** **

The table shows vertically and horizontally a matrix of P values for slopes from the reaction norms 
with medians. ‘ns’ – non-significant. The P values above and below the diagonal are equal. Asterisks 
indicate different levels of significance. The levels are ‘**’ when P<0.001, ‘*’ when P<0.002.
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Daily cumulative distribution of the behaviors

Cumulative curves of the distribution of behavior 
across days were constructed (Figs. 3 and 4). This 
was done with all days for a behavior in BO and all 
days with a behavior in AO (Fig. 3). Here, all days are 
shown with their respective colors on a graph. This is 
done to examine if there is a pattern between the days 
for each behavior in BO and AO respectively, and to 
see if any days stand out (Fig. 3). When the intervals 
were interpreted, the individual days were considered, 
not the intervals combined. For ‘Locomotion’ in BO, 
there is a single day where more time was spent on this 
behavior than on the other days in BO. For ‘Inactive’ in 
BO, there is again a single day where more inactivity is 
observed than on the other days. This is the same day 
as in ‘Locomotion’ BO. For ‘Inactive covered’ in BO 
and AO, there is a single day in each period where less 
‘Inactive covered’ is observed than the other days. For 
‘Foraging/Feeding’ in BO and AO no clear pattern is 
observed. For ‘Self-directed behavior’ in BO and AO 
there is no clear pattern either. ‘Yawning’ was only 
observed in BO on one day. Therefore, no pattern can 
be seen. For ‘Out of view’ two patterns can be seen in 
both BO and AO. ‘Other’ was only observed in BO on 
day one, so no pattern is visible. No ‘Positive social 
interaction’ was observed in BO (Fig. 3).

Cumulative graphs have also been made where 
each behavior is shown with all days from BO and AO 

combined. This has been done to examine 
the similarity in a pattern between the two 
periods (Fig. 4).

Rolling correlation

Graphs of the correlation values for each 
behavior in BO and AO have been computed 
(Fig. 5). For ‘Locomotion’ in AO, there are two 
clear patterns, one of which has high repeat-
ability after 20,000 s. For the second pattern, 
high repeatability is seen at the beginning of 
the day and again at 33,000 s. A further peak 
is seen at 40,000 s with a correlation coeffi-
cient of ≥-0.6. For ‘Foraging/Feeding’ in AO, 
the graph shows a pattern indicating a given 
diurnal rhythm. After 35,000 s, high repeat-
ability is observed extending over the whole 
day, with a correlation coefficient of ≥0.6. 
The time spent on ‘Interaction with enrich-

ment’ in BO is all observed in the last half of the day, 
but no general pattern is seen for the correlation. For 
this behavior in AO, no pattern is observed, but high 
reliability is seen for some of the regressions between 
35,000 s and 45,000 s. For ‘Out of view’ in AO, there 
are two clear patterns. The first is consistent at high 
repeatability with a correlation coefficient of  ≥0.6 after 
13,000 s. In contrast, the second pattern is variable in 
repeatability, but there is a high repeatability at 1,000 
s, 36,000 s, and 42,000 s. For BO, a pattern is observed 
with a correlation coefficient of ≥0.6 between 22,000 s 
and 45,000 s. Generally, a pattern with a very high as-
sociation and thus repeatability is observed throughout 
‘Inactive covered’ in AO. Around 37,000 s to 42,000 
s, there is a slight drop in many of the lines <0.8 and 
some <0.6. For ‘Locomotion’ in BO, ‘Inactive’ in BO 
and AO, ‘Inactive covered’ in BO, ‘Foraging/Feeding’ 
in BO, ‘Positive social interaction’ in AO, ‘Self-directed 
behavior’ in BO and AO, ‘Yawning’ in AO, and ‘Other’ 
in AO, no patterns are seen (Fig. 5).

DISCUSSION

Environmental changes in and around the facility 
could be reflected in the behavioral plasticity of the 
orangutan. For example, any behavior change caused by 
the integration of sensory inputs from environmental 
enrichment can be attributed to behavioral plasticity 

Fig. 2. Time budget of the behavioral proportion. The figure shows how the 
orangutan’s time is distributed between the behaviors. Each behavior is in-
dividually colored and shown as a percentage in each of the bars. The x-axis 
indicates the amount of time in percent each of the behaviors is observed 
throughout the whole BO or AO. The y-axis indicates BO and AO. BO refers 
to the period before the introduction of otters, and AO refers to the period 
after the introduction of otters.



450 Arch Biol Sci. 2023;75(4):443-458

[31]. The orangutan’s behavioral reaction norm changed 
from BO to AO by either an increase or a decrease in 
specific behaviors. Studies have shown that a stimu-
lating environment alters animal behavior, improves 
complex cognitive functions, including memory and 
learning, and impacts the central nervous system [32]. 
Furthermore, environmental enrichment can positively 
influence the emotional and stress response of animals 
[33]. An increase in ‘Inactive covered’ from BO to AO 

could indicate impaired animal welfare, as increased 
inactivity and the use of objects to hide could indicate 
this [13]. In zoological gardens, blankets can also be 
used for enrichment by replacing big leaves and other 
plant materials from the wild. Blankets can stimulate 
the natural behavior of orangutans, where they can be 
used for nest building, bedding, and rain or sun cover 
[13]. Nesting provides shelter from predators and helps 
thermoregulation when the weather is harsh, or the 
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temperature is low [34]. As the AO period was in the 
autumn, temperatures were lower than for the BO 
period, and the weather could therefore be a reason for 
the increase in covered inactive [13]. Although there 
was an increase in ‘Inactive covered’, a decrease in 
‘Inactive’ was observed from BO to AO, which could be 
a sign of improved welfare as increased inactivity is an 
indicator for impaired welfare [13]. The larger amount 
of time spent on self-directed behavior in BO could be 

a sign of frustration or anxiety and a measure of stress, 
which may be an indication of impaired animal welfare 
[14,15]. An indication of improved animal welfare is 
increased time spent on positive social interaction 
because orangutans develop through social learning 
and positive social interaction [6,7]. The increase in 
‘Positive social interaction’ is considered beneficial, 
but it is unknown if this development was due to the 
introduction of otters to the enclosure [23].
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Fig. 3. [pp. 450–452] Cumulative graphs A-S showing 
the distribution of time spent on each behavior for each 
day separated into BO and AO. Each day is marked with 
a separate color. The x-axis shows the time in seconds 
equivalent to one day of observations. The y-axis shows 
the intervals in seconds. BO refers to the period before the 
introduction of otters, and AO refers to the period after the 
introduction of otters.
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A routine was observed 
in the afternoon in AO for 
‘Foraging/Feeding’, which may 
indicate that the orangutan 
either spent more or less time 
feeding at the end of the day. 
The orangutan was observed 
returning to the nesting place 
with browse to eat the leaves 
and chew on the branches. One 
study found that fresh browse 
increases activity and foraging, 
as the branches can be used for 
object manipulation [22]. To this 
end, the orangutan was observed 
manipulating browse to get food 
from enrichment items around 
the facility. This may indicate 
that the facility design stimu-
lated the orangutan’s behavior 
[18]. A significant increase in 
locomotion could be an indica-
tor of stress [35,14]. However, 
locomotion is not a clear indi-
cator of welfare because most 
animals exhibit locomotion, but 
the level of locomotion can be 
used to analyze the change over 
a gradient [36]. Studies indicate 
that captive orangutans show an 
increase in locomotion when 
small food items are provided 
and objects like robes, swings, 
and platforms are present in the 
facility [22]. Orangutans are abo-
ral and have a need for climbing 
and resting high up; hence, the 
design of the facility is important 
for their well-being. The facility 

Fig. 4. Cumulative graphs A-J showing the dis-
tribution of time spent on each behavior for 
each day from both BO and AO. The BO days 
are black, and the AO days are grey. The x-axis 
shows the time in seconds equivalent to 1 day 
of observations. The y-axis shows the intervals 
in seconds. BO refers to the period before the 
introduction of otters, and AO refers to the 
period after the introduction of otters.
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Fig. 5. Graphs A-Q present the rolling window correlation values for each behavior separated into BO and AO. BO refers to the 
period before the introduction of otters, and AO refers to the period after the introduction of otters. The x-axis shows time in 
seconds, and the y-axis shows the correlation value.
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should be designed to resemble orangutans’ natural 
habitat as closely as possible [25]. The orangutan spent 
more time interacting with provided enrichment in 
the facility from BO to AO. Therefore, a change in the 
orangutan’s behavioral plasticity ranging from BO to 
AO could be indicated, whereby a behavioral adaptation 
to the stimulating environment could have occurred. 
Providing enrichment is important as the lack of en-
richment can promote bad psychological health and 
be shown as aggression or abnormal behaviors [25].

The circadian rhythm shows how the orangu-
tan reacts on average during the day, which can be 
used to describe the personality of an individual [12]. 
Personality as a behavioral aspect of an animal can be 
observed as differences in the average level of a given be-
havior and the maintenance of that level over a gradient 
[37,38]. However, this does not imply that individuals 
are completely consistent in their behavior; they may 
differ across the gradient and thus exhibit plasticity 
[38,39]. Therefore, the orangutan’s personality can be 
seen in an unchanged circadian rhythm between the 
BO and AO periods, where the variations between these 
periods can be described as plasticity and, consequently, 
a change in the behavioral phenotype in response to 
environmental changes. In addition, the height of the 
reaction norms can be used to describe plasticity, with 
the slope describing personality [39]. When looking at 
an individual, the variation within a behavior can be 
used to describe behavioral stability, and the average 
behavior over all other behaviors examined is used as 
an index of personality. Low values of ISS describe a 
high instability in personality, and this may indicate 
that there has been a change in phenotype, and thus 
a plastic response, of the orangutan between BO and 
AO, for which a personality cannot be described from 
these values. This is because the link between personal-
ity and individual plasticity cannot be described in an 
obvious parameter, as these can develop independently 
of each other [38,12]. Nevertheless, it is important to 
be careful when construing some of these behaviors 
because a large part of an animal’s behavioral pattern 
is likely to involve behaviors with no obvious welfare 
consequences [36]. The significant difference between 
interaction with enrichment in BO and AO may suggest 
that the orangutan has adapted better to the facility, 
which could lead to improved animal welfare [18]. No 
significant difference in the remaining behaviors could 
be found, as the orangutan did not change behavior 

significantly between the two periods. This could be 
interpreted as positive and negative as it may imply 
that the orangutan has not adapted to the facility over 
the period or that it has not been adversely affected 
by the mixed-species facility [18,21]. Although the 
addition of otters to the facility is not seen to affect 
the orangutan, it can still be assumed to be successful 
simply because the species tolerate each other [19]. 
Behaviors that could indicate impaired animal welfare 
were decreased in most statistical analyses from BO to 
AO [14,15]. However, other statistical analyses showed 
conflicting results for behaviors associated with stress. 
This may be because some of the tests used median, 
IQR, skewness, and kurtosis, whereas others used the 
total intervals for each behavior in BO and AO.

CONCLUSIONS

This paper addresses the behavioral adaptation of a male 
Bornean orangutan upon translocation to a new facil-
ity, as well as the impact of environmental enrichment. 
Behavioral adaptation was examined before and after 
the addition of otters as environmental enrichment. The 
study documented some variation in behaviors between 
these two periods. Less stress-related behavior and 
more behavior associated with welfare were observed 
after the introduction of the otters, suggesting that 
adaptation to the new facility and the introduction of 
otters to the facility may have had a positive effect on 
the orangutan. To thoroughly investigate orangutans’ 
adaptation to the new facility and the influence of 
enrichment, further studies are needed. These studies 
should provide a greater opportunity for observation 
throughout the facility, and the possibility to observe 
the orangutan in the facility before relocation and in 
an environment with less enrichment.
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