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Abstract: Behavioral instability is a new concept used for indicating environmental stress based on behavioral traits. 

This study investigates the possibility of using behavioral instability as a tool for assessing personality in captive 

animals. The understanding of personality in captive animals can be a resourceful tool in the development of 

enrichment programs in order to improve animal welfare. In this study it is examined how an olfactory stimulus 

affects the behavior of two individuals of the species Ursus maritimus in captivity. When using continuous focal 

sampling throughout the day it was for many behaviors found that the individuals responded differently to stimuli, 

indicating that there was a difference in personality. This is shown using multiple approaches. One approach used 

traditional methods for behavioral analyses and the other approach used the concept of behavioral instability as a 

new quantitative method. This study proves use of behavioral instability as a new quantitative method for 

investigating personality, expanding the possibility of comparing personality between species. Moreover, it is 

shown that outliers, which cause asymmetric distributions, should not be removed in behavioral analysis without 

careful consideration. 
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1. Introduction

It has for several species been shown that conspecific individuals have different personalities [1, 2]. These 

different personalities are expressed by consistent behavioral responses under various conditions, that can vary with 

different variables e.g. population density, stress and enrichment [2, 3, 4]. The personality of an animal can influence 

its welfare, as these responses can vary between individuals, i.e. an environmental condition may be well tolerated 

by one individual, but not by another [5]. Stereotypic behavior is described as a repetitive motion with no apparent 

purpose and has generally been shown to be a sign of stress, due to its correlation with increased corticoid levels, 

thus making stereotypy an indication of poor welfare [6, 7]. Mason and Latham [7] investigated situations that caused 

an increase in stereotypic behavior and found that welfare decreased significantly in 68% of these situations. Pacing 

(stereotypic locomotion) is an example of stereotypic behavior, it often begins as anticipatory pacing, developing into 

generalized stereotypic behavior when the animal experiences stress [6, 8]. Stereotypic behavior is especially observed 

in predatory animals, moreover it has been found that bears display a higher frequency of stereotypic behavior than 

canids and felids [6]. This could partly be explained by their large home ranges in the wilderness, along with the 

accessible space in captivity only being a small proportion of the space they inhabit in the wilderness [6, 8, 9]. This 

explains the tendency of bears to pace near the limits of their enclosure, where pacing can represent an urge to explore 

more than the limits of the enclosure allow [6, 10]. Ross [11] studied how access to an indoor enclosure affects the 

stereotypic behavior of polar bears and showed that they become less stereotypic throughout the day, even though 

they only spent a small proportion of time indoors. This indicates that the ability to choose made them less stereotypic 

rather than the physical act of being inside [11]. This could also apply to the presence of enrichment, as shown for 

olfactory stimuli by Carlstead and Seidensticker [12], where a black bear throughout the day spent less time on 

stereotypic behavior and more time exploring the yard, when it had been given enrichment in the form of odor from 
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other bears. They concluded that an olfactory stimulus, at least during breeding season, was sufficient to distract the 

bear from pacing [12]. 

Several studies have shown that enrichment and the presence of choice in activity is negatively correlated with 

stereotypy [9, 11, 13]. However, other studies have shown that not all enrichments improve welfare when measured 

in time spent on stereotypy [12], this could be explained by the variation in the tested individuals’ personalities [5]. 

Personality has been found in different bears [1], but only few studies exist for polar bears, most of them studying 

stereotypic behavior in general [10, 11, 14]. To improve the welfare of polar bears and other large predatory animals 

in captivity, it would be relevant to quantify their behavior and personality in order to understand how their general 

welfare and the welfare of each individual can be improved [8]. It is therefore important to investigate if different 

animals have different personalities, as they would be expected to react differently to stimuli, either increasing or 

decreasing their time spent on stereotypic behavior leading to a difference in welfare as well. Rose et al. [8] and Shyne 

[13] emphasize the need for further development of quantitative assessments of animal welfare in order to increase

the reliability of non-invasive welfare indicators, such as behavioral traits.

The sampling methods used in the traditional assays of animal behavior vary between studies and have been 

described and compared in Altmann [15]. Many of these studies used an interval instantaneous sampling technique, 

where the behavior is observed at a specific time and then noted as state behavior for the entire time interval between 

the current and previous observation, assuming that the individuals were performing this behavior the whole time 

[15, 16, 17]. Other studies only sample from the beginning of the behavioral state they wish to analyze until the animal 

switches to another behavioral state, thus only observing a single behavior at a time [10, 14]. In another study, focal 

sampling of a shorter period was used [17]. Each of these sampling techniques can be used for different analyses, 

answering different questions [15]. The time intervals, at which observations sessions took place, also varied greatly 

between studies [11, 16, 17]. Bashaw et al. [17] found that there was a difference in behavior throughout the day, 

proving that the assessment should be carried out not only at a specific time of the day, but for a longer period of 

time, covering a larger percentage of the day. Standardizing these sampling methods would contribute to a 

quantitative and systematic behavior analysis. 

There have been made different suggestions for improving the traditional non-standardized method using 

ethograms and observations of different time intervals, by using more quantitative and systematic methods. Pertoldi 

et al. [18] introduced the concept of behavioral instability based on the concept of developmental instability. 

Behavioral instability was introduced as a method of studying the symmetry of behavior, by observing bilateral 

behavioral traits e.g. how many times an individual looks to the left versus the right. Bech-Hansen et al. [19] 

introduced two variables to this concept, BSYM and BVAR. BSYM is the behavioral instability of symmetry, meaning 

the deviation from a symmetric distribution for the studied behavior, and BVAR is the variance of residuals for the 

studied behavior, where a higher variance indicates a smaller capacity for anticipating a behavior when stressors are 

present [19]. The concept of behavioral instability could, as proposed by Bech-Hansen et al. [19], also be applied to 

measure the effect of environmental stress on behavioral data other than bilateral data as it can be used to measure 

the effect of environmental stress. Therefore, it should be investigated, how behavioral instability can be used as a 

new, quantitative way of studying behavior and, moreover, personality. 

Aim of the paper 

This study investigates the application of the concept of behavioral instability as a tool for studying the 

personality of captive animals. This was done by investigating the personality of polar bears in captivity by 

comparing the effect of olfactory stimuli on two individuals at Aalborg Zoo, Denmark. It was expected that the stimuli 

would have an effect on the individuals and their behavior and furthermore that there would be a difference in the 

two individuals’ personalities, which would be indicated by a difference in how the individuals reacted to the stimuli. 

2. METHODS

2.1. Participants and Setting 
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In this study the behavior of two female polar bears at Aalborg Zoo in Denmark was observed. The two 

individuals are siblings that were born in November 2016 at Aalborg Zoo. The sisters have since spring 2019 been 

kept in a separate enclosure from their mother. The two enclosures were separated by a dry moat, giving the two 

individuals visual access to their mother. Their diet consisted of vegetables, fruit, fish, meat (primarily horse 

intestines), dog kibble and various treats such as dried dates, which they were fed randomly throughout the week. 

The area of the enclosure used for this study was 768 m2 and consisted of a pool, land covered by gravel and concrete, 

and a den (map of the enclosure can be seen in Appendix H). The windows for the zoo visitors were placed opposite 

the den, making the inside of the den not visible for visitors. The zookeepers were able to access the polar bears when 

they were in the den, this is also where the zookeepers occasionally would train the polar bears and feed them treats. 

2.2. Data collection 

The observations took place from primo October to primo November 2019 during the zoos off-season. Nine 

observation sessions were spread throughout this time period. The observations sessions were conducted by filming 

the polar bears using four action cameras (Kitvision Escape HD 5), that were placed around the enclosure, ensuring 

video surveillance of the entire outdoor perimeter (camera placement can be seen in Appendix H). Each session began 

at sunrise, ranging from 07:29 am (UTC+2) to 08:34 am (UTC+1) and lasted for nine hours. Three of the observation 

sessions were control treatments (treatment C), that were used as a baseline measurement of the polar bears behavior 

under normal conditions. During three of the other observation sessions the bears were given stimuli in the form of 

two dog scented objects (treatment D), one for each individual, which were thrown into the enclosure between 09:00 

and 09:30 am (the object can be seen in Appendix I). The objects were fabric boxes that each were in contact with a 

different dog for approximately a week prior to each of the three observation sessions, thus scenting the boxes with 

the natural odor of the dogs. In order to estimate the effect of the dog odor and not the effect of the object itself, three 

observation sessions were used to observe the effect of the unscented fabric boxes. The behavioral data for the 

observation sessions with unscented objects was only used to confirm that the effect of the stimuli came from the dog 

odors and not the fabric boxes themselves and this data was therefore only used in a preliminary analysis (Appendix 

A and F.1-3). 

2.3. Analysis 

Behavioral observations were based on the analysis of the filmed material by four coders, using the ethogram 

described in table 1. Prior to this a concordance test was performed to ensure that the inspections of all four coders 

were in agreement. The footage was analyzed using continuous focal sampling of the nine hours that each observation 

session lasted [15]. Furthermore, all occurrences were treated as states as described by Altmann [15], thus for each 

observation session all 32,400 seconds were coded. The preliminary analysis was based on all nine observation 

sessions, amounting to 291,600 seconds and 3,322 data points. Further analyses were based on only six observation 

sessions, three for treatment C and three for treatment D, amounting to 194,400 seconds and 2,236 data points. 

The statistical analyses were conducted in RStudio version 3.6.0 [20] and Past version 3.26b [21]. As the data was 

not normally distributed, outliers were removed by two different methods. This resulted in three versions of the data 

set: one containing all the original data points, one with only data points inside the interquartile range (IQR), thus 

removing all data points outside the interval between the 25th and 75th percentile and one with outliers removed 

using Median Absolute Deviation method (MAD) with the conservative threshold value of 3 [22]. The data was 

analyzed using non-parametric methods for all three data sets. Most analyses were conducted for each observation 

session separately, due to some significant differences between the observation sessions of the same treatment. 

However, some analyses were only possible to conduct for the data in which all three observation sessions were 

pooled for each treatment and each individual separately. 

The percentage of time each individual used on each behavior was estimated for the different observation 

sessions in order to examine the differences in the distribution of time spent on each behavior both between 

treatments and individuals. Furthermore, χ2 tests with Yates correction [23] were carried out on pooled data, with 

the variables being the different treatments and the two individuals. This was only done for the data set containing 

all data points, as it was only for this data set that all nine hours were represented. 
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For all data sets the medians, variances, asymmetry indices (skewness) and kurtoses were calculated to examine 

the differences in time each behavior lasted per occurrence, how much it varied and the shape of the data between 

individuals and treatments. Due to the non-normal distribution of the data, the variances were based on the IQR. The 

differences in medians and variances were tested with pairwise comparisons using the Mann-Whitney U-test and 

Levene’s test [23] for all data sets, respectively. Pairwise comparisons of the asymmetry indices and kurtoses were 

made for all data sets by comparing the bootstrap confidence intervals of the observation sessions. For the pairwise 

comparisons a significance level of 0.05 was used. Additionally, correlations of the time each behavior lasted per 

occurrence were calculated between the different treatments as well as between the two individuals using Pearson 

product-moment correlation [23] (Appendix K and L).  

In order to observe the distribution of time spent on each behavior throughout the day, cumulative curves were 

plotted for each individual and observation session (Appendix C). For the cumulative data Pearson product-moment 

correlations between the different individuals and treatments were calculated based on the time of the day at which 

the individual completed a certain percentage of the total amount of time spent on a given behavior (i.e. T10, T20, ..., 

T100) (Appendix J). The cumulative curves and correlations between them were only calculated for the data set 

containing all data points. 

Medians were calculated for each treatment and individual using the pooled data from the data set containing 

all data points and the MAD data set. For each behavior, the medians for both individuals and treatments were plotted 

along with a trend line between the median of treatment C and median of treatment D for each individual. The slopes 

of the trend lines were calculated as well as the percentage differences in the trend line slopes between the two 

individuals for the same behavior. χ2 tests with Yates correction were carried out comparing these medians between 

the two treatments and the two individuals for each behavior (Appendix D). This procedure was also carried out for 

the variances, asymmetry indices and kurtoses of the pooled data for the data set containing all data points. The same 

plots were made for the two data sets where outliers had been removed (Appendix E). χ2 tests were also executed 

comparing the variances, asymmetry indices and kurtoses, respectively (Appendix D). 

3. Results

The time spent on different behaviors varied between all the observation sessions and the individuals. Figure 1 

shows that individual 2 generally spent a larger amount of time on stereotypic behavior and a smaller amount of time 

on inactivity compared to that spent by individual 1. However, the amount of time the two individuals spent on these 

behaviors varied greatly between the observation sessions. When comparing the two individuals stereotypic and 

inactive behavior for treatment D respectively, a significant difference between the two individuals was observed for 

both behaviors. For this treatment individual 1 spent a greater amount of time being inactive than individual 2, 

whereas the opposite was found for the amount of time the individuals spent on stereotypic behavior. Furthermore, 

it was found that individual 1 spent a significantly greater amount of time being inactive for treatment D in 

comparison to treatment C. 

When comparing the three observation sessions of treatment C with those of treatment D it was generally found 

for both individuals that the median and variance of the amount of time spent on activity both on land and in water 

were greater for treatment D than treatment C (table 2). The same tendency applies for both individuals when 

comparing inactive behavior between treatment C and treatment D. In contrast to this it was found that the median 

time and variance in time spent on social play were generally greater for treatment C than treatment D for both 

individuals. In regard to stereotypic behavior it was for individual 1 found that the median time and variation in time 

were greater for treatment D than treatment C, there was however also found a few significant results showing these 

variables as being greater for treatment C than for treatment D. Contrary to this, it was for individual 2 found that 

the median times spent on stereotypic behavior only showed significant differences where the median of treatment 

D was greater than that of treatment C. This was also roughly the case when comparing the variance in time spent by 

individual 2 on stereotypic behavior. In this case all but a single comparison in the MAD data set showed the variance 

of treatment D to be significantly greater than that of treatment C. 

The significant results observed for the comparison of the medians and variances of the two treatments varied 

slightly between the three data sets, but the results of all three data sets generally showed the same tendencies (table 
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2). The slight variation occurred because the two data sets IQR and MAD contained a larger percentage of significant 

results. For all three data sets no tendencies were found when comparing the asymmetry indices and kurtoses of 

treatment C and D. However, there was observed a tendency when comparing the differences in the asymmetry 

indices and kurtoses of the three data sets. For the data set containing all data points it was found that the data was 

strongly right skewed-leptokurtic for nearly all behaviors and observation sessions for both individuals. Contrary to 

this, it was for the IQR data set observed that the data was right skewed-platykurtic for nearly all behaviors and 

observations sessions for both individuals. For the MAD data set the data was found to be right skewed for all 

behaviors and observation sessions for both individuals, whereas the tailedness of the distributions varied among 

the observation sessions and behaviors. Furthermore, some significant differences were found between the 

asymmetry indices and kurtoses of the two treatments for the data set containing all data points, whereas only a few 

significant differences were observed when outliers were removed (table 2). 

In the comparison of the two individuals it was found for both treatments that individual 1 had a greater median 

and variance for the behavior activity on land than that of individual 2 (table 3). The same tendency was observed 

for treatment C for inactive behavior, whereas for treatment D no tendencies were observed when comparing inactive 

behavior between the two individuals. When comparing the two individuals’ stereotypic behavior for treatment C it 

was generally found that the median time spent on this behavior was greater for individual 1 than for individual 2. 

For the same treatment there was a slight tendency showing that the variance of time spent on stereotypic behavior 

was greater for individual 2 than for individual 1. The differences in the median and variance of time that each 

individual spent on stereotypic behavior for treatment D were only significant when these variables were greater for 

individual 2 than for individual 1. When comparing medians and variances of all three data sets, the results mostly 

showed the same tendencies (table 3). There was a small variation due to a slightly larger amount of significant results 

for the two data sets where outliers had been removed. No tendencies were found when comparing asymmetry index 

and kurtosis between the two individuals. However, when comparing these results for all three data sets, it was found 

that the number of significant differences between the individuals generally decreased when outliers had been 

removed. 

For pooled data an increase in the median time spent on each behavior between treatment C and D could be 

observed for both individuals and all behaviors except the median time individual 2 spent inside, which showed a 

decrease between treatment C and D (figure 2). For the three behaviors activity in water, stereotypic and inactive, 

significant differences in the median time were found between the two treatments for each individual. When 

comparing the median time spent on stereotypic behavior there was also found a significant difference between the 

individuals for treatment D but not for treatment C. For the behavior inactive, there was only observed a significant 

difference between the individuals for treatment C. For most behaviors it was found for both individuals that the 

variances increased between treatment C and D (figure 2). The opposite was only found for the stereotypic behavior 

of individual 1 and the behavior inside for individual 2, meaning that the variances decreased between treatment C 

and D for these combinations. For the behaviors inactive and inside, significant differences were found between the 

variances of both individuals and between these of the two treatments. There were also found significant differences 

between the variances of time spent on stereotypic behavior between the two individuals for both treatments and 

between the two treatments for individual 2.  

When comparing the asymmetry indices of the two treatments it varied greatly for both individuals whether 

there was found an increase or decrease in the asymmetry index between the two treatments (figure 2). Significant 

differences between the asymmetry indices of the two treatments were found for the behaviors stereotypic, inactive 

and inside of individual 1, whereas for individual 2 it was only the behavior inside that showed a significant 

difference. Furthermore, no significant differences were found between the two individuals for either of the two 

treatments. Similar to that of the asymmetry indices there was also great variation in whether the slope was positive 

or negative when comparing the kurtoses of the two treatments for the different behaviors (figure 2). For all behaviors 

it was found that there were significant differences between the kurtoses of the two treatments for both individuals. 

When comparing the kurtoses of the two individuals for treatment C, significant differences were found for the 

behaviors activity on land, stereotypic and inactive. For treatment D significant differences were found between the 

kurtoses of the two individuals for the behaviors activity on land and activity in water. 
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4. Discussion

In this study, an increase in median time and variance were found for most behaviors when the individuals were 

exposed to the olfactory stimuli of dog odor. This indicates that the occurrences of a behavior generally lasted longer 

when the individuals were provided with the olfactory stimuli, but also that the individuals were less predictable in 

the time they were engaged in each occurrence of a behavior. The effect of stimuli on the asymmetry index and 

kurtosis varied greatly between the individuals and behaviors. This demonstrates that there was a variation in 

predictability for the behaviors of both individuals when exposed to the olfactory stimuli. In this study the most 

notable results were found for inactive and stereotypic behavior, and since stereotypy is described as an important 

indicator of welfare the discussion of the results found in this study will focus on these two behaviors. 

This study found that one individual spent significantly more time being inactive under treatment D compared 

to treatment C, indicating an indirect reaction to the stimulus. In relation to this Ross [11] found, that merely the 

presence of an activity can influence the behavior of an individual, even if the individual does not engage in the 

activity. This could explain the influence of stimuli on the individual’s inactivity even though this behavior is not 

directly associated with the presence of the stimulus. Carlstead and Seidensticker [12] also used olfactory stimuli and 

showed that the presence of these stimuli decreased the time black bears used on stereotypic behavior. The same 

tendency was observed in this study for one of the individuals (figure 1). The negative correlation between 

enrichment and time spent on stereotypic behavior has also been shown in various other studies [9, 13]. Contrary to 

this, the time spent by the other individual on stereotypic behavior increased in the presence of the olfactory stimuli. 

Shyne [13] found that multiple other studies have shown that stereotypic behavior decreased in the presence of 

enrichment. This effect could be explained by stereotypy being a general coping mechanism, meaning that stereotypy 

is not necessarily an indication of low welfare but simply an individual’s way of coping. Therefore, stereotypy may 

help the individual deal with environmental stress and improve the individual’s welfare short term. The type of 

stereotypy used to cope with environmental stress has previously been shown to be species-specific [7, 8]. However, 

the only way to determine whether stereotypy has a negative or positive effect on welfare is to conduct physiological 

assessments, such as measuring corticoid levels. Shepherdson et al. [9] studied the correlation between stereotypy 

and corticoid levels in polar bears and found that pacing generally resulted in higher corticoid levels, which are 

associated with diminished welfare. 

The difference found in the two individuals’ responses to olfactory stimuli is a good example of how individuals 

can respond differently to environmental stress indicating a difference in their personalities. This exhibits how the 

understanding of different personalities is important in the evaluation of welfare in captive animals [5], implying that 

different individuals can benefit from different types of enrichment in order to increase their welfare. When exposed 

to olfactory stimuli, there was a significant difference between the two individuals in the amount of time each spent 

on stereotypic and inactive behavior, respectively (Appendix B). One individual spent less time being stereotypic and 

more time on inactivity, while the other individual spent less time being inactive and more time on stereotypy (figure 

1). The same was found when comparing the quantitative variables; median, variance, asymmetry index and kurtosis, 

of the data for the two individuals. This analysis showed differences in medians and variances of time spent on 

stereotypic behavior between the individuals and that these differences were larger when the individuals were 

exposed to olfactory stimuli (figure 2). This demonstrates that the individuals responded differently to the stimulus, 

supporting the statement that individuals with different personalities react differently to the same stimulus, as they 

often have different ways of coping with changes in their environment [7]. When comparing the asymmetry indices 

of both individuals it was found that there was a smaller difference between the individuals when exposed to stimuli 

than under normal conditions, this means that the distributions were more similar. These various results indicate the 

importance of using different quantitative variables. 

The results discussed were generally observed for all three data sets, but some slight differences were found due 

to the removal of outliers. When using the MAD method only large values were indicated as outliers and removed 

due to the distribution of the data, whereas when using the IQR to identify outliers an equal amount of values smaller 

and larger than the median was removed. When removing outliers using IQR, only the most frequent results are 

shown, and it can be argued that this gives a better representation of the data. A similar argument presents itself 

when removing outliers using MAD, as this method removes extreme values that have a small likelihood of 
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occurring. When studying behavior, the distribution of the data is usually skewed to the right, hence the removal of 

outliers using MAD can remove important information, as an individual performing a behavior for a long time is also 

a part of their behavior and cannot simply be ignored [24]. Even though removing outliers presents some 

disadvantages it can also be a resourceful tool when comparing individuals and treatments since the removal of 

outliers can increase the amount of significant results. The results of this study showed that when removing outliers, 

tendencies that were found for the data set containing all data points were highlighted with a greater amount of 

significant differences between the comparisons of the medians and variances of the two treatments and that of the 

two individuals. This is an example of how removing outliers can be used as a resourceful tool, but the original data 

set should always be analyzed as well. Ideally, behavioral data should be analyzed both with and without outliers, 

as the different methods supplement each other. 

In this study it is shown how behavioral instability can be applied to behavioral observations by investigating 

the medians, variances, asymmetry indices and kurtoses of different behaviors. The results of this study prove that 

behavioral instability also can be applied to a more traditional type of behavioral data, in which an ethogram and 

observations of different behaviors are used. Thus, behavioral instability can be introduced as a new quantitative 

method for analyzing traditional ethograms. This study used this new method along with the traditional methods, 

enabling a comparison of the two methods. One of the major issues when using the traditional methods for studying 

behavior is the lack of comparable systematic and quantitative results [8, 13]. The traditional methods are primarily 

used to estimate the percent of time spent on various activities [15]. This estimate is however highly dependent on 

the ethogram used, as the percent of time spent on one activity is always dependent on the amount of time spent on 

other activities. Comparisons between studies are therefore only possible if highly similar ethograms are used, which 

can prove difficult in the comparison of behavior between species. The application of the concept behavioral 

instability enables the comparison of behavior regardless of differences in ethograms. This is possible due to the 

method’s quantitative approach that uses the median, variance, asymmetry index and kurtosis. The advantage of this 

approach is that these variables for one behavior are less dependent on the other behaviors. 

The traditional methods also lack a protocol ensuring systematic data sampling. The results of this study indicate 

the need for longer observation sessions, as short observation sessions lead to a higher risk of type II errors. However, 

if the data is symmetric-leptokurtic the risk of type II errors is lower, thus it is possible to make a behavioral analysis 

based on short observation sessions. When applying the concept of behavioral instability to behavioral studies, the 

data should be sampled using continuous focal sampling of the entire day. The results of this study showed that 

many behaviors occurred for both shorter and longer periods of time and therefore, information can be lost when 

using sampling techniques such as instantaneous sampling. Altmann [15] states that instantaneous sampling is 

primarily used for studying the percent of time spent on various activities. However, the results would not be 

accurate, as behaviors shorter than the time between two preselected sampling instances would most likely not be 

recorded. When using this new quantitative method of applying behavioral instability, it is therefore important that 

sampling is conducted throughout the entire day using continuous focal sampling. 

While the quantitative results of this new method enable comparisons between studies, the traditional methods 

should not be dismissed, as valuable information also lies in knowing when an individual performs various behaviors 

throughout the day and the proportion of the day spent on different behaviors. It is therefore suggested that the two 

methods are used collaboratively, comparing and combining the results of both approaches, in order to obtain the 

most reliable results. The application of the concept behavioral instability to traditional behavioral analyses allows 

quantitative data collection. This can provide researchers with a relatively unbiased evaluation of personality and the 

effectiveness of enrichment manipulation, which can contribute to the improvement of enrichment programs and 

animal welfare in captivity [13]. It has been debated whether the study of personality can provide new insights for 

the field of behavioral ecology [5]. The use of behavioral instability as a new quantitative and systematic method for 

studying personality could be highly relevant when studying animal conservation. When captive populations are 

being managed with the purpose of re-introducing individuals to the wild, the understanding of personality can 

provide insight on how to conserve behaviors and personality traits that could be beneficial in the wild. 
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Table 1. Behavioral ethogram 386 

Behavior Description 387 

Activity on Land Locomotion and interaction with objects while on land 388 
Activity in Water Locomotion and interaction with objects while submerged in water 389 
Social Play Individuals interacting playfully or fighting with each other 390 
Stereotypic Repeating a specific walking pattern or movement aimlessly 391 
Inactive Resting or sleeping i.e. laying down or sitting with minimal movement 392 
Inside Inside the den and therefore out of sight 393 
Other Eating, drinking, urinating, defecating, maintenance of coat e.g. by rolling 394 

in gravel and out of sight due to blind camera angles 395 
 396 

 397 
 398 
 399 
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Table 2. Pairwise comparisons of the median, variance, asymmetry index and kurtosis of each observation session between the two treatments (C = control, D = dog scented 

object) for each individual. For each behavior results are shown for three data sets, the first including all data points (All), the second only including data points within the 

interquartile range (IQR) and the third with outliers removed using the median absolute deviation method (MAD). The shown percentage indicates the proportion of 

significant results for the given difference. The note column indicates the number of observation sessions that have less than 6 data points for the given behavior. 

 

  

Behavior  

  

Individual  

Median   Variance   Skewness   Kurtosis     

Note  

  

All  IQR   MAD   All  IQR   MAD   All  IQR   MAD   All  IQR   MAD   

  

  

Activity on 

Land   

  

1   

  

C > D:   0%  

C < D: 56%  

  

C > D:   0%  

C < D: 67%  

  

C > D:   0%  

C < D: 67%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 67%  

  

C > D:   0%  

C < D: 67%  

  

 C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

  

2   

  

C > D:   0%  

C < D: 33%  

  

C > D: 22%  

C < D: 44%  

  

C > D: 22%  

C < D: 33%  

  

C > D:   0%  

C < D: 44%  

  

C > D: 22%  

C < D: 44%  

  

C > D: 33%  

C < D: 44%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

  

  

Activity in 

Water   

  

1   

   

  C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 44%  

  

C > D:   0%  

C < D: 44%  

  

C > D: 11%  

C < D: 22%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

  

  

2   

  

C > D:   0%  

C < D: 33%  

  

C > D: 11%  

C < D: 78%  

  

C > D: 11%  

C < D: 44%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 33%  

  

C > D: 11%  

C < D: 44%  

  

C > D:   0%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

    

    IQR:     1D  

    MAD:  1D  

  

Social Play   

  

  

  

Both  

  

C > D: 33%  

C < D:   0%  

  

C > D: 67%  

C < D:   0%  

  

C > D: 33%  

C < D: 11%  

  

C > D: 22%  

C < D:   0%  

  

C > D: 44%  

C < D:   0%  

  

C > D: 56%  

C < D: 11%  

  

C > D:   0%  

C < D: 44%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 44%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

  

  

  

Stereotypic  

  

1   

  

C > D: 22%  

C < D: 22%  

  

C > D: 22%  

C < D: 33%  

  

C > D: 22%  

C < D: 33%  

  

C > D:   0%  

C < D: 11%  

  

C > D: 11%  

C < D: 22%  

  

C > D: 22%  

C < D: 33%  

  

C > D:   0%  

C < D:   0%  

    

  C > D:   0%  

  C < D:   0%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

    

  

  

2   

  

C > D:   0%  

C < D: 11%  

  

C > D:   0%  

C < D: 67%  

  

C > D:   0%  

C < D: 44%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 44%  

  

C > D: 11%  

C < D: 55%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D:   0%  

    

    IQR:     1D  

    MAD:   1D  
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Inactive   

  

1   

  

C > D:   0%  

C < D: 11%  

  

C > D    0%  

C < D: 33%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

    All:      1C, 1D  

    IQR:    1C, 1D  

  

2   

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 11%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 44%  

  

C > D:   0%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

    All:        1C, 2D  

    IQR:     2C, 2D  

    MAD:  1C, 2D  

  

  

Inside   

  

1   

  

C > D:   0%  

C < D: 22%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D: 33%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 22%  

  

C > D: 11%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D: 33%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D: 11%  

   

    All:      1C  

    IQR:      1C, 2D  

  

2   

  

C > D: 11%  

C < D: 33%  

  

C > D: 33%  

C < D:   0%  

  

C > D: 11%  

C < D: 33%  

  

C > D: 22%  

C < D:   0%  

  

C > D: 22%  

C < D:   0%  

  

C > D: 44%  

C < D: 33%  

  

C > D: 33%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

C > D: 44%  

C < D: 11%  

  

C > D:   0%  

C < D:   0%  

  

C > D:   0%  

C < D:   0%  

  

    IQR:    1D  
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Table 3. Pairwise comparisons of the median, variance, asymmetry index and kurtoses of each observation session between the two individuals (I1 = individual 1, I2 = 

individual 2) for each treatment. For each behavior results are shown for three data sets, the first including all data points (All), the second only including data points within 

the interquartile range (IQR) and the third where outliers were removed using the median absolute deviation method (MAD). The shown percentage indicates the proportion 

of significant results for the given difference. The note column indicates the number of observation sessions that have less than 6 data points for the given behavior. 

 

Behavior 

 

Treatment 

Median  Variance  Skewness  Kurtosis   

Note 

 

All MAD IQR All MAD IQR  All MAD  IQR  All MAD IQR 

 

 

Activity on 

Land  

 

C 

 

I1 > I2: 67% 

I1 < I2:   0% 

 

I1 > I2: 67% 

I1 < I2:   0% 

 

I1 > I2: 67% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2: 67% 

I1 < I2: 22% 

 

I1 > I2: 67% 

I1 < I2: 33% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

 

D 

 

I1 > I2: 56% 

I1 < I2:   0% 

 

I1 > I2: 56% 

I1 < I2:   0% 

 

I1 > I2: 67% 

I1 < I2: 11% 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2: 67% 

I1 < I2: 11% 

 

I1 > I2: 56% 

I1 < I2: 22% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

 

 

Activity in 

Water  

 

C 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2: 44% 

I1 < I2: 22% 

 

I1 > I2: 33% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2: 33% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2: 22% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

 

D 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2: 22% 

I1 < I2: 22% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 33% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

   IQR:        1I2 

   MAD:  1I2 

 

 

Stereotypic  

 

C 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2: 33% 

I1 < I2:   0% 

 

I1 > I2: 33% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2: 33% 

 

I1 > I2: 22% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2: 22% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

 

D 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2: 44% 

 

I1 > I2:   0% 

I1 < I2: 44% 

 

I1 > I2: 0% 

I1 < I2: 67% 

 

I1 > I2:   0% 

I1 < I2: 44% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2: 33% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

    MAD:  1I2 

    IQR:       1I2 

    

 

 

Inactive  

 

C 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2: 33% 

I1 < I2:   0% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2: 44% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

   All:      1I1, 

1I2 
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   MAD:  1I1 

    IQR:         1I1, 

2I2 

 

D 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2: 11% 

I1 < I2: 11% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 67% 

I1 < I2: 22% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

   All:           1I1, 

2I2 

   MAD:  2I2 

   IQR:      1I1, 

2I2 

 

 

Inside  

 

C 

 

I1 > I2:   0% 

I1 < I2: 22% 

 

I1 > I2:   0% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2: 33% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 44% 

 

I1 > I2:   0% 

I1 < I2: 44% 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 22% 

I1 < I2: 11% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

   All:      1I1 

   IQR:      1I1 

 

D 

 

I1 > I2: 11% 

I1 < I2: 22% 

 

I1 > I2: 22% 

I1 < I2: 22% 

 

I1 > I2: 22% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2: 11% 

 

I1 > I2: 11% 

I1 < I2: 33% 

 

I1 > I2: 11% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2:   0% 

 

I1 > I2: 33% 

I1 < I2:   0% 

 

I1 > I2:   0% 

I1 < I2: 22% 

 

I1 > I2: 11% 

I1 < I2:   0% 

 

   IQR:    2I1, 

1I2 
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Figure 1. Ratio of time each individual spent on the different behaviors for each of the three observation sessions for each treatment (C = control, D = dog scented object). 

The data was pooled and compared by χ2 tests with Yates correction. Behaviors in which the χ2 test resulted in significant results are indicated by *. For further details on 

χ2 values see Appendix B. 
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Figure 2. For each individual the median and variance of time spent on a given behavior are shown for 26 

treatment C and for treatment D along with trend lines between the medians and between the variances of the 27 

two treatments for the same individual. The asymmetry index and kurtosis are also shown for treatment C and 28 

for treatment D and each individual along with trend lines between the asymmetry indices and between the 29 

kurtoses of the two treatments for the same individual. The medians, variances, asymmetry indices and kurtoses 30 

are based on pooled data. The slope (m) and difference in slope in percent (DS) are given for each comparison. 31 

The medians, variances, asymmetry indices and kurtoses were compared by χ2 tests with Yates correction. 32 

Comparisons in which the χ2 test resulted in significant results between the two individuals for the same 33 

treatment are indicated by * next to the relative treatment. Comparisons in which the χ2 test resulted in 34 

significant results between the two treatments for the same individual are indicated by * next to the relative 35 

individual. For further details on χ2 values see Appendix D. 36 

 37 
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