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1. Abstract

African elephants (Loxodonta africana) are social animals that are adapted to life in arid
environments. Zoos in northern climates have to keep elephants confined indoors for several
months a year due to the risk of cooling down body core temperature and slipping on frozen
ground. This study investigated how well a group of six African elephants (3 adult females, 1
juvenile male, 2 female calves) in Boras Zoo, Sweden, accepted their new indoor hall into
which they had moved five months prior to the study. This was investigated in three different
situations: baseline, visitors present and mature elephant bull using part of the indoor hall.
Every animal (except the bull) was observed after 2-min-intervals for 20 minutes twice a day.
Similar to the wild, foraging was the most common behaviour over all treatments.
Locomotion was registered less compared to the wild but in line with previous studies in
captivity. Positive social behaviour was primarily seen between mother and calf. In line with
other studies, agonistic behaviour was low. Additionally, the time an individual performed
the stereotypy weaving was noted. Only one of the two known weavers was actually seen
performing the stereotypy, mostly when neither visitors nor the elephant bull were present.
This individual probably developed the stereotypy in the time she was chained overnight.
During baseline, the elephants clustered in the afternoon in front of the door to their training
quarters, where they usually waited when the caretakers filled up the hall with fresh feed.
This was also the setting when most weaving occurred. It was judged that the elephant cow
weaved in anticipation of food. Both visitors and elephant bull seemed to disturb the
elephants, as less foraging was registered compared to the baseline situation. There was an
increase in resting behaviour when visitors were present which might predict a certain visitor
effect. However, the zones mainly used were closest to the visitor area which came as a
surprise. The only remarkable difference when the elephant bull was using part of the indoor
hall was that no performance of stereotypies was registered. The elephant group in Boras Zoo
showed a wide range of natural behaviours which indicated that they accepted their new
indoor hall quite well.



2. Introduction

Elephants are magnificent to behold in the wild and often the centre of attention in zoos.
Keeping elephants in captivity, however, often brings joint and foot problems in its wake
(Miller et al., 2016). Furthermore, the low reproductive success led Clubb and Mason (2002)
to question whether the conservational benefits outweigh the problems of captive elephant
keeping. Since zoos’ first and foremost task is to conserve endangered species with the goal
to one day reintroduce them into the wild (Boras djurpark, 2018), keeping animals should be
done in a sustainable way. That includes preserving their natural behaviour and good health
as well as helping them to reproduce successfully.

2.1. African elephants in the wild

African elephants (Loxodonta africana) are classified to be vulnerable by the IUCN Red List
(Blanc, 2008). There are known to be around 400.000 wild living specimen with another
125.000 speculated to exist (Thouless et al., 2016). Their numbers have been increasing since
the 1990s (Blanc, 2008) but compared to an estimated three to five millions that are thought
to have lived in the 1930s and 1940s (WWF, 2004), the species is far from abundant.

In the wild, African elephants form stable social groups made up of related females and their
offspring (Moss, 1988). The groups are led by a matriarch which is often the oldest and
largest female (Archie et al., 2006). African elephants live in a hierarchical society where a
female’s rank can determine which and how many resources she gets (Archie et al., 2006;
Wittemyer et al., 2007). They spend the majority of their time foraging on a variety of plant
species and parts, followed by walking, resting and interacting socially (Leggett, 2008;
Siyaya, 2015; Mole et al., 2016). Elephants use a wide range of communication methods like
an excellent sense of smell with which they can inspect individuals in direct contact and get
information about their mating availability over distances (Poole, 1994; Rasmussen &
Schulte, 1998). Communication also takes place through both high and low frequency
sounds, only the former audible to humans, while the latter can be heard by elephants over
long distances (Poole & Moss, 1989; Poole, 1994; Langbauer, 2000). Berg (1983) found a
correlation between sound frequency and grade of excitement, meaning the more agitated an
elephant is, the higher the noise it makes.

Male elephants become more independent and eventually leave their family group around the
age of 14 to live alone or in loose groups of (predominently adolescent) bachelors (Poole,
1994), where they learn appropriate social behaviour by older bulls (Evan & Harris, 2008).
Subsequently, males and female groups lead separate lives and only meet occasionally for
males to test whether a female is receptive, by smelling her urine and genitals, and, if so,
mate (Moss, 1988; Moss & Poole, 1989).



2.2. African elephants in captivity

Currently, there are approximately 300 African elephants on display in over 50 institutions in
Europe (Captive elephant database, 2018). Only about 35 % of these were actually born in
captivity, the rest are wild-caught (Captive elephant database, 2018). 2.4 % of the European
population, or seven animals, are found in Sweden, all in Boras Zoo. African elephants in
captivity spend a similar amount of time feeding as in the wild, but they walk less and rest
more (Horback et al., 2014, Greco et al., 2016). In the wild, elephants move mostly out of the
need to find food, water and mating partners (Leggett, 2008) which is not necessary in zoos
where food is abundant and mating regulated by humans. Social behaviours are also seen to a
certain extent and happen primarily between a mother and her calf (Horback et al., 2014).

The majority of research on captive elephants is done in the U.S. on the border between the
temperate and subtropical climate zone. The largely different climate in Scandinavia
(northern temperate to subtropical climate zone) calls for studying elephants in this
environment as well. Whereas African elephants are adapted to life in a hot, arid climate
(Mole et al., 2016), weather conditions in Scandinavia make it impossible to keep elephants
outside all year round. They could cool down their body temperature significantly (M. Rhen,
Boras Zoo, personal communication, 5 April 2018). If the ground is slippery, the animals
cannot even be outside short periods of the day since the injury risk is too high (M. Rhen,
Boras Zoo, personal communication, 5 April 2018). Thus, the need for large indoor halls
arises. In order for elephants to accept this indoor enclosure as well as possible, these halls
should ideally keep the animals occupied by plenty of opportunity to perform natural
behaviours.

2.3. Facing new environments

In the wild, African elephants have been seen rejecting new environments by simply moving
away from regions they do not like (Pinter-Wollman, 2009). They also explore a new area
more intensively the further it is from human activity (Pinter-Wollman, 2009). For zoo
elephants, neither option is possible.

When facing new environments, wild African elephants show increased social behaviour the
more unfamiliar the new habitat, meaning that they rely on interactions with familiar
conspecifics in the habituation phase (Pinter-Wollman et al., 2009). This could mean that
facing novel situations with unfamiliar conspecifics could make rejection of the area more
likely and heighten stress levels. Since it is not implicit that groups in zoos are made up of
related, or at least familiar, members (Clubb & Mason, 2002), this is a valid concern. Hence,
zoos should take care to not change both environment and group constellation for the
elephants.

2.4. The zoo visitor effect

The presence of visitors in zoos can lead to a rise in stress levels and immobility in koalas
(Phascolarctos cinereus, Larsen et al., 2014), monkeys and apes (Quadros et al., 2014) as
well as lynx, ocelot (Leopardus pardalis) and lion (Panthera leo persica, Suarez et al., 2017)
with negative welfare consequences. The search for relevant literature has to date only



yielded one such study on captive African elephants, showing that a group of females moved
significantly less with higher visitor numbers (Quadros et al., 2014). Wild elephants have
been reported to react with heightened stress levels (Tingvold et al., 2013, Hunnick et al.,
2017), vigilance, avoidance or aggression (Kioko et al., 2013) to the presence and possible
threat of humans. Stressed elephants have in turn been observed to use only 60 to 80 % of
their home range (Jachowski et al., 2012). It is therefore in the zoos’ best interest to prevent
such stress levels, both for the elephants’ own welfare but also to avoid agonistic interactions
in between group members and towards the caretakers.

2.5. Consequences of heightened stress levels in elephants

Changes in the physical and social environment can also lead to stress which can cause a
variety of health problems, amongst others stillbirths, infanticide, poor mothering and also
stereotypies (Clubb & Mason, 2002). Between 44 and 74 % of captive African elephants
perform stereotypies (Clubb & Mason, 2002; Greco et al., 2016). The most common
stereotypy for elephants is weaving, observed for every single elephant that performed any
stereotypy (Clubb & Mason, 2002). Weaving is described as repetitively “swaying side to
side or backwards and forwards” and “may involve the entire body or just the head and neck”
(Clubb & Mason, 2002). Some elephants even lift a foot while weaving (Clubb & Mason,
2002). Studies have found positive correlations between the exhibition of stereotypies and
time housed indoors, time housed separately as well as transfers between zoos (Greco et al.,
2016; Greco et al., 2017). Clubb and Mason (2002) name restriction of movement,
deprivation of social contact, little enclosure size and unsatisfying complexity of the
enclosure as possible causes for the existence of stereotypies in zoo elephants as further
possible reasons.

2.6. Enclosure size recommendation

The Swedish Board of Agriculture demands 50 m? per animal but at least 200 m? for indoor
enclosures and 4000 m? outdoors (Statens jordbruksverks foreskrifter och allménna rad
[SJVFS 2009:92] om djurhallning i djurparker m.m., saknr L. 108). Meanwhile, the European
Association of Zoos and Aquaria (henceforth: EAZA) recommends that indoor enclosures
measure 36 m? per female and 45 m? per male; outdoor pens should be at least 400 m? for
three animals, adding an extra 100 m? per additional animal (cited in Clubb & Mason, 2002).

The elephants in Boras Zoo moved into the new indoor hall in October 2017, having used it a
full five months before the start of this study. Since good enclosures appear to be important
for elephant welfare, the zoo staff was interested in evaluating how well the elephants have
accepted their new enclosure and which parts of the hall they prefer. Of the group of six
African elephants, two specimen are known to perform the stereotypy weaving. Here, finding
patterns was of interest in order to hopefully be able to prevent it in the future.



2.7. Object and issues

2.7.1. Object

The aim of the study was to see how the elephants used their new enclosure, where they
exhibited certain behaviours, and at what time of the day they occurred. It was interesting to
see what effect the presence of visitors as well as that of the elephant bull had on the group’s
behaviour. Additionally, the presence of stereotypies in the older elephant cows was to be
studied.

2.7.2. Issues:
1. What behaviours do the elephants exhibit in their new enclosure when there are
neither visitors nor elephant bull present?
2. Is there a difference in the group’s behaviour when visitors, alternatively the elephant
bull, are present?
3. Are there any patterns recognisable in the older elephant cows’ expression of
stereotypies?



3. Material and method

3.1. Animals

The subjects for this study were seven African elephants in Boras Zoo, Sweden. The group
consisted of three adult females, two calves and a young bull (Tab. 1). The mature bull (E7)
was kept separately from the group because wild African elephants live sexually segregated
lives (Moss, 1988; Siyaya, 2015). Both the bull and the group often had the possibility to
hear, smell and see each other.

Table 1: Key data of elephants observed. No data was collected for E7. * = for more information see Clubb and
Mason (2002).

Individual Sex | Year of birth | Age at time of study | Origin
E1l Female 1978 40 Orphan, Kruger National Park, SA
E2 Female 1990 28 Orphan, Kruger National Park, SA
E3 Female 2005 12 Born in the zoo, daughter of E2
E4 Male 2013 5 Born in the zoo, son of E2
E5 Female 2017 <1 Born in the zoo, daughter of E3
E6 Female 2017 <1 Born in the zoo, daughter of E2
£7 Male 1996 97 glnzeocif?’ the Tuli elephants*, moved to Borés Zoo

3.2. Enclosure and resources

The elephant enclosure at Boras Zoo consisted of a recently built hall of 980 m? into which
the animals moved five months prior to the study, as well as a backyard outdoors area and the
training quarters. The hall had a semi transparent roof, letting in a lot of light. Additional
lamps ensured illumination even on dark days. In the cold months, the hall was heated which
was recovered in the ventilation. The ground was covered with a thick layer of sand. The
visitor area was elevated above the elephants’ enclosure, giving the visitors a good overview.
Between the visitor area and the enclosure was a 3 m strip where only caretakers could go.
The fence towards the visitor area was electric wire. In the hall, the elephants had access to
nets filled with hay hanging from the ceiling, cones, containers and tubes filled either with
hay or with treats (grain pellets, fruits or carrot pieces) (Fig. 1). Outdoors, food was hidden in
tubes on the wall and under piles of stones. In both enclosures, browse was laid out on the
ground.
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Figure 1: Map over the elephant enclosure in the indoor hall. The thinly dashed line indicates where E1 was
fenced off during treatment Elephant bull.

3.3. Daily routine

At the time of the study, the daily routine was the following: At 0900 all elephants were
transferred into their training quarters while the caretakers prepared the hall for the day.
Preparation included removing faeces, filling up resources with food, laying out browse as
well as moving around non-edible objects like tires and tree stumps, preferably on top of a
resource in order to making it harder for the elephants to reach. When finished, the elephants
got access to the hall for the day. At 1530 at the latest, the group was transferred into their
training quarters again when the caretakers prepared the hall for the night. This was done in
the same way as in the mornings. Afterwards, the elephants got access to the hall where they
spent the night.

3.4. Experimental design
This study was performed in three different settings during three weeks, one setting per week,
with four, three and three observation days per week.

3.4.1. Treatment Baseline

The group in their traditional composition, i.e. E1 through E6, had access to the whole hall,
zones I through VI (Fig. 1). The daily routine was as described under section 3.3. Daily
routine. For this situation, videos were recorded in March. The camera of type Avigilon was
placed at the southern end of the hall, about 5 m above the ground (Fig. 1). No visitors were
present as the zoo was closed to the public at this time.

3.4.2. Treatment Visitors

Boras Zoo was open to the public during this treatment. Visitors had access to the hall from
1000 to 1600. The daily routine was essentially the same as in treatment A (see 3.3. Daily
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routine), the only exception being that the group got access to a small outdoor area at the
northern end of the hall on one afternoon due to a shortage in browse. The elephants were
still mostly visible from the observer’s position. This situation was studied with direct
observations in April. The observer was standing in the visitors area (Fig. 1).

3.4.3. Treatment Elephant bull

The elephant bull E7 was housed in the mornings in zone VI, next to the group. The door to
his training room stood open, giving him the opportunity to choose whether or not to be close
to the group. In this setting, E1 was limited to the northern end of the hall, by means of an
electric wire, to prevent agonistic interactions between these two individuals. E1’s area
spanned zone V as well as parts of zones II and III (Fig. 1). Otherwise, the cleaning routine
was the same in the mornings as in the other two settings. In the afternoons, from around
1300 to 1530, both the elephant bull and the group were in their backyard outdoors area. E7’s
yard was separated by a stone wall and a gate from the group’s bigger enclosure. No visitors
were allowed inside the zoo during that time. This situation was studied directly in April.

3.5. Data collection

3.5.1. Observation method

Data was collected in the pre-season during four days for treatment Baseline and three days
each for treatments Visitors and Elephant bull. The elephants were observed during two hours
after and before major changes occurred in their enclosure, i.e. after getting access to the hall
(observation from 1000 to 1200) and before leaving it (observation from 1300 to 1500).
Every animal was observed individually for 20 minutes, making it a focal animal. Behaviour
was registered according to an ethogram (Tab. 2) with instantaneous sampling using 2-min-
intervals. The ethogram was constructed after the pilot study five days prior to the start of the
study. Additionally, literature on elephant behaviour was consulted for any behaviour that did
not occur during the pilot study.

Table 2: Ethogram

Behaviour Description

Forage

Net Pulling hay from a net hanging from the ceiling
Container Shaking a container filled with treats inside a net
Wall Searching for treats in holes in the wall

Cone Extracting hay from cones on the ground

Tube Searching for hay or treats in half tubes on the wall
Branch Manipulating branches on the ground

Net + Branch | Pulling hay from a net while chewing on a branch
Ground Eating fallen hay or treats
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Chew

Standing and chewing

Sniff Exploring food or an object with the trunk or holding the trunk in the air
Dig Digging into the ground using the trunk, tusks or feet

Drink Drinking from the water station

Locomotion

Go Moving with at least two feet on the ground

Back up Going backwards

Run Moving faster than 1m/s around the room

Head Shaking the head while standing or walking

Ears Flapping ears while standing or walking

Hygiene

Dust bath Spraying sand with the trunk over one’s body

Water bath Spraying water with the trunk over one’s body

Scratch Rubbing body against a wall, an object, another elephant or against oneself
Roll Rolling around in the sand on the floor

Rest

Stand Standing motionless for at least 2 s

Lie Any part of the body other than feet or legs touching the ground

Positive social

f;iniz(iiy Trunk or head touching any part of another elephant’s body

Nurse Interaction between a cow and a calf while the calf suckles milk

Play

Play fight Shoving or pushing head or body into another elephant with slow movements

Object Manipulating a non-edible object

Bar Chewing on a bar

Agonistic

Throw Throwing food or an object with trunk through air

Fight Shoving another elephant or rapid movements of the head or tusks towards or onto another

Under attack

elephant’s body

Being the recipient of a fight or throw event by another elephant
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Chase away C'hasing away another individual from a resource with the purpose of using that resource
him-/herself

Chased away |Being chased away by another individual from a resource

Others

Vocalise Making noises in the human auditory receptive region

Eliminate Urinating or defecating

Stereotypy Weaving, pacing or other non-natural behaviour

Watch Eyes directed at visitor area or caretaker

Not visible Elephant not visible from the observer’s position

Other Any other, not mentioned behaviour

The order in which the focal animals were observed was chosen randomly. A total of 1200
behaviours over 2400 observation minutes (400 per animal) were registered. Additionally, the
start and end time of the occurrence of stereotypies was noted. For simplicity, only the
minutes were noted. Data registration was done on paper, time was kept with the stopwatch
on the observer’s mobile phone.

3.5.2. Segmentation

In order to see in which part of the indoor hall resources were used most often, it was divided
into six zones (Fig. 1). The division was chosen so that every zone contained at least two
resources and not two of a kind, with the exception of zone VI that contained two separate
walls filled with treats. Browse was often moved by the elephants out of zones they originally
were placed in by the caretakers. Since Boras Zoo was interested in which parts and resources
the elephants used in their indoor hall, only this area was divided into zones. Everything
outside these zones was denoted “out™.

3.6. Data analysis

The collected data was analysed manually and with Minitab 18. The relative frequencies for
every behavioural category were calculated per individual. Based on that, the average
frequency and standard deviation were manually calculated.

Differences in behavioural categories and forage resource use over the three treatments were
graphically presented. Since the elephants spent morning and afternoon in different
enclosures during elephant bull days, the behavioural categories were graphically compared
between time of day. The average frequencies spent in the different zones of the enclosure
were calculated. Differences in zone usage between treatments were graphically analysed.
The minutes and relative frequencies spent performing stereotypies were manually
calculated.
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4. Results

4.1. Activity budget

4.1.1. General activity

The behaviours Head, Ears, Lie, Throw, Fight and Roll did not occur and were therefore
excluded from the analysis. The elephants in Boras Zoo spent the majority of the observation
time foraging (Tab. 2). Of all foraging behaviours, pulling hay out of one of the nets hanging
from the ceiling was the most common (18 %), followed by eating browse (11.5 %), eating
from the ground (10.42 %) and eating from a cone on the floor (9.17 %).

The second most common category was Others where the behaviour Not visible occurred
most often (10.17 %). The category Locomotion followed. There, Walk was the most
common behaviour (8.17 %). In the remaining categories, Stand and Object were the most
frequent behaviours (2.58 % & 2.75 % respectively). There was no difference in the Positive
social behaviours observed (1.5 % each).

Table 3: Relative frequency distribution f; of all observed behavioural categories for every individual (columns
2 - 7). Column 8 shows the average relative frequency f. of categories and the standard deviation s; of the
average frequency of all elephants (E1 - E7).

Category fer | feo | fes | fea | fes | fre fm ¢
Forage 875 | 72 | 76 | 72 | 53 | 43 | 67.25+16.27
Locomotion 2.5 6 95| 10 | 15 | 11.5 | 9.08 £4.35
Hygiene 1.5 2 |25 0 |05] O 1.08 £ 1.07
Rest 3 35| 3 0 |25 35 2.58 +1.32
Positive social | 0.5 1 0 0 6 | 10.5 3+4.32
Play 0 0.5 | 0.5 1 10 8 3.33+4.45
Agonistic 05 ] 05 |15]| 15 | 1 1.5 1.08 £ 0.49
Others 45 | 145 | 7 | 155| 12 | 22 12.58 £ 6.29

There were individual differences in which behaviour was most common. Generally, the
juveniles moved and played more often than the adults and they initiated more positive social
contact (Tab. 2). In turn, the registration of them foraging was lower than for the adults.

4.1.2. Differences between treatments

Most behaviours differed numerically between treatments. There was generally more
foraging, marginally more playing and other behaviours seen during baseline (Fig. 2). There
was a small increase in resting and agonistic behaviour on visitor days, whereas hygiene was
most common on elephant bull days. Positive social behaviour increased slightly but
constantly over the treatments (Fig. 2).
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Figure 2: Relative frequencies of behavioural categories for all treatments. The relative
frequency for Hygiene on visitor days and for Agonistic behaviour in Baseline were zero.

During the time, the elephant bull was next to the group, the animals spent mornings and
afternoons in different locations. Therefore, the behavioural categories were compared for
morning and afternoon observations. There was more foraging and resting registered in the
mornings when the elephants were in the hall (Fig. 3). In the afternoons, spent in the outdoor
enclosures, locomotion, hygiene and other behaviours increased (Fig. 3).
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Figure 3: Relative frequencies of behavioural categories for morning and afternoon observations
during treatment Elephant bull. The relative frequency for Hygiene in the mornings was zero.
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4.2. Use of enclosure

4.2.1. General zone usage

Since the aim of this study was to see in which parts of the indoor hall the elephants in Boras
Zoo spent their time, the zone out was not included in the analysis. The most frequented
zones in the Boras indoor hall were zones IV, I and II respectively (Fig. 4).

Vi

%
24,5%

Figure 4: Relative frequencies of zone usage over all treatments.

4.2.2. Differences in zone usage between treatments

Zones 11 & IV were clearly more used in baseline, whereas zone VI was more popular with
visitors present (Fig. 5). Surprisingly, zone V was not registered at all in the time the elephant
bull shared the indoor hall with the group (Fig. 5).
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Figure 5: Differences in relative frequencies of zone usage between treatments. The relative
frequency for zone V for treatment Elephant bull was zero.
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In baseline, zone II was most popular in the morning and zone IV was favored in the
afternoon (Fig. 6a). On visitors days, zone I was mostly used during morning observation and
zone VI was registered most often in the afternoon (Fig. 6b). Comparisons between zones

when the elephant bull was next to the group were not possible since morning and afternoon
observations were spent in different locations.

a) 25
Time
[] Morning
W Afternocon
20
15
=
g
£
10
5
b)
n Time
] Morning
W Afternoon
15
E
&
g 10
5
Zone | 1l 1 v v Vi

Figure 6: Relative frequencies of zone usage for a) treatment Baseline; and b) treatment Visitors.

4.3. Stereotypic behaviour

Only one of the six individuals (16.7 %), i.e. E2, was seen performing the stereotypy
weaving. The majority of minutes spent weaving occurred during baseline afternoons (Tab.
3). On visitor days, weaving occurred only in the afternoons whereas no weaving was seen

when the elephant bull was near (Tab. 3). E2 spent 16.6 % of the whole observation time
weaving.

17



Table 4: Minutes spent weaving by E2 by treatment and time of day.

Treatment
Time Baseline  [Visitors [Elephant bull |Total
Morning 54 0 0 54
Afternoon 249 95 0 344
Total 303 95 0 398

No other individual was seen performing the stereotypy weaving. However, E1 had a bout of
15 minutes where she stood apathetically still facing one of the doors. It was judged that she
was not resting because the elephants usually did this in the middle of the hall, not with their
head against a wall or door. Additionally, E2 was weaving next to her and would probably
have bothered an elephant who was trying to relax. This occurred one afternoon when visitors
were present.
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5. Discussion

5.1. Behavioural activity

The aim of this study was to see how the elephants spent their time in their new enclosure and
whether the presence of visitors or that of a mature elephant bull has any effect on the

group’s behaviour. The older elephant cows that were known to weave were studied for
patterns in the expression of their stereotypic behaviour.

The results show that the elephants in Boras Zoo spent the majority of the observation time
foraging. This is in line with other studies done on elephants in captivity (Horback et al.,
2014; Boyle et al., 2015; Greco et al., 2016) as well as in the wild (Leggett, 2008; Hunnick et
al., 2017). This is a valuable result as it discloses that the elephants spent the majority of their
time in captivity performing natural behaviours. In recent years, the activity budget of
elephants in captivity seems to have shifted towards more foraging as older studies reported
lower frequencies and only just started giving browse as feeding enrichment (Stoinski et al.,
2000).

The second most common category was Others which is due to the high occurrence of Not
visible. Locomotion was the third most common category. Studies have shown that African
elephants in the wild walk a considerable amount, between four and seven km a day (Wyat &
Eltringham, 1974 in Clubb & Mason, 2002) or 26 % of their time (Leggett, 2008). Home
ranges can stretch from 14 km? (Douglas-Hamilton, 1972) to 5900 km? for adult females
(Leggett, 2006). Wild juveniles move more than adults (Leggett, 2008) which was even the
case in this study. Compared to the wild, the Boras elephants moved noticeably less. Leggett
(2008) argued that wild elephants move mostly due to the necessity of finding food, thus the
decrease in zoos where food is abundant. Hutchins (2006) calls elephants “energetically
conservative”, meaning that elephants are smartly saving energy when moving long distances
in search of food, water or mating partners is not necessary. This would explain the relatively
low frequency of locomotion registered in this study. To what extent Hutchins’ (2006) claim
holds true is debatable as previous studies have shown both lower, similar and higher
amounts of walking (Horback et al., 2014; Boyle et al., 2015; Greco et al., 2016). More
research on whether elephants would prefer bigger over smaller enclosures is needed,
especially in Scandinavia or similarly cold climates. Even if Hutchins’ (2006) should be right
in his assertion, one should not forget, that lack of exercise can lead to a range of health
problems in elephants, such as foot problems and arthritis (Clubb & Mason, 2002).

Positive social behaviours were the fourth most common behaviour category. Horback et al.
(2014) reported that most positive social behaviours happened between a mother and her calf,
including nursing, which was also the case in this study. However, the calves in Bords were
even seen suckling either of the two mothers. Allosuckling is part of the phenomenon
allomothering which is common in elephants (Lee, 1987). Allosuckling itself is rare, seen in
only 3.7 % of nursing bouts where the majority was unsuccessful as it happened with a non-
lactating female (Lee, 1987). The author judged that the behaviour is only meant for comfort,
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not to give the calf extra nutrition. She also found out that calves spent more than 80 % of
their time within 5 m of their mother until they are 8 years old (Lee, 1987), which can even
be said about the Boras calves although they did not have the possibility to move much
further away in the enclosure.

The low amount of agonistic behaviours registered was in accordance with Horback et al.
(2014). There were only two bouts of fighting seen but when studying a different focal
animal and were therefore not registered. In both cases E1 attacked E3 which is, according to
the caretakers, the only constellation fights ever happen in the group (M. Rhen, Boras Zoo,
personal communication, 5 April 2018). Aggression can be a sign of frustration (Fraser &
Broom, 1990 in Mason & Clubb, 2002), stress or pain (Toates, 1995 in Mason & Clubb,
2002). It seems to be common that mostly younger, subordinate herd members receive
aggression (Adams & Berg, 1980; Garai, 1992) which was also the case noticed in the current
study. Garai (1992) named unrelatedness in the groups as one possible cause although her
study was mostly done on Asian elephants (Elephas maximus). Nonetheless, it seems to be
applicable on the African elephants in this study as well since E1, despite being the
matriarch, is the only individual that is not at all related to the rest of the group. Small
enclosure size, or rather the receiver not having the possibility to retreat, is another setting
where heightened aggression was witnessed (Garai, 1994). In the confinement of the Boras
indoor hall, E3 clearly did not have the possibility to retreat. Even competition can play a roll
since both attacks happened in the afternoon when resources started to become scarce (Garai,
1994).

5.2. General zone usage

That zones I and II were among those most used was surprising since these two were closest
to the visitor area. Pinter-Wollman (2009) found out that elephants explored an area less the
closer it is to human activity. Although the Boras elephants cannot leave their enclosure, they
did have the possibility to stay further away from the visitor area. It could be that these
animals were quite used to the presence of humans, not only visitors but also the caretakers,
which they associated with something positive. This is likely, seing that they have a strong
connection to their caretakes (M. Rhen, Boras Zoo, personal communication, 5 April 2018).

African elephants in captivity have been observed to show greater motivation to explore
novel objects when having watched a role model beforehand, implying the capability of
social learning to a certain degree (Greco et al., 2013). Even Pinter-Wollman et al. (2009)
proved that wild elephants benefit from social contact with conspecifics when in a novel
environment. Therefore, the fact that the group moved into the hall in an existing, well known
constellation can have helped. Pinter-Wollman et al. (2009) also reported more sociality in
the wet than the dry season when food is abundant, showing that competition might influence
sociality. In the Boras hall, under these regulated circumstances, food is always abundant,
giving the group the opportunity to be social and not competitive.
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5.3. Differences between treatments

In baseline, the category Others was registered more often which was due to the higher
amount of time they were not visible from the camera’s perspective. This is also the reason
why zone IV was most popular (in the afternoons) seeing that the animals often stayed in
front of the door to their training quarters (where they would go when the hall was prepared,
see 3.3 Daily routine). Undoubtedly, the animals heard noises that they associated with
something they were motivated to get. Bassett and Buchanan-Smith (2007) believe it
essential to hold involuntary pre-feeding signals to a minimum, since they are unreliable and
can create frustration and aggression (Carlstead, 1986). One solution might be a clear reliable
signal for food delivery replacing the involuntary signals. This is a good topic for future
studies.

The elephants in Boras Zoo foraged and played more when they were neither disturbed by
visitors nor the elephant bull. Rest was registered more often when visitors were present
which could point to a certain visitor effect as was the case in the, to date, only existing study
done on visitors’ influence on captive African elephants (Quadros et al., 2014). There, the
elephant exhibit was amongst the most popular with sound levels registered around 62.5
dBA. 70 dBA is the threshold where human hearing can take damage although the authors
caution that this might be different for animals (Quadros et al., 2014). Zone VI was used
more in the afternoons on visitor days. This could simply be assigned to the fact that food
was becoming scarce in the other five zones. Considering that the animals clustered in front
of the doors in this zone and both weaving and E1’s apathetical bout occurred there (see 4.3
Stereotypic behaviour), this could also point to the animals being stressed and choosing an
area as far away as possible from the visitors.

Zone V was not registered on elephant bull days which can be explained by the fact that the
entire zone was in the section where E1 was fenced off. However, E1 spent most of the
registration time in zone III. In the afternoons, when both the elephant bull and the group
were in their outdoor enclosure, locomotion and hygiene increased. The reason for this seems
to be the larger space of the outdoor enclosure that forced the animals to walk marginally
longer distances to the forage hiding places as well as giving them the opportunity to dust and
water bath with substrates that probably are more attractive. Although the floor of the indoor
hall is covered in a thick layer of natural self-cleaning sand (M. Hjelm, Boras Zoo, personal
communication, 29 March 2018), the elephants probably appreciated the opportunity to dig
their own mud wallows, which they were seen rolling in. Also, the treatment Elephant bull
was observed last in April, by which time the temperatures had risen. It could be that the
Boras elephants dust bathed more in response to the weather as Asian elephants have been
noticed to do (Rees, 2002).

Pinter-Wollman et al. (2009) observed increased social behaviour when elephants are facing
unfamiliar environments. If this can be interpreted as a general reaction to stress, their study
could explain the increase in social behaviour for treatment Visitors. The presence of the
elephant bull, on the other hand, allows for more greeting and investigating socially. E7 is not

21



just a possible mate for the adult cows but also a role model to the juvenile bull E4 (Evan &
Harris, 2008).

5.4. Stereotypic behaviour

5.4.1. Weaving

Of the two individuals that were reported weavers, only one was seen performing the
stereotypy. Across all observations, E2 had most weaving bouts during baseline and not, as
the caretakers had feared, on visitor days. Most weaving occurred in the afternoon.
Surprisingly, no weaving was seen in treatment Elephant bull.

Studies showed that between 44 and 74 % of African elephants in North American and
European zoos performed stereotypies for a total of 4 to 8.5 % of the observation time (Clubb
& Mason, 2002; Greco et al., 2016). In the present study, only 16.7 % of studied animals
performed stereotypies, i.e. less individuals, but for a greater part, namely 16.6 % of the
observation time.

There is a correlation between the risk for elephants developing stereotypies and the time
they spent indoors (Greco et al., 2017). Unfortunately, the time spent indoors is a factor not
likely to change because the scandinavian climate does not allow for it. In a similar context,
Rees (2004) found out that the performance of stereotypies can be provoked by thermal stress
in temperatures colder than the elephant’s normal range. Despite the fact that elephants can
experience temperatures close to or below zero even in their native habitat (Spinage, 1994 in
Rees, 2004; Mole et al., 2016), they are not used to being exposed to cold climate for a longer
period. Rees’ (2004) study was done on Asian elephants and it remains to be seen whether
both species are comparable in this regard. It could be a possible trigger, though, since most
weaving was registered in baseline which was recorded a few weeks before the other
treatments when temperatures were close to zero throughout the day.

Another possible reason for developing a stereotypy is frustration which could be induced by
E2 being motivated to join a partner (Greco et al., 2017). Since African elephants come into
oestrus for only two to six days once every approximately four years, they utilise a range of
communication methods (see 2.1 African elephants in the wild) in their pro-oestrus period to
make sure to attract a partner until the narrow time window opens (Moss, 1983; Poole &
Moss, 1989). This could explain why stereotypies were seen in baseline and on visitor days
but not when the elephant bull was next to the group because, from E2’s perspective, she was
successful in finding a mate. Further research is necessary to fully disclose a connection.

Looking at the data, one can see that the majority of weaving bouts occurred in the
afternoons. While the outdoor enclosure seemingly gave them other occupations, which was
reflected in no afternoon registrations of weaving in treatment Elephant bull, this does not
appear to be the case in afternoons spent indoors. Anticipating a possibly rewarding situation
is one more thinkable reason to perform stereotypies (Greco et al., 2017). Since E2 was
weaving mostly in zone IV, it is likely that she awaited something that was coupled with the
opening of the door to the training quarters. Spatial and temporal predictability of the feeding
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schedule can lead to food-anticipatory activity (FAA) like wheel running and feeding trough
manipulation in rodents (Mistlberger, 1994) and an increase in aggression in pigs (Carlstead,
1986). FAAs are assumed to be a derivation of natural foraging behaviours (Mistlberger,
1994), like walking in elephants. Weaving, in turn, is described as the expression of a
motivation to walk when restrained, as seen in chained Asian elephants (Kurt & Garai, 2001).
Although it is not implied that African and Asian elephant behaviour is analogous, this may
explain the weaving for E2 who was chained nighttime as was common practice until 2005
(M. Hjelm, Boras Zoo, personal communication, 29 March 2018). She seems to have
developed the stereotypy during this time.

Some of the other behaviours, like rest and agonistic behaviour, were registered more during
treatment Visitors (see 5.3. Differences between treatments). This could explain why less
stereotypies were registered in this treatment. One should not forget that stereotypies can
become learned behavioural patterns that are expressed even if there are no outside cues to
provoke the behaviour (Mason & Veasey, 2010). In this case, the individual's welfare might
not really be jeopardised but rather a reflection of its unlucky past which is highly likely for
E2 (Clubb & Mason, 2002; Mason & Veasey, 2010).

5.4.2. Other abnormal behaviours

Whereas no other elephant was seen weaving, yet, some individuals were seen throwing
faeces onto themselves which is classed by Clubb and Mason (2002) as a stereotypy as well.
However, since the observer did not know this until the data registration was done, this was
recorded as Dust bathing. Still, it is unclear whether the act of dusting oneself with faeces had
a stereotypical background or if this was done for want of a more suitable dust bathing
substrate. To find the answer, more research is needed.

E1 was not seen weaving, despite the caretakers reporting that she also performed this
stereotypy. Instead, she was seen standing apathetically still for a full 15 minutes one visitor
afternoon. Although standing still does not fit the description of a stereotypy (”a repetitive
and invariant” behaviour, Mason, 2006), apathy is seen as an abnormal behaviour (Mason &
Veasey, 2010) and might be triggered by the presence and noise level of the visitors.
Fortunately, this single bout is not enough material to justify worrying about E1’s welfare.

5.5. Welfare assessment

Stereotypic behaviour has been the indicator of bad welfare for a long time since it evidently
evolves out of frustration over not being able to express motivated behaviours (Mason &
Veasey, 2010). The authors caution that stereotypic behaviour might rather be the reflection
of an animal’s past and advise consulting physiological changes that indicate stress. In the
case of E2, it cannot be definitely said that she has bad welfare. Her stereotypy has likely
developed in the time she was chained overnight, and while the other elephant that was
chained during nighttime, E1, does not seem to show traces of this time, E2 integrated the
stereotypy in her behavioural repertoire.
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Mason and Veasey (2010) add that performance of stereotypies might actually improve an
animal’s welfare seeing that it gives the animal some form of outlet for its frustration. In that
case, the animal might have better welfare than individuals not performing stereotypies since
they can have learned their helplessness and possibly harbour considerable levels of stress.
Therefore, E2’s situation might not be as bad as it seems. She appears to perform the
stereotypy in anticipation. My suggestion is to eliminate the cues that make her anticipate
food or going outside as much as possible.

The elephant herd in Boras Zoo spent the majority of their time foraging, showed the right
amount of sociality and a low degree of agonistic behaviour. According to the reasoning of
Horback et al. (2014), this proves that the group had decent possibilities to express natural
behaviours. This, together with the fulfillment of the other four freedoms (Farm Animal
Welfare Council, 2009) and the fact that no other animal was seen performing a stereotypy,
indicates positive welfare.

5.6. Management implications

Hutchins (2006) declares that some of the most successful African elephant programmes are
found in colder climate, for example in Portland, USA. One suggestion is to find out how
these became so prosperous and if some of their procedures are applicable in Boras. When
moving elephants to new enclosures, this should be done in existing, well known groups of
preferably related individuals (Pinter-Wollman et al., 2009).

As named under section 5.5. Welfare assessment, the involuntary pre-feeding signals should
be avoided in order to minimise anticipatory behaviour, especially E2’s weaving in front of
the door in zone IV. A bell anouncing the appearance of the caretakers could be a reliable
signal when it is time for the elephants to wait in their training quarters for the preparation of
the hall.

It would have been desirable that the elephants had the opportunity to choose between the
indoor hall and an outdoor enclosure. At present, this is impossible due to the way the
buildings are arranged. However, if further alterations are conducted, this should be taken
into account. Since the elephants performed more dust and water bathing in the outdoor
enclosure, which possibly shows a preference for moist substrates, it is recommended that
they be given access to a small pool indoors which could make them want to dust bath more.

One way to get the elephants used to visitors and calm in their presence could be training
them in the hall for all to see. This could be a daily event for visitors to witness. Additionally,
this opportunity could be used to educate people about the negative effects of noise on not
only elephants’ but also other animals’ hearing.

5.7. Sustainability

Zoos constantly work with the conservation of endangered species, hoping to one day be able
to reintroduce them to the wild (Boras djurpark, 2018). This is part of the 15" global
sustainability goal, aiming for the preservation of biodiversity until 2030 (United Nations,
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UN, 2018a). African elephants are a key species in their natural habitat (WWF, 2004). Their
extinction could therefore have unpredictable consequences that affect a range of other
species, both fauna and flora. Thinking about how difficult elephant keeping still is (Miller et
al., 2016), this study could be the basis for further research done on keeping elephants in
indoor halls and ensuring their welfare. Working on improving elephant reproduction in
captivity is also essential to secure the survival of the species. Using zoos as a platform for
education even incites the fullfillment of the 4™ goal: ”Ensure that all learners acquire the
knowledge and skills needed to promote sustainable development” (UN, 2018b). The
jeopardy wild elephants live in by poaching and habitat degredation should be taken up in
zoo education, as well as what can be done to improve this situation.

5.8. Application of this study and proposals for future research

This study is a valuable contribution to the existing literature on what aspects to consider by
zoos before moving elephants to new enclosures. It can also be used to ease the minds of
those concerned about confining elephants to indoor halls for several months since it shows
that this is possible. Although the study subjects and the data collected were few, this study
can be an important base for discussion and future research.

One study that is overdue is one focusing solely on African elephants in captivity and the way
they react to visitors. Preferably such a study is carried out in a number of zoos with different
settings where not only the effect of different numbers of visitors, and consequently their
noise level, is evaluated but also whether the placement of the visitor area makes any
difference to elephants.

It would also be very interesting to investigate the effect a mature, or even a musth, elephant
bull has on the behaviour of a group of female elephants and their calves, as no such study
seems to exist.

A preference test would be of interest, to see whether elephants in cold climate zones would
choose small indoor halls over larger outdoor enclosures and whether that would make indoor
confinement over several months superfluous.

As most articles on animal welfare in general, and the few on elephant welfare specifically,
still define good welfare as the absence of a range of indicators for bad welfare, it would be
beneficial to study indicators for good welfare in elephants. To take this one step further,
signs of positive emotions in elephants should be a priority in order to make judging their
state of mind easier and aid in avoiding fatalities in the future.

The welfare report of the Royal Society for the Prevention of Cruelty to Animals (RSPCA),
written by Clubb and Mason (2002), is a thorough and handy overview of both husbandry
and health of captive elephants in Europe. Unfortunately, dating back to 2002, it is long
outdated. A revision would therefore be desirable.
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5.9. Advantages and disadvantages with the chosen method and possible error sources
Most modern studies (e.g. Greco et al., 2016, 2017; Horback et al., 2014) used a different
approach where behaviour was differentiated between states and events. There, elephants
were observed continuously for behavioural events during 15 min while at the same time
behavioural states were registered after one-minute-intervals. This method would surely have
given more exact results even in this study. However, the pilot study was using one-minute-
intervals but gave mainly the same result for two consecutive minutes which is why a two-
minute-interval was deemed sufficient. The author is convinced that even the used method
gave reliable results as the aim of this study was to see how, when and where the elephants
used resources in their indoor hall which was achieved. However, a higher number of
observations, study subjects and zoological institutions as well as an actual statistical analysis
would have given a more statistically representative result.

Comparing the category Locomotion to studies from the wild could have been misleading
since studies done on wild African elephants only registered walking. The locomotion
category used in this study included behaviours like backing up (which probably is rarely
seen in the wild), running as well as shaking body parts which are mostly used as warning
signals. Although none of the last were observed during this study, when repeating it, they
should be classified differently.

Another source of errors was the measuring of whole minutes for the registration of
stereotypic behaviour. This was done out of simplicity as no stop watch to time the behaviour
exactly was available. It is possible and likely that this behaviour was overrepresented since
E2 could stop weaving for more than half a minute but within the same time on the observers
mobile phone, and start again the next minute, resulting in two whole minutes weaving
registered.

Unfortunately, the placement of the camera did not allow for all behaviours to be observed.
Instead, a lot of Not visible was registered, resulting in a possible overrepresentation of the
category Others. When repeating this study or implementing a similar one, the placement of
the camera should be carefully chosen or, ideally, be replaced by direct observations.

5.10. Strengths and weaknesses with the used literature

Most research used in this study was thoroughly planned and implemented. Data was
collected for the whole day and then compared for daytime and nighttime activity. One study
even compared behaviour between seasons (Greco et al., 2017). Both are positive assets,
giving a comprehensive picture of captive elephant behaviour. Greco et al.s studies (2013,
2016, 2017) generally spanned a range of zoos, leading to a large sample size and can be said
to be representative for the North American captive elephant population. A weakness was
that observations were executed by the local zoo staff and, despite clear instructions, there
can have been inter-observer-differences. Another weakness is that Horback et al.s study
(2014) was done on the elephant group living in San Diego Zoo Safari Park, a group of
different aged, familiar individuals. It is possible that these elephants influenced each other so
that they no longer are independent samples. When concerned with elephant foot and joint
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health, studies mostly considered flooring alternatives to concrete, like rubber mats (Boyle et
al., 2015). Since neither concrete nor rubber mats were used in Boras Zoo, these studies did
not prove useful in comparisons.

The literature that concerned itself with the so-called basic research, like elephant herd
structure and mating behaviour, was done between the 1970s and 1990s and not repeated
since as it is unlikely that these kinds of behaviours would yield different results today. Their
age led to them largely being unavailable in the databases which is why second-hand sources
had to be cited. Contemporary literature on wild African elephants’ behaviour, in this study’s
case from 2006 to 2016, investigated elephant behaviour under extreme conditions. It is
questionable whether this can represent the wild African elephant population since the
majority probably lives under less extreme conditions. One study even used accelerometers to
measure activity levels over the day but the specific behaviour could only be guessed at,
eliminating the possiblity to use this study as a reference.

Some studies collected data on both African and Asian elephants. Either, the results were
mixed for both species, making it questionable whether they are representable for the captive
African elephant population, or this resulted in a low number of African elephants studied,
which might not be representing the population either (as in Mason & Clubb, 2002).
Concerning stereotypies, most studies were on Asian elephants since more Asian elephants
exist in captivity than Africans. Still, it is not implicit that African and Asian elephants
behave in the same way and have the same motivational factors for their behaviour which is
why one should be careful with comparisons until the opposite is proven.
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6. Conclusion

Looking back at the questions investigated, it can be established that the elephants in Boras
Zoo spent the majority of their time foraging, followed by locomotion and positive social
behaviours, which is in line with earlier studies done on elephants in captivity. Visitors
seemed to have an effect on the elephants behaviour to some extent since more rest and less
foraging was registered. That the zones closest to the visitor’s area were amongst those most
used came as a surprise. It could be that humans do not have an aversive effect on the
elephants as a consequence of their tight bond with the caretakers. When the elephant bull
was next to the group, more locomotion and hygiene behaviours were registered in the
afternoons but this is likely ascribed to the larger space in the outdoor pen. Only one
individual was seen weaving, mostly during baseline and not at all next to the elephant bull.
In the afternoons, this could also be explained by the larger space which gave the elephant
cow different occupations but warmer temperatures could also be a cause. Her weaving was
likely developed during the time she was chained overnight and now only expressed when
anticipating food. To sum up, it can be said that the elephants in Boras Zoo have accepted
their new indoor hall well as they show a decent amount of natural behaviours and only one
individual was seen weaving.
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7. Popularvetenskaplig sammanfattning

Afrikanska elefanter (Loxodonta africana) ér sociala djur som lever i stabila familjegrupper
av relaterade honor. De &r anpassade till ett liv i torra, varma omraden. Djurparker i kalla
klimat sasom Skandinavien dr tvungna att halla elefanter inomhus under flera manader
eftersom det finns en risk att djuren skulle kyla ner kroppstemperaturen fér mycket samt
kunna halka pa isig mark. Eftersom bra hdgndesign verkar vara viktig for elefanters vélfard
ville Boras djurpark veta hur bra elefanterna hade accepterat sin nya inomhushall som de
flyttade in fem manader innan denna studie paborjades.

Denna studie undersokte vilka beteenden elefanterna utfoérde i hallen och vilka delar av hallen
de anvande mest. Det studerades @&ven om elefanterna visade sakallade stereotypier, repetitiva
beteenden utan uppenbarligt syfte. Studiesubjekt var Boras djurparks elefantgrupp som bestér
av 3 vuxna honor, en ungdomshane och 2 kalvar. Studien indelades i 3 situationer for att se
om narvaron av bestkare eller en vuxen elefanttjur har nagon paverkan pa gruppens
beteende. I den forsta situationen var elefantgruppen sjdlv i hallen. I andra situationen hade
besokare tillgang till hallen mellan kl. 10 och 16. I tredje situationen fanns inga besékare pa
plats men Boras djurparks vuxna elefanttjur fick tillgang till en del av hallen.

Studiens resultat visar att elefanter pa Boras djurpark spenderade mesta delen av tiden at att
soka foda vilket dr bra eftersom det liknar rapporter fran det vilda. De gick dock mindre &n i
det vilda. En studie pastdr att det inte dr nodvandigt for elefanter att rora sig mycket i
fangenskap nar det finns gott om foda, andra uppmanar till att brist pa motion kan leda till
fotproblem och artritis. Férhoppningsvis kan framtida forskning upplyser om elefanters plats-
och rorelsebehov. Det fanns ocksa en del positiva sociala beteenden, framst mellan moder
och kalf. Agonistiska interaktioner var fa vilket ar bra for att da sjunker risken att elefanterna
kan skada varandra.

Bade besokare och elefanttjuren verkade stora elefanterna eftersom mindre fédosok
registrerades i de tva sista situationerna. Nar besokare var i hallen, 6kade tiden elefanterna
vilade. Detta visades dven i en tidigare studie och kan tyda pa att besokare paverkar
elefanterna till mer inaktivitet. Under hela studiens gang, inte minst sd i denna situation,
anvandes dock mest de zoner som ldg narmast besokarytan. Detta betyder att Boras djurparks
elefanter inte uppfattade besokare lika besvérlig som det antogs. Nédr den vuxna elefanttjuren
gick bredvid gruppen, registrerades mer motion och sjalvvardnadsbeteenden pa eftermiddagar
jamfort med morgonobservationer. Detta berodde troligtvis pa att de gick i sitt utebakhdgn pa
eftermiddagen de dagar. Utomhushédgnet &r storre och kan ha kravt mer motion for att na
resurser samt erbjuder andra, framférallt blota substrat att sandbada med som elefanterna
verkade ha foredragit sanden som fanns i hallen.

Det var endast en individ som visade stereotypin vdvning, trots att skdtarna rapporterade att
det var tva individer som gjorde det. Troligtvis har denna elefant utvecklat stereotypin néar
hon hélls fastkedjat under nétterna som tyvérr var helt vanligt att gora tills 2005. Vavning
registrerades framst pa eftermiddagar, mest nar elefanterna var helt sjélva i hallen, men ocksa
till viss del ndr besokare var i hallen. Hon vévde oftast framfor dorren till sitt trdningsrum,
dér elefanterna brukade vénta tills skotarna hade fyllt pa maten inne i hallen. Dérfor dras
slutsatsen att hon gjorde sa i forvantan av mat. Utforning av stereotypier beh6ver namligen
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inte alltid betyda att det dr nagonting fel med miljon djuret lever i, utan det kan ocksa laras in
och tyder i sa fall pa djurets forflutna.

Eftersom elefanterna pa Boras djurpark visade en rad naturliga beteenden och endast lite
agonistiska interaktioner samt att bara en individ i hela gruppen visade en stereotypi, som
troligtvis utvecklades under andra omstandigheter langt innan denna studie pabérjades,
beddms det att de har accepterat hdgnet bra.

30



8. Acknowledgement

A big thank you to the caring staff at Bords Zoo that always stood ready for questions.
Thanks to Madeleine Hjelm, zoologist at the zoo, for organising this study. Thank you to my
supervisor Claes Anderson who was always constructive and helpful. A special thanks to the
staff at the Boras camping grounds for giving access to Wifi when most needed. Thanks to
my opponent Henrik Olsson and to Louise Svensson for proof reading. And thank you to my
family for readily accepting that extra bit of elephant smell that found its way home.

31



9. References

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

Archie, E.A., Morrison, T.A., Foley, C.A.H, Moss, C.J. & Alberts, S.C. 2006. Dominance
rank relationships among wild female African elephants, Loxodonta africana. Animal
Behaviour. 71, 117-127.

Basset, L. Buchanan-Smith, H.M. 2007. Effects of predictability on the welfare of captive
animals. Applied Animal Behaviour Science. 102, 223-245.

Berg. 1983. Vocalizations and Associated Behaviors of the African Elephant (Loxodonta
dfricana) in Captivity. Zeitschrift fiir Tierpsychologie. 63, 63-79.

Blanc, J. 2008. Loxodonta africana. The IUCN Red List of Threatened Species 2008.
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T12392A3339343.en, used 2018-04-16.

Boras djurpark. 2018. https://www.borasdjurpark.se/bevarande/djurparkens-uppdrag/varfor-
djurpark/, used 2018-05-29.

Boyle, S.A., Roberts, B., Pope, B.M., Blake, M.R., Leavelle, S.E., Marshall, J.J., Smith, A.,
Hadicke, A., Falcone, J.F., Knott, K. & Kouba, A.J. 2015. Assessment of Flooring
Renovations on African Elephant (Loxodonta africana) Behavior and Glucocorticoid
Response. PLoS One. 10, e0141009.

Captive elephant database. 2018. http://www.elephant.se/elephant breeding in europe.php,
used 2018-04-16.

Carlstead, K. 1986. Predictability of Feeding: Its Effect on Agonistic Behaviour and Growth
in Grower Pigs. Applied Animal Behaviour Science. 16, 25-38.

Clubb, R. & Mason, G. 2002. A Review of the Welfare of Zoo Elephants in Europe. A report
commissioned by the RSPCA (Royal Society for the Prevention of Cruelty to Animals).
Oxford, University of Oxford.

Douglas-Hamilton, I. 1972. On the ecology and behaviour of the Lake Manyara elephants.
African Journal of Ecology. 11, 401-403.

Evans, K.E. & Harris, S. 2008. Adolescence in male African elephants, Loxodonta africana,
and the importance of sociality. Animal Behaviour. 76, 779-787.

Farm Animal Welfare Council, 2009.
http://webarchive.nationalarchives.gov.uk/20121010012427/http://www.fawc.org.uk/
freedoms.htm, used 2018-05-30.

Fraser, A.F. & Broom, D.M. 1990. Farm Animal Behaviour and Welfare. London, Bailliére
Tindall.

Garai, M.E. 1992. Special Relationships between Female Asian Elephants (Elephas maximus)
in Zoological Gardens. Ethology. 90, 187-205.

Garai, M. 1994. The Effects of Boma Design on Stress-related Behaviour in Juvenile
Translocated African Elephants. Pachyderm. 18, 55-60.

Greco, B.J., Brown, T.K., Andrews, J.R.M., Swaisgood, R.R. & Caine, N.G. 2013. Social
learning in captive African elephants (Loxodonta africana africana). Animal Cognition.
16, 459-469.

32


http://webarchive.nationalarchives.gov.uk/20121010012427/http://www.fawc.org.uk/freedoms.htm
http://www.elephant.se/elephant_breeding_in_europe.php
https://www.borasdjurpark.se/bevarande/djurparkens-uppdrag/varfor-djurpark/
https://www.borasdjurpark.se/bevarande/djurparkens-uppdrag/varfor-
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T12392A3339343.en

Greco, B.J., Meehan, C.L., Hogan, J.N., Leighty, K.A., Mellen, J., Mason, G.J. & Mench,
J.A. 2016. The Days and Nights of Zoo Elephants: Using Epidemiology to Better
Understand Stereotypic Behavior of African Elephants (Loxodonta africana) and Asian
Elephants (Elephas maximus) in North American Zoos. PLoS One. 11, e0144276.

Greco, B.J., Meehan, C.L., Heinsius, J.L.. & Mench, J.A. 2017. Why pace? The influence of
social, housing, management, life history, and demographic characteristics on locomotor
stereotypy in zoo elephants. Applied Animal Behaviour Science. 194, 104-111.

Horback, K.M., Miller, L.J., Andrews, J.R.M. & Kuczaj II, S.A. 2014. Diurnal and Nocturnal
Activity Budgets of Zoo Elephants in an Outdoor Facility. Zoo Biology. 33, 403-410.

Hunnick, L., Ringstad, I.H., Jackson, C.R., May, R., Fossgy, F., Uiseb, K., Killian, W.,
Palme, R. & Raskraft, E. 2017. Being stressed outside the park - conservation of African
elephants (Loxodonta africana) in Namibia. Conservation Physiology. 5, cox067.

Hutchins, M. 2006. Variation in Nature. Its Implications for Zoo Elephant Management. Zoo
Biology. 25, 161-171.

Jachowski, D.S., Slotow, R. & Millspaugh, J.J. 2012. Physiological Stress and Refuge
Behavior by African Elephants. PloS One. 7, e31818.

Kioko, J., Zink, E., Sawdy, M. & Kiffner, C. 2013. Elephant (Loxodonta africana)
Demography and Behaviour in the Tarangire-Manyara Ecosystem, Tanzania. South
African Journal of Wildlife Research. 43, 44-51.

Kurt, F. & Garai, M. 2001. Stereotypies in Captive Asian Elephants - A Symptom of Social
Isolation. Abstracts of the International Elephant and Rhio Reserach Symposium, Vienna,
Austria, Schiiling, Miinster.

Langbauer, W.R.Jr. 2000. Elephant Communication. Zoo Biology. 19, 425-445.

Larsen, M.J., Sherwen, S.L. & Rault, J.-L.. 2014. Number of nearby visitors and noise level
affect vigilance in captive koalas. Applied Animal Behaviour Science. 154, 76-82.

Lee, P.C. 1987. Allomothering among African elephants. Animal Behaviour. 35, 278-291.

Leggett, K.E.A. 2006. Home range and seasonal movement of elephants in the Kunene
Region, northwestern Namibia. African Zoology. 41, 17-36.

Leggett, K. 2008. Diurnal activities of the desert-dwelling elephants in northwestern namibia.
Pachyderm. 45, 20-33.

Mason, G.J & Rushen, J. 2006. Stereotypic animal behaviour: fundamentals and applications
to welfare. Cambridge, CABI Publishing.

Mason, G.J. & Veasey, J.S. 2010. How Should the Psychological Well-Being of Zoo
Elephants be Objectively Investigated? Zoo Biology. 29, 237-255.

Miller, M.A., Hogan, J.N. & Meehan, C.L. 2016. Housing and Demographic Risk Factors
Impacting Foot and Musculoskeletal Health in African Elephants (Loxodonta africana)
and Asian Elephants (Elephas maximus) in North American Zoos. PLoS One. 11,
e0155223.

Mistlberger, R.E. 1994. Circadian Food-Anticipatory Activity: Formal Models and
Physiological Mechanisms. Neuroscience and Biobehavioral Reviews. 18, 171-195.

Mole, M.A., Daraujo, S.R., van Aarde, R.J., Mitchell, D. & Fuller, A., 2016. Coping with
heat: behavioural and physiological responses of savanna elephants in their natural habitat.
Conservation Physiology. 4, cow044.

33



Moss, C.J. 1983. Oestrus Behaviour and Female Choice in the African Elephant. Behaviour.
86, 167-196.

Moss, C. 1988. Elephant Memories. Thirteen Years in the Life of an Elephant Family.
Glasgow, Fontana Paperbacks.

Pinter-Wollman, N. 2009. Spatial Behaviour of Translocated African Elephants (Loxodonta
dafricana) in a Novel Environment: Using Behaviour to Inform Conservation Actions.
Behaviour. 146, 1171-1192.

Pinter-Wollman, N., Isbell, L.A. & Hart, L.A. 2009. The Relationship between Social
Behaviour and Habitat Familiarity in African Elephants (Loxodonta africana).
Proceedings: Biological Sciences. 276, 1009-1014.

Poole, J.H. & Moss, C.J. 1989. Elephant mate searching: Group dynamics and vocal and
olfactory communication. Symposia of the Zoological Society of London. 61, 111-125.

Poole, J.H. 1994. Sex differences in the behaviour of African elephants. In: The Differences
Between the Sexes. (Eds. R.V. Short & F. Balaban). Cambridge, Cambridge University
Press.

Quadros, S., Goulart, V.D.L., Passos, L., Vecci, M.A.M. & Young, R.J. 2014. Zoo visitor
effect on mammal behaviour: Does noise matter? Applied Animal Behaviour Science. 156,
78-84.

Rasmussen, L.E.L & Schulte, B.A. 1998. Chemical signals in the reproduction of Asian
(Elephas maximus) and African (Loxodonta africana) elephants. Animal Reproduction
Science. 53, 19-34.

Rees, P.A. 2002. Asian elephants (Elephas maximus) dust bathe in response to an increase in
environmental temperature. Journal of Thermal Biology. 27, 353-358.

Rees, P.A. 2004. Low environmental temperature causes an increase in stereotypic behaviour
in captive Asian elephants (Elephas maximus). Journal of Thermal Biology. 29, 37-43.

Siyaya, A. 2015. Sexual segregation in the African elephant (Loxodonta africana): a habitat
and seasonal perspective. Master thesis, Hedmark University College, Norway.

Spinage, C.A. 1994. Elephants. London, T. & A.D. Poyser.

Statens jordbruksverks foreskrifter och allménna rad (SJVFS 2009:92) om djurhallning i
djurparker m.m., saknr L. 108.

Stoinski, T.S., Daniel, E. & Maple, T.L. 2000. A Preliminary Study of the Behavioral Effects
of Feeding Enrichment on African Elephants. Zoo Biology. 19, 485-493.

Suérez, P., Recuerda, P. & Arias-de-Reyna, L. 2017. Behaviour and welfare: the visitor effect
in captive felids. Animal Welfare. 26, 25-34.

Tingvold, H.G., Fyumagwa, R., Bech, C., Baardsen, L.F., Rosenlund, H. & Rgskraft, E.
2013. Determining adrenocortical activity as a measure of stress in African elephants
(Loxodonta africana) in relation to human activities in Serengeti ecosystem. African
Journal of Ecology. 51, 580-589.

Thouless, C.R., Dublin, H.T., Blanc, J.J., Skinner, D.P., Daniel, T.E., Taylor, R.D., Maisels,
F., Frederick, H.L. & Bouché, P. 2016. African Elephant Status Report 2016: an update
from the African Elephant Database. Occasional Paper Series of the IUCN Species
survival Commission. 60.

Toates, F. 1995. Stress — Conceptual and Biological Aspects. Chichester, John Wiley & Sons.

UN, 2018a. https://www.un.org/sustainabledevelopment/biodiversity/, used 2018-05-29.

34


https://www.un.org/sustainabledevelopment/biodiversity/

UN, 2018b. https://www.un.org/sustainabledevelopment/education/, used 2018-05-29.

Wittemyer, G., Getz, W., Vollrath, F. & Douglas-Hamilton, I. 2007. Social dominance,
seasonal movements, and spatial segregation in African elephants: a contribution to
conservation behavior. Behavioral Ecology and Sociobiology. 61, 1919-1931.

WWE. 2004. African Elephant. Thirteenth Meeting of the Conference of the Parties to

CITES, Bangkok, 2-14 october 2004. Species Fact Sheet. WWF.

Wyat, J.R. & Eltringham, S.K. 1974. The daily activity budget of the elephant in the
Rwenzori National Park, Uganda. East African Wildlife Journal. 12, 273-289.

35


https://slub-primo.hosted.exlibrisgroup.com/primo-explore/fulldisplay?docid=TN_springer_jour10.1007/s00265-007-0432-0&context=PC&vid=SLUB_V1&lang=sv_SE&search_scope=default_scope&adaptor=primo_central_multiple_fe&tab=default_tab&query=any,contains,social%20dominance%20seasonal%20movements%20elephants&sortby=rank&offset=0
https://slub-primo.hosted.exlibrisgroup.com/primo-explore/fulldisplay?docid=TN_springer_jour10.1007/s00265-007-0432-0&context=PC&vid=SLUB_V1&lang=sv_SE&search_scope=default_scope&adaptor=primo_central_multiple_fe&tab=default_tab&query=any,contains,social%20dominance%20seasonal%20movements%20elephants&sortby=rank&offset=0
https://slub-primo.hosted.exlibrisgroup.com/primo-explore/fulldisplay?docid=TN_springer_jour10.1007/s00265-007-0432-0&context=PC&vid=SLUB_V1&lang=sv_SE&search_scope=default_scope&adaptor=primo_central_multiple_fe&tab=default_tab&query=any,contains,social%20dominance%20seasonal%20movements%20elephants&sortby=rank&offset=0
https://www.un.org/sustainabledevelopment/education/

Vid Institutionen for husdjurens miljo och hdlsa finns tre publikationsserier:
¢ Avhandlingar: Har publiceras masters- och licentiatavhandlingar
e Rapporter: Har publiceras olika typer av vetenskapliga rapporter fran institutionen.

e Studentarbeten: Hér publiceras olika typer av studentarbeten, bl.a. examensarbeten,
vanligtvis omfattande 7,5-30 hp. Studentarbeten ingar som en obligatorisk del i olika
program och syftar till att under handledning ge den studerande traning i att sjalvstandigt
och pa ett vetenskapligt satt 16sa en uppgift. Arbetenas innehall, resultat och slutsatser
bor saledes bedomas mot denna bakgrund.

Vill du veta mer om institutionens publikationer kan du hitta det har:
www.slu.se/husdjurmiljohalsa

DISTRIBUTION:

Sveriges lantbruksuniversitet Swedish University of Agricultural Sciences

Fakulteten for veterindrmedicin och Faculty of Veterinary Medicine and Animal
husdjursvetenskap Science

Institutionen for husdjurens miljo och hélsa Department of Animal Environment and Health

Box 234 P.O.B. 234

532 23 Skara SE-532 23 Skara, Sweden

Tel 0511-67 000 Phone: +46 (0)511-67 000

E-post: hmh@slu.se E-mail: hmh@slu.se

www.slu.se/husdjurmiljohalsa www.slu.se/animalenvironmenthealth




	1. Abstract
	2. Introduction
	2.1. African elephants in the wild
	2.2. African elephants in captivity
	2.3. Facing new environments
	2.4. The zoo visitor effect
	2.5. Consequences of heightened stress levels in elephants
	2.6. Enclosure size recommendation
	2.7. Object and issues
	2.7.1. Object
	2.7.2. Issues:


	3. Material and method
	3.1. Animals
	3.2. Enclosure and resources
	3.3. Daily routine
	3.4. Experimental design
	3.4.1. Treatment Baseline
	3.4.2. Treatment Visitors
	3.4.3. Treatment Elephant bull

	3.5. Data collection
	3.5.1. Observation method
	3.5.2. Segmentation

	3.6. Data analysis

	4. Results
	4.1. Activity budget
	4.1.1. General activity
	4.1.2. Differences between treatments

	4.2. Use of enclosure
	4.2.1. General zone usage
	4.2.2. Differences in zone usage between treatments

	4.3. Stereotypic behaviour

	5. Discussion
	5.1. Behavioural activity
	5.2. General zone usage
	5.3. Differences between treatments
	5.4. Stereotypic behaviour
	5.4.1. Weaving
	5.4.2. Other abnormal behaviours

	5.5. Welfare assessment
	5.6. Management implications
	5.7. Sustainability
	5.8. Application of this study and proposals for future research
	5.9. Advantages and disadvantages with the chosen method and possible error sources
	5.10. Strengths and weaknesses with the used literature

	6. Conclusion
	7. Populärvetenskaplig sammanfattning
	8. Acknowledgement
	9. References

