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Abstract

This study explores the diversity in individual response for three captive African Savannah Elephants (Loxodonta africana)
to variations in the daily number of zoo visitors. The nocturnal behaviour of the elephants was observed in two periods with
a factor 5.1 difference in numbers of zoo visitors. Ten behavioural expressions for each elephant were compared for the two
periods. Data was collected with surveillance cameras for ten hours (20:00 to 06:00) throughout six nights. Furthermore, the
data was compared to a similar study on the same elephants performed two years earlier. Both studies revealed a significant
difference in behaviour between low activity and high visitor activity periods for all three elephants in the behaviour *"Walk’.
No overall significant difference was found in the other behavioural expressions. Clear difference in reaction norms was
found between the matriarch and the two subordinates for the behaviours: *Feed from ground’, ’Inactive’, "Walk’ and ’Other’.
This study shows that elephants in captivity are influenced by an increase in the number of zoo visitors, and that the person-
ality or social status of the elephant may provide them with different resilience to disturbance.
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Introduction
Personality of animals is characterized by an individual responding uniform to similar situations compared with
other individuals (Alstrup et al. 2020). The individual personality consists of personality traits, when an individual

responds in a similar way to different kinds of situations (Stamps 2007; Alstrup et al. 2020). African savannah
elephants (Loxodonta africana) are living in complex societies (Yasui et al. 2012). They are expected to possess
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exceptional capabilities within social proficiency and refined cognitive skills (Yasui et al. 2012), and they are able
to express a wide range of differences in personalities and behavioural traits (Yasui et al. 2012). Examples of
personality traits in elephants are attentiveness, sociability and aggressiveness (Seltmann et al. 2019). It has been
established that individuals within the same species can express different behavioural reaction norms
(Dingemanse et al. 2010; Briffa and Weiss 2010). Behavioural reaction norms can be seen as the set of behavioural
phenotypes expressed by an individual in certain environments (Dingemanse et al. 2010). Behavioural reaction
norms are here defined as an individual’s average behaviour including how the behaviour might be different be-
tween two periods (Dingemanse et al. 2010). Furthermore, the relationship between an environmental condition
and response value must be specified for the gradient (Dingemanse et al. 2010). This can result in diversity in an
individual’s personality. An example of environmental conditions in a zoo could be a change in number of visitors.
The number of visitors can influence the environmental condition by causing loud and aversive noises or smells
(Morgan and Tromborg 2007; Quadros et al. 2014). In captivity, societies and social relations between individuals
are not formed in the same way that they would be in nature. In captivity the animals are limited to a certain area
and do not have the opportunity to migrate. Furthermore, the composition of the group members is controlled by
humans (Yasui et al. 2012). Visitors at most zoos can get relatively close to the enclosure, which may cause a
stressful environment for the animals due to noise, smell or visual disturbance (Morgan and Tromborg 2007;
Quadros et al. 2014; Greco et al. 2016).

Stressful environments and small enclosures can result in conflicts among the elephants and may lead to stereo-
typical behaviour varying according to their personality traits (Mason and Veasey 2010). Expression of stereo-
typical behaviour in elephants is associated with compromised welfare and can be used as an indicator of animal
welfare in captivity. Stereotypic behaviour can be defined as a repeatable pattern in behaviour with no clear func-
tion or intention, for instance swaying or rocking (Rees 2009; Mason and Veasey 2010; Greco et al. 2016). Studies
have shown that elephants in captivity display an increase in stereotypical behaviour when separated from social
partners (Greco et al. 2016). It has also been found that stressors, such as, transfers, spatial restriction, food re-
striction, uncontrollable noise, and environmental exposure, e.g., artificial lightning and unpleasant temperatures
contributes to stereotypical behaviour (Morgan and Tromborg 2007; Quadros et al. 2014; Greco et al. 2016).
Managed activities during the day directed by the zookeepers may on the other hand have a positive effect on the
elephants and reduce the risk of the elephants expressing stereotypical behaviour (Hosey 2008; Greco et al. 2016).

These activities include exercise sessions, training routines, feet- and skincare (Greco et al. 2016). Therefore, it is
interesting to observe the nocturnal behaviour when the zookeepers are not present to conduct these activities. In
addition, it has been shown that captive elephants are less active during night-time compared to daytime (Greco
etal. 2016; Finch et al. 2021). Greco et al. (2016) also found that the elephants spent over 80% of their active time
on feeding during the night. Wild elephants are generalist feeders, i.e., they feed on an abundance of numerous
plants, but this will vary seasonally and regionally (Ullrey et al. 1997; Branco et al. 2019). Their diet consists of
grasses, forbs, shrubs, sedges, and trees, but also bulbs, fruits, roots, and plant bases are occasionally eaten (Branco
et al. 2019). The proportions of these foods depend greatly on their accessibility (Ullrey et al. 1997; Branco et al.
2019). Elephants utilize grazing and browsing to forage. Furthermore, if nourishment is not scarce, young plant
parts are preferred (Ullrey et al. 1997).

In the present study the elephants had the opportunity to make use of the outdoor area throughout the night. During
the previous study, Bertelsen et al. (2020) investigated the nocturnal behaviour of the same three elephants in the
same enclosure, but without access to outdoor facilities. The previous study was conducted within the same area
and time of the year. The opportunity to walk outside provided the elephants with a choice, and thereby a greater
diversity of stimuli and resources. The availability to make choices has proven to reduce the time spent expressing
stereotypical behaviour (Greco et al. 2016). It was hypothesized that: (1) visitor number have an impact on
elephants’ nocturnal behaviour; (2) there is a difference in the elephants’ behaviour based on their different
personalities; (3) behavioural reaction norms for the three elephants do not change over two years in terms of
slopes and intercepts.
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Methods and materials
Study design and animals

This study examined three adult (around 39 years) female African savannah elephants (A’ "Tanja", B’ "Ma;j"
and ’C’ "Bibi"). They were all born in the wild South Africa around 1982 and showcased to Aalborg Zoo in
Denmark approximately three years later. Elephant A’ was considered the matriarch based on her behaviour.
Elephant B’ was the second in the hierarchy, while elephant ’C’ was the most subordinate in the hierarchy. This
ranking was based on own and zookeepers’ subjective opinions of the animal interactions and behaviour. The
nocturnal behaviour in this study was compared with our previous study performed by Bertelsen et al. (2020).
Bertelsen and co-workers revealed that the three elephants have different personalities due to their individual
response. Thus, comparing the time spent on different behaviours with the study by Bertelsen et al. (2020) where
a high visitor number (HA) and a low visitor number (LA) was investigated for three consecutive days for both
periods. The number of daily visitors in Aalborg Zoo, varies throughout the year due to holidays and weekends.

Housing and care

The three elephants were group housed in daytime, while two of the elephants, A’ and *C’, were daily separated
from ’B’ in the night from approximately 15:30 to 7:30, due to observed aggression between A’ and *B’. There-
fore, ’A” and *C’ shared two adjoining stables whereas *B’ had its own stable. All elephants were able to see each
other and put their trunk in the adjoining stable through metal bars which divided the stables. Each of the three
stables were approximately 40 m? (Appendix 1). During the study period, the weather and recent improvements
made to the enclosure in the form of plastic screens covering the entrances allowed the elephants to walk outside
at any time during the night. ’A’ and *C’ shared 1232 m? of outdoor area, while *B’ had 288 m? outdoor area alone
(Appendix 1). The outdoor area consisted of sand, trees, stones, and a small pool. For their activity the zookeepers
added hay nets, tree trunks, a suspended tree trunk and tubes into the ground containing food. The zookeepers met
every day at 7:30 and left latest 17:00. In addition to outdoor areas, the elephants also had access to a small indoor
hall which connected the stables with the outdoor area. The hall for ’A’ and *C’ was approximately 36 m? whereas
the hall for B’ was 16 m? (Appendix 1). It was not possible to track the elephants’ behaviour in the hall due to the
camera angles. The stables were enriched with objects, each with different functions to provide and care for the
elephants. The elephants were fed 8-10 times per day at different time points during the day. Three feedings took
place indoors whereas the rest were outside. The elephants received different kinds of food and nutrition every
day which were grass straw, hay, branches, and food pellets (Kasper Faunafood and Dodson Horrell). Three times
a day they got carrots, parsnips, and apples together with food pellets. The grass straw was placed on the floor
and hay was placed in hay nets in each stable. The purpose of the hay nets was to activate the elephants. Each
stable was also provided with a water tank with ad libitum access. In terms of appearance, the stables had concrete
floors, wooden panels, and metal wires which made it impossible for the elephants to intrude the visitor area.

Data collection

The three elephants were observed during six nights (October 4" to October 7" and October 21%to October 24"
2021) for ten hours each night (20:00 to 06:00) (daylight-saving time). The number of visitors was on average 5.1
times higher during the HA compared with the LA period. The cameras (ABUS, 25 FPS) used during this study
were provided by the zoo in advance. The cameras have been installed permanently which therefore did not cause
a new disturbance for the elephants. One camera was pointed towards each respective stable, making the total
number of cameras three (Appendix 1). Only indoor behaviour was observed as there was not enough light at
night in the outdoor enclosure record behaviour. During examination of the footage, the individual behaviours for
each elephant were observed and divided into multiple categories (Table 1).
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Table 1: Ethogram of observed behaviours. Modified from Bertelsen et al. (2020) and Linder et al. (2020).

Behaviour Description
This includes both searching and feeding from ground in their own or adjacent box. The
Feed from ground food can be hay, pellets, branches ete.
Feed § b This behaviour includes reaching for the hay with trunk, eating hay directly from the net
ced from hay net or eating hay from ground if it definitely comes from the net.
Drink When the clephants have their trunk in the water tank and the intake of water through
the mouth.
) No movement when the elephants are standing. This consists of the elephant sleeping or
Inactive just standing still for a period of time.
Movement to the outdoor enclosure and movement without other activities such as
Walk feedi
ceding.
Lie Lying down on the ground resting or sleeping.
Sway Movement from side-to-side multiple times.
When one movement or behaviour is repeated multiple times for a period of time (more
Stereotypy than three seconds) with no obvious purpose or goal, ¢.g., pacing, touching the metal
wires or scraping the ground.
3 Threatening and violent behaviour, such as running towards the bars on the adjacent box
Aggression or tear each other's trunk.
This behaviour consists of scratching body, throwing hay, sand dust and facces and
Other . .
gathering hay. It also includes when the clephants are clear from the camera angle.

Time intervals for each behaviour performed were listed with a start and end time. This was used to calculate how
much time each elephant would spend on a given behaviour. Access to the outdoor area resulted in some time,
where the elephants were outside, which made it impossible to observe the elephants’ behaviour during this pe-
riod. The listed behaviour in this time span was noted as ’Other’

Data analysis

All data of the study were processed and analysed with non-parametric statistical methods, since the data were
non-normally distributed (Zar 2010). Only if the behaviours were observed minimum five times for each individ-
ual, it was used for statistical analysis. In cases with fewer than five observations, data was excluded. Median,
skewness, kurtosis, and interquartile range (IQR) for all behaviours were calculated (Zar 2010; Gerstman 2015).
Medians were compared with Mann-Whitney U test (pairwise) or Kruskal Wallis test (> 2 medians) (Forthofer et
al. 2007; Zar 2010; Gerstman 2015). Confidence interval (Cl) was calculated by the bootstrapping method to
decide whether calculated skewness and kurtosis of the non-normal distribution were significantly different (Has-
tie et al. 2009). The test uses a resampling method to ensure representative data (Gerstman 2015; Fieberg et al.
2020). P-values of < 0.05 was considered as significant (Forthofer et al. 2007; Hastie et al. 2009; Zar 2010).

Time budgets for nocturnal behaviour were created for LA and HA (Linder et al. 2020). This was done by dividing
the amount of time spent on a given behaviour, e.g., feeding with the total amount of time the elephants were
recorded over three nights (HA or LA). Thereby the three nights make up 100% and a previously performed
behaviour make up a percentage of the three nights. Behaviours that constitute less than 5% are all put in the same
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group, *Other*’. To test if there was a significant difference between the elephants’ performed behaviours, y?tests
were used to find p-values (Forthofer et al. 2007; Zar 2010). The performed statistical tests were considered sig-
nificant if p < 0.05. A »?two sample test was used to test for differences in proportion of time spent on a given
behaviour (Zar 2010). Identical tests were used in Bertelsen et al. (2020

Results
Comparison between the three elephants within respectively HA and LA

For the behaviours in LA there was a significant difference in the median time spent feeding from ground between
the matriarch A’ versus B’ (p < 0.01) and "A’ versus *C’ (p < 0.001) where ’A’ was significantly lower than the
two others (Table 2). Test for skewness and kurtosis showed a significant difference in the behaviour *Walk’
between *A’ versus B’ (p < 0.05) and *A’ versus C’ (p < 0.05), where A’ was significantly lower. All three
were highly positively skewed for *"Walk’, which indicates many short observed periods for these behaviours and
a unpredictable pattern. For kurtosis, "B’ and ’C” were mesokurtic, whereas A’ was leptokurtic and therefore a
more fluctuating behavioural pattern (Table 2).

For the behaviours in HA there was found a significantly higher value for ’C’ in the median time spent on the
behaviours ’Feed from ground’ (p < 0.01) and ’Inactive’ (p < 0.05) than A’ (Table 2). The test also showed a
significant higher value for *C’ versus A’ (p < 0.01) and *C’ versus B’ (p < 0.05) for the behaviour ’Other’. The
test for skewness showed a significant lower value for B’ in the behaviours ’Feed from ground’ and ’Other’
between B’ versus A’ (p < 0.05) and *B’ versus *C’ (p < 0.05) during HA. In *Feed from ground’ all elephants
were moderately to highly positively skewed. For the behaviour *Other’ all three elephants were highly positively
skewed (Table 2). Positively skewed results indicate many short observed periods and a unpredictable pattern for
these behaviours.

The results for kurtosis showed a significant difference between B’ versus ’C’ in the behaviours ’Feed from
ground’ and ’Other’ where B’ was significantly lower for ’Feed from ground’ (p < 0.05) and higher for *Other’
(p <0.05). Both ’B’ and ’C’ were platykurtic for ’Feed from ground’, which indicates a homogeneous behavioural
pattern. For the behaviour ’Other’, Elephant B’ was leptokurtic and *C’ was platykurtic. In addition, B’ was also
significantly higher than A’ in the behaviour *Other’ (p < 0.05) where both A’ and B’ were leptokurtic and
therefore showed a fluctuating behavioural pattern (Table 2).

The table is divided in high activity (HA) and low activity (LA). *No. of tests’ shows how many tests are possible
to make for each row. 'ns’ indicates that there is no significant difference between the two tested groups. ’-’
indicates that it is not possible to make any statistic tests with this data due to too few observations. When per-
centage is stated, it indicates how many of the tests are significant. The angle brackets indicate which elephant
has the highest value of the two tested. Different significant levels are indicated with asterisk, ****’ when p<0.001,
>#%” when p<0.01 and **” when p<0.05.

Comparison between HA and LA within each individual elephant

Skewness (p < 0.05) and kurtosis (p < 0.05) for the behaviour "Walk’, ’A’ was significantly higher during LA
than during HA. The behaviour *Walk” was highly positively skewed in both HA and LA, however the behaviour
was more skewed in LA, which implies short time intervals and unpredictable pattern for this behaviour. For
kurtosis, "Walk’ was leptokurtic in LA, which indicates a fluctuating behavioural pattern. However, the behaviour
was platykurtic in HA, which indicates a fluctuating behavioural pattern. For elephant B’ the median time spent
on "Walk’ (p < 0.05) was significantly higher during LA than during HA. The behaviour ’Other’ performed by
"B’ was significantly lower in LA than HA for both skewness (p < 0.05) and kurtosis (p < 0.05). The results of
skewness, ’Other’ was moderately positively skewed in LA, whereas the behaviour was highly positively skewed
in HA. This result indicates that the behaviour had short time intervals and a unpredictable pattern in both HA and
LA. ’Other’ was platykurtic in both HA and LA, which indicates a fluctuating behavioural pattern. For *C’ the
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median time spent on the behaviour *"Walk’ (p < 0.05) was significantly higher during LA than during HA (Table

3).

Table 2: Results from Mann-Whitney U test for medians, Kruskal Wallis for medians, skewness (95% CI) and

kurtosis (95% CI) between the three elephants.

Behaviour No. of tests Mann-Whitney Kruskal Wallis Skewness Kurtosis
(A<B)** 33%
Feed from ground 3 (A<C)*** 33% ns ns ns
(B-C) ns
Feed from hay net 3 ns ns ns ns
; (A) - (A)- (A)- (A)-
Dk ! (B-C)ns (B-C)ns (B-C)ns (BC)ns
Inactive 3 ns ns ns ns
(A<B)* 33% (A<B)* 33%
5 Walk 3 ns ns (A<C)* 33% (A<C)* 33%
(B-C)ns (B-C)ns
Lie 3 ns ns ns ns
(A-B) ns (A-B) ns (A-B) ns (A-B) ns
Swa; 1
? ©- ©- ©- ©-
(A-B) ns (A-B) ns (A-B) ns (A-B) ns
Stereo 1
e ©- ©- ©- ©-
Aggression 0 ~ - - -
Other 3 ns ns ns ns
(A-B) ns (A>B)* 33% (A-B) ns
Feed from ground 3 (A<C)** 33% ns (A-C)ns (A-C)ns
(B-C)ns (B<C)* 33% (B<C)* 33%
Feed from hay net 3 ns ns ns ns
Drink 3 ns ns ns ns
(A-B) ns
Inactive 3 (A<C)* 33% ns ns ns
(B-C)ns
Walk 3 ns ns ns ns
§ Lie 3 ns ns ns ns
(A-B) ns (A-B)ns (A-B) ns (A-B) ns
Swa 1
4 ©- ©- ©- ©-
(A-B) ns (A-B) ns (A-B) ns (A-B) ns
Stereof 1
il ©- ©- ©- ©-
Aggression 0 - - - -
(A-B) ns (A<B)* 33% (A<B)* 33%
Other 3 (A<C)** 33% (A-C)ns (A-C)ns (A-C)ns

(B<C)* 33%

(B>C)* 33%

(B>C)* 33%

The table 3 is divided in ’A’, B’ and "C’. *No. of tests” showed how many tests are possible to calculate for each
row. The table is divided in high activity (HA) and low activity (LA). "No. of tests’ shows how many tests are
possible to make for each row. "ns’ indicates that there is no significant difference between the two tested groups.
’-’> indicates that it is not possible to make any statistic tests with this data due to too few observations. When
percentage is stated, it indicates how many of the tests are significant. The angle brackets indicate which elephant
has the highest value of the two tested. Different significant levels are indicated with asterisk, ****” when p<0.001,
"*%> when p<0.01 and **’ when p<0.05.
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Table 3: Results from Mann-Whitney U test for medians, Kruskal Wallis for medians, skewness (95% CI) and
kurtosis (95% CI) between high activity (HA) and low activity (LA) within each individual elephant.

Behaviour No. of tests Mann-Whitney Kruskal Wallis Skewness Kurtosis
Feed from ground 1 ns ns ns ns
Feed from hay net 1 ns ns ns ns
Drink 0 - - - -
Inactive 1 ns ns ns ns
< Walk 1 ns ns (LA>HA) 100% (LA>HA) 100%
Lie 1 ns ns ns ns
Sway 1 ns ns ns ns
Stereotypy 1 ns ns ns ns
Aggression 0 = - = =
Other 1 ns ns ns ns
Feed from ground 1 (LA>HA) 100% ns ns ns
Feed from hay net 1 ns ns ns ns
Drink 1 ns ns ns ns
Inactive 1 ns ns ns ns
Walk 1 (LA>HA) 100% ns ns ns
= Lie 1 ns ns ns ns
Sway 1 ns ns ns ns
Stereotypy 1 ns ns ns ns
Aggression 0 - - - -
Other 1 ns ns (LA<HA) 100% (LA<HA) 100%
Feed from ground 1 ns ns ns ns
Feed from hay net 1 ns ns ns ns
Drink 1 ns ns ns ns
Inactive 1 ns ns ns ns
Walk 1 (LA>HA) 100% ns ns ns
%] Lie 1 ns ns ns ns
Sway 0 - - - -
Stereotypy 0 - - - -
Aggression 0 - - - -
Other 1 ns ns ns ns

Reaction norms between individuals and behaviours

Median, IQR, skewness and kurtosis for all behaviours were compared between all three individuals for LA and
HA periods (Figure 1-4). Lines without any slope or regression indicated not enough observed behaviour data.
Generally, medians for all three elephants showed similar reaction norms for ’Feed from ground’, ’Inactive’,
"Walk’ and ’Stereotypy’ (Figure 1). Even though *A’ and B’ were significantly different in most behaviours, they
displayed a similar reaction norm. The results from y*-tests showed that slopes for *Feed from ground’ (p < 0.001),
"Feed from hay net’ (p < 0.001) and ’Other’ (p < 0.001) were significantly higher for ’A’ than for ’B’. Vice versa,
the slopes for the behaviours "Inactive’ (p < 0.001), *Lie’ (p < 0.001), ’Sway’ (p < 0.001) and ’Stereotypy’ (p <
0.01) were significantly higher for B’ than the slopes for *A’. The results showed slopes the behaviours ’Feed
from ground’ (p < 0.001), ’Lie’ (p < 0.001) and ’Other’ (p < 0.001) were significantly higher for A’ than the
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slopes for ’C’. Results also showed, the slopes for the behaviours *Feed from hay net’ (p < 0.001) and ’Inactive’
(p <0.001) were significantly higher for *C’ than the slopes for ’A’. Furthermore, slopes for the behaviours ’Feed
from ground’ (p < 0.05), ’Drink’ (p < 0.01), ’Lie’ (p < 0.001) and *Other’ (p < 0.001) were significantly higher
for "B’ than the slopes for *C’. Moreover, the slopes for the behaviours *Feed from hay net’ (p < 0.001) and
’Inactive’ (p < 0.001) were significantly higher for *C’ than the slopes for 'B’ (Figure 1).

The tendency for IQR displayed that A’ and B’ showed similar reaction norms in the behaviours ’Feed from
ground’, *Feed from hay net’, *Inactive’, "Walk’, *Stereotypy’ and *Other’. Despite this, the y>-tests showed sig-
nificant difference between most of the behaviours (Figure 2). The y*tests showed the slopes for the behaviours
"Feed from ground’ (p < 0.001), ’Feed from hay net’ (p < 0.001), ’Inactive’ (p < 0.001), Walk’ (p < 0.001),
’Lie’ (p < 0.001), *Stereotypy’ (p < 0.01) and ’Other’ (p < 0.01) were significantly higher for ’A’ than the slopes
for ’B’. In contrast, the slope for ’Sway’ (p < 0.001) performed by 'B’ was significantly higher than A’. The
significant difference between A’ and ’C’ showed the slopes for the behaviours *Feed from ground’ (p < 0.001)
and ’Lie’ (p < 0.001) were higher for A’ than the slopes for *C’. Vice versa, the slopes for *’Feed from hay net’
(p < 0.001) and ’Inactive’ (p < 0.001) were significantly higher for *C’ than the slopes for ’A’. Finally, slopes for
the behaviours "Feed from ground’ (p < 0.001) and ’Drink’ (p < 0.001) were significantly higher for ’B’ than the
slopes for *C’. Significantly higher slopes for *Feed from hay net’ (p < 0.001), *Inactive’ (p < 0.001), *Walk’ (p
< 0.01), ’Lie’ (p < 0.001) and ’Other’ (p < 0.001) were found for *C’ than for B’ (Figure 2).

Skewness for the behaviour *Walk’ (p < 0.05) was significantly different between the slopes for A’ and *C’,
where *Walk’ for ’C” had a higher slope. Generally, the behaviours displayed different gradients and therefore no
clear tendencies (Figure 3). The results from comparing slopes for kurtosis showed significantly higher slopes in
the behaviours "Walk’ (p < 0.001), *Stereotypy (p < 0.01) and *Other’ (p < 0.001) for B’ than for A’. For
kurtosis, there was a significantly higher slope for the behaviour *Feed from ground’ (p < 0.01) for ’C’ compared
to *A’. Vice versa, the slope for the behaviour ’Inactive’ (p < 0.01) for kurtosis was significantly higher for ’A’
than *C’. Finally, slopes for the behaviours 'Feed from ground’ (p < 0.01) and ’Drink’ (p < 0.05) were signifi-
cantly higher for ’C’ than for ’B’. Whereas slopes for the behaviours *Other’ (p < 0.01) and ’Lie’ (p < 0.05) were
significantly higher for ’B’ than for *C’ (Figure 4).

Comparison between data from 2019 and 2021

Nine behaviours were compared with the study from 2019. The behaviour *Aggression’ was excluded since the
behaviour was not investigated in 2019 and not enough data was collected in 2021. The results of y*test for A’
showed that median and IQR were significantly higher for all the tested behaviours in 2021 than in 2019 (Table
4). The behaviours *Feed from ground’, Feed from hay net’, ’Inactive’, ’Lie’, ’Sway’ and *Other’ for *A’ all had
one common significance level (p < 0.001) in test for median and IQR between 2019 and 2021 (Table 4). Whereas
’Stereotypy’ had a different significance level (p < 0.01) in test for median and *Walk’ had a different significance
level (p < 0.01) in test for IQR between 2019 and 2021 (Table 4). Meanwhile, skewness and kurtosis showed
variation in behaviours that were significant in proportion to which year had the higher value (Table 4). The results
from skewness for A’ showed significant difference between 2019 and 2021 in the behaviour "Walk’ (p < 0.05).
The distribution for "Walk’ was highly positively skewed in 2021 and moderately positively skewed in 2019,
which implies short time intervals and unpredictable pattern in both 2019 and 2021. Results from kurtosis for
individual ’A’ showed significant difference in the behaviours *Feed from ground’ (p < 0.05), "Walk’ (p < 0.001),
’Stereotypy’ (p < 0.05) and *Other’ (p < 0.05). The distribution for the behaviour ’Feed from ground’ was lepto-
kurtic in 2019 and platykurtic in 2021, which means that there was a more fluctuating behavioural pattern for the
behaviour in 2019 and more homogeneous behavioural pattern in 2021. Whereas *Walk’ and ’Stereotypy’ were
platykurtic in 2019 and leptokurtic in 2021. Finally, *Other’ had a leptokurtic distribution in 2019 and 2021, which
indicates fluctuating behavioural pattern for both time periods.
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Figure 1: Comparison of medians for high activity (HA) and low activity (LA) including comparison between the three ele-
phants. Red slope indicates elephant A, green slope indicates elephant B and yellow slope indicates elephant C. Significant
differences are indicated with asterisk, ****’ when p < 0.001, ***’ when p < 0.01 and ’*’ when p< 0.05. 'Rs’ indicates the
relation between two slopes in percent
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Figure 2: Comparison of IQR for high activity (HA) and low activity (LA) including comparison between the three elephants. Red slope
indicates elephant A, green slope indicates elephant B and yellow slope indicates elephant C. Significant differences are indicated with
asterisk, “***” when p< 0.001, **** when p< 0.01 and **’ when p< 0.05. ’Rs’ indicates the relation between two slopes in percent.
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Figure 3: Comparison of skewness for high activity (HA) and low activity (LA) including comparison between the
three elephants. Red slope indicates elephant A, green slope indicates elephant B and yellow slope indicates elephant
C. Different significant levels are indicated with asterisk, ****’ when p< 0.001, ***’ when p< 0.01 and **’ when p<
0.05. ’Rs’ indicates the relation between two slopes in percent.
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Figure 4: Comparison of kurtosis for high activity (HA) and low activity (LA) including comparison between the
three elephants. Red slope indicates elephant A, green slope indicates elephant B and yellow slope indicates elephant
C. Significant differences are indicated with asterisk, ****’ when p < 0.001, ***” when p < 0.01 and **’ when p<
0.05. ’Rs’ indicates the relation between two slopes in percent.
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All tested behaviours for median were significant different between 2019 and 2021 for ’B’, except *Sway’
(Table 4). The data from 2021 had higher median for six out of eight behaviours for ’B’, and a higher IQR
in six out of eight behaviours for B’. All behaviours in median had a significance level at p < 0.001.
Results from IQR showed the same significance level for all behaviours that were significant (p < 0.001)
(Table 4). There was one significant difference in kurtosis for the behaviour ’Lie’, where the behaviour
was significantly higher in 2019 than in 2021. Results for kurtosis also displayed that *Lie’ was platykurtic
in 2019 and leptokurtic in 2021. This indicates a fluctuating behavioural pattern in 2021 and a homoge-
neous behavioural pattern in 2019.

For °’C’ the behaviours *Sway’ and ’Stereotypy’ were not tested. In the data from 2021, *C’ had higher
median in five out of seven behaviours and a higher IQR for all behaviours than in the data from 2019
(Table 4). Median results showed the same significance level (p < 0.001) for the behaviours *Feed from
ground’, ’Feed from hay net’, ’Inactive’, "Walk’, ’Lie’ and *Other’. The significance level found for the
behaviour ’*Drink’ was p < 0.05. Furthermore, the results from IQR displayed the same significance level
(p < 0.001) for all the behaviours that were significant between the two studies (Table 4). Kurtosis results
showed a leptokurtic distribution for ’Feed from ground’ in 2019 and 2021, therefore a fluctuating behav-
ioural pattern for both time periods. A platykurtic distribution for *Drink’ and ’Lie’ was seen in 2019 and
2021, which indicates a homogeneous behavioural pattern for the elephants. The behaviours ’Feed from
hay net’ and *Other’ had a leptokurtic distribution, and therefore a fluctuating behavioural pattern, in 2019
and platykurtic distribution and therefor a homogeneous behavioural pattern in 2021 (Table 4).

"No. of tests’ shows how many tests are possible to make for each row. ’ns’ indicates that there is no
significant difference between the two tested groups. ’-’ indicates that it is not possible to make any sta-
tistic tests with this data due to too few observations. When percentage is stated, it indicates how many of
the tests are significant. The angle brackets indicate which elephant has the highest value of the two tested.
Different significant levels are indicated with asterisk, ***** when p< 0.001, ***’ when p< 0.01 and **’
when p< 0.05.

Time budgets

During both HA and LA, ’C’ ate more from ground than the two other elephants (Figure 5-6). Moreover,
’A’ ate significantly less from ground than B’ (p < 0.05) and ’C’ (p < 0.01) during LA (Figure 6). ’A’
was significantly more inactive than *C’ (p < 0.05) during HA and LA and significantly more inactive
than "B’ (p < 0.01) during HA (Figure 5-6). The behaviours *Feed from hay net’, ’Lie’ and *Other*’ did
not show any significant difference between the three elephants neither during HA nor LA. The most
observed nocturnal behaviour was ’Lie’ during LA and HA. The average of the three individuals for this
behaviour was approximately 30 + 8%. However, if the behaviours ’Feed from ground’ and *Feed from
hay net’ is combined, then feeding would be the most observed behaviour with an average of approxi-
mately 35 + 12% (Figure 5-6).
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Table 4: Median, IQR, skewness and kurtosis for data between 2019 and 2021.

Behaviour No. of tests Median IQR Skewness Kurtosis
Feed from ground 1 (2019<2021)*** (2019<2021)*** ns (2019<2021)*
Feed from hay net 1 (2019<2021)*** (2019<2021)*** ns ns
Drink 1 - - - -
Inactive 1 (2019<2021)*** (2019<2021)*** ns ns

Walk 1 (2019<2021)*** (2019<2021)** (2019<2021)* (2019<2021)***
Lie 1 (2019<2021)*** (2019<2021)*** ns ns

Sway 1 (2019<2021)*** (2019<2021)*** ns ns
Stereotypy 1 (2019<2021)* (2019<2021)*** ns (2019<2021)*
Other 1 (2019<2021)*** (2019<2021)*** ns (2019>2021)*
Feed from ground 1 (2019<2021)*** (2019<2021)*** ns ns

Feed from hay net 1 (2019<2021)*** ns ns ns
Drink 1 (2019<2021)*** (2019>2021)*** ns ns
Inactive 1 (2019<2021)*** (2019<2021)*** ns ns

Walk 1 (2019<2021)*** (2019<2021)*** ns ns

Lie 1 (2019>2021)*** (2019<2021)*** ns (2019>2021)*
Sway 1 ns (2019>2021)*** ns ns
Stereotypy 1 (2019>2021)*** (2019<2021)*** ns ns
Other 1 (2019<2021)*** (2019<2021)*** ns ns

Feed from ground 1 (2019<2021)*** (2019<2021)*** ns (2019>2021)*
Feed from hay net 1 (2019>2021)*** (2019<2021)*** ns (2019>2021)**
Drink 1 (2019<2021)* (2019<2021)*** ns (2019<2021)***
Inactive 1 (2019<2021)*** (2019<2021)*** ns ns

Walk 1 (2019<2021)*** ns ns ns

Lie 1 (2019>2021)*** (2019<2021)*** ns (2019>2021)*
Sway 1 = — -~ =
Stereotypy 1 - - - -

Other 1 (2019<2021)*** (2019<2021)*** ns (2019>2021)*
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Figure 5: Time budget comparing the proportion of time each elephant did a specific behaviour during
high activity (HA) period. Each bar represents one elephant. The proportions of behaviours that are
significantly different (p< 0.05) are showed to the right on the figure. *Other*’ indicates all behaviours

which proportion is < 5%.
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Feed from ground: A<B

(x* =5.189,df = 1,p = 0.0227)
Feed from ground: A<C

(x* = 11.676,df = 1,p = 0.001)
Inactive: A>C

(x* = 6.589,df = 1,p = 0.010)
Other: A>B

(x* =7.928,df = 1,p = 0.005)
Other: A>C

(x* =7.928,df = 1,p = 0.005)

Figure 6: Time budget comparing the proportion of time each elephants did a specific behaviour dur-
ing low activity (LA) period. Each bar represents one elephant. The proportions of behaviours that are
significant different (p< 0.05) are showed to the right on the figure. *Other*’ indicates all behaviours

which proportion is < 5%.

Discussion

Comparison between the three elephants within respectively HA and LA

The behavioural differences observed between the elephants indicate that the hierarchy status may have
an influence on behaviour since the matriarch A’ differed from the two others in several performed be-
haviours. This is in agreement with Larrieu et al. (2017), who found that dominant individuals were sus-
ceptible to stress-like behaviour (Larrieu et al. 2017). However, on most occasions no significant differ-

ence was found between the elephants in this study.
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Comparison between HA and LA for each individual elephant

Few significant results were found when comparing the three elephants during HA and LA periods. Lower
time was spend walking during the night in HA compared to the LA, which may be explained by stressors,
such as noise due to an increase in the number of visitors during the day (Table 3) (Morgan and Tromborg
2007; Quadros et al. 2014). A response to disturbing noise can be expressed in different ways, such as an
increase or decrease in locomotive activity (Morgan and Tromborg 2007; Quadros et al. 2014). This could
explain the observed decrease in locomotive activity for ’B’ and ’C’ during HA (Table 3). A similar
response could be expected for the distribution of the intervals for the behaviour ’Lie’, but due to the
small sample size, the margin of error has increased (Zar 2010; Agresti and Franklin 2014; Boyle et al.
2015).

The behavioural differences observed for *A’ between HA and LA showed an alteration in the pattern of
walking when data were compared which indicate that HA may disturb the elephant. Both HA and LA
were positively skewed, and the majority of the values lie to the left. Therefore, the observed intervals for
the behaviour were short. LA was more positively skewed than HA, which means the intervals were
shorter during LA than during HA. This unpredictable pattern could be a response to different environ-
mental conditions (Dingemanse et al. 2010; Greco et al. 2016). Distributions for A’ showed a change in
the pattern of walking between LA and HA which could be due to stressors during HA. Behavioural
differences among elephants could be explained by individual personality traits, where some elephants
exhibit increased investigatory behaviour and others become sceptical (Morgan and Tromborg 2007;
Montiglio et al. 2012). This may be the reason for different results respectively for ’A’, B’ and *C’ in the
different behaviours in LA and HA.

This study and the previous study by Bertelsen et al. (2020) showed opposite results for time spend walk-
ing between HA and LA, which indicates a change in behaviour and reaction norms for ’B’ and *C’ over
the time span of two years (Montiglio et al. 2012; Turcsan et al. 2020). All three elephants spent more
time on walking in 2021 than in 2019, which may be due to the possibility to walk outside in 2021, which
was not possible in 2019. It was not possible to observe their behaviour in the outside area, accordingly
the results for walking might be misrepresenting, considering the possibility that the elephants are walking
when being outside.

Reaction norms between individuals and behaviours

This study demonstrates the diversity of personality and how visitor number contribute to a variation in
percentage distribution of the behaviours. High-significant differences in medians were found across sev-
eral behaviours between the elephants (Figure 1). Furthermore, the IQR documented asymmetry in all
tested behaviours between the three individuals. We therefore assume, that the three elephants show dif-
ferent personalities due to a difference in gradients for reaction norms. Moreover, the results from skew-
ness and kurtosis showed that the distributions were different for many of the behaviours between the
individuals, which support the statement about different personalities (Montiglio et al. 2012). The signif-
icant result in skewness between *A’ and ’C’ for the behaviour *Walk’ implies two different and unpre-
dictable patterns for both elephants. This can be a result of interactions between the two elephants which
may cause them to change each other’s walking pattern.

Comparing data from 2019 and 2021

Median and IQR’s for most of the observed behaviours differs significantly between 2019 and 2021 in
both median and IQR (Table 4). For the observed behavioural differences in median time for *A’ between
2019 and 2021, all behaviours had a higher median value in 2021. Therefore, the behaviour ’Stereotypy’
and ’Sway’ had a higher median value in 2021. This could be explained by dominant individuals are more
prone to exhibit stress-related behaviour (Larrieu et al. 2017). The zookeepers always seek to challenge
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the elephants’ senses by presenting new ways of stimuli. Feeding stimuli included hiding small pieces of
vegetables or fruits in different places, e.g., in tree trunks, or holes in the ground and walls (Carlstead,
Paris, and Brown 2019). The time spent on feeding could therefore be higher in 2021, because the ele-
phants may spend more time searching for food. Differences for the observed behaviours for ’B’ suggest
that the elephant may have had better stimuli in 2021 than in 2019 (Greco et al. 2016). Moreover, "Lie’
and ’Stereotypy’ had a higher median value in 2019 for B’ than in 2021. ’C’ had a higher median time
spent on lying down in 2019 than in 2021.

Boyle et al. (2015) found that older animals spend less time lying down than younger animals. Time spend
lying down can be interpreted as a positive welfare indicator, as less time spend lying down is associated
with poor social compatibility (Finch et al. 2021). The more time spend on ‘Lie’ in 2021 can be caused
by lower stress level (Boyle et al. 2015). It is therefore reasonable to assume that the new initiatives, such
as the possibility to walk outside, may have had a positive influence on *B’ (Greco et al. 2016).

IQR results stated the 50% of the middle values for the distribution from 2021 were spread out further
than for the distribution in 2019. The fact that the elephants had a larger variability in time intervals for
the observed behaviours in 2021 than in 2019 may be due to that they had more options in 2021 (Greco
et al. 2016). In 2019 the elephants could not walk outside. These results demonstrates that the same three
elephants responded differently to particular situations, which contradict the statement and hypothesis
that elephants do not change their personality and reaction norms over time (Turcsan et al. 2020). Due to
few significant differences for skewness and kurtosis between 2019 and 2021, there is no clear tendency
regarding difference in distributions for the tested behaviours.

Time budgets

The most frequent behaviour observed was feeding, where the elephants spend 35 + 12%. This is con-
sistent with the previous study from Bertelsen et al. (2020), where the elephants spending 43 + 6% of their
time on feeding. The second most common behaviour in both studies were lying down which where
equivalent to 28 + 5% in 2019 and 30 £ 8% in 2021. Wild African elephants approximately eat about 1.0
— 1.5% of their body weight a day (Ullrey et al. 1997). Ullrey and co-workers (1997) also found that the
daily intake of food was about 1.4 — 1.6% of their body weight for captive female African elephants. We
found that the elephants ate 4.5 — 7.5% of their body weight per day, which appear to be considerably
more. Therefore, the large amount of food received must be taken into account to interpret our results, as
this may have encouraged the elephants to spend more time on eating than in other studies. When the data
from HA periods are compared with the data from LA periods, a clear pattern in the individual’s person-
ality traits is evident, e.g., the behaviour Feed from ground’ (Figure 5-6). A similar tendency for person-
ality traits was found in the data from 2019 by Bertelsen et al. (2020). Furthermore, these results support
the hypothesis that elephants are not changing behavioural reaction norms over time (2 years).

Limitations

The number of animals in the zoo are always very limited and therefore it was not possible to obtain the
same statistical power compared to a laboratory setting. A small sample size increases the risk of type |
error which will result in rejection of a true hypothesis. However, many significant results were found in
this study and a substantial amount were relatively powerful. Elephant *A’ and ’B’ were clearly aggressive
in their behaviour, but due to small sample size the behaviour could not be investigated further statisti-
cally. Outliers were not removed due to the small sample size. If outliers were removed, this could have
reduced the variability (Zar 2010; Gerstman 2015). Furthermore, a limited selection of behaviours was
chosen in this study for the purpose of a direct comparison with the study performed by Bertelsen et al.
(2020). Therefore, this did not allow a full representation of all the behaviours the elephants might convey.
When comparing the results from 2021 with data from 2019 a possible explanation for variation in data
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was found. It was possible to monitor the elephants constantly in 2019 since they had no access to the
outside area and remained indoors at all times (Bertelsen et al. 2020).

Conclusion

The results revealed a significant difference between the behaviours during low activity and high activity
for all three elephants. However, there were not enough evidence to suggest that number of visitors had
an influence on the elephants’ reaction norms. Clear differences in reaction norms of various behaviours
were found between the three elephants indicating personality diversity. Although, time budgets did not
reveal any change in personality for the individuals over the two years, the tests for comparison forms
evidence for some personality change between 2019 and 2021.
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Figure 7: Floor plan of elephant enclosure in Aalborg Zoo. Modified from Bertelsen et al
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