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Abstract

Elephants’ nocturnal behaviours are an important part of their welfare in captivity. For this reason, this study investigates
whether the nocturnal behaviour of three African elephants’ (Loxodonta africana) in Aalborg Zoo is affected when
exposed to different conditions and if they are affected differently. Camera footage was used to log the elephants’
behaviours at night during a control period and during two periods with different impacts, which consisted of six nights
respectively. Every night, the elephants were captured on video from 8 pm to 8 am and the behaviours were subsequently
logged every second following an ethogram containing seven behaviours. This study was not able to show an effect (p >
0.05) on the elephants’ nocturnal behaviour related to an increase in visitor activity during the Autumn holiday. However,
a significant increase in the duration of the sway behaviour was found after the shift from daylight saving time to standard
time. This study also found that the elephants show individual norms within the behaviours such as interaction with food
and abnormal behaviours. The lack of statistical evidence for changes in nocturnal behaviour related to visitor activity,
may be due to other external factors influencing the nocturnal behaviour of the elephants. Swaying behaviour was affected
by the shift to standard time of all three elephants. Individual differences in nocturnal behaviours indicate that the three
elephants have different animal personalities.

Keywords: ethogram, behaviourism, captivity, personality, stereotypy

Introduction

One of the biggest challenges when looking at African elephants (Loxodonta africana) from an animal
husbandry perspective, is managing elephants’ welfare (Veasey, 2006). Several parameters separate the
behaviours of wild elephants from behaviours of elephants in captivity. This could be caused by the
limited space in the zoos and reduced possibility for activities. Lack of space and restrictions in social
contact between conspecifics may be the main reasons for changes in behaviour of elephants in captivity
(Adams & Berg, 1980, Leighty et al., 2009). In the wild, African elephants live together in herds
consisting of 5 to 10 related adult females and their offspring (Bonaparte-Saller & Mench, 2018). In these
herds, hierarchical ranks occur and are dominated by the matriarch, the oldest female (Bonaparte -Saller
& Mench, 2018; Schulte, 2000).

Wild elephants sleep considerably less during the night compared to elephants in captivity, and wild
elephants do not return to sleep that night if they are disturbed (Gravett et al., 2017). They also have
several days where they do not lie down at all which causes less sleep (Schiffmann et al., 2018). The
commencement and end of the sleep seem to be affected by environmental implications, such as the risk
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of predation. Furthermore, wild elephants will find new places to sleep every night because they walk
many miles and spend a lot of time eating (Gravett et al., 2017). Wild elephants spend most of the night
standing, which could be due to their search for food (Wilson et al., 2006; Stokes et al., 2017). Besides
eating and drinking, elephants interact with each other within their group and rest by standing or lying
down (Wilson et al., 2006; Shyne 2006). They rest for about 25% of the day in either a standing or lying
position, while the younger elephants rest more than the older ones in a group (Wilson et al., 2006).

In zoos, African elephants lie down for two hours a day on average (Gravett et al., 2017). Recumbent rest
will most likely happen during the night and has the primary function of sleep (Gravett et al., 2017). In
both captivity and the wild, elephants will lie down more during the night than during the day. Elephants
in zoos can experience disturbances from external factors such as visitor activity during the day which
may have a negative impact on their amount of sleep when lying down (Schiffmann et al., 2018). This
observation may form a basis for testing how additional stress caused by an increase in the number of
visitors in the zoo, will affect the sleeping behaviour in a group of unchained African elephants
(Schiffmann et al., 2018).

Specific stimuli can over time create repetitive patterns of behaviour known as stereotypical behaviour
(Shyne, 2006). Such behaviour in elephants is thought to be provoked by repression of natural behaviours
such as limitations in finding a partner or the need to walk many miles per day. Other factors that cause
changes in stereotypical behaviour may be human contact with zookeepers and individual isolation
(Shyne, 2006; Greco et al., 2016; Yasui et al., 2012). Elephants in captivity are most active from between
6 am and 7 am and 6 pm to midnight (Brockett et al., 1999). Feeding behaviour seems to be the most
common behaviour which increases between 5 pm to 12 am for elephants in captivity and peaks at
midnight for wild elephants (Wilson et al., 2006). Some of the elephants’ behaviours seem to be affected
by the handlers’ daily events. Especially the stereotypical behaviour swaying (a rocking movement from
side to side) is directly linked to the handlers’ scheduled arrival and depart (Wilson et al., 2006; Stokes
etal., 2017).

Groups of elephants in captivity are often not related to each other and may be living with different
species. The number of individuals in a group is a lot smaller than in the wild and often consists of adults.
However, the groups are still divided into ranks and dominated by a matriarch (Schulte, 2000). In relation
to the elephants’ complex social behaviour, they express a variety of individual differences relative to
behavioural traits (Yasui et al., 2012). Differences between individuals’ behaviour across time and
contexts is defined as animal personality (Dingemanse et al., 2010). Personality traits in animals are
possible to investigate by observing the aggregation of related behaviours in animals in the wild.
Aggregations of behaviours may be caused by environmental and social stress, and individuals may act
differently to these stimuli (Horback et al., 2013).

The aim of this study is to investigate whether the nocturnal behaviour of the three African elephants in
Aalborg Zoo is affected when exposed to different conditions during the Autumn holiday and the shift
from daylight saving time to standard time. Furthermore, to investigate whether the three elephants are
affected differently, which can be interpreted as animal personality between the elephants.

Methods
Participants

This study investigated three female African elephants housed in Aalborg Zoo, Denmark. The elephants
were approximately two years old in 1985 when they arrived in Aalborg Zoo, hence all three elephants
Tanja, Maj, and Bibi were 36 years old during the study.

Setting
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The elephants’ indoor enclosure was connected to an outdoor enclosure which was separated into two
sections. The indoor enclosure was divided into three sections, one enclosure for each elephant. The sizes
of the indoor enclosures are shown in Fig. Al, while Fig. A2 shows enclosure 1. Due to low temperatures,
the zoo staff closed the gate to the outdoor enclosure during the night.

During the night, the largest elephant regarded as the matriarch was separated from the remaining
elephants in one of the three indoor enclosures. The remaining elephants spent their nights together in
connected enclosures. However, the matriarch had the opportunity to interact with the other elephants
through the rails. The separation of the elephants was due to conflicts between the matriarch and the
former matriarch.

Procedure

Data was collected 12 hours from 8 pm to 8 am from permanently installed cameras during three periods
consisting of a control period, and two periods with different impacts. The control period consisted of six
nights from October 6th to 12th 2019 and was compared to a period of six nights during the Autumn
holiday from October 13th to 19th 2019, and a period of six nights after the shift from daylight saving
time to standard time from October 27th to November 2nd 2019. This totaled 216 hours of material for
each elephant. During Autumn holidays the zoo visitor activity increased with 164%. Once a day during
the Autumn holiday, children were allowed in the outdoor enclosures as a part of a zoo visitor activity,
while the elephants were kept in the indoor enclosures. No children were allowed in the enclosure Monday
and Thursday, with the purpose of reducing the level of stress the elephants were exposed to. The
comparison between the control period and the shift to standard time included changes in feeding times
and the indoor light schedule. The animal personality was tested during the control period, the Autumn
holiday, and the shift to standard time.

Analysis

Behavioural analyses were performed based on the video footage of the elephants. For the behavioural
study, an ethogram inspired by Hacker (2015) was created. The ethogram is shown in Table Al. To ensure
consensus in the notations between the observers, a concordance test was made. Behaviour from the
ethogram in Table 1 was noted every second it occurred, during the observation.

Statistical tests were performed on the collected data to determine the differences between the control
period and the two periods with different impacts. Due to non-normal distribution, non-parametric
statistics were used to evaluate the data. The non-normal distribution is partly due to large outliers and
other factors such as leptokurtosis or platykurtosis. Leptokurtosis is when the data has a lot of points near
the median, describing a larger potential for outliers which is seen when the kurtosis is above the value
3. Platykurtosis is when few points are near the median, describing a lesser potential for outliers which is
seen when kurtosis is below the value 3.

A Mann-Whitney test was used to assess the significance of the data by evaluating the differences between
the control period and the two observed periods’ median (Mann, 2007). The median is used as a mean for
the behavioural length if the data is non-normally distributed. Levene’s test was performed to assess the
homogeneity of the variance by using the median (Brown & Forsythe, 1974). Skewness and kurtosis were
used to assess the distribution of the data. Skewness was used to measure the symmetry of the data, where
a positive skewness means that the data is right-skewed, whereas a negative skewness means that the data
is left-skewed (Mann, 2007). Kurtosis was performed to measure whether the data had a leptokurtic or
platykurtic distribution relative to a normal distribution (Mann 2007).
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The difference in the duration of behaviours can be assessed with statistical tests like Mann-Whitney,
which can be used to conclude if there is an individual variation between the elephants, interpreted as
animal personality.

The data was tested twice, once with all the data, and then with only the interquartile range (IQR). IQR
is a measure of variability and is useful for skewed data sets as it represents the range of the middle 50%
of the data set.

A p-value of less than 0.05 shows a significant difference between the control period and the observed
period. The number of days with a significant difference between the control period and the observed
periods for all tests were calculated as a percentage shown in Table 2 and 3.

Results

Due to lack of data, it was not possible to test the behaviours abnormal, defecate, throw food and lying
down. For this reason, Table 2 and Table 3 only contain the behaviours interaction with food, standing,
and sway. The overall results for all behaviours are shown in Table A2 and A3.

In general, no trends were observed when comparing the control period and the period during the Autumn
holidays (Table 2). However, statistical tests showed significant differences between days. This created
heterogeneous data that showed that both periods had different factors that increased the duration of the
behaviours, and the variance of the length of these behaviours on different days. This heterogeneity was
shown by the Mann-Whitney and Levene’s tests where the percentage of significant differences for the
median and variance in the control period and Autumn holiday, varies between both the periods and the
individual elephants. This variation between the periods was especially evident for the elephant Tanja,
who seemed to have a high percentage of days with significantly large medians for both the control period
and the Autumn holiday period. The differences in values for the median and variance between the periods
showed the elephants behave differently in the two periods. The three elephants showed significant
individual differences in interaction with food, swaying, and standing, for both Mann-Whitney and
Levene’s tests. The tests were also performed on just IQR to eliminate outliers which resulted in different
values for the percentage of days with significant differences for the control period and the Autumn
holiday, that depended on whether the IQR or all the sequences were used.

The four tests, Mann-Whitney, Levene’s, skewness, and kurtosis showed no overall trends between the
control period and the period where the shift to standard time occurred (Table 3).

The results for interaction with food, sway, and standing were heterogeneous, but the percentages of
significant differences between the periods showed a tendency for the standard time to be significantly
greater than the control period in Mann-Whitney and Levene’s test. However, the heterogeneity between
the two periods indicated a clear difference between the periods.

Average differences between the swaying behaviour for each elephant during the control period, the
Autumn holiday period, and the period during the shift to standard time were evident (Fig. 3). The
individual called Tanja did not seem to be affected by the different periods, as the swaying occurred about
the same time for each period, and for about the same duration of time across the periods (Fig. 3a). For
elephant Bibi, the swaying behaviour increased from 8521 seconds at the beginning of the Autumn
holiday, to approximately 2 hours and 22 minutes towards the end of the period. No significant differences
were found between the control period and the period after the shift to standard time (Fig. 3). Elephant
Bibi started swaying 22596 seconds after 8 pm during the control period and 21470 seconds after 8 pm
during the period when the shift to standard time occurred.

In general, elephant Bibi’s swaying was delayed compared to the other two other elephants (Fig. 3b).
Elephant Maj started to sway 12000 seconds after 8 pm after the shift to standard time, and approximately
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8000 seconds after 8 pm during the Autumn holiday period. All three elephants lay down earlier in the
week when the shift to standard time occurred compared to the control period (Fig. 4). On average,
elephant Maj lay down 2774 seconds earlier during the shift to standard time, elephant Bibi 5050 seconds
earlier, and elephant Tanja 4859 seconds earlier. No elephants were lying down after 39640 seconds for
any of the periods.

Table 2: The table shows the percentage of significant values when comparing the control period and the
period during the Autumn holiday, when performing the following tests: Mann-Whitney, Levene’s, skewness
and kurtosis tests. The table shows the data tested both with and without outliers for all three elephants. NS
stands for non-significant.

Mann-whitney Tevenes Akewness Kurtosis
Behavior Elephant With outliers IQR With outliers [IQR With outliers  [IQR With outliers [IQR
o |CAB% CA4T2%  |CA361%  |CoAA72%  |CAZSH CAL67%  |OGA139%  |CALL1%
C<A38.9% C<A444%  |C<A167%  |c<nddan  |c<A222%  |CRA25% CA167%  |c<A222%
. — |GAL6T% CAl67%  |CGAZ8% CA222% NA NA NA C>A 2.8%
Interaction With Food Bibi NA C<A38.9% NA CA13.9%  |CoN28% NA CA5.6% C<A83%
Mo |CALET% C>A25% NA CA306%  |CA28% NA CoA28% NA
C<A22.2% C<A389%  |C<A30.6% |c<A306% NA NA NA NA
T |CALET% GAL194%  |GAL94%  |CAL94%  |CoA27.8% NA CA333%  |CA28%
C<A27.8% C<A16.7% NA Ceh36a% 0 c<a2.8% NA NA NA
Sway ot |coA5E% GA139%  |CAB3% CoA28% C>A8.3% GAL66% | CoA56% CA139
NA NA NA NA Cen1115% 0 c<a 5.6% C<A389%  |C<A222%
wa|CAE% CA222%  |CAS6% CA139% NA CA139% NA CA306%
C<A 2.8% CA111% NA C<A 2.8% C<A2.8% NA C<A19.4% NA
o |CAB% CAGLI% | CoA5.6% CA385% | CA56% NA NA NA
C<A22.2% C<A278%  |CeAita%|c<a361%  |CeA13.9% NA C<A19.4% NA
Stnding oo |CAB3% CA139%  |CA28% C>A 8.3% GA139%  |CoAS.6% GA167%  |CGA139%
C<AB3% CA278%  |C<AB.3% C<A19.4% NA NA C<A5.6% NA
My |CA2ZE% C>AL11%  |CANA C>A B.3% CA56% NA CA16.7% NA
C<A30.6% CAB67%  |C<A139%  |ccaaddw NA C<A5.6% NA NA

Table 3: The table shows the percentage of significant values when comparing the control and the period
during the shift to standard time when performing the following tests: Mann-Whitney, Levene’s, skewness
and kurtosis tests. The table shows the data tested with and without outliers for all three elephants. NS stands
for non-significant.

Mann-whitney Levenes Skewness Kurtosis
Behavior Elephant With outliers IQR With outliers  |IQR With outliers  |IQR With outliers  [IQR
Tanja S 25% CS 38.9% S 13.9% CS 36.1% ©S 22.2% CS 19.4% CS 8.3% CS 16.7%
(<S 30.6% (<S 33.3% (<5 30.6% C<S 38.9% (<S 8.3% (<S 5.6% (<5 5.6% (<S 8.3%
Interaction With Food Bibi >S5 5.6% C>5 13.9% >S5 11.1% C>511.1% C>S NS C>S NS C>S NS C>S NS
(<S5 19.4% (<S 27.8% C<S NS C<S 13.9% C<S NS C<S NS C<S NS C<S NS
Maj C>S NS C>5 13.9% C>52.8% C>5 13.9% C>5 2.8% C>S NS C>S NS C>S NS
(<S5 22.2% C<S 30.6% C<S 33.3% C<S 38.9% C<S NS C<S NS C<S NS C<S NS
Tanja C>513.9% C>5 30.6% C>58.3% C>5 16.7% C>5 22.2% C>5 16.7% C>5 27.8% C>511.1%
C<$ 30.6% C<S 33.3% C<S 25% C<S 36.1% C<S 5.6% C<S NS C<S 2.8% C<S 8.3%
Sway Bibi C>S NS C>5 5.6% C>S NS C>5 NS S 2.8% C>5 5.6% C>5 13.9% C>513.8
C<S 5.55% C<S 8.3% C<S 5.6% C<S 5.6% C<S 25% C<S 2.8% C<S 27.8% C<5 5.6
Maj S NS S NS C>S NS C>S NS OGS NS >S5 8.3% C>S NS C>S 19.4%
(<5 11.11% C<S 25% C<S 8.3% C<S 16.7% C<S NS C<S NS C<S NS C<S 11.1%
Tanja >S5 27.8% >S5 36.1% >S5 16.7% C>S 38.9% C>S 2.8% C>S NS C>S NS C>S NS
C<S 25% C<S 41.7% (<5 22.2% C<S 27.8% C<S 8.3% (<5 13.9% C<S 8.3% C<S 16.7%
Standing Bibi CS NS S NS C>S NS C>S NS CS 8.3% CS NS CS 11.1% CS 2.8%
(<S5 2.8% C<S 16.7% (<S5 8.3% C<S 38.9% (<S 2.8% C<S 5.6% C<S 16.7% (<5 8.3%
Maj CS NS C>S 13.89% C>S NS C>S NS S 11.1% CS NS CS 27.8% CS NS
(<S 22.2% C<S 41.7% (<S 19.4% C<S 33% C<S NS C<S 2.8% C<S NS C<S NS
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Average sway behaviour
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Figure 3 (a, b and c): The graphs show the average amount of time spent swaying for each elephant during the
control period, the Autumn holiday, and when the shift to standard time occurred. The time is measured in
seconds after 8 pm. n=6.
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Figure 4: The average amount of time spent lying down for all three elephants during the control period and
the period when the shift to standard time occurred. The time is measured in seconds after 8 pm. n=6.
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Discussion

Will an increase in visitor activity during the Autumn holiday affect the elephants’ nocturnal
behaviours?

No differences were found between the control period and the Autumn holiday where the number of visitors
increased with 164.4 % and children were allowed to clean the outside enclosure. The duration of the
behaviours in both periods depend on the day, and show heterogeneity that can be caused by different factors
affecting the behaviours such as irregularities in the daily husbandry routines, or removing their choice to stay
outside or inside (Koyama et al., 2012). Also, the amount of days with significant differences for IQR,
indicates that other factors than visitors influenced the behaviour of the three elephants from day to day. The
significance is higher when the control period has a larger difference in IQR for the behaviours sway and
interaction with food (Table 2). Behaviours are more predictable during the Autumn holiday meaning that
other factors than the number of visitors affects the three elephants. This is in contrast to the standing behaviour
where both Mann-Whitney and Levene’s tests show a difference between the control period and Autumn
holiday. However, the heterogeneity of data indicates that other factors than Autumn holiday visitors affects
the difference in their standing behaviour.

Average time spent lying down was three hours during the control period (Table A4), which is more than the
elephants observed in 49 zoos in a study by Holdgate et al., (2016). The observations from Holdgate et al.
(2016) seem more comparable to the average lie down behaviour observed in the Autumn holiday period.
Hence the elephants seem to lie down for a longer time during the control period than an average elephant.
According to Schiffmann et al., (2018), this may be because the elephants felt safer during the control period
than in the Autumn holiday period. However, other factors might affect elephants’ lying behaviour such as the
presence of humans, dominant social rank, physical problems or a solid ground (Schiffmann et al., 2018). The
indoor enclosure in this study has a solid floor, and also the amount of hay the elephants can collect and lie on
may affect their lying behaviour.

It should be considered that the determination of whether all data or just the IQR should be used for the
statistical tests. This is because the results change if only IQR is used (Table 2). This is apparent for elephant
Maj when she is standing and swaying, where elephant Maj’s significant values more than doubles for Mann-
Whitney and Levene’s test, compared to the tests with all the data. Both methods leave out data. Hence, studies
should be careful when choosing a method for collecting data, since our results show clear differences. These
differences should especially be apparent for behaviours like throw food and lying down as they often are
performed at either certain times at night, or at random times during the night, this can be seen when comparing
Fig. A6, Fig. A8 and Fig. A10 or Fig. A5, Fig.A7 and Fig. A9. Another point to consider is the possibility of
losing the indication of a disturbance of the elephant if using intervals or just IQR. According to Gravett et al.,
(2017), the elephants will only rest while lying down when feeling safe. This may lead to longer durations of
standing if the elephants do not feel safe, since they will be resting in a standing position instead. These longer
durations might be removed when using intervals or the IQR, which means the correlation between lying down
and standing will be lost. Therefore, if one should choose to collect data in intervals, it is important to consider
which intervals would be the best depending on which behaviours are relevant.

Due to the shift from daylight saving time to standard time affects the elephants’ nocturnal behaviours?

The three elephants are in general lying down almost an hour earlier during the period when the shift to
standard time occurred, compared to the control period (Fig. 4). This is consistent with the one-hour time shift,
and this result shows that the behaviour lying down is not directly affected by the time and daily routines’ time
shift. In addition, it may support the theory by Wilson et al., (2006) and Okamura et al., (2002) that mammals
like elephants have a circadian rhythm. Even though, the behaviour ends almost at the same time on average
(Fig. 4). The stereotypical and abnormal behaviour of the three elephants differed between individuals.
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Elephant Maj is the only elephant showing abnormal behaviour every day in every period, which makes Maj’s
data consistent throughout the days and weeks. This suggests that the abnormal behaviour for elephant Maj is
more likely characterized as stereotypical behaviour, as Maj consistently showed behaviours such as tapping
or standing with the trunk on the stomach, trunk in the mouth and holding on a metal wire. The stereotypical
behaviour swaying is significantly higher for all three elephants in the standard time period than the control
period (Table A2). The swaying behaviour is considered linked to the handlers’ scheduled arrival and
departing. Hence, the data supports that the change in time has an effect on the elephants’ nocturnal routines
for the swaying behaviour.

Do the three elephants in Aalborg Zoo have different behavioural patterns, interpreted as different
personalities?

It is necessary to observe multiple elephants, to discuss whether individuals have different personalities (Yasui
et al., 2012). The elephant Tanja seems to be more affected by the changes during the three periods compared
to the other two elephants (Table 1 and 2). Since the elephant, Tanja has the highest percentage of days with
significant differences for the behaviours interaction with food (72.2%), sway (44.5%), and standing (55.5%)
(Table 1). The same pattern is observed for all the behaviours in Table 2. This pattern indicates different
personalities between the elephant Tanja and the other two elephants since she is more susceptible to change.
This individual variation the elephant Tanja displays, can according to Seltmann et al., (2019) be due to
different personalities caused by their social rank within the herd.

This individual variation from the population might be caused by the isolation from the other two elephants
during the night, or because of being the largest elephant in this population and can be regarded as the matriarch
(Seltmann et al., 2019). The elephant Maj shows a tendency to be different from the other elephants when
considering the behaviour abnormal (Table A2 and A3). The individual Maj is the only elephant to display
significant differences of 11.2% (Table 1) and 13.9% (Table 2) between the periods. While the elephant Bibi
shows no significant differences for the abnormal behaviour. These differences in the observation between the
elephants for abnormal behaviour might be due to individual differences among the elephants. This is
supported by Wolf et al., (2008), who found that the expression of individual responses is a sign of personality
being expressed. This individual variation observed for the elephants Tanja and Maj indicates that the
elephants have different behavioural patterns, which can be interpreted as animal personality.

Conclusion

The results indicated that the elephants’ nocturnal behaviours were not simply affected by an increased visitor
activity since other external factors seemed to influence how the elephants’ nocturnal behaviours were
expressed. When the shift to standard time occurred, significant differences between the duration and
frequency of the sway behaviour were observed. This stereotypical behaviour seemed to be the only behaviour
observed in this study that was affected by the shift to standard time in all three elephants in Aalborg Zoo.
Significant variations were found between the behaviours of individual elephant’s indicating differences in
personality.

Acknowledgments

The authors would like to thank Aalborg zoo for the chance to conduct this study, especially Paw Gosmer and
the rest of the elephant caretakers: Anders Rasmussen, Kenneth Madsen and Marianne Reetz for all their help
during this study.

Authors’ contributions

All authors contributed equally

121



Andersen et al, 2020. Genet. Biodiv. J , Special issue (Behavioural Instability), 114-130

References

Adams J. Berg J 1980. Behaviour of female African elephants (Loxodonta africana) in captivity. Applied
Animal Ethology, 6: 257-276.

Bonaparte-Saller M. Mench J 2018. Assessing the dyadic social relationships of female African (Loxodonta
africana) and Asian (Elephas maximus) zoo elephants using proximity, tactile contact, and keeper surveys.
Applied Animal Behaviour Science, 199: 45-51.

Brockett R. Stoinski T. Black J. Markowitz T. Maple T 1999. Nocturnal behaviour in a group of unchained
female African elephants. Zoo Biology, 18:101-109.

Brown, M. B. Forsythe, A. B. 1974. Robust tests for the equality of variances. Journal of the American
Statistical Association, 69(346), 364-367.

Gravett N. Bhagwandin A. Sutcliffe R. Landen K. Chase M. Lyamin O. et al. 2017. Inactivity/sleep in
two wild free-roaming African elephant matriarchs - Does large body size make elephants the shortest
mammalian sleepers? PLoS ONE, 12(3): 1-33.

Greco B. Meehan C. Hogan J. Leighty K. Mellen J. Mason G. et al. 2016. The Days and Nights of Zoo
Elephants: Using Epidemiology to Better Understand Stereotypic Behaviour of African Elephants
(Loxodonta africana) and Asian Elephants (Elephas maximus) in North American Zoos. PLoS ONE, 7:1-
29.

Hacker C 2015. The Examination of Enrichment Using Space and Food for African Elephants (Loxodonta
Africana) at the San Diego Zoo Safari Park. Masters Theses & Specialist Projects. Paper 1547.

Holdgate MR. Meehan CL. Hogan JN. Miller L. J. Rushen J. de Passillé A. M. Soltis J. Andrews J.
Shepherdson DJ 2016. Recumbence behaviour in zoo elephants: determination of patterns and frequency
of recumbent rest and associated environmental and social factors. PLoS One, 11(7).

Horback K. Miller L. Kuczaj 11S 2013. Personality assessment in African elephants (Loxodonta africana):
Comparing the temporal stability of ethological coding versus trait rating. Applied Animal Behaviour
Science, 149: 55-62.

Koyama N. Ueno Y. Eguchi Y. Uetake K. Tanaka T (2012). Effects of daily management changes on
behavioural patterns of a solitary female African elephant (Loxodonta africana) in a zoo. Animal science
journal, 83: 562-570.

Leighty K. Soltis J. Wesolek C. Savage A. Mellen J. Lehnhardt J 2009. GPS determination of walking
Rates in Captive African elephants. Zoo Biology, 28: 16-28.

Mann P. S. (2007). Introductory statistics. John Wiley & Sons.

Okamura H. Yamaguchi S. Yagita K 2002. Molecular machinery of the circadian clock in mammals. Cell
Tissue Res, 309: 47-56.

Schiffmann C. Hoby S. Wenker C. Hard T. Scholz R. Clauss M. et al. 2018. When elephants fall asleep:
A literature review on elephant rest with case studies on elephant falling bouts, and practical solutions for
200 elephants. Zoo Biology, 37: 133-145.

Schulte B 2000. Social structure and helping behaviour in captive elephants. Zoo Biology, 19: 447-4509.

Seltmann M. Helle S. Htut W. Lahdenperd M 2019. Males have more aggressive and less sociable
personalities than females in semi-captive Asian elephants. Scientific reports, 9: 2668 1-7.

Shyne A 2006. Meta analytic review of the effects of enrichment on stereotypic behaviour in zoo mammals.
Zoo Biology, 25: 317-337.

Stokes H. Perera V. Jayasena N. Silva-Fletcher A 2017. Nocturnal behaviour of orphaned Asian elephant
(Elephas maximus) calves in Sri Lanka. Zoo Biology, 36: 261-272.

Veasey J 2006. Concepts in the care and welfare of captive elephants. Int. Zoo Yb, 40: 63-79.

Wilson M. Bashaw M. Fountain K. Kieschnick S. Maple T 2006. Nocturnal Behaviour in a Group of
Female African Elephants. Zoo Biology, 25: 173-186.

Wolf M. Sander van Doorn G. Weissing F 2008. Evolutionary emergence of responsive and unresponsive
personalities. PNAS, 105(41): 15825-15830.

122



Andersen et al, 2020. Genet. Biodiv. J , Special issue (Behavioural Instability), 114-130

Yasui S. Konno A. Tanaka M. Idani G. Ludwig A. Lieckfeldt D. et al. 2012. Personality Assessment and
Its Association With Genetic Factors in Captive Asian and African Elephants. Zoo Biology, 32: 70-78.

Appendix

Table of contents

The elephants’ enclosure 124
Ethogram 125
Statistical tables 125
The average accumulated curves for selected behaviours 127
Accumulated curves for selected behaviours 128

123



Andersen et al, 2020. Genet. Biodiv. J , Special issue (Behavioural Instability), 114-130

The elephants’ enclosure

Small outdoor Large outdoor
enclosure enclosure
Corridor Corridor :
15.60 m? 35.88 m? H Kitchen
Enclosure 1 Enclosure 2
Tanja Bibi E"";Z‘;"’ 2
40.02 m? 40.02 m? 39.65 m?
y R —

Figure A1: Sketch of the elephants’ enclosures showing the orientation of the cameras and how the
enclosures are connected to the outdoor enclosures and the kitchen.

—

Figure A2: Photo of enclosure 1 taken from the camera used when filming. The photo was taken during the
daytime.
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Ethogram
Table Al - The ethogram used for the analysis of the elephants’ nocturnal behaviours, inspired by Hacker (2015).
Behaviour Description
Lying down The elephant lied down.
Standing The elephant stood with no leg movement. The elephant was not eating or drinking.
Interaction with food Organized or ate food. Interaction with food was usually done with small piles of hay.
Walked around inside the indoor enclosure.
Abnormal Atypical or stereotypic behaviour included stomach- or head bobbing and when the
elephants stood with their trunk in the mouth, or on their head.
Defecate Excreted feces. The notation started when the tail lifted and ended when the tail was
back in a relaxed position.
Throw food The elephant used its trunk to throw food at itself.
Sway The elephant stood on all four legs and moved its body in a rocking movement from
side to side.

Statistical tables

Table A2: The table shows the percentage when the control period is significantly bigger or smaller than the
Autumn holiday for each elephant, for all the behaviours. The table shows data for Mann-Whitney, Levene’s,
skewness and kurtosis tests with or without outliers. NS stands for non-significant.

Mann-Whitney Levene's Skewness Kurtosis
Behaviour Elephant With outliers 1QR With outliers 1QR With outliers 1QR With outliers 1QR
LG =SpTan mLautie’s -1 mLoutieTs L HLauriers A0 Loutjers - L —
Tanja C>A 2.8% C>A 11.1% NS NS — C=A 27.8% — C=A 13.9%
NS NS NS NS — C<A 16.7% — C=A 33.3%
Abnormal Bibi NS — NS NS NS — C=A13.9% —
NS — NS NS NS — NS —
Maj C>A 2.8% C>A22.2% NS C>A 2.8% NS N5 NS NS
C<A B.3% C<A 19.4% C<A 8.3% C<A 13.9% C<A 16.7% N5 C<A 16.7% NS
Tanja NS NS C>A5.6% NS C>A 5.6% C>A 5.6% C>A16.7% C>A 5.6%
NS C<A 2.8% NS NS NS C<A 22.2% C<A 2.8% C<A 11.1%
Defecate Bibi NS NS NS NS . - C>A19.4% | CoA 11.1%
NS NS C<h 8.3% C<A 5.6% . . C<A5.6% | C<A 27.8%
Mai NS NS . . . - . -
NS NS — — — — — —
Tanja C>AB.3% — C=A 27.8% — C=A 11.1% N5 C>A 30.6% C=A 11.1%
NS — C<A 8.3% — C<A 19.4% NS C<A41.7% C<h 22.2%
Throw food Bibi C=A 13.9% C>A13.9% C=A B.3% C>A5.6% C>A B.3% C>A11.1% C>A16.7% C>A 5.6%
NS NS NS NS C<A 13.9% C<A 27.8% C<A11.1% C<A 13.8%
Maj - - - - - - - -
Tan C>A 33.3% C>AA47.2% C>A 36.1% C>A 47.2% C>A 25% C>A16.7% C>A 13.9% C>A11.1%
anja
! C<A 3B.9% C<A 44.4% C<A 16.7% C<A 44.4% C<h 22.2% C<hA 25% CeA 16.7% C<A22.2%
Interaction with food Bibi C=A 16.7% C=A 16.7% C>A 2.8% C=A 22.2% NS NS NS C>h 2.8%
NS C<A 38.9% NS C<A 13.9% C<A 2.8% NS C<A 5.6% C<A 8.3%
Mai C>A 16.7 % C>A 25% NS C>A 30.6% C>A 2.8% NS C>hA 2.8% NS
C<A 22.2% C<A 36.1% C<A 19.4% C<A 30.6% NS NS5 C<A NS NS
Tanja C>A 16.7% C>A 19.4% C>A 19.4% C>A 19.4% C>A 27.8% NS C>A 33.3% | C>A2.8%
C<A 27.8% C<A 16.7% N5 C<A 36.1% C<A 2.8% N5 NS NS
Sway Bibi C>A5.6% C=A13.9% C>AB.3% C>A2.8% C>A B.3% C>A 16.6% C=A 5.6% C>A 13.9%
NS NS NS NS C<A11.1% C<A 5.6% C<A 38.9% C<A 22.2%
Maj C>AB.3% CaA22.2% C>A5.6% C=A 13.9% NS C>A 13.9% NS C=A 30.6%
C<A 2.B% C<A 11.1% NS C<A 2.B% C<A 2.4% N5 C<A 19.4% NS
Tanja C>A 33.3% C=A 41.7 % C>A 5.6% C=A 38.9% C>A 5.6% N5 NS NS
C<h 22.2% C<A 27.8 % C<A 11.1% C<hA 36.1% C<A 13.9% N5 C<A 19.4% NS
Standing Bibi C>AB8.3% C>A 13.9% C>A 2.8% C>A B.3% C>A 13.9% C>A 5.6% C>A16.7% C>A 13.9%
C<AB.3% C<A 27.8% C<AB.3% C<A 19.4% NS5 N5 C<h 5.6% NS
Maj C>A 2.8% C=A11.1% NS5 C>AB.3% C>A 5.6% N5 C>A 16.7% NS
C<A 30.6% C<A 66.7% C<A 13.9% C<A 44.4% NS C<A 5.6% NS NS
Tanja NS NS — NS — — NS —
NS NS - C<h 2.8% . = NS =
Laying Bibi NS NS NS NS . = = =
NS NS NS NS — — — —
Maj NS NS — — — — C=A 13.9% NS
NS NS — — — — NS NS

— = Test not performed - Sample size too small
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Table A3: The table shows the percentage when the control period is significantly bigger or smaller than the
switch to standard time for each elephant, for all the behaviours. The table shows data for Mann-Whitney,
Levene’s, skewness and kurtosis tests with or without outliers. NS stands for non-significant.

Mann-Whithey Levene's Skewness Kurtosis
Be haviour Elephﬁl With outliers IQR ‘With outliers [[*1;} With outliers IQR ‘With outliers 1QR
Tanja NS NS NS NS NS C>519.4% C>58.3% C>519.4%
NS NS NS NS C<511.1% C<55.6% C<522.2% C<S58.3%
Abnormal Bibi - - - - - - - -
Maj NS C>5 8.3% C>5 2.8% C>55.6% NS NS NS NS
C<513.9% C<5 30.6% C<513.9% C<55.6% NS5 NS5 NS N5
Tanja C>5 8.3% C>5 2.8% C>58.3% NS C>511.1% C>538.9% C>522.2% —
C<5 2.8% C<55.6% C<52.8% NS NS C<516.7% NS —
Defecate Bibi NS NS NS NS — — C>516.7% N5
NS NS5 NS C<58.3% — — C<511.1% C<527.8%
Maj - - - - - - - -
Tanja C>55.6% — C>516.7% C>516.7% C>522.2% C>58.3% C>522.2% NS
NS — NS NS C<513.9% C<519.4% C<522.2% C<516.7%
Throw food Bibi C>55.6% C>58.3% C>55.6% NS C>55.6% NS C>525% C>511.1%
NS NS NS NS C<522.2% C<547.2% C<516.7% C<516.7%
Maj NS NS — — — — — —
C<511.1% C<511.1% — — — — — —
Tanja C>5 25% C€>538.9% C>513.9% C>536.1% €>522.2% €>519.4% C>58.3% C€>516.7%
C<5 30.6% C<533.3% C<530.6% C<538.9% C<58.3% C<55.6% C<55.6% C<S8.3%
Interaction with faod Bibi C>5 5.6% C>513.9% C>511.1% C>511.1% NS NS NS NS
C<519.4% C<527.8% NS C<513.9% NS NS NS NS
Maj N5 C>513.9% C>5 2.8% C>513.9% C>52.8% NS NS NS
C<522.2% C<5 30.6% C<533.3% C<5 38.9% NS NS NS NS
Tanja C>513.9% C>5 30.6% C>5 8.3% C>516.7% C>522.2% C>516.7% C>527.8% C>511.1%
C<5 30.6% C<533.3% C<5 25% C<5 36.1% C<55.6% NS C<52.8% C<5 8.3%
NS C>55.6% NS NS C>5 2.8% C>55.6% C>513.9% €>513.9
Sway Bibi
C<55.6% C<5 8.3% C<55.6% C<55.6% C<5 25% C<5 2.8% C<527.8% C<55.6
Maj NS NS NS NS NS C>58.3% NS C€>519.4%
C<511.1% C<525% C<58.3% C<516.7% NS NS NS C<511.1%
Tanja C>527.8% C>536.1% C>516.7% C>538.9% C>52.8% NS NS NS
C<5 25% C<541.7% C<522.2% C<527.8% C<58.3% C<513.9% C<58.3% C<516.7%
Standing Bibi N5 NS NS NS C>58.3% NS C>511.1% C>5 2.8%
C<5 2.8% C<516.7% C<5 8.3% C<5 38.9% C<52.8% C<55.6% C<516.7% C<58.3%
Maj N5 C>513.9% NS NS C>511.1% NS C>527.8% NS
C<522.2% C<541.7% C<519.4% C<5 3% NS C<5 2.8% NS NS
Tanja C>5 8.3% NS C>55.6% NS = = NS -
NS NS C<55.6% NS — — C<513.9% —
Laying Bibi NS NS NS NS = = NS NS
NS NS NS NS — — NS NS
Maj NS NS NS NS = = €>5 16.7% NS
NS NS NS NS — — NS NS

— =Test not performed - Sample size too small

Table A4: The table shows the time each elephant spends lying down on average during the control period,
Autumn holiday and the shift to standard time.

Hours of lying down Control period Autumn holiday Standard time
Maj 3.2 hours 2.1 hours 2.9 hours
Bibi 3.2 hours 2.07 hours 3.6 hours
Tanja 2.7 hours 1.6 hours 3.2 hours
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The average accumulated curves for selected behaviours

Average lying down behaviour - Control period and
Autumn holiday
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Figure A3: The average time spent lying down for each elephant during the control period and the Autumn
holiday. C stands for the control period, A stands for Autumn holiday and S stands for the period during the
shift to standard time. The time is measured as seconds after 8 pm. The dotted line shows the data for Tanja
for the Autumn holiday without a zero point, which means n=5. For the full-lines n=6.

Average interaction with food behaviour
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Figure A4: This graph shows the average time of the behaviour interaction with food during the control
period, Autumn holiday and the shift to standard time for each elephant. C stands for the control period, A
stands for Autumn holiday and S stands for the period during the shift to standard time. The time is
measured in seconds after 8 pm. n=6.
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Accumulated curves for selected behaviours

Lying down behaviour during control period and
Autumn holiday - Bibi
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Figure A5: This graph shows the amount of the behaviour laying down occurs for the elephant Bibi during
both the control period which is shown in an orange colour and the Autumn holiday in a green colour. Each
of the days during the two periods are shown. The time is measured in seconds after 8 pm. n=6.
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Figure A6: This graph shows the amount of the behaviour throwing food occurs for the elephant Bibi during

both the control period and the Autumn holiday. Each of the days during the two periods are shown. The time
is measured in seconds after 8 pm. n=6.
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Lying down behaviour during control period and
Autumn holiday - Maj
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Figure A7: This graph shows when the amount of the behaviour lying down occurs for the elephant Maj during
both the control period which is shown in a blue colour and the Autumn holiday in a pink colour. Each of the
days during the two periods are shown. The time is measured in seconds after 8 pm. n=6.
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Figure A8: This graph shows when the amount of the behaviour throw food occurs for the elephant Maj during
both the control period which is shown in a blue colour and the Autumn holiday in a pink colour. Each of the
days during the two periods are shown. The time is measured in seconds after 8 pm. n=6.
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Lying down behaviour during control period and
Autumn holiday - Tanja
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Figure A9: This graph shows when the amount of the behaviour lying down occurs for the elephant Tanja
during both the control period which is shown in a green colour and the Autumn holiday in a red colour. Each
of the days during the two periods are shown. The time is measured in seconds after 8 pm. n=6.

Throw food behaviour during control period and
Autumn holiday - Tanja

s

¥

0,2

Accumulated frequency
=
=

0 5000 10000 15000 20000 25000 30000 35000 40000

Seconds after 8 pm

Control period = Autumn holiday

Figure A10: This graph shows when the amount of the behaviour throw food occurs for the elephant Tanja
during both the control period which is shown in a green colour and the Autumn holiday in a red colour. Each
of the days during the two periods are shown. The time is measured in seconds after 8 pm. n=6.
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